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Overview of La Mesa Studies

Craig D. Allen’

This 1994 Symposium on the La Mesa Fire re-
flects the efforts of the presenters and organizers to
share some of the knowledge gained since 1977
about the ecological effects of the La Mesa Fire in
particular, and Southwestern fire ecology in gen-
eral. We are glad you came. We hope that you come
away from this symposium with: 1) a greater un-
derstanding and appreciation for the varied and
vital ecological role fire plays in many Southwest-
ern ecosystems; and 2) some practical and useful
information to help you manage fire in your local
landscapes.

BACKGROUND CREDITS

The information presented at this symposium is
built upon a foundation created by many people.
In 1977 former National Park Service (NPS) re-
gional scientist Ro Wauer recognized the research
potential of the La Mesa Fire, and had the vision to
immediately initiate and support many of the post-
fire studies. Today’s moderator, Terry Foxx of Los
Alamos National Laboratory (LANL), conducted
several post-fire studies and compiled the proceed-
ings of the first La Mesa Fire Symposium (Foxx
1984-a). It is also appropriate to recognize emeritus
professor Loren Potter of the University of New
Mexico, in attendance today, for the many contri-
butions to ecological research he made to Bandelier
during the 1970’s and 1980’s, including La Mesa
Fire research.

Three years ago Ro’s successor as regional scien-
tist, Dr. Milford Fletcher, suggested that it was time
to revisit the topic of the La Mesa Fire and see how
things had changed. He initiated financial support
for mnany of the studies which will be reported on
here. When the current regional scientist, Dr. Sam
Kunkle, took over 2 years ago he continued to sup-
port these research activities as well as this sympo-
sium itself, despite very tight regional budgets.
Bandelier National Monument's fire management
officer (FMO), John Lissoway, and the NPS re-
gional FMO, Cliff Chetwin, have also supported
portions of this work. We appreciate the words of
welcome Mary Bradford squeezed in today amidst

the press of her duties as NPS deputy regional di-
rector in this time of NPS restructuring.

For the past several years the Santa Fe National
Forest has supported cooperative landscape ecol-
ogy studies in the Jemez Mountains, including
some of the work to be presented here. Jerry Elson
has been instrumental in supporting this coopera-
tive work. The support of numerous people on all
four US Forest Service ranger districts in the Jemez
Mountains (Espafiola,Jemez, Cuba, and Coyote)
was necessary to accomplish the fire history stud-
ies. One study (Wolters—This Volume) was con-
ducted in collaboration with the US Forest Service
Rocky Mountain Forest and Range Experiment
Station in Albuquerque.

I thank the Los Alamos Ski Club for allowing us
to conduct fire history research on Pajarito
Mountain.

Both the University of New Mexico and the Uni-
versity of Arizona have helped support various
studies through matching contributions as part of
cooperative agreements to conduct research activi-
ties. These contributions and negotiated low over-
head rates were critical in allowing the necessary
followup research to be conducted given the lim-
ited funding available to us.

Los Alamos National Laboratory has been in-
strumental in supporting La Mesa Fire studies
through the contribution of time by Terry Foxx and
her associates to work on the various vegetation
plots which Terry had established between 1976
and 1978 at BAND. In addition, LANL has pro-
vided essential financial support for putting on this
symposium. Pat Martinez and Marion Hutton of
LANL's protocol office have been most helpful in
arranging the logistics of this symposium.

Terry Foxx, Milford Fletcher, John Lissoway, and
I have served as the organizing committee for this
symposium. | have enjoyed and benefited from the
counsel of my elders in this group.

"Research Ecologist, National Biological Service, Jemez Mits. Field
Station, HCR 1, Box 1, #15, Los Alamos, NM 87544



Finally, I am pleased to recognize the assistance
provided by many members of Bandelier National
Monument’s staff in recent years. Certainly recent
park management, notably superintendent Roy
Weaver and chief of resources management
Charisse Sydoriak, have encouraged and sup-
ported our efforts to study La Mesa Fire effects.
Without John Lissoway’s vital support several
years ago the current ecological research program
at Bandelier would not have developed. The fire
crew at Bandelier has helped our work numerous
times, especially David Garcia, Merry Beyler, and
Chris Chiverton. Members of the administrative
group, notably Tammy Gallegos and Eiko
Adkisson, have supported the variety of contract-
ing and procurement activities necessary to con-
duct all this work. Kee Elsisie, Manuel DeVargas,
and Moon Almanzar have provided essential
horse-packing support when needed. Carlos
Gonzales and Moon are clearing the fresh snow
from Ponderosa Campground’s parking area now
so that the field trip can proceed this afternoon. A
number of seasonal resource management employ-
ees and volunteers have worked with various re-
searchers and helped collect data, notably John
Hogan, Kay Beeley, Geneva Chong, and Doug
Thayer. Really, almost everyone at Bandelier has
helped facilitate portions of this work at one time
or another. However, I wish to especially recognize
Kay Beeley for her extraordinary and varied sup-
port efforts, from conducting and overseeing field-
work to data analysis and creating graphics to han-
dling the bulk of the registration and mailing work
for the symposium. Kay has kept me and sympo-
sium planning activities on track. Thank you, Kay.

EARLIER LA MESA FIRE STUDIES

The first La Mesa Fire Symposium took place
October 6-7, 1981, here in Los Alamos. The sympo-
sium proceedings (Foxx 1984-a), now out of print,
present much of the earlier work. Table 1 outlines
the earlier studies, which are summarized below.

Foxx’s introductory chapter (1984-b) presents
background information on the landforms and
climate of this area, as well as a detailed descrip-
tion of the La Mesa Fire itself. i

Wauer and Johnson (1984) studied “La Mesa Fire
Effects on Avifauna” by following changes in
breeding bird communities along four transects
established before the fire by Wauer. The mile-long
transects are arrayed across an elevational gradi-
ent, with one each on Frijoles, Burnt, Escobas, and

Table 1. La Mesa Fire studies. Names of participants in the 1981
symposium are in italics, while those involved in both 1981 and
1994 symposiums are bolded. “Year(s)” indicates the 13__ year(s)
that fieldwork was conducted.

Topic Investigator(s) Year(s)
Birds Wauer, Johnson 77,78,79,81,83,91
Erosion W.White 77,78,79,80,92,93
Vegetation succession Foxx, Potter 76,77,78,85,93
Grass/tree competition Barnes 80
Elk White 77-91
Sivinski, Conley 77-79
Weber 79,80
Rowland 80
Wolters 92-94
Allen 90-95
Nitrogen cycle Freeman 78
C.White 92,93
Cryptogams Loftin, C.White 93
Fungt Jarmie, Rogers 92-94
Arthropods Pippin, Nichols 77,78
Lightfoot 93
Fire history Potter, Foxx 76-78
Touchan, Allen,
Swetnam 91-93
Archeological sites Traylor et al. 77,78
Water Quality Purtymun 77,78
Floods McCord 90-93
Small mammals Guthrie 77-79
Tree clearing Moeur, Guthrie 79

Apache Mesas. These transects provided a spatial
framework around which many of the other stud-
ies were conducted, as all but the Frijoles transect
were burned by the La Mesa Fire. Wauer and
Johnson (1984) provided detailed documentation of
post-fire changes in the avifauna which are now best
summarized in the followup work by Johnson and
Wauer (This Volume). As they state (This Volume):

Species diversity increased after the fire,
but breeding populations generally de-
clined for several years before increasing
above prefire levels. This temporary
population decline was more pronounced
and lasted longer on the more severely
burned transects... Even an uncontrolled
crown fire such as the La Mesa Fire can
increase the diversity and population of
breeding birds.

White and Wells (1984) studied the “Geomorphic
Effects of La Mesa Fire” in six small watersheds on
Burnt and Apache Mesas—this work also com-
prised W. White’s 1981 master’s thesis work. They
show that water runoff in the Frijoles watershed




became “flashier” after the fire due to the loss of
vegetation and litter ground cover. They deter-
mined that the amount of post-fire erosion de-
pended upon upslope catchment area, slope steep-
ness and shape, amount of vegetation regrowth,
and most importantly, the degree to which imper-
meable ash layers developed. They found that the
higher elevation sites on Apache Mesa had largely
stabilized withintwo years due to the rapid recov-
ery of vegetation cover. William White (This Vol-
ume) follows the recovery of these watersheds into
the 1990’s.

Foxx and Potter (1984) reviewed “Fire Ecology at
Bandelier National Monument.” Their fire scar
analyses at that time indicated a mean fire interval
of 15.1 years for the Escobas Mesa area, with a ma-
jor decline in fire frequency after 1893. Subse-
quently, more extensive fire scar sampling (Allen
1989; Touchan et al. —This Volume) suggests pre-
1900 fire return intervals of about 7 years for the La
Mesa Fire'area. Foxx and Potter’s compilation and
analysis of the historic fire record at Bandelier
shows that 86% of the fires were lightning caused,
with two-thirds of fires occurring in the May-July
period and 87% between May and August. They
found that intensity of tree damage from the La
Mesa Fire was related to the time since the last pre-
vious fire. Foxx (This Volume}) follows up on some
of these initial findings. They conducted several re-
lated studies, including Foxx and Potter (1978), Potter
and Foxx (1986), Foxx (1983), and Potter et al. (1982).

Potter and Foxx (1984) also presented their find-
ings on “Post-Fire Recovery and Mortality of the
Ponderosa Pine Forest After the La Mesa Fire”.
Their map of post-fire foliar damage classes re-
mains the best assessment of La Mesa Fire burn
intensities. They marked and followed 897 trees in
9 plots. All 504 trees lacking any green needles im-
mediately after the fire were dead, while of the 393
trees which still had green needles after the fire,
357 (91%) remained alive after two growing sea-
sons. They found 80% survival of even those trees
with more than 50% singed needles. Up to 7100
shrub sprouts/acre were observed, mostly Robinia
neomexicana and Quercus gambelli. They document
the increased establishment of aerially seeded
grasses where native grass density was lowest, also
finding that ponderosa pine needlefall enhanced
germination but diminished the vigor of seeded
grasses.

Barnes (1984) treated the “Water Relations of the
Dominant Grasses on La Mesa Burn.” She demon-
strated that the seeded grasses sheep fescue

(Festuca ovina) and slender wheatgrass (Agropyron
trachycaulum) compete more intensely with ponde-
rosa pine seedlings for water than the most com-
mon native grass, mountain muhly (Muhlenbergia
montana). This greater competition is attributed to
both the spring-growth phenology and shallow,
mat-like rooting habits of these seeded grasses.

Freeman (1984) considered “The Effect of La
Mesa Fire on Total Soil Nitrogen in Bandelier Na-
tional Monument, New Mexico.” He estimated that
the La Mesa Fire caused losses of 45-65% of the
total soil nitrogen.

Traylor (1984) studied the “Effects of La Mesa
Fire on Bandelier’s Cultural Resources,” later pub-
lished in greater detail as Traylor et al. (1990). The
insistence upon the participation of archeologists
in the firefighting efforts of the La Mesa Fire was a
first for a major fire suppression effort, and it won
the park superintendent a Department of Interior
award. Nonetheless, Traylor et al.’s classic work
documents how fire suppression activities damage
archeological sites, even when archeologists are
working together with fire crews to try to avoid
site impacts. They found that 44 of the 100 archeo-
logical sites they studied after the fire had been
damaged by fire suppression-related activities,
especially the construction and rehabilitation of
bulldozer-constructed firelines. Damage to cultural
sites from the fire itself ranged from light to severe,
depending upon the intensity, duration, and pen-
etration of heat, which was largely a function of the
amount of fuel present on a site. Documented ex-
amples of fire damage included spalling of tuff
building blocks, carbonized or oxidized ceramics,
heat alteration of obsidian, and the destruction of
on-site pollen.

Purtymun (1984) assessed changes in the
“Chemical Quality of Surface Water in Bandelier
National Monument” caused by the La Mesa Fire
in Frijoles, Alamo, and Capulin Creeks. He found
that the fire induced increases in calcium, chloride,
bicarbonate, and total dissolved solids, with de-
clines to roughly pre-fire levels within 20 months
post-fire.

Pippin and Pippin (1984) present an inventory
report on the “Aquatic Invertebrates from Capulin
Creek, Bandelier National Monument.” They
found 65 taxa, compared to 107 taxa found in the
more voluminous Frijoles Creek. This report was
apparently inadvertently published in the sympo-
sium proceedings instead of the Pippin and
Nichols (This Volume) work on “Observations of
Arthropod Populations Following the Bandelier



National Monument Fire of 1977,” which was pre-
sented at the 1981 symposium.

Guthrie (1984) studied the “Effects of Fire on
Small Mammals within Bandelier National Monu-
ment.” The fire directly killed many arboreal squir-
rels (Sciurus and Tamiasciurus spp.) and chipmunks
(Eutamias spp.), as well as some mice {Peromyscus
spp-). although most burrowing mammals survived.
Taxa which decreased after the fire included pinyon
mice (Peromyscus truei) and red squirrels (Tamiasciurus
hudsonicus). Deer mice (Peromyscus maniculatus) in-
creased in all burned areas, along with voles (Microfus
spp.) in grassy habitats and chipmunks in ponderosa
pine and mixed conifer forests. Guthrie also docu-
mented winter-caused reductions of 50-90% in local
small mammal populations.

Moeur and Guthrie (1984) examined the “Effects
of Clearing Fire-Killed Trees on Wildlife” in the
upper Frijoles Mesa area, comparing an
unmanipulated Bandelier National Monument site
to a salvage-logged site across the road on LANL
land. In the summer of 1979 they found slightly
more herbaceous cover on the Bandelier site, and
no differences in insect or small mammal popula-
tions between sites. They document greater diver-
sity and abundance of birds on the Bandelier site,
presumably due to the increased structural diver-
sity of the habitat where dead and downed trees
were left in place.

Several other studies of the ecological effects of
the La Mesa Fire were conducted but not written
up for the symposium proceedings. Sivinski (1979)
and Conley et al. (1979) used a network of 70 pellet
transects in Bandelier to document “Responses of
elk and mule deer to wildfire: Changes in utiliza-
tion and migration patterns.” They found low initial
numbers of elk in fall 1977, with continuous increases
through 1979. During that time they believed that 100
to 300 elk used Bandelier, and then only in winter,
with use focused in the La Mesa Fire area.

Three companion studies on elk were presented
at the 1981 symposium but published elsewhere.
G. White (1981) used “Biotelemetry Studies on Elk”
to show that local elk used burned areas heavily in
the winter, especially the La Mesa Fire area.
Rowland (1981) and Rowland et al. (1983) studied
comparative winter diets of elk wintering in
Bandelier’s La Mesa Fire area and an unburned
area on the Baca Ranch. The seeded grass sheep
fescue dominated diets in the burned area, but
nearly equal proportions of browse and grass were
eaten by the Baca elk. The grass-dominated diet of
the Bandelier elk had relatively high digestible

Table 2. Schedule, La Mesa Fire Symposium, March 29-31, 1994.

TUESDAY 3/29/94
9:00 Registration
10:00 Welcome—Mary Bradford, Deputy Regional Director,
NPS
10:10 Description of the La Mesa Fire, John Lissoway

11:00-12:00 Overview of La Mesa Fire Studies, Craig Allen

1:30-5:00  Field Trip to Ihe La Mesa Fire Area, Terry Foxx, John
Lissoway, Craig Allen
WEDNESDAY 3/20/94
8:30-9:00 Tom Swetnam, Temporal and Spatial Variation in
Southwestern Fire Regimes
9:00-9:30  Ramzi Touchan, Fire History and Climatic Patterns in

Ponderosa and Mixed Conifer Forests of the Jemez
Mountains

9:30-10:00 Craig Allen, Fire History and Landscape Change in the
Frijoles Watershed, Bandelier National Monument

10:15-11:00 Teralene Foxx, The La Mesa Fire, Seventeen Years After:
Post—fire Vegetation Changes

11:00-11:30 Alex McCord, Ficod History Reconstruction in Frijoles
Canyon Using Flood—Scarred Trees

12:45-1:30  Carlton S. White, The Effects of Fire on the Nitrogen
Cycle Processes in Bandelier National Monument
1:30-2:15 William White, Geomorphic Response of Six Headwater
Basins Sixieen Years After the La Mesa Fire
2:30-3:15 Sam Loftin, Potential Nitrogen Contribution of Soil
Cryptogams to Post-Disturbance Forest Ecosystems
3:15-3:30 David Lightfoot, A Comparison of Ground-Dwelling
Arthropod Assemblages Among Different Habitats
Resulting from the 1977 La Mesa Fire
3:45-4:15  Nelson Jarmie, Diversity of Macromycetes in Bandelier
National Monument — A Survey
4:15-4:45 Tom Cartledge, Heritage Resources and Fire
Management: A Cooperative Co—Existence
THURSDAY 3/31/94
8:30-9:00 Craig Allen, Elk Response to the La Mesa Fire and
Current Status in the Jemez Mountains
9:00-9:30  Gale Wolters, Elk Effects on Meadows and Grasslands

in Bandelier National Monument

9:30-10:15 Terry Johnson, Avifaunal Response After the La Mesa
Fire

10:30-11:00 John Peterson (USFS Jemez District Ranger) and John
Lissoway, Current US Forest Service and Bandelier
National Monument Fire Programs in the Jemez
Mountains

11:00-11:30 Charisse Sydoriak (Chief, Resources Management,
Bandelier), Bandelier's Fire Monitoring Program

11:30-12:00 Milford Fletcher and Craig Allen, Research Summary and
Management Lessons from the La Mesa Fire

12:00 End

energy values, which Weber (1981) and Weber et al.
(1984) showed led to higher body weights and bet-
ter nutritional status (as determined by blood
metabolites).




As indicated previously, Pippin and Nichols
(This Volume) presented a paper at the 1981 sym-
posium describing “Observations of Arthropod
Populations Following the Bandelier National
Monument Fire of 1977,” but it was inadvertently
not included in the proceedings volume. They
found that the diversity and abundance of
arthropods was markedly reduced in an intensely
burned area.

RECENT LA MESA FIRE STUDIES

As noted earlier, three years ago Milford Fletcher
began to support another round of studies on the
La Mesa Fire. Most of the work has been conducted
the past two field seasons, and we have been fortu-
nate to have several of the original investigators
return for long-term followup work on their old
topics (Table 1). One component of all the recent
studies has been significant efforts to carefully
record study site locations and archive all of the
collected data at Bandelier, so that future studies
can continue to follow the progress of post-fire
ecosystem changes.

This symposium represents one effort to make
current information on fire effects available to re-
source managers. The symposium schedule (Table
2) illustrates the diversity of studies which have
been conducted. The researchers featured here
have worked long and hard on their respective
projects, particularly given the limited funding
which was available. It has been a pleasure to work
with this dedicated group of researchers. We hope
you find the presented results interesting and
useful.
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Remembering the La Mesa Fire

John D. Lissoway'

Abstract.—In June, 1977, the La Mesa Fire burned across 15,444 acres
of land in and around Bandelier National Monument. This was the largest
and most intense fire to have occurred in the Jemez Mountains during the
20th Century. The conditions which led to, and occurred during, the La

Mesa Fire are reviewed here.

BACKGROUND

I've been working at Bandelier National Monu-
ment since 1975, two years before the La Mesa Fire
occurred. I participated directly in the La Mesa Fire
and its aftermath. This is an introductory overview
of the fire which led to the research presented in
this symposium.

The La Mesa Fire of June, 1977 was in many
ways a “wake up call” for the community of Los
Alamos as well as the various land management
agencies in the area. The La Mesa Fire also at-
tracted national attention because of the multiple
interesting issues raised by this large-scale, high-
intensity crownfire which threatened an urban
area, an internationally recognized center for scien-
tific research, and a National Park System unit with
significant natural and cultural resource values.

There were several significant circumstances
connected with the La Mesa Fire to be aware of: (1)
The ICS (Incident Command System) for dealing
with complex fire emergencies was not yet func-
tional; (2) this was the first major wildfire situation
in which archeologists played a significant role in
the suppression effort; (3) the term “urban-wild-
land intermix” had not yet been invented; and (4)
the effects of this fire were subject to one of the
most intensive series of studies of any National
Park System fire up to that time.

The Los Alamos area is perched on a gently slop-
ing, east-facing landform known as the Pajarito
Plateau - a broad apron dissected by west-to-east
trending canyons which drain into the Rio Grande.
This plateau skirts the base of the higher slopes of
the eastern Jemez Mountains. Much of the area is
heavily forested, ranging from spruce-fir and
mixed conifer forests in the mountains to ponde-

rosa pine forests and pifion-juniper woodlands on
the mesas of the Pajarito Plateau. Canyon bottoms
of the Plateau support diverse riparian communi-
ties. A zone of nearly pure ponderosa pine forest is
found between roughly 6500 feet and 820¢' feet el-
evation in the Bandelier area. This is the primary
vegetation zone affected by the La Mesa Fire.

As is known from fire history studies dating
back to the late 1400’s, fire played a crucial role in
shaping and maintaining forest ecosystems in the
Jemez Mountains (see Touchan et al. - This Vol-
ume). We also know that since the late 1800’s, the
pre-European settlement fire return interval of
around 5-12 years has changed markedly. Human
influences on the landscape, including the gradual
establishment of policies such as suppression of all
wildfires, altered the natural patterns of fire occur-
rence - markedly changing vegetative communi-
ties. These changes in fire history and ecology are
covered in various papers in this symposium.

Bandelier was added to the National Park Sys-
tem in 1916 by Presidential Proclamation. Monu-
ment administration was provided by the Forest
Service until 1932. Although rich in natural re-
sources, the monument was officially set aside to
preserve and protect relicts of the earlier culture of
the ancestral Puebloan (Anasazi) peoples who oc-
cupied the canyons and mesas of the Pajarito Pla-
teau from the 1100’s through the 1500’s. These
people left over 3000 archeological sites across
Bandelier’s 32,727 acres.

National Park Service policy of non-consumptive
resource utilization combined with aggressive fire

! Fire Management Officer, Bandelier National Monument, Los
Alamos, NM, 87544.




suppression had its own unique impacts in many
park units: Bandelier was no exception. By the
mid-1970’s, it was becoming rather disturbingly
clear to Bandelier’s management that much of this
dense and stagnating forested area within the park
was viewed at high risk for what many fire people
call a real “ripper”.

PRELUDE TO THE FIRE

Prior to the La Mesa Fire, the effects of fire sup-
pression practices on Bandelier’s resources were
just beginning to be documented by researchers
such as Dr. Loren Potter of the University of New
Mexico and Teralene Foxx, a local plant taxono-
mist. Within the pre-La Mesa landscape, forest den-
sity often exceeded 2,000 stems per acre of even-
aged and stagnating mature trees. This in-turn pro-
duced a canopy cover estimated in the 80-100%
range - suitable for a stand-destroying crownfire
under the right conditions. Other obvious effects of
fire suppression included lack of herbaceous un-
derstory and an expanding infestation of dwarf
mistletoe in the largely ponderosa pine overstory.

Annual precipitation at the Bandelier Fire Tower
(6500 ft. elevation) averages about 16.5 inches,
largely derived from summer rainfall and winter
snowfall. A poor snowpack from November 1976
through April 1977, yielding under 5 inches of total
precipitation, provided for increasing drought-like
conditions. The precipitation in May, combined
with the first two weeks of June, added to a scant
0.64 inches. Fuel moistures for the over 3-inch di-
ameter dead and down materials, an indicator of
long-term drought, declined rather sharply from
15% on May 1 of 1977 to 6% (extremely volatile) on
June 16. The afternoon, average, minimum relative
humidity measured at the Bandelier Lookout
dropped one week before the fire from 17% to 5%.
The average high temperature for June that year
was 88 degrees F, about 6 degrees above normal for
the month.

The burning index, or “Bl”, represents one of
many predictive fire danger parameters, and gives
the fire program manager a good idea of how to
preplan initial attack resources. The BI is computed
daily from weather observations to characterize the
potential behavior of the “intiating fire”. This num-
ber, after specifying inputs such as fuel moistures,
humidity, wind and other factors, can predict
flame-lengths at the fire’s leading edge. In other
words, a normal BI for this time of the season
might be in the neighborhood of 35, which tells fire

people that flame length in the fuel type of concern
will be about 3.5 feet. A Bl of 40 is 4 feet, and so on.
Fire managers generally consider flame lengths of
over 4 feet to be the upper limit of human direct
attack on the fire’s edge with handtools.

The conditions for June of 1977 looked grim. The
average BI for the month of May was 58, already in
the zone of high escape potential for initial attack
forces in the daytime. On the 15th of June, the Bl
from afternoon weather observations was calcu-
lated at 92.

THE FIRE

At approximately 3:55 PM. on June 16, 1977 un-
der a cloudless sky, a USFS contract helicopter with
helitack crew (based near Jemez Springs) re-
sponded to a smoke report on Mesa del Rito on the
Jemez District of the Santa Fe National Forest, just
west of the park boundary. It became clear to many
that afternoon that nature’s “balloon payment” in
this severely altered, drought-impacted forest was
about to come due.

Bandelier’s engine crew responded immediately.
Other engines and crews were also rolling. By 5:30
PM., according to the aerial recon observer, the fire
was now estimated at over 50 acres. By 6:00 PM.,
fire size was estimated at 100 acres with average
rates of spread later calculated at over 24 feet/
minute. By nightfall on the 16th, the fire had
dropped into the narrow and heavily wooded up-
per Alamo Canyon. To avoid the extreme potential
for firefighter entrapment, the decision was made
not to send people down into that canyon during
the night.

On the 17th, humidities were hovering at 5%,
temperatures during the day in the low 90’s and
winds were southwesterly at 15-18, gusting to 35 at
treetop level. These conditions led to a major fire
run up and out of Alamo Canyon, with long-range
spotting, intermittent to sustained crowning
(where fire leaves the surface and spreads most
rapidly through the treetops), and a well organized
convection column which lofted heat and fire
brands to well over 20,000 feet. Spread was prima-
rily to the northwest, approaching the rim of
Frijoles Canyon. By late afternoon, a spotfire esti-
mated at over 20 acres on the north rim of Frijoles
was confirmed. The main fire’s estimated size at
this time was 2,000+ acres. A Class I fire manage-
ment team was ordered along with a full comple-
ment of support resources, crews, engines, helicop-
ters, and overhead. Park management was also




making campaign plans. The Bandelier
backcountry was evacuated and the park was or-
dered closed as of June 18.

Late on the 18th a Class I team from California
assumed management of the fire from the local Fire
Boss, Orlando Romero of the Santa Fe National
Forest. A dozer fireline was completed across
Escobas Mesa from near the Ponderosa Camp-
ground, and engines were positioned defensively
along this planned control line. However, nature
had other ideas for the overhead team. By the start
of what is termed by fire people as the daily “burn-
ing period” (approximately 10 A.M.), the winds
had increased to 20-30 mph from the southwest,
the relative humidity dropped to 3%, and esti-
mated rates of spread were approaching 38 chains/
hour (1 chain=66 feet). These conditions gave rise
to one of the most spectacular high-intensity, sus-
tained, crown-fire runs in recent history for the
region. With flame lengths often exceeding 200 feet
through these dense, dog-hair thickets, engine
crews working along the two dozer blade-wide
fireline quickly cut their hoses and rolled out to
escape this unstoppable fire. They left in their wake
a mile-plus wide fire front heading towards State
Route 4 and Los Alamos Scientific (now National)
Laboratory lands beyond. This fire was now con-
suming everything combustible in its path, often
down to bare mineral soil.

By 12:30 PM. that afternoon, the fire had reached
Highway 4 east of Bandelier’s Ponderosa Camp-
ground after nearly entrapping several engine and
handcrews. Spotting distances during the day were
estimated at 1/2 to 2 miles, with total fire size at
this time estimated to exceed 5,000 acres. Structural
fire apparatus crews from Los Alamos hastily re-
treated north into Laboratory technical area sites to
deal with numerous spotfires. Management of the
fire had reached another dimension now, with a
third agency becoming involved in the incident. As
the fire moved from heavily forested fuels into
more open and discontinuous fuels, combined with
dissipating late afternoon winds, the fire’s intensity
decreased in the Laboratory area.

On June 19th the fire weather forecast called for
another day of extreme spread rates through pon-
derosa pine forests, with spotting, crownfire behav-
ior, and 25,000 ft. convection column development
predicted. By mid-morning however, handline was
completed along the western boundary of the fire,
with engine crews burning out westerly along
Highway 4 from Backgate to the Los Alamos-
Sandoval County line. Good progress was also

being reported along the southern and eastern por-
tions of the fire’s perimeter.

Archaeologists were a familiar site on the fire
now - leading equipment, marking sites or features
to be avoided, and talking to fire crews tempted to
collect souvenirs.

On the 20th of June, the first significant weather
break was indicated in the forecast. Although
winds were continued high with low humidities
during the day, the night shift called for possible
thunderstorms with much higher humidities. This
proved to be the first major break for crews in mak-
ing progress toward containment. On the 21st,
there was a heavy cumulus cloud buildup with late
afternoon humidities building to around 70%. The
estimated burned area was up to 11,000 acres, with
a fire perimeter of nearly 18 miles. The now weary
management team, along with the 1,000-plus
“ground pounders”, could finally catch a glimmer
of hope.

On June 22 at 4:00 PM,, six long days and nights
after the initial smoke report and action, the fire
was declared contained. This meant that a fireline
had been established completely around the fire.
Full control of this fire would not come for another
3 days.

In all, 1370 personnel, 9 dozers, 23 engines, 5 air
tankers, and 5 helicopters were committed to this
incident. There was one fatality. Long-time
Bandelier employee Johnny Aldaz died of a heart
attack on June 18 while assigned to an engine crew.
His memorial is located near the Bandelier En-
trance Station.

THE AFTERMATH

The final acreage for the La Mesa Fire was set at
15,444, with over 10,230 on National Park Service,
2,684 on Santa Fe National Forest, and the remain-
ing 2,530 on Los Alamos National Laboratory
lands. This was the largest and most intense fire to
have burned in the Jemez Mountains since the late
1800’s. Total cost to the taxpayers of the La Mesa
Fire was approximately 3 million dollars, or
roughly $190 per acre. The average cost of fire
suppression has now climbed to well over $600
per acre.

Impacts resulting from the fire’s intensity and
duration on vegetation, wildlife habitat, water-
sheds and soils, riparian systems, aesthetics, and
non-renewable cultural resources ranged from



minimum to very severe. For the intensely burned
areas, a rehabilitation plan was prepared. Among
the first of this kind in the National Park System,
the priorities were:

(1) to immediately stabilize the bare soils,
handlines and dozer lines (remembering that onset
of the summer monsoons was only days away);

(2) to assess the extent of damage to cultural re-
sources, from both direct fire effects and human
suppression activities; and

(3) clear visitor use trails, bridges, damaged fa-
cilities and cleanup debris.

To accomplish these priority tasks the Park Ser-
vice, in cooperation with the Santa Fe National
Forest, reseeded all but some 2,000 acres of burned

area on lands managed by Los Alamos National
Laboratory. Archaeologists from the NP5 Regional
Office in Santa Fe conducted a fire effects study on
cultural sites and materials, and developed per-
haps the first study-based recommendations for
managing wildland fire on a cultural landscape
(see Cartledge - This Volume).

National Park Service Regional Chief Scientist
Roland Wauer at that time had a notion of the
enormous scientific study potential contained on
the mesas and in the canyons of the La Mesa Fire
area. He and his staff were instrumental in organiz-
ing and securing funding for a variety of ensuing
research studies. This symposium presents
followup results, as well as new studies, on the
enduring effects of the La Mesa Fire.




Historical Fire Regime Patterns in the
Southwestern United States Since AD 1700

Thomas W. Swetnam and Christopher H. Baisan'

Abstract.—Fire-scar chronologies from a network of 63 sites in the South-
western United States are listed and described. These data characterize
the natural range and variability of fire regimes from low elevation pine
forests to higher elevation mixed-conifer forests since AD 1700. A general
pattern of increasing length of intervals between low intensity surface fires
was observed along gradients of low to high elevations, and from the rela-
tively drier pine sites to the wetter mixed-conifer sites. However, large vari-
ability in the measures of central tendency and higher moments of the fire
interval distributions suggest that elevation and forest type were often weak
determinants of fire frequency. Some of the variations in fire interval distri-
butions between similar elevation or forest types were probably due to
unique site characteristics, such as landscape connectivity {i.e., ability of
fires to spread into the sites), and land-use history. Differences in the sizes
of sampled areas and fire-scar collections among the sites also limited
our ability to compare and interpret fire interval summary statistics.

Comparison of both the fire-scar network data (1700 to 1900) and docu-
mentary records of area burned on all Southwestern Region National For-
ests (1920 to 1978) with a Palmer Drought Severity Index time series clearly
shows the association between severe droughts and large fire years, and
wet periods and small fire years. Moreover, important lagging relations
between climate and fire occurrence are also revealed. In particular, large
fire years in ponderosa pine dominated forests were typically preceded by
wet conditions in the prior one to three years. In contrast, large fire years
in mixed-conifer forests were associated with extreme drought years, but
no consistent lagging relations were observed. We hypothesize that both
fuel production (especially grasses and pine needles) and fuel moisture
were important climate-linked factors in ponderosa pine fire regimes, while
fuel moisture was the primary factor controlling mixed-conifer fire regimes.

These resuits provide two important types of information for management:
(1) Baselines of fire regime ranges and variations are documented across the
most economically important and widespread forest types in the Southwest.
These data will be useful for guiding, developing, and justifying ecosystem
management plans, particularly for the restoration of fire regimes and forest
structures to improve forest heaith and sustainability. (2) The fire-climate rela-
tions suggest that a long-range fire hazard forecasting model could be devel-
oped that would be a valuable tool for planning and implementing both pre-
scribed fire and fire suppression programs in the Southwest.

INTRODUCTION
On ]une 2,1900, Glfford‘ Pinchot was rldlng !Associate Professor of Dendrochronology and Senior Research
hgr seback through par k.'hke stands of pondgr osa Associate, respectively, Laboratory of Tree-Ring Research, University
pine on the Mogollon Rim near Chevlon, Arizona. of Arizona, Tucson, AZ.
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As he rode up onto a ridge he noticed a fire-scarred
tree that appeared to have recently died. He dis-
mounted, and taking a hatchet he chopped into
one side of the “cat face.” On the cut surface he
could see the annual tree rings and the successive
scars that had formed by the re-burning of the res-
inous scar boundaries each time a surface fire
swept past the tree. He counted the tree rings be-
tween the scars, and then he estimated the dates of
each fire. In all he counted 14 separate fires, the
most recent in 1898 and the earliest in 1785 (photo-
graph and notes on file in Forest Service, South-
western Region Office, Albuquerque, NM).
Pinchot, the future first Chief of the Forest Service,
saw for himself the unequivocal evidence that sur-
face fires were an ancient and recurrent forest dis-
turbance, but his interpretation of the role they
played was primarily negative. Years later in his
book Breaking New Ground (1947) he made clear his
view of fire in Arizona pine forests: “We looked down
and across the plain. And as we looked there rose a
line of smokes. An Apache was getting ready to hunt
deer. And he was setting the woods on fire because a
hunter has a better chance under cover of smoke. It
was primeval but not according to the rules.”

The scarcity of tree seedlings and the open
canopy condition of pine forests convinced Pinchot
and most early foresters that the frequent surface
fires had kept forests “understocked.” They also
recognized that many years of abusive grazing
practices were partly responsible for the poor tree
regeneration. Elimination of fires and control of the
grazing situation became the prime directives for
the tough, young rangers charged with setting up
the National Forest System on the ground.

Now, more than ninety years later we are experi-
encing a sea change in attitudes and policy to-
wards fire. This change, most recently embodied in
the concepts of “ecosystem management,” has
been driven by accumulated historical and ecologi-
cal evidence demonstrating that fire is a keystone
ecological process in most forest types, and that its
exclusion, combined with other factors, has led to
significant “forest health” problems. The 1977 La
Mesa burn was a wake-up call to perhaps the most
pressing forest health problem in Southwestern
forests — historically anomalous, catastrophic
wildfire in ponderosa pine — created by many de-
cades of fire exclusion.

Prescribed fire has been a part of the fire
manager’s tool kit since before the La Mesa burn,
but even with the greater acceptance and changes
in policy over the past two decades the total
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amount of area treated with prescribed burning
(either “natural” or “planned”) is minuscule com-
pared to the amount of forest area that would ben-
efit from such treatment. If we are to restore de-
graded forest ecosystems to conditions of better
health and sustainability, and if fire is to be a pri-
mary restoration tool, then prescribed burning
must be carried out at inuch larger spatial scales.
However, problems of funding, smoke, and the
hazards of escaped fires will surely limit the extent
to which landscape-scale fire can be reintroduced
in the Southwest. The task of researchers and man-
agers is to identify the minimal level of fire re-in-
troduction required for maximal ecological health
and sustainability, but also practical and safe given
our economic and social limitations.

The paradox of fire management in conifer for-
ests is that, if in the short term we are effective at
reducing fire occurrence below a certain level, then
sooner or later catastrophically destructive wild-
fires will occur. Even the most efficient and techno-
logically advanced fire fighting efforts can only
forestall this inevitable result. It is clear from many
years of study and published works that the thin-
ning action of pre-settlement surface fires main-
tained open stand conditions and thereby pre-
vented the historically anomalous occurrence of
catastrophic crown fires that we are experiencing
in today’s Southwestern forests (Weaver 1951; Coo-
per 1960; Swetnam 1990; Covington and Moore
1994; Sackett et al. 1994). The ecosystem manage-
ment approach explicitly recognizes that these con-
ditions are untenable for the goal of long-term
sustainability, and therefore we should strive to
reintroduce keystone ecological processes such as
fire, or substitute for them with silvicultural treat-
ments such as mechanical thinning (Allen 1994;
Kaufmann et al. 1994). The degree to which thin-
ning or other silvicultural treatments can substitute
for the fire process is open to debate.

If we are going to re-introduce fire processes we
need to learn as much as possible about long-term
fire history and fire effects within the forest types
to be managed. Ideally, we should have specific
knowledge for the particular management units
where we are planning the re-introduction. A
baseline description of historical conditions pro-
vides a view of the “natural range of variability” of
the important processes controlling the dynamics
and structure of ecosystems (Swanson et al. 1994).
This baseline is useful as a reference, but not neces-
sarily as an exact blueprint, for disturbance re-in-
troduction (Morgan et al. In Press). In some cases
the natural range and variability define the bounds




of the disturbance processes that are most likely to
produce a long-term sustainable forest. How do we
know that such conditions are sustainable? From a
very long temporal perspective of centuries to mil-
lennia no forest ecosystem may be considered
equilibrial (i.e., sustainable) because climatic, geo-
logic, or anthropogenic fluctuations inevitably lead
to ecosystem changes (Botkin 1990; Sprugel 1991;
Swetnam 1993). On the other hand, we should re-
member that the open, park-like stands of ponde-
rosa pine that were both so impressive to our pio-
neer predecessors, and which have provided the
bulk of the timber cut during the settlement era
and since, were primarily composed of trees that
germinated and survived with such fire regimes
for many centuries. Thus, the historical (i.e. “natu-
ral) range of variability of pre-settlement forests
may be the best, and perhaps the only template we
have for long-term sustainability.

The purpose of this paper is to review some of
the facts that we have learned from intensive fire
history studies in Southwestern ponderosa pine
and mixed-conifer forests. After Pinchot’s initial
fire-scar counting in 1900, Harold Weaver, a for-
ester with the Bureau of Indian Affairs, was appar-
ently the next person to investigate Southwestern
fire history patterns in tree rings (Weaver 1951). In
the 1970s, Research Scientist John H. Dieterich of
the U. S. Forest Service, Rocky Mountain Forest
and Range Experiment Station, and Professor
Marvin A. Stokes of the Laboratory of Tree-Ring
Research, University of Arizona began collecting
and dating fire-scarred specimens from throughout
the region. In recent years, we (the authors, our
students, and collaborators) have greatly expanded
these collections. We are currently assembling an
even larger fire history network that will encom-
pass the full range of Southwestern woodland and
forest types (e.g., pinyon-juniper and oak-pine
woodlands up to the spruce-fir zone). We plan to
conduct more systematic statistical analyses and
modeling using these data. OQur goal is to docu-
ment and understand the natural range of variabil-
ity of fire regimes across multiple temporal and
spatial scales, and to use this knowledge to guide
and support ecosystem management programs. We
are especially interested in the fundamental causes
and mechanisms of fire regime variability, particu-
larly the role of climate and human land-use prac-
tices. Here we present a listing of 63 fire history
reconstructions in the Southwestern U. S. (mainly
Arizona and New Mexico) and some general de-
scriptions of fire regime patterns and associations
that we observe in these data.

METHODS

Sampling Considerations

Fire-scarred trees are relatively abundant in for-
ests of the Southwest, but the most informative and
useful specimens for fire history reconstructions
are somewhat rare. They usually comprise less
than about five percent of all standing trees, and a
much smaller percentage in stands that have been
harvested. Among the few trees with fire-scarred
boles an even smaller proportion contain well-pre-
served, multiple fire scars. We have seen many
instances of two fire-scarred trees of approximately
the same age growing side-by-side; one of the trees
contains a visible record of many fire scars, while
the other tree has only one or a few fire scars.
Based on these and other observations, it is clear
that fire-scarred trees are not all equally consistent
and reliable recorders of fires that have burned
around their bases. Therefore, it is inefficient and
inappropriate to sample fire-scarred trees as if they
all belong to the same statistical population.

Many factors are involved in the repeated, con-
sistent scarring of individual trees and the preser-
vation of the fire scars formed on them (e.g., posi-
tion of the tree on the landscape, bark thickness,
lean of the tree, decay of the wood in the fire-scar
wound, burning-off of older fire scars by subse-
quent fires, vigor of the tree and its ability to heal
over wounds, production of resin at the wound
boundaries, etc.). Historical factors are also impor-
tant in determining abundance of useful fire-
scarred material, such as past timber or fuelwood
harvesting. In addition to living fire-scarred trees,
snags and logs (“remnants”) often contain very
long and detailed records of past fires. Remnant
specimens can be dendrochronologically dated
(i.e., by crossdating, [Stokes and Smiley 1968;
Swetnam et al. 1985] ) thereby lengthening and
replicating the fire-scar record for individual sites
(Baisan and Swetnam 1990). Unfortunately, fires in
the late twentieth century, including prescribed
burns, usually consume the accumulated fire-scar
evidence, especially the record preserved in rem-
nants. Salvage of ancient fire-scar records before
initiation of prescribed burning programs should
therefore be a priority (Van Pelt and Swetnam
1990).

In developing a replicated and complete fire his-
tory reconstruction it is necessary to diligently
search for and sample many trees with multiple,
well-preserved fire scars distributed spatially
throughout the sampling unit. Usually 10 to 30
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trees or more are sampled within each selected
forest stand (hereafter referred to as “sites”). Al-
most all of our sites range in size from approxi-
mately 10 to 100 ha, and a few are up to about 1000
ha. Relatively homogenous sites with little varia-
tion in topography or forest type are best. These
sites are usually selected as “case studies” of fire
history within particular forest types or certain
landscape situations. At watershed or mountain
range spatial scales, sites may be selected to
achieve sufficient spatial dispersion to infer larger
fire extent patterns (see discussion below).

The goal of our sampling has been to obtain a
fire event “inventory” within sampled sites that is
as long and complete as possible; i.e., to identify all
or nearly all dates of fires that occurred within the
sampled unit for a maximum length of time before
the present. Contrary to the views of Johnson and
Gutsell (1994) we do not believe that it is necessary,
practical, or efficient to randomly sample sites or
fire-scarred trees in all circumstances in order to ob-
tain complete and un-biased fire history recon-
structions. In fact, a random sampling scheme of
all fire-scarred trees within sites that sustained
high frequency surface fire regimes would not re-
sult in a complete or unbiased record unless the
record is preserved in those sites, and the sampling
involved very large numbers of trees; probably
hundreds of trees would be required for sites of
100 to 1000 ha.

In many ways, fire-scarred trees are similar to
fossils that paleontologists search for to inventory
and reconstruct the ancient flora-or fauna of an
area. In most cases the rarity and the unevenness of
the paleorecord, both in quality and quantity, pre-
cludes a strict random sampling. There simply are
not enough old, well-preserved fossils distributed
across the landscape to reasonably assume that a
randomly selected set of sites, or of fossils within
sites, would provide a clear or complete long-term
picture of the past. Moreover, landscapes are often
far too heterogeneous to have any hope of sam-
pling, within the lifetime of a researcher, a suffi-
cient number of sites or fossils (trees in our case) to
produce a robust statistical description of histories
in all landscape types. To reiterate, our objective is
not to statistically sample the “population” of land-
scape types or of fire events that have occurred, but
rather to obtain as complete an inventory as pos-
sible of all fire events (dates) that have occurred
within selected units (i.e., case studies) as far back
in time as possible. This is most efficiently accom-
plished by finding and sampling old living trees
and remnants that have recorded and preserved
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the maximum amount of fire history information at
many different points in space.

Fire-scar records are fundamentally a spatial
“point record” of fire occurrence. In ponderosa
pine forests it is not possible to reconstruct the ex-
act perimeter of low intensity burns that occurred
more than a few years before the present. There is
no clearly preserved record of the precise extent of
the many dozens of individual burns that swept
through old-growth ponderosa pine forests in past
centuries. This is in sharp contrast to lower fire
frequency, stand-replacement fire regimes (such as
in chaparral or spruce-fir forests) where the extant
stand structure (e.g., ages or heights of trees, or
other visible clues) can be used to estimate the pe-
rimeters of some past burns, although these meth-
ods have serious limitations as well (Heinselman
1973, Tande 1979, Minnich 1983, Johnson and
Gutsell 1994). Surface fires in ponderosa pine were
of such low intensity that their direct influence on
the overstory canopy structure was negligible, or
very spatially patchy. Even though surface fires
had minimal direct effects on most mature over-
story trees, this does not mean they were ecologi-
cally unimportant. The individual and cumulative
impacts of the frequent, low intensity surface fires
had a profound influence on tree seedling dynam-
ics, low and mid-level canopy structures, under-
story plant species diversity, nutrient cycling and
other soil properties, plant growth, and many other
ecosystem properties (e.g., diversity of vertebrate
and invertebrate fauna).

Localized high intensity burns probably oc-
curred in some places within both ponderosa pine
and mixed-conifer forests, such as around recently
dead snags with accumulated litter, bark, and
branches at their base. The typically longer inter-
vals between fires in mixed-conifer forests, and
more extreme drought conditions when fires did
occur (see results section), led to a mosaic pattern
of variable size patches of high-intensity stand re-
placement burns within a larger matrix of surface
burn (Baisan and Swetnam, In Press).

Although we cannot reconstruct the precise pe-
rimeters or prepare detailed maps of past surface
fires in Southwestern ponderosa pine and mixed-
conifer forests, we can study the relative extensive-
ness of fires at various spatial scales (Figure 1).
Patterns of synchrony and asynchrony of fire dates
among trees and among sites can be used to infer
the relative extent of fire events across these differ-
ent spatial scales. For example, temporally syn-
chronous fire dates recorded throughout sites by
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Figure 1.—Spatial scales of fire history analysis. Fire-scar records on
individual trees must be carefully selected and sampled in order to
maximize the completeness of the fire date inventory within sites.
The patterns of synchrony and asynchrony of fire records among
spatially dispersed trees within sites, among sites within watersheds
{or mountain ranges}, and among sites within the region can be
evaluated to identify patterns of relative fire size, spread,
extensiveness, and associations with climatic variation and land-
use history.

many sampled fire-scarred trees can be reasonably
inferred to have been burns of larger spatial extent
within the sampled site than fire dates recorded by
only one or a few trees. Similarly, synchronous fire
dates recorded in many different sites at watershed
or larger spatial scales (Figure 1) probably repre-
sent larger areas burned during those years than
tire dates recorded in smaller numbers of sites. It is
possible that synchronous fire dates recorded on
different trees (or in different sites) were not
caused by the same contiguous burn. Multiple fire
ignitions by lightning or people could have started
many different fires during the same year. Never-
theless, the same fire dates recorded at many differ-

ent points in space would still probably represent
larger amounts of area burned during those par-
ticular years than fire dates recorded by smaller
numbers of trees or sites.

It is also possible that fire intensity is a factor
determining synchroneity of the recorded fire dates
(i.e., hotter fires may be more likely to scar trees).
However, we have observed that even low inten-
sity prescribed burns usually re-scar trees that al-
ready have been scarred at least once. In contrast to
un-scarred trees, the easily ignited exposed wood
and seeping resin on previously scarred trees make
them especially “sensitive” to being re-scarred by
subsequent fires of any intensity. The vast majority
of fire-scar dates in our data sets were recorded on
trees that had already incurred one or more scars
and had an open wound (i.e., they were already
sensitive fire recorders). Hence, with a well-repli-
cated sample set of fire-scarred trees and sites even
low intensity, but widespread fires should still be
evident as synchronous dates. Moreover, it is prob-
able that during years when fires were likely to
spread over large areas they were also likely to be
more intense. For example, during drought years
fuels are dry and burn intensely and rapidly over
large areas. Also, following relatively long periods
without fire the fuels accumulate and become more
continuous across the landscape, and so when fire
occurs it tends to burn intensely and spread over
large areas. Thus, the direct association between fire
intensity and extensiveness we observe in the present
certainly existed in the past, but this relationship does
not contradict our interpretation that, within a given
area, synchronous fire dates generally represent
larger areas burned than asynchronous fire dates.

This idea of assessing patterns of synchrony and
asynchrony across different spatial and temporal
scales has a direct scientific lineage from the earth
sciences, and dendrochronology in particular. Ge-
ologists have long used the principle of uniformity
(“the present is the key to the past”) in reconstruct-
ing earth history from matched spatial and tempo-
ral patterns of layered records (e.g., sediments).
Dendrochronologists rely upon “crossdating” (i.e.,
synchrony) of annual tree-ring widths among trees
and sites to identify the exact chronological place-
ment of tree-rings, as well as for distinguishing the
influences of climate on tree growth from the influ-
ences of more locally specific factors. The strength
of the dendrochronological approach lies in the
exactness of the time sequences that are assembled
at multiple points in space. This exactness enables
us to spatially aggregate the time series and
thereby identify patterns of synchrony and
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asynchrony with high resolution at multiple spatial
and temporal scales. Such information on keystone
processes (sensu Holling 1992) spanning seasons to
centuries and individual trees to regions is rare in
ecology. This approach has proven fruitful in a va-
riety of applications (Fritts and Swetnam 1989), in-
cluding fire history and fire climatology (Swetnam
and Dieterich 1985; Swetnam et al. 1989; 1992;
Swetnam and Betancourt 1990; 1992; Swetnam 1993;
Baisan and Swetnam 1990; Brown and Sweitnam 1994;
Grissino-Mayer and Swetnam, In Press; Grissino-
Mayer et al. In Press; Touchan et al. In Press; Touchan
et al. This Volume), insect outbreak studies (Swetnam
and Lynch 1989; 1993; Swetnam et al. In Press) and in
tree demography studies (Swetnam and Brown 1993;
Betancourt et al. 1993).

Data Compilation and Statistical Description

Master fire-scar chronologies (Dieterich 1980;
Dieterich and Swetnam 1984) were developed from
more than 1,200 fire-scarred trees sampled in 63
sites located in Arizona, New Mexico, Texas, and
Sonora Mexico (Figure 2, Table 1). This is currently
the world’s largest and longest regional-scale fire
history network composed entirely of fire event
chronologies accurately dated to annual or sea-
sonal resolution. These tree-ring data were col-
lected and crossdated by many individuals. Some
of the detailed fire histories for individual sites are
described in published papers (see Swetnam 1990
for a partial list), while others are described in un-
published reports on file at the Laboratory of Tree-
Ring Research (LTRR). Other descriptions are con-
tained in papers, theses, and dissertations that are
currently in preparation by the authors, our stu-
dents, and colleagues.

All of the fire dates for each sampled tree in each
site were entered in database files. These files were
processed through a fire history analysis software
package called FHX2, written by Mr. Henri
Grissino-Mayer of LTRR. FHX2 computes a variety
of descriptive statistics for fire interval and fire
frequency data. All of the chronologies compiled
for this paper were analyzed for the time period
AD 1700 to 1900. Much longer fire-scar data were
included in many of the sites, but the post-1700
time period included most of the sampled trees in
most sites, and therefore was the best replicated
period. Very few fire dates were recorded after
about 1900 in most sites due to the advent of inten-
sive livestock grazing, which removed fine fuels
(i.e., grasses and herbs) necessary for fire spread,
and /or because of organized fire suppression by
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land management agencies. Thus, the fire-scar
analyses concentrate on a two century “pre-settle-
ment period” preceding AD 1900.

The fire interval statistics computed and re-
ported here include (1) measures of central ten-
dency: mean fire interval, median fire interval,
Weibull median probability interval (WMPI); and
(2) measures of range and variability (or higher
moments of the distribution): minimum and maxi-
mum intervals, standard deviation, coefficient of
variation, skewness, and kurtosis. The WMPI is the
estimated fire interval (in years) at which there is a
50 percent probability of longer (or shorter) fire
intervals occurring — based on the fitting of a
Weibull-type curve (model) to the fire interval dis-
tributions (see Johnson and vanWagner [1985] for a
description of these models).

The fire interval statistics were computed on
three different levels of fire-scar dates. These were:
(1) fire dates recorded within each site by any tree;
(2) fire dates recorded by 10 percent or more of the
fire-scarred trees within each site; and (3) fire-scar
dates recorded by 25 percent or more of the fire-
scarred trees within each site. An additional crite-
rion for the 10 and 25 percent sortings was that at
least two trees within each of the sites recorded the
fire dates used to compute the descriptive statis-
tics. This sorting (or filtering) of fire dates recorded
by increasing percentages of the trees within each
site is a means of assessing patterns of fire frequen-
cies and extent associated with fire events that
probably burned progressively greater areas within
sites (see discussion in previous section). For ex-
ample, in some sites many fires were recorded by
only one or a few sampled trees, but a few fires
were consistently recorded by many or nearly all
sampled trees. In these cases the different sortings
would show greatly different fire frequencies. In con-
trast, in some sites most fires were recorded by most
sampled trees, and hence fire frequencies varied only
slightly among the different sortings. In each type of
case a different interpretation may be made regarding
the frequencies and extensiveness of fires.

After computing fire interval statistics for all
master fire chronologies, the data were sorted by
elevation and forest type and plotted to assess pat-
terns that may be related to these two factors. For-
est types were broadly categorized as: (1) pine/
pinyon-juniper/oak [PINE/PJ/OAK] (2) ponde-
rosa pine [PIPO] (3) ponderosa pine/mixed-conifer
[PIPO/MC] (4) mixed-conifer [MC]. The PINE/PJ/
OAK category included sites with ponderosa pine,
or other pine species (such as Chihuahua pine or
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Figure 2.—Map of Arizona and New Mexico showing locations of all fire history sites reported in this paper. The numbers on the map refer to the
site codes which are listed below and in Tables 1 to 4. The U.S. Forest Service Southwestern Region [Region 3] is located primarily in these

two states.

Apache pine in Southern Arizona) as the major
source of fire-scarred samples, but also mixed
within the stand were pinyon, juniper, or various
oak species. The PIPO category included sites that

were pure or nearly pure stands of ponderosa pine.

The PIPO/MC category were sites with ponderosa
pine as the primary dominant tree species and
some combination of Douglas-fir, or true firs
(Abies) were also present, but in smaller propor-
tions (density or crown cover) than the ponderosa
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Table 1.—Listing of 63 fire-scar sites in Southwestern fire history network. See text for explanation of forest type. Ownership is National
Forest (NF), National Park (NP), National Monument (NM), The Nature Conservancy (TNC), or other.

Mountain No. of Lowest Highest
Site Range of Fire-Scar Forest Elevation  Elevation
Code  Site Name State Ownership Region Samples Type (Feet) (Feet)
ANP2  ANIMAS PEAK-SOUTH NM GRAY RANCH (PRIVATE) AMIMAS 56 PIPO/MC 8000 8100
ANP1  ANIMAS PEAK-NORTH NM GRAY RANCH (PRIVATE) ANIMAS 18 PIPO 8000 8400
BFL BATTLE FLATS AZ PRESCOTT NF BRADSHAW 7 PIPO/CHAP 5000 5200
RHY3  RHYOLITE CANYON-LOWER AZ CHIRICAHUA NM CHIRICAHUA 12 PINE/OAK 5600 5920
RHY2  RHYOLITE CANYON-MIDDLE AZ CHIRICAHUA NM CHIRICAHUA 30 PIPO/MC 5920 6300
RHY1  RHYOLITE CANYON-UPPER AZ CHIRICAHUA NM CHIRICAHUA 16 PIPO/MC 6800 7000
CHU CHUSKA AZ NAVAJO RESERVATION CHUSKA 16 PIPO/MC 8800 8900
CBE CERRO BANDERA EAST NM EL MALPAIS NM EL MALPAIS 32 PIPO 7900 8360
CBN CERRO BANDERA NORTH NM EL MALPAIS NM EL MALPAIS 35 PIPO 7860 8100
CER CERRO RENDIJA NM EL MALPAIS NM EL MALPAIS 11 PIPO 7900 8140
CAL EL CALDERON NM EL MALPAIS NM EL MALPAIS 5 PIFO 7200 7260
KiP HIDDEN KIPUKA NM EL MALPAIS NM EL MALPAIS 13 PIPO 7375 7440
HFL HOYA DE CIBOLA LAVA FLOW NM EL MALPAIS NM EL MALPAIS 23 PIPO 7500 7500
LAM LA MARCHANITA NM EL MALPAIS NM EL MALPAIS 7 PIPO 7700 8000
LWN LOST WOMAN NM EL MALPAIS NM EL MALPAIS 20 PIPO 7660 7960
MES  MESITA BLANCA NM EL MALPAIS NM EL MALPAIS 26 PIPO/PJ 7370 7420
GUA  GUADALUPE MTNS.-THE BOWL TX GUADALUPE MTNS NP GUADALUPE 26 PIPO/MC 7546 8202
CME  CAMP MAY EAST NM SANTA FE NF JEMEZ 6 PIPO 8900 9080
CMN  CAMP MAY NORTH NM SANTA FE NF JEMEZ 20 MC 9720 10020
CAN CANADA BONITA NORTH NM SANTA FE NF JEMEZ 28 MC 9720 9840
CAS CANADA BONITA SOUTH NM SANTA FE NF JEMEZ 31 PIPO 9120 9220
CPM  CAPULIN CANYON MIDDLE NM BANDELIER NM JEMEZ 15 PIPO 6650 6940
CPU CAPULIN CANYON UPPER NM BANDELIER NM JEMEZ 8 PIPO/MC 8370 8430
CPE CERRO PEDERNAL NM SANTA FE NF JEMEZ 26 PIPO 8800 9190
CCC  CLEAR CREEK CAMPGROUND  NM SANTA FE NF JEMEZ 20 PIPO 8202 8300
CON  CONTINENTAL DIVIDE NM SANTA FE NF JEMEZ 24 PIPO 9350 9400
GAM  GALLINA MESA NM SANTA FE NF JEMEZ 25 PIPOYMC 8520 9180
LOG LOS GRIEGOS NM SANTA FE NF JEMEZ 15 MC 9250 8500
MCN  MONUMENT CANYON NATURAL AREA NM SANTA FE NF JEMEZ 30 PIPO 8200 8420
PMN PAJARITO MOUNTAIN NORTH NM SANTA FE NF JEMEZ 28 MC 9340 10080
PMR  PAJARITO MOUNTAIN RIDGE NM SANTA FE NF JEMEZ 23 PIPO 9380 9740
BAN1  RITO DE LOS FRIJOLES-GROUF 1 NM BANDELIER NM JEMEZ 9 PIPO/PJ 6660 6750
BAN2  RITO DE LOS FRIJOLES-GROUP 2 NM BANDELIER NM JEMEZ 13 PIPO/MC 7100 7700
BAN3  RITO DE LOS FRIJOLES-GROUP 3 NM BANDELIER NM JEMEZ 18 PIPO 8235 8640
BAN4  RITO DE LOS FRIJOLES-GROUF 4 NM BANDELIER NM JEMEZ 23 PIPO/MC 9154 9620
BAN5S  RITO DE LOS FRIJOLES-GROUP 5 NM BANDELIER NM JEMEZ 12 PIPO 7267 7430
BON MANZANO MTNS-NORTH NM CIBOLA NF MANZANO 19 PIPO 7300 7400
BER “BEARWALLOW, GILA” NM GILA NF MOGOLLON 13 MC 9000 9600
BKM BLACK MOUNTAIN NM GILA NF MOGOLLON 27 PIPO/ MC 8400 9300
GLR GILITA RIDGE NM GILA NF MOGOLLON 10 PIPO 8300 8300
LNG LANGSTROTH MESA NM GILA NF MOGOLLON 18 PIPOMC 7800 8400
MKP McKENNA PARK NM GILA NF MOGOLLON 12 PIPO 7640 7800
CCA  CASTLE CREEK AZ APACHE NF MOGOLLON RIM 17 PIPO 8000 8200
LMF LIMESTONE FLATS AZ COCONINO NF MOGOLLONRIM 13 PIFO 6900 6900
WAC  WALNUT CANYON AZ WALNUT CANYON NM MOGOLLON RIM 18 PIPO/PJ 6660 6800
SCI FILLMORE SIDE CANYON 1 NM TNC ORGAN 7 PIPO 7200 7500
FST FILLMORE SIDE CANYON 2 NM TNC ORGAN 8 PIPO/MC 7200 7700
FSR FILLMORE SIDE CANYON 3 NM TNC ORGAN 10 PIPO 7200 7800
ICE ICE CANYON NM TNC ORGAN 7 PIPO 7500 7800
LDG LEDGE SITE NM TNC ORGAN 7 PIPO 7800 7900
NAR NARROWS NM TNC ORGAN 8 PIPO/PJ/OAK 7000 7300
SSD SNAG SADDLE NM TNC ORGAN 4 PIFO 7800 8000
UFW  UPPER FILLMORE WEST NM TNC ORGAN 24 PIPO/MC 7800 8200
CMP  CAMP POINT AZ CORONADO NF PINALENO 50 MC 7546 9600
PET PETER'S FLAT AZ CORONADO NF PINALENO 40 MC 9200 9450
RIN MICA MOUNTAIN AZ SAGUARO NP RINCON 44 PIPO/MC 6791 8530
CHS CHIMNEY SPRINGS AZ COCONINO NF SAN FRANCISCO 8 PIPO 7325 7425
LPK LEMMON PEAK AZ CORNOADO NF SANTA CATALINA 15 MC 8750 8960
CAT ROSE CANYON + PALISADES AZ CORONADO NF SANTA CATALINA 11 PIPOMC 7000 7600
Jss JOSEPHINE SADDLE AZ CORONADO NF SANTA RITA 17 PINE/OAK 6800 7200
SAJ SIERRA AJOS — “SONORA, MEXICO® SIERRA AJOS 18 PINE/OAK 6890 7218
THC THOMAS CREEK AZ APACHE NF WHITE 26 MC 8300 9200
ZUN ZUN!I MOUNTAINS NM CIBOLA NF ZUNI 7 PIPO 8000 8400
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pine. The MC category were mixed-conifer stands
where ponderosa pine or other pines (e.g., South-
western white pine) were secondary dominants,
and generally in much smaller proportions than
Douglas-fir, true firs, or spruce.

These forest type categorizations were imperfect
for a number of reasons. One problem was that tree
species composition and density has changed
greatly in many of these stands because of twenti-
eth century fire suppression or harvesting. For ex-
ample, Douglas-fir and true firs have clearly in-
creased in density in many areas — in some cases
converting what were previously pure ponderosa
pine stands to mixed-conifer. Generally, we tried to
categorize the sites according to the apparent struc-
ture of the stands prior to the settlement and fire
suppression era (i.e., before ca. 1900). Thus, compo-
sition of mature overstory trees that were likely to
be older than about 100 years of age were given
more weight in the classification. Another problem
was that a few sites simply did not fit neatly into
these categories because of unique tree species
compositions and /or because they were in special
locations, such as in riparian canyon bottoms.

Drought—Fire Relations

Temporal patterns of fire occurrence among all
sites in the Southwest were compared with re-
gional drought patterns. This analysis was con-
ducted by compiling a set of recent dendroclimatic
reconstructions based a large network of climati-
cally sensitive tree-ring chronologies from Arizona
and New Mexico (Cook et al., In Press). These re-
constructions were arrayed in a spatial grid over
the Southwestern Region. Each of the 13 grid
points, consisting of reconstructed time series of
Palmer Drought Severity Indices (PDSD) for the
summer season (June, July, and August), were
based on a multiple regression model using PDSI
derived from meteorological station data for the
period 1928 to 1979 as independent data, and sets
of tree-ring width chronologies as dependent data.
These models explained between 41 and 72% of the
variance (adjusted r?) in the tree-ring data (calibra-
tion period). A regionalized PDSI time series was
computed by averaging the 13 grid point time se-
ries into a single time series representing annual
drought magnitude fluctuations over the whole
Southwest from AD 1700 to 1978 (recent decades
were not reconstructed because not all tree-ring
chronologies extended to the present). PDSI time
series were normalized, so that values were ex-
pressed in standard deviation units.

A regional compilation of numbers of sites re-
cording individual fire years was computed for the
period 1700 to 1900. An additional regional times
series of area burned per year for all National For-
ests in Arizona and New Mexico (Forest Service
Region 3) was compiled for the period 1920 to 1978
from U.S. Forest Service documents (Swetnam
1990; Swetnam and Betancourt 1990). The regional
time series of (a) numbers of sites recording fire
scars and (b) area burned per year were sorted
from largest to smallest fire years and sets of the
largest and smallest fire years in the fire time series
were compared with the regional PDSI time series.
The comparisons included plotting the occurrences
of the largest and smallest fire years on a line
graph of the PDSI time series, and by conducting a
“super-posed epoch analysis” (SEA) (Baisan and
Swetnam 1990; Swetnam 1993). The SEA involved
computing the mean PDSI values during all of the
20 largest and smallest regional fire years in (a) and
10 of the largest and smallest fire years in (b). The
mean PDSI values were also computed for each of
the five years preceding and two years following
the sets of fire years. A Monte Carlo
“bootstrapping” simulation was used to estimate
confidence intervals on the observed mean values
(Mooney and Duvall 1993; Swetnam 1993).

The analysis was run on the largest and smallest
fire years based on all sites, and also on a separate
sorting of largest and smallest fire years among
MC and PIPO/MC sites in one group and PIPO
sites in another group. The purpose of this sorting
was to determine if different lagging patterns in
drought-fire relations might be observed between
the wetter and generally more productive MC,
PIPO/MC group and the drier and relatively less
productive PIPO group. Hypothetically, without
regard to forest type, we expected to see that larg-
est fire years were dry and smallest fire years (i.e.,
years with fewest numbers of sites recording fire
events) were relatively wet. We also expected to see
some pattern of dry or wet conditions preceding
largest or smallest fire years that pre-conditioned
Southwestern forests for more or less extensive fires
by affecting fuel production. Finally, we did not ex-
pect post-fire years to be significantly wet or dry.

RESULTS
Fire Interval Statistics

Fire interval statistics are presented for all fire
dates regardless of the number or proportion of
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sampled trees recording them within sites (Table
2), for fire dates recorded by more than one tree
and 10 percent or more of the sampled trees within
sites (Table 3), and for fire dates recorded by more
than one tree and 25 percent or more of sampled
trees within sites (Table 4). Generally, these tables
represent measures of central tendency, range and
variation of all recorded fires regardless of size
(Table 2), and those fires that probably burned over
relatively larger proportions (or all) of the sampled
sites (Tables 3 and 4). Tables 3 and 4 could be con-
sidered more conservative (i.e., longer) estimates of
mean fire intervals in that these statistics discount
fires that were probably smaller. On the other
hand, as previously mentioned, the many appar-
ently smaller fires that are included in Table 2
could have been ecologically very important as
well, both cumulatively, and individually. Further-
more, even when including all recorded fires, it is
still likely that some of the fire interval estimates
were conservative because, despite our efforts to
obtain a complete inventory of fire events within
sites, we probably still missed sampling some fire
dates. This was probably a more important prob-
lem in the highest fire frequency sites (i.e., fire in-
tervals less than about 5 years), where fire extent
also tended to be very patchy (see a discussion of
this pattern in millennia length records in giant
sequoia, Swetnam 1993).

The different measures of central tendency
(mean, median, WMPI) were usually within one to
about three years of each other, and the median
was usually closer in value to the WMPI than the
mean (Tables 2, 3, and 4). Large differences were
observed in only a few cases. Advantages of the
WMPI estimate are that it is based on a model that
conforms to the typical non-normal shape of most
fire interval distributions, and the statistic can be
interpreted in terms of probability, which could be
useful in simulation modeling or other prediction
schemes. The skewness statistic demonstrates that
most of the fire interval distributions were moder-
ately positively skewed, i.e., fire dates were often
clustered to the “left” with a long tail to the “right”
representing many relatively short intervals and
fewer unusually long intervals between fires. Thus,
because of the skewness of most fire interval distri-
butions the simple mean and median measures of
central tendency were usually less statistically ro-
bust than the WMPL

The kurtosis statistic was more variable than the
skewness statistic among the sites and among the
different sortings by percentage of trees scarred
(Tables 2, 3, and 4). Kurtosis measures “peaked-
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ness” of the distribution, with positive values indi-
cating relatively highly peaked distributions (i.e.,
many values clustering near the central tendency)
while negative values indicate a relatively flat dis-
tribution. Generally, more of the sites showed posi-
tive kurtosis in the computations involving all fire
dates than the 10 and 25 percent sortings.

Given the large ranges and variability of the fire
intervals within and among sites, we believe it
would be a mistake to over-emphasize the impor-
tance of, or to over-interpret the ecological mean-
ing of statistical summaries. While the fire process
can be described with various levels of accuracy
and bias by many different statistical summaries,
such measurements are only one means of assess-
ing fire regime properties. Other, and perhaps
more important temporal characteristics of fire
regimes are the historically unique or “time ex-
plicit” patterns. By this we mean the chronological
and specific occurrence of individual fires, or the
unusual short and long intervals between fires; i.e.,
the historical and contingent aspects of fire re-
gimes. Particular events, and the ordering of these
events in relation to other environmental factors
and processes (e.g., climate, plant recruitment and
mortality, and human-related events), may be more
important than any summary statistic for under-
standing the past dynamics and current structure
of ecosystems.

Despite the large intra-site variation in fire inter-
vals, we can still visually detect some patterns in
the measures of central tendency when plotted
across gradients of elevation (Figure 3) or forest
type (Figure 4). There is a general tendency for
increasing length of fire intervals from lowest to
highest elevations and from PINE/PJ/OAK to MC
forest types. However, these patterns appear to be
relatively weak in that the ranges of the measures
of central tendency among sites at different eleva-
tions and forest type broadly overlap. Again, the
uniqueness of individual sites and their special
histories probably explains some of the overlap in
these measures (see Discussion section).

An interesting deviation from the general pat-
tern of increasing length of fire intervals from the
drier to wetter forest types is the tendency for
somewhat shorter intervals in the PIPO/MC type
than in the PIPO type (Figure 4). We speculate that
this may be related to higher productivity levels in
the relatively mesic PIPO/MC sites. Fuel levels
may recover quickly in these types following fire,
while the presence of long-needle ponderosa pines
assures high flammability of the fuel substrate.




Table 2.—LlIsting of flre interval statistics for 63 Southwestern fire-scar chronologies. Fire dates were based on fires recorded by any
sampled tree within each site, AD 1700 to 1900.

Fire Intervals (years)—All Fire Scar Dates

Site No. of Standard Coefi. of

Code Intervais Mean Median WMPI Minimum Maximum Deviation Variation Skewness Kurlosis
ANP2 26 7.42 6 6.61 1 21 5.021 0.676 1.047 0.408
ANP1 37 5.35 4 4.31 1 16 4.392 0.821 0.919 -0.325
BFL 96 2.07 1 1.74 1 17 2.381 1.149 4.013 18.294
RHY3 29 6.17 6 541 1 15 3.799 0.616 0.262 —0.800
RHY2 23 8.30 7 6.78 1 33 7.283 0.877 1.727 3.383
RHY1 24 7.96 6 6.66 1 31 6.676 0.839 1.843 3.773
CHU 44 3.93 3 3.14 1 23 4.256 1.082 2.821 8.696
CBE 35 563 5 5.22 1 12 3.030 0.538 0.216 —-0.956
CBN 36 533 5 4.95 1 13 3.089 0.579 0.716 -0.348
CER 19 9.32 9 7.81 1 25 6.840 0.734 0.603 —0.692
CAL 14 13.14 10 11.21 1 30 8.917 0.678 0.464 —0.947
KIP 12 16.50 12 13.27 3 55 15.294 0.927 1.390 0.955
HFL 15 12.00 10 10.83 2 31 8.018 0.668 0.940 0.002
LAM 27 7.30 7 6.79 2 21 4,479 0.614 1.279 1.478
LWN 22 8.96 7 7.70 2 30 7.569 0.845 1.689 1.965
MES 21 9.10 8 8.61 2 22 5.039 0.554 0.842 -0.017
GUA 36 5.11 4 4.36 1 15 3.882 0.760 1.038 0.026
CME 10 17.10 14 13.83 1 46 13.470 0.788 0.860 -0.193
CMN 6 2517 14 14.35 1 89 32.872 1.306 1.310 -0.054
CAN 8 19.50 16 16.84 4 52 15.712 0.806 1.086 -0.104
CAS 19 10.05 7 8.95 2 29 7.322 0.728 1.313 0977
CPM 20 9.45 10 8.57 1 21 5.708 0.604 0.565 -0.516
CPU 20 9.45 9 7.92 1 21 6.650 0.704 0.539 -0.878
CPE 11 14.36 1 13.07 4 28 9.102 0.634 0.392 -1.484
CCC 31 584 3 4.43 1 24 5.693 0.975 1.463 1.535
CON 25 7.80 4 5.38 1 28 8.588 1.101 1.391 0.534
GAM 43 4.54 4 410 1 12 2.922 0.644 0.983 0.300
LOG 12 15.75 13 13.74 1 33 10217 0.649 0.375 -1.189
MCN 35 557 5 537 1 12 2.627 0.471 0.509 —0.248
PMN 13 12.00 10 10.45 3 32 8.803 0.734 0.819 —0.313
PMR 28 6.21 5 5.68 1 21 4.149 0.668 1.672 3.559
BAN1 23 8.26 7 7.04 1 25 6.398 0.774 1.190 0.516
BAN2 28 6.79 5 572 1 24 5.600 0.825 1.593 2.072
BAN3 34 5.59 55 5.01 1 13 3.431 0.612 0.393 —0.961
BAN4 40 4.75 4 411 1 17 3.455 0.727 1.297 2.000
BANS 21 8.00 8 7.26 1 24 4.980 0.622 1.324 2.898
BON 19 9.16 7 7.69 2 38 8.308 0.907 2.206 5.244
BER 29 6.00 5 5.01 1 21 5.007 0.835 1.589 2.341
BKM 66 2.98 3 2.64 1 15 2.557 0.857 3.020 10.526
GLR 43 451 4 4.12 1 18 3.232 0.716 2147 5.482
LNG i 12.29 13 10.38 1 31 9.358 0.762 0.995 0.043
MKP 55 347 3 3.09 1 10 2.218 0.639 0.596 -0.266
CCA 56 3.45 3 3.18 1 11 2.165 0.628 1.298 1.504
LMF 71 2.51 2 2.27 1 12 1.889 0.753 2.596 8.903
WAC 50 3.72 35 3.50 1 10 2.080 0.559 0.986 0.703
SCI 34 4.85 3 3.98 1 21 4.900 1.010 2.229 3.973
FST 31 5.90 5 5.23 2 19 4.460 0.755 1412 1.091
FSR 31 5.52 3 4.65 1 23 4.891 0.887 1.953 3.789
ICE 24 7.38 5 5.89 1 33 7.829 1.062 2.344 4.604
LDG 16 11.25 12 10.64 2 23 5.756 0.512 0.213 —0.722
NAR 30 6.27 3 447 1 34 7.465 1.191 2.180 4.571
SSD 24 4.54 4 4.18 1 9 2.484 0.547 0.086 -1.139
UFW 59 2.93 2 2.61 1 15 2.399 0.818 2.801 9.990
CMP 27 6.82 5 575 1 23 5.299 0.778 1.335 1.540
PET 31 6.10 4 5.24 1 22 4.686 0.769 1.455 2175
RIN 65 2.95 3 2.67 1 9 1.940 0.657 1.067 0.673
CHS 71 2.62 2 2.14 1 13 2.669 1.019 2.398 5.523
LPK 28 6.60 6 6.03 1 17 4.080 0.582 0.554 -0.570
CAT 36 5.50 5 5.26 1 15 2.923 0.531 1.315 2.095
JSS 29 6.59 8 6.26 2 18 3.756 0.570 1.254 0.953
SAJ 55 4.04 3 3.79 1 22 3.050 0.464 0.565 0.075
THC 68 2.94 2 2.52 1 9 2.304 0.783 1.235 0.633
ZUN 29 5.86 5 4.84 1 17 4.478 0.764 0.821 -0.232
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Table 3.—Listing of fire interval statistics for 63 Southwestern fire—scar chronologies. Fire dates were based on fires recorded by 10% or
more of sampled trees within each site, AD 1700 to 1900.

Fire Intervals (years)}—Fire Scar Dates Recorded by 10% or More of Sampled Trees

Site No. of Standard Coeff. of

Code Intervals Mean Median - WMPI Minimum Maximum  Deviation Variation  Skewness Kurtosis
ANP2 12 14.33 14 12.66 2 32 9.267 0.647 0.343 -1.058
ANPA1 14 14.14 9 11.92 3 36 11.114 0.786 0.764 —0.867
BFL 37 413 3 3.37 i 22 4,650 1.124 3.097 9.171
RHYS3 20 8.75 9 8.03 1 17 4.610 0.527 -0.004 —0.841
RHY2 12 15.25 13 14.20 4 50 11.419 0.749 2.446 4,897
RHY1 14 12.64 12.5 12.21 4 31 6.675 0.528 1.364 1.793
CHU 23 7.22 4 5.30 1 41 8.733 1.210 2.695 7.464
CBE 25 7.08 7 6.87 2 13 3.095 0.437 —0.016 —-1.006
CBN 31 6.19 5 5.89 2 13 3.240 0.523 0.603 —0.695
CER 14 12.64 10.5 10.13 3 43 11.256 0.890 1.333 1.339
CAL 7 21.86 17 20.81 8 37 12.116 0.554 0.184 —-1.882
KIP 4 36.25 26 33.57 17 76 27.439 0.757 0.815 -1.399
HFL 12 13.58 13 12.14 2 31 8.681 0.639 0.466 —0.786
LAM 19 10.37 9 10.00 4 21 5.134 0.495 0.627 -0.654
LWN 14 14.07 13 13.02 3 30 8.471 0.602 0.669 —-0.611
MES 14 13.64 135 13.14 4 24 6.404 0.469 -0.041 -1.237
GUA 20 8.75 6.00 7.218 1 26 7.085 0.810 0.987 -0.062
CME 7 24.29 20 23.85 13 46 11.842 0.488 0.808 -0.819
CMN 2 16.00 — 16.00 14 18 2.828 0.177 0.000 -2.500
CAN 4 23.00 23 23.32 14 32 7.528 0.327 0.000 -1.635
CAS 8 23.00 23 23.13 183 33 7.672 0.334 0.000 -1.606
CPM 12 14.00 12.5 13.06 3 29 7.909 0.565 0.404 -0.960
CPU 11 14.27 10 13.90 6 24 6.665 0.467 0.166 —1.790
CPE 7 22.57 21 20.35 4 50 15.054 0.667 0.637 -0.670
cce 19 8.26 6 6.97 1 24 6.154 0.745 0.891 0.072
CON 16 11.94 6.5 7.74 2 48 15.013 1.258 1618 1.105
GAM 25 7.80 8 7.36 1 15 3.979 0.510 0.243 —-0.980
LOG 7 26.14 25 25.82 10 45 11.379 0.435 0.264 -1.000
MCN 29 6.48 6 6.40 2 12 2,572 0.397 0.291 -0.767
PMN 5 15.60 14 14.93 4 25 8.019 0.514 -0.282 —1.381
PMR 20 8.30 7.5 7.72 1 21 4.846 0.584 0.905 0.417
BAN1 13 14.08 12 12,52 2 25 8.539 0.607 —0.037 -1.665
BAN2 18 10.22 9.5 9.46 1 24 5.897 0.577 0.728 -0.062
BAN3 26 7.31 7.5 6.60 1 23 4.541 0.621 1.330 3.337
BAN4 26 7.31 6 6.28 1 23 5312 0.727 1.285 1523
BANS 12 8.00 8 8.01 4 12 2.730 0.341 —0.080 —1.472
BON 10 17.40 15 15.98 2 38 10.265 0.590 0.565 -0.438
BER 10 16.30 11.5 14.46 2 32 10.904 0.669 0.446 —1.465
BKM 34 5.79 3.5 4.98 1 20 4.471 0.772 1.316 1.336
GLR 19 8.26 5 7.21 3 28 6.822 0.826 1.564 1.519
LNG 37 5.05 4.00 4.483 1 22 3.822 0.756 2.409 8.207
MKP 23 6.30 5 5.52 1 16 4.237 0.672 0.764 —0.167
CCA 26 7.08 7 6.77 1 14 3.346 0.473 0.061 —-0.989
LMF 37 4.05 3 3.63 1 13 2.798 0.690 1.276 1.360
WAC 40 453 4 4.23 1 12 2.532 0.559 0.900 0.755
Scl 17 9.71 8 8.78 2 23 6.243 0.643 0.630 —0.825
FST 17 10.06 7 8.68 2 23 7.293 0.725 0.585 -1.200
FSR 11 13.73 13 13.55 4 23 5.569 0.406 0.048 -0.942
ICE 7 24.43 27 23.84 7 35 10.768 0.441 -0.469 —-1.427
LDG 7 19.43 21 19.68 12 27 5.350 0.275 -0.205 -1.328
NAR 12 10.25 8 9.46 3 21 6.538 0.638 0.733 -1.104
SSD 5 18.80 20 18.66 9 27 8.106 0.431 -0.155 -1.924
UFW 43 4.02 3 3.38 1 23 4132 1.027 3.022 9.660
CMP 27 8.52 8 7.73 2 23 5,600 0.672 0.818 -0.172
PET 20 9.45 8.5 8.91 3 22 5.296 0.560 0.753 -0.236
RIN 31 6.13 6 6.02 2 13 2.668 0.435 0.873 0.165
CHS 16 7.12 5.5 6.41 1 18 4.674 0.656 0.790 -0.282
LPK 23 8.61 9 7.94 2 17 4.793 0.557 0.061 —1.463
CAT 27 7.33 6 7.01 2 16 3.803 0.519 0.695 -0.451
Jss 21 8.24 7 7.94 3 21 4.242 0.515 1.167 1.593
SAJ 35 5.54 4 5.14 2 22 3.910 0.487 0.553 —0.704
THC 19 9.68 8 8.31 1 24 6.969 0.720 0.703 —0.769
ZUN 5 28.00 21 20.21 1 61 22.847 0.816 0.340 —-1.400
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Table 4.—Liating of fire interval statistics for 63 Southwestern fire—scar chronologies. Fire dates were based on fires recorded by 25% or
more of sampied trees within each site, AD 1700 to 1900.

Fire Intervals (years)—Fire Scar Dates Recorded by 25% or More of Sampled Trees

Site No. of Standard Coeff. of

Code Intervals Mean Median WMPI Minimum Maximum Deviation Variation Skewness Kurtosis
ANP2 7 24.57 22 22.82 4 46 13.710 0.558 0.075 -1.080
ANP1 12 16.50 12.5 14.65 4 41 11.767 0.713 0.808 -0.642
BFL 37 413 3 3.37 3 28 4.650 1.124 3.097 9.171
RHY3 19 9.21 10 8.77 4 25 4.354 0.473 -0.009 -0.756
RHY2 10 17.90 145 17.08 9 50 11.855 0.662 2.125 3.031
RHY1 13 13.08 13 12.67 4 31 6.739 0.515 1.291 1.600
CHU 10 9.30 10 8.31 4 16 6.019 0.647 0.286 «1.269
CBE 22 8.04 8.5 7.76 1 22 3.860 0.480 0.457 -0.529
CBN 28 6.79 6 6.57 4 40 3.178 0.468 0.417 -0.942
CER 14 12.64 10.5 10.13 2 48 11.256 0.890 1.333 1.339
CAL 7 21.86 17 20.81 10 41 12.116 0.554 0.184 -1.882
KIP 4 36.25 26 33.57 14 25 27.439 0.757 0.815 -1.399
HFL 10 16.30 17 15.91 8 37 7.558 0.464 0.422 -0.614
LAM 17 11.59 1" 11.04 13 33 5.864 0.506 0.146 -1.444
LWN 10 15.80 15 15.70 2 16 6.443 0.408 0.800 0.182
MES 11 17.36 15 17.01 2 17 8.262 0.476 0.937 -0.189
GUA 5 27.40 22 25.04 2 13 22.018 0.804 1.209 -0.552
CME 7 24.29 20 23.85 10 53 11,842 0.488 0.808 -0.819
CMN 2 16.00 16 — 7 29 2.828 0.177 0.000 -2.500
CAN 3 20.00 21 20.42 3 34 5.568 0.278 -0.261 -2.000
CAS 8 23.00 23 23.13 7 35 7.672 0.334 0.000 -1.606
CPM 1 15.27 13 14,98 14 18 7.058 0.462 0.642 -1.019
CPU 11 14.27 10 13.90 13 46 6.665 0.467 0.166 -1.790
CPE 5 31.60 23 29.82 4 23 18.902 0.598 0.164 -1.911
CCC 11 13.18 13 12.64 2 64 6.954 0.528 0.593 -0.891
CON 9 17.22 9 10.60 6 24 22.543 1.309 1.305 -0.170
GAM 15 11.27 12 11.29 2 23 3.788 0.336 0.148 -0.700
LOG 7 26.14 25 25.82 5 19 11.379 0.435 0.264 -1.000
MCN 20 9.40 8 8.97 3 28 5.103 0.543 0.846 -0.598
PMN 4 19.50 19.5 19.86 12 66 4.655 0.239 0.000 -1.693
PMR 13 12.77 12 12.32 5 31 6.470 0.507 0.682 -0.375
BAN1 9 17.11 20 16.16 3 42 8.623 0.504 -0.263 -1.459
BAN2 16 11.50 10 11.05 5 25 6.240 0.543 1.235 0.916
BAN3 18 10.22 9 8.91 3 43 6.603 0.646 0.561 -0.561
BAN4 15 12.67 11 12.03 1 18 6.715 0.530 0.391 -1.128
BANS 10 9.60 8.5 9.51 2 20 3.921 0.408 0.278 -1.113
BON 7 19.00 15 16.32 3 30 14.468 0.761 1.027 0.035
BER 7 23.29 19 22.75 17 76 11.280 0.484 0.333 -1.459
BKM 15 13.13 10 12.09 4 21 9.133 0.695 1.691 2.579
GLR 18 8.72 55 7.71 12 27 6.841 0.784 1.474 1.285
LNG 21 8.38 7 7.59 1 15 6.029 0.719 1.540 1.646
MKP 21 6.91 6 6.40 2 26 4.024 0.583 0.779 -0.089
CCA 17 10.82 8 9.51 10 45 9.416 0.870 2.257 4.731
LMF 28 5.36 5 5.03 2 24 3.200 0.597 1.418 1.797
WAC 23 7.65 6 6.85 7 30 5.581 0.729 1.547 1.700
SCI 17 9.71 8 8.78 14 25 6.243 0.643 0.630 -0.825
FST 17 10.06 7 8.68 7 35 7.293 0.725 0.585 -1.200
FSR 11 13.73 13 13.55 3 20 5.569 0.406 0.048 -0.942
ICE 7 24.43 27 23.84 1 16 10.768 0.441 -0.469 -1.427
LDG 7 19.43 21 19.68 3 21 5.350 0.275 -0.205 -1.328
NAR 12 10.25 8 9.46 3 22 6.538 0.638 0.733 -1.104
SSsD 5 18.80 20 18.66 5 27 8.106 0.431 -0.155 -1.924
UFW 22 7.77 5 7.01 4 31 5.673 0.730 1.368 0.722
CMP 12 12.67 12 11.45 9 50 8.773 0.693 1.164 0.643
PET 15 12.60 12 12.35 3 22 5.248 0.417 0.033 -0.639
RIN 25 7.32 7 7.12 2 13 3.288 0.449 0.307 -1.175
CHS 16 7.12 5.5 6.41 2 22 4,674 0.656 0.790 -0.282
LPK 19 10.42 12 9.65 2 23 5.719 0.549 0.314 -0.303
CAT 27 7.33 6 7.01 2 16 3.803 0.519 0.695 -0.451
JSS 18 9.61 10 9.08 3 30 6.001 0.624 2.079 5.072
SAJ 25 5.88 5 5.47 2 22 4.050 0.582 1.774 3.668
THC 12 14,75 15 13.65 1 24 7.956 0.539 0.099 -0.853
ZUN 5 28.00 21 20.21 1 61 22.847 0.816 0.340 -1.400
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Drought—Fire Relations The synchrony of large fire years and small fire
years, as measured by the largest and smallest
numbers of sites recording fires (Figure 5) is prob-
ably related to regional-scale year-to-year climatic
oscillations. Climate is the only factor operating
over such a large area that could produce such a
consistent pattern. Obviously, human influences on
fire occurrence, such as the fire decline since the
late 1800s, were also important, but it is highly un-
likely that Native Americans, for example, pur-
posely synchronized the year-to-year timing of
their burning practices in dozens of different
mountain ranges over the Southwest. We will re-
turn to the issue of the importance of fires set by
Native Americans versus lightning in the discus-
sion section.

As we have observed in compilations of smaller
sets of fire-scar chronologies from the Southwest
(e.g., Swetnam 1990; Swetnam and Betancourt
1990; 1992) there was a remarkable synchrony of
fire events across the region during the pre-settle-
ment era (Figure 5). The maximum number of sites
recording fires among the 63 sites was 41 in the
year 1748. The next largest regional fire year was
1851 with 37 of the sites recording fires during that
year (Figure 5). Overall, the regional fire occur-
rence times series from 1700 to 1900 shows a pat-
tern of about 20 large regional fire years (more than
19 sites) occurring against a background of smaller
fire years. An obvious decline in numbers of sites
(Figure 5) around 1900 reflects the region-wide

onset of intensive livestock grazing beginning in Both the overlay of large and small fire years on
the late 1800s followed by the beginning of orga- the PDSI time series (Figure 6) and the SEA (Figure
nized fire suppression efforts during the first de- 7) reveal that important current year and lagging
cades of the twentieth century (Swetnam 1990; relations existed between fire occurrence and cli-
Touchan et al. This Volume). mate. This pattern is fairly consistent in both the
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Figure 3.—Measurss of central tendency of fire interval distributions - mean fire interval and Weibull median probability interval - versus elevation
among the 63 fire history sites. The fire interval estimates were based on three sortings: (1) fires recorded by any number or percentage of trees
within sites (All Fires), (2) fires recorded by at least two trees and ten percent or more of the sampled trees within sites, and (3) fires recorded by
at least two trees and twenty five percent or more of the trees within the sites.
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fire-scar record (pre-1900) and the area burned
record from National Forests (post 1920) (Figure 6
and 7). There was a striking correspondence be-
tween severe drought years and the largest fire
years, especially in the fire-scar record (Figure 6).
There was a somewhat less consistent correspon-
dence between the smallest fire years and wet
years, particularly before about 1820 (Figure 6).
Not all severe drought years were large regional
fire years. A visual inspection of Figure 6 suggests
that in many instances (particularly in the pre-1900
fire scar record) the largest fire years often fol-
lowed within one to a few years an unusually wet
year (or years) and/or one of the smallest fire
years. For example, the largest fire year in the pre-
1900 record—1748—was also one of the driest and
it followed several very wet years (Figure 6).

The SEA statistically measures the average
strength of these lagging relations among the set of
largest and smallest fire years (Figure 7). The larg-
est fire years (the 20 years with maximum numbers
of sites recording fires) were typically very dry and
the second and third years preceding these fire years
were very wet (upper left plot Figure 7). The sort-
ing of fire years by forest type demonstrates that
this pattern was primarily driven by the fire-cli-

mate relations in the ponderosa pine sites (middle
right plot in Figure 7). In contrast, the largest fire
years among the mixed-conifer sites were drier
than the largest fire years among ponderosa pine
sites, but preceding years had no consistent pattern
(middle left plot in Figure 7). The smallest fire
years among all sites were typically very wet and
the years immediately preceding the smallest fire
years were dry (upper right plot in Figure 7). A
similar SEA of actual area burned per year on Na-
tional Forests in the twentieth century shows that
largest fire years were on average very dry, the
smallest fire years were on average wet, and no
significant wet or dry patterns preceded these
years (Figures 6 and 7).

DISCUSSION

Fire Iinterval Variations

The large scatter of data points in the compari-
son of elevation and forest type versus WMPI or
mean fire interval (Figures 3 and 4) suggests that a
weak relationship may have existed between fire
frequency (or interval distributions) and these fac-
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Figure 4.—Measures of central tendency and the variance of these measures sorted by forest type. See text
for explanation of the types. The box plots show mean values as horizontal lines within the boxes, the upper
and lower sides of the box are the 395% confidence levels, the horizontal lines at the ends of the vertical
lines outside of the boxes are the 99% confidence levels, and the small circles above and below are the

outliers beyond the 99% confidence levels.
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Figure 5. Regional fire occurrence time series from a network of 63 fire history sitas in the Southwestern U.S.The largest 20 fire years are listad,
based on the maximum numbers of sites recording these years.
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Figure 6. Palmer Drought Severity Index (PDSI) reconstruction (AD 1700 to 1978) for the Southwestern U.S. derived from tree-ring width chronologies
(see text for explanation). The circles and squares show the largest and smallest fire years recorded by the regional fire-scar network (1700 to
1900, 20 years each) and the largest and smallest fire years recorded in the area burned per year record from afl National Forest lands in the
Southwest Region (1920 to 1978, 10 years each).
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tors. This general pattern conformed to our initial
expectations of longer intervals between fires in the
higher, relatively mesic, mixed-conifer sites than in
the lower, drier, ponderosa pine sites. However,
because of the large scatter of the data points it
must be recognized that associations observed here
have little or no predictive power for specific sites.
We have not yet proceeded with more sophisti-
cated statistical tests and comparisons of these pat-
terns because of various data limitations requiring
more study. In particular, a probable cause of some
of the variability observed in the fire interval statis-
tics between sites of approximately the same eleva-
tion or forest type is the fact that the sampled sites
encompassed (and represented) different size areas
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Figure 7. Results of superposed epoch analyses (SEA) using the PDSI
reconstruction and sets of largest and smallest fire years recorded
in the fire scar network (1700 to 1900) and in Forest Service
documents of area burned per year on all National Forests in the
Southwestern Region (1920 to 1978). The horizontal lines are
confidence intervals (CL) estimated from a bootstrap simulation of
1000 trials of randomly selected sets of the same number of key
dates. The dotted line is the 95% CL, the dashed line is the 99% CL
and the solid line is the 99.9% CL.

and included different numbers of sampled trees.
The problem is that as study area increases in size
the estimated fire frequency for the entire sampled
area is also likely to be higher (see Arno and
Peterson 1981). Simply stated: larger areas were
more likely to have been burned over at least par-
tially by more fires. Number of trees sampled also
affects fire frequency estimates if fires were rela-
tively patchy within sites. Hence, some kind of
statistical standardization of study area and sample
size may be needed for a more rigorous compari-
son of fire interval distributions.

Differences in sampled areas among our sites
was actually not very large — usually within an
order of magnitude, ranging from about 10 ha to
100 ha (areas defined by a polygon with convex
vertices determined by outermost sampled trees
within sites, i.e., a “convex hull”). In many of our
sites most fires were probably as large or larger
than the sampled areas, as indicated by highly syn-
chronous fire dates among sampled trees. In other
cases, especially in the higher fire frequency sites,
most fire dates were recorded by only one or a few
trees. As previously pointed out, in these latter
cases, sizes of the areas and numbers of trees
sampled can have a more important effect on the
estimated fire frequency. However, this effect
might be small in terms of absolute values of esti-
mated fire frequency because these values are ap-
proaching the limit of possible fire frequency any-
way. For example, fire intervals based on all fire
dates (Table 2} are about two to three years in the
highest fire frequency sites. Expanded area or addi-
tional trees sampled in these stands could only
increase these frequencies up to the maximum fire
frequency we can estimate (and which may be eco-
logically possible), i.e., one fire each year.

A related problem is the estimation of the size of
the area that is represented by a set of spatially
dispersed fire-scarred trees. In some cases, very
distinct fire barriers, such as cliffs or talus slopes,
can help define the probable minimum boundaries
of an area that the larger fires burned over. Fire
spread simulation models (e.g., Finney 1994) also
have potential for defining probable “firesheds”
that would be useful in determining areas repre-
sented by spatial networks of sampled trees and
sites. We are currently experimenting with various
spatial statistics models involving tessellations,
kriging, and distance measures that estimate rela-
tive areas that sampled fire-scarred trees might rep-
resent. Ultimately, we do not believe that these
sampling problems are intractable. In fact, they
offer the possibility of learning a great deal more
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about spatial patterns of past fires, as well as the
limitations of paleo-fire reconstruction methods.

In addition to elevation and forest type, other
landscape attributes were also important in con-
trolling fire regime characteristics. For example,
slope, aspect, and continuity (contiguity) with
other landscape units can be very important, even
to the extent of over-riding the importance of other
factors (Swetnam et al. 1989; Grissino-Mayer and
Swetnam, In Press; Grissino-Mayer et al., In Press;
Touchan et al. This Volume). Similarly, land-use
history can over-ride the importance of other land-
scape attributes. The onset or decline of intensive
livestock grazing, and/or the initiation of orga-
nized fire suppression efforts usually resulted in
the greatest single temporal change observed in
most fire chronologies. These human influences
were not all synchronous across the Southwest. For
example, certain areas in northeastern Arizona and
northern New Mexico were subject to intensive
livestock grazing (especially by sheep and goats) at
different times in the 18th and 19th centuries, re-
sulting in complex temporal and spatial patterns of
interrupted and resumed surface fire regimes.
These patterns seem to correlate fairy well with
establishments of land grants from the King of
Spain to Hispanic colonists, initiation of intensive
grazing, and hostilities between the colonists and
Native Americans (Savage and Swetnam 1990;
Touchan et al. In Press; Touchan et al., This Vol-
ume). The associations between patterns of histori-
cal livestock grazing, climatic variation, and fire
occurrence all point to the importance of the pro-
duction and moisture content of fine fuels (i.e.,
grasses, herbs, and tree needles) as key factors
driving the pre-1900, surface fire regimes of the
Southwest.

Fire Climatology

The patterns of association between drought and
fire occurrence observed in the large network of
tire histories (Figures 6 and 7) were also observed
at smaller spatial scales (e.g., mountain ranges—
see Baisan and Swetnam 1990, and Touchan et al.
This Volume). Different responses of fire occur-
rence in pure ponderosa pine versus mixed-conifer,
and consistency in these responses at different spa-
tial scales (mountain ranges, and the region)
strongly suggests that fuel types, amounts, and
condition (e.g., moisture content) were key factors
in this system. We hypothesize that the significant
lagging relations in ponderosa pine reflects the
initial importance of fine fuel production tied to
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moisture levels in previous years (especially one to
three years preceding large fire years). This mecha-
nism apparently operated both through the pro-
duction of higher fuel amounts during preceding
wet years (upper left plot Figure 7) and in produc-
ing lower amounts of fuels in preceding dry years
(upper right plot, Figure 7). This topic has not been
studied in ponderosa pine forests, but similar pat-
terns have been documented m lower elevations of
southern Arizona (Rogers and Vint 1987). In the
pre-settlement era grass production was probably
very important to the spread of frequent fires
through the open, park-like stands, but the inter-
esting two to three-year lags that consistently show
up in our analyses also suggest that tree needle
production may also be important. Ponderosa pine
typically holds needles on the branches for three to
five years before they are abscised and fall to the
forest floor. Hence, climatic oscillations on these
time scales (e.g., the El Nifio-Southern Oscillation)
could be important mechanisms that synchronize
fuel production, moisture content, and fire occur-
rence at large spatial scales (Swetnam and
Betancourt 1990; 1992).

The lack of significant lagging relations in the
mixed-conifer forests further supports the hypoth-
esis that fuels and climate were primary controls of
fire regimes. In these relatively high productivity,
mesic forests with longer intervals between surface
fires, it appears that fuel amounts were not limiting.
Rather, it seems that fuel moisture was most impor-
tant, as reflected in the very dry conditions that
prevailed during the largest fire years (middle left
plot Figure 6). Greater canopy cover in mixed-coni-
fer than in ponderosa pine forests, because of
greater shade tolerance of the dominant tree spe-
cies, results in the snow pack persisting longer into
the spring. Moreover, the shaded conditions limit
the development grass cover, and the short needles
of Douglas-fir and true firs tend to compact
quickly on the forest floor. This results in a fuel
substrate that is less conducive to fire spread than
in the grassy understory and loose litter layer of
long needles found in ponderosa pine forests.
Needle retention is also longer in both Douglas-fir
and true firs (five to seven years, or longer). The
combination of these micro-environmental and fuel
characteristics result in mixed-conifer fire regimes
that were unresponsive to previous year’s moisture
levels and associated fuel productivity, and fires
primarily occurred when conditions were very dry.

The twentieth century SEA confirmed the impor-
tance of drought conditions during largest fire
years in National Forests, but not the importance of




preceding years (lower plots, Figure 7). These data,
however, combine fire occurrence across a very
broad range of forest, woodland, and grassland
types in the Southwest and so important lagging
relations might be obscured. It is also a fact that fire
regimes and fuels across the Southwestern region
have greatly changed in the twentieth century. The
past one hundred or more years of grazing, fire
suppression, logging, road building, recreation
uses, etc. have directly altered fuel amounts and
composition, ignition sources, and locations. De-
spite these changes, and the lack of patterns in the
SEA documenting lagging patterns, recent fire pat-
terns suggest that prior year’s fuel production
linked to wet years can be critically important de-
terminants of year-to-year fire loads. The early
1990s are a case in point. An unusual El Nifio event
persisting for about two and a half years—starting
in 1991 and lasting until 1993—resulted in excellent
grass production across much of the Southwestern
Region. Regional fire occurrence was relatively low
during the El Nifio years, then dry summer condi-
tions in 1994 led to numerous very large wildfires,
especially in southern Arizona and New Mexico.

The Role of Humans in Pre-Settlement
Southwestern Fire Regimes

When discussing historical fire regimes it is nec-
essary to point out that fire occurrence patterns
were probably influenced to some degree by the
intentional and un-intentional burning practices of
Native Americans (see the Pinchot quote at the
beginning of this paper). The fact that Native
Americans did set fire to the Southwestern land-
scape is well established (Dobyns 1978; Pyne 1982;
Bahre 1991). However, we question the implicit or
explicit assertion that the use of fire by Native
peoples was primarily controlling the dynamics of
fire regimes m virtually all parts of North American
or the Southwest. This is an over generalization.

In the first place, lightning strikes capable of ig-
niting fires are far more prevalent than most
people realize. The installation of lightning detec-
tion networks over the whole United States in re-
cent decades clearly documents the fact that hun-
dreds or even thousands of lightning strikes occur in
single storms passing over mountain ranges. The
Southwest has one of the highest incidences of
lightning strikes, and the highest rate of lightning
ignited fires in the U. S. (Schroeder and Buck
1970:168). The important question is: Were there
enough lightning ignitions to account for the fire

frequencies that we document in the fire scar
record? We believe that in most cases there are cur-
rently, and there were historically, enough light-
ning ignitions to produce the fire frequencies we
estimate from fire-scar chronologies. This is based
on a simple accounting of the rates of successful
lightning fire ignitions within our mountain ranges
today, as well as the fact that these fires, if not sup-
pressed, would have had the opportunity to burn
un-hindered for several months, thus spreading
over enormous areas. In fact, the historical record
(e.g., newspaper articles) contains many accounts
of fires burning millions of acres in the Southwest
during particular years (see Bahre 1985).

The data and results we have presented in this
paper and elsewhere also support the hypothesis
that fuel and climate were primary driving and
regulating forces in pre-settlement fire regimes. It
is likely that Native Americans set some of the fires
that are documented in our fire-scar records, but
these fires would not have burned over large areas
if the fuels had not been present, and in the condi-
tion (e.g., moisture content) necessary for spread.
Fundamentally, we argue that ignition sources {or
amount of ignitions) were usually not limiting—
fuels and related climatic conditions were. Hence, it is
unnecessary in most cases to invoke human-set
fires as an explanation or cause of fire regime pat-
terns in the Southwest. We contend that, even if
humans had never crossed the land bridge from
Asia to North America, historical fire regimes in
most Southwestern forests would still have been
similar in most respects to the fire regimes that we
have documented.

Now, having made a rather broad generalization
of our own, a caveat is in order. We have in a sev-
eral instances observed unusually high fire fre-
quencies during some time periods in sites that
were isolated topographically, so that spread of
fires from outside of these areas had a low prob-
ability (unpublished data). Infrequent lightning
ignitions in the twentieth century within these sites
suggest that lightning probably could not account
for the frequencies we documented. Furthermore,
comparison with climatic data (e.g., SEA) indicated
that fire-climate relations were weak or non-exis-
tent in these cases. Hence, supplemental fire igni-
tions by people is a reasonable explanation . The
point here is that we do not deny the fact that
people strongly influenced fire regimes in some
places and some periods, but we emphasize that the
role and importance of Native Americans in pre-
settlement fire regimes of the Southwest were very
site and time specific, and not ubiquitous.
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CONCLUSIONS

Pre-1900 fire regimes of the Southwestern U.S.
varied greatly in time and space. Some patterns of
fire regime variation were evident across gradients
of elevation and forest type, such as a decrease in
frequency from low to high elevations and from
drier ponderosa pine to wetter mixed-conifer for-
ests. Additional study is needed, however, because
fire history reconstructions come from areas of dif-
ferent size and are based on variable sample sizes,
which could importantly affect inter-site statistical
comparisons. Additional fire history reconstruc-
tions are also needed from lower and higher eleva-
tion forests and woodlands. For example, we have
very little knowledge of fire regime patterns in
pinyon-juniper and pine-oak woodlands and their
ecotones with grasslands below and pine forests
above. Similarly, we have limited fire chronology
data from higher elevation mixed-conifer forests,
and virtually none from spruce-fir forests. Fire his-
tory collections obtained systematically across the
full span of the elevation gradient would be useful
for evaluating inter-site (type) variations as well as
historical fire spread patterns and relative fire ex-
tent across the landscape (Caprio and Swetnam,
In Press).

Although elevation and forest cover type may
ultimately explain more of the variance in fire fre-
quency patterns than is evident in our current data
sets, we expect that other landscape attributes (e.g.,
slope, aspect, landscape connectivity, etc.) will
have greater or lesser importance in different in-
stances. We believe this calls for a spatial modeling
approach that makes use of historical fire occur-
rence data to “parameterize” the varying impor-
tance of multiple factors. Such a model could be
used to map past and potential fire regime patterns
across landscapes. Geographic information systems
are logical tools to use in such a modeling effort.
Even though such models will be very useful in
assessing the role and importance of fire in ecosys-
tem dynamics, we must remember that past fire
regimes were linked to partially or totally unpre-
dictable climatic patterns and human interven-
tions. Thus, statistics that summarize general fire
regime properties (i.e., mean fire interval, WMPI,
etc.), or models that attempt to simulate fire re-
gimes and forest structures based on statistics or
mechanisms, cannot fully substitute for the histori-
cal record in terms of the explanatory power of
knowing what actually happened within individual
sites. This knowledge provides direct explanation
and understanding of how and why past and cur-
rent forest structures developed.
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Finally, our data demonstrate that climatic varia-
tions, specifically drought fluctuations, were im-
portant in determining temporal and spatial pat-
terns of fire occurrence across time scales of years
to centuries and spatial scales from forest stands to
the region. Climatic variation (yearly to longer time
scales) is extremely complex and therefore difficult
to predict. On the other hand, the El Nifio-Southern
Oscillation (ENSO), which has been called the
single strongest control of global inter-annual cli-
mate variation, is currently being forecast several
seasons in advance with fairly good skill by mod-
els and observations (Barnett et al. 1988;
Ropelewski 1992). The linkage between ENSO,
other climatic variations, and fire is at least partly
through the production of fuels preceding fire sea-
sons. Thus, the oscillatory and persistent behaviors
of both the climate system and the bio-physical
system of fire and fuels indicates that development
of predictive fire hazard models operating at time
scales of seasons to years should be attempted us-
ing new knowledge and modeling capabilities that
are now available.
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Fire History and Climatic Patterns in
Ponderosa Pine and Mixed-Conifer Forests
of the Jemez Mountains, Northern New Mexico
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Abstract.—We reconstructed fire history in ponderosa pine and mixed-
conifer forests across the Jemez Mountains in northern New Mexico. We
collected fire-scarred samples from ten ponderosa pine areas, and three
mesic mixed-conifer areas. Prior to 1900, ponderosa pine forests were
characterized by high frequency, low intensity surface fire regimes. The
mixed-conifer stands sustained somewhat less frequent surface fires, along
with patchy crown fires. We also examined the associations between past
fires and winter-spring precipitation. In both ponderosa pine and mixed-
conifer forests, precipitation was significantly reduced in the winter-spring
period immediately prior to fire occurrence. In addition, winter-spring pre-
cipitation during the second year preceding major fire years in the ponde-
rosa pine forest was significantly increased. The results of this study pro-
vide baseline knowledge concerning the ecological role of fire in ponde-
rosa pine and mixed-conifer forests. This information is vital to support

ongoing ecosystem management efforts in the Jemez Mountains.

INTRODUCTION

Fire has played a dominant role in controlling
the formation and maintenance of species and age
structure patterns in forest communities (Weaver
1951; Dieterich 1983; Baisan and Swetnam 1990). In
order to understand the modern landscape and to
manage it effectively, fire managers require specific
information about the spatial and temporal vari-
ability of past fire regimes (Allen 1994). Historical
reconstructions, such as fire history analysis, pro-
vide specific information on the range and variabil-
ity of the fire process, which can be a useful guide
to reintroduction of fire for long-term sustainability
of forests (Swanson et al. 1993; Kaufmann ef al.
1994).

During the past century, the ecology of South-
western forests, including the Jemez Mountains in
northern New Mexico, has been altered by anthro-
pogenic factors. Anthropogenic effects include in-
tensive grazing by sheep and cattle and effective

fire suppression by the U.S. Forest Service (deBuys
1985; Carlson 1969; Allen 1989; Touchan ef af - in
press). Natural factors also have an effect on fire
regimes. On a regional scale, climate causes varia-
tions in fire regimes because it has a significant
influence on fire frequency, extent, and intensity.
On a local scale, topography, aspect, and elevation
have site specific influences on fire regimes.

In this study we investigate the past fire regimes
of ponderosa pine and mixed-conifer forest types
in the Jemez Mountains. We employ dendrochro-
nological methods to determine exact fire dates
and approximate establishment dates of aspen
stands. We assess and discuss the influence of land-
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2Research Ecologist, National Biological Service, Jemez Mountains
Field Station at Bandelier National Monument, Las Alamos, NM.

3Associate Professor, Laboratory of Tree-Ring Research, University
of Arizona, Tucson, AZ.
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use and topography on observed fire regime pat-
terns. We also identify year-to-year climatic varia-
tions associated with fire occurrence in each forest
type by comparing tree-ring reconstructions of fire
history and climatic variations (Baisan and
Swetnam 1990; Swetnam and Betancourt 1990;
Swetnam 1993).

STUDY AREA

The Jemez Mountains are located in north-cen-
tral New Mexico (Figure 1). Elevations range from

1,590 m at the Rio Grande to 3,526 m at the summit
of Tschicoma Peak (the highest point in the Jemez
Mountains), with a geologic boundary enclosing
about 543,522 ha (Smith et al 1976). The elevation of
the sampled area varies between 2,250 m and 3,000
m (Table 1). Soil parent material varies from rhyo-
lites and andesites with some dacites and latites, to
tuff and pumice on the plateaus and basalt near the
Rio Grande (Nyhan et al 1978).

The length of the frost-free growing season in
Los Alamos is 157 days, or around five months
(Bowen 1989). July is the warmest month at Los
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Figure 1. Locatlons of fire history study sites in the Jemez Mountains, northern New Mexico.
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Alamos, with a mean temperature of 28° C, and
January is the coldest month, with a mean tem-
perature of -1.6° C. Annual precipitation ranges
from about 30 cm at the lower elevations to about
90 cm at higher elevations. Yearly precipitation is
bimodal, with maxima in winter (December-Janu-
ary) and summer (July-August). Winter precipita-
tion falls primarily as snow, with average accumu-
lations of about 130 cm. This moisture has its origin
in eastern-moving storms coming from the Pacific
Ocean. Summer precipitation results from a south-
easterly wind pattern that typically transports
moisture from the Gulf of Mexico to New Mexico.
This moisture, combined with strong heating, pro-
duces an unstable atmosphere that leads to convec-
tive storms. Forty percent of the total annual pre-
cipitation falls in July and August during the
height of the summer rainy season.

In a summary of forest fire statistics for the pe-
riod 1960 to 1975, Barrows (1978) found that 80% of
New Mexico fires were ignited by lightning, and
about 20% were anthropogenic fires. Foxx and Pot-
ter (1978) and Allen (1984) found that 86% of the
fires recorded at Bandelier were ignited by light-
ning, with a peak in July and smaller peaks in June

and August. Generally all local fires occurred be-
tween April and September. Barrows (1978) found
that this seasonal pattern of ignitions occurred
throughout the Southwest, but fires that start in
June cause the greatest area burned. For example,
approximately 72% of the area burned in New
Mexico was due to lightning fires which started in
June.

Sampled forests range from pure ponderosa pine
(Pinus ponderosa) stands to high elevation, mesic,
mixed-conifer forests (Table 1, Figure 1). Six of the
sampled sites occur in ponderosa pine forests, in-
cluding Monument Canyon Research Natural Area
(MCN), Bandelier-Group 3 (Ban-GR3), Pajarito
Mountain Ridge (PMR), Cerro Pedernal (CPE),
Continental Divide (CON), and Clear Creek Camp-
ground (CCC). CON includes three adjacent sub-
sites called Laguna Jaquez (LJA), Laguna Gurule
(LGU), and Continental Divide (CON). The
sampled mixed-conifer forests are dominated by
Douglas-fir (Pseudotsuga menziesii), Engelemann
spruce (Picea engelmannii), and quaking aspen
(Populus tremuloides), with Rocky Mountain maple
(Acer glabrum var. neomexicana) and either white fir
(Abies concolor) or corkbark fir (Abies lasiocarpa var.

Table 1. Jemez Mountains fire scar site locations. The area of each study site was estimated within a perimeter of an area defined by the
sampled trees. Sites are listed by forest type (PIPO = ponderosa pine, PIPO/MC = ponderosa pine/mixed conifer, and MC = mixed conifer).

Name of Ranger Area Elevation No. of
site District/Park Latitude Longitude Veg. type (ha) (m) samples
Monument Canyon Natural Area Jemez RD 35°48' 12" N 106° 37' 3" W PIPO 259 2,600 30
Ban-Group 3 (Apache Mesa) Bandslier NM 35°49'20" N 106° 23 W PIPO 110 2,510 18
Pajarito Mountain Ridge Espariola RD 35°53'04°N 106° 22 49" W PIPO 3.5 2,985 26
Cerro Pedernal Coyote RD -36°9'43"N 106°30'12"W PIPO 16 2,865 26
Continental Divide Cuba RD 36° 18' 42" N 106° 57" 30" W PIPO 27 2,300 27
Clear Creek Campground Cuba RD 36°N 106° 49" 4" W PIPO 130 2,500 20
Capulin Canyon Bandelier NM 35°47' 12" N 106° 24' 2" W PIPO/MC 103 2,250 23
Gallina ]VIesa Espanola RD 36°1'26"N 106° 19' 42" W PIPO/MC 285 2,700 25
Cafada Bonito South Espanola RD 35°54'25"N 106°22'22"W PIPO/MC 2 2,800 31
Camp May East Espancia RD 35°54'N 106° 22' 57" W PIPO/MC 1.3 2,710 6
Pajarito Mountain North East Esparnola RD 35°53' 09" N 106° 22' 09" W MC 7.6 2,925 14
Pajaritc Mountain North Wesl Esparfiola RD 35°53'13"N 106°24'14"W MC 7 3,000 11
Camp May North Esparola RD 35°54'25"N 106°23'53*'W MC 8 3,000 20
Canada Bonilo North Espancla RD 35°54'56"N 106°23'15"W MC 4.8 2,980 28
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arizonica) also present. The four mixed-conifer
sample sites are Pajarito Mountain North (PMN),
which includes two sub-sites called Pajarito Moun-
tain East (PME) and Pajarito Mountain West
(PMW), and Camp May North (CMN) and Cafiada
Bonito North (CAN). Four sites were sampled in
transitional situations where mixed-conifer species
like Douglas-fir and white fir were co-dominants
with ponderosa pine: at Capulin Canyon (CCP),
Gallina Mesa (GAM), Camp May East (CME), and
Canada Bonito South (CAS). At CME and CAS lim-
ber pine (Pinus flexilis) was also a dominant com-
ponent of the forest. CCP includes two sub-sites, in
the upper and middle reaches of the canyon, which
are lumped in this treatment. These four PIPO/MC
sites (Table 1) were analyzed as ponderosa pine
sites.

METHODS

During 1988-1993, we collected fire-scarred
samples from a total of 13 sites (including sub-
sites) (Table 1). Full or partial cross-sections were
cut with a chainsaw from fire-scarred boles of
downed logs, snags, and stumps. Partial sections
were also taken from living trees as described by
Arno and Sneck 1977. The primary criterion for
sample tree selection within study areas was the
presence of a maximum number of well preserved
scars showing evidence of fire by the number of
healing ridges observed on the scarred surface
(”cat face”) (Dieterich and Swetnam 1984, Baisan
and Swetnam 1990).

In addition to collecting fire-scarred samples in
the mixed-conifer sites, we cored 202 quaking as-
pen since these trees often sprout abundantly after
fire disturbance in mixed-conifer forests (Moir and
Ludwig 1979). We sampled dominant and co-domi-
nant aspen trees in aspen stands which were adja-
cent to the old-growth mixed-conifer stands which
were sampled for fire scars. Hence, we determined
both fire dates and tree recruitment dates to recon-
struct fire and stand development histories.

In the laboratory, samples were fine-sanded and
cross-dated using standard dendrochronological
techniques (Stokes and Smiley 1968). In some
cases, the aspen growth was very suppressed after
1979 because of a tent caterpillar outbreak that oc-
curred in the early 1980°s (Allen 1984). Because of
this growth suppression the tree-rings on some
cores were difficult or impossible to cross-date dur-
ing this period. In these cases, the period from 1979
to 1993 was estimated by simple ring counts. If a
particular core was near, but did not contain, the
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pith, a pith locator (Applequist 1958) was used to
estimate the pith dates.

All fire-scar dates from individual trees within
each site were compiled into master chronologies
in order to examine both temporal and spatial pat-
terns of past fire occurrence. The FHX2 fire history
analysis program was used to compute descriptive
statistics (H. Grissino-Mayer - unpublished soft-
ware documentation). These included fire fre-
quency (number of fires per time period), fire-scar
index ([number of trees scarred / Number of trees
sampled] X 100), Weibull median probability inter-
vals (WMPI), maximum and minimum fire interval
(Max. FI and Min. FI), and standard deviation
(STD) of fire intervals. These statistics were com-
puted separately for (1) all fire dates and (2) fires
recorded by 10% or more of the sampled trees and
(3) fires recorded by 25%. Because fire scarred trees
are spatially dispersed within the sites, the =>10%
and =>25% categories generally emphasize the rela-
tively larger, more widespread fires within the sites.

The WMP1 is calculated using the Weibull distri-
bution, a very flexible distributional model that
may be fitted to a variety of negatively and posi-
tively skewed distributions. The Weibull distribu-
tion often provides a superior fit to fire interval
data than does the normal distribution (Johnson
1992; Baker 1992; Grissino-Mayer ef al., 1994). The
WMPI is used here in addition to the Mean Fire
Interval (MFI) because fire interval data are usually
positively skewed (Baker 1992; Grissino-Mayer et al.
1994), Hence, simple averages {(e.g. mean fire inter-
vals) often provide a less robust estimate of the cen-
tral tendency of the fire interval distribution. In this
case, we report the fire interval associated with the
50% exceedance probability of the WMPI, which is
the interval (in years) at which there was a 50% prob-
ability of fire intervals exceeding or being less than
this interval (Grissino-Mayer et al. 1994).

Changes in fire frequency through time were
graphically examined by computing and plotting
moving-period fire frequencies. The moving peri-
ods were overlapping time periods of different
lengths (51 and 21 years), during which the total
number of recorded fires were summed. Each se-
quential value was the sum of fire events in the
time period lagged one year forward from the pre-
vious period. The fire frequencies in these moving
periods were plotted on the central-year of the pe-
riod (i.e., 25th and 11th years respectively).

The computation of WMPI, Max. and Min. Fl,
and STD were based on a time span we termed the
“period of reliability”. This is the number that in-




cluded a minimum number of fire scar samples
deemed sufficient to reliably estimate fire regime
parameters. Generally this period included at least
three to four samples recording the fire events
(Table 2). This was a somewhat subjective determi-
nation, but given the degree of replication of fire
dates among the sampled trees, and relatively
small size of the study sites we are confident that
these are reasonable time periods to confidently
base our descriptive analyses.

Finally, we used superposed-epoch analyses
(Baisan and Swetnam 1990; Swetnam and
Betancourt 1990; Swetnam 1993) to compute the
mean climate conditions before, during, and after
sets of fire years in both the ponderosa pine and
mixed-conifer forests. In this analysis, fire years
were “superposed” on reconstructed precipitation.
Precipitation values were obtained from a 333-
year-long dendroclimatic reconstruction of Decem-
ber through June precipitation based on seven tree-
ring width index chronologies developed from
ponderosa pine that were collected from four dif-

ferent watersheds in northern New Mexico
(Swetnam and Lynch 1993; Touchan and Swetnam,
unpublished data). The winter-spring seasonal
precipitation values used in this analyses are as-
signed to the calendar year corresponding with the
spring months. Precipitation values (expressed as
departures from the long term mean) are computed
for the fire year and lagged years and then plotted.
We conducted 1,000 Monte Carlo simulations to
estimate confidence intervals for the mean depar-
tures at the 95% and 99% probability levels based
on the normal approximation and percentile-rank
methods (Mooney and Duval 1993).

RESULTS

Ponderosa Pine Fire Regimes

The fire-scarred samples in the ponderosa pine
and transitional forests contained abundant and
well preserved fire history records. We identified
1,858 fire events representing 221 separate fire

Table 2. Jemez Mountains fire scar dates. Period of reliability |s the period when the number of samples was deemed sufficient to reliably
estimate presuppression fire regime characteristics. Generally this was the period during which at least three or four sampies recorded
fire events. Sites are listed by forest types (PIPO = ponderosa pine, PIPO/MC = ponderosa pine/mixed conifer, and MC = mixed conifer).

Earllest Latest  No.of Period of reliability
Tree-ring date fire- fire- fire-
Site Veg. scar scar events Beginning Ending

Site name code type Earliest Latest date date (years) date date
Maonument Canyon Natural MCN PIPO 1408 1972 1493 1809 57 1648 1892
Ban-Group 3 (Apache Mesa) BAN-GR3 PIPO 1459 1988 1480 1939 66 1614 1890
Pajarito Mountain Ridge PMR PIPO 1626 1993 1632 1912 39 1685 1875
Cerro Pedernal CPE PIPO 1380 1993 1522 1959 30 1598 1873
Continental Divide CON PIPO 1387 1979 1601 1899 54 1654 1870
Clear Creek Campground CCC PIPO 1538 1978 1548 1881 45 1664 1860
Capulin Canyon CCP PIPO/MC 1554 1990 1624 1955 44 1664 1893
Gallina Mesa GAM PIPO/MC 1531 1979 1558 1921 66 1663 1870
Cafiada Bonito South CAS PIPO/MC 1378 1993 1480 1966 33 1672 1893
Camp May East CME PIPO/MC 1660 1993 1709 1880 1 1709 1879
Pajarito Mountain North-East PME MC 1702 1993 1773 1949 13 1801 1879
Pajarito Mountain Narth-West PMW MC 1617 1993 1669 1925 10 1841 1879
Camp May North CMN MC 1683 1983 1729 1880 7 . 1847 1879
Canada Bonito North CAN MC 1655 1993 1685 1914 12 1801 1893
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years (Figure 2, Table 2). The average, maximum,
and minimum number of fire scars per tree was 8,
31, and 1 respectively. Long-lived specimens ex-
tended the record to more than 600 years before
present in a few sites, but most of the samples be-
gan consistently recording fires after about AD
1600. Major fires ceased after the 1890’s.

The pre-1900 WMPI varied at each site for the
three different percentage scarred classes examined
(Table 3). For example, the WMPI for major fire
years (at least 10% of the trees scarred) ranged
from 6.5 to 22.1 years. At CME and CAS the WMPI
values for major fire years were much higher than
at the other ponderosa pine sites.

Fire intervals varied considerably among the
sites. The minimum fire intervals (Min. FI) for ma-
jor fires ranged from 1 to 12 years (Table 3). The
maximum fire intervals (Max. FI) for major fires
ranged from 16 to 51 years. There were unusually
long maximum fire intervals at CPE and CON.

The WMPI for all trees regardless of percentage
scarred was lower in most cases than the MFI val-
ues derived from the arithmetic mean (Table 3).
The MFI overestimate is due to a few longer fire
intervals, which skew the distribution (Grissino-
Mayer et al. 1994). During the pre-settlement pe-
riod, the differences between the MFI and the
WMPI for major fire events ranged from zero (i.e.,
no difference) at CAS to 3.9 years at CPE. Most of
the differences were between 1 and 2 years. Thus,
although WMPI is a more statistically robust esti-
mation of central tendency, it only differs apprecia-

bly from MFI when the distributions are highly
skewed.

Mixed-Conifer Fire Regimes

Samples collected from the mixed-conifer sites
were not as well preserved as the samples from the
ponderosa pine sites. For example, at the Cafiada
Bonito North (CAN) site, 33 fire-scarred samples
were collected, but due to advanced decay only 28
samples could be dated. Many of these samples
were fire scarred Douglas-fir and white fir, which
are generally less resinous than ponderosa pine
and seem to decay more rapidly following scar-
ring. The composite of master fire chronologies for
the four sites yielded a total of 113 individual fire
scars representing 28 separate fire years (Figure 3).

The mixed-conifer sites presented a shorter tree-
ring record than the ponderosa pine sites, extend-
ing to a maximum of 377 years before present ver-
sus over 600 years at some pine sites (Table 2). Note
that the period of reliability was relatively short for
all the mixed-conifer sites, ranging from only 38
years to 92 years, versus over 200 years for most
ponderosa pine sites.

The pre-1900 WMPI for major fire events (at least
10% of trees scarred) ranged from 9.7 to 14 years
(Table 3). The Max. FI and Min. FI for all percent-
age classes varied between sites. The Max. FI for
major fire events ranged from 18 to 32 years. The
Min. FI. for major fire events ranged from 4 to 6
years.
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Figure 2. Composite of all fire chronologies for the ponderosa pine and transitional forests. Horizontal lines are maximum life span of trees
within each site. Vertical lines are composite fire dates recorded by 25% or more of the trees within each site.
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Aspen Age Distributions Precipitation-Fire Relations:

The age distributions for the quaking aspen Sliperpoead-Epoch Andlysis

stands we sampled showed tree recruitment oc- The superposed epoch analysis revealed that
curred sporadically from 1795 to 1918, but most of both mixed-conifer and the ponderosa pine forest
the regeneration concentrated in the period be- types exhibited significantly negative (dry) mean
tween 1850 to 1910 (Figure 4). Some of the fire scar winter-spring precipitation departures during fire
dates obtained near the stands seem to correspond years (Figure 5). For example, in the mixed-conifer
with the major recruitment episodes, but others do forests the mean precipitation departure during the
not. We hypothesize that most recruitment epi- fire years was -1.48 inches; in the ponderosa pine
sodes in the late 1800’s correspond to relatively forests the mean precipitation departure during the
intense, patchy, stand opening fires. fire year was —0.84 inches. In the ponderosa pine

Table 3. Summary of fire interval statistics for different sites in the Jemez Mountains for the period of reliability. Weibull median probability
interval (WMPI), Mean Fire interval (MFI), Standard deviation (STD), and maximum and minimum fire interval for all trees scarred and at least
10%, and 25% of all trees scarred. All values are expressed in years. Sites are isted by forest type (PIPO = ponderosa pine, PIPO/MC =
ponderosa pine/mixed conifer, and MC = mixed conifer).

Maximum Minimum
WMPI MFI 8TD fire intervai fire interval
10% 25% 10% 25% 10%  25% 10% 25% 10%  25%
Site name Site Al trees trees All trees trees AH trees trees All trees trees All trees frees
(veg. type) code fires scarred scarred fires scarred scarred fires scarred scarred flres scarred scarred fires scarred scarred
Monument Canyon MCN 5.4 6.5 8.1 5.5 6.6 84 25 28 43 12 16 18 1 2 3
Natural Area (PIPO)
Bandelier-Group 3
(PIPO) BAN-GR3 5.2 6.7 9.8 6.1 7.7 95 44 51 68 21 23 24 1 1 1
Pajarito Mountain Ridge
(PIPO) PMR 5.6 7.0 13.0 6.1 76 136 40 47 68 21 21 27 1 1 5
Cerro Pedernal (PIPO) CPE 88 123 201 115 162 229 1156 152 178 51 51 53 1 1 9
Continental Divide (PIPO) CON 4.7 69 113 6.2 98 154 68 127 18.0 28 48 64 1 2 2
Clear Creek
Campground (PIPO) CcCcC 43 72 126 56 82 131 55 656 65 24 24 25 1 1 5
Capulin Canyon
(PIPO/MC) CCP 54 68 106 6.5 82 115 53 62 64 21 21 23 1 1 2
Gallina Mesa (PIPO/MC) GAM 4.6 75 115 5.0 80 115 34 42 40 16 16 19 1 1 5
Cafiada Bonito South
(PIPOMC) CAS 98 221 221 111 221 221 78 7.7 77 29 33 33 2 12 12
Camp May East
(PIPO/MC} CME 171 171 200 188 189 213 130 13.0 13.0 46 46 46 4 4 7
Pajarito Mountain
North-East (MC) PME 9.7 9.7 199 111 1iA1 19.5 8.1 8.1 4.7 2 22 25 3 3 14
Pajarito Mountain
North-West (MC}) PMW 126 126 10,0 127 127 10.0 6.1 6.1 5.7 i8 18 14 6 6 6
Camp May North (MC) CMN 102 10.2 16.0 107 107 160 7.0 7.0 28 18 18 18 4 4 14
Cariada Bonito North (MC) CAN 140 140 204 153 153 200 10.1 1041 56 32 32 25 4 4 14
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Figure 3. Composite of all fire chronologies from the mixed-conifer forests. Horizontal lines are maximum life span of trees
within each site. Vertical lines are composite fire dates recorded by 25% or more of the trees within each site.
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forests, the first and the second years prior to the
fire year were noticeably wet, with the second year
significantly wetter than normal at the 95% confi-
dence level.

DISCUSSION

Prior to 1900, fire regimes in ponderosa pine for-
ests were characterized by high frequency, low
intensity surface fires (Figures 6 and 7). At seven of
the sites, the WMPI for major fire years (6.5 to 7.5
years, Table 3) falls within the range found in other
Southwestern ponderosa pine forests. At three
sites, CAS, CME, and CPE the WMPI values were
greater (12.7 to 22.1 years) than for most other
southwestern ponderosa pine forests (Swetnam
and Baisan, This Volume). The MFI intervals for
other southwestern ponderosa pine forests ranged
between 4.9 to 10.2 years (Weaver 1951; Dieterich

Mixed-Conifer Forest

85% Confldence Limits
—~  9%% Confidence Umils

Ponderosa Pine Forest

PPT Departure (Inches)

Lag Years

Lag Years Fire Year

L

Figure 5.The superposed-epoch analysls for both the mixed-conifer
(all fire dates) and the ponderosa pine forests (fire dates based
on at least 10% trees scarred) for the period 1653—-1986. The
precipitation time series used was based on a tree-ring
reconstruction of December-June precipitation. Departures
were computed as the difference between the long-term mean
precipitation level (1653—-1986) and the ohserved mean
precipitation during the fire years and lagged years. The “n”
value is the number of fire years used in the calculations.

1980; Swetnam and Dieterich 1985; Swetnam et al.
1989; Allen 1989; Baisan and Swetnam 1990;
Grissino-Mayer and Swetnam 1992).

Variations in fire intervals between sites and
through time were probably due to differences in
topographic situation, site-specific histories of in-
tensive livestock grazing, and climatic variability
(Figures 2 and 3). Each of these factors are dis-
cussed below.

The CON sub-sites all show high fire frequency
in the 1600’s and early 1700’s, with a clear reduc-
tion in fire frequency after 1752 and early cessation
of major fires (Figure 2). These early reductions in
fire frequency could be due to early sheep grazing
by Navajo communities at CON (Touchan et. af - in
press). Intensive livestock grazing removes grasses
and herbs necessary for fire spread in the high fre-
quency fire regimes. Trails created by the herding
of animals would also disrupt fuel continuity and
hence fire spread patterns. Baydo (1970) and Bailey
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Figure 6. Fire frequency (number of fires/period, based on all fires
date) for both mixed-conifer and ponderosa pine forests. Moving
periods of 51 and 21-years length were used for computing tha
fire frequencies and are plotted on the central year of the moving
period.
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(1980) reported that early grazing of sheep and
other livestock by the Navajo began in northern
New Mexico in the mid 18th century. Savage and
Swetnam (1991) documented an early decline in
fire frequency beginning around the mid 1800s in
ponderosa pine forests in the Chuska Mountains,
and hypothesized that this change in fire regime
was due to the rise of intensive sheep herding by
the Navajo in this area.

The Cerro Pedernal site (CPE) also displays high
frequency fire events during most of the 1600’s and
early 1700’s, again with an obvious reduction in
fire frequency after 1748 and early cessation of ma-
jor fires by 1873 (Figure 2). Portions of the CPE area
were grazed by Hispanic/genizaro peoples since
the 1720s, and the initial Spanish land grant for
Cariones (immediately northeast of CPE) was pro-
vided in 1731 (Van Ness 1987). These lines of evi-
dence suggest Hispanic grazing practices might
have caused the reduction in fire frequency which
is apparent after 1748 in this area. In addition, CPE
displays an unusually long, 51-year gap without
any recorded fires between 1664 and 1715. This
long fire interval may be due to utilization of the
CPE area for livestock husbandry by Tewa Native
Americans during the unsettled years immediately
before and after the 1680 Pueblo Revolt, as indi-
cated by Piedra Lumbre phase archeological sites
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in the adjoining Chama River Valley (Wozniak
1992, Kemrer 1992) and historic documentation of
Tewa Puebloans taking refuge from the Spanish
reconquest in 1696-1697 “at the foot of the Cerro
de los Pedernales” (Wozniak 1992:59-60). Potential
explanations for this odd, long fire interval must
remain speculative until additional historical infor-
mation and comparative fire history data are gath-
ered and analyzed for this locality.

The CAS and CME sites had much lower fire
frequencies than the other ponderosa pine sites,
and their Max. and Min. FI's were also relatively
high (Table 3). Both stands are topographically iso-
lated at relatively high elevations by unvegetated,
steep, rocky cliffs in upper Los Alamos Canyon
from fires which could otherwise have spread to
these sites from the extensive ponderosa pine for-
ests found on lower elevation uplands. Further, the
adjoining north-facing slopes of these two moun-
tains are quite mesic and are dominated by mixed-
conifer forests which had somewhat lower fire fre-
quencies than most ponderosa pine forests. Conse-
quently, we suggest that topographic isolation
from more extensive ponderosa pine stands (and
their spreading fires), combined with the lower
frequency of fire in the mixed-conifer forests on the
adjoining north-facing slopes, led to lowered fire
frequencies at these two sites.

There was a clear cessation in widespread fire
occurrence at all sites after 1893 (Figure 2). The end
of the frequent and extensive fires coincided with
the onset of the documented period of intensive
livestock grazing across northern New Mexico
(Wooton 1908; Allen 1989:145-148), which reduced
the continuity of herbaceous fine fuels (e.g.,
grasses) and hence the ability of fires to spread.
Because the buildup of livestock numbers in the
late 1800’s was also a regional phenomenon, con-
current and similarly sharp declines in fire fre-
quency are observed in most other southwestern
fire scar studies (Weaver 1951; Dieterich 1980; Allen
1989; Swetnam 1990; Swetnam and Baisan, This
Volume). However, fire histories show earlier ces-
sation of fires at sites with earlier periods of intense
grazing (e.g. Savage and Swetnam 1991; Touchan et
al. 1993), and conversely fire regimes have contin-
ued little-changed well into the 20th Century at a
few sites where grazing and fire suppression were
limited (e.g., Dieterich 1983; Swetnam 1983; and
Grissino-Mayer et al. 1994).

Our results indicate that fire during the pre-
settlement period was less frequent in the mesic
mixed-conifer forests in the Jemez Mountains than



in the ponderosa pine forests (Figure 6). Fire fre-
quency is generally thought to decrease with in-
creasing elevation in the southern and central
Rockies (Wright and Bailey 1982), due to the cooler
and wetter conditions that prevail at higher eleva-
tions. The fire frequencies for major fires in the
Jemez mixed-conifer forests varied between sites,
but they were similar to those found in other
southwestern mixed-conifer forests where the
MFI’s were estimated to vary between about 7 and
22 years (Dieterich 1983; Ahlstrand 1980; Baisan
and Swetnam 1990). However, our Jemez “mixed-
conifer” stands are colder and more mesic than the
other cited Southwestern sites, as PMN, CMN, and
CAN all lack any pine species and include a sig-
nificant Engelmann spruce component. Further,
Grissino-Mayer et al. (1994) have recently reported
high frequency fire regimes from upper-elevation,
mixed-conifer forests on Mount Graham (3,267 m)
in the Pinalefios Mountains of southeastern Ari-
zona (the WMPI for at least 25% of all trees scarred
was 7.9 years). This recent work indicates that
great variability in past fire regimes existed among
mixed-conifer forests in the Southwest, commensu-
rate with the variability in species composition,
stand structure, and landscape position of this for-
est “type”. A linear mode] of changes in fire fre-
quency as a function of elevation is too simplistic.

Our results for the age structure of aspen stands
in Jemez Mountains mesic mixed-conifer forests
indicates that aspen regeneration was the result of
patchy crown fires. For example, at CAN the pres-
ence of a large aspen stand which displays a major
pulse of aspen regeneration in the 1890’s adjacent
to the fire-scar-sampled conifer forest suggests that
the widespread 1893 fire probably crowned across
much of this slope (Figure 4). Other fire dates re-
corded on nearby conifer trees’'do not obviously
correspond temporally with recruitment pulses.
We conclude that a combination of surface and
crown fires occurred in these mixed-conifer forests.

In the past century, both the ponderosa pine and
mesic mixed-conifer forests sustained changes in
species composition and stand structure. For ex-
ample, changes in the ponderosa pine forest in-
clude the formation of dog-hair thickets, decreased
understory cover, and increased fuel-loading
(Covington and Moore 1994). Evidence of such
changes are very obvious at the MCN site (Moir
and Dieterich 1988). These changes are most likely
a result of natural and anthropogenic factors such
as grazing, good seed crop years, and fire suppres-
sion (deBuys 1985; Carlson 1969; Allen 1989;
Touchan et al., in press). In the mesic mixed-conifer

forests, these anthropogenic changes have favored
the establishment of the shade tolerant, less fire
resistant white fir within many portions of these
stands (Allen 1984:70-75). As in ponderosa pine
forests, fire suppression over the past century has
allowed the development of a densely stocked,
younger, understory (“doghair thickets”) that
would previously have been thinned by repeated
surface fires (Harrington and Sackett 1990). These
changes in forest structure and species composition
have increased the probability of high intensity
fires. In addition, these structural changes have
probably resulted in other kinds of disturbance
regime changes, such as increased synchrony and
severity of regional spruce budworm outbreaks in
mixed-conifer forests of the Southern Rockies
(Swetnam and Lynch 1993).

Precipitation-Fire Relations:
Superposed-Epoch Analysis

Climatic variation has an important influence on
fire regimes in the Southwestern United States. On
a regional basis fires are more likely to occur in
years of below average moisture. For example, the
regional drought years of 1748 and 1879 show up
repeatedly as fire dates in fire history studies
across the Southwest (Swetnam 1990; Swetnam
and Betancourt 1990; Swetnam and Baisan, This
Volume). Another factor that may play a role in
regional fire occurrence is the influence of winter-
spring precipitation on the accumulation and mois-
ture content of the fuels. A dry spring may be fol-
lowed by numerous lightning strikes at the onset of
the summer precipitation season, which ignite the
accumulated dry fuel (Baisan and Swetnam 1990).
In contrast wet springs result in high fuel moisture
which may persist into the early fire season inhibit-
ing fire spread.

In our study, we found that the winter-spring
season immediately preceding fire occurrence was
significantly drier than normal in both the ponde-
rosa pine and mixed-conifer forests (Figure 5). In
the ponderosa pine forests, winter-spring seasons
several years prior to fires were characterized by
above average precipitation, but only the second
year prior to the fire was significantly above aver-
age at the 95% confidence limit. This general pat-
tern suggests that during wet years the build up of
fine fuels is an important pre-condition for fire ig-
nition and spread. Baisan and Swetnam (1990)
documented a similar pattern in their study of pine
forests in southeastern Arizona. They concluded
that two unusually wet years prior to a fire season
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increased fine fuel production and enhanced the
probability of fire spread.

A consequence of the normally mesic, relatively
productive conditions and lower fire frequencies
on north facing slopes is that fuel is usually avail-
able in the mixed-conifer forests. Our analysis of
climate/ fire relationships in mixed-conifer forests

. of the Jemez Mountains suggests that the winter-
spring season immediately preceding the fire sea-
son was much drier than normal, but found no
significant relationships with preceding years (Fig-
ure 5). Therefore, we suggest that fuel moisture
was the most important factor determining fire
spread in these mesic forests. If fuels were dry
enough, then there was a high probability of fire
spread in this forest type. In contrast to ponderosa
pine forests, fine fuel accumulation resulting
from plant growth in preceding years was less
important.

An unusually long fire-free interval in the 1820’s
and 1830’s occurred at almost all of the Jemez sites
(Figure 2). A similar decrease in fire occurrence
during approximately the same period has been
noted in several other southwestern fire history
studies (Swetnam 1983; Swetnam and Dieterich
1985; Swetnam et al. 1989; Baisan and Swetnam
1990; Grissino-Mayer ef al. 1994). Swetnam and
Dieterich (1985) hypothesized that lack of fire dur-
ing this period may have been due to regional cli-
mate changes. Fritts’ (1991) regional precipitation
reconstruction for the western US shows that the
1830’s period was one of the wettest periods in the
past two to three centuries. Our winter-spring re-
construction for the Jemez Mountains shows that
1824-1827 was very dry, followed by a wet period
in the 1830’s. Grissino-Mayer et al. (1994) also re-
port that a severe drought occurred between 1817
to 1832 in southeastern Arizona; they hypothesize
that this drought resulted in a decline in the herba-
ceous vegetation, and that the average to wet con-
ditions that followed perhaps reduced both suc-
cessful ignitions and the spread of fire. Hence, a
combination of extreme drought and wetness is a
plausible explanation of this regional scale, anoma-
lously long fire-free interval. The extensiveness of
this pattern across the Southwest also argues for a
climatic, rather than an anthropogenic explanation.

CONCLUSIONS

Our data show that pre-1900 fire regimes in pon-
derosa pine forests were characterized by high fre-
quency, low intensity fires. Fire regimes in the
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mixed-conifer forests were characterized by some-
what lower fire frequencies than in the ponderosa
pine forest. Patchy crown fires occurred during
some years in the mixed-conifer forests. The vari-
ability of fire documented in both the mixed-coni-
fer and the ponderosa pine forest was probably
caused by three main factors.

First of all, anthropogenic factors, such as intense
livestock grazing, reduced fine fuels necessary for
the spread of fire in the high frequency fire re-
gimes. Overall, one of the most important anthro-
pogenic disturbances in the Jemez Mountains in
the last century is fire suppression. Fire suppres-
sion has allowed changes in species composition
and stand structure in both the ponderosa pine and
the mixed-conifer forests. Fire suppression has
caused both the build-up of woody and fine fuels
and the increase in woody vegetation, such as the
formation of densely overstocked understory thick-
ets. These factors have also contributed to the de-
cline of native grasses, due to the increased shad-
ing and accumulation of thick mats of pine needle
litter. The current policy of fire suppression will
result in further fuel buildups in both forest types,
threatening modern forests with high-intensity
conflagrations such as the La Mesa Fire of 1977
(Foxx and Potter 1978).

Second, on a local scale, topography and moist
north facing slopes played an important role in
lowering the frequency of fire at two ponderosa
pine sites. Our study shows that forest type and
elevation are sometimes less important than topo-
graphic situation in determining historic fire re-
gimes.

Third, on a regional scale, climate played an im-
portant role in the fire regimes in both the ponde-
rosa pine and the mixed-conifer forests. Major fire
years in both forest types tended to be significantly
drier than normal. Moreover, our analysis of cli-
mate/fire relationships suggests that the availabil-
ity of fine-textured surface fuels was an important
factor controlling the spread of fires in ponderosa
pine forests. Similar patterns have been observed
in modern fire occurrence patterns; e.g., the 1994
fire season has been particularly extensive in the
southern portion of the Southwest, following three
years of herbaceous and needle litter fuel buildups
in the wet conditions of 1990, 1991, and 1992. In the
sampled mixed-conifer forests fuel moisture is
probably more important than fine fuel availability
in determining fire occurrence. Usually, long inter-
vals between fires in many sites across the South-
west could be important in synchronizing forest




structures, since these were concurrent periods
when many trees may have established.

This study provides a baseline for planning and
justifying ecosystem management programs. For
example, an understanding of the pre-settlement
fire regimes for specific areas can be used to design
the appropriate prescribed burning plan to affect
ecosystem dynamics in a fashion similar to the
natural fire regime that existed before human dis-
turbance (i.e., low-intensity surface fires). Such a
management plan is not intended to strictly mimic
the natural fire regime, but to meet ecological ob-
jectives by bringing the range of existing condi-
tions in a landscape to within the historic “natural”
range. This natural range of conditions, as defined
by the pre-settlement, historical states, may not be
the most desirable, or practical conditions for cur-
rent forest ecosystems. On the other hand, in many
cases the natural range of variability is the best
template we have for longer-term sustainable con-
ditions (Allen 1994).

In summary, this study demonstrates that the fire
regimes in the Jemez Mountains are the result of
complex interactions between combinations of an-
thropogenic and natural factors, and regional as
well as local factors.
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Vegetation Succession After the La Mesa Fire
at Bandelier National Monument

Teralene S. Foxx'

Abstract.—In 1977 the La Mesa Fire burned over four areas of known fire
history within Bandelier National Monument. Al areas had been selected
for study prior to the La Mesa Fire. Data was collected on two of the four
plots in 1976 prior to the fire and provides pre-fire information. All four
plots were examined post-fire in 1977, 1978, 1985 and 1993 (1 year, 2
years, 8 years and 16 years post-fire). Each plot was re-examined for den-
sity and cover of the understory and overstory component. Additionally,
tree crown damage and recovery and growth of trees was also monitored.

INTRODUCTION

In 1975, after many years of fire suppression, the
management of Bandelier National Monument
began preparation for establishment of a controlled
burn policy at the Monument. By introducing pre-
scribed fires, the National Park Service (INPS)
hoped to reduce fuel loads and thereby reduce the
potential for wildfire in ponderosa pine and mixed
conifer forests. Prior to establishing prescriptions
for controlled burns they needed basic information
concerning fire in the ecosystems of the Pajarito
Plateau. Needed information included data on
post-fire vegetation succession, previous fire his-
tory, and fuel loadings. In 1975, Loren Potter and I
began a study to provide data on previous fire fre-
quencies and information on plant succession after
fire (Foxx and Potter 1978). Using historic records
kept at the Monument, we located areas that had
burned from the 1930s to the 1970s. We were most
interested in areas of 10 acres or more that could be
easily located. Such areas were found on Escobas,
Frijoles, and Alamo Mesas. In each of the locations
and in adjacent control sites, we sampled trees
with evident fire scars and determined the pre-
suppression fire frequencies by use of tree-ring
analysis (Foxx and Potter 1978). We did vegetative
analysis on each site obtaining information on tree
density, size classes, and canopy cover.

Before the study was completed, the La Mesa
Fire of 1977 burned over the previously studied
plots, changing the nature and complexity of the
project. This allowed us to compare sites of known

fire history and succession as related to the length
of time since an area was burned by the La Mesa
Fire. With the pre-La Mesa Fire data, a simple
study of succession became a unique study of the
influence of fire as related to fire history. The re-
sults of the study were reported at the 1981 La Mesa
Fire Symposium. (Potter and Foxx 1981, Foxx & Pot-
ter 1981).

Subsequently, 5 of the more accessible sites were
sampled in 1985 to provide a snapshot of the
changes in the ecosystem (Potter and Foxx 1986).
As the 15th anniversary of the La Mesa Fire ap-
proached, plans were made to conduct follow-up
research that could be shared in another sympo-
sium. In the summers of 1992 and 1993, members
of the Ecological Studies Team (ESH-20) of Los
Alamos National Laboratory, returned to four of
the original study sites known to have burned 84,
40, 17 years and 1 year prior to the La Mesa Fire.
Using the same techniques employed in earlier
studies, we measured the understory and over-
story vegetation. This report compiles and com-
pares some of the data and photographs collected
in 1976, 1977, 1978, 1985, and 1993 at these four
sites, providing quantitative and qualitative im-
pressions of the changes that occurred since the
1977 La Mesa Fire. The changes are remarkable and
are testimony to the complexity of post-fire succes-
sion. Additional follow-up data collected from 13

' Staff Member, Los Alamos National Laboratory, Los Alamos, New
Mexico 87544, 505-667-3024
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plots established in 1977 after the fire will be re-
ported elsewhere. Although this study developed
serendipitously after an unfortunate event, rather
than from a pre-designed study, the information
reported here adds to our knowledge of the role of
fire in ponderosa pine ecosystems.

METHODS

In 1975, two years prior to the La Mesa Fire, the
NPS and the University of New Mexico com-
menced a study to determine the fire history and
the fire frequency of forested areas within
Bandelier National Monument. Using historic
records and field examination, we sought areas of
10 acres or more that had burned during the time
period of 1935 to 1975. The atlas maintained at the
Monument headquarters from 1931 to 1969 re-
vealed only five fires larger that 10 acres. The five
study areas, indicated by irregularly shaped dark-
ened areas in Figure 1, were Frijoles Canyon 1937,
Upper Alamo Crossing 1945, Bear Mesa 1950,
Boundary Peak 1955 and Frijoles Canyon 1960.
Then in 1976, during the course of the study, a 14-
acre fire burned on Escobas Mesa (Escobas Mesa
1976). A final area adjacent to the 1960 burn was
determined by use of tree-ring analysis of fire scars
not to have had a major fire since 1893 (in earlier
reports this was described as the Frijoles Rim 1878
burn site). These 7 sites were to be used for deter-
mining fire history, frequency, and succession. Data
were gathered from each of these sites on tree and
shrub density and understory cover.

On June 16, 1977, the La Mesa Fire was ignited
and eventually burned over 15,000 acres of
Bandelier National Monument, Los Alamos Na-
tional Laboratory, and US Forest Service lands. The
course of the fire resulted in a re-burning of all pre-
viously studied sites except for the 1955 burn site
(Figure 1). Immediately after the fire in 1977, and
again in 1978, we returned to the field and exam-
ined the extent of damage that had occurred in
each of the areas of known fire history ranging
from the last burn being 84 years prior to the La
Mesa Fire to an area burned 1 year prior to the La
Mesa Fire. In addition to gathering the previously
collected data, we examined each tree for the ex-
tent of foliar damage as related to the time since
the area had burned.

We classified each tree into 6 classes according to
the extent of crown remaining, from complete loss
to no evidence of scorching (Figure 2). Each tree
was numbered for future reference, the diameter
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was measured at breast height (dbh). Additionally,
we looked at the understory composition using a
modification of Lindsey’s (1955) line strip method
(Foxx & Potter 1978). Soon after the fire, permanent
photostations were established to provide long-
term photographic records. From this re-examina-
tion with the plots of known fire histories, we con-
cluded that if an area had not been burned within
25 years prior to the La Mesa Fire there had been
complete loss of overstory trees (Figure 3).

Four sites were sampled two additional times—
in 1985 and in 1992/93. The sample sites were
Frijoles Rim 1893, Frijoles Rim 1937, Frijoles Rim
1960, and Escobas Mesa 1976. Because of their ac-
cessibility these four sites were the easiest to follow
through time with limited resources. In 1985, trees
were measured and mortality was determined giv-
ing an 8-year mortality rate. Then in 1992-93, we
re-examined these 4 areas for tree survival, tree
growth, shrub recovery, grass, and forb cover and
species richness.

Each year of the analysis of the overstory vegeta-
tion (pre- and post-fire) was done similarly. Vegeta-
tion was measured using a modification of
Lindsey’s (1955) line intercept method. The sam-
pling unit was a 1000-ft line with a 10-ft strip on
each side of a metal tape, 20 ft wide in total. Within
the 20-ft wide strip we relocated trees previously
marked with metal tags, measured the diameter,
and noted the health of each tree. In most plots we
mapped the trees and shrubs within the strip and
recorded all new reproductive stock (Figure 4).
These maps provide additional successional infor-
mation for future studies. We also recorded the
percent cover of shrub layers over 3 ft tall. Trees
less than 4 inches diameter and over 3 ft tall were
considered reproductive stock.

The analysis for the understory vegetation was
conducted somewhat differently on the various
sampling years. This variability occurred because
the intention of the original study was somewhat
different than the post-fire study. Additionally, the
lack of understory vegetation in 1977 made it nec-
essary to increase the number of plots. The vegeta-
tion in the pre-fire study was measured every 50 ft
using a quadrat, whereas post-fire the vegetation
was measured every 20 ft using a Daubenmire
quadrat. Also, in 1992-93 more categories of non-
vegetation were recorded. Although data for the
understory from pre-fire to post-fire are not strictly
comparable, pre-fire data is included here as docu-
mentation of what existed prior to the La Mesa
Fire.
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In addition to the fire history being of interest to
the successional processes after the La Mesa Fire,
the eventual reseeding of a number of grass species
was important. One month after the fire, the
burned areas of Bandelier were seeded with a mix-
ture of native and non-native grass species (Foxx
and Potter 1979b). The seeding operation was done
to reduce erosion and subsequent damage to the
numerous archaeological sites in the Monument.
The seeded grasses included the native species
sand dropseed (Sporobolus cryptandrus), spike
muhly (Muhlenbergia wrightii), western wheatgrass
(Agropyron smithii), slender wheatgrass (Agropyron
trachycaulum), and blue grama (Bouteloua gracilis),
as well as a Eurasian cultivar of sheep fescue
(Festuca ovina). Within the first years after seeding
only the slender wheatgrass and sheep fescue
showed good germination. According to Flory and
Marshall (1942), slender wheatgrass is a short-lived
perennial bunchgrass, which is high in seed pro-
duction and yields well up to 5 years, then de-
clines. Sheep fescue, on the other hand, is a long-
lived perennial with a spreading and shallow root-
ing system. Studies by Barnes (1981)and Foxx, Pot-
ter and Barnes (1981) indicated that sheep fescue,
in particular, may compete with pine seedlings.

RESULTS

Frijoles Rim 1893 Burn

Pre-La Mesa Fire

The 1893 site is located north of the 1960 burn on
the rim of Frijoles Canyon (Figure 1. The La Mesa
Fire burned over this site before data could be col-
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Figure 3. — Comparison of post-La Mesa Fire tree mortality and
length of time since sampled areas had burned.

lected. As a result, there are no pre-fire cover, den-

sity or frequency data for this plot. However, adja-

cent areas were used as control sites for the Frijoles
Rim Burn (1960).

Post-La Mesa Fire

1977 Conditions.—On the day the La Mesa Fire
began, a tree was removed from the site to deter-
mine the fire history of a tree on an archaeological
site within the area designated as the Frijoles Rim
Burn 1893. Using dendrochronological methods, it
was determined that the last fire to scar the tree
was in 1878, or 99 years earlier. Subsequent analy-
ses of a larger fire-scar data set (Allen 1989) indi-
cate that the last significant fire likely burned
through this area in 1893. Within hours of removal
of the tree, the flame front of the fire reached the
rim of Frijoles Canyon and consumed the trees in
this location. The site was largely burned between
1430 hours and 2000 hours on June 17, 1977, during
which time the predicted rate of spread was 24
chains (1584 ft) per hour. The photograph shown in
Figure 5 was taken just one day before the area
burned by the La Mesa Fire.

After the La Mesa Fire, the site was not exam-
ined until September, three months post-fire (Fig-
ure 6). However, the burning of the area had been
so severe that little or no vegetation had come back
with the exception of a few sprouting oaks
(Quercus spp.). There was less than 1 percent cover
of grasses, forbs, or shrubs. The area was devoid of
any litter or duff and the mineral soil had been
contracted-and dried into polygons. Big bluestem
(Andropogon gerardii) was the only grass species
evident in the area.
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Flgure 4. — Tree and shrub map for 1893 plot on Frljoles Rim, measured in 1913. The
species codes are the first two letters of the genus and species combined (see

Table 1).

Prior to the La Mesa Fire the site supported 342 overstory canopy. However, the understory was
trees per acre with an average diameter of 7 inches. dominated by a seeded grass, slender wheatgrass.
After the fire all trees were in damage classes 5 Other seeded grasses, including sheep fescue,
(brown needles) and 6 (no needles) (99 percent in Wright’s muhlenbergia (Muhlenbergia wrightii), and
class 6), and considered dead when sampled (Fig- sand dropseed, were found less frequently. In 1978,
ure 6). grasses, forbs, and shrubs covered only 5 percent of

1978 Conditions.—The site was examined again taisgil surfane,

in September of 1978 (Figure 7, Table 1). In 1978, all 1985 Conditions.—By 1985, the total vegetation
trees were dead and there was a complete loss of cover for the site had increased to 25.5 percent.
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Figure 5. — The 1893 plot on June 16, 1977 prior to being burned
by the La Mesa Flre. The rocks are part of the rubble mound of
an archaeological site.

Seven species of grass were identified with the
highest cover being slender wheatgrass. The cover
of sheep fescue and big bluestem had both in-
creased. Among the 14 forbs identified in the area,
wormwood (Artemisia carruthii), goldenweed
(Chrysopsis foliosa) and perky sue (Hymenoxys
argentea) were most common.

1993 Conditions.—The site was examined in Sep-
tember of 1993. As can be seen in Figure 8, nearly
all the snags that had been standing in 1978 were
downed. Data analysis indicates only two snags
remained standing and they were greater than 15
inches in diameter. A map of the study area (Figure
4) and data analysis (Table 2) shows pine regenera-
tion was evident throughout the study area with a
total of 218 seedlings/hectare. Most seedlings were
less than 4 ft tall and 1 inch in diameter. Addition-
ally, shrubs had increased over time (3.1 percent)
with the highest cover being buckbrush (Ceanothus
fendleri) and New Mexico locust (Robinia
neomexicana) (Table 1). The understory cover in-
creased from little or no vegetation immediately
after the fire in 1977 to 37.74 percent in 1993
(Figure 9).

Twelve species of grass were identified within
the study over the 17 years. However, the types
and percent distribution of the grasses had
changed from 1978 to 1993. The dominant grass,
until 1985, was slender wheatgrass (Figure 10). By
1993, slender wheatgrass had disappeared from the
ecosystem and the dominant grasses were big
bluestem, Wright's muhlenbergia, western wheat-
grass and sheep fescue (Figure 10). One of the more
striking aspects of the area was the large and ap-
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Figure 6. — The 1893 plot on September 1977, 3 months post-fire.
Note the barren nature of this site.

Figure 7. — The 1893 plot on September 1978, 1 year post-fire. Sien-
der wheat grass is the prominent grass.

parently spreading patches of big bluestem stand-
ing over 5 ft tall (Figure 11). Through time the na-
tive grasses increased in cover while the overall
cover of seeded grasses decreased with the loss of
the slender wheatgrass. Although the overall per-
cent cover of seeded grasses decreased through
time, sheep fescue and Wright's muhlenbergia in-
creased (Figure 10).

Other changes were apparent (Figure 9). Non-
vegetated soil surface decreased continuously from
99% in 1977, to 62% in 1993. Whereas there was
initially little organic litter present after the fire,
tree fall and increased vegetation cover had built
up a litter layer that covered 42 percent of the soil



Table 1. Comparison of actual percent cover and relative cover of grasses, forbs and shrubs for the 1893 plot through time.
1978 1985 1993
Total Relative Total Relative Total Relative
Category or species cover cover cover cover cover cover
Non-Vegetation {Bare Soil and Litter) 95.04 74.5 62.26
Bare Soil 20.64
Litter 41.62
Soil Crusts 3.50 9.27
Vegetation 4.96 25.50 37.74
Grass {and Graminoides)
Andropogon gerardii 0.07 4.20 1.60 4.24
Agropyron smithii 0.03 0.10 2.92 7.74
Agropyron trachycaulum 2.01 41.37 16.17 63.40
Bouteloua gracilis 0.01 0.29 0.54 2.10 0.20 0.53
Blepharoneuron tricholepis 0.60 1.59
Bromus tectorum 0.03 0.10
Carex spp. 0.03 0.10 0.40 1.06
Festuca ovina 0.20 4.19 1.30 5.10 5.04 13.35
Muhlenbergia asperifolia 3.37 13.20
Muhlenbergia montanus 0.23 0.90 1.90 5.08
Muhlenbergia wrightii 0.21 4.24 410 10.86
Sporobolus spp. 0.11 2.31
Total Grass 2.54 18.37 20.16
Forbs
Achillea fanufosa 0.20 0.53
Agaslache wrightii 0.20 4.11
Aflium cernuum 0.02 0.05
Artemisia carruthif T 0.04 0.74 T2.90 3.92 10.39
Arfemisia dracunculus T T
Bahia dissecta 0.13 0.50 0.06 0.16
Castifleja integra 0.02 0.05
Chenopodium fremontii T 0.04
Chenopodium graveolans 1.11 2274
Chrysopsis foliosa T T 0.41 1.60 272 7.21
Circium spp. 0.12 0.32
Commelina spp. T T
Compositae 0.10 0.26
Conyza canadensis 0.26 0.69
Erigeron divergens 0.30 6.17 0.15 0.60 0.10 0.27
Erigeron flagelfans 0.60 1.59
Erigeron philadephicus 1.10 2.91
Helianthus petiofaris 0.20 0.53
Hymenoxys argentea 0.69 2.70
Hymenoxys richardsonii 0.05 0.20 0.02 0.05
Liatris punctata 0.03 0.10 0.02 0.05
Lotus wrightii 0.50 10.32 3.54 9.38
Lupinus spp. 0.10 214
Penstemon spp. 0.04 0.1
Petalostemum candidum 1.10 2.9
Potentiila spp. 0.20 0.80 T T
Taraxacum officinale T T
Tragopogon dubius 0.05 0.20 0.02 0.06
Verbascum thapsus 0.10 2.06 0.03 0.10 0.02 0.05
Unknown 0.20 0.52
Total Forbs 2.31 2.48 14.38
Shrubs
Ceanothus fendleri 3.00 7.95
Quercus gambelii T T 0.28 1.10
Robinia neomexicana 0.10 0.26
Total Shrubs 0.1 0.28 3.10 8.21
Tota! Species 15 14 23
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Figure 8. —The 1893 piot on September 1993, 16 years after being
burned by the La Mesa Fire. The clump of locust and oak at left
covers the archaeological site shown in Figure 5.

surface by 1993. Some of the soil surface not cov-
ered with vegetation or litter had a layer of soil
crusts (3 percent) in 1993 (Table 1).

In 1978, the forb cover was dominated by goose-
foot (Chenopodium graveolans) and small percent-
ages of 9 other forbs (Table 1). Goosefoot domi-
nated only the first year (1978). In 1993, three forbs
were dominant: goldenweed, wormwood (Artemi-
sia carruthii), and deervetch (Lotus species wrightii).
Forb species richness increased continuously from
9 species in 1978 to 14 species in 1985 and 21 spe-
cies in 1993 ( Table 1).

Frijoles Rim 1937 Burn

Pre-La Mesa Fire

This site was scheduled to be examined the sum-
mer of 1977, but the La Mesa Fire burned over the
site before data could be collected. This area had
not burned for 40 years prior to the La Mesa Fire.
This area was located near the rim of Frijoles Can-
yon (Figure 1)

1977 Conditions.—The area was burned on June
17,1977, during which time the predicted rate of
spread was 24 chains per hour. The study area was
in the immediate vicinity where the fire jumped
across Frijoles Canyon from the south. Although
the area burned was somewhat more open than the
1893 site, damage to mature and reproductive trees
was severe, with all trees in class 5 (brown needles)
and 6 (no needles). Total foliage cover for herba-
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Table 2. The density and percent canopy cover of trees within the
four plots through time.

Trees/ Trees/ Percent cover

Plot Year hectare <4” hectare >4" tree canopy
1893 1977 0 0 0

1978 0 0 0

1985 0 0 —

1993 218 0 <1%
1937 1977 0 0 0

1978 0 0 0

1985 209.9 0 0

1993 318 0 <1%
1960 1976 — — —

1977 — 133.4 —

1978 — — —

1985 494 123.5 15

1993 75.35 (14) 177.5(33) 22
1976 1976 0 0 0]

1977 0 0 0

1978 128.5 3829 21

1985 74.1 370.5 31

1993 — — —_

ceous plants was 2.9 percent (Table 3) compared
with the adjacent 1960 burn of 16 percent and the
1893 burn of 1 percent. Perennial grasses and herbs
were regenerating. Like the 1893 plot, patches of
big bluestem were noted in the area.

1978 Conditions.—In 1978, no trees were alive
(Figure 12) and total vegetation cover was 9.6 per-
cent (Table 3). Ten different grass species were
found in the area, the most common being the
seeded slender wheatgrass. Sixteen species of forbs
were identified. Four species had the highest cover:
goosefoot, puccoon (Lithospermum spp.), perky sue
(Hymenoxys argentea) and goldenweed. Two species
of shrub (buckbrush and wild rose (Rosa spp.)
were found in small amounts (Table 3).

1985 Conditions.—In 1985 the area was still de-
void of trees. We did not specifically sample the
area for the seedling density, so we have no indica-
tion of the number of seedlings/hectare at this site.
Plant species richness had increased further, with 14
species of grasses and 26 species of forbs present
(Table 3). Total grass cover was up 20.1%. Although
slender wheatgrass was still present, other species
had increased in cover including big bluestem, moun-
tain muhly (Muhlenbergia montana) and sheep fescue.
Four species of shrub were found including oak, New
Mexico locust, wild rose and buckbrush. Buckbrush
had the highest percent cover with 5.4 percent.
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Figure 10. — Percent cover of dominant grass species found in

the 1893 plot through time. The species codes are the first two
letters of the genus and specles combined (see Table 1).

Flgure 11. — Patches of big bluestem in the 1893 plot in 1993.The
person is 5'3" tall.

1993 Conditions—When we revisited the site in
September, 1993, all of the trees that had been
standing in 1978 were down (Figure 13). The litter
component of the soil cover had increased to 21
percent. Interspaces were commonly covered with
soil crusts (2.3 percent) (Table 3). Figure 9 shows
the increase in grasses, forbs and shrubs seen in
this plot over time. As in the 1878 plot, the slender
wheatgrass was no longer part of the grass compo-
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Figure 12. — The 1937 piot on September 1978, 15 months post-
fire. Note the presence of some needle litter.

Figure 13. —The 1937 plot on September 1993, 16 years post-fire.

nent and had been replaced by little bluestem
(Andropogon scoparius), mountain muhly, big
bluestem, and pine dropseed (Blepharoneuron
tricholepsis) (Figure 14), The dominant forb species
were purple prairie clover (Petalostemum
purpureum), goldenweed, and pinque (Hymenoxys
richardsonii) (Table 3). Total shrub cover was up to
16.3%—buckbrush, covering 14% of this area’s sur-
face, was particularly striking. Total vegetation
cover had increased from less than 3 percent in
1977 to greater than 39 percent in 1993. As in the
1893 plot, we saw a great increase in the total cover
of native unseeded grass species and a modest
overall decrease in the total cover of seeded spe-




Table 3. Comparison of actual percent cover and relative cover of grasses, forbs and shrubs for 1937 plot through time.

1977 1978 1985 1993
Total Relative Total Relative Total Relative Totat Relative
Category or species cover cover cover cover cover cover cover cover
Non-Vegetation (Bare Soil and Litter) 97.14 90.45 71.35 58.06
Bare Soil 37.02
Litter 21.04
Soil Crusts 2.30 5.48
Vegetation 29 9.55 28.65 39.64
Grass (and Graminoides)
Agropyron gerardii 2.04 71 3.40 8.4
Agropyron smithii 0.10 0.35 0.40 1.0
Agropyron trachycaulum 2.65 27.77 2.65 12.7
Andropogon scoparius 1:1 37.9 0.59 6.22 0.68 2.4 3.3 7.9
Aristida spp. 0.09 1.0 0.36 1.3
Blepharoneuron fricholepis 04 45 0.25 0.9 2.1 5.0
Bouteloua curtipendula 0.1 .24
Bouteloua gracilis 0.01 0.10 0.54 1.9 1.0 2.4
Carex spp. 0.04 14 0.08 0.08 0.35 1.2
Festuca ovina 0.4 4.35 1.47 51 2.6 6.2
Koeleria cristata 0.09 0.3 0.3 07
Muhienberia asperifolia 1.28 4.5
Muhlenberia montana 0.9 32.2 1.6 16.8 6.74 23.5 3.60 8.58
Muhlenberia wrightii 0.18 0.62 0.60 1.43
Sitanion hystrix 196 2.05 0.12 0.42
Sporobolus cryptandrus 0.07 0.68
Total Grass 2.06 6.07 20.1 17.14
Forbs
Achillea lanulosa 0.04 0.14
Antennaria parviflora 0.02
Artemisia carruthii 0.04 14 0.07 0.26
Artemisia frigida 0.10 1.05 0.01 0.03 0.02 0.05
Bahja dissecta 0.1 1.4 0.01 0.03 0.02 0.05
Boraginaceae ; 0.12 0.29
Castilleja spp. 0.08 0.01 0.04 0.92 219
Chenopodium album T 0.02 0.01 T 0.01
Chenopodjum graveolans 0.1 35 0.20 212
Chrysopsis foliosa 0.59 6.18 1.09 3.82 1,62 3.86
Circium spp. 0.06 0.20 0.52 1.24
Commelina spp. i) 0.01
Erigeron divergens 0.03 0.93 3.25 0.10 0.24
Erigeron flagellaris 0.10
Erigeron philadelphicus 0.10 0.24
Euphorbia spp. T 0.02
Geranium caespitosum 0.04 0.14
Gutierrezia spp. 0.20 2.05 0.06 0.21
Helianthus petiolaris 0.1 0.24
Hymenoxys argentea 0.76 7.97 0.65 2.25 0.42 1.00
Hymenoxys richardsonii 0.60 2.1 0.50 1.19
Hymenopappus filifolius T 0.02 0.02 0.05
Liatris punctata T 0.04 0.04 0.10
Lithospermum sp. 1.25 13.19 0.02 0.06
Lotus wrightii 0.20 0.48
Melilotus spp. 0.02 0.70
Mentzelia pumila 0.02 0.05
Mirabilis linearis 0.04 1.4
Penstemon spp. 0.04 1.4 0.03 0.09
Petalosemum candidum T 0.02 0.10 0.24
Petalostemum purpureum 0.02
continued
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Table 3 (continued). Comparison of actual percent cover and relative cover of grasses, forbs and shrubs for 1937 plot through time.

1977 1978 1985 } 1993
Total Relative Total Relative Total Relative Total Relative
Category or species cover cover cover cover cover cover cover cover
Forps {continued)
Petalostemum spp. 0.10 3.5 0.02 0.07 0.80 1.91
Potentilla spp. 0.02 0.06 0.10 0.24
Pseudocymopteris montanus i T
Senecio spp. 0.02 0.70 0.44 1.52
Sonchus spp. 0.01 0.03
Solidago spp. 1.00 1.03 0.04 0.10
Taraxacum officinale 0.22 0.52
Thermopsis pinetorum 0.01 0.03
Tragopogon dubius 0.02 0.05
Verbascum thapsus 0.90 2.15
Unknown 0.10 1.05
Total Forbs 0.7 5.21 417 6.94
Shrubs
Berberis fendleri 0.5 1.19
Ceanothus fendleri 0.10 3.50 0.06 0.62 5.41 18.89 14.20 33.86
Cercocarpus montanus 0.34 1.2 1.19
Quercus undulata 0.84 9.92
Robinia neomexicana 0.07 0.23 0.30 0.72
Rosa spp. T 0.02 0.10 0.24
Total Shrub 0.1 0.08 6.6 16.29
Pipo seedfings 0.20 0.48
Total Species 10 28 44 38
cies. While the seeded sheep fescue and Wright's ports 318 seedlings/hectare with an average diam-
muhlenbergia had increased through time, slender eter at breast height of .1 inch. Seventy-five percent
wheatgrass had disappeared from the ecosystem. of the plots had one or more seedlings. Total tree

The mapping (Figure 16) and data analysis sower was [ess e ope percent,

(Table 2) indicate that there are an increasing num-
ber of pine seedlings within the area. The area sup- Frijoles Rim 1960 Burn

Pre-La Mesa Fire
1977 531978 EN1985 M1993 This area had not burned for 17 years prior to the
La Mesa Fire. The area burned during the period
1430 to 2000 hours on June 17, 1977, during which
time the predicted rate of spread was 24 chains per
hour. The site is located on the rim of Frijoles Can-
yon where the fire jumped across the canyon.

1976 Conditions.—Prior to the La Mesa Fire, this
area had been examined, including both the over-
story and understory components (Table 4). Total
: _ : understory cover was 45.7 percent. Because of the
AGTR BLTR s0GR Feov MUMO MR nature of the pre-fire study the grasses were not

cvass Species identified by species but represented 32 percent of
! . the total cover. Common forbs in 1976 were
Figure 14. — Percent cover of dominant grass species found in 5 . o

the 1937 plot through time. The species codes are the first two ggldenwged, estafiata (Artemisia frigida), and lu-

letters of the genus and species combined (see Tsble 3). pine (Lupinus caudataus).

Percent Cover
s
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The overstory was composed of ponderosa pine of the crown being damaged. Only a few trees were
(Pinus ponderosa) , juniper (Juniperus monosperma), within classes 5 and 6 (Figures 2, 16).
oak and (Table 2). Trees ranged from a diameter of

4 inches to greater than 18 inches. The total understory vegetation cover was re-

duced from 45.7 percent in 1976 to 15.6 percent. Six
species of grass were identified with the highest

Post-La Mesa Fire cover represented by pine dropseed, big bluestem,
1977 Conditions.—After the La Mesa Fire most and little bluestem. Ten forb species were found
trees in the 1960 study area were in damage classes and goosefoot represented the most dominant spe-
1 to 4, ranging from no leaves singed to 75 percent cies (Table 4).
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Figure 15. — Map for 1937 plot on Frijoles Rim measured August 25, 1993. Line strip
beginning at post near rim.The species codes are the first two letters of the genus
and specles combined (see Table 3).
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Table 4. Comparison of actual percent cover and relative percent cover of grasses, forbs and shrubs for the 1960 plot through time.

1976 1977 1978 1985 1993
Total Relative Total Relative Total Relative Total Relative Total Relative
Category or Species cover cover cover cover cover cover cover cover cover cover
Non-Vegetation (Bare Soil & Litter) 54.29 84.37 90.63 81.10 75.04
Bare Soil 20.86
Litter 54.18
Soil Crusts 1.60 6.41
Vegetation 45.71 15.63 9.37 18.90 23.37
Grass (and Graminoides)
Grass (undistinguished) 31.93 70.3 0.20 0.80
Agropyron smithii 0.70 7.50 0.82 4.36
Agropyron trachycaufum 0.20 214 0.59 3.1
Andropogon gerardif 2.40 15.32 113 5.96 370 1482
Andropogon scopanus 0.74 4,75 1.10 11.77 2.53 13.36 3.80 1522
Aristida spp. 0.30 1.92 0.10 1.07 0.10 0.40
Blepharoneuron tricholepis 6.57 42.03 1.71 18.24 2.00 10.60 3.42 1370
Bouteloua gracilis 0.45 1.0 0.05 0.34 0.20 214 0.03 0.13
Carex spp. 0.05 0.34 0.30 3.25 0.13 0.69 0.40 1.60
Festuca ovina 0.10 1.09 0.11 0.56 0.60 2.40
Koeleria cristata 0.06 0.30 0.52 2.08
Muhlenbergia montana 2.51 26.78 8.83 46.73 410 1642
Muhlenbergia wrightii 0.1 1.07
Poa spp. 0.21 1.11
Sitanion hystrix 0.20 2.18 0.28 1.49 0.82 3.28
Total Grass 32.38 10.11 7.22 16.72 17.46
Forbs
Artemesia spp. T 0.04
Allium cernuum 0.01 0.06 0.18 0.95 0.06 0.24
Antennaria parviflora 0.06 0.32 0.10 0.40
Artemisia carruthif 0.31 1.64 0.60 2.40
Artemisia frigida 1.02 2.25
Artemisia dracuncuius 0.14 0.30
Aster spp. 0.10 1.07
Bahia dissecta 0.10 0.67 0.12 1.26 0.06 0.30 T 0.01
Boraginaceae 0.52 2.09
Castifleja integra. 0.04 0.24 0.31 1.64
Castilleja spp. 0.12 0.48
Chenopodium graveolans 3.62 23.18
Chrysopsis foliosa 0.84 1.85 0.54 3.47 0.31 3.27 0.43 2.30 0.84 3.36
Circium spp. 0.05 0.34 0.10 1.09 0.03 0.14 0.10 0.40
Commelina spp. T 0.02
Erigeron divergens 0.24 0.53 0.05 0.30 0.20 2.14 0.10 0.53 0.02 0.08
Erigeron philadelphicus 0.02 0.08
Euphorbia spp. 0.04 0.27
Geranium caespitosum T 0.02 0.04 0.17
Hymenoxys argentea 0.40 0.88 0.05 0.34 0.06 0.68 0.06 0.32
Ipomopsis aggregata T 0.02
Lithospermum mutltifforum 0.05 0.30 0.26 2.80 0.16 0.83
Lotus wrightif T 0.02 0.44 1.76
Lupinus caudatus 0.45 1.0
Mertensia spp. 0.01 0.03
Medicago spp. 0.10 0.21
Opuntia spp. 0.11 0.25
Penstemon spp. 0.04 0.21
Petafostemum candidum 0.10 1.07 0.10 0.40
Petalostemurm spp. 0.09 0.20
Potentilla spp. T 0.02 0.04 0.21 0.20 0.80
Townsendia spp. 0.04 0.16
continued
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Table 4. Comparison of actual percent cover and relative percent cover of grasses, forbs and shrubs for the 1960 plot through time
(continued).

1976 1977 1978 1985 1993
Total Relative Total Relative Total Relative Total Relative Total Relative
Category or species cover cover cover cover cover cover  cover cover cover cover
Forbs {continued)
Pseudocymopteris montanus 0.07 0.38
Senecio spp. 0.05 0.34 0.05 0.26
Solidago spp. 0.10 1.07
Unknown 0.15 0.34 0.10 0.64 0.15 1.56 0.01 0.05
Total Forb 3.54 4.69 1:54 1.92 3.24
Shrubs
Ceanothus fendleri 0.50 534 0.06 0.32 1.0 4.01
Cercocarpus montanus 3.40 7.49
Quercus undulata 6.39 14.07 0.52 3.35 0.19 1.02
Robinia neomexicana 0.24 1.52 0.10 1.07 1.40 5.61
Total Shrub 9.79 0.76 0.60 0.25 2.40
Pipo Seedling 0.05 0.34 T 0.02 0.02 0.13 0.10 0.40
Total Species 14 19 29 33 28

Figure 16. — The 1960 plot, September 1977, 3 months post-fire.

Over 35 trees were marked and measured in
1977. Table 5 represents only a subset of the trees
marked and measured and the crown damage for
each tree. These trees were the ones we were able to
successfully follow through to 1993. Because the line
strip was not precisely marked previously, the accu-
racy of the placement in 1993 may have accounted for
some of the discrepancy. Additionally by 1993 some
of the trees had lost tags. There were 133 mature
trees/hectare at the time of the La Mesa Fire (Table 2).

Figure 17. — The 1960 plot, September 1978, 1 year post-fire.

1978 Conditions.—The area was revisited in 1978
and the total understory cover showed a slight
decrease (9.4 percent). The photographic record
indicated that trees in class 4 had shown remark-
able recovery (Figure 17). Eleven species of grass
were identified. Various species including big
bluestem and little bluestem (Table 4) had in-
creased in cover. Seeded grasses, sheep fescue and
slender wheatgrass had increased in cover, but not
as extensively as in the 1893 and 1937 plots. Those
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Table 5. The diameter at breast height (inches) and growth rates (dbh increment/time period) through time of 19 ponderosa pine trees
located on the 1960 plot.

Tree no. 1977 1985 1993 1993-1977 1993-1985 1985-1977 Damage class
221 7 7.6 8.8 1.8 12 0.6 4
222 1.5 12 138 2.3 1.8 05 3
223 5.3 4 6.9 16 2.9 -1.3 4
232 21.8 22.3 23.4 16 1.1 0.5 1
233 8.3 10.9 13.5 5.2 26 2.6 1
234 24.3 23.9 26.1 1.8 22 -0.4 1
235 19 18.8 19.5 05 0.7 -0.2 1
237 17.1 17.4 18.1 1 0.7 0.3 1
238 13.2 136 15.3 2.1 1.7 0.4 1
239 15.4 16.2 16.7 1.3 0.5 0.8 1
240 14.6 15 146 0 -0.4 0.4 1
241 15 1.8 126 1.1 0.8 0.3 1
242 10.3 10.5 10.8 0.5 0.3 0.2 1
247 126 13.5 14.7 2.1 1.2 0.9 3
248 8.7 8.7 6.7 -2 -2 0 3
249 72 76 8.7 15 1.1 0.4 3
250 8.2 9.4 10.9 27 15 1.2 1
251 19.3 19.5 206 1.3 1.1 0.2 4
Total 235.3 242.7 261.7 26.4 19 7.4 35
Total

Av.DBH 12.38 12.77 13.77

Av. Growth 1.39 1.00 0.39

species with the highest percent cover were native 1978 (Figure 9). One substantial change was the
grasses including mountain muhly, pine dropseed, increase in litter cover from the needle fall (per-
and little bluestem (Table 4). sonal observation). The litter component had in-

creased to 54 percent and the interspaces were cov-
ered by soil crusts (1.6 percent) . Nine species of
grass were identified. Slender wheatgrass dropped
out of the ecosystem, replaced by increasing cover
of big bluestem, little bluestem, pine dropseed and
mountain muhly (Figure 19). The most substantial

1985 Conditions.—In 1985 the trees within these
plots were examined to determine survival rates
after 8 years. Table 5 indicates the number of trees
remaining alive and their growth. Most of the trees
were relocated in 1985.

The understory cover in 1985 had increased to 19
percent (Table 4). Grasses made up the largest part
of that percentage with 16.7 percent. Twelve grass
species were identified. As in 1978, the native spe-
cies had a higher cover than the seeded grasses
(Table 4). Nineteen forb species were identified
within the plot. The dominant species included
wormwood, Indian paintbrush (Castilleja integra)
and goldenweed.

By 1985, only a couple of trees had died. Table 5
represents the trees and growth rates of only those
trees tracked through 1993. The average diameter
was 13.77 and growth rates from 1977 to 1985 were
0.39 inches. The total overstory cover was 15 per-
cent (Table 2).

1993 Conditions.—There was very little apparent
visual change in the trees from 1978 to 1993 (Figure
18). By 1993, the total vegetation cover had in-
creased to 23.4 percent from a low of 9.4 percent in Figure 18. — The 1960 plot, September 1993, 16 year post-fire.
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Sample dates
1977 (21870 EM1935 mE1993

Parcent Cover

AGTR ANGE C BLTR BOGR FEQV MUMO MUWR

Grass Species

Figure 19. — Percent cover of dominant grasses found in 1960
plot through time. The species codes are the first two letters of
the genus and species combined (see Table 4).

change in soil surface cover was the increase of
litter from needle fall. Native grasses increased
from 1977 to 1993, while the seeded grasses de-
creased. Fifteen forb species were identified, with
the highest cover represented by wormwood,
deervetch and goldenweed (Table 4).

In 1993, we attempted to locate as many of the
tagged trees as possible and mapped the area (Fig-
ure 20), however, approximately 19 trees were not
found. Table 5 describes the 19 relocated trees in-
cluding their average diameter and growth rates.
Because of the uncertainty of the location of the
transect, I have calculated trees/hectare based on
the 1993 transect and have not compared it to the
1985 data. Whether the trees not found were dead
or the tags had been dislodged by birds and other
animals is uncertain, thus these data do not repre-
sent a perfect comparison with the 1976-1985 over-
story data. By 1993 the average diameter was 13.77
inches and the average growth increment from
1977 was 1.39 inches.

Escobas Mesa 1976 burn.

Pre-La Mesa Fire

This area had not burned for 1 year prior to the
La Mesa Fire. The 1976 Escobas Mesa fire burned
during the 1976 field season. The area, like the
other 3 sites, had apparently been logged in the
late 1890’s and 1930’s.

1976 Conditions.—After the 1976 Escobas Mesa
fire, we examined the area. We took both vegetation
data and litter data. Fuel loads were measured at 1.3
tons per acre. After the fire the total understory veg-
etation cover was 12.3 percent. Three species of grass
were present with pine dropseed as dominant (Table

6). Eight species of forb were identified, with the
dominant species being wormwood.

Post-La Mesa Fire

1977 Conditions.—This site burned June 18, 1977,
between 1100 and 2200 hours, during which time
the predicted rate of spread was 38 chains per
hour. The area was sampled July 7, 1977. The
boundaries of the 1976 fire were easy to locate be-
cause the narrow, barren 1976 hand lines were still
evident. The area burned by the La Mesa Fire dif-
fered little from 1976 conditions. Most of the dam-
age was from a bulldozer developing a fireline
(Figure 21). The trees within the 1976 burn were all
in classes 1-4 from the crown only slightly singed
to 75 percent of the crown burned and 25 percent
remaining alive (Figure 17). The total percent un-
derstory vegetation cover was approximately the
same as after the 1976 Escobas Mesa fire (12.2 per-
cent) (Table 6). Only two graminoides were found
in the 1977 field study and they were pine
dropseed and a sedge. The six forbs included
goldenweed and pussytoes (Antennaria parvifolia).

Over 70 trees were measured and tagged and the
amount of crown damage was determined. Table 7
provides diameter and basal area information on
those trees that we were able to relocate in 1993.
The total overstory cover was 21% (Table 2).

1978 Conditions.—When the area was re-exam-
ined in 1978 the understory cover had decreased
slightly from 12.2 percent to 9 percent. Although
not measured in 1978 there was considerable
needle fall from the trees singed by the fire. Eight
species of grass were found to be present including
the seeded slender wheatgrass and sheep fescue.
However, native grasses, especially mountain
muhly and pine dropseed, had a higher percent
cover than did the seeded grasses.

1985 Conditions.—In 1985, eight species of grass
were found within the study plot. Although slen-
der wheatgrass persisted, the total percent cover
represented by this species had decreased. There
was an increase in the percent cover of sheep fescue
and some native grass species, such as little bluestem.

In 1985, the trees within the plot were
remeasured and the mortality examined. Table 7
indicates the condition of the trees in 1985.

1993 Conditions.—The area was photographically
compared with the condition in 1977 (Figure 22). Fig-
ure 9 indicates that there was a rebound in forb cover
after a decrease from 1977 to 1978 through 1985. Five
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species of grass were found within this plot. Slender In 1993 we attempted to relocate the trees along the

wheatgrass had dropped out of the system and transect. A number of trees could not be relocated
mountain muhly and sheep fescue were dominant either because of a different alignment of the transect
along with little bluestem (Figure 23). Fourteen forbs or because trees had died in the past 8 years and the
were identified. Species with the highest percent tags were no longer visible. Only 35 trees were relo-
cover were goldenweed and wormwood. There was cated in 1993 and the average dbh was 8.56 inches and

an increase in the native species and a decrease in the the growth rate from 1977 was 1.59 inches (Table 7).
seeded species as previously seen in other plots.

100 ft
r ‘e 70® 758 822371
. * ¢+ ez
|
Strp charl —e-Q I F20H == ——— ————~ =~ —— F S N S ¢ - Cartinue reading slrip char al
begins hare ., left-hand side of block below
AL S
ha .224!?1 1960
* Frijoles
77.-* —[ Rm
s 0*..-: 178® A CEFE
{conlinued from —»= 100t - —————————~———————-——————— —— ——————— 200 1 ® PIPO
rght-hand side +* e
of block above) VO N JUMO
+4+ * 4 o * RONE
w CEMO
ey A + Quuw
[J * CUGH/
pecr] ®p AA ., & QUGA
L kT TS “A_‘;;:—— 3001 Number
ae 88 Indicates
| tagged 1res
=z
A A A
A
., AL
300 [ m—mmmm - A 400 1t
* A
o* At
2%
i i 208® ®pq;
4 A
a0 [~ = e e e ] 500 11
&
a3 ., ®gs
242
200 %240
SO0 fl [~ m = e e 4 8001t
° ® 243
2¢1 ®4
+ >
800 f - ———~——— e e e e 700 1L
A * *
2459
2470
OB ot e e s e e e i s i S it 2508 gl 800 ft
240
.
+ ¢ .
OO | — s s P SRS, - W (T
° * A*%A
] . N
-y . L] t" Al 4
T RS S A~ 1000
0 A4
L] Py L'y
A4

Figure 20. — Tree and shrub map for 1960 plot, measured in 1993. The species codes
are the first two letters of the genus and species combined (see Table 4).



Comparisons Between Plots

Total Understory Cover

I compared the four plots for patterns of post-fire
vegetative recovery. Figure 9 shows that the 1893
and the 1937 plots had similar patterns of recovery

for understory cover, as did the 1960 and 1976
plots. Those plots with no post-fire overstory cover
(the 1893 and 1937 plots) had a linear recovery
from low vegetation cover (2 to 4 percent) to higher
vegetation cover from 1977 to 1993. However, those
plots with surviving overstory tree cover (the 1960

Table 6. Comparison of actual percent cover and relative percent cover of grasses, forbs, and shrubs for the 1976 plot through time.

1976 1977 1978 1985 1993
Total Relative Total Relative Total Relative Total Relative Total Relative
Category or species cover cover cover cover cover cover cover cover cover  cover
Non-Vegetation (Bare Soil and Litter) 87.75 87.83 91.05 90.95 88.04
Bare Soil 4.78
Litter 83.26
Soil Crusts 0.14 1.17
Vegetation 12.25 12.17 8.95 9.05 11.83
Grass and Graminoides
Agropyron trachycaulum 1.30 14.55 0.07 0.72
Andropogon scoparius 0.25 2.04 0.30 3.35 0.85 9.39 1.0 8.36
Aristida spp. 0.20 2.26
Blepharoneuron tricholepis 7.45 60.82 7.70 63.27 0.70 7.85 0.24 2.62 0.22 1.84
Carex spp. 0.08 0.61 0.01 0.04 0.27 3.00 1.80 19.85
Festuca octoflora 0.18 2.02
Festuca ovina 0.51 5.66 2.08 23.01 234 19.56
Muhlenberia montana 3.7 41.47 2.60 28.67 526 43.97
Sitanion hystrix 0.30 3.40 0.41 4.47 0.24 2.01
Total Grass 7.78 7.71 7.29 8.23 9.06
Forbs
Allium cernuum 0.10 0.82 0.01 0.04 T 0.04 0.01 0.08 0.02 0.18
Antennaria parviflora 0.05 0.41 1.31 10.72
Artemisia carruthii 1.25 10.20 0.03 0.30 2.51
Bahia dissecta 0.20 2.28 0.33
Castilleja spp. 0.27 3.00 0.02 0.17
Chenopodium album 0.20 2.26 T 0.01
Chrysopsis foliosa 0.83 6.73 1.26 10.31 0.20 2.24 0.25 2.71 0.40 3.34
Compositae 1.50 12.33 0.30 3.35
Erigeron divergens 0.33 3.67 0.12 1.02
Erigeron philadelphicus 0.40 3.34
Helianthus petiolaris 0.24 2.60 0.36 3.01
Hymenoxys argentea 0.6 0.05 0.51 0.22 1.84
Liatris punctata 0.02 0.17
Lotus wrightii 0.04 0.33
Lupinus caudatus 0.9
Penstemors spp. D15 1.22 0.05 0.41
Petalostemum purpureum 0.02 0.17
Potentilla spp. 0.10 1.16 0.21 2.32 0.08 0.67
Pseudocymopteris montanus 0.25 2.04 0.25 2.05 T 0.02
Serecio spp. 0.05 oM 0.05 0.41 0.03 0.28 0.02 017
Solidago spp. 0.20 2.26 0.04 0.33
Unknown 1.70 14.29
Total Forb 4.38 4.43 1.8 0.82 2.06
Shrubs
Robinia neomexicana T 0.02 0.70 5.85
Rosa spp. 0.05 0.41 0.05 0.41 0.10 1.16
Total Shrubs 0.05 0.05 0.10 0.70
Pipo Seedling 0.04 0.40
Total Species 11 10 20 17 20
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Figure 21. -—The 1976 plot, July 1977, 1 month post-fire. Figure 22. — The 1976 plot, August 1993, 16 month post-fire.

Table 7. The diameter at breast height (inches) and growth rates (dbh increment/ftime period) through time of 34 ponderosa pine trees
located on the 1976 plot.

Tree no, 1977 1985 1993 1993-1977 19931985 1985-1977 Damage class
221 7 7.6 8.8 1.8 1.2 0.6 4
156 91 101 11.4 2.3 1.3 1.5 1
157 4.4 5.8 Z 3.3 1.9 1.4 1
158 4.8 6 7.4 26 1.4 1.2 1
159 10.7 12.2 145 3.8 2.3 1.5 1
161 9.5 11 12.6 34 1.6 1.5 1
165 18.1 18.8 195 t.4 0.7 0.7 1
166 16 16.8 17.7 1.7 0.9 0.8 1
185 74 8.2 9.8 2.4 16 08 1
186 5 6 6.6 16 0.6 1 1
187 4.9 5.3 5.6 0.7 0.3 0.4 4
189 4.4 4.7 5.1 0.7 0.4 0.3 4
190 5.6 56 6.2 0.6 0.6 0 2
191 5.5 6 6.4 0.9 0.4 0.5 4
192 5.7 6.2 7 1.3 0.8 0.5 4
193 4.5 42 4.5 0 0.3 -0.3 4
194 54 5.4 6.8 1.4 14 0 4
196 3.6 3.7 4.2 0.6 0.5 0.1 4
198 12 14 15.2 3.2 1.2 2

200 6.8 7A 7.6 0.8 0.5 0.3 3
201 8.6 92 10 1.4 0.8 0.6 1
202 8.2 9.1 10.7 2.5 1.6 0.9 2
204 6.9 7.8 91 2.2 1.3 0.9 1
206 55 57 6.2 0.7 0.5 0.2 1
207 6.5 6.7 6.9 0.4 0.2 0.2 1
208 5.6 6.2 6.4 0.8 0.2 0.6 1
209 49 5 91 42 4.1 0.1

212 7.4 8.3 8.1 0.7 -0.2 0.9 3
213 6.4 79 8.6 2.2 0.7 1.5

214 6.9 7.6 8.1 1.2 0.5 0.7 3
216 8.2 9.4 10.4 22 1 1.2 4
218 5.2 57 6.2 1 0.5 0.5 4
219 5.5 6.1 6.7 1.2 0.6 0.6 3
220 7.8 8.3 8.9 1.1 0.6 0.5 4
Total 237 260.1 291.2 54.2 31.1 23.1 70
Av. DBH 6.97 7.65 8.56

Growth Rate 1.59 0.91 0.69
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and 1976 plots) had higher ground vegetation
cover values in 1977, which then decreased in 1978
before recovering in later years. This could be a
result of increased litter fall from dead needles or
the effect of the nutrient flush that may have begun
to dissipate in the second year after the fire. Plots
lacking tree cover now have greater herbaceous
and shrub cover than forested sites.

Soil Crusts

In the early data collections we did not collect
understory information other than vegetative
cover. In 1993, we took the data in 4 different ele-
ments—bare soil, litter, vegetation, and soil crusts.
Since we did not record the s0il crust cover from
1976 to 1985, we have no successional information.
However, the areas that were most severely burned
and devoid of trees had the highest cover of soil
crusts (2.3 to 3.5 percent), while those areas that
had lots of needle litter in 1993 had lower cover of
soil crusts (0.14 to 1.6 percent).

Comparison of Planted Tree Sites with Natural
Regeneration Sites

We compared four sites for pine regeneration
(Table 8). Two of the sites were planted. Areas on
the south rim of Water Canyon and on the north
side of State Route 4, within the boundaries of Los
Alamos National Laboratory (LANL), were planted
with 2.0 stock in 1978. These areas now have a
cover of 14.9 percent and a density of 1217 trees/
hectare. An area directly south, on the south side of
State Route 4, was planted with germinants (Foxx
1983). Seeds were germinated in containers and
then the germinated seeds were planted. Perhaps
1000 pine seedlings of nursery origin were also
planted in this area in 1986 (planting records on file
at Bandelier National Monument). That area has a
cover of 1.9 percent with 975 trees /hectare. Areas
with only natural regeneration, exemplified by the
1937 and 1893 plots, have less than one percent
cover and around 200 to 300 trees per acre. These

plots are adjacent to the 1960 plot which has living
trees and have provided a seed source.

Growth of Trees

We compared the growth of trees that we were
able to relocate in 1993 through time. The growth
was compared in relationship to the amount of
crown damage recorded in 1977 and by size class.
Trees with lower degrees of crown damage (0 to 25
percent crown singed, classes 1 and 2) grew more
during the past 17 years than those in the classes
with more intense crown damage (with 50 to 75 per-
cent of the crown singed, classes 3 and 4) (Figure 24).
There did not appear to be any significant difference
in recovery rate of trees by size class (Figure 25).

Grass Cover

When comparing between sites we saw a dra-
matic shift in the grass species from 1985 to 1993.
The seeded grass, slender wheatgrass disappeared
from the ecosystem sometime after 1985. In every
plot that had slender wheatgrass as a dominant
species within one year after the fire, this seeded

Sample dates
1977 KI1978 EH1935 m1993

Percent Cover
IS

AGTR ANGE ANSC BLTR EQV MUMO

Grass Species

Figure 23. — Percent cover of dominant grass species in the 1976
plot through time. The species codes are the first two letters of
the genus and species combined (see Table 6).

Table 8. Comparison of post-fire regeneration tree numbers, size and recovery as of 1993 in the sites planted with trees as compared to

natural regeneration.

Type of Average Percent Relative
Location planting diameter cover Trees/hectare frequency
LANL, TA-26 2.0 Stock 1.9 14.9 1217 100
BNM, Ponderosa Campground Area Germinants and someseedlings 1.1 1.9 975 100
1937 Burn Plot None A <1 318 75
1893 None 8 <1 218 60
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Flgure 24, — Average diameter growth (inches of ponderosa from
1977 to 1993 by damage class.

species disappeared from the study plots by 1993.
This is consistent with the information in Flory and
Marshall (1942). On the other hand, sheep fescue
increased continuously through time on all plots,
particularly in the areas where the tree canopy had
been destroyed and there was little competition
from tree canopy and native grasses. Native
grasses also increased in cover from 1978 to 1993,
with mountain muhly being the dominant species.

Species richness

The most interesting observation relative to species
richness is that the areas which had burned severely
were dominated early on by forbs, but as succession
progressed the number of forb species then decreased
through time. If the area had a good tree canopy, the
change in forbs through time did not change as dras-
tically. Note that this forb response was entirely due
to the natural seed bank and resprouting, as no forb
seed was applied by people after the fire. There were
no set species patterns of forb dominance found in
the early successional stages, with the exception of
the prominence of goosefoot. This weedy species,
which was found in abundance in the early years
after the fire, soon disappeared as grasses and other
forbs filled in the intensely burned areas. Also,
buckbrush and big bluestem are two prominent spe-
cies which were found in greater abundance by 1993
than prior to, or immediately after, the fire.

CONCLUSIONS

When comparing the four sites, there are several
general summary observations that may be stated:

1) In areas where the tree canopy was destroyed,
the successional recovery of understory cover is
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Figure 25. — Comparison of change in ponderosa pine basal area
{square inches) from 1977 to 1993 by size class.

linear. However, in areas where there was tree
canopy, there was a reduced cover the second year
and then a continued increased in cover percent
from 1978 through 1993.

2) Soil crusts appear to be more extensive on
sites that burned more intensely and which have
less tree canopy and ground litter cover.

3) The seeded grass, slender wheatgrass, was a
dominant species early in the post-fire succession
but dropped out of the ecosystem after 1985.

4) Where there was little tree canopy cover, the
seeded grass sheep fescue became more dominant
than in the areas with more canopy cover. The
grass does not seem to have markedly inhibited
tree reproduction.

5) Certain plant species appear to be fire related,
although post-fire successional patterns vary. For
example, goosefoot was abundant after the fire
through 1978, but disappeared from the ecosystem
by 1985, whereas big bluestem has increased mark-
edly through time since the fire at several sites.

6) Trees which sustained less fire damage to their
crowns grew faster than trees which suffered more
severe crown damage, but there seems to be little
correlation between tree size and post-fire growth
rate.
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Avifaunal Response to the 1977 La Mesa Fire

Terrell H. Johnson' and Roland H. Wauer?

Abstract.—Three of 4 breeding bird transects in habitats ranging from
mixed conifer to pinyon-juniper were burned by the 1977 La Mesa Fire.
Large portions (25-80 percent) of the 3 burned transects suffered forest
loss from crown fire or scorching, but the pinyon-juniper transect did not
burn. The transects were surveyed during the breeding season before the
fireand 1, 2, 4, 6, and 14 years afterwards.

Species diversity increased after the fire, but breeding populations gen-
erally declined for several years before increasing above prefire levels.
This temporary population decline was more pronounced and lasted longer
on the more severely burned transects. Conversely, the population on the
unburned pinyon-juniper transect temporarily increased after the fire. Af-
ter 14 years, avian diversity and populations in the burn remained well
above prefire levels, except on the transect with 80% forest loss, where
the population was 22% lower due to a reduction in insectivores. Popula-
tions of seed-eating birds and raptors were consistently higher than be-
fore the fire. All 3 burned transects experienced both immediate and suc-
cessional changes in species composition.

Even an uncontrolled crown fire such as the La Mesa Fire can increase
the diversity and population of breeding birds. High fire intensity appears
to delay recovery of avian populations from short-term postfire declines,
and extensive crown fire appears to reduce populations after most snags
have fallen, but even the most severely burned areas of the La Mesa Fire
generally retained some live trees and snags and supported diverse, sub-
stantial populations of breeding birds after the fire. Application of moder-
ate intensity prescribed fire to relatively dense stands such as those burned
by the La Mesa Fire can enhance avian diversity and populations without
the disadvantages of high intensity crown fires.

INTRODUCTION

In May and June, 1977, before the La Mesa Fire,
Wauer began to survey 7 avian population
transects in different habitats in Bandelier National

burned transects in more detail, as did Wauer and
Dennis (1980) for the unburned Frijoles Mesa
transect.

These 4 transects were again surveyed for breed-

Monument. In mid-June, 1977, the L.a Mesa Fire
burned 3 transects (near Apache Spring, on
Escobas Mesa, and on Burnt Mesa) and burned to
within 400 m of a fourth (on Frijoles Mesa). These 4
transects are all located on the mesas between
Frijoles Canyon and State Highway 4, ranging
from higher to lower elevations in the order of
Apache, Escobas, Burnt , and Frijoles. The major
vegetation types range along the gradient from
mixed conifer to pinyon-juniper (Table 1). Wauer
and Johnson (1984) described vegetation on the 3
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ing birds in 1978, 1979, 1981, 1983, and 1991—1, 2,
4, 6, and 14 years after the fire—except for Frijoles,
which was not surveyed in 1983. Analysis of the
short-term effects of the fire on avifauna, based on
1977-79 data for the 3 burned transects, was pre-
sented at the 1981 La Mesa Fire Symposium

! Wildlife Ecologist, P.O. Box 327, Los Alamos, NM 87544

2 Natural Chief, Resources Management, National Park Service (re-
tired), 315 Padre Lane, Victoria, TX 77905




Table 1. Percent coverage of major vegetation types on four 40 ha
bird transects before the La Mesa Fire. Data were derived from
GIS analysis of Koehler (1974) and Potter and Foxx (1981) maps
of prefire vegetation. Average transect elevations are in
parentheses.

Apache Escobas Burnt Frijoles

Vegetation type (2540 m.) (2250 m.) (2210 m.) (2030 m.)

Montane meadow 1

Mixed conifer 51

Ponderosa/mixed conifer 38 70

Ponderosa pine 10 30 56

Ponderosa/pinyon-juniper 44 41

Pinyon-juniper 59
Total 100 100 100 100

(Wauer and Johnson 1984). These included in-
creased species diversity, marked increases in
woodpeckers, and declines in total population.
Subsequent surveys recorded long-term trends and
succession after the fire. These data also highlight
some differences among the transects, which can
provide guidance for fire management.

METHODS

All transects were permanently marked fixed
lines, each 1 mile long. Fifty-two 31 m intervals
along the center line and four 31 m intervals on
each side defined 416 cells that totaled 40 ha
(Emlen 1971). Transects were surveyed during the
first 2-3 hours after sunrise by slowly walking the
transect line and recording all birds heard or seen
on a gridded field form (Wauer and Johnson 1984).
The species, type of detection (song, note, or sight),
breeding activities, and movements were also re-
corded, making the field form a complete record of
observations during the survey. Occasional excur-
sions from the center line were made to aid identi-
fication and detection. All transects were surveyed
during the height of the breeding season, on dates
ranging from May 13 to June 17 for Frijoles, and
May 16 to June 20 for Apache. Wauer initiated the
study and did all the fieldwork in 1977, Johnson
and Wauer each did half in 1978, Johnson did all
the fieldwork in 1979, 1981 and 1983, and Wauer
returned to do it all in 1991.

Each field form is essentially a map of the distri-
bution of birds that were detected during that sur-
vey. For analysis, each survey was summarized by
the counts of each species in each of the 4 lateral
distance intervals, on either side of the center line.
Breeding species were assumed to be paired and

counted in pairs, i.e., counting 2 for a singing male,
an isolated individual, or 2 birds together. Con-
versely, non-breeding species were counted singly.
Species were classified as breeding if they could
breed in the habitat of each transect (whether or
not firm evidence of breeding was recorded) or
non-breeding if they were known not to breed in
that habitat. Classification was based on personal
observations and a local breeding bird atlas (Travis
1992). Birds were counted in the cell where they
were first detected, and recorded movements were
used to avoid double counting.

Rather than using coefficients of detectability to
estimate population densities (Emlen 1977), an ef-
fective survey area was determined for each spe-
cies, its population was estimated in that area, and
the result was normalized to the density of birds
per 40 ha. For each species, counts in each interval
were totaled for all years and transects to judge the
lateral range of intervals in which birds of that spe-
cies were regularly detected, which was never less
than 2 intervals. A regular detection range of 2, 3,
or 4 intervals corresponded with an effective sur-
vey area of 20, 30, or 40 ha, and only birds counted
within the detection range of each species were
used to estimate its population (see Appendix 1).
For 20% of the species (mainly the smaller flycatch-
ers, nuthatches, and warblers), prefire and postfire
detection ranges differed due to the loss of forest
cover, and the smaller prefire ranges were used
both before and after the fire.

Compared to mapping census techniques,
transect surveys cover more ground and attempt to
compensate for less precision with better statistics.
The essential premise in estimating populations of
breeding birds from survey counts is that they are
paired and resident during the breeding season.
Actually, some birds may not be paired, some may
be moving through the area, and double counts are
possible, all of which would exaggerate pair
counts, but more birds are likely to be paired but
sometimes undetected. Wauer and Johnson (1984)
used the maximum count for each species as a rea-
sonable estimator of population, because most
breeding birds probably do meet the premise of
being paired residents, and in that case the counts
could not exceed the population. However, the
maximum count is a statistically biased estimator
because it tends to increase the more times a
transect is surveyed, which varied from 3 to 6
times in our study (Table 2).

We refined this approach with the conjecture that
the average maximum count should approach a
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Table 2. Number of breeding species detected on each transect
from 1977-1991.The number of surveys is listed in parentheses.

Transect 1977 1978 1979 1981 1983 1991
Apache 29 (1) 39(5) 34(3) 40(5) 39(8) 41(3)
Escobas 32(3) 31(4) 30(3) 34(5) 39(6) 36(3)
Burnt 32(4) 36(5) 30(3) 38(4) 39(5) 37(3)
Frijoles 31(5) 29(3) 29(4) 31(3) (0) 30(3)

Average (total) 31 (13) 34 (17) 31 (13) 36 (17) 39 (17) 36 (12)

limit as the number of surveys increases, and that
this limit is a better estimator of population. The
actual maximum in any particular sample is likely
to be less but may be more than the expected value
of the maximum. The standard deviation of
transect survey counts was low for highly detect-
able species such as solitary vireos, and high for
less consistently detected species such as western
bluebird. Nonetheless, the average maximum
count, expressed as a number of standard devia-
tions above the mean, was similar for all species.
Combining all species in all years, the average
maximum count exponentially approached a value
of 1.58 standard deviations above the mean
(Figure 1).

Assuming a normal distribution, the mean, stan-
dard deviation, and the variances of the sampling
distributions of survey counts can be estimated
(Bulmer 1979). From unbiased estimators of these
values, the population of each breeding species on
each transect each year was estimated as the mean
plus 1.58 times the estimated standard deviation of
its survey counts, and a standard error was calcu-
lated to represent the statistical uncertainty in this
estimate. The variance provided an estimate of the
standard error of the population estimate, which is
a measure of the statistical variability of the data,
and not necessarily of the uncertainty in the true
population. True population uncertainty may also
include a number of unquantifiable potential bi-
ases related to methods of gathering and analyzing
data, which should not primarily affect compari-
sons between years or transects.

In cases where birds were readily detected and
counts were consistent, e.g., 10-12 birds, the stan-
dard deviation was small and the population esti-
mate was not far above the mean count, but in
cases where birds were not as easily detected and
the counts varied considerably, e.g., 0-12 birds, the
standard deviation was large, and the estimate was
well above the mean. In both cases, the estimate
was generally similar to the maximum count. The
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Figure 1. Average dependence of the maximum count on the num-
ber of surveys performed. The maximum count was measured
by the number of standard deviations by which it exceeded the
mean, which was similar for all species. Combining all species
and transects, this plot shows the average value of the maxi-
mum count for 3 surveys (n = 373), 4 surveys (n = 151), 5 sur-
veys (n = 242), and 6 surveys (n = 82). Error brackets display a
range of plus or minus 1 standard error. An exponential ap-
proach to a llmit was assumed, and the population of each
breeding species was estimated as the mean plus 1.58 stan-
dard deviations of the sample count, which is unbiased by the
number of surveys.

1977 data on Apache were limited to a single sur-
vey before the fire, so neither the standard devia-
tion nor population can be estimated for that year.

The species diversity index was calculated as H’
=— L P, log(P,), where P, is the proportion of the
total population filled by each species (Shannon
and Weaver 1963). This number is higher the more
species are present and the more equal the popula-
tions of each, but does not depend on the total
population. No attempt was made to compensate
for the tendency of the known number of species to
increase with the number of surveys, which affects
the species diversity index, or to estimate uncer-
tainty in these results. Observer differences might
also affect species totals through the ability of a
more experienced observer to identify uncommon
species quickly. However, the data do not manifest
any obvious variations due to survey effort or ob-
servers. Biomass estimates were derived from
population estimates and published average indi-
vidual weights of each species (Bock and Lynch
1970; Salt 1957; Wauer and Dennis 1980; Terres
1980).

Classification of each species into nesting and
foraging guilds (Appendix 1) was determined by
observations and known behavior (Ehrlich et al.
1988; Terres 1980). Four nesting guilds were distin-
guished: ground, cavity, foliage, and parasitic. Spe-



cies were assigned to foraging guilds (Table 3)
similar to those developed by Salt (1957), except
that omnivores were placed in the category that
best represents their primary consumption during
the breeding season. These guilds represent both a
kind of food gathered and a method of gathering it.
Many species consume a variety of foods, e.g., both
seeds and insects, and some gather it in a variety of
ways, but each species was assigned to a single
guild for purposes of comparison. Western and
mountain bluebirds and Townsend's solitaires (all
of which habitually swoop from perches to insects
near the ground) and house wrens (which often
glean insects from downed wood) were moved
from the foliage insect guild (Wauer and Johnson
1984) to the ground insect guild to better distin-
guish their foraging habits from the more arboreal
habits of warblers and vireos. Foraging guilds were
grouped into those of primary consumers (seed
and nectar), insectivores (including crustaceans
and other invertebrates gathered in a variety of
ways), and predators.

Habitat use by non-breeding species is not com-
parable to use by breeding species, but may be sig-
nificant. For non-breeding species, which do not
nest but may forage on a transect, the mean survey
count was used instead of the maximum as a rea-
sonable estimate of presence, and hence foraging
use. Only breeding species were included in analy-
ses of species richness and diversity, population,
biomass, and nesting guilds, but foraging use esti-

Table 3. Foraging guilds, modified from Salt (1957).

Consumer
Category Foraging guild Abbreviation Example
Primary Ground seed GS Mourning dove
Foliage seed FS Red crossbill
Foliage nectar FN Broad-tailed
hummingbird
Insectivore Ground insect Gl American robin
Timber drilling TOI Hairy
insect woodpecker
Timber searching TSI White-breasted
insect nuthatch
Foliage insect Fl Yellow-rumped
warbler
Air perching insect API Western
wood-pewee
Air soaring insect ASI Violet-green
swallow
Predator Ground predator GP Cooper's hawk

mates for non-breeding species were combined
with population estimates of breeding species in
analysis of foraging guilds.

Potter and Foxx (1984) mapped foliar damage of
trees in the La Mesa Fire area, and we used that
information to assess the intensity and extent of the
fire on and around each transect. Nearly all trees
died in areas of crown fire (all needles consumed)
or scorching fire (all needles browned), but many
survived in areas of less intense ground fire (foliar
damage classes 14). Browned needles, which sub-
sequently fell to the ground and reduced erosion,
indicate somewhat lower fire temperatures than
consumed needles. The Escobas transect had the
largest area of crown fire (one third). Combining
areas of crown fire and scorching fire, Apache lost
about one quarter of its forest, Escobas lost one
third, and Burnt lost four fifths (Figure 2). Forest
loss was proportionately greater on both the
Apache and Burnt transects than in the surround-
ing areas, but it was similar in the case of Escobas.

Although the habitats on the 3 burned transects
ranged from mixed conifer and ponderosa pine at
higher elevations to ponderosa pine with pinyon-
juniper at lower elevations (Table 1), and character-
istics of the burn were different on each transect,
their data were averaged. In a broad sense, all
burned transects were forested with a component
of ponderosa pine, and were burned by an intense,
uncontrolled fire. They were also examined indi-
vidually for information on response of avifauna in
the specific habitats to different burn characteris-
tics. The only unburned transect was pinyon-juni-

Apache Escobas Burnt

[C] Unbumed [7] Underburned Scorched [ Crowned

Inner circle = 40 ha transect Quter circle = 300 ha surronndings

Figure 2. Relative extent and intensity of the La Mesa Fire on the 3
burned 40 ha transects and on 300 ha surrounding and includ-
ing the transects. Nearly all trees died on both scorched and
crowned areas, but the fire consumed all needles in the crowned
areas. Data were derived from GIS analysis of the Potter and
Foxx (1984) map of foliar damage.
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per with ponderosa pine and we compared that to
the 3 burned transects primarily as a check on
methods, weather variations, and large scale
trends. Finally, we have assumed orderly change to
represent periods when transects were not sur-
veyed. This is displayed graphically by straight
lines connecting data of surveyed years.

RESULTS

Species Richness and Diversity

Overall, 85 species of birds were detected on a
total of 89 transect surveys, including 71 breeding
species, with 51 on Apache, 50 on Escobas, 51 on
Burnt, and 38 on Frijoles. The average number of
breeding species (richness) on the 3 burned
transects temporarily increased the year after the
fire, decreased the second year, increased from 2-6
years after the fire, and remained high thereafter. It
followed the same pattern on each of the burned
transects (Table 2), except that it did not increase
the year after the fire on Escobas. The study period
concluded with more breeding species on each
burned transect than before the fire, increasing
from 29 (only 1 survey) to 41 on Apache, 32 to 36
on Escobas, and from 32 to 37 on Burnt. In contrast,
species richness on unburned Frijoles changed
little, ranging from 29-31 throughout the study
period.

Before the fire, the average breeding species di-
versity (H') on the 3 burned transects (Figure 3)
was lower than on unburned Frijoles. Similar to
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Figure 3. Shannon diversity index for populations of breeding birds
on the 3 burned transects (Apache, Escobas, and Burnt) and
the unburned Frijoles transect from 1977-1991. Dependence of
diversity on species richness and hence the number of sur-
veys performed (Table 2) precludes calculating standard errors
for these data.
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changes in the number of breeding species, species
diversity on the 3 burned transects temporarily
increased the year after the fire, increased from 2—4
years after the fire, and remained high thereafter.
Species diversity on the unburned Frijoles transect
changed little. Each of the 3 burned transects had
similar species diversities before the fire and from
6-14 years after the fire, but differed during the
period from 14 years after the fire, especially on
Escobas, where diversity increased more slowly.

Population and Biomass

The average population of breeding birds on the
3 burned transects (Figure 4) dropped during the
first 2 years after the fire, but recovered by the
fourth year and remained high at the end of the
study. In contrast, the population on unburned
Frijoles was higher 14 years after the fire than
before it, but thereafter declined to below its prefire
level. Population trends on the 3 burned transects
differed.

The Apache breeding bird population increased
for 14 years after the fire (Figure 5), and declined
slightly thereafter, but remained higher than imme-
diately after the fire (the prefire population is un-
certain). Some species, such as pygmy nuthatch
and pine siskin, declined then recovered, while
others, such as violet-green swallow and house
wren, simply increased. Some species, such as
mourning dove and several woodpeckers, were
most common from 14 years after the fire.

Burned average
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Figure 4. Population of breeding birds on the 3 burned transects
(Apache, Escobas, and Burnt) and the unburned Frijoles
transect from 1977-1991. Error bars display a range of plus or
minus 1 standard error in the population estimates.
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individual transect from 1977-1991. Error bars display a range of plus or minus 1 standard error in the population and biomass esti-
mates. Apache data for 1977 were based on only 1 survey, and underestimate prefire values.

75



The Escobas breeding bird population declined
to a minimum 4 years after the fire, then increased
to its highest level at the end of the study (Figure
5). Some species, such as hermit thrush and
Virginia’s warbler were immediately reduced by
the fire, while others, such as solitary vireo and
yellow-rumped warbler, experienced slower de-
clines. Some species, such as violet-green swallow
and western bluebird, increased fairly steadily.
Others, such as acorn woodpecker and rufous-
sided towhee, did not appear until 6 years after the
fire, and then increased markedly.

The Burnt breeding bird population decreased
for 1-2 years, increased markedly the fourth year,
but declined thereafter, ending lower than before
the fire (Figure 5). Some species, such as
Hammond’s flycatcher and Grace’s warbler, were
initially reduced by the fire, and remained low,
while others, such as mountain bluebird and black-
headed grosbeak, increased from 2—4 years after
the fire, then declined.

The average standing crop biomass of breeding
birds on the 3 burned transects and unburned
Frijoles were similar before and for the first 2 years
after the fire, both with a temporary increase in
total biomass the year after the fire (Figure 5).
However, the burned average biomass increased 4
years after the fire and remained higher than be-
fore the fire, while the unburned Frijoles biomass
decreased and remained lower than at the begin-
ning of the study. As with population, the burned
average biomass was compiled from broadly simi-
lar changes on Apache and Burnt and markedly
different changes on Escobas.

Comparison of population and total biomass
(Figure 5) reveals average bird biomass (biomass/
population) in the relative position of the two
graphs. At the chosen scales, when the biomass
graph falls on top of the population graph, average
bird mass is 33 g, and when the biomass graph is
lower than the population graph, average bird
mass is lower. Average bird mass on the 3 burned
transects increased from about 23 g before the fire to
30 g after, and has remained higher than before. This
increase was greatest and persisted throughout the
study period on Escobas and Burnt, but lasted only
2—4 years on Apache. On unburned Frijoles, the aver-
age bird size decreased from 1-4 years after the fire.

Nesting guilds

Overall, average populations in the nesting
guilds on the 3 burned transects (Figure 6) were
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fairly steady except for a decreased number of foli-
age nesters the year after the fire and a temporary
decrease in the number of cavity nesters 2 years
after the fire. Parasitic nesters (solely the brown-
headed cowbird) generally increased after the fire.

On Apache, where prefire data were not reliable,
the population of ground nesters declined after the
first postfire year, which was primarily due to a
decline in dark-eyed juncos. Cavity nesters in-
creased slightly but fairly steadily after the fire,
due first to temporary increases in populations of
several species of woodpeckers, then violet-green
swallows, western bluebirds, and house wrens.
Foliage nesters peaked 4 years after the fire, when
populations of species such as warbling vireo and
western tanager were highest.

On Escobas, changes in nesting guild popula-
tions were more dramatic. Populations of ground
nesters, especially dark-eyed juncos, and cavity
nesters, especially pygmy nuthatches and western
bluebirds, were lowest 2 years after the fire, but
foliage nesters were lowest 4 years after. Foliage
nesters such as Hammond’s flycatchers and
Grace’s warblers were still decliring then, and in-
creases in species such as broad-tailed humming-
bird and Virginia’s warbler had not yet overtaken
those declines. The decline and recovery of foliage
nesters took longest here, as some species were
gradually replaced by others.

On Burnt, a dip in the population of cavity nest-
ers occurred 2 years after the fire, as pygmy
nuthatches suffered a delayed decline. Cavity nest-
ers recovered from 24 years after the fire, led by
western bluebirds and house wrens, but declined
from 4-14 years after the fire, due to decreases in
mountain bluebirds, black-headed grosbeaks and
others. Foliage nesters also reached a low point 2
years after the fire, but increased from 2—4 years
after the fire, led by rufous-sided towhees and
lesser goldfinches.

On unburned Frijoles, ground nesters, especially
Virginia’s warblers, temporarily increased 2 years
after the fire. Cavity nesters, such as western blue-
birds, were actually less numerous 24 years after
the fire than earlier or later, which is when they
increased on Burnt. Foliage nesters, such as rufous-
sided towhees and lesser goldfinches, were more
numerous for 14 years after the fire. The parasitic
nesting brown-headed cowbird increased more on
this transect than on any other. Sometime from 4-
14 years after the fire, ground and foliage nesting
guilds declined to below their prefire populations,
while cavity nesters maintained their numbers.
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Foraging guilds

Primary consumers

Overall, populations of all primary consumers
(ground seed, foliage seed, and foliage nectar
guilds) on the 3 burned transects increased fairly
steadily after the fire, except for a temporary de-
cline in 1979 (Figure 7). The same pattern held on
each of the 3 burned transects. By the end of the
study, each of the guilds of primary consumers had
increased well above prefire levels. The decline in
population 2 years after the fire and recovery 4
years afterward occurred mainly in the foliage seed
guild on all 3 burned transects, especially among
Steller’s jays and pine siskins. The foliage nectar
guild, solely the broad-tailed hummingbird, in-
creased markedly on all 3 burned transects.

On Apache, where prefire data were not reliable,
population of the ground seed guild decreased
somewhat from the year after the fire until the end
of the study, but still remained higher than the single
count before the fire. Long-term growth in the foliage
seed guild was led by red crossbills and pine siskins,
which overcame a decline in evening grosbeaks.

On Escobas, population of the ground seed guild
was slightly higher the year after the fire, but fell back
and did not increase significantly until near the end
of the study, due to marked increases in rufous-sided
towhees and mourning doves. Long-term growth in
the foliage seed guild was led by red crossbills.

On Burnt, population of the ground seed guild
was lower the first 2 years after the fire, but in-
creased by the fourth year, led by rufous-sided to-
whees and dark-eyed juncos. The dark-eyed junco
had declined by the end of the study, but the
mourning dove and rufous-sided and green-tailed
towhee had increased more. Population of the foli-
age seed guild did not change much, and ended
the study near its prefire level.

On unburned Frijoles, primary consumers tempo-
rarily increased for 14 years after the fire. Population
of the ground seed guild, led by rufous-sided to-
whees, was higher for 2 years after the fire than be-
fore, but returned to its prefire level by the end of the
study. The foliage seed guild was higher for 4 years after
the fire, due primarily to higher numbers of lesser gold-
finches. The foliage nectar guild was slightly higher dur-
ing the whole period after the fire than before.

Insectivores
Overall, total populations of all insectivores
(ground insect, timber drilling insect, timber
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searching insect, foliage insect, air perching insect,
and air soaring insect guilds) on the 3 burned
transects decreased the year after the fire, but
changed little thereafter (Figure 8). However, only
the timber drilling and timber searching insect
guilds responded similarly on all 3 transects. Aver-
age timber drilling insect guild (woodpecker)
populations increased during the first year after
the fire, especially hairy and three-toed woodpeck-
ers. At the same time, the timber searching insect
guild (nuthatches) decreased for the first 2 years
after the fire, and never recovered to prefire levels.

Overall, populations of the ground insect guild
increased, as increases in western bluebirds and
house wrens overwhelmed dramatic losses of her-
mit thrushes, but details differed among transects.
The foliage insect guild decreased after the fire,
due to loss of warbler habitat, but responses were
different on the 3 burned transects. The air perch-
ing insect guild includes all the flycatchers and
changed little, except for being lower the year after
the fire, due primarily to decreases in Empidonax
flycatchers, but that response was not universal.
The air soaring insect guild is dominated by the
violet-green swallow, and generally increased after
the fire, but this did not occur everywhere either.

On Apache, where prefire data were not reliable,
population of the ground insect guild appeared to
decrease initially, then gradually increased, driven
by a steady increase in western bluebirds. The foli-
age insect guild remained steady after the fire, but
fell back at the end of the study, when warbling
vireos and Grace’s warblers decreased. The air
perching insect guild remained fairly steady except
for the year after the fire, but populations of
Hammond’s flycatchers and western wood-pewees
varied and tended to compensate for each other.
The air soaring insect guild increased fairly
steadily.

On Escobas, population of the ground insect
guild changed little before increasing in the final
year of the study, due to a marked increase in west-
ern bluebirds. The foliage insect guild decreased
initially, and again after 2 years, due to similar
trends in yellow-rumped and Grace’s warblers.
Virginia’s warblers, which were not found here for
2 years after the fire, increased toward the end of
the study, as the habitat became more shrubby.
Unlike the other transects, the air perching insect
guild did not decrease on Escobas the year after the
fire, but it was lower 46 years later, due to de-
creases in Hammond’s flycatchers. The air soaring
insect guild increased slowly but steadily.
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On Burnt, population of the ground insect guild
was variable after the fire, except for being mark-
edly higher from 46 years after the fire, due to the
temporary appearance of many mountain blue-
birds and lasting increases in house wrens and
western bluebirds. The foliage insect guild was
lowest the year after the fire, but fairly steady after
that, as solitary vireos and Virginia’s warblers in-
creased the second year. The air perching insect
guild not only declined temporarily the year after
the fire, but declined again toward the end of the
study, due to a decline in western wood-pewees.
The air soaring insect guild decreased the year af-
ter the fire, rebounded, and subsequently declined
slowly.

On unburned Frijoles, population of the ground
insect guild decreased gradually through most of
the study, but recovered at the end of the study,
due to a marked increase in western bluebirds. The
timber drilling insect guild was higher from 2—4
years after the fire. The foliage insect guild popula-
tion was slightly higher for 1-4 years after the fire,
especially plain titmice and black-throated gray
warblers, neither of which occurred in the fire area.
The air perching and air soaring insect guilds re-
mained steady throughout the study.

Predators

The ground predator guild includes all raptors,
even those that take their prey in the air. Popula-
tion density estimates for these species are vari-
able, as their territories are much larger than the
transects, and a nest may be located on the transect
one year and elsewhere the next. Nonetheless,
enough species were involved that predator guild
totals consistently increased on each of the 3
burned transects (Appendix 4). Raptor foraging
populations did not change on unburned Frijoles.
American kestrels were the most consistently
found nesting raptor on each burned transect, and
they increased especially 4-14 years after the fire.

DISCUSSION

Fire Effects

Apache was the least intensely burned transect,
where about one quarter of the mainly mixed coni-
fer forest was lost. This extent of burn seems to
have resulted in increased diversity, with a rela-
tively quick recovery of forest species. Although
Burnt suffered much more extensive forest loss
than Apache, about 80% compared to 25%, both

transects experienced about the same amount of
crown fire (Figure 2). The population on Burnt
peaked during a window of time when snags were
falling but still plentiful, and the ground was still
open, and then declined as the snags disappeared
and the habitat became more brushy.

Escobas experienced more forest loss than
Apache and less than Burnt, and is located midway
between the elevations of Apache and Burnt, but it
had the largest area of crown fire. We found no
other feature that separated Escobas from Apache
and Burnt, and assume that this greater extent of
crown fire accounts for the longer decline and
slower recovery of the population on Escobas than
on Apache or Burnt.

Bird biomass data indicate that, on average,
more large and fewer small birds were found after
the fire. The strength of the effect seems to be re-
lated to the extent of forest loss, as average mass
increase was smallest and temporary on Apache,
but continued through the end of the study on
Burnt. Birds that are more suited to the more open
habitat found after extensive forest loss, such as
Lewis” wood pecker, tend to be larger, and birds
that are suited to living among the branches of
trees, such as Grace’s warbler and pygmy
nuthatch, tend to be smaller. While fewer small
birds occupied the burned transects after the fire,
more small birds occupied Frijoles for 1-4 years
after the fire. However, this is evidently not di-
rectly related to the fire, as the only species that
increased significantly on Frijoles while decreasing
significantly on Burnt was the rufous-sided to-
whee, a larger than average bird. Two species that
were not even present on the burned transects,
black-throated gray warbler and plain titmouse
also increased significantly on unburned Frijoles. It
is possible that weather conditions or deposition of
airborne ash temporarily increased the biological
productivity of the Frijoles transect.

Experience with Frijoles and other transects
where the habitat was not changing suggests that
annual population variations of as much as 20%
are possible due to weather and other causes.
Weather may cause some species to shift their
breeding to higher or lower elevations in warmer
and drier or colder and wetter seasons. For ex-
ample, 1979 was a cold, wet season, and was the
only year of our study that the ruby-crowned king-
let or orange-crowned warbler were found on
Escobas or the warbling vireo or dark-eyed junco
were found on Frijoles. Also, higher or lower pro-
ductivity one year may affect breeding populations
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the next year. Pygmy nuthatches generally took 2
years to reach their lowest level on the 3 burned
transects, while woodpecker populations took the
same time to peak. The increase in numbers of
woodpeckers on Frijoles from 2—4 years after the
fire, seems like an overflow from the earlier and
larger increase of woodpeckers on the burned
transects.

A note of caution should be sounded concerning
the possibility that long-term effects other than fire
succession might be operating on the avifauna over
the 14 years of this study. In particular, large scale
trends in populations of neotropical migrants are
in question. From 1981-1991, populations on
Apache, Burnt, and Frijoles all declined, and only
the population on Escobas increased. Because the
transects were surveyed only 1 year after 1983,
more data are needed to determine if any declines
in neotropical migrants could be account for some
of the population changes observed here.

Table 4. Ecological succession after the La Mesa Fire.

Ecological relationships

The most obvious effect of a high intensity fire
such as the La Mesa Fire is to kill trees, creating
more open habitat and initiating a series of succes-
sional events. It is important to realize that none of
the fire-killed trees were removed in Bandelier, and
the presence of snags and downed logs benefited
the avifauna (Moeur and Guthrie 1984). While site-
specific ecological succession after the La Mesa Fire
was to a large extent a function of the different
habitat of each transect and the different intensities
and extents of forest loss each transect sustained,
some generalities are apparent. These are summa-
rized in Table 4.

Successional events began with the establish-
ment of more herbaceous growth in the first 1-2
years, in both more open forested areas and in de-
forested areas with abundant snags. The year after
the fire, perennial or annual grasses and forbs
seeded artificially or naturally the year before often

Period Environmental change

Favored species

Disfavored species

1-2 yrs Forest and foliage loss

Pygmy nuthatch
Mountain chickadee
Ruby-crowned kinglet
Qrange-crowned warbler
Grace’s warbler

Abundant snags, wood
insects

Open understory

Abundant nutrients,
vigorous herbaceous
growth, seed production

Increasing ground debris

Pine siskin
Hairy woodpecker
Three-toed woodpecker
Western bluebird Hermit thrush

Broad-tailed hummingbird
Dark-eyed Junco

House wren

Virginia's warbler
Rufous-sided towhee

2-4 yrs Falling snags, declining Mountain bluebird Hairy woodpecker
wood insects Violet green swaliow Three-toed woodpecker
Qlive-sided flycatcher
Mature herbaceous layer, Mourning dove
seed production
Shrubs deveioping Virginia’s warbler
4-14 yrs Shrubs, aspen maturing, Dusky flycatcher Mountain biuebird
most snags fallen Rufous-sided towhee
Green-tailed towhee
Tree foliage recovering Pygmy nuthatch
Grace's warbler
Acorn production Acorn woodpecker
Lewis’ woodpecker
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grew to gigantic proportions, fertilized by nutrients
released by the fire. This may account for increased
avian populations that year, which took place
among primary consumers (Figure 7), but not
among insectivores (Figure 8). Mortality of so
many trees provided a short term benefit to wood-
peckers, as insects proliferated within fire-killed
trees, but evidently reduced the availability of in-
sects on the bark, as nuthatches declined dramati-
cally (Figure 8).

From 24 years after the fire, many snags fell,
more structure was added to the ground, and the
herbaceous layer became more fully developed.
Bluebirds and house wrens benefited from these
changes. Finally (in our study period), from 4-14
years after the fire, some snags persisted, under-
story shrubs grew in surviving forest patches, and
brush developed in deforested areas. Primary con-
sumers, such as towhees and hummingbirds, con-
tinued to increase, and species that utilize acorns,
such as acorn woodpecker, appeared. Species asso-
ciated with shrubs, such as Virginia’s warbler and
the towhees multiplied.

Not a single species of bird detected before the
fire failed to be detected afterwards. On the other
hand, by creating diversity in the physical habitat,
the La Mesa Fire created openings for species that
were not found there before the fire. Not counting
rarely detected species, which are not adequately
represented by just 1 year of prefire data, fully 11
breeding species that had not been found on the 3
burned transects before the fire were found there
afterwards. These include the northern goshawk,
American kestrel, Lewis” and acorn woodpecker,
olive-sided flycatcher, rock, canyon and house
wren, mountain bluebird, green-tailed towhee, and
Cassin’s finch. Populations of some species, such as
Steller’s jay, Townsend’s solitaire, and American
robin were generally little changed by the fire.

Habitat preferences of each species dictate where
it will be found. Several examples illustrate this.
The three-toed woodpecker prefers, and is able to
find, recent burns. Before the fire, it was only
found in a recent (1976) burn on one transect,
whereas it was found on all 3 burned transects for
1-6 years after the fire. It was not detected on any
transect 14 years afterwards. The mountain blue-
bird prefers open grassland situations, and was not
found before the fire. Unlike the western bluebird,
which increased the year after the fire, the moun-
tain bluebird did not appear in numbers until 46
years afterwards, when snag fall had resulted in
more open habitat. Like the three-toed wood-

pecker, it had disappeared by the end of the study,
as brush had encroached on the grassland habitat.
The green-tailed towhee, acorn and Lewis” wood-
pecker did not appear until 4-6 years after the fire,
when some of the habitat became brushy, oaks be-
came productive, and many old cavities became
available in snags.

Predators increased, probably due to increased
prey availability, as the northern goshawk, for ex-
ample, nested near the Burnt transect 4 years after
the fire, which was well below its normal nesting
elevation. The spotted owl, which is generally
viewed as an inhabitant of dense, old growth for-
ests, was not detected in this daytime study but
was known throughout the study period to inhabit
canyons within the fire area where most of the for-
est was underburned. Spotted owls have also been
heard at night in areas of adjacent mesas that were
deforested by the fire, which still provide both
hunting perches and abundant prey.

CONCLUSIONS

The avifauna adapted well to the changing con-
ditions brought about by the 1977 La Mesa Fire. On
each of the 3 burned transects, species richness and
diversity increased. Prefire conditions generally
included fairly uniform stands of dense, second-
growth forest, which were variously replaced by
more open forests or complete loss of forest. Spe-
cies that lacked habitat before the fire found it in
these new, varied conditions, while all of the spe-
cies present before the fire continued to find some
habitat afterwards.

The effect of the fire on the total avian breeding
population depended on the severity of the burn.
On Apache, where the burn was least severe and
about one quarter of the forest was lost, the popu-
lation increased. On Escobas, where the intensity of
the fire was greatest (the most crown fire), and
about one third of the forest was lost, the popula-
tion declined for 4 years, then increased above its
prefire level. On Burnt, where the fire intensity was
not as great as on Escobas, but four fifths of the
forest was lost, the population declined for 2 years,
increased to peak after 4 years, then declined to a
lower level than before the fire. By comparison, the
population on unburned Frijoles was temporarily
higher after the fire.

Several management lessons are apparent. Fire
has beneficial effects on avian diversity, and mod-
erate fire can increase populations. Up to 25% for-
est loss in a 40 ha transect (Apache) does not seem
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to affect total breeding bird populations, and pro-
vides habitat for a diverse avifauna, at least when
fire-killed trees are left standing. Therefore, manag-
ers who are attempting to restore fire to the ecosys-
tem should not be too concerned if 10 ha pockets of
tree mortality occur during the process. However,
intense crown fire (Escobas) appears to depress
and delay recovery of bird populations, and exten-
sive forest loss (Burnt) appears to result in a long-
term lower population. In both cases, the resulting
habitat still supports diverse bird populations, but
crown fire and extensive forest loss should be
avoided by implementing prescribed and natural
fire plans to restore the role of fire as a natural eco-
system process.
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Appendices

Appendix 1. Avifauna species data. Foraging guild abbreviations are listed in Table 3. Area is the effective survey area, which depends on
the detectability of each species.

Weight Nesting Foraging Area
Common name Latin name (3) Guild Guild (ha)
Turkey Vulture Cathartus aura 2030.0 Ground GP 40
Sharp-shinned Hawk Accipiter striatus 177.0 Foliage GP 40
Cooper's Hawk Accipiter cooperif 4285 Foliage GP 40
Northern Goshawk Accipiter gentilis 937.5 Foliage GP 40
Red-tailed Hawk Buteo jamaicensis 1105.0 Foliage GP 40
American Kestrel Falco sparverius 113.5 Cavity GP 40
Peregrine Falcon Falco peregrinus 699.0 Cavity GP 40
Band-tailed Pigeon Columba fasciata 406.0 Foliage GS 40
Mourning Dove Zenaida macroura 137.5 Foliage GS 40
Great Horned Owl Bubo virginianus 1971.0 Cavity GP 20
Northern Pygmy-Owl Glaucidium gnoma 52.5 Cavity GP 30
Common Nighthawk Chordeiles minor 80.0 Ground AS! 30
Common Poorwill Phalaenotifus nuttallii 47.3 Ground Gl 20
White-throated swift Aeronautes saxatalis 14.5 Cavity ASI 30
Black-chinned Hummingbird Archilochus alexandri 25 Foliage FN 20
Broad-tailed Hummingbird Selasphorus platycercus 4.0 Foliage FN 20
Lewis' Woodpecker Melanerpes lewis 138.0 Cavity TDt 30
Red-headed Woodpecker Melanerpes erythrocephalus 73.2 Cavity TDI 40
Acorn Woodpecker Melanerpes formicivorus 67.4 Cavity TDI 40
Red-naped Sapsucker Sphyrapicus nuchalis 450 Cavity TDI 40
Williamson’s Sapsucker Sphyrapicus thyroides 61.5 Cavity TDI 40
Downy Woodpecker Picoides pubescens 26.5 Cavity TDI 30
Hairy Woodpecker Picoides villosus 69.8 Cavity TDI 30
Three-toed Woodpecker Picoides tridactyius 62.0 Cavity TDI 30
Northern Flicker Colaptes auratus 145.0 Cavity Gl 40
Olive-sided Flycatcher Contopus borealis 31.5 Foliage API 40
Western Wood-Pewee Contopus sordidulus 14.0 Foliage API 30
Hammond's Fiycatcher Empidonax hammondif 121 Foliage API 20
Dusky Flycatcher Empidonax oberholseri 125 Foliage API 20
Gray Flycatcher Empidonax wrightif 12.6 Foliage API 30
Cordilleran Flycatcher Empidonax occidentalis 125 Cavity API 30
Say’s Phoebe Sayornis saya 18.8 Cavity API 40
Ash-throated Flycatcher Myiarchus cinerascens 276 Cavity API 30
Cassin’s Kingbird Tyrannus vociferans 45.4 Foliage ASI 40
Violet-green Swallow Tachycineta thalassina 10.6 Cavity ASI 20
Cliff Swallow Hirundo pyrrhonota 12.5 Cavity ASI 30
Steller's Jay Cyanocitta stelleri 106.5 Foliage FS 40
Scrub Jay Aphelocoma coerulescens 72.0 Foliage FS 40
Pinyon Jay Gymnorhinus cyanocephalus 108.0 Foliage FS 40
Clark’s Nutcracker Nucifraga columbiana 130.0 Foliage FS 40
Common Raven Corvus corax 1027.0 Cavity GP 40
Mountain Chickadee Parus gambeli 115 Foliage TSI 20
Plain Titmouse Parus inornatus 15.0 Foliage Fl 30
Bushtit Psaltriparus minimus 58 Foliage Fl 20
Red-breasted Nuthatch Sitta canadensis 10.1 Cavity TSI 30
White-breasted Nuthatch Sitta carolinensis 18.0 Cavity TSI 30
Pygmy Nuthatch Sitta pygmaea 10.0 Cavity TSI 20
Brown Creeper Cethia americana 7.7 Cavity TSI 20
Rock Wren Salpinctes obsoletus 16.4 Ground Gl 30
Canyon Wren Catherpes mexicanus 16.0 Ground Gl 30
Bewick's Wren Thryomanes bewickii 10.1 Cavity Fl 30
House Wren Troglodytes aedon 10.0 Cavity Gl 40
Golden-crowned Kinglet Regulus satrapa 5.l Foliage Fl 20
continued
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Appendix 1. Avifauna specles data. Foraging guild abbreviations are listed in Table 3. Area is the effective survey area, which depends on

the detectability ot each species (continued).

Weight Nesting Foraging Area
Common name Latin name (9) Guild Guild {ha)
Ruby-crowned Kinglet Regulus calendula 6.1 Foliage Fi 30
Blue-gray Gnatcatcher Polioptila caerulea 5.0 Foliage Fl 20
Western Bluebird Sialia mexicana 24.6 Cavity Gl 30
Mountain Bluebird Sialia currucoides 26.6 Cavity Gl 30
Townsend's Solitaire Myadestes townsendi 32.0 Cavity Gl 30
Hermit Thrush Catharus guttatus 256 Foliage Gl 30
American Robin Turdus migratonus 88.0 Foliage Gl 40
Solitary Vireo Vireo solitarius 15.3 Foliage Fl 30
Warbling Vireo Vireo gitvus 113 Foliage Fl 30
Orange-crowned Warbler Vermivora celata 9.6 Foliage Fl 30
Virginia's Warbler Vermivora virginiae 8.4 Ground Fl 20
Yellow Warbier Dendroica petechia 9.3 Foliage Fl 30
Yellow-rumped Warbler Dendroica coronata 13.1 Foliage Fl 30
Black-throated Gray Warbler Dendroica nigrescens 7.5 Foliage Fl 30
Grace’s Warbler Dendroica graciae 7.5 Foliage Fl 20
MacGillivray’s Warbler Oporornis tolmiei 10.8 Foliage Fl 30
Hepatic Tanager Piranga flava 40.0 Foliage Fl 40
Western Tanager Piranga fudoviciana 29.0 Foliage Fl 30
Black-headed Grosbeak Pheucticus melanocephalus 46.0 Foliage Fl 40
Green-tailed Towhee Pipilo chlorurus 340 Foliage GS 40
Rufous-sided Towhee Pipilo erythrophthalmus 39.0 Foliage GS 30
Canyon Towhee Pipilo fuscus 459 Ground GS 40
Chipping Sparrow Spizella passerina 12.2 Foliage Gi 30
Dark-eyed Junco Junco hyemalis 20.3 Ground GS 30
Brewer's Blackbird Euphagus cyanocephalus 65.1 Ground Gl 30
Brown-headed Cowbird Molothrus ater 34.8 Parasitic GS 30
Cassin’s Finch Carpodacus cassini 27.6 Foliage FS 40
House Finch Carpodacus mexicanus 19.3 Foliage FS 40
Red Crossbill Loxia curvirostra 38.5 Foliage FS 30
Pine Siskin Carduelis pinus 12.1 Foliage FS 30
Lesser Goldfinch Carduefis psaltria 8.7 Foliage FS 30
Evening Grosbeak Coccothraustes vesperlinus 64.2 Foliage FS 30
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Appendix 2: Survey data (birds/40 ha). An asterisk marks each transect where a species breeds. Statistical uncertainty in each population
estimate is indicated by plus or minus 1 standard error, except on Apache in 1977, where only 1 prefire survey occurred.

Species

Breed Transect

1979 1981 1983
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Appendix 2: Survey data (birds/40 ha). An asterisk marks each transect where a species breeds. Statistical uncertainty in each population
estimate is indicated by plus or minus 1 standard error, except on Apache in 1977, where only 1 prefire survey occurred (continued}).

Species Breed Transect 1977 1978 1979 1981 1983 1991
Frijoles 0 0 0 0 = 0.7 £.7
Broad—tailed Hummingbird * Apache 4+ 1144 943 5+2 12 x4 18 £5
* Escobas 31 1145 1013 813 14 +4 34 +12
* Burnt 11+2 26 £8 25110 28110 16 3 32+6
* Frijoles 15+2 16 £5 34 +9 18 +5 — 24 +9
Lewis’ Woodpecker Apache 0 0 0 0 0 0
Escobas 4} 0 0 0 0 4]
* Burnl 0 0 0 0 2 +1 843
Frijoles 0 0 0 0 — 0
Red—headed Woodpecker Apache 0 0 0 0 0 0
* Escobas 0 0 0 2+8 0 0
Burnt 0 0 0 0 0 0
Frijoles 0 0 0 0 — 0
Acorn Woodpecker Apache 0 0 0 0 0 0
* Escobas 0 0 0 0 241 1343
* Burnt 0 0 0 0 442 4 +1
Frijoles 0 0 03+3 0 — 0
Red—naped Sapsucker * Apache 0 2+8 0 2+8 0 0
Escobas 0 0 0 0 0 0
Burnt 0 0 0 0 0 0
Frijoles 0 0 0 0 — 0
Williamson’s Sapsucker * Apache 12+ 943 541 4+8 11 #+1 2+7
* Escobas 0 8 +4 0 0 2+8 0
Burnt 0 0 0 0 0 0
Frijoles 0 0 0 0 — 0
Downy Woodpecker * Apache 3+ 542 0 0 0 3+£2
Escobas 0 0 0 0 0 0
Burnt 0 0 0 0 0 0
Frijoles 0 0 0 0 — 0
Hairy Woodpecker * Apache 4+ 19 +4 26 +12 17 +4 742 15 45
* Escobas 542 19 48 23 16 17 +5 8 +1 8 +3
* Burnt 11 +4 26 +9 29 £6 16 £3 10 +2 613
* Frijoles 6 £1 510 14 16 11 45 — 31
Three—toed Woodpecker * Apache 0 8 +3 11 45 542 31 0
* Escobas 21 0 137 4 +1 9+£2 0
* Burnt 0 2141 4+2 0 542 0
Frijoles 0 0 0 0 = 0
Northern Flicker * Apache ] 6+2 15 +6 6+2 72 742
* Escobas 4 +2 14 6 543 8 +2 10£2 6 +1
* Burnt 6 +2 7£2 241 542 1243 7T%£3
* Frijoles 6 +2 21 743 (4} — 3+.7
Olive—sided Flycatcher * Apache 0 2+8 0 7 42 6+2 147
* Escobas 0 31 241 3+ 2+7 341
* Burnt 0 0 0 341 240 1+£7
Frijoles 0 0 0 0 — 0.3+3
Western Wood—Pewee * Apache 3+ 6+2 543 28 £7 29 +4 613
* Escobas 13+8 62 15 £7 9+2 19 +4 19 £3
* Burnt 14 £5 1545 29 +12 3317 22 +6 943
* Frijoles 1545 712 6 +2 105 — 6+1
Hammond’s Flycatcher * Apache 42+ 2315 61 23 2245 42 +7 2543
* Escobas 3045 57 +22 59 £10 40 +8 21 46 31 £6
* Burnt 35+12 16 £3 1343 8 +2 12+4 13+4
* Frijoles 0 0 0 0 — 7 +4
Dusky Flycatcher * Apache 0 0 0 0 0 15 +6
* Escobas 16 +8 0 4} 0 0 17 6
* Burnt 412 0 0 0 0 0
Frijoles 0 0 0 0 — 0
Gray Flycatcher Apache 0 0 0 0 0 0
Escobas o} 0 0 0 0 0
continued
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Appendix 2: Survey data (birds/40 ha). An asterisk marks each transect where a species breeds. Statistical uncertainty in each population
estimate is indicated by plus or minus 1 standard error, except on Apache in 1977, where only 1 prefire survey occurred (continued).

Species Breed Transect 1977 1978 1979 1981 1983 1991
Burnt o - 0 0 0 0 0
* Frijoles 30 6 3819 41 19 36 +13 — 24 +4
Cordilleran Flycatcher * Apache 11+ 612 1216 123 4+9 513
* Escobas 12 +4 63 0 0 2+9 0
* Burnt 0 2+1 32 3+1 0 0
Frijoles 0 0 0 0 — 0
Say’s Phoebe Apache 0 0 0 0 0 0
Escobas 0 0 0 0 0 0
Burnt 0 0 0 0 0 0
Frijoles 0 0 0 0 — 0.3£3
Ash—throated Flycatcher Apache 0 0 0 0 0 0
* Escobas 0 3 +1 0 0 0 0
* Burnt 14 £7 612 412 412 241 1+0
* Frijoles 217 2116 17 5 12 +2 — 21 £3
Cassin’s Kingbird Apache 0 0 0 0 0 0
Escobas 0 0 0 0 0 0
* Burnt 0 0 0 0 0 210
Frijoles 0 0 0 0 — 0
Violet—green Swallow * Apache 8+ 1516 16 £8 29 +10 38 £7 35+13
* Escobas 15 14 10 +3 12 +4 23 16 22 +4 32 19
* Burnt 5119 24 18 56 +15 45 17 42 14 27 £5
* Frijoles 24 +9 16 4 18 +2 18 £5 — 1913
Cliff Swallow Apache 0 0 0 0 0 0
Escobas 0 0 0 0 0 0
Burnt 0 0 0 0 0 0
Frijoles ¢} 04zx4 0 0 — 0
Steller's Jay * Apache 2+ 24 18 4+t 113 5+8 13+3
* Escobas 814 18 £7 7 £3 12 £3 12 +2 14 45
* Burnt 17 16 197 1217 12 34 21 5 11 12
Frijoles 0 0 0.3+.3 0 — 0
Scrub Jay Apache 0 0 o] 0 0 0
Escobas 0 0 0 0 0 0
* Burnt 0 0 0 0 31 2+.7
* Frijoles 1343 17 4 17 6 1313 — 13 +3
Pinyon Jay Apache 0 0 0 0 4] 0
Escobas 0 0 0 0 0 0
Burnt 0 0 313 0 0 0
Frijoles 11 0 1+9 0 — 0.3+3
Clark’s Nutcracker * Apache 0 09+4 0 713 2+7 311
* Escobas 0 1+5 0 1+5 2+8 31
Burnt 0.3%3 2 +1 0 114 02+2 5+2
Frijoles 0.2+2 2+3 0.3+.3 0.3%3 = 0
Common Raven Apache 1+ 04zx2 116 0.6t.2 08+4 0.7 +.3
Escobas 03+3 14 0.3+3 0.6+.2 1+4 1+6
Burnt 0.3+3 110 03+3 03+3 0 2+.7
Frijoles 1+.4 110 0.5+5 0313 — 0.7+7
Mountain Chickadee * Apache 46+ 15 £3 27 £15 26 +8 133 24 £5
* Escobas 24 19 6 2 543 412 0 3 +1
* Burnt 22 48 0 0 412 512 7 x4
* Frijoles 13 +4 18 5 10 £2 14 6 — 7+3
Plain Titmouse Apache 0 0 0 0 0 0
Escobas 0 0 0 0 0 0
Burnt 0 0 0 0 0 0
* Frijoles 16 +4 44 +18 14 £3 34 +15 — 15 +2
Bushtit Apache 0 0 ¢} 0 0 0
Escobas 0 0 0 0 0 0
Burnt 0 0 0 0 0 0
* Frijoles 2+.8 513 4 +2 10 15 — 3+
Red—breasted Nuthatch * Apache 0 3+1 32 5+2 2+9 5+3
confinued
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Appendix 2: Survey data (birds/40 ha). An asterisk marks each transect where a species breeds. Statistical uncertalnty in each population
estimate is indicated by plus or minus 1 standard error, except on Apache in 1977, where only 1 prefire survey occurred (continued).

Species Breed Transect 1977 1978 1979 1981 1983 1991
Escobas 0 0 0 0 0 0
Burnt 0 0 0 0 0 0
Frijoles 0 0 0 0 — 0
White—breasted Nuthatch * Apache 3+ 2+1 3+2 15 16 5 +1 3 +1
* Escobas 913 8 +4 0 812 12 4 1012
* Burnt 613 5+2 84 17 £5 1113 8+3
* Frijoles 913 1213 1143 310 — 0
Pygmy Nuthatch * Apache 52+ 3119 10 15 18 13 2918 55 18
* Escobas 77 £18 48 £15 19 18 29 16 1913 57 +13
* Burnt 7113 54 +17 18 15 28 16 17 15 17 23
* Frijotes 17 x4 2116 612 10 15 — 16 +0
Brown Creeper * Apache 4+ 813 513 10 14 +2 5+1
* Escobas 211 0 0 0 3 +1 0
Burnt 0 0 0 0 0 0
Frijoles 0 0 0 0 — 0
Rock Wren Apache 0 0 0 0 0 0
Escobas 0 0 0 0 0 0
* Burnt 0 0 312 442 4 +1 0
* Frijoles 0 0 412 312 — 0
Canyon Wren Apache 0 0 0 0 0 0
Escobas 0 0 0 0 0 0
* Burnt 0 21 0 0 311 31
Frijoles 0 0 0 0 — 0
Bewick’s Wren Apache 0 0 0 0 0 0
Escobas 0 0 0 o} 0 0
Burnt 0 0 0 0 0 0
* Frijoles 145 0 0 312 — 0
House Wren * Apache 0 14 +2 26 19 2813 3314 34 +12
* Escobas 0 218 25 £7 16 +2 18 +2 2013
* Burnt 0 612 543 19 +1 27 +4 16 +4
Frijoles 0 0 0 0 — 0
Golden—crowned Kinglet * Apache 0 412 0 0 0 0
* Escobas 613 0 0 0 0 0
Burnt 0 0 0 0 0 0
Frijoles 0 0 0 0 — 0
Ruby—crowned Kinglet * Apache 21+ 14 £6 10 +2 6 £2 5+2 7 %1
* Escobas 0 0 3+2 0 0 0
Burnt 0 0 0 0 0 0
Frijoles 0 0 0.3+3 0 — 0
Blue—gray Gnatcatcher Apache 0 0 0 0 0 0
Escobas 0 0 0 0 0 0
* Burnt 0 412 0 0 0 0
* Frijoles 19 +6 14 16 2116 1815 — 513
Western Bluebird * Apache 0 2+1 312 8 x1 112 24 +9
* Escobas 5+3 18 18 9 +1 2015 28 15 53110
* Burnt 1114 24 £7 712 34 +4 42 £10 31 14
* Frijoles 1213 18 £9 411 310 — 27 +7
Mountain Bluebird * Apache 0 0 0 211 0 0
* Escobas 0 0 0 0 219 0
* Burnt 0 2+1 0 20 7 14 15 0
Frijoles 0 0 0 0 — 0
Townsend’s Solitaire * Apache 3+ 10 24 312 612 1113 0
* Escobas 513 612 712 41 411 312
* Burnt 310 913 310 31 211 0
Frijoles 0 0 0 0 —_ 0
Hermit Thrush * Apache 44+ 10 13 11 +2 1212 1213 813
* Escobas 39 £12 813 742 41 31 0
* Burnt 28 £10 612 0 613 0 0
Frijoles 03+.3 0 11 0 — 0414
contfinued
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Appendix 2: Survey data (birds/40 ha). An asterisk marks each transect where a species breeds. Statistical uncertainty in each population
estimate is Indicated by plus or minus 1 standard error, except on Apache in 1977, where only 1 prefire survey occurred (continued).

Species Breed Transect 1977 1978 1979 1981 1983 1991
American Robin * Apache 10+ 10 £3 210 6 +2 7+2 7 +1
* Escobas 612 31 813 28 4 +1 7 £t
* Burnt 0 7 13 0 6 £3 7 £2 4 +1
* Frijoles 712 0 0 4£2 - 6 £2
Solitary Vireo * Apache 5+ 2 11 7 13 10+3 11 +2 5 +1
* Escobas 2017 17 24 2516 16 6 912 12 13
* Burnt 132 813 18 £4 19 +4 1112 8 1
* Frijoles 12 43 123 1915 7 14 — 21
Warbling Vireo * Apache 27+ 2819 26 18 42 +8 30 +7 1342
* Escobas 211 613 1015 612 0 110
* Burnt 0 0 312 713 ] 513
Frijoles 0 0 0.7+.7 0 — 0
Orange—crowned Warbler * Apache 114 21 310 4+1 0 6 +2
* Escobas 0] 0 312 0 0 0
Burnt 0 0 0] 0 0] 0414
Frijoles 0 0 0 0] — 0
Virginia’s Werbler * Apache 8+ 0 0 813 0 31
* Escobas 21 £10 0 0 612 1243 15145
* Burnt 26 9 8+3 14 13 14 15 8+3 3217
* Frijoles 13 t4 513 25112 10 16 — 513
Yellow Warbler Apache 0] 0 0 0 0] 4]
Escobas 0] 0 0 0 0 0
Burnt 0 0 0 03+3 0 0
Frijoles 0 0 0 0 — 0
Yellow—rumped Warbler * Apache 27+ 40110 37 £11 24 +4 29 +4 24 £9
* Escobas 29 £10 1313 1815 441 712 31
* Burnt 612 512 714 6 +2 18 16 211
Frijoles 413 313 0 0 — 0
Black—throated Gray Warbler Apache 0 0 0 0 0] 0
Escobas 0 1] 0 0 0 0
Burnt 0 0 0 0 0 0
* Frijoles 512 23 10 217 23110 — 6 +1
Grace’s Warbler * Apache 0 16 14 26 £10 16 £3 16 +4 0
* Escobas 39 +15 28 9 33 +15 12 £3 113 29 +3
* Burnt 40 7 1113 14 15 812 512 1314
* Frijoles 1214 10 £5 1313 1115 — 1143
MacGillivray’s Warbler Apache 0] 0 0] 0 0 0]
Escobas 0 0 0 0 0] 0
Burnt 0 0 0 0 0 04t4
Frijoles 0 0 0 0 — 0
Hepatic Tanager Apache 0 0 0 0] 0] 0
Escobas 0 0 0 0 0 0
Burnt ] 0 0 0 0 0
* Frijoles 318 0 0 31 — 217
Western Tanager * Apache 5+ 12 +4 16 +4 1912 18 +4 1145
* Escobas 10 t4 713 1316 1113 1814 612
* Burnt 17 16 12 +4 24 9 17 16 16 14 7 12
* Frijoles 21 0 412 73 — 112
Black—headed Grosbeak * Apache 4+ 512 4 +1 6 +2 5+1 0
* Escobas 14 15 21110 511 412 3.8 5+1
* Burnt 2 +1 0 513 14 £6 612 31
* Frijoles 512 7 14 412 7 14 — 8 +4
Green—tailed Towhee * Apache 0 0 0 0 2+7 8 +4
* Escobas 0 0 0 0 5+1 915
* Burnt 0 0 0] 512 4+t 7 12
Frijoles 0 0 0 0 — 0
Rufous—sided Towhee * Apache 0 0 0 0 0] 312
* Escobas 0 0 0 0 612 22 +7
* Burnt 1215 712 412 2313 19+3 356
continued
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Appendix 2: Survey data (birds/40 ha). An asterisk marks each transect where a species breeds. Statistical uncertainty in each population
estimate is indicated by plus or minus 1 standard error, except on Apache in 1977, where only 1 prefire survey occurred {continued).

Species Breed Transect 1977 1978 1979 1981 1983 1991
* Frijoles 22 17 48 +7 41 +10 22 19 — 24 18
Canyon Towhee Apache 0 0 0 0 0 0
Escobas 0 0 0 0 0 0
Burnt 0 0 0 0 0 0
* Frijoles 0 311 0 0 — 0
Chipping Sparrow * Apache 8+ 6 11 3+2 612 341 0
* Escobas 312 8+4 8+4 612 511 83
* Burnt 17 +4 2113 18 £3 2145 8 +1 312
* Frijoles 27 £7 23 £2 2313 2143 — 16 £3
Dark—eyed Junco * Apache 13+ 43 £12 26 £11 2143 185 6 +1
* Escobas 15 16 35 +12 14 6 18 +4 20 +4 8+4
* Burnt 11 +£3 6 £2 612 20 16 7 +2 0
* Frijoles 0 0 442 0 — 0
Brewer's Blackbird Apache 0 0 0 0 0 0
Escobas 0 0 0 0 0 0
Burnt 0 0 0 0 0 0
Frijoles 05%5 0 0 ] — 0
Brown—headed Cowbird * Apache 0 31 32 813 103 613
* Escobas 0 0 712 6 2 511 912
* Burnt 2+.8 311 312 7 +2 415 713
* Frijoles 115 13 £6 9 +4 20 18 — 612
Cassin's Finch * Apache 0 0 0 0 2+7 211
* Escobas 0 0 0 0 0 614
* Burnt 0 2+8 0 0 0 0
Frijoles 0 0313 0 0 — 0
House Finch Apache 0 0 0 0 0 0
Escobas 0 0 0 0 0 0
Burnt 0 0.2+2 0 ] 0 0
* Frijoles 2+.8 241 2 #1 0 — 317
Red Crossbill * Apache 5+ 412 0 26 £11 219 40 £10
* Escobas 7 13 31 0 7 £2 412 40 +14
* Burnt 14 6 11 +4 0 0 2 +1 20 +11
* Frijoles 211 63 0 7 +4 — 1316
Pine Siskin * Apache 12+ 311 0 16 5 368 24 +4
* Escobas 1116 6+3 0 KE ] 5 £1 713
* Burnt 4 +1 2+7 0 512 1516 0
Frijoles 212 11 0 0 — 0.4+4
Lesser Goldfinch * Apache 0 0 0 0 0 211
* Escobas 211 0 0 0 0 0
* Burnt 442 512 312 1315 813 32
* Frijoles 0 12 16 713 258 — 3+2
Evening Grosbeak * Apache 7+ 22 15 198 22 +7 195 211
* Escobas 0 542 312 311 31 0
Burnt 0 0.5:%.5 0 0 0 0
Frijoles 0.51.5 0 11 0 — 0
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Appendix 3. Nesting gulld data (birds/40 ha). Statistical uncertainty in each population estimate is indicated by plus or minus 1 standard
error, except on Apache in 1977, where only 1 prefire survey occurred.

Nesting Guild Transect 1977 1978 1979 1981 1983 1991
Ground Apache 21+ 43 £12 26 £11 30 +4 18 £5 9+2
Escobas 37 +12 35 £12 14 +6 24 +4 36 £6 32 18
Burnt 40 £10 17 t4 27 +4 42 £8 22 +4 42 +8
Frijoles 16 £5 813 33+12 17 6 — 5 +3
Cavity Apache 99+ 142 £14 139 21 168 £14 16512 196 +22
Escobas 137 19 162 +22 113 £15 132 £12 144 +9 20319
Burnt 175 +14 169 £23 140 £18 197 +14 197 £14 129 £10
Frijoles 96 +13 99 +14 76 £9 60 +9 — 89 +8
Foliage Apache 283+ 262 £20 276 £34 325 +22 308 +18 269 +19
Escobas 288 +29 225 +28 242 +24 156 £12 155 +11 289 +25
Burnt 268 124 180 +16 179 122 247 £19 202 £15 201 +17
Frijoles 233 +18 316 £29 292 £22 293 +29 — 219 £17
Parasitic Apache Q 3 £1 32 8 £3 103 6 £3
Escobas 0 0 7 %2 62 5 *1 92
Burnt 2+8 3 +1 312 7£2 4+5 713
Frijoles 1£5 13 46 9+4 20 +8 — 6 t2
Nesting totals Apache 403+ 449 £27 445 +41 530 +26 500 +22 481 +29
Escobas 461 £37 422 +38 377 £29 31818 341 +16 533 +32
Burnt 484 £29 368 +28 350 +28 493 £25 425 +21 378 +22
Frijoles 348 22 436 +33 410 +27 389 +32 — 319 +19
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Appendix 4. Foraging gulld data (birds/40 ha). Statistical uncertsinty in esch population estimate is indicated by plus or minus 1 standard
error, except on Apache in 1977, where only 1 prefire survey occurred.

Foraging Guild Transect 1977 1978 1979 1981 1983 1991
Ground seed Apache 13+ 45 £12 37 £12 334 32 16 25 15
Escobas 19 16 35112 24 17 24 14 3745 59 10
Burnt 32 16 20 +4 16 3 617 37 4 60 18
Frijoles 37 18 77 £11 64 £11 44 12 — 3719
Foliage seed Apache 26+ 54 £10 23 18 82 15 85 £10 85 11
Escobas 29 18 3218 10 3 27 14 27 4 70 16
Burnt 39 19 40 +9 18 18 3116 49 +9 41 11
Frijoles 2114 41 18 29 17 45 19 — 34 17
Foliage nectar Apache 4+ 1114 9+3 5+2 12 +4 18 5
Escobas 3 %1 1115 10 £3 8+3 14 +4 34 +12
Burnt 11 +2 26 18 25110 28 10 16 3 32 16
Frijoles 15 £2 16 £5 34 19 18 £5 = 24 19
Ground insect Apache 65+ 59 17 64 12 7315 83 17 80 15
Escobas 63 +13 78 £13 70 19 59 16 74 16 96 +11
Burnt 64 11 84 £10 39 5 118 £10 120 +12 69 +8
Frijoles 56 18 43 10 39 15 3114 — 52 18
Timber drilling insect Apache 19+ 43 16 42 £13 28 5 21 13 20 15
Escobas 6+2 28 19 36 +9 2315 22 13 21 14
Burnt 11 +4 29 19 3317 16 +3 214 18 +4
Frijoles 6+1 510 14 +6 1115 — 3 1
Timber searching insect Apache 105+ 6110 49 £16 74 £11 53 9 83 +10
Escobas 113 120 62 £16 24 8 40 17 34 £5 70 £13
Burnt 99 +9 59 +18 27 6 49 18 34 16 3316
Frijoles 39 +7 518 27 4 27 18 — 23 +3
Foliage insect Apache 108+ 124 £16 129 +18 136 £11 115 110 69 +11
Escobas 141 +23 92114 11019 59 18 60 6 7147
Burnt 104 £13 48 +8 86113 86112 64 +8 7319
Frijoles 93 £11 123 +24 126 £17 135 £22 — 70 7
Air perching insect Apache 55+ 37 15 78 £24 70 £9 8118 53 £7
Escobas 72+13 75122 77 £12 52 +8 43 £7 69 £10
Burnt 67 £15 39 +7 50 £13 51 48 38 +8 2515
Frijoles 66 £10 65 111 64 £11 58 +14 — 60 6
Air soaring insect Apache 11+ 1516 17 £8 29 £10 38 +7 3 5+13
Escobas 15 +4 10 £3 12 +4 23 +6 26 £5 40 £10
Burnt 54 19 2518 61 £15 50 7 42 +4 3145
Frijoles 26 19 18 14 18 £2 22 16 - 19 13
Ground predator Apache 1+ 063 3 1 062 25 51
Escobas 03+3 1+4 3 £1 4 +1 58 4 1
Burnt 4 42 3t6 03t3 712 518 6 t1
Frijoles 245 412 0.8+6 115 — 31
Total foraging Apache 406+ 449 +27 452 £42 531126 501 £22 482 £29
Escobas 462 +37 423 +38 377 +29 31918 342 +16 534 +32
Burnt 486 £29 373 28 354 £29 497 +25 426 21 388 +22
Frijoles 359 +22 445 133 416 127 391 £32 — 32519
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Geomorphic Response of Six Headwater Basins

Fifteen Years After the La Mesa Fire,
Bandelier National Monument

William D. White

Abstract.—Factors important to hillslope erosion immediately following
the La Mesa forest fire included: 1) degree of ash development; 2) amount
of upslope catchment area; 3) degree of slope; and 4) type or complexity
of slope. Efficiency of transport of fire-derived sediment proved to be re-
lated to the density and continuity of drainage lines. Early controls to fire
related erosion proved to be needle cast from unburned crowns, and cli-
matic variability (e.g., the precipitation differences between elevations).
Fifteen years following the La Mesa fire, hillslope erosion has been in-
terrupted by: 1) downed, burned trees; and 2) increased ground surface
microtopography afforded by the aggradational building of grass pedes-
tals and cryptogamic crusts. The increased ground surface roughness en-
courages infiltration from the intensely burned areas. Infiltration becomes
shallow ground-water interflow which surfaces at the top margins of tribu-
tary canyons. The gathering of sediment-free runoff in the tributary and
trunk canyons entrains the temporarily stored sediment derived from the
mesa tops immediately following the fire. Present day sediment delivery
from burned areas of the mesa tops appears to be derived primarily from
moderately burned basins. While the characteristic needle cast protects
the moderately burned basin’s ground surface from rain drop impact and
channelized overland flow (rilling), the needle cast discourages the growth
of cryptogamic crusts. Without the combined infiltration-encouraging fac-
tors of cryptogamic crusts and downed trees (which are fewer in moder-
ately burned basins), precipitation in moderately burned areas generaily con-
centrates in the drainages and channel incision results. Storage of this sedi-
ment occurs where drainages widen, such as the mouth of the moderate burn
basin on Burnt Mesa, and on the lower gradient, mesa top trunk channels.

INTRODUCTION

Beginning three months following the June 1977
La Mesa Fire, six small (thousands of square
meters) headwater basins in the Rito de los Frijoles
watershed were instrumented to gauge their geo-
morphic response to the disequilibrium conditions
created by the fire (White and Wells 1984). I con-
ducted this work as a master’s thesis project
(White 1981). The basins were selected to represent
different burn intensities (intense, moderate, light),
at two different elevations (Burnt Mesa = 2225
meters elevation (7300 feet), BMINT, BMMOD,

BMLIT, respectively; Apache Springs = 2500 meters
elevation (8200 feet), ASINT, ASMOD, ASLIT, re-
spectively). All basins were intended to have simi-
lar aspects without fire lines or roads within basin
perimeters (White 1981). It proved difficult to lo-
cate accessible basins, so variance in aspects and
basin areas had to be accepted. Primary instrumen-
tation consisted of erosion pins spaced along three
transects per basin (headwater = Transect A;

'Geohydrologist, Bureau of Indian Affairs, 615 1st Stroet, Albuquer-
que, NM 87102.
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midbasin = Transect B; basin mouth (when present)
= Transect C or D). Five headwater basins were
instrumented in September, 1977 (BMINT,
BMMOD, BMLIT, ASINT, ASMOD); ASLIT was
instrumented in March, 1978, as was a mesa-top
archeological site as a control (BM ARCH).

This paper presents results from the 1992
remeasurement of more than 400 of the original
erosion pins and qualitative observations on fac-
tors of geomorphic significance fifteen years fol-
lowing the La Mesa fire. Among the factors
thought to influence the utility of recent erosion
pin measurements is the possibility of trampling
by the protected elk and deer populations within
the Park boundaries. Factors of geomorphic signifi-
cance include the check dams formed by the
downed, burned trees, and cryptogamic
crusts.Detailed descriptions of the study basins,
their relative locations, and drainage basin charac-
teristics, are provided in the proceedings of the
first La Mesa Fire Symposium (White and Wells
1984). 1t is important to note that the original study
did not include a long term plan to make use of the
original instrumentation, and that there are limita-
tions to the utility of the recent erosion data.

METHODS

Erosion Pin Measurements

Methods used in the initial post-fire study are
detailed in White (1981). Erosion pin measurement
dates are shown in Table 1. Nearly all rebar stakes
marking erosion pin transects were located and the
individual pins were located with a metal detector.
If a pin or washer was not visible, navigational
dividers were used to probe the accumulated soil
and organic debris and to excavate a channel for
access to the top of the pin and washer for measure-
ments. The dividers were then used to measure the
separation between the pin head and the washer (re-
cording soil loss), and the accumulation on top of the
washer (soil gain). The measurements were recorded
on reproductions of the old data forms, along with
comments relative to the ground surface conditions
influencing the orientation of the pins and/or wash-
ers (e.g., grasses, logs, pine needles, crusts).

Elevation Survey of Pin Transects

Relative pin elevations were determined using a
total survey station (Sokkia Set 2B with data collec-
tor, SDR33) or an automatic level with a
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Table 1.— Dates of erosion pin measurements. | = intense-burn
basin; M = moderate; L = light; A = archeological site.

Burnt Apache
Date Mesa Springs
10-77 | M L | M
11-77 |
12-77 | M L
4-78 I M L | M L
5-78 | M L A
6-78 | M L A | M L
7-78 ! M L A | M L
9-78 A
11-78 A
5-79 | M L A | M L
6-79 | M L A | M L
7-79 I M L
9-79 I M L A | M L
10-79 | M L
11-79 | L
4-80 i M L A
5-80 | M L
5-92 i M L A
6-92 | M L

philadelphia rod along each transect length. These
data were used to construct transect profiles upon
which to depict each measurement period’s gain
and loss data (Figure 1). The original study only
surveyed breaks in slope of the pin transect, and
did not survey each pin’s relative elevation; ac-
cordingly, it was not possible to simply compare
early and late pin head elevations to determine the
possibility of elk-trampling.

Photo-Documentation

There were 4 photo stations established during
the original study in and near the lower elevation,
intense-burn basin (BMINT). These were photo-
graphed during 1992-1993 without the aid of the
framing provided by the previously erect, burned
trees. Additionally, each pin transect was photo-
graphed (viewed along the transect from the begin-
ning of each), and multiple photographs depicting
ground surface characteristics were taken. All pho-
tography from the original study and 1992-1993 is
archived at Bandelier National Monument.

Basin Mouth Stratigraphy

The basin mouth (or the main channel reach be-
low the lowest pin transect) of each basin was
trenched (< 30 cm) to determine the character of
any accumulation above the level of post-burn
channel incision. Maximum depth of channel inci-
sion at any site during the original study was less



Bumt Mesa, Inlense Bum, Transect B, May 1992

Pin Height: 200. mm

1.0
meters

.0 5.0 10.0 15.0

meters

Figure 1. Example profile of erosion pin transect; BMINT, Transect B, May 1992 data set. Horizontal and vertical axes are distances in
meters; a third scale, depicted by the vertical lines in the profile, represents eroslon pins at a rounded value of 200mm per pin
length. Erosion (loss) is depicted by the separation between the horizontal tick marks on the vertical lines; aggradation (gain) is
depicted by shading of the profile relative to the location of the washer (lower tick mark on individual vertical lines).

in this example, the basin’s channel {at A, between 9 and 10 meters) has cut and filled approximately 50mm and 60mm,
respectively, as did the tributary drainage below the photographed rill plot (at B, between 24 and 25 meters; see Fig. 9). A pre-burn
scarp has been preserved {C, at 7 meters) by sheep fescue ground cover, while another scarp has experienced net reduction (D,
at 28 meters), with a grass clump of mountain muhly persisting above it (E, at 29 meters).

than 5 cm (at BMINT). Additionally, the trunk
channel (largest drainage of a given area) was
trenched at each elevation at a point below the
confluence(s) of the study basins. A total of eight
cross sections were described in the field and
samples collected to determine grain size
distributions.

RESULTS

Erosion Pins

Fifteen years of deployment was suspected to be
too long for the effective use of erosion pins. Con-
cerns included: removal by downcutting; rotation
by soil creep; rust; or trampling by the abundant

elk population within the Park boundaries. I relo-
cated 411 of 415 total pins in the six study basins.
Of the four missing pins, only one is suspected of
having been eroded from its steep hillslope place-
ment. The original vertical installation of the pins
was not disturbed by downslope soil creep (the 26
cm pin length penetrates the less weathered tuff,
through the soil mantle). Rusting was not observed
to have frozen washers to the pin shafts. Finally,
although an abundance of fresh elk sign was noted
in and around the study basins at both elevations,
fewer than 2% of the pins were observed to be di-
rectly affected by recent trampling.

An indirect measure of the degree of trampling
may be obtained from comparisons of loss mea-
surements; pins showing less loss in 1992 relative
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to the last previous measurement in 1980 may be a
result of having been stepped on (thereby decreas-
ing the separation between the pin head and the
washer). Table 2 shows the number of pins per
transect with less loss after twelve years between
measurements. Testing the probability that elk pre-
fer higher elevation habitat, the difference in per-
centage of pins with less loss between upper and
lower elevation basins is insignificant (probability
value of 0.27). Elk sign in May 1992 was at least as
frequent on Burnt Mesa as in the Apache Springs
area. Additionally, of the pins showing less loss in
1992 (34 pins at Burnt Mesa; 33 pins at Apache
Springs), roughly a third of those pins may be con-
sidered to be within measurement error (+/- 2
mm). Alternatively, of those 67 pins showing less
loss, only 3% had observed associations with tram-
pling, 46% had no comment recorded, while 31%
had associations with grass and /or cryptogamic
crusts, and 19% were associated with other factors
(e.g., decomposed logs; shrubs, gopher mounds).
These data suggest that elk-trampling is not the
most significant factor affecting pin measurements.

Table 2.—Number of erosion pins showing less loss in May 1992
than in April 1980. Percentage shown by transect, basin, and
between elevations.

Percent Percent
Basin Transect #/Tran. By Tran. #/Basin By Basin
BMINT A 7/88 8
B 3/42 7 12/146 8
C 2/16 12
BMMOD A 2/13 15
B 0/15 0 3/47 6
C 1/14 7
D 0/5 0
BMLIT A 3/16 19
B 9/20 45 19/55 34
C 719 37
34/248 = 14 Burnt
Mesa
ASINT A 4/43 9
B 13/34 38 19/36 22
C 217 28
ASMOD A 2/21 9
B 4/21 19 6/42 14
ASLIT A 4/21 19
B 4/14 28 8/35 22

33/163 = 20 Apache
Springs

For the sake of completeness, the number of pins
showing less gain in 1992 relative to the 1980 mea-
surements are shown in Table 3. There is no signifi-
cant difference between elevations (probability
value 0.22). Although between 13% and 26% of all
pins have less gain in 1992 than in 1980, approxi-
mately 90% of all the pins had some measure of
gain in 1992, relative to the time of their installa-
tion. The fact that the vast majority of pins exhibit
gain indicates that those materials eroded after the
time of pin installation, while locally redistributed,
are still in storage within these headwater basins.

Table 4 presents cumulative values of gain and
loss per transect as measured in May 1992. The
average values suggest the lower portions of the
study basins have net gain over the 15-year period
of pin installation while the upper portions of the
study basins generally experienced net loss. Field
observations confirm that the steeper headwater
areas, where the hillslope profiles are convex up-
ward, are the hillslope areas visually expressing
greater mineral soil losses (e.g., less vegetative den-

Table 3.—Number of pins showing less gain In May 1992 as
compared to April 1980. Percentage shown by transect, basin,
and between elevations.

Percent Percent
Basin  Transect #/Trans. By Tran. #/Basin By Basin
BMINT A 11/88 12
B 10/44 23 21/146 14
C 0/186 0
BMMOD A 113 8
B 6/15 40 9/47 19
C 2/14 14
D 0/5 0
BMLIT A 2/16 12
B 2/20 10 7/55 13
C 3/19 16
37/248 = 15 Burnt
Mesa
ASINT A 10/43 23
B 5/34 15 17/86 20
C 27 28
ASMOD A 5/21 24
B 0/21 0 5/42 12
“C” 0/4 0
ASLIT A 5/21 24
B 4/14 28 9/35 26

31/163 = 19 Apache
Springs
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sity; stripped burn horizons). The large average
value for BMARCH is the result of a large burrow-
ing animal having buried two pins, and the NET
value is divided by 14, not 16, since two pins were
missing from this transect (the number of pins in
this transect do not figure into the total pins of the
study basins).

The 1992 average change data per transect (e.g.,
“AVERAGE” column, Table 4) were subtracted
from the 1980 average change data (White and
Wells, 1984), and used to calculate “average change
per year” values for the time period between mea-
surements. These values (e.g., 4/80-5/92) were
tabulated with the prior study’s average change
data and are presented in Tables 5 and 6. The ex-
ceptionally large sediment yield per unit area val-
ues for BMARCH result from comparatively large
surface elevation changes divided by the small area
of the archeological site (the effects of the large
burrow have been removed to calculate the change
per year value for the 5/80-5/92 time period).

Basin Mouth Stratigraphy

Except at BMMOD and the trunk channel below
BMMOD and BMINT, the study basin mouths

Table 4.—Summary of galn, loss and average values of ground
surface elevation change along all transects, May 1992 (in mm).

Study
Basin Transect Sum + Sum - Net Average
BMINT A 2063 2504 —441 -5
B 865 952 -87 -2
C 376 353 23 1
BMMOD A 193 155 38 3
B 175 264 -89 -6
C 291 345 54 —4
D 307 77 230 5
BMLIT A 331 205 126 8
B 595 334 261 13
C 331 222 109 6
ASINT A 736 896 -160 -3
B 647 413 234 7
C 131 58 73 9
ASMOD A 215 398 -183 -9
B 352 169 183 9
“cr 126 25 101 25
ASLIT A 181 449 -268 -13
B 162 210 —48 -3

were all well vegetated in June 1993 and the
trenched cross sections were dominated by dense
mats of organic debris and rootlets. BMINT's basin
mouth was so overgrown with grasses that the
well defined, post-burn channel (Figure 2) was
completely obliterated (Figure 3). However, the
shallow profile of BMINT’s channel did not exhibit
the cohesiveness that characterizes the other,
densely vegetated, non-stratified channel profiles
of the upper elevation study basins, the upper el-
evation trunk channel, and BMLIT.

The grain size distributions for the upper eleva-
tion cross sections generally depict heterogenous,
poorly sorted profiles, dominated by a fine fraction
(Figure 4). Their cohesiveness primarily results
from the fine-grained materials, and binding by
roots from grasses. The greater percentage of fines
in the upper elevation study basins, compared to
the lower elevation study basins (Figure 5), prima-
rily results from the increased influence of biologi-

Table 5.—Average annual change in ground-surface elevation per
transect for all study basins.

Transects
Avg. ChangefYear (mm}
Study Time
Basin Per{od A B Cc D
BMINT 9/77-6/78 47 -27 -5.5 —
6/78—6/79 -5.9 4.1 -9.5 —
6/79—4-80 +1.6 +2.6 +6.5 —
4/80-5/92 +0.2 +0.1 +0.8 —
BMMOD 9/77-6/78 -2.4 -25 0.7 -1.7
6/78-6/79 -3.3 -2.2 -6.9 +7.9
6/79—-4-80 -05 +4.2 2.2 -31
4/80-5/92 +0.6 0.4 +0.1 +3.5
BMLIT 9/77-6/78 —4.3 -5.1 —4.3 —
6/78—6/79 -57 -8.4 -8.9 —
6/79—4-80 +5.3 +5.5 +7.7 —
4/80-5/92 +1.0 +1.7 +0.9 —
ASINT 9/77-6/78 -35 -2.8 —4.3 —
6/78-6/79 -3.4 -3.0 +2.7 —
6/79-5/80 +4.6 +5.1 +0.5 —
5/80-6/92 -0 +0.9 +0.7 —
ASMOD 9/77-6/78 -6.3 -25 — —
6/78-6/79 —4.6 —4.1 — —
6/79-5/80 +3.6 +1.4 — =
5/80-5/92 -0.2 +1.1 — —
ASLIT 10/77-6/78 -1.7 4.8 — —
6/78-6/79 6.7 -9.0 — —
6/79-5/80 +1.3 +5.1 — —
5/80-5/92 -0.5 +0.3 — —
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Figure 2. The channel of study basin BMINT in May 1979 where it crosses Transect C (erosion pin #10 in mid-channel, to right of 15cm ruler).
Light toned areas are fire-derived deposits of medium to coarse sand-sized quartz crystals and pumice fragments. Medium toned area
in upper right of photo results from frost heave disrupting the finer textured ground surface outside of the chsnnel.

cal activity on soil formation where precipitation is
greater (Earth Environmental Consultants, Inc.
1978). The high percentage of fines of the AS
TRUNK sample results from its shallow topo-
graphic gradient relative to the steeper, mesa side
slopes of the study basins.

The mouth of BMMOD widens before the draim-
age line joins the trunk drainage and a deltaic accu-
mulation of sediment results. BMMOD’s cross sec-
tion is described as two poorly-sorted, coarse sand
sized horizons (6-8 cm thick) of quartz crystals and
tuff fragments separated by a 1 cm thick, loosely
cohesive, finer textured horizon. This stratigraphy
is similar to that observed 20 meters downgradient
in the trenched section of the trunk channel (BM
CONF) where it widens upstream of a bedrock
constriction. However, the grain size distributions
for these two cross sections fail to define a fine tex-
tured middle horizon (Figure 5).

Upon closer examination of the apparently finer
textured horizon, an abundance of fine charcoal frag-
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ments are noted along with blackened quartz crystals
in a fine matrix. Under binocular inspection, the fine
matrix appears as glassy flakes or needlelike forms.
The loosely cohesive character of the horizon was
derived from the charcoal content which was washed
away during the sieve analysis, and to a lesser degree,
the interlocking character of the glassy, volcanic ash.

The charcoal content of the middle horizon iden-
tifies the horizon as the first deposition of sediment
derived from the 1977 La Mesa fire, before the
break up of the hydrophobic layer. This horizon
may be considered analogous to the charcoal-rich
debris flow deposits of Mayer et. al. (1992), albeit
on a much smaller scale and deposited much
higher in the landform system than the debris
flows of Yellowstone. Similar to the findings of
Mayer et. al. (1992), the overlying horizon is poor
in charcoal fragments but its directly overlying
relationship implies its fire association (which was
confirmed by trenching done in 1980 and time
lapsed photography showing the colonization of



Figure 3. View toward the south, up-basin, BMINT, August 1993,
Log crosses view approximately along the line of Transect C
where the well-defined channel of Fig. 2 is now obliterated by
grasses, shrubs and log check dams.

stabilizing vegetation). This uppermost horizon
resulted from the increased sediment availability
following the break up of the hydrophobic layer by
frost action during the first year after the fire but
prior to effective sedim<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>