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Introduction

Fire was a natural part of the ecosystems of the Southwest
Borderlands before Euro-American settlement of the
Region. Fires caused by lightning activity in the spring and
early summer, before the onset of monsoon rains, limited
establishment of trees and maintained a diverse landscape
of grasslands, savannas, and woodlands. Tree-ring evidence
suggests that fires occurred every 5 to 10 years in the eco-
systems along the United States-Mexico border prior to
settlement (Kaib and others 1999). However, natural fire
frequencies, their burning characteristics, and subsequent
impacts on ecosystem resources have been altered since the
late 1800s, largely because of past livestock grazing prac-
tices that removed significant portions of the fire-carrying
herbaceous vegetation and because of past (aggressive) fire
suppression policies of management agencies (Fulé and
Covington 1995, Edminster and others 2000). These past
practices and policies have resulted in unnaturally high tree
densities on many sites, making trees more susceptible to
insects, diseases, and stand-replacing wildfire and causing a
decline in herbaceous plants in the understories. Excessive
accumulations of flammable surface fuels are also found in
the Region, and mesquite (Prosopis) and other woody plants
have invaded many otherwise productive grasslands.

As a consequence of the generally undesirable conditions
often encountered, land management agencies with support
from their collaborators, including private organizations and
local stakeholders, are interested in re-introducing more
historical fire regimes into many of the ecosystems in the
Region (Edminster and Gottfried 1999, Gottfried and others
2000, 2007, Gottfried and Edminster 2005). Included among
these ecosystems are oak savannas—plant communities that
are situated between the higher-elevation, more densely
stocked oak woodlands and lower-elevation grassland and
shrub communities. However, managers need more informa-
tion about the impacts of burning on ecosystem resources in
the oak savannas before they can initiate such a program.
A first step in the process of obtaining this information is
to evaluate the effects of prescribed burning treatments
on ecosystems resources, specifically the important tree
overstories.

The effect of cool-season (November through April) and
warm-season (May through October) prescribed burning
treatments and of a wildfire on tree overstories in the oak sa-
vannas of the Malpai Borderlands, an area of approximately
802,750 acres within the larger Southwestern Borderlands
Region (fig. 1), is the focus of this paper. The information
presented is useful in developing management strategies
necessary for a re-introduction of more natural fire regimes
into the oak savannas in order to increase site productivity
and landscape diversity while maintaining environmental
integrity.

Cascabel Watersheds

Twelve small watersheds, ranging from 20 to almost
60 acres in size, in the Peloncillo Mountains of southwest-
ern New Mexico (Gottfried and others 2000, Gottfried
and Edminster 2005) collectively comprise the study area
(fig. 1). The areal aggregation of these watersheds, called
the Cascabel Watersheds, is 451.3 acres. The watersheds
are situated between 5380 and 5590 feet in elevation. The
nearest long-term precipitation station indicates that annual
precipitation averages 23.5 inches, with nearly one-half of
the precipitation occurring in the summer monsoonal season
between June 15 and September 30. However, a prolonged
drought impacted the area from the middle of the 1990s
through the time of the burning events on the watersheds.
Precipitation during this drought period averaged 14.9 inch-
es annually.

Emory oak (Quercus emoryi) was the dominant tree
species in the overstories on the watersheds before the
burns, followed by alligator juniper (Juniperus deppeana).
Intermingling Arizona white (Q. arizonica) and Toumey
(O. toumeyi) oak, redberry juniper (J. coahuilensis), bor-
der pinyon (Pinus discolor), and the tree form of mesquite
(Prosopis glandulosa var. torreyana) were minor overstory
components (Ffolliott and Gottfried 2005, Ffolliott and oth-
ers 2008b). In this paper, the term “tree overstories” refers to
these tree species regardless of their respective size or posi-
tion in the canopy.

Perennial grasses were blue (Bouteloua gracilis), sideoats
(B. curtipendula), slender (B. repens), and hairy (B. hirsuta)
grama; bullgrass (Muhlenbergia emersleyi); common wolfs-
tail (Lycurus pheoides); and Texas bluestem (Schizachyrium
cirratum). Forb species of mariposa lily (Calochortus spp.),
verbena (Verbena spp.), and lupine (Lupinus spp.) were mi-
nor components of the understory plants. Beargrass (Nolina
microcarpa), fairyduster (Calliandra eriophylla), common
sotol (Dasylirion wheeleri), manzanita (Arctostaphylos
pungens), Fendler’s ceanothus (Ceanothus fendleri), and
Mexican cliffrose (Purshia mexicana) were among the occa-
sional half-shrubs and shrubs. Shrub forms of mesquite were
present on many sites. Palmer’s century plant (4gave palmeri)
and banana yucca (Yucca baccata) were scattered succulents
on rocky slopes. Annual plants were largely absent.

Geologic, physiologic, and hydrologic characteristics
of the Cascabel Watersheds are described elsewhere by
Gottfried and others (2000, 2007), Hendricks (1985), Neary
and Gottfried (2004), Osterkamp (1999), Robertson and
others (2002), Vincent (1998), and Youberg and Ferguson
(2001). Bedrock geology is Tertiary rhyolite overlain by
Oligocene-Miocene conglomerates and sandstone. Soils are
classified as Lithic Argustolls, Lithic Haplustrolls, or Lithic
Ustorthents. These shallow soils are generally less than 20
inches to bedrock. Streamflows originating on the water-
sheds are intermittent with the larger flows generated by
storms of high-intensity rainfall (Gottfried and others 2006).
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Figure 1. The Cascabel Watersheds (arrow) are located in the oak savannas of the Malpai Borderlands (shaded area),
an area of approximately 802,750 acres within the larger Southwestern Borderlands Region (from Ffolliott and
others 2008b).
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Prescribed Burning
Treatments and the Wildfire

The original objective of the research program on the
Cascabel Watersheds was to evaluate the effects of warm-
season (May through October) and cool-season (November
through April) prescribed burning treatments on the natural
resources of the watersheds, including the tree overstories. It
was anticipated that these evaluations would be compared to
control (unburned) watersheds in determining the fire effects.
Following the required watershed calibration period, four of
the watersheds (Watersheds C, H, K, and N) were burned
during the cool-season in early March 2008 (fig. 2). Three
of the four watersheds designated for warm-season burning

(Watersheds A, E, and F) were ignited on May 20, 2008, and
the fourth watershed (Watershed I) burn was delayed until a
later date because of shifting weather conditions (table 1).
However, wind gusts up to 60 mph on the morning of May
21, 2008, blew firebrands onto the remaining watershed that
was scheduled for warm-season burning and onto the four
control watersheds. The resulting wildfire, designated the
Whitmire Wildfire, crossed the boundary lines of the water-
sheds and spread beyond them, burning almost 4000 acres.
Average atmospheric conditions during the prescribed fires
and wildfire are presented in table 1. The original objec-
tive of the research on the Cascabel Watersheds had to be
modified, therefore, to evaluate the effects of cool-season
and warm-season prescribed burning treatments as well as
the Whitmire Wildfire on tree overstories of the watersheds

(fig. 2).

Table 1. Average atmospheric conditions from 0700 to 1800 hours during the prescribed burning treatments
and wildfire on the Cascabel Watersheds. The information presented in the table was obtained from a
weather station located in the middle of the aggregated watershed area.

Treatment Date Temperature (°F)

Relative humidity (%) Wind speed (MPH)

56.2
62.5
89.7
85.3

March 4
March 11
May 20
May 21

Cool season
Cool season
Warm season
Wildfire begins

15.6
20.2
15.8
15.6

4.7
3.4
8.3
17.1
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Fire Severities

A system that relates fire severity to the soil resource
response to burning (Hungerford 1996) was the basis for
classifying severities of the cool-season and warm-season
prescribed burning treatments and the wildfire at the 421
sample plots on the watersheds. This system of classifying
fire severities relates post-fire appearance of litter, duff, and
woody material and soil conditions to discrete classes of
severity that range from low to high. Details of the system
are found in DeBano and others (1998), Neary and others
(2005), and Wells and others (1979). Classifications of fire
severity at the sample plots (fig. 3) were extrapolated to a
watershed basis to determine the percentages of each of the
Cascabel Watersheds that were unburned or burned at low,
moderate, or high fire severities.

Extrapolations to a watershed basis indicated that 85 per-
cent of the four watersheds experiencing the cool-season
prescribed burn had been exposed to a low-severity fire;
a moderate-fire severity had occurred on 5 percent of the
watersheds; and the remaining 10 percent of the watersheds
were unburned (Stropki and others 2009). Spatial distribu-
tions of fire severities on the watersheds that experienced
the warm-season prescribed burn and wildfire were simi-
lar to the distributions of fire severities of the cool-season
burn (fig. 3). It was concluded, therefore, that the Cascabel
Watersheds (collectively) had been exposed to low fire se-
verities by the three events. Occurrence of these low fire
severities was attributed largely to the discontinuous and
generally limited accumulations of flammable fuels be-
fore the burns (Ffolliott and others 2006, 2008a) and to the
relatively high wind speeds during the burning events (M.
Harrington, 2010, personal correspondence).

A high fire severity was not observed on the sample
plots. However, there were scattered sites on the watersheds
where high fire severities occurred in places where pockets
of heavy accumulations of litter, duff, and other organic de-
bris had built up before the burning events (Neary and others
2008).

Study Protocols

Sampling Basis

On each of the Cascabel Watersheds, between 35 and 45
sample plots were located along transects perpendicular to
the main stream system and situated from ridge to ridge to
provide the sampling basis to obtain data on ecosystem re-
sources. Intervals between the plots varied with the size and
configuration of the watershed sampled. In total, 421 sample
plots were established on the watersheds. This sampling de-
sign was used to collect data necessary to determine effects
of the prescribed burning treatments and wildfire on the tree
overstories. It has also been the sampling basis for collect-
ing data sets in other studies of the ecosystem resources on
the watersheds (Ffolliott and Gottfried 2005, Ffolliott and
others 2005, 2008b, Gottfried and others 2007, Stropki and
others 2009).

It was necessary to delay the measurements of the ef-
fects of the prescribed burning treatments and wildfire on
the tree overstories until the spring of 2009 to allow these
effects to be fully expressed. A one- to two-year delay in
determining the effects of fire on oak trees, the dominant
trees in the overstories of the Cascabel Watersheds, had been
recommended earlier by Plumb (1980), who investigated the
response of California oak species to fire. Mortality of oak
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Figure 3. Fire severities of the
70 A cool-season and warm-season
prescribed burning treatments
o 60 and the Whitmire Wildfire on
% the Cascabel Watersheds based
u 50 A on percent of plots sampled
- (from Stropki and others 2009).
§ 40 + Fire severities shown are based
5 on a classification system
o 30 relating fire severity to the soil
resource response to burning
20 A (Hungerford 1996). These
values were extrapolated to a
10 4 watershed basis.
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trees in this California study was observed up to two to three
years following a fire.

Oak species on the Cascabel Watersheds become
“drought-deciduous” in prolonged periods of drought.
Because the Southwestern Borderlands Region experienced
drought conditions before, during, and following the three
burning events on the watersheds, it was necessary that mea-
surements of fire effects be delayed until post-fire foliage
was observed on the trees in order to distinguish effects of
the burning events from effects of the prevailing drought
conditions. Furthermore, post-fire basal sprouting of the tree
species on the watersheds can be initiated up to one year
after a fire (Caprio and Zwolinski 1992), and understand-
ing the extent of this reproductive mechanism was necessary
in determining the future sustainability of post-fire tree
overstories.

Tree Overstory Measurements

Measurements to evaluate effects of the burning
events on tree overstories were obtained on trees tallied
on 1/4-acre plots centered over the established sample
plot locations. Diameters at the root collar (drc) of sin-
gle-stemmed trees surviving the burning events were
measured, while equivalent diameters at the root collar
(edrc) were measured on multiple-stemmed trees follow-
ing the procedures outlined by Chojnacky (1988). These
measurements had also been obtained in earlier studies of
tree overstories on the watersheds (Ffolliott and Gottfried
2005, Ffolliott and others 2008b). A relationship between
drc or edrc and total height of the trees that was devel-
oped in the earlier studies was deemed appropriate for
constructing a local volume table (Avery and Burkhart
2001) to estimate volumes of the tree overstories follow-
ing the burns. Tallied trees were grouped into size classes
corresponding to those specified by O’Brien (2002) to
describe the tree resources of the woodland types of
Arizona. Saplings were trees 1.0 to 4.9 inches drc (edrc),
medium trees were 5.0 to 8.9 inches drc (edrc), and large
trees were 9.0 inches drc (edrc) and larger. The tally pro-
tocol for saplings was different in 2002 (Ffolliott and
others 2008b), but data have been adjusted so that both
inventories are currently similar.

Crown damage to the tallied trees was classified as follows:

* No crown damage

* Less than 1/3 of the crown killed or scorched

» Between 1/3 and 2/3 of the crown killed or scorched
e More than 2/3 of the crown killed or scorched

It was unknown if the damage to tree crowns resulted
from convection heat of a surface fire or from a crown
fire that spread from one tree to another tree independent
of a surface fire. Crown damage can also be caused by fire
impingement to the tree bole. Because of the open tree over-
stories on the Cascabel Watersheds and because the three
burning events on the watersheds were largely surface fires,

convection heating from surface fire was assumed to be the
primary cause of crown damage to the trees.

Annual volume growth of trees in the overstories (all
species combined) was estimated by applying the variable-
density yield table (Fowler and Ffolliott 1995) procedure
that was followed in the earlier studies of tree overstories on
the watersheds (Ffolliott and Gottfried 2005, Ffolliott and
others 2008b). This yield table presents estimates of cubic-
foot volume per acre as a function of stand age, site quality
values (Callison 1988), and tree overstory density in square
feet of basal area per acre. Pre- and post-fire estimates of
volumes obtained by this procedure were compared to de-
termine the effects of the prescribed burning treatments and
wildfire on one-year volume growth.

Basal sprouting by trees was recorded in terms of species,
size class, and the level of crown damage to determine its
status following the burning events. Many of the tree species
inhabiting the oak ecosystems in the Southwestern Borderland
Region are capable of reproducing vegetatively, with basal
sprouting as the most common mechanism (McPherson
1992, 1997, Borelli and others 1994, Ffolliott 2002). It was
not possible to adequately evaluate the effects of the burns
on basal sprouting, however, because occurrences of basal
sprouting had not been tallied before the burning events oc-
curred. Such a comparison with unburned trees could have
been made if the control watersheds had not burned.

Spatial distributions of the tree overstories following the
burning events were compared to pre-fire spatial distribu-
tions (Ffolliott and Gottfried 2005, Ffolliott and others
2008b) to determine the effects of the burning events on
overstory stocking conditions. The respective pre- and post-
fire coefficients of variation for the different parameters
served as the basis for making the comparisons.

Analytical Procedures

Tallied trees grouped by size classes (O’Brien 2002) were
evaluated to determine the effects of the burning events on
initial survival, crown damage, densities, and basal sprout-
ing of trees at a 0.10 level of significance. Because the three
size classes (saplings, medium, and large trees) were nested
within the overall tests of all of the size classes in the tree
overstories, individual tests of the three size classes were
evaluated separately by a Bonferroni adjustment to maintain
the overall 0.10 level of significance. Pre-burning measure-
ments of tree overstories on the watersheds were analyzed
by the same protocols (Ffolliott and Gottfried 2005, Ffolliott
and others 2008b). Respective confidence intervals for pre-
and post-fire annual growth estimates were compared at a
0.10 level of significance. Coefficients of variation for the
pre- and post-fire spatial distributions of trees were also
compared at a 0.10 level of significance. The number of tree
species (species richness) and species evenness (how equal-
ly abundant species are) before and after the three burning
events (Magurran 2004) were indicative of effects of the
burns on ecological diversity of the tree overstories.



Results and Discussion

The data sets collected on the watersheds that experi-
enced the prescribed burning treatments and wildfire were
statistically similar. This finding was not surprising, howev-
er, because all of the Cascabel Watersheds had been exposed
to low fire severities (Stropki and others 2009). Therefore,
the respective data sets were combined to evaluate effects of
the three burning events on the tree overstories.

Initial Survival of Trees

Almost 78 percent of the trees (all species and size class-
es combined) tallied on the watersheds before the prescribed
burning treatments and wildfire (Ffolliott and Gottfried 2005,
Ffolliott and others 2008b) survived the burning events ini-
tially (fig. 4). More specifically, 80 percent of the oak trees
(all three species and all size classes combined) survived the
burns while 75 percent of the juniper trees (both species and

all size classes combined) survived. Border pinyon trees and
the tree form of mesquite were too few in number on the
watersheds to effectively evaluate their respective survival.
Oak trees continued to dominate in the overstories on the
watersheds after the burning events, followed (in descend-
ing order) by juniper trees, border pinyon trees, and the tree
form of mesquite.

Seven tree species were tallied on the watersheds before
the burning events (Ffolliott and Gottfried 2005, Ffolliott
and others 2008b) and seven species were present after the
events. Species richness of the tree overstories, therefore,
was not impacted by the prescribed burning treatments. One
species, Emory oak, was especially abundant both before
and after the burns, however, indicating a limited ecological
diversity of overstory trees on the watersheds.

Crown Damage

The numbers of oak (three species combined), juniper
(both species combined), and border pinyon are shown in
relation to their observed crown damage classes in fig. 5.
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Figure 4. Average numbers of oak trees (three
30 species combined) and juniper trees (both
. 3 species combined) per acre and 90 percent
5 7 confidence intervals before (Ffolliott and
> 20 Gottfried 2005, Ffolliott and others 2008b) and
g after the prescribed burning treatments and the
= 15 wildfire on the Cascabel Watersheds. Border
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The crowns of 80 percent of the surviving oak trees were
top-killed or scorched by the burning events, with 30 percent
of the trees suffering damage to less than 1/3 of their crowns,
45 percent with damage to 1/3 to 2/3 of their crowns, and 25
percent with damage to more than 2/3 of their crowns. The
crowns of 80 percent of the surviving juniper trees suffered
damage from the burns, with 37 percent of the trees exhibit-
ing damage to less than 1/3 of their crowns, 53 percent with
damage to 1/3 to 2/3 of their crowns, and 10 percent with
damage to more than 2/3 of their crowns. Crown damage
to border pinyon was evaluated. The crowns of 51 percent
of the surviving pinyon trees suffered damage, with 64
percent of the trees exhibiting damage to less than 1/3 of
their crowns, 32 percent with damage to 1/3 to 2/3 of their
crowns, and 4 percent with damage to more than 2/3 of their
crowns. Crown damage to the tree form of mesquite was
not evaluated in the study because of the limited occurrence
of those trees on the watersheds. The observed levels
of crown damage to the trees that survived the burning
events on the Cascabel Watersheds were what one might
expect following a low-severity surface fire in the oak
savannas of the Region.

With all tree species considered together, there were
no differences in the numbers of saplings or medium
trees in the respective crown damage classes. However,
the number of large trees with 1/3 or more of their
crowns killed or scorched by the burning events was
greater than the number of large trees that were undam-
aged or that suffered damage to less than 1/3 of their
crowns. The more severe damage to the crowns of large
trees was attributed mostly to the large accumulations
of flammable fuels at the base of those trees before the
burns.

Trees with crowns that were killed or severely
scorched by the burning events (that is, more than 2/3 of

Numbers of Trees

Paralleling the data prior to burning (Ffolliott and
Gottfried 2005, Ffolliott and others 2008b), oak (three spe-
cies combined) dominated the numbers of trees after the
burning events, followed by juniper trees (both species com-
bined) (as shown in fig. 6). Though not presented in fig. 6,
the number of juniper trees that survived the burns was
greater than the number of either border pinyon trees or the
tree form of mesquite following the burns.

A greater number of large trees (all species combined)
survived the prescribed burning treatments and the wildfire
than either the medium or small trees (fig. 6). However, there
also were a greater number of large trees on the Cascabel
Watersheds before the burning events occurred (Ffolliott and
Gottfried 2005, Ffolliott and others 2008b). In terms of per-
centages of the surviving trees, 86 percent of the large trees,
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their crowns damaged) often died eventually. This obser-
vation supports the work by Fowler and Sieg (2004) in
their review of criteria for predicting post-fire tree mor-
tality, that trees in montane forests of the western United
States with severely scorched crowns frequently suffer
mortality. However, it is possible that many of the oak
and juniper trees at Cascabel were not root-killed and,
therefore, are capable of producing basal sprouts in the
future.

Densities

As a consequence of the burns, there was a reduction
of almost 20 percent in the number of trees and of about
15 percent in the volume of trees (all species and size
classes combined) in relation to those values before the
burns (Ffolliott and Gottfried 2005, Ffolliott and others
2008b). Some tree species and size classes (for exam-
ple, oak and juniper trees in the two largest size classes)
appeared to be more resilient to burning than others in
terms of density reductions.

B Pre-fire

O Post-fire

Trees/acre

Small Medium Large

Figure 6. Average numbers of trees (all species combined)
per acre (top) and trees by size classes (bottom) and 90
percent confidence intervals (both) before and after the
prescribed burning treatments and the wildfire on the
Cascabel Watersheds. Border pinyon trees and the tree
form of mesquite were too few in numbers to include in
the figure.



88 percent of the medium trees, and 50 percent of the small
trees survived the burns.

Volumes of Trees

Following the burning events, a local volume table based
on values calculated by Chojnacky (1988) was applied in
converting the numbers of trees per acre to corresponding es-
timates of cubic-foot volumes. These values also were used
in estimating the volumes of trees before burning occurred
(Ffolliott and Gottfried 2005, Ffolliott and others 2008b).

Effects of the burning events on volumes of oak and ju-
niper trees (all size classes combined) in comparison to the
volumes before the burning events (Ffolliott and Gottfried
2005, Ffolliott and others 2008b) are shown in the top of
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fig. 7. The dominance of oak relative to juniper trees on the
Cascabel Watersheds can be seen in this portion of the figure.
Both of the tree species lost essentially the same percentage
of their volumes in the burns, however, with oak trees losing
12 percent and juniper trees losing 13 percent, respectively.
Volumes of border pinyon trees and the tree form of mes-
quite lost to the burns were insignificant.

Not surprisingly, the volume of large trees (three oak spe-
cies and both juniper species combined) after the burning
events was greater than the volumes of small and medium
trees, as shown in the bottom of fig. 7. In terms of percent-
ages, the volume of small trees before the burns was reduced
by 12 percent, the volume of medium trees was reduced by
11 percent, and the volume of large trees was reduced by 14
percent. The small differences in the volumes before and af-

ter the burning are attributed to the low fire severities
of these events.

Annual Growth

Stand age and overstory density variables in the
variable-density table developed for the Cascabel
Watersheds were modified and used to estimate an-
nual growth of trees (all species and size classes
combined) following the three burning events and
to determine change relative to pre-fire values. The
stand age was increased and the tree overstory den-
sity was decreased by the burns. (Site quality values
remained unchanged in this study, as these values
are not impacted by short-term disturbances such
as the occurrence of fire.) The appropriate changes
in stand age and tree overstory density were made
accordingly.

The estimated annual growth rate of 0.056 +
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0.017 ft¥/acre (mean + standard error) of the tree
overstories following the burning events was statis-
tically similar to the estimate of 0.069 + 0.023 ft*/
acre before the burns (Ffolliott and Gottfried 2005,
Ffolliott and others 2008b). Both of these estimates
of annual growth were less than 1 percent of the re-
spective tree volumes. This finding was expected,
however, because trees in the oak ecosystems of
the Southwestern Borderlands Region grow slowly,
rarely exceeding a fraction of a cubic-foot annually
(McPherson 1992, 1997, McClaran and McPherson
1999, Ffolliott 2002).

Basal Sprouting

Basal sprouting by the same tree species found on

Figure 7. Impacts of the prescribed burning treatments and the
wildfire on volumes of oak trees (three species combined) and
juniper trees (both species combined) on the Cascabel Watersheds
by species (top) and by size classes (bottom). Scales of the Y-axis
are unique for each portion of the figure. Border pinyon trees and
the tree form of mesquite were too limited in volume to include in
the figure.

the Cascabel Watersheds is often observed following
high-severity burning events in the Region (Niering
and Lowe 1984, Caprio and Zwolinski 1992,
McPherson 1992, 1997, Ffolliott 2002). However,
basal sprouting of these tree species on the Cascabel
Watersheds was surprisingly limited (relatively) after



Figure 8. Basal sprouting by trees on the Cascabel Watersheds, such as this Emory oak, was limited following
the prescribed burning treatments and wildfire.

the prescribed burning treatments and wildfire, perhaps be-
cause of the low fire severities of the burns (fig. 8). Basal
sprouting was observed on 37.4 percent of the surviving
oak trees (three species combined) and on 11.0 percent of
the surviving juniper trees (both species combined). Basal
sprouting by the tree form of mesquite was inconsequential.
Pinyon does not sprout.

Relationships between basal sprouting by trees after the
burning events and the size of either the oak or juniper trees
were inconsistent. While there were no differences in the
presence or absence of basal sprouting by small and medium
trees after the burns, basal sprouting by large trees was less
frequently observed than on the small and medium trees.
The large and likely older trees might have been less vigor-
ous than the smaller trees before the burns, which may have
limited their capabilities to sprout following the burns.

Relationships of basal sprouting by trees (all species com-
bined) to the crown damage classes were insignificant, with
the exception of basal sprouting of trees with greater than
2/3 of their crowns either killed or scorched by the burns.
More trees suffering this level of crown damage sprouted
than did not sprout. Apparently, many of these trees had not
been root-killed by the burning events and, as a result, were
capable of reproducing vegetatively by basal sprouting.

The extent that basal sprouting of the trees on the Cascabel
Watersheds after the burning events will impact the future
sustainability of the overstories is not known. Developing a
more complete picture of effects of the burns on the post-fire
basal sprouting of trees was not possible because informa-
tion on pre-fire basal sprouting of the trees was not available.
However, only limited basal sprouting before the burning
events is possible. Caprio and Zwolinski (1992) found “fre-
quent and vigorous” basal sprouting by Emory oak trees on
burned sites following a wildfire of unknown severity in the
Santa Catalina Mountains of southeastern Arizona, while
basal sprouting by the trees on adjacent unburned sites was
nil.

Spatial Distributions of Trees

Spatial distribution of trees in the oak savannas is gen-
erally more variable than in the more densely stocked oak
woodlands at higher elevations (Ffolliott and Gottfried 2005,
Ffolliott and others 2008b). However, the spatial distribution
of trees (all species and size classes combined) in the over-
stories on the Cascabel Watersheds was not impacted by the
burning events (fig. 9). The pre-fire heterogeneous stocking
of the trees on the watersheds was also unchanged by the



Figure 9. The heterogeneous stocking of tree overstories on the Cascabel Watersheds was not impacted by the
burning events. This photo view was taken in July 2010 of a watershed burned during the warm season.

burns. Openings of varying sizes, shapes, and orientations
that were interspersed within tree overstories of the oak sa-
vannas remained intact.

Conclusions

The prescribed burning treatments and the wildfire in the
oak savannas on the Cascabel Watersheds were all low fire
severities. It was not surprising, therefore, that the effects of
these burning events on tree overstories of the watersheds were
similar. Effects of these burns on initial tree survival, crown
damage to the trees, and basal sprouting were mostly incon-
sequential in terms of management implications. Changes in
tree composition, density, and annual growth rate in compari-
son to pre-fire conditions were also relatively minor.

It is unknown if the effects of fire on tree overstories in
the oak savannas that are reported in this paper would be
similar in magnitude with repeated prescribed burning treat-
ments of low fire severity on the Cascabel Watersheds. It
is also unknown what these effects might be if prescribed
burning treatments of low fire severities were imposed
on other sites in the oak ecosystems of the Southwestern
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Borderlands Region. A hotter fire might produce different
results. However, ignitions of the warm-season prescribed
burning of May 20, 2008, were approaching the threshold
for initiating prescribed burning treatments in the Region.
The results presented in this paper, therefore, should be con-
sidered case studies.

Management Implications

The information presented in this paper is useful to man-
agers interested in re-introducing more historical fire regimes
into the oak savannas of the Southwestern Borderlands
Region. The overcrowding of tree overstories, concurrent
decrease in herbage (forage) production, loss of critical
wildlife habitats, and large accumulations of flammable
fuels currently found on many sites could be alleviated (to
some extent) by scheduling prescribed burning treatments
at regular intervals. Managers might use results from the
burning events on the Cascabel Watersheds as initial guide-
lines since there is relatively little information available on
the effects of prescribed burning treatments on ecosystem
resources in the oak savannas. However, these managers
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should also recognize that prescribed burning treatments of
low fire severities on other sites in oak ecosystems of the
Region might not produce results similar to those on the
Cascabel Watersheds. Additional evaluations of prescribed
burning treatments of varying severities and seasonal timing
on ecosystem resources are needed to formulate appropri-
ate management strategies to achieve the desired benefits.
A change in protocols for implementing prescribed burning
treatments might have to be considered in order to facilitate
successful ignitions under less restrictive weather and fuel
conditions and to achieve ecosystem improvement goals.

Evaluations of prescribed burning treatments of vary-
ing frequencies and timing should also include studies of
the entire array of ecosystem resources available. In addi-
tion to tree overstories, these evaluations should include
herbaceous plants, wildlife populations and habitats, soil
resources and sediment production, and flows of water
from upland watersheds. Such efforts are underway on the
Cascabel Watersheds (Gottfried and others 2007). It is also
necessary that management agencies, private organizations,
and local stakeholders collaborate to obtain more natural fire
regimes in the Southwestern Borderlands Region.

References

Avery, T. E.; Burkhart, H. E. 2001. Forest Measurements.
New York, NY: McGraw-Hill Book Company. 480 p.

Borelli, S.; Ffolliott, P. F.; Gottfried, G. J. 1994. Natural
regeneration in encinal woodlands of southeastern
Arizona. The Southwestern Naturalist. 39:179-183.

Callison, J. C. 1988. Site quality indices in oak woodlands.
Tucson, AZ: University of Arizona, Dissertation. 38 p.

Caprio, A. C.; Zwolinski, M. J. 1992. Fire effects on Emory
and Mexican blue oaks in southeastern Arizona. In:
Ffolliott, P. F.; Gottfried, G. J.; Bennett, D. A.; Hernandez
C., V. M.; Ortega-Rubio, A.; Hamre, R. H., tech. coords.
Ecology and management of oak and associated
woodlands. Gen. Tech. Rep. RM-218. Fort Collins, CO:
U.S. Department of Agriculture, Forest Service, Rocky
Mountain Forest and Range Experiment Station: 150-154.

Chojnacky, D. C. 1988. Juniper, pinyon, oak, and mesquite
volume equations for Arizona. Res. Pap. INT-391. Ogden,
UT: U.S. Department of Agriculture, Forest Service,
Intermountain Research Station. 11 p.

DeBano, L. F.; Neary, D. G.; Ffolliott, P. F. 1998. Fire’s
Effects on Ecosystems. New York, NY: John Wiley &
Sons, Inc. 333 p.

Edminster, C. B.; Gottfried, G. J. 1999. Achieving ecosystem
management in the borderlands of the southwestern
United States through coordinated research/management
partnerships: an overview of Research Unit RM-4651. In:
Gottfried, G. J.; Eskew, L. G.; Curtin, C. G.; Edminster,
C. B., compilers. Toward integrated research, land

management, and ecosystem protection in the Malpai
Borderlands: conference summary. Proc. RMRS-P-10.
Fort Collins, CO: U.S. Department of Agriculture, Forest
Service, Rocky Mountain Research Station: 1-4.

Edminster, C. B.; Weatherspoon, C. P.; Neary, D. G. 2000.
The fire and fire surrogates study: providing guidelines for
fire in future forest watershed management decisions. In:
Ffolliott, P. F.; Baker, M. B., Jr.; Edminster, C. B.; Dillon,
M. C.; Mora, K. L., tech. coords. Land stewardship in the
21% Century: the contributions of watershed management.
Proc. RMRS-P-13. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research
Station: 312-315.

Ffolliott, P. F. 2002. Ecology and management of evergreen
oak woodlands in Arizona and New Mexico. In: McShea,
W. J.; Healy, W. M., eds. Oak forest ecosystems: ecology
and management for wildlife. Baltimore, MD: The Johns
Hopkins University Press: 304-316.

Ffolliott, P. F.; Gottfried, G. J. 2005. Vegetative characteristics
of oak savannas in the southwestern United States: a
comparative analysis with the oak woodlands in the
Region. In: Gottfried, G. J., Gebow, B. S.; Eskew, L.
G.; Edminster, C. B., compilers. Connecting mountain
islands and desert seas: biodiversity and management
of the Madrean Archipelago II. Proc. RMRS-P-36. Fort
Collins, CO: U.S. Department of Agriculture, Forest
Service, Rocky Mountain Research Station: 399-402.

Ffolliott, P. F.; Gottfried, G. J.; DeBano, L. F. 2008a.
Fuel loadings in forests, woodlands, and savannas of
the Madrean Province. In: Narog, M. G., tech. coord.
Proceedings of the 2002 fire conference: managing fire
and fuels in the remaining wildlands and open spaces of
the southwestern United States. Gen. Tech. Rep. PSW-
GTR-189. Albany, CA: U.S. Department of Agriculture,
Forest Service, Pacific Southwest Research Station:
271-278.

Ffolliott, P. F.; Gottfried, G. J.; Goldenetz, J. A. 2006.
Fuel loadings in the oak savannas of the Southwestern
Borderlands Region. In: Halvorson, B., ed. Borders,
boundaries, and time scales: proceedings of the sixth
conference on research and resource management in
the southwestern deserts. Tucson, AZ: Sonoran Desert
Research Station, USGS Southwest Biological Science
Center: 29-31.

Ffolliott, P. F.; Gottfried, G. J.; Stropki, C. L. 2008b.
Vegetative characteristics and relationships of the
Southwestern Borderlands. Res. Pap. RMRS-RP-74.
Fort Collins, CO: U.S. Department of Agriculture, Forest
Service, Rocky Mountain Research Station. 16 p.

Ffolliott, P. F.; Stropki, C. L.; Gottfried, G. J.; Neary, D.
G. 2005. Initial estimate of soil erosion on the Cascabel
Watersheds in the oak savannas of the Malpai Borderlands
Region. Hydrology and Water Resources in Arizona and
the Southwest. 35:51-52.

Fowler, J. F.; Sieg, C. Hull. 2004. Postfire mortality of
ponderosa pine and Douglas-fir trees: a review of methods

11



to predict tree death. Gen. Tech. Rep. RMRS-GTR-132.
Fort Collins, CO: U.S. Department of Agriculture, Forest
Service, Rocky Mountain Research Station. 25 p.

Fowler, W. P.; Ffolliott, P. F. 1995. A growth and yield
model of Emory oak: applications on watershed lands in
southwestern United States. In: DeBano, L. F.; Ffolliott,
P. F.; Ortega-Rubio, A.; Gottfried, G. J.; Hamre, R.
H.; Edminster, C. B., tech. coords. Biodiversity and
management of the Madrean Archipelago: the Sky
Islands of southwestern United States and northwestern
Mexico. Gen. Tech. Rep. RM-GTR-264. Fort Collins,
CO: U.S. Department of Agriculture, Forest Service,
Rocky Mountain Forest and Range Experiment Station:
347-350.

Fulé, P. Z.; Covington, W. W. 1995. Changes in fire regimes
and forest structures of unharvested Petran and Madrean
pine forests. In: DeBano, L. F.; Ffolliott, P. F.; Ortega-
Rubio, A.; Gottfried, G. J.; Hamre, R. H.; Edminster, C.
B., tech. coords. Biodiversity and management of the
Madrean Archipelago: the Sky Islands of southwestern
United States and northwestern Mexico. Gen. Tech. Rep.
RM-GTR-264. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Forest and
Range Experiment Station: 408-415.

Gottfried, G. J.; Edminster, C. B. 2005. The Forest Service,
Rocky Mountain Research Station’s Southwestern
Borderlands Ecosystem Management Project: building
on 10 years of success. In: Gottfried, G. J.; Gebow, B. S.;
Eskew, L. G.; Edminster, C. B., compilers. Connecting
mountain islands and desert seas: biodiversity and
management of the Madrean Archipelago II. Proc.
RMRS-P-36. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research
Station: 237-240.

Gottfried, G. J.; Neary, D. G.; Ffolliott, P. F. 2007. An
ecosystem approach to determining the effects of
prescribed fire on Southwestern Borderlands oak
savannas: a baseline study. In: Masters, R. E.; Galley, K.
E. M., eds. Fire in grassland and shrubland ecosystems:
proceedings of the 23 Tall Timbers fire ecology
conference. Tallahassee, FL: Tall Timbers Research
Station: 140-146.

Gottfried, G. J.; Neary, D. G.; Ffolliott, P. F.; Decker, D.
D. 2006. Impacts of a high-intensity summer rainstorm
on two oak savanna watersheds in the Southwestern
Borderlands. Hydrology and Water Resources in Arizona
and the Southwest. 36:67-73.

Gottfried, G. J.; , Edminster, C. B.; Bemis, R. J.; Allen,
L. S.; Curtin, C. G. 2000. Research support for land
management in the Southwestern Borderlands. In:
Ffolliott, P. F.; Baker, M. B., Jr.; Edminster, C. B.; Dillon,
M. C.; Mora, K. L., tech. coords. Land stewardship in the
21% Century: the contributions of watershed management.
Proc. RMRS-P-13. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research
Station: 330-334.

12

Hendricks, D. M. 1985. Arizona Soils. Tucson, AZ:
University of Arizona Press. 244 p.

Hungerford, R. D. 1996. Soils: fire in ecosystem notes:
Unit II-I. Marana, AZ: U.S. Department of Agriculture,
Forest Service, National Advanced Resource Technology
Center.

Kaib, M.; Swetnam, T. W.; Baisan, C. H. 1999. Fire history
in canyon pine-oak forests, intervening grasslands,
and higher-elevation mixed-conifer forests of the
Southwestern Borderlands. In: Gottfried, G. J.; Eskew, L.
G.; Curtin, C. G.; Edminster, C. B., compilers. Toward
integrated research, land management, and ecosystem
protection in the Malpai Borderlands: conference
summary. Proc. RMRS-P-10. Fort Collins, CO: U.S.
Department of Agriculture, Forest Service, Rocky
Mountain Research Station: 57-64.

Magurran, A. E. 2004. Measuring Biological Diversity.
Malden, MA: Blackwell Publishing. 256 p.

McClaran, M. P.; McPherson, G. R. 1999. Oak savannas in
the American Southwest. In: Anderson, R. C.; Fralish,
J. S.; Baskins, J. M., eds. Savannas, barrens, and rock
outcrop communities of North America. New York, NY:
Cambridge Press: 275-287.

McPherson, G. R. 1992. Ecology of oak woodlands in
Arizona. In: Ffolliott, P. F.; Gottfried, G. J.; Bennett, D.
A.; Hernandez C., V. M.; Ortega-Rubio, A.; Hamre, R.
H., tech. coords. Ecology and management of oak and
associated woodlands. Gen. Tech. Rep. RM-218. Fort
Collins, CO: U.S. Department of Agriculture, Forest
Service, Rocky Mountain Forest and Range Experiment
Station: 24-33.

McPherson, G. R. 1997. Ecology and Management of North
American Savannas. Tucson, AZ: University of Arizona
Press. 208 p.

Neary, D. G.; Gottfried, G. J. 2004. Geomorphology of small
watersheds in an oak encinal in the Peloncillo Mountains.
Hydrology and Water Resources in Arizona and the
Southwest. 34:65-71.

Neary, D. G.; Ryan, K. G.; DeBano, L. F., eds. 2005. Wildland
fire in ecosystems: effects of fire on soil and water. Gen.
Tech. Rep. RMRS-GTR-42-vol. 4. Fort Collins, CO:
U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station. 250 p.

Neary, D. G.; Gottfried, G. J.; Ffolliott, P. F.; Koestner, K.;
Leonard, J. 2008. Water repellency in soils after cool and
warm season prescribed fire in Emory oak savannas of
southwest New Mexico. Joint Meetings of the Geological
Society of America, Soil Science Society of America,
American Society of Agronomy, Gulf Coast Association
of Geological societies with the Gulf Coast Section of
SEPM, Houston, Texas. (Abstract)

Niering, W. A.; Lowe, C. H. 1984. Vegetation of the Santa
Catalina Mountains: community types and dynamics.
Vegetatio. 58:3-28.



O’Brien, R. A. 2002. Arizona’s forest resources, 1999.
Resour. Bull. RMRS-RB-2. Ogden, UT: U.S. Department
of Agriculture, Forest Service, Rocky Mountain Research
Station. 116 p.

Osterkamp, W. R. 1999. Runoff and sediment yield
derived from proxy records: Upper Animas Valley, New
Mexico. In: Gottfried, G. J.; Eskew, L. G.; Curtin, C. G.;
Edminster, C. B., compilers. Toward integrated research,
land management and ecosystem protection in the Malpai
Borderlands: conference summary. Proc. RMRS-P-10.
Fort Collins, CO: U.S. Department of Agriculture, Forest
Service, Rocky Mountain Research Station: 22-24.

Plumb, T. R. 1980. Response of oak to fire. In: Plumb, T.
R., tech. coord. Proceedings of the symposium on the
ecology, management, and utilization of California
oaks. GTR-PSW-44. Berkeley, CA: U.S. Department of
Agriculture, Forest Service, Pacific Southwest Forest and
Range Experiment Station: 202-215.

Robertson, G.; Damrel, D.; Hurja, J.; Leahy, S. 2002.
Terrestrial ecosystem survey of the Peloncillo watershed
study area. Draft Report. Albuquerque, NM: U.S.
Department of Agriculture, Forest Service.

Stropki, C. L.; Ffolliott, P. F.; Gottfried, G. J. 2009. Water
repellent soils following prescribed burning treatments
and a wildfire in the oak savannas of the Malpai
Borderlands Region. Hydrology and Water Resources in
Arizona and the Southwest. 39:5-8.

Vincent, K. R. 1998. Tectonics and earthquake hazards of the
southern Animas Valley, Hidalgo County, New Mexico.
Open-File Rep. OF-429. Santa Fe, NM: State of New
Mexico, Bureau of Mines and Mineral Resources. 59 p.

Wells, C. G.; Campbell, R. E.; DeBano, L. F.; Lewis, C. E.;
Fredriken, R. L.; Franklin, E. C.; Froelich, R. C.; Dunn,
P. H. 1979. Effects of fire on soil: a state-of-knowledge
review. Gen. Tech. Rep. WO-7. Washington, DC: U.S.
Department of Agriculture, Forest Service. 34 p.

Youberg, A.; Ferguson, C. A. 2001. Geology and
geomorphology of 12 small watersheds in the Peloncillo
Mountains, central portion of the Malpai Borderlands
project area, Hidalgo County, New Mexico. Open-File
Rep. 01-05. Tucson, AZ: Arizona Geological Survey.
22 p.

13



Mountain
Research Station

The Rocky Mountain Research Station develops scientific information
and technology to improve management, protection, and use of the
forests and rangelands. Research is designed to meet the needs of
the National Forest managers, Federal and State agencies, public and
private organizations, academic institutions, industry, and individuals.
Studies accelerate solutions to problems involving ecosystems, range,
forests, water, recreation, fire, resource inventory, land reclamation,
community sustainability, forest engineering technology, multiple use
economics, wildlife and fish habitat, and forest insects and diseases.
Studies are conducted cooperatively, and applications may be found
worldwide.

Station Headquarters
Rocky Mountain Research Station
240 W Prospect Road
Fort Collins, CO 80526
(970) 498-1100

Research Locations

Flagstaff, Arizona Reno, Nevada
Fort Collins, Colorado Albuquerque, New Mexico
Boise, Idaho Rapid City, South Dakota
Moscow, Idaho Logan, Utah
Bozeman, Montana Ogden, Utah
Missoula, Montana Provo, Utah

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability,
and where applicable, sex, marital status, familial status, parental status, religion,
sexual orientation, genetic information, political beliefs, reprisal, or because all
or part of an individual’s income is derived from any public assistance program.
(Not all prohibited bases apply to all programs.) Persons with disabilities who
require alternative means for communication of program information (Braille,
large print, audiotape, etc.) should contact USDA's TARGET Center at (202)
720-2600 (voice and TDD). To file a complaint of discrimination, write to USDA,
Director, Office of Civil Rights, 1400 Independence Avenue, S.W., Washington,
DC 20250-9410, or call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA
is an equal opportunity provider and employer.

Federal Recycling Program ﬁ.’ Printed on Recycled Paper



	Contents
	Introduction
	Cascabel Watersheds
	Prescribed Burning Treatments and the Wildfire
	Fire Severities
	Study Protocols
	Sampling Basis
	Tree Overstory Measurements
	Analytical Procedures

	Results and Discussion
	Initial Survival of Trees
	Crown Damage
	Densities
	Annual Growth
	Basal Sprouting
	Spatial Distributions of Trees

	Conclusions
	Management Implications
	References



