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ABSTRACT

Efforts to return natural fire to the Gila National Forest, New Mexico, have resulted in controversy regarding management of snags
(standing dead trees). The importance of snags for wildlife, especially cavity-dependent birds, is well documented. Although general
uses of snags by birds are known (nesting, roosting, perching, and foraging), we know little about the optimal number of snags needed
to sustain populations of snag-dependent species. We know less of the types, numbers, sizes, and vigor of snags that would persist
under a natural fire regime. Recently, efforts were initiated to understand relationships among snags, birds, and fire in fire-adapted
ponderosa pine forests of the southwestern United States. Preliminary results suggest that fire exclusion has resulted in large numbers
of old snags (dead =6 years), but few recent snags (dead <6 years). In contrast, fewer old snags but more recent snags were found
on areas experiencing a recent fire. Understanding snag dynamics under conditions that emulate natural fire regimes is key to under-
standing the ramifications of management efforts. For example, snags may need to be removed in order to hold a prescribed fire within
the maximum manageable area. Although some existing snags are lost, replacement snags are created as a result of the fire. Information
that details the range of variation of snag dynamics following natural fire events may help guide key management decisions made
during the fire and satisfy ecological and safety concerns.
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INTRODUCTION face fires helped to maintain a ponderosa pine and

Gambel oak (Quercus gambelii) forest on xerophytic
Fire Ecology of Ponderosa Pine Forestsin the sites. Ponderosa pine, Douglas-fir (Pseudotsuga men-
American Southwest ziesii), and Gambel oak occupied moister sites (Moir

. . o . ] et al. 1997). Early records from the 1800's describe
The historical role of fire, including fire frequen- these forests as more open, with little downed woody

cies, within many ponderosa pine (Pinus ponderosa) material (White 1985, Covington and Moore 1992,
forests of the American Southwest is well documented 1994, Johnson 1994, Moir et a. 1997). Ground cover

(Moir and Dieterich 1988, Swetnam 1990, Moody et was a continuous grass savanna composed of Arizona
al. 1992, Covington and Moore 1994). These studies  fescue (Festuca arizonica) and mountain muhly
converge on a paradigm emphasizing that fire has (Muhlenbergia montana) on the Mogollon Plateau in
maintained an open. parklike forest structure with a Arizona and New Mexico, and screw-leaf muhly
characteristic herbaceous understory (but see Shinne- (Muhlenbergia virescens) on pine-covered mesas with-
man and Baker [1997] for an alternate view). Heavy in the Gila Wilderness in southwest New Mexico.
livestock grazing during the late 1800's. followed by These grasses become dormant during the dry periods
aggressive tire suppression and accelerated logging. al- of May and June. The accumulated leaf biomass of
tered forests from open parks consisting of single-sto- several fire-free years provided fine fuels to carry low-
ried stands with a continuous bunchgrass understory intensity ground fires with little damage to the parent
cover to multistoried stands with dense. downed plant. These grasses recover quickly with the arrival
woody material and sparse live ground cover (Coving- of moisture from the tropics during the summer mon-
ton and Moore 1993). soon period. The herbaceous component was thought

Prior to the late 1800°s. frequent low-intensity sur- to have been fairly continuous. growing up to and

104



PRESCRIBED FIRE PROGRAM'S IMPLICATIONS FOR SNAG MANAGEMENT 105

against the trunks of trees (Baisan and Swetnam 1990,
Deiterich and Hibbert 1990, Moir 1992, Swetnam et
a. 1992, Fulé and Covington 1995, 1996, Barton
1995, Caprio and Zwolinski 1995, Grissino-Mayer et
a. 1995, Villanueva-Diaz and McPherson 1995).

Tree ring analysis of burn scars has been used to
estimate fire frequencies within the mesophytic and xe-
rophytic stands of ponderosa pine in the Southwest
(Swetnam 1990, Moir et a. 1997). It is generally ac-
cepted that fire occurred at 2- to 12-year intervals for
the xerophytic sites and a up to 15-year intervals for
mesophytic sites (Cooper 1961, White 1985, Coving-
ton and Moore 1994). Stand-replacement crown fires
were considered rare and were typicaly confined to
small thickets when they occurred (Woolsey 1911,
Pyne 1996). Because of these frequent fire events, it
is believed that the species of plants and animals with-
in this vegetation type have evolved with fire. It isalso
quite possible that they or their habitats require fre-
quent fires to remain viable. Much remains unknown
about the soil microbial community and their interde-
pendence with fire (Carrara and Carroll 1979, Moir
and Deiterich 1988, Moody et al. 1992, Baker et al.
1994, Covington and Moore 1994, Boucher and
Moody 1996, Ganey et al. 1996).

Shag Management in Southwestern Ponderosa Pine
Forests

It was not until the 1970's that biologists and man-
agers recognized the ecological importance of snags
for wildlife in western coniferous forests (Thomas et
a. 1979). Snags meet numerous life requisites for
birds, including nest substrates during the breeding
season and roosts during the winter (Marshall 1957,
Ffolliott 1983, Hay and Guntert 1983, Sydeman and
Guntert 1983, Szaro and Balda 1986). They aso pro-
vide sites for hawking, feeding, perching, vocalizing,
and food storage for many species of birds, mammals,
reptiles, amphibians, and invertebrates.

Shnags within the ponderosa pine forests of the
Southwest became afocal point during the mid-1970's
as researchers began to examine this habitat element.
Prior to 1975, little information existed on the number
of snags required to support healthy populations of
cavity-dependent species within southwestern conif-
erous systems (Balda 1975, Scott 1978, 1979, Szaro
and Balda 1979, 1982, 1986, Cunningham et al. 1980,
Ffolliott 1983, Hay and Guntert 1983, Szaro et a.
1990, Hall et a. 1997). Although the exact numbers
vary among studies, it appears that 4.2-7.9 snags per
hectare are needed to sustain populations of most cav-
ity-nesting birds (see Hall et al. [1997] for a review of
studies). Numbers of snags needed for other avian
needs such as foraging substrates, or numbers of snags
needed by other taxa for their life requisites, are large-
ly unknown. Cunningham et al. (1980) suggested that
large ponderosa pine snags >43 centimeters diameter
a breast height (DBH), with 40% bark cover, and
which have been dead 5-29 years provide the best
habitat for birds.

Shag management in the Southwest is based large-

ly on studies conducted by Balda (1975), Scott (1978),
and Cunningham et al. (1980). Indeed, the most recent
amendments to Forest Land Management Plans in the
Southwestern Region of the U.S. Department of Ag-
riculture (USDA), Forest Service, include snag guide-
lines based on the results of these studies (USDA For-
est Service 1996). The guidelines suggest that an av-
erage of 6.2 snags per hectare (2.5 snags per acre) is
needed in ponderosa pineforests to sustain populations
of secondary cavity-nesting birds. This guideline is
loosely based on Baldas (1975) recommendations,
which suggested that 4.2 snags per hectare (1.7 snags
per acre) were required for average populations of cav-
ity-dependent birds within the ponderosa pine type,
and 7.9 snags per hectare (3.2 snags per acre) were
needed to sustain maximum densities of these birds.

The validity of these guidelines has not been sys-
tematically and objectively tested. Whether the guide-
lines provide enough or excessive numbers of snags
for wildlife is not really known. The earliest infor-
mation on snag densities in southwestern coniferous
forests was from the Kaibab Plateau (Lang and Stewart
1909) and the Fort Apache Indian Reservation (Gutch-
es 1910) in the White Mountains located in north-cen-
tral and central Arizona, respectively. Average snag
densities from these 2 studies ranged from approxi-
mately 0.10 snags per hectare (Kaibab Plateau) to
about 0.75 snags per hectare (Fort Apache). Presum-
ably, these densities indicate those existing prior to
intensive management (timber harvest, grazing, fire
suppression), and they are far lower than existing man-
agement targets. Regardless, the Southwestern Region
continues to apply guidelines calling for greater num-
bers of snags.

Interpretations of the guidelines are inconsistent,
leading to confusion and controversy. Recent contro-
versy on the Gila National Forest involved the removal
of snags as part of efforts to contain a prescribed nat-
ural fire within the perimeter of the maximum man-
ageable area. Snags ignite with relative ease, providing
burning materials that can be blown across control
lines, or the entire tree may fall. They are also a health
and safety risk to personnel managing or controlling
an incident. Debate centers around questions about his-
torical snag abundance. Further controversy through-
out the Southwestern Region surrounds the cutting of
residual trees after stand-replacement fires. This type
of fire has become more frequent over the past decade
(R. Moody, L. Buchanan, R. Melcher, and H. Wis-
trand, U.S. Department of Agriculture, Forest Service,
Southwestern Region, unpublished report, 1992, Swet-
nam and Baisan 1996, Moir et al. 1997, Boucher and
Moody 1998).

Without intending to downplay the ecological im-
portance of snags, we conducted a pilot study to eval-
uate whether ponderosa pine snags could have oc-
curred in the densities we observe today on a land-
scape visited by frequent fires. The objectives of this
study were to evaluate snag numbers a selected sites
both within and outside of the Gila Wilderness. The
selected sites would include those that have had are-
cent fire, those that have had fire exclusion, and those
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Table 1. Management and activity status for the 7 study sites where snags were sampled in Arizona and New Mexico in 1997.

Management activities/status

Transect Grazed Timber harvest Fire suppression Research ~ Wilderness
Gila National Forest
Gila Wilderness
Clayton Mesa Until 1952 No 1 fire: 1994 No Yes
Turkeyfeather Until 1952 No 100+ years No Yes
Iron Creek Lake Until 1952 No 1 fire: 1993 No Yes
Iron Creek Mesa Until 1952 No 2 fires: 1993, 1980's No Yes
Silver City Ranger District, Pinos Altos Mountains
Meadow Creek Until 1996 1 entry, early 1900's Yes No No
Aztec Mesa Until 1996 1 entry, early 1900's Yes No No
Rocky Mountain Research Station
Fort Valley Experimental Forest
Gus Pearson No No 100+ years Yes No

that have been involved with timber products removal.
Shag density was also calculated at the Gus Pearson
Natural Areain the Coconino National Forest in cen-
tral Arizona. This site was used during the develop-
ment of the snag policy for the Southwestern Region
of the Forest Service.

STUDY AREAS

We sampled snags within 3 areas supporting pon-
derosa pine forests in the Southwest: Gila Wilderness,
Pinos Altos Mountains, and Gus Pearson Natural Area.
These areas represent a range of land use histories
from no timber extraction or livestock grazing to his-
torical timber harvest and livestock grazing. They also
represent variations in environmental conditions and
disturbance histories, although until recently fire sup-
pression was common to all 3 areas (Table 1).

The Gila Nationa Forest, located in southwest
New Mexico, contains 1,335,000 hectares, including
356,000 hectares of wilderness. The Gila Wilderness
has been managed as such since 1924. Elevation rang-
es from 1,300—3,300 meters above sea level. Vegeta
tion types include spruce-fir and mixed conifer at high
elevation, 2,400-3,300 meters aong the Black Range
and Mogollon Mountains, with ponderosa pine the pri-
mary species near 2,100 meters. A mixed woodland
of evergreen oak, pinyon pine (Pinus edulis), and ju-
niper (Juniperus spp.) is found below 2,000 meters.
The desert grassland subtends the woodland. Precipi-
tation is derived from winter frontal systems and from
summer thunderstorms generated by a monsoon flow
from the tropics.

The Pinos Altos Mountains are located approxi-
mately 20 kilometers north and east of Silver City,
New Mexico. The areais separated from the Mogollon
Mountains and the Gila Wilderness by the Gila River
Canyon. The highest peak is 2,800 meters and supports
mixed conifer forest. Vegetation at lower elevations
consists of ponderosa pine and Gambel oak. The area
was logged during the early 1900's and has also been
used for livestock grazing since the creation of the Gila
Forest. Like most of the Southwest, fire suppression
has been standard procedure for these mountains.

The Gus Pearson Natural Area, within the Cocon-
ino National Forest in north-central Arizona, was es-
tablished in 1909. Situated at 2,300 meters, it contains
ponderosa pine and Gambel oak. Temperature and di-
urnal weather patterns are similar to those for the Gila
National Forest with 1 exception: the summer moisture
usually comes several weeks later than that for south-
west New Mexico.

Within these study areas we estimated snag den-
sities along 7 transects described below. The transect
sites were selected because of past events, or the lack
thereof, a each site, i.e., fire suppression, livestock
grazing, timber harvest. A fixed point was selected on
aroad or trail for each starting point. Randomness was
achieved by spinning a compass dial for the transect
direction. The length of the transect was determined
after the tally of 40 snags. The width was determined
by the snag talied at the greatest distance to the left
and right from the center line a right angles. Only
snags visible from the center compass line, at right
angles, were counted.

Transect 1

Clayton Mesa is located within the Gila Wilder-
ness, Gila National Forest. The Glenn grazing allot-
ment was closed in 1952, and the mesa has not had
livestock grazing since that time. A well-established
pine-bunchgrass community exists with screw-leaf
muhly (Muhlenbergia virescens) as the dominant spe-
cies. The mesa consists of a mature ponderosa pine
and Gambel oak forest. The pines appear to be uneven-
aged but of even size (Biswell 1972, Covington and
Moore 1994). This site would be classified as xero-
phytic ponderosa pine (Moir et a. 1997). The Clayton
fire burned the entire mesa during the fall of 1995.
This fire was considered a moderate understory burn
and was the first fire for this area in 75 years of fire
exclusion.

Transect 2

Turkeyfeather Pass, opposite Clayton Mesa, is
again within the Gila Wilderness and the Glenn graz-
ing allotment. The forest floor has sparse herbaceous
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vegetation except where small openings or wet mead-
ows persist. The site would be classified as mixed co-
nifer forest with an overstory of ponderosa pine. The
dominant snag species is ponderosa pine. This site
would be considered mesophytic ponderosa pine by
Moir et a. (1997). The last fire entry is thought to
have occurred >100 years ago.

Transect 3

Iron Creek Lake is located at the north end of the
Gila Wilderness and is situated below and at the west
end of Iron Creek Mesa. This site is ponderosa pine
forest adjacent to a small lake, approximately 4 hect-
aresin size. Because of its proximity to water, the pine/
bunchgrass community is mixed with hydrophytic
sedges, rushes, and forbs not found at dry sites. This
site last burned on 19 June 1993 during the Iron/Galita
Fire. During thisfire, specia efforts were made to keep
existing snags in this area from burning, e.g., by re-
moval of combustible materials from the ground at the
base of the snag.

Transect 4

Iron Creek Mesaislocated east of Iron Creek Lake
above Snow Lake. The area is within the Gila Wil-
derness. It is a xerophytic pine site that was last burned
in June 1993. The area has also had 4 additional fires
since the late 1890's (data on file, Gila National For-
est).

Transect 5

Meadow Creek islocated in the Silver City Ranger
District, Gila National Forest, within the Pinos Altos
Mountains. A small tributary canyon adjacent to
Meadow Creek was sampled, and this site would be
considered a mesophytic ponderosa pine site by Moir
et al. (1997). The site has had livestock grazing
throughout its postsettlement history. Large pines were
harvested at theturn of the last century for commercial
use, and aggressive fire suppression has been success-
ful at preventing fires over the past 100 years. The
overstory consists of ponderosa pine. Mid-story trees
are Douglas-fir and Gambel oak. The forest floor is
covered with large downed woody material with
sparse vegetative cover.

Transect 6

Aztec Mesais east of Meadow Creek in the Silver
City Ranger District, and is again within the Pinos
Altos Mountains. This site would be considered a xe-
rophytic ponderosa pine site by Moir et a. (1997). The
history of commercial timber harvest and livestock
grazing is the same as that mentioned for Meadow
Creek. Heavy downed woody material exists a this
site with little vegetative cover on the forest floor.
Gambel oak is becoming senescent because of com-
petition for light with conifers. However, all snags re-
corded in this study were ponderosa pine. Fire sup-
pression has prevented wildfire over the last 100 years
a this site.

Transect 7

Gus Pearson Natural Area is located on the Fort
Valey Experimental Forest in the Coconino Nationa
Forest. The site would be considered a xerophytic pon-
derosa pine by Moir et al. (1997). Commercial harvest
has not occurred through standard timber sales; how-
ever, it was noted that selected trees had been cut in
the past. Livestock grazing has been excluded, but the
dense canopy cover limits herbaceous vegetation. All
snags recorded were ponderosa pine. Fire suppression
has been the standard for Fort Valley over the last 100
years.

METHODS

Snags were sampled in each area using aline-tran-
sect methodology (Anderson et al. 1979, Burnham et
al. 1980, Buckland et al. 1993). This method entailed
walking along a straight compass line and recording
the perpendicular distance from the transect to al
snags observed. The starting point and direction of
each transect was decided randomly. As this was a
pilot effort, we collected the minimum sample of 40
detections recommended by Anderson et al. (1979) for
estimating objects using line-transect methods. The to-
tal length depended on the distance needed to tally 40
snags and ranged from 440-930 meters. Snags were
placed into 3 categories:

1. Type 1 snags. These trees had been dead for <6
years and had small branches and occasional nee-
dles remaining.

2. Type 2 snags. These trees had been dead for 6-30
years and had lost most of the twigs and smaller
branches.

3. Type 3 snags. These were carbon cores of residua
snags that survived the most recent fire or were
snags resulting from a single-tree lightning fire dur-
ing the summer wet period.

We recorded all observed snags >30 centimeters DBH
and >3 meters tall.

We used program DISTANCE (Laake et al. 1996)
to estimate snag densities. We compared the fit of the
distribution of snag detection distances to 3 models—
uniform, half-normal, and hazard functions—to deter-
mine the best estimator for estimating densities. The
model that fit the data best as measured by Akaike's
Information Criterion (AlC) was used to estimate snag
densities. More detailed information on the models
evaluated and use of AIC can be found in Buckland
et al. (1993).

We also used an ad hoc method to estimate snag
densities to compare with the estimates derived from
program DISTANCE. This method entailed calculat-
ing the maximum area sampled, which was defined as
the product of the transect length and twice the max-
imum detection distance, and then estimating the den-
sity of snags detected within this area. The maximum
detection distance was the distance to the snag that was
farthest from the transect line. Estimates derived using
this method would be biased low given that detection



108 BOUCHER ET AL.

'_
(&)
11|
[7p]
b
<
T
5 M TYPE1
2 M TYPE 2
o M TYPE3
>-
m
o)
)
<
=
w

Fig. 1. Frequencies of snags by type found on 7 transects in
Arizona and New Mexico, 1997. Type 1 snags are <6 years old;
type 2 snags are 6-30 years old; and type 3 snags are carbon
cores of snags that have experienced multiple fires.

probabilities decrease with increasing distance from
the transect line; thus, some snags would go undetect-
ed. Nonetheless, it provided a semi-quantitative as-
sessment of whether the estimates derived from DIS-
TANCE were reasonable.

RESULTS

The relative frequency of snag types differed
among study areas (Figure 1). Type 3 snags were rel-
atively uncommon on all study areas. The Gus Pearson
Natural Area and Turkeyfeather Pass sites both con-
tained more type 2 than type 1 snags, whereas Iron
Creek Mesa and Clayton Mesa sites contained sub-
stantially more type 1 than type 2 snags. Although
Aztec Mesa, Meadow Creek, and Iron Mesa Lake had
more type 1 than type 2 snags, the difference was not
as great as for Iron Creek and Clayton mesas.

Estimates of snag densities from program DIS-
TANCE ranged from 1.70 snags per hectare (CV =
15%) for Aztec Mesa to 81.43 snags per hectare (CV
= 41%) for Iron Creek Lake (Table 2). Ad hoc density
estimates ranged from 1.70 snags per hectare (Aztec
Mesa) to 22.8 snags per hectare (Turkeyfeather Pass;
Table 1).

DISCUSSION

Where Have All the Snags Come From?

The Gila National Forest is actively trying to re-
store natural disturbance regimes to the Gila Wilder-
ness with the return of fire (Brown et a. 1994, Bou-
cher and Moody 1996). It is predicted that this man-
agement direction will result in stand structures that
approximate those that occurred prior to fire suppres-
sion and other postsettlement management practices
(Kurmes 1989, Harrington and Sackett 1990, Sackett
et al. 1994, Warshall 1995, Fulé and Covington 1996).
Based on historical information collected at other lo-
cations in the Southwest, snag numbers under natura
conditions may be lower than what exists today.

Although the earliest studies (Lang and Stewart
1909, Gutches 1910) did not classify forests as xero-
phytic or mesophytic, they referred to pure ponderosa
pine forest (likely xerophytic) and ponderosa pinefor-
est with a mixed conifer understory (mesophytic).
These early surveys counted snags because of their
potential value as timber. The density of snags for all
30 townships on the Kaibab Plateau averaged <0.10
snags per hectare. This survey included ponderosa
pine, mixed conifer, and spruce-fir zones. Pure pon-
derosa pine forest was estimated to be 60% of the sur-
vey area (Lang and Stewart 1909). Densities of snags
on the Fort Apache Indian Reservation in the White
Mountains averaged about 0.75 per hectare (Gutches
1910).

The 3 areas we studied encompassed substantial
variation in forest structure, past management, and fire
history. Snag densities along all transects in all areas
exceeded densities reported in the historical accounts
of Lang and Stewart (1909) and Gutches (1910). Our
7 transects illustrate some of the variation that occurs
in ponderosa pine forests and how local conditions and
past management practices have influenced snag den-
sities.

For example, areas with no timber harvest or re-
cent livestock grazing but where fire has been sup-
pressed until recently, such as Clayton and Iron Creek
mesas, exhibit similar snag characteristics. The area
sampled on Clayton Mesa had experienced 1 fire this
century, in 1994, and the Iron Creek Mesa area had
had 2 fires this century, one in 1985 and the other in
1993. The pine overstory remained intact, indicating

Table 2. Density estimates of snags >30 centimeters diameter at breast height from 7 locations in New Mexico and Arizona in 1997.

Density" Ad hoc
estimates Coefficient of estimates
Study site (number per hectare) variation (CV) Range (number per hectare)
Clayton Mesa 6.8 20% 4.5-10.1 45
Turkeyfeather 29.9 22% 19.4-46.0 22.8
Iron Creek Lake 81.4 1% 36.8-180.0 19.5
Iron Creek Mesa 3.6 18% 2.5-5.3 21
Meadow Creek 8.7 22% 5.7-13.5 4.6
Aztec Mesa 1.7 15% 1.2-23 1:7
Gus Pearson 5.6 18% 3.9-8.1 2.4

2 Based on output from program DISTANCE (Laake et a. 1996).
® Equals [line length *2(maximum detection distance)].
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that the fire intensity was low to moderate. Few type
2 snags (dead 6-30 years) were found on either mesa.
Most snags found on both mesas were type 1, or those
created by thelast fire. With fire exclusion, debris piles
form at the base of large mature trees. Ponderosa pines
typicaly cast 33% of their needles each fall, and with
the addition of fallen twigs and sloughed bark, these
pilesincrease in biomass. Without frequent fires (2- to
12-year intervals) and with the slow decomposition
rates, a substantial amount of material can accumulate
and become compacted. When an ignition finally oc-
curs, these debris piles burn much hotter than areas
farther away from the base of trees (Harrington and
Sackett 1992). The heat intensity may kill mychorrizal
fungi associated with the roots or may kill the roots
themselves, leading to tree mortality and snag devel-
opment (Harrington and Sackett 1992).

One major difference between the two mesas,
however, was in snag densities. Clayton Mesa had
nearly twice the snag density of Iron Creek Mesa (Ta
ble 2). Recall that 1 fire had burned Clayton Mesa,
whereas two had burned the Iron Creek Mesa site. We
postulate that the first fire entry resulted in a large
number of type 1 snags at both sites. However, when
the second fire burned Iron Creek Mesg, it likely con-
sumed most existing snags while creating new type 1
snags. Fewer snags were probably created a Iron
Creek Mesa after the second fire because there was far
less time after the last fire for the duff layer to accu-
mulate at the base of trees. This hypothesis may ex-
plain why frequent or recurring fires would limit the
number of snags that could be sustained over time.
Data from locations that have experienced repeated
fires close to natural fire frequencies would alow us
to test this hypothesis.

Turkeyfeather Pass and Gus Pearson Natural Area
represent sites that have had little or no recent timber
harvest or livestock grazing, and where fires have been
excluded during the 1900's. Both areas exhibited adis-
tribution of snag types opposite that found at Clayton
and Iron Creek mesas; that is, there were more type 2
than type 1 snags (Figure 1). The lack of firein these
areas has alowed snags to persist longer than if fire
were present, explaining the large number of type 2
snags. Some type 1 snags found at Turkeyfeather Pass
and Gus Pearson probably resulted from recent tree
mortality due to lightning. However, a greater cause of
mortality could be competition from the dense under-
sory —pine in both areas, and white fir and Douglas-
fir a Turkeyfeather Pass—that has developed in the
absence of fire.

Iron Creek Lake represents a unique situation.
Here we recorded the highest density of snags (Table
1) and similar numbers of type 1 and type 2 snags
(Figure 1), relationships attributable to site conditions
and management actions targeted to save existing
snags. This site burned for the first time in many years
during June 1993. Although many of the type 2 snags
on Clayton and Iron Creek mesas were consumed, the
type 2 snags a Iron Creek Lake remained standing.
The site is located adjacent to Iron Creek Lake and
contains moist soils associated with mesic and hydric

conditions. These moist conditions may have kept fire
from spreading and reaching many of the existing
snags. Thelarge number of type 2 snags, however, was
not solely the result of natural events. A management
decision was made to protect existing snags at this
location (L. Garcia, Gila National Forest, personal
communication). Before the fire reached the site, mem-
bers of the Sacramento Hotshot crew manually cleared
an area around each snag to minimize the possibility
of ignition when the fire reached the area. This action
preserved those snags, resulting in the large number
of older, type 2 snags. Without these actions, most of
the older snags would have burned, as they did at
Clayton and Iron Creek mesas.

Meadow Creek and Aztec Mesa represent mesic
and xeric sites, respectively, which have experienced
timber harvest, livestock grazing, and fire suppression
during most of this century. Given the lack of fire,
both sites contained relatively large numbers of older,
type 2 snags. High tree densities and recent drought
conditions have alowed for an outbreak of western
pine beetle (Dendroctonus brevicomis) over the past
several years. Treesrecently killed as aresult represent
most of the type 1 snags. Without the recent mortality
from beetle-killed trees, snag densities would have
been much lower. However, trees killed by beetle in-
festation tend to develop a brown cubical decay, caus-
ing them to break at the ground level in only a few
years (Moir et a. 1997). Thus, the longevity of these
snags might be limited. An additional complication
comes in the form of high fuel loading in aready
stressed sites, increasing the risk of catastrophic fire.
Further, Aztec Mesa is flat and exposed, and spring
frontal winds may be responsible for the brief exis-
tence of type 2 snags there.

Thus, snag densities in the areas we sampled ex-
ceeded historical densities. Whether these snag densi-
ties are sustainable in the absence of active manage-
ment and constant human intervention is doubtful. A
clearer understanding of effects of management prac-
tices on snag sustainability requires implementation of
well designed and replicated experiments in order to
distinguish cause-and-effect relationships from envi-
ronmental variations.

How Many Snags Do We Really Need?

Existing guidelines in the Southwestern Region of
the Forest Service are based largely on Balda's (1975)
work. Balda (1975) notes that virgin or undisturbed
forests have the highest numbers of snags, but he men-
tions logging as the only disturbance factor. Balda did
not list fireexclusion as a human disturbance, although
fire suppression has influenced forest structure and
composition throughout the Southwest. Thus, we are
compelled to point out that Baldas virgin or undis-
turbed forests are likely not "natural'; therefore, they
lack the characteristics of presettlement forests, where
fire was a mgjor ecosystem process.

Fire is the primary disturbance factor within the
xerophytic and mesophytic stands of ponderosa pine
in the Southwest (Moir and Dieterich 1988, Moody et
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al. 1992, Covington and Moore 1994). The ecologica
roles of fires have been well studied since the early
1930's (Weaver 1943, 1967, Ahlgren and Ahlgren
1960, Cooper 1960, Biswell 1972, Biswell et al. 1973,
Habeck and Mutch 1973, Wright 1978, Moir and Die-
terich 1988, Morgan 1994, Moir 1995, Allen 1996,
Pyne 1996). Within the dry climate zone of the south-
western United States, frequent low-intensity surface
firesrecycled nutrientsin an area where fungal break-
down would be too slow to keep up with annual bio-
mass production (Moir et al. 1997).

The widely accepted models of snag and log dy-
namics provided by Thomas et al. (1979) may not ap-
ply to ponderosa pine forests of the Southwest. Thom-
as et al.’s (1979) models portrayed snags as going
through stages of decay corresponding to the length of
time the dead tree has been standing, which eventually
would lead to "snag mortality' when the snag falls.
Fallen snags then become downed logs, which go
through another series of stages ending in decompo-
sition and decay resulting from weathering, fungi, and
a variety of faunal activities.

Weather conditions and disturbance regimes in
southwestern ponderosa pine forests, however, are
very different from the northwestern forests that
Thomas et al. (1979) studied. Frequent fires in pon-
derosa pine forests tend to bum snags before they can
go through stages of decay and fall. Moir et a. (1997)
state that ponderosa pine snags may persist for only a
short time. The few fallen snags that do become logs
often burn before decaying, especially given that decay
rates are much slower in the arid environments of the
Southwest. Early accounts and photos indicate that
large downed woody debris was kept at @ minimum
by these frequent fires. The newly burned areas tend
to provide an opening in the pine-bunchgrass com-
munity that allows for seedling development. Frequent
fires may have been one of the few ways large contin-
uous stands of ponderosa pine were able to regenerate
themselves. Thus, we conclude that overall snag num-
bersin presettlement ponderosa pine forests may have
been lower than the minimum standards provided in
Forest Land Management Plans throughout the South-
western Region of the Forest Service.

We suggest that substrates used by wildlife typi-
cally ascribed to snags in ponderosa pine forests may
have been provided by alternative sources, such as
spike-topped trees, dead branches, lightning-scarred
live trees with fungal heart rot, and large hardwoods
like Gambel oak. These habitat types are utilized today
where available. All of theseforest elements could sur-
vive frequent low- to moderate-intensity surface fires.
Unfortunately, past and current management practices
have reduced the availability of these habitat elements
(Nagiller et a. 1991, Moir et a. 1996).

For example, large Gambel oaks are being lost at
an alarming rate. These trees are a valuable resource
used by many birds and mammals (Moir et al. 1997).
They are being removed for firewood near urban cen-
ters (Nagiller et al. 1991), but most importantly, they
are being replaced by more shade-tolerant conifers.
Before 1890, frequent surface fires helped maintain a

pine and oak codominance (Moir 1982, Dieterich and
Hibbert 1990, Swetnam et al. 1992). If large oak trees
are desired on a given site, then over-topping by co-
nifers must be prevented (Moir et a. 1997). Further,
tighter regulations may be needed to minimize the loss
of oaks to fuelwood harvest. Moreover, given that re-
maining oaks now exhibit heart rot and are surrounded
by flammable fuels, they may be particularly vulner-
able to mortality by fire. Without directed efforts to
line and protect these trees, the increased use of man-
aged fire to reduce fuels to prevent catastrophic wild-
fires may lead to excessive loss of this valued com-
ponent of wildlife habitat.

Lightning is a key component within the south-
western ponderosa pine ecosystem. Lightning was
considered to be the chief cause of mortality of large
ponderosa pine in presettlement forests. It was also
responsible for partial mortality, leaving dead treetops
and open scars. These dead areas are often used by
primary cavity-nesting birds and other vertebrates and
invertebrates. These partially dead trees were routinely
removed as a standard part of timber harvest. They
were considered a threat to other healthy trees because
of the potential for attracting insect pests and fungal
heart rot. Furthermore, past timber harvest practices
selected large trees for removal, the very trees with
high probabilities of being struck by lightning and be-
coming spike-topped trees or snags.

It is clear that much remains unknown about the
biotic and abiotic functions of presettlement ponderosa
pine forests. We have learned of the ecological im-
portance of fire and have begun to understand the im-
portance of frequent low- to moderate-intensity surface
fires. The interrelationships between cavity-dependent
species and forest health has al so become afocal point.
We need a better understanding of wildlife use of
snags or ecological equivalents, and relationships be-
tween sustainable populations of wildlife that require
these unique habitat elements and the quantity and dis-
tribution of snags, spike-topped trees, and hardwoods.
We must avoid misperceptions about what should be,
and continue to gather and compile good data to aid
in management decisions in the future. Much remains
to be learned about what constitutes the best habitat
for cavity-dependent species in fire-regulated systems
of the Southwest.

Thus, past and present management practices have
not only directly targeted snags for removal, but they
have also resulted in the loss of alternative sources of
standing dead or decaying wood as provided by hard-
woods and partialy dead conifers. Consideration of
how many snags are needed must also take into ac-
count alternative substrates. It may very well be that
snag numbers reported in historical accounts are ade-
quate to sustain populations of wildlife species that
depend on dead or decaying woody substrates if and
only if those substrates are provided by other sources.
Clearly, we need additional information that elucidates
the relative importance of snags, hardwoods, and other
sources of standing dead and decaying wood to sustain
populations of the dependent wildlife species.

It is noteworthy to point out that any surface fire
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near the base of a ponderosa pine snag will probably
ignite that snag. This observation comes from the 65
years of the authors' combined firefighting experience.
The assumption can then be made that if the pine-
bunchgrass communities were continuous and fire fre-
quencies were 2-7 years, then the number of ponder-
osa pine snags reaching the minimum usable age of 6
years suggested by Balda (1975) would be limited. At
the upper end of 7-12 years, the snag densities may
be closer to those encountered on the Fort Apache In-
dian Reservation in 1910 at 0.75 snags per hectare.

CONCLUSIONS

The limited number of transects sampled precludes
us from extending our resultstoo far. At this point, our
results likely evoke more questions than they answer.
However, the preliminary data suggest that to manage
for 6-30 dead standing trees per hectare may not be
practical as we return fire to the watersheds of the
Southwest. Recently killed trees are much more com-
mon after a burn, and only scattered old dead standing
snags survive. We believe that issues of snag numbers
and snag management are critically important to the
conservation of many species of wildlife. Given this
importance, we require a stronger empirical basis for
developing management policies. We need to under-
stand snag dynamics in natural and managed forests
and how snag dynamics influence populations of key
wildlife species. Furthermore, it is important to note
that the life history of snags in the xeric ponderosa
pine zones of the Southwest may differ from that of
other regions. Finally, study of snag dynamics must
include study of substrates that may serve the same or
similar ecological roles as snags, such as spike-topped
trees and hardwoods.
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