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ABSTRACT

In ponderosa pine forests, wildfire can be a 
dominating influence on associated natural resources. Very 
often, detrimental effects have been emphasized in the 
evaluation of the impact of wildfire, with little or no 
regard to benefits. However, certain wildlife species have 
been found to benefit from wildfire.

A study designed to quantify these benefits (or 
losses) and convert them to an index that could be used in 
an analysis of post-fire values was conducted on several 
burned areas near Flagstaff, Arizona. Wildlife and habitat 
components were quantified over a projected twenty-year 
period after fire and represented as flows of benefits 
(increases) or losses (decreases) relative to an unburned 
site. Flows of benefits or losses, called time-trend 
response curves, were converted to annuities, or annualized 
return from the resource.

The results indicated that benefits could be 
expected for deer, elk, some rodents, some birds, and 
forage. Losses could be expected for cottontail, chipmunks, 
some birds, and ponderosa pine.

Annuities, calculated for two interest rates and 
three time periods after fire, could be used as either 
indices of the benefit or loss, or to calculate monetary

x



value. Annuities were designed for a wide application of 
use under different management and economic systems.



INTRODUCTION

Although fire has long been excluded from many 
ponderosa pine'*' forests in Arizona, it was once a dominating 
influence (Weaver 1955) . However, through exclusion of fire 
in recent years, a situation has developed whereby fires. 
that do occur are often catastrophic.

Very often, detrimental effects or damages have been 
emphasized in the evaluation of wildfire. Wildlife, how
ever, is one natural resource that may benefit from burns 
(Jones 1973). There has commonly been little or no refer
ence to wildlife benefits from wildfire, possibly because 
past management was more oriented toward a single product, 
usually timber. Furthermore, wildlife benefits are diffi
cult to quantify and market.

Because of a growing emphasis on multiple use 
management of public lands, land managers are becoming 
interested in describing the general response of game and 
non-game animals to wildfire to more accurately assess the 
total effect of fire on ecosystems. If wildlife does 
benefit from fire, then it should be possible to quantify 
those benefits and include them in fire damage reports. 
Monetary return from the land would have involuntarily been

1. Scientific names are in Appendix A.
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changed from one form of resource capital to another, and 
the estimate of loss by fire could be reduced.

In the ponderosa pine forests of Arizona, several 
large burned areas provided the opportunity for an 
exploratory study of the effects of wildfire on wildlife. 
This thesis describes such a study, and an approach to an 
economic analysis of the effects of wildfire on wildlife.

It was not possible to consider all wildlife species 
that may be affected by fire in ponderosa pine forests 
because a limited amount of study time was available. 
Therefore, deer, elk, cottontail, rodents, and non-game 
birds were studied most intensively and directly. Addi
tionally, various habitat components, i.e., ground cover, 
forage species frequency, and nutrient content of browse 
species were measured.

2



DESCRIPTION OF STUDY

Objectives
This exploratory study was specifically designed to 

provide source data to satisfy the following objectives:
1. Determine the relative use of deer, elk, cottontail, 

rodents, and birds on burned versus unburned 
(control) sites.

2. Describe vegetative juxtapositions present to assess 
possible habitat changes in relation to abundance, 
utilization, and nutritive quality on burned versus 
unburned sites.

3. Correlate the above-mentioned wildlife use with 
vegetation parameters to develop empirical and, 
hopefully, dynamic relationships regarding the 
burns.

4. Develop an evaluation technique to equate wildlife 
use and habitat change to an index to describe 
potential wildlife benefits (or losses).

Study Areas
To study changes in wildlife populations and 

habitat resulting from ecological succession associated with 
fire, it was necessary to select burns of different ages.
It was also necessary to locate burns in close proximity to
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each other and fairly similar in vegetation, elevation, and 
soil to reduce variation not related to fire.

The following burns, located approximately twenty
miles north of Flagstaff, Arizona, were selected for :

Burn Year Burned Acres
Kelly Tank Fire 1 1954 4100
White Horse Fire 1967 865
Kelly Tank Fire 2 1971 3550
Wild Bill Fire 1973 7140

Also, a study area in the unburned forest adjacent to the 
White Horse Fire was selected as a control.

All study areas were in ponderosa pine forests, 
between 7500 and 7960 feet in elevation, and on basaltic 
soils within ten miles of each other (Figure 1).

The oldest burn, Kelly Tank Fire 1, resembled a 
grassland (Figure 2). Most of the trees that were killed 
have since been removed or fallen down. The area was seeded 
with an unknown mixture of grasses. There has been little 
regeneration of ponderosa pine. At the edge of the burn, 
there are several patches of live trees not killed in the . 
fire.

The second oldest burn, the White Horse Fire, is on 
the Wild Bill study area (Pearson and Jameson 1967). At 
the time of this study, many of the dead unmarketable trees 
had fallen down but not yet decomposed to any appreciable
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Figure 1. Location of Study Area



r' ■’■ sm
The Kelly Tank Fire 1 Study Area



7

extent (Figure 3). The burned area was seeded with a 
mixture of orchardgrass, wheatgrasses, and yellow sweet- 
clover, most of which was orchardgrass. Grasses and buck
wheat were abundant in the summer of 1974. Several patches 
of unburned trees remained standing within the burned area, 
and ground cover there more closely resembled the unburned 
forest than the burn.

The Kelly Tank Fire 2 was the third oldest fire, and 
most of the remaining dead trees were still standing (Figure
4) . Plant species seeded after the burn were ponderosa 
pine, perennial ryegrass, intermediate wheatgrass, yellow 
sweet-clover, and smooth brome. Ponderosa pine seedlings 
were also planted. Patches of live trees occur, but ground 
cover under the trees resembled the burn.

The Wild Bill Fire of November, 1973, was the most 
recent burn studied. Most of the burned trees were still 
standing during the first summer of data collection (Figure
5) . Salvage logging was initiated in August of 1974. This 
burn was seeded with a mixture of orchardgrass, perennial 
ryegrass, intermediate wheatgrass, yellow sweet-clover, and 
smooth brome. Ponderosa pine seedlings were also planted.

The control was located immediately west of the 
White Horse Fire (Figure 1). There was no evidence of 
recent fires or logging in the spring of 1975. Vegetation 
was typical of the ponderosa pine forests near Flagstaff, 
Arizona.



Figure 3. The White Horse Fire Study Area
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Figure 4. The Kelly Tank Fire 2 Study Area



Figure 5. The Wild Bill Fire Study Area
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Field Methods

Sample Design
A forty-acre grid was established on each study 

area, on sites as similar to each other as possible. Each 
was a systematic 11 by 11 grid of sample points marked with 
twelve-inch wooden stakes at two-chain (132 foot) intervals. 
Elevation and aspect of. each grid:

Grid
Elevation
(Feet) Aspect

Control 7550-7610 S-SW
Wild Bill Fire 7890-7960 N
White Horse Fire 7800-7900 SW
Kelly Tank Fire 2 7680-7780 NE
Kelly Tank Fire 1 7280-7960 N-NW

Burned grid locations were chosen to sample the 
interior or more severe burn, the edge, and the adjacent 
unburned forest. Grids were established in June 1974, and 
mapped by marking the locations of live trees, ravines, 
burned areas, and other features on a map of the point 
system.

Data Collection
Wildlife Measurements. Mule deer, elk, and cotton

tail pellets were counted- and cleared from 0.01-acre 
circular plots centered over each grid point in late June 
1974, mid-October 1974, and late May 1975. Reading dates
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were chosen to measure an unknown period of use, summer- 
fall use, and winter-spring use. Mule deer and elk pellets 
were counted as groups consisting of a minimum of twenty- 
five pellets deposited at the same apparent time. Cotton
tail pellets were counted individually.

Rodents were censused by snap trapping at each 
sample point. Traps were baited with rolled oats and peanut 
butter and trapping extended for three days. The three day 
period was chosen because a large portion of the rodent 
population can be sampled in this time space without other 
rodents entering the area (Sticle 1946). Two trappings were 
made, one from August 4 to 12, 1974; and the other from May 
26 to June 3, 1975. Traps were checked morning and evening 
during the first period, but only once a day in the second 
period. Data collected were species, trap location, sex, 
reproductive condition (whether lactating, pregnant, or with 
testes descended), weight, weather conditions, and day of 
trapping for that grid. Weight was not recorded during the 
second trapping.

Birds were censused by systematically walking the 
grids early in the morning, and noting the location, 
species, and activity of each bird seen on a map of the 
grid. Each grid was walked for two consecutive days, May 
26 to June 3, 1975. Populations were estimated by averaging 
the total number of birds seen for the two days, or



estimating the number of individuals from map locations if 
a pattern of observations was apparent.

Habitat Measurements. Ground cover was estimated 
within a 12 by 18-inch wooden frame divided into one-sixths 
by strips of tape along the edges. This frame was set on 
the ground at the same relative position beside each stake 
on the sample grids. Total coverage of forb basal area, 
grass basal area, litter, bare ground, and rock was esti
mated ocularly in late July 1974.

Frequency of occurrence of forage plants was deter
mined in cylindrical plots 9.8 feet in diameter and five 
feet high centered at each sample point, following a pro
cedure described by Aldous (1944). Within each cylinder, a 
species was considered present or absent and browsed or un
browsed. Sampling dates were July 27 to August 1, 1974. 
Instead of considering all plant species, eighteen were 
chosen on the basis of presence and importance as forage 
(Table 1). Publications by Neff (1974) and Kufeld, Wallmo, 
and Feddema (1973) were helpful in this regard.

Samples for nutrient analysis of deervetch, lupine, 
buckbrush, and Arizona fescue were taken from the burned 
portions of the burned grids and the control during August 
14 to 18, 1974. Plant species were chosen on the basis of 
abundance and importance as forage. Each sample was weighed 
in the field, placed in an individual paper bag, and kept as

13
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Table 1. Forage Species Included in the Frequency Analysis

Growth Form Species

Trees Ponderosa Pine

Shrubs Buckbrush
Rose

Forbs Buckwheat
Cranebill
Dandelion
Deervetch
Lambsquarter
Loco
Lupine
Spreading Fleabane

Grasses Arizona Fescue 
Mountain Muhly 
Orchardgrass 
Wheatgrasses

Other Mistletoe
Mushrooms
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dry as possible. Within six days of collection, the samples 
were taken to Tucson, Arizona, dried in an oven at 145°F for 
three days, and ground to a fine powder for analysis. 
Analyses for nitrogen, calcium, and phosphorus were con
ducted by the Department of Soils, Water, and Engineering 
at The University of Arizona.

Since few forage species were sufficiently 
abundant to obtain nutrient samples for each species from 
all grids, it was necessary to use one species as a bench
mark by which nutrient values could be compared. It was 
assumed that, if any differences existed, this benchmark 
species would give some indication of the relative nutritive 
value of those species not sampled on a particular grid. 
Lupine was the only species common enough to serve as an 
indicator, and samples were taken from all five grids. The 
three other plant species were only taken from those grids 
on which they were abundant enough to provide an adequate 
sample.

In addition to analysis for nitrogen, calcium, and 
phosphorus, deervetch was chosen for analysis of crude fiber 
content. Deervetch was chosen for this analysis because of 
its relative abundance on the control and the three youngest 
burns, and its preference as forage based on the frequency 
analysis. Analysis for crude fiber was carried out by the 
Department of Animal Science at The University of Arizona.
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Analytical Procedures

Analysis of Biological Data
Analysis of the biological data varied according to 

the type of source data available. Each data set was sub
jected to an analysis designed to illustrate the biological 
meaning of the data and determine statistical differences. 
All statistical inferences were evaluated at the ten per 
cent significance level, and comparisons were only made 
between the burns and the control.

The unburned portions of the burned grids were con
sidered under the influence of the burn for deer and elk 
and, therefore, analysis included every point on each grid. 
All other data analysis included only the burned portions of 
the grids.

During the late summer and fall of 1974, salvage 
logging on the Wild Bill Fire destroyed some of the sample 
points. Some of the points on the control grid were also 
destroyed by a logging operation in the spring of 1975.
Since it would have been difficult to replace the destroyed 
points in their original positions, those points were 
excluded from the sample for all succeeding analyses.

Deer, Elk, and Cottontail. Mean pellet groups per 
acre for deer and elk and pellets per acre for cottontail 
were compared by student's t-test for unequal variance and
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sample size (Steel and Torrie 1960, p. 81). All three data 
sets for each grid were analyzed.

Rodents♦ Total numbers of rodents caught per acre 
were compared using chi-square tests. To conduct these 
tests, it was necessary to obtain a value for the number of 
rodents that would have been caught on the burns had the 
animal density on those areas been the same as the control. 
This value was obtained by multiplying the number of acres 
sampled by each burned grid by the control density.

The number of acres sampled varied because compari
sons were only made between rodents caught on the burned 
portions of the grids on the burned study areas and the 
control. Also, a strip around the edge of the trap grid as 
wide as the radius of the home range of the particular 
animal being tested was considered to have been sampled. 
Home range values, taken from the literature, were: 1.72
acres for mice (King 1968), 6.49 acres for ground squirrels 
(Gordon 1943), and 2.21 acres for chipmunks (Gordon 1943). 
Some of the chipmunks trapped on the burn were caught only 
in unburned patches of live trees. Because of this, two 
tests were conducted, one adjusted for the burn as before, 
and one adjusted for those caught on the burn but in live 
trees.

Birds. Bird numbers were compared in much the same
manner as rodents. Densities were computed for those birds
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seen on the burned areas and compared with those on the 
control by chi-square tests. Area sampled was considered to 
be the area confined by the grid. Densities were expressed 
in terms of individuals per 100 acres to facilitate compari
son with other studies.

Instead of comparing individual species, birds were 
grouped into feeding categories, after Bock and Lynch (1970), 
and similar feeding categories were compared. Categories 
used were: tree foliage searching birds, timber gleaning
birds, ground-brush foraging birds, flycatching birds, 
timber drilling birds, and aerial flycatching birds. Bird 
species in each foraging category are given in Table 2.
Total bird populations were also compared.

In addition, two tests for differences between bird 
communities were used. The first test classified the 
species as either exclusive or characteristic on each of 
two areas. An exclusive species was found only in one 
habitat. A characteristic species was. three times as 
abundant on one area if either density was less than ten 
pairs per 100 acres, or twice as abundant on an area if both 
densities were greater than ten pairs per 100 acres (Martin • 
1960). When comparing two areas, if more than fifty per 
cent of the birds on both areas were either characteristic 
or exclusive, then the areas were considered different bird 
communities.
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Table 2. Foraging Categories of Birds

Foraging Category Bird Species

Tree Foliage Searching Audubon's Warbler
Clark1s Nutcracker
Grace’s Warbler 
Mountain Chickadee 
Solitary Vireo 
Steller's Jay 
Virginia's Warbler 
Western Tanager

Timber Gleaning Brown Creeper 
Pygmy Nuthatch. 
White-breasted Nuthatch

Ground-brush Foraging American Robin 
Black-headed Grosbeak 
Brown-headed Cowbird 
Chipping Sparrow 
Green-tailed Towhee 
Grey-headed Junco 
Mountain Bluebird 
Mourning Dove 
Red-shafted Flicker 
Vesper Sparrow 
Western Bluebird

Flycatching Empidonax, spp. 
Olive-sided Flycatcher 
Western Wood Peewee

Timber Drilling Acorn Woodpecker 
Hairy Woodpecker

Aerial Flycatching Purple Martin 
Violet-green Swallow
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The second test uses per cent difference, which is 

the sum of the differences between the numbers of each 
species seen on either of two areas divided by the total 
number of individuals seen on both areas (Odum 1950). If 
per cent difference is greater than fifty per cent, the 
areas are considered separate bird communities.

A diversity index was also used (MacA.rthur and 
MacArthur 1961). This index, symbolized by H 1, is based on 
the number and relative abundance of species within a 
community. It is calculated as follows:

H' = -E [ (pi) (Inpi) ]

where pi is the proportion of all birds which belong to 
species i. The ratio of H 1 to Hmax (the maximum possible 
value of H 1 for that number of species) is an index of how 
close the community is to maximum diversity.

Ground Cover. Mean estimates of ground cover were 
compared by student's t-test for unequal variance and 
replication (Steel and Torrie 1960, p. 81). For the grids 
on burned areas, only sample points on the burn were in
cluded in the tests.

Forage Species Frequency. Frequency of occurrence 
of individual forage species was compared by using chi- 
square tests. The frequency encountered on the control was 
considered the expected value in the comparison.
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Nutrient Quality. Mean parts per million of 

nitrogen, calcium, and phosphorus for deervetch, lupine, 
buckbrush, and Arizona fescue were compared using student's 
t-test for unequal variance and replication.

Mean per cent crude fiber of deervetch was compared 
by analysis of variance and Student-Newman-Keul1s multiple 
range test.

Development of an Index of Benefits
In natural resource management, the managed resource 

can be considered capital yielding returns based on the type 
of management and existing markets. Wildlife is one of the 
resources in a forest ecosystem, and although difficult to 
quantify in a monetary sense, does yield annual returns.
The benefit analysis used in this study focused on these 
annual returns.

A consistent method of representing the data for 
analysis was obtained by dividing the preliminary index 
values from each burn studied by the control value. The 
result was a unitless ratio, with the value of the control 
always 1.0. Assuming wildlife and habitat levels would 
respond in the same relative manner to fluctuations in 
weather conditions, time of year, and cyclic changes on each 
grid, the ratios were considered indicators of changes 
attributed to fire only.
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Ratios were plotted on a graph with the ratio, oh the 

Y-axis and time after fire on the X-axis. The control was 
represented by a horizontal line at the ratio of 1.0 and it 
was considered an indicator of conditions as they would have 
been with no fire. An ocularly fitted curve connecting the 
points for the burned areas was considered to represent a 
flow of benefits or losses for a twenty-year period after 
fire. If a curve was above the control line, it was con
sidered a benefit, while a curve below the control was 
indicative of a loss. If a ratio value was not signifi
cantly different from the control, no change in benefits was 
assumed. Curves were referred to as time-trend response 
curves.

An index of benefits or losses after fire was 
obtained from the time-trend response curves by converting 
them to annuities. An annuity is an equivalent annual pay
ment received from a resource for a specified period of 
time. Because flows of unequal yields, as observed in this 
study, cannot be compared with flows of equal yields, the 
annuities had to be equal for each period of analysis to 
facilitate comparison with annuities from the control, which 
was represented as a flow of equal annual yields. Although 
annuities are normally thought of in terms of dollars, it 
was necessary to use them as indices of the monetary value 
to facilitate their use under a variety of conditions.
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Annuities were calculated as follows:

Vo(i(l+i)n) 
a = (l+i)"-1

where
a = the annuity;
Vo = present net worth, or the total of all (yearly)

values from the response curves discounted to time 
zero;

i = the discount rate; and 
n = the number of years of analysis.

Present net worth was obtained from a discounting 
formula, as follows (Davis 1960, p. 311):

(1+i)

where Vn is the value taken from the time-trend response 
curve for the nth year.

The term (i(1+i)n/(1+i)n *) from the annuity 
formula, a capital recovery multiplier (Lundgren 1971), can 
be obtained from compound interest tables. It indicates 
the amount of an annuity whose present value equals 1.0 
(Davis 1954, p. 318). If, in the discounting formula, a 
value of 1.0 is always used for Vn (as with the control), 
the annuity calculated from Vo is also 1.0. Annuities from 
time-trend response curves above or below the control were 
either more or less than 1.0.
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Annuities were calculated for two arbitrary discount 
rates, a low one of five per cent and a high one of ten per 
cent, and for time intervals of five, ten, fifteen, and 
twenty years.

Monetary value of the annuity from the time-trend 
response curves can be computed, if desired, by multiplying 
the expected pre-fire monetary return calculated for a 
desired period of time by the appropriate annuity.



RESULTS

For presentation of results and discussion, all 
points on the time-trend response curves were referred to as 
periods of time after fire. The control was considered to 
represent pre-fire conditions.

Pertinent tables not included in the main body of 
this thesis are presented in the appendix.

Deer
The initial clearing of deer pellets, which repre

sented an unknown period of use, indicated an increase in 
accumulation relative to the control after one year, and 
peaking three years after fire at five and one-half times 
the control value (Figure 6). After three years, use de
clined to about twice that of the control at seven years, 
increasing slowly then to almost four times pre-fire condi
tions twenty years after fire.

Annuities for the initial clearing were all more 
than twice pre-fire returns. The highest annuity was 2.9 
for the five-and twenty-year analyses at a five per cent 
discount rate (Table 3). Returns were highest for the 
five-year analyses because of the high peak in accumulated 
use three years after fire.

25
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Table 3. Annuities for Deer Use

Clearing
Period of 
Analysis 
(years)

Annuity
5 Per Cent 10 Per Cent

Initial 5 2.9 ro 00

10 , 2.6 2.6
15 2.7 2.7 •
20 2.9 2.8

Summer-fall 5 1.5 1.4
10 1.7 1.6
15 H 00 1.7
20 1.9 H 00

Winter-spring 5 .77 .76
10 ,98 .93
15 2.0 1.7
20 3.3 2,6-
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Increases in summer-fall deer use did not begin 

until two years after fire, but remained at about twice the 
level of the control for the remainder of the twenty-year 
evaluation period (Figure 7). Deer use was lowest the first 
growing season after fire, about one-fourth pre-fire condi
tions, and highest after twenty years, about two and one- 
half times the control. This curve exhibited no trace of a 
peak at three years.

Annuities for summer-fall deer use were all above 
pre-fire returns, but not by as much as the annuities for 
accumulated use, indicated by the initial clearing (Table 3). 
Increases of about one and one-half times the control could 
be expected in the annual return for summer-fall deer use 
after fire. The highest annuity was 1.9 for a twenty-year 
analysis at a five per cent discount rate.

Winter-spring deer use was less than summer-fall, 
but the general shape of the time-trend response curve 
remained essentially the same (Figure 8). Significant 
increases did not occur until seven years after fire but, by 
twenty years, use was eleven times pre-fire conditions.
This high winter-spring use was about one-half of the 
summer-fall use on the same area. Winter-spring use was 
one-eighth summer-fall use on the more recent burns and the 
control, indicating that the twenty-year old burn was used 
most extensively as winter-spring range. It is not known
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whether this reflected continuous occupation of the area by 
deer or extended fall and early spring occupation.

Annuities for winter-spring use were the most 
variable of all annuities for deer, primarily a result of 
the relatively extreme differences in deer use among study 
areas (Table 3). Annuities were all below 1.0 for the five- 
and ten-year analyses. Annuities for the fifteen- and 
twenty-year analyses were above 1.0, the highest being 3.3 
for the twenty-year analysis at a five per cent discount 
rate, indicating that unless a long term analysis is used 
(15-20 years), no benefits can be expected for winter-spring 
deer use after fire.

Deer pellet source data are summarized in Appendix B.

Elk
The initial clearing of elk pellets revealed that 

elk use also increased after fire. Accumulated use was 
higher than the control beginning one year after fire, and 
peaked seven years after fire at about eleven times the pre
fire level (Figure 9). After seven years, accumulated use 
declined back to the control level, twenty years after fire.

Annuities were above 1.0 for all cases (Table 4).
The lowest was 4.6 for the five-year analysis at a ten per 
cent discount rate, the highest was 8.1 for the ten- and 
fifteen-year analyses at a five per cent discount rate.
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Table 4. Annuities for Elk Use

Period of Annuity
Analysis -------------------------

Clearing (years) 5 Per Cent 10 Per Cent

Initial 5
10
15
20

Summer-fall 5
10
15
20

Winter-spring 5
10
15

5.7 4.6
8.1 7.1
8.1 7.3
7.1 6.8

1.9 1.9
2.4 2.3
2.4 2.3
2.2 2.2

9.7 9.6
12 11
12 12
JL̂3 * ■ ■ .... # *  *20
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The time-trend response curve for summer-fall elk 

use was similar to accumulated use (indicated by the first 
clearing), but ratios for the burns were not as high 
(Figure 10). Summer-fall use also declined the first year 
after fire to slightly less than one-half pre-fire levels. 
After the first year, summer-fall use increased, and by 
seven years, was three times the control level• Use then 
began to decline and, by twenty years, was back to the level 
of the control.

Annuities ranged from 1.9 for the five-year analyses 
to 2.4 for the ten- and fifteen-year analyses at a five per 
cent discount rate (Table 4). These annuities were the 
lowest that occurred for elk.

Winter-spring elk use was quite different from 
either accumulated use or summer-fall use (Figure 11). 
Winter-spring use was higher than the control on all burned 
areas. Increases began immediately after fire, and peaked 
after seven years at about fifteen times the control level. 
Use then slowly decreased to about thirteen times the 
control twenty years after fire. Elk winter-spring use was 
a minimum of one-fourth summer use on any burned area, and 
was very close to summer use on some burned areas. On the 
control, winter-spring use was one-seventeenth summer-fall 
use. This difference indicated that the burned areas were 
used more than the control for elk winter-spring range.
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Annuities for winter-spring use were the highest of 

all annuities for elk (Table 4). Depending on the period of 
analysis and the discount rate, increased returns of from 
9.6 to 13 times could be expected. Highest returns were for 
the long term analyses, and there was little difference 
between the two discount rates.

Elk pellet source data are summarized in Appendix B .

Cottontail
Initial clearing of cottontail pellets revealed no 

change in accumulation until seven years after fire (Figure 
12). After seven years, accumulation decreased and, by 
twenty years, was down to one-sixth that of the control.

For the five-year analyses, annuities for cottontail 
accumulated use were 1.0, reflecting a lack of change in use 
for that time period (Table 5). All other annuities were 
below 1.0, the lowest was 0.77 for the twenty-year analysis 
at a five per cent discount rate.

Summer-fall cottontail use was different from 
accumulated use, but there were again no points above the 
control (Figure 13). Summer-fall use decreased immediately 
after fire to about one-seventh pre-fire levels, then in
creased to the control level at seven years. After seven 
years, summer-fall use decreased again to about one- 
sixteenth the control level.
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Table 5, Annuities for Cottontail Use

Period of 
Analysis 
(years)

Annuity
Clearing 5 Per Cent 10 Per Cent

Initial 5 1.0 O
 

r—
1

10 ID 00 .99
15 .89 .91
20 .77 00

Summer-fall 5 .36 .35
10 .62 00in

15 .61 .58
20 .54 inin

Winter-spring 5 .81 00 00

10 .46 .54
15 .36 .45
20 .33. .. ,42 •
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No benefits could be expected for cottontail during 

the summer and fall for the entire period of analysis 
(Table 5). Annuities were all below 1.0. The highest 
returns corresponded to the peak in use seven years after 
fire.

The only cottontail use period found to be higher 
than pre-fire levels was during the winter and spring. 
Winter-spring use increased the first year after fire to 
about two and three-fourth times the control then decreased 
to zero at three years (Figure 14). After seven years, use 
gradually increased again to about one-fifth pre-fire levels 
at twenty years.

Annuities for cottontail winter-spring use were also 
all below 1.0 (Table 5). The highest was 0.88 for a five- 
year analysis at a ten per cent discount rate. Returns were 
highest for the short term analyses and decreased as the 
time period was increased.

Overall, cottontail use was very low. The highest 
daily rate of accumulation was about 0.66 pellets per acre. 
Cottontail pellet source data are summarized in Appendix B.

Rodents
Five species of rodents were caught on the study 

grids: deer mice, golden-mantled ground squirrels, grey-
collared chipmunks, Mexical voles, and Mexican woodrats. 
However, only three, deer mice, ground squirrels, and
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chipmunks, were numerous enough to allow detailed evalua
tions.

Deer Mice
Summer deer mouse populations increased immediately 

after fire, to a peak two and one-half times the control 
level three years after fire (Figure 15). They then de
clined to the level of the control at seven years and in
creased again to two and one-half times the control twenty 
years after fire.

Annuities for deer mouse summer populations were 
slightly more than twice pre-fire annuities for the five- 
year analyses (Table 6). Returns for all succeeding 
analyses were 1.7 to 1.8 times the control level at both 
discount rates.

Spring deer mouse population trends were essentially 
the same as those for summer, the only difference being the 
relatively higher ratios for the burned areas. There was an 
increase in spring deer mouse population immediately after 
fire to about five times the control level three years after 
fire (Figure 16). Populations then decreased to the pre
fire level seven years after fire, increasing after that by 
about six times after twenty years.

Annuities for mouse spring populations were all 
above pre-fire returns by at least 2.9 times (Table 6). The 
highest returns were 4.4 for the five-year analyses.

43
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Table 6. Annuities for Deer Mice

Trap Period
Period of 
Analysis 
(years)

Annuity
5 Per Cent 10 Per Cent

Summer 1974 5
10
15
20

Spring 1975 5

2.1 2.1
1.7 1.7
1.7 1.7
1.8 1.8

4.4 4.4
10 3.2 3.3
15 2.9 3.1
20 3.3 3.3
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Deer mice were the most numerous rodent species on 

all burned areas and the control, but because of their 
relatively low average weight, did not always comprise the 
largest percentage of the total rodent biomass. During the 
summer, other heavier rodent species were numerous enough 
to outweigh the mouse population on the control, the Wild 
Bill Fire, and the White Horse Fire.

Deer mice were the only rodents trapped that 
exhibited significant differences in the level of sexual 
activity among areas. All burned areas with higher popula
tions than the control had higher percentage levels of 
sexual activity.

Deer mouse densities were essentially the same for 
both summer and spring except on the control and at seven 
years after fire (Figures 15 and 16). On both those areas, 
the spring population was about one-half the summer popula
tion.

Ground Squirrels
Ground squirrel summer densities began decreasing 

one year after fire and were only one-sixth the control 
density three years after fire (Figure 17). After three 
years, they increased to slightly less than two and one-half 
times the control, decreasing after that to the pre-fire 
level at twenty years. Ground squirrels comprised the
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largest percentage of total rodent biomass on the Wild Bill 
and White Horse fires.

Increased annuities for ground squirrel summer 
populations did not occur until a ten-year analysis was used 
(Table 7). The maximum returns were 1.5 for the fifteen- 
and twenty-year analyses at a five per cent discount rate.

Table 7. Annuities for Ground Squirrels and Chipmunks

Species
Period of 
Analysis 
(years)

Annuity
5 Per Cent 10 Per Cent

Golden-mantled 5 .68 .67
Ground Squirrel 10 1.4 1.3

15 1.5 1.4
20 1.5 1.4

Grey-collared 5 .29 .28
Chipmunk . 10 .58 .55

15 .60 .57
20 .55 .54

So few ground squirrels were caught in the spring of 
1975 that no time-trend response curve was drawn. Spring 
densities were down to no more than one-seventh summer 
densities except on the Kelly Tank Fire 2, which represented 
a time period of three years after fire. No more than one 
ground squirrel was caught on any one area in the spring.
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Chipmunks

Chipmunk summer populations declined immediately to 
zero by one year after fire. Then, they increased to the 
control level seven years after fire, and decreased again to 
one-fourth the control level after twenty years (Figure 18). 
Chipmunks comprised the largest percentage of rodent bio
mass on the control.

Annuities for chipmunks were all well below pre-fire 
returns (Table 7). The lowest annuity was 0.28 for the 
five-year analysis at a ten per cent discount rate, and the 
highest was 0.60 for the fifteen-year analysis at a five 
per cent discount rate.

The time-trend response curve for chipmunks caught 
only on burned portions of the burned grids was similar in 
shape to Figure 18 but ratios were much lower. Chipmunk 
populations for the second adjustment were only one-third 
pre-fire levels seven years after fire. At one and twenty 
years after fire, chipmunk populations were down to zero and 
one-thirteenth the control level respectively.

Annuities for chipmunks only caught among dead trees 
were correspondingly low, the highest was 0.21 for the ten- 
year analysis at a five per cent discount rate.

Because so few chipmunks were caught the spring of 
1975, no time-trend response curve was drawn. Only two 
chipmunks were caught on the control, about one-eighth the 
summer population.
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Rodent trap source data and weights are summarized 

in Appendix B.

Birds

All Birds
The combined response of all birds to fire is 

presented in Figure 19. There was an initial increase to 
almost one and one-half times pre-fire numbers one year 
after fire, then a decrease to about one-half the control 
level seven years after fire. After seven years, bird 
numbers increased gradually but, by twenty years, were still 
only five-eighths pre-fire numbers.

Annuities for total bird numbers were near 1.0 for 
the five-year analyses, but below 1.0 for all other analyses 
(Table 8). The lowest annuity was 0.71 for the twenty-year 
analysis at a five per cent discount rate.

Tree Foliage Searching Birds. Tree foliage 
searching birds responded in almost the same way as the 
combined response of all birds (Figure 20). Tree foliage 
searching birds increased immediately after fire to slightly 
less than one and one-half times the control, then decreased 
to about one-third pre-fire levels at seven years. Twenty 
years after fire, they had increased somewhat, but were 
still only a little more than one-half the control level.
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Table 8. Annuities for Birds

Category
Period of 
Analysis 
(years)

Annuities
5 Per Cent 10 Per Cent

All birds 5 1.0 1.1
10 .79 .86
15 .73 .79
20 .71 .78

Tree Foliage 5 1.0 1.0
Searching Birds 10 .74 .79

15 .67 .72
20 .65 .71

Timber Gleaning 5 .36 .36
Birds 10 .24 .25

15 .19 .22
20 .17 .20

Ground-brush 5 1.6 1.6
Foraging Birds 10 1,2 1.3

15 1.2 1.2
20 1.2 1.2

Flycatching Birds 5 2.6 2.5
10 3.4 3.3
15 3.2 3.1
20 2.7 2.8

Timber Drilling 5 1.4 1.4
Birds 10 1.2 1.3

15 1.2 1.2
20 1.1 1.2

Aerial Flycatching 5 .28 .29Birds 10 .17 .1815 .18 .18' 20 .20 .21
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Annuities for tree foliage searching birds were also 

very similar to those for total bird numbers (Table 8). For 
the five-year analyses, annuities were 1.0. The lowest was 
0.65 for the twenty-year analysis at a five per cent 
discount rate.

Timber Gleaning Birds. Timber gleaning birds de
creased immediately after fire to about one-third pre-fire 
levels in one year (Figure 21). After one year, they in
creased to one-half the control number three years after 
fire. By seven years, timber gleaning birds had decreased 
to less than one-tenth pre-fire levels and remained below 
that for the rest of the twenty-year period.

All annuities for timber gleaning birds were 0.36 
or lower (Table 8). Lowest annuities were for the longer 
periods of analysis.

Ground-Brush Foraging Birds. Ground-brush foraging 
birds increased the first year after fire to two and one- 
half times control numbers (Figure 22). Then, they de
creased in abundance and, by seven years after fire, were 
only three-fourths the level of the control. After seven 
years, ground-brush foraging birds gradually increased to 
about one and one-fourth pre-fire numbers, twenty years 
after fire.

All annuities for ground-brush foraging birds were 
above 1.0 (Table 8). Highest returns were for the five-year
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analyses, lowest returns were for the fifteen-year analyses. 
The maximum annuities were 1.6 times the pre-fire return for 
the five-year analyses.

Flycatching Birds. Flycatching birds increased more 
in numbers than any other bird category (Figure 23). Al
though no change in abundance occurred until after one year, 
flycatching birds were four and two-thirds times the pre
fire level by seven years after fire. After the peak at 
seven years, flycatching bird numbers decreased and, by 
twenty years after fire, were down to zero.

All annuities for flycatching birds were more than 
twice the expected returns for control conditions (Table 8). 
The highest annuities were for the ten- and fifteen-year 
analyses, reflecting the peak in flycatcher abundance seven 
years after fire. The maximum increase in return that could 
be expected was 3.4 times the control return for the ten- 
year analysis at a five per cent discount rate.

Timber Drilling Birds. Timber drilling birds in
creased immediately after fire to twice the control level in 
one year (Figure 24). After one year, they declined and, by 
three years, were back to the pre-fire level. There were no 
other recorded changes in the number of timber drilling 
birds for the rest of the twenty-year period.

Annuities for timber drilling birds were all above
1.0 (Table 8). Highest annuities were for the shorter
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periods of analysis, reflecting the early peak in abundance. 
A return of 1.4 for the five-year analysis at a ten per cent 
discount rate was the highest that could be expected.

Aerial Flycatchinq Birds. Aerial flycatching bird 
numbers decreased to zero by three years after fire (Figure 
25). Seven years after fire, they re-entered the burned 
area and, by twenty years, were one-half the control level.

No benefits could be expected in the return for 
aerial flycatching birds. The highest annuity was 0.28 for 
the five-year analysis at a ten per cent discount rate 
(Table 8).

Community Differences
The two tests used to detect differences between 

bird communities provided different results. The only bird 
community determined to be different from the control by 
both tests occurred on the twenty-year old burn. Martin's 
test indicated the one-year old burn to be different, while 
the three-, seven-, and twenty-year old burns were different 
from the control according to Odum's test.

Species Diversity
Bird species diversity was one and one-sixth times 

higher than the control diversity three years after fire 
(Table 9). At all other recorded levels, diversity on the 
burns was about nine-tenths that of the control. Bird
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Table 9. Bird Species Diversity (Hl)

Time After Fire 
(years) H' Hmax H 1/Hmax

0 (Control) 2.5 00CM .89
1 2.2 2.6 .84
3 2.9 3.1 .93
7 2.1 2.3 .91
20 2.2 2.5 88
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communities were closest to maximum diversity when the 
burned community was three years old or older. One year 
after fire, the community was farthest from maximum 
diversity. Bird Source data are summarized in Appendix C.

Ground Cover

Forb Basal Area
Forbs invaded one year after fire and, by three 

years, comprised twenty times the pre-fire ground cover 
(Figure 26). Forbs then declined and, by seven years, basal 
area was back at the level of the control. Basal area was 
three and one-fourth times the control level twenty years 
after fire.

All annuities from basal area measurements of forbs 
were above pre-fire returns by at least a factor of 5 
(Table 10).

Grass Basal Area
The grass basal area time-trend response curve was 

essentially the inverse of the forb basal area curve (Figure 
27). Unlike forb basal area, grass basal area decreased to 
one-fourth pre-fire basal area one year after fire. Grasses 
then increased, and by seven years after fire, were three 
times the control basal area. Grass basal area was still 
two and one-half times that of the control twenty years 
after fire.
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Table 10. Annuities for Ground Cover

Period of Annuity
Type of Analysis ------------------------ -
Coverage (years) 5 Per Cent 10 Per Cent

Forb Basal Area

Grass Basal Area

Litter

Bare Ground

5 11 11
10 6.8 7.3
15 5.3 6.3
20 5.2 6.0
5 1.2 1.1

10 1.9 1.8
15 2.1 2.0
20 2.2 2.0
5 .55 .54

10 .64 .62
15 .67 .65
20 .69 .67
5 9.5 9.8

10 7.2 7.6
15 6.4 7.0
20 6.1 6.7
5 1.5 1.6

10 1.6 1.6
15 1.5 1.6
20 1,5 1.5

Rock
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Table 10. Annuities for Ground Cover

Type of 
Coverage

Period of 
Analysis 
(years)

Annuity
5 Per Cent 10 Per Cent

Forb Basal Area 5 11 11
10 6.8 7.3
15 5.3 6.3
20 5.2 6.0

Grass Basal Area 5 1.2 1.1
10 1.9 1.8
15 2.1 2.0
20 2.2 2.0

Litter 5 .55 .54
10 .64 .62
15 .67 .65
20 .69 .67

Bare Ground 5 9.5 9.8
10 7.2 7.6
15 6.4 7.0
20 6.1 6.7

Rock 5 1.5 1.6
10 1.6 1.6
15 1.5 1.6
20 1.5 1.5
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All annuities for grass basal area were above pre

fire returns (Table 10). The highest returns that could be 
expected were about twice that of the control. Lowest 
returns were for the five-year analyses, reflecting the dip 
in basal area the first three years after fire.

Litter
Litter coverage decreased immediately after fire, 

and did not return to the pre-fire level during the twenty- 
year evaluation period (Figure 28). After an initial dip to 
less than one-half the control coverage one year after fire, 
litter leveled off at three-fourths the pre-fire level and 
remained there for the rest of the period of analysis.

Annuities for litter coverage were all below the 
control annuity (Table 10). Litter returns increased as the 
period of analysis was lengthened but were: never higher 
than 0.69.

Bare Ground
The amount of bare ground the first year after fire 

was fifteen times the amount on the control (Figure 29).
Bare ground then began to decrease and, by seven years, was 
four times the control level. By twenty years after fire, 
there had been little change except for a gradual increase 
to five times the pre-fire level. This response curve was 
essentially the inverse of the litter curve.
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All anuities for bare ground were at least six times 

the control annuity (Table 10). The highest were for the 
five-year analyses.

Rock
Rock decreased the first year after fire, to less 

than one-fourth the pre-fire amount (Figure 30). After the 
first year, rock coverage increased to twice the control 
level five years after fire. By twenty years, it had 
returned to the pre-fire level.

All annuities for rock coverage-;were either 1.5 or 
1.6 times the control annuity (Table 10). Ground cover 
basal area source data are summarized in Appendix D.

Forage Species Frequency and 
Plant Succession

Time-trend response curves were developed for only 
five forage species because of the relatively large number 
of species considered in this category. Forage species 
selected were: buckbrush, ponderosa pine, deervetch,
fleabane, and buckwheat. All other browse frequency data 
are in Appendix D. In addition to individual time-trend 
response curves, the general trend of plant succession was 
determined from the appearance and disappearance of plant 
species.
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Plant Succession

Plant succession indicated that, generally, the only 
plant species present one year after fire were bunchgrasses 
and a few forbs, including lupine, deervetch, lambsquarter, 
and loco. Forbs predominated three years after fire, with 
loco the most abundant. Buckbrush at that time was close to 
control levels. Grasses (mostly introduced) and buckbrush 
predominated after seven years, with relatively few forbs 
present. Twenty years after fire, grasses were still 
abundant, but numerous forbs had become established and were 
as frequently encountered on the plots as grasses. However, 
basal area of grasses was still more than five times higher 
than that of forbs, and the general appearance of the land 
was of a grassland. Ponderosa pine reproduction was 
established to some extent, but buckbrush was still abundant. 
Forage preference was mainly dependent on the species 
present, buckbrush and forbs were generally preferred over 
grasses.

Buckbrush Frequency
Buckbrush frequency decreased to zero the first year 

after fire, increasing to four times the control level seven 
years after fire (Figure 31). Twenty years after fire, 
buckbrush was still two and three-fourths as abundant on the
burned areas as on the control.
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Anuities for buckbrush were all above 1.0 (Table 
11). The highest were for the long run analyses, where a 
return of 2.7 could be expected.

Ponderosa Pine Frequency
Ponderosa pine forage frequency decreased imme

diately after fire to about one-seventh of the pre-fire 
frequency, and fluctuated fairly close to that level until 
seven years after fire (Figure 32). After seven years, 
ponderosa pine forage increased and, by twenty years, was 
two-thirds the pre-fire frequency.

Annuities for ponderosa pine were fairly similar for 
all analyses and none were above 0.27 (Table 11). It is 
important to remember that those frequencies and annuities 
were only for ponderosa pine that was available as forage, 
not the value as timber.

Deervetch Frequency
Deervetch frequency increased to almost three'times 

the control level the first year after fire (Figure 33). 
Frequency then decreased to the control level three years 
after fire, and remained at that level until seven years 
after fire. After seven years, deervetch decreased to one- 
fourth the pre-fire frequency twenty years after fire.

Annuities for deervetch were all above 1.0 except 
for the twenty-year analysis at a five per cent discount

76



77
Table 11. Annuities for Forage Plant Frequency

Forage Species
Period of 
Analysis 
(years)

Annuity
5 Per Cent 10 Per Cent

Buckbrush 5 1.4 1.3
10 2.4 2.3
15 2.7 2.5,
20 2.7 2.5

Ponderosa Pine 5 .22 .22
10 .17 .20
15 .21 .21
20 .27 .24

Deervetch 5 1.4 1.5
10 1.2 1.2
15 1.2 1.1
20 .94 1.0

Fleabane 5 1.8 1.7
10 1.4 1.4
15 1.1 1.2
20 1.0 1.1

Buckwheat 5 4.3 4.2
10 2.9 3.0
15 2,4 2.6
20 2.1 2.5
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rate (Table 11). The highest annuity was 1.5 for the five- 
year analysis at a ten per cent discount rate.

Fleabane Frequency
Fleabane frequency decreased to zero the first year 

after fire, then increased to three times the control three 
years after fire (Figure 34). Fleabane decreased to zero 
again by twenty years after fire.

Annual returns for fleabane were similar to those 
for deervetch (Table 11). Highest annuities were for the 
shorter periods of analysis, the maximum being 1.8 for the 
five-year analysis at a five per cent discount rate.

Buckwheat Frequency
The response curve for buckwheat frequency indicated 

an increase beginning one year after fire, and peaking three 
years after fire at eight and one-half times pre-fire levels 
(Figure 35). Buckwheat then decreased in frequency, and by 
seven years, was back at the level of the control. No other 
changes were recorded.

Annuities for buckwheat were all more than twice the 
control return and were highest for the short run analyses 
(Table 11). As the evaluation period was lengthened, 
annuities differed increasingly between discount rates.
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Nutrient Quality of Forage Species
Statistical analysis of the nitrogen, phosphorus, 

and calcium content of lupine revealed few differences. 
There were also few differences in nutrient content of 
deervetch, buckbrush, and Arizona fescue. Variations were 
inconsistent between species and probably did not reflect 
fire effects. Time-trend response curves were not drawn.

The crude fiber data did reveal some differences 
(Figure 36). Crude fiber in deervetch increased to about 
one and on-fourth times the control from three to seven 
years after fire.

The deervetch crude fiber annuities for the five- 
year analyses were both 1.2. Crude fiber source data are 
summarized in Appendix E.
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DISCUSSION

Deer and Elk
Increases in deer and elk use after fire were 

probably due to higher forage production and the increase in 
edge areas. Burned areas provided more variety of habitat 
types, along with increased forage in the form of forbs, 
grasses, and shrubs. The more recent burns provided some 
cover in the form of dead trees and branches.

The extent of deer and elk use over burned areas is 
not known. Reynolds (1962) found that deer and elk use 
decreased beyond 700 feet into natural openings in ponderosa 
pine forests. Borders of clearings were used most ex
tensively, and for maximum deer and elk use, clearcuts 
should not be more than 45 acres in size (Reynolds 1969).
The same patterns of use may also apply to burned areas. If 
so, beneficial effects of large wildfires may be confined to 
the edge of the burn. Many burned trees remained standing 
until at least seven years after fire, providing more cover 
than on a natural opening or old burn.

Deer and elk use of recent burns did not diminish 
at maximum recorded distances from the forest (about 475 
feet), and deer were frequently seen at much greater 
distances. However, the number of deer and elk pellets on 
the open area twenty years after fire tapered off as the
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distance from the forest was increased. This decline indi
cated that deer and elk use was more closely associated with 
the edge of burns as the burns became older and the amount 
of protective cover decreased. Additional study would be 
needed to determine the extent of deer and elk use in the 
center of large burns. Since fires are commonly too small 
to exceed the 45 acre limit by much, they would not present 
such a pattern of deer and elk use.

Deer
Deer use was probably more related to the occurrence 

of forbs and buckbrush than to grass. Preliminary clearing 
revealed a peak in accumulated deer use corresponding to 
peak recorded forb production three years after fire 
(Figures 6 and 26). Subsequent clearings revealed no such 
trend (Figures 7 and 8). Pearson, Davis, and Schubert 
(1972) found thirty-eight times as many forbs on a seeded 
portion of the White Horse Fire as on an adjacent unburned 
area about sixteen months after fire. Kruse (1972) found 
increased deer use immediately after the White Horse Fire.
If the burns evaluated in the study described herein re
sponded in the same way, the peak in accumulated deer use 
may have been a response to accelerated forb growth, which 
was already on a decline by three years after fire.

Summer-fall and winter-spring use were the same for 
time periods of three and seven years after fire even though
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the dominant browse species had been changed from forbs to 
buckbrush. This similarity indicated that, although the 
plant community had changed, carrying capacity for deer had 
not. Apparently, deer fed upon whatever browse was avail
able.

The low winter-spring deer use on all areas except 
the twenty-year old burn was probably a result of an annual 
shift to winter range as the summer range became increasingly 
uninhabitable. The twenty-year old burn may have been used 
more as winter range because it was relatively open and 
provided ease of movement to and from the nearby lower 
elevations.

Elk
Elk use probably responded more to grass abundance 

than to other forage types. Unlike deer, elk prefer grasses 
over forbs and brush. Peaks in elk use corresponded to the 
area of highest grass production, specifically, seven years 
after fire (Figures 9-11 and 27).

The relatively low elk summer-fall use twenty years 
after fire may be a result of unpredictable shifts in elk 
population centers, or the fact that sheep used the twenty- 
year old burn for a few weeks in late spring and early 
summer of 1974. Personal observations indicate that elk 
tend to avoid areas of domestic livestock concentration. 
Similar shifts in elk use were reported by Neff (1971a)
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after introduction of cattle on the Beaver Creek Watershed 
in north-central Arizona.

The relatively high winter-spring elk use of the 
burned areas was likely due to increased grass production. 
Neff (1971b) found that, instead of moving entirely out of 
the summer range on the Beaver Creek Watershed, elk pre
ferred to remain on the ridges as long as forage was avail
able. The winter of 1974-75 may have been severe enough to 
move most elk out of the control area. However, higher 
grass production on the burned areas was evidently suffi
cient during the winter to sustain at least seven times the 
elk use of the control.

Cottontail
With increased forage on burned areas, cottontail 

numbers might be expected to increase. Concurrent studies 
on the Beaver Creek Watershed revealed that cottontail use 
did increase significantly on a clearcut area with slash 
piled in windrows. The lack of increase on the burned areas 
indicated that cover is probably the limiting factor 
(Figures 12-14). Cottontail evidently need large amounts of 
dense cover, probably more for winter survival than in the 
summer. Decreases in cottontail use on burned areas 
probably reflect a low overall use, although difficulty in 
obtaining reliable pellet data may have complicated matters.
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Rodents

Deer Mice
The increase in deer mice populations after fire 

(Figure 16) can be attributed to two factors, food and 
cover. An increase in food supply, mainly forbs (Figure 
26), would create the necessary energy base for a large 
mouse population. An increase in cover in the form of 
stumps and fallen logs would provide hiding and living space 
for that population.

By comparing the response curves for deer mice and 
forb basal area (Figures 16 and 26), it can be seen that 
peaks in the deer mouse population corresponded to peaks in 
forb abundance, a major food item for deer mice (Goodwin 
1975). In addition, the amount of cover was higher on the 
two Kelly Tank fires, which represented time periods of 
three and twenty years after fire, respectively, than on any
other area. The Kelly Tank Fire 1 had almost ten times the
cover area of the control. Conversely, the White Horse 
Fire, which represented a time period of seven years after 
fire, had relatively few forbs and less cover than the 
control. This is similar to findings by Goodwin (1975) on 
the Beaver Creek Watershed.

The only burn that did not appear to fit the rela
tionship between forbs, cover, and deer mice was the Wild
Bill Fire, which represented a time period of one year after
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fire. Gashwiler (1959) found a similar increase in deer 
mice immediately after fire in Oregon, and postulated that 
the mice were feeding mainly on insects instead of forks.
It may be possible that, at least for a short period of time 
after a fire, insects, seeds, and a few forks and grasses 
can support a higher mouse population than before fire.
Cover on the Wild Bill Fire may have been provided by 
numerous holes left by burned out stumps.

The higher breeding rate for deer mice may be a 
result of the greater food supply. Reynolds and Turkowski 
(1972) found such a correlation with round-tailed ground 
squirrels. A higher reproductive rate would serve to keep 
the population as close to carrying capacity as possible at 
all times.

Winter mortality apparently had little effect on 
deer mice, except on those areas with the least amount of 
cover or food. Spring populations on burned areas with both 
cover and food were very similar to summer populations, 
probably reflecting higher winter survival and breeding 
rates.

Ground Squirrels
The time-trend response curve for ground squirrels 

(Figure 17), which was the inverse of the curve for mice 
(Figure 16), indicated that they responded to different 
factors than those that affected mice. Aside from the
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possibility of exclusion through direct competition, reasons 
for this relationship were not clear.

The high ground squirrel population seven years 
after fire may have been due to the increased food supply. 
Grasses and forbs constitute a major proportion of the 
ground squirrel diet (Tevis 1953). Ground squirrels were 
probably taking advantage of higher grass production seven 
years after fire (Figure 27), or were residuals from 
previous years when forbs were abundant. Expected higher 
ground squirrel populations on the three-and twenty-year old 
burns were not realized (Figure 17). The original popula
tion of those areas may have been below the level of the 
control.

Chipmunks
Chipmunks are more dependent on live trees than on a 

ground based food supply (Lowe et al. 1975). Where trees 
were removed by fire, chipmunks declined accordingly 
(Figure 18). Chipmunks will probably not become established 
again until trees are large enough to supply habitat and 
food.

Birds
It is important to note that the bird survey made in 

this study was only conducted but once, in the spring of 
1975. Therefore, it was impossible to record every species 
using the areas throughout the year. Carothers, Haldeman,
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and Baida (1973) found sixty-nine species of birds living in 
ponderosa pine forests near Flagstaff, twenty-three of which 
were breeding. These authors also found that six of the 
bird species seen in the study described herein did not 
arrive until after June 1. Because of the yearly variation 
in bird populations, the results of this study should be 
considered only an index of the actual situation.

Foraging Categories
The relative abundance of birds in each foraging 

category was largely determined by the nature of the vegeta
tion present. Birds adapted to feed in coniferous forests 
were most abundant on the control, while birds adapted to 
feed closer to the ground or in open areas were most 
numerous on the burns.

The increase in tree foliage searching birds the 
first year after fire was primarily due to large flocks of 
Audubon's warblers that frequented the area (Figure 20). 
Audubon's warblers are opportunistic in their feeding 
habits, and in this particular case, were behaving as 
ground-brush foragers instead of tree foliage searchers.
The subsequent decrease in tree foliage searching birds 
resulted from a lack of forage sites with the loss of trees. 
Timber gleaning birds decreased for the same reason 
(Figure 21) .
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The abundance of exposed perches in the form of 

burned branches and trunks of trees provided feeding space 
for the higher flycatcher population on earlier burns 
(Figure 23). There may also have been more insects for them 
to feed upon.

The increase in timber drilling birds the initial 
few years after fire (Figure 24) was probably the result of 
a temporary increase in woodboring insects on dead trees. 
Blackford (1955) found a similar increase after fire in a 
Montana coniferous forest.

The decrease in aerial flycatching birds (i.e., 
violet-green swallows) after fire (Figure 25) most likely 
resulted from a reduction in nest sites. Violet-green 
swallows are cavity nesters and, on the control, most of 
these birds were seen flying around large dead trees, a 
favorite nest site (Scott and Patton 1975). Reduction of 
nest sites may have been a factor in reducing numbers of 
many other birds as well. Sixty-four per cent of the birds 
on the control were cavity nesters, as compared with a 
maximum of forty-nine per cent on the burns.

Bird Numbers and Community Differences
The differences found between the bird communities 

on the burns and the control were most likely due to the 
change in habitat and forage sites resulting from fire. In 
general, the burns were occupied by fewer, but heavier,
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birds. Average weights of birds were significantly higher 
on burns more than one year old than on the control (Table 
12). (Bird weights were taken from Carothers et al. 1973 
and Bock and Lynch 1970.)

Table 12. Bird Average Weights and Standing Crop Biomass

Study Area Average Weight3
Standing Crop 

Biomass
grams grams/100 acres

Control 26 5250
Wild Bill Fire 28 8010
Kelly Tank Fire 2 46 9320
White Horse Fire 35 3260
Kelly Tank Fire 1 75 9750

^Source: Carothers et al. (1973); Bock and Lynch
(1970).

The twenty-year old burn had less than three-fourths 
the number of birds as the control, but standing crop bio
mass was nearly twice as much (Table 12). Carothers et al. 
(1973) and Bock and Lynch (1970) found similar relation
ships . The difference was attributed to the type of forage 
available. Most forage in ponderosa pine forests is 
distributed among needles and branches. Smaller birds, such 
as nuthatches, chickadees, and creepers, are better suited
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to take advantage of that type of forage than are larger 
ones. Consequently, smaller birds live in the forest.
Birds suited to more ground based forage conditions on the 
burns are generally larger. Those birds were mostly ground
brush foragers such as towhees and meadowlarks.

The high bird population one year after fire (Figure 
19) was due, in part, to large flocks of ]uncos and Audubon's 
warblers that frequented the area presumably in search of 
insects. The low bird population and biomass seven years 
after fire could have been a result of a lack of forage. 
Qualitative observations indicated that forage sites on the 
seven-year old burn resembled those on the twenty-year old 
burn. However, the bird communities were different. The 
many dead standing trees seven years after fire may have 
discouraged some of the open area bird species that in
habited the twenty-year old burn.

Diversity
The high bird diversity three years after fire sug

gested that area had a more diversified distribution of food 
than the other communities (Table 9). The distribution of 
food is related to the plant community which, on the three- 
year old burn, was comprised of many different species and 
growth forms. Plant communities on the other burns were 
less diversified than the control and, accordingly, bird 
diversity was lower.
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In addition to heterogeneity of the plant community, 

there may be a relationship between the amount of vegetation 
being synthesized on an area and bird species diversity and 
density (Baida 1975). The type of vegetation may also be 
important. More forbs were present three years after fire 
than at any other time (Figure 26). If forbs provide a 
major source of food in the form of shoots, buds, and 
insects, this may explain the high bird diversity at that 
time. The same type of situation may have occurred on the 
control, where bird diversity was also relatively high. 
However, the type of vegetation being synthesized on the 
control was in the form of ponderosa pine buds instead of 
forbs.

The relatively low ratio of existing diversity to 
maximum diversity one year after fire was an indication that 
that area was dominated by relatively few of the species 
present. The older burns were closest to maximum diversity, 
reflecting little species dominance probably caused by a 
relatively even distribution of forage categories.

Number of Species
Although the number of bird species decreased on 

burned areas (Figure 19), the total number of species on the 
forest (both burned and unburned habitats) increased after 
fire due to the inclusion of a different type of habitat.



For bird watchers, it is often more important to 
observe many different species of birds than many indi
viduals of the same species. From this point of view, a 
burned area could enhance the attractiveness of the entire 
forest for bird watchers. The time-trend response curve for 
the total number of birds seen on the forest in both burned 
and unburned habitats is presented in Figure 37. Annuities 
were all above 1.0 by about 1.3.

Vegetation
Increases found in forb and grass densities (Figures 

26 and 27) probably resulted from a reduction in overstory 
and a decrease in forest litter, resulting in better seedbed 
conditions.

Litter decreased immediately after fire because of 
the reduction in dead pine needles. With this reduction, 
bare ground and rock increased, although the amount of rock 
was also dependent on pre-fire levels.

Forbs
Pearson et al. (1972) found an increase in forb 

production in the second season after the White Horse Fire, 
which was nearly twice as much as the increase found in the 
third season after the fire by this current study (Figure 
26). Qualitative observations on the Wild Bill Fire in July 
1975 (Figure 38) lend support to the hypothesis of 
accelerated forb growth in the second season after fire
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Figure 38 The Wild Bill Fire, July 1975
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postulated earlier in this thesis. If this was the case,v
forb growth, although still higher than the control, would 
have already been on a decline by three years after fire.
An increase in herbaceous growth lasting only two years 
after fire was also found by Lay (1967). The lack of forbs 
seven years after fire may be a result of a combination of 
direct competition with grasses along with grazing by deer, 
elk, and ground squirrels. Grasses, elk, and ground 
squirrels were at their highest recorded levels on the 
White Horse Fire.

Grasses
A decrease in grass production the first growing 

season after fire (Figure 27) was also noted on the White 
Horse Fire by Pearson et al. (1972). The initial decrease 
was probably the result of a lack of time necessary for 
grass establishment. Pearson et al. found grasses to be 
higher on burned than unburned conditions the second growing 
season after fire, whereas the study described herein did 
not find grass production higher until at least the third 
growing season after fire. The difference may result from a 
lack of information for the second growing season.

Most increases in grass the first three to seven 
years after fire were introduced grasses. However, after 
twenty years, introduced grasses were encountered less 
frequently than native species. This may reflect a decline
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in introduced grasses in favor of native species, or merely 
a different seeding mixture.

Ponderosa Pine Frequency
The continuing dominance of grasses and the lack of 

ponderosa pine on the twenty-year old burn was probably a 
result of poor ponderosa pine reproduction on basaltic soils 
(Ffolliott and Clary 1975) and the lack of a "suitable seed
bed (Schubert 1974) .

The best seedbed for ponderosa pine, according to 
Schubert (1974), is loose soil with sufficient dead pine 
litter to facilitate water penetration and seed coverage and 
to prevent drying of the soil during germination. He also 
stipulated that the area be free of competing vegetation and 
browsing animals. Given the conditions as existed on the 
twenty-year old burn, it will probably be a long time before 
ponderosa pine is re-established. The fact that there was 
approximately one-half as much ponderosa pine twenty years 
after fire as on the control may be misleading because most 
of that was regeneration that was more likely to fall within 
the plots than larger trees. Ponderosa pine was not counted 
in the plot unless needles that could have been browsed were 
present. Consequently, most trees on the control were not
recorded.
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Nutrient Analysis of Food Plants

All percentages of crude protein (computed by 
multiplying percentage of nitrogen by 6.25) were above six 
per cent (Table 13), a minimum desirable level (Dietz 1965). 
Arizona fescue consistently had the least amount of protein 
and was generally close to the minimum recommended level. 
Lupine and deervetch were generally high in protein.

All phosphorus concentrations (Table 13) were above 
acceptable levels (0.25 per cent) for adequate deer nutri
tion, as described by Dietz (1965). The ratio of calcium to 
phosphorus was also generally within desirable limits (1:2 
to 2:1). Exceptions were Arizona fescue, for which the 
calcium-phosphorus ratio was never higher than 0.2, and 
lupine on the one-year old burn, where the ratio was never 
below 3.0.

Although changes in nutrient concentration within a 
species could not be detected after fire, no deer nutrition 
problem is expected.

The increases described in this study for crude 
fiber content were similar to those found by Leege (1969) 
after burning in Idaho. Higher crude fiber levels might 
result in lower digestibility of browse. However, the 
higher amount of crude fiber may not make much difference in 
carrying capacity at that time because of the abundance of 
succulent forage in the summer. Since no information is



Table 13. Nutrient Content of Forage Species

Study Area Species Protein Phosphorus Calcium Ca/P

Control Arizona Fescue 6.1
------- Percentage

.66 .12 .18
Buckbrush 9.4 .41 .58 1.4
Deervetch 14 .57 1.0 1.7
Lupine 12 .41 .69 1.7

Wild Bill Fire Deervetch 15 . 63 .87 1.4
Lupine 12 .67 1.9 2.8

Kelly Tank Fire 2 Arizona Fescue 7,4 .73 .14 .19
Buckbrush 11 .45 .63 1.4
Deervetch 9.3 .53 .87 1.6
Lupine 14 .53 .81 1.5

White Horse Fire Arizona Fescue 6.6 .82 .11 .13
Buckbrush 9.5 .45 .54 1.2
Deervetch 12 . 60 .71 1.2
Lupine 16 .82 .75 .91

Kelly Tank Fire 1 Arizona Fescue 7.4 .82 .09 .11
Buckbrush 8.7 .39 .48 1.2
Lupine 15 .75 .84 1.1
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available for crude fiber in the winter, no other conclusions 
can be drawn.

Because no pattern of differences in nitrogen, 
phosphorus, and calcium content of forage species could be 
found, differences were probably more a result of experi
mental error or some variation other than fire. Few 
meaningful conclusions can be drawn except that there was 
probably no change due to fire. Pearson et al. (1972), 
however, found higher crude protein, phosphorus, and in 
vitro digestibility the first growing season after the White 
Horse Fire. Additional study would be needed to more 
completely.assess the effect of fire on nutrient quality of 
food plants.

Analysis of Wildlife Benefits 
Although the time-trend response curves mostly 

represent irregular flows of benefits, those flows were 
annuitized to permit comparison with the control. Annuities 
as used in this thesis are equal for each year of analysis. 
This equality is possible because annuities were based on an 
estimate of present net worth, which is the total of all 
values from the response curves discounted to the point in 
time just before the fire. Since present net worth is a 
simple value for a given time period, the annual returns, or 
annuities, must also be equal for each year. In actuality, 
the return for individual years will be different from the
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annuities presented in this these due to fluctuations in the 
response curves. What is important is that an estimate of 
the annual return over a given period of time can be ob
tained for use in management decision making.

Using the model of expected wildlife benefits and 
the accompanying annuities described herein, a natural 
resource manager can make estimates and compare changes in 
the time-trend response curves of wildlife and forage yields 
immediately after a fire. Benefits (if any) can be thought 
of to commence immediately, and continue each year for the 
duration of the period of analysis. The period of analysis, 
either five, ten, fifteen, or twenty years, could be varied 
according to management priorities and goals.

Annuities expected after fire can be compared with 
those that would have occurred had there been no fire by 
assuming an unburned forest to have an annuity value of 1.0 
at all times (as was done with the control). A post-fire 
annuity above or below 1.0 would be a benefit or a loss 
equal to the magnitude of the difference from 1.0.

To provide a basis for assessing the effects of fire 
in ponderosa pine forests in terms of benefits or losses 
relative to wildlife species and habitat components, annuity 
values for the twenty-year evaluation period are presented 
in Tables 14 and 15. Most post-fire wildlife annuities are 
above 1.0. Exceptions are for cottontail, chipmunks, and 
some categories of birds. Litter was the only ground cover
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Table 14. Twenty-year Annuities for Wildlife

Annuity
Wildlife Species 5 Per Cent 10 Per Cent

GctlTlB
Mule Deer (Summer-fall) 1.9 1.8
Mule Deer (Winter-spring) 3.3 2.6
Elk (Summer-fall) 2.2 2.2
Elk (Winter-spring) 13 12
Cottontail (Summer-fall) .54 ‘ .55
Cottontail (Winter-spring) .33 .42

Non-game
Deer Mice (Summer) 1.8 1.8
Deer Mice (Spring) 3.3 3.3
Ground Squirrels (Summer) 1.5 1.4
Chipmunks (Summer) .55 .54
All Birds .71 .78

Tree Foliage Searching Birds .65 .71
Timber Gleaning Birds .17 .20
Ground-brush Foraging Birds 1.2 1.2
Flycatching Birds 2.7 2.8
Timber Drilling Birds 1.1 1.2
Aerial Flycatching Birds .21 .21



107
Table 15. Twenty-year Annuities for Habitat Components

Annuity
Habitat Component 5 Per Cent 10 Per Cent

Ground Cover
Forb Basal Area 5.2 6.0
Grass Basal Area 2.2 2.0
Litter .69 .67
Bare Ground 6.1 6.7
Rock 1.5 1.5

Forage Species Frequency
Buckbrush 2.7 2.5
Ponderosa Pine .27 .24
Deervetch .94 1.0
Fleabane .96 1.1

2.1 2.5Buckwheat
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habitat component below 1.0, and ponderosa pine was the only 
forage species below 1.0 for both interest rates. The 
annuities provide a scale for quantifying the expected 
change in benefit or loss for wildlife and habitat compo
nents after fire. An annuity of 1.0 represents no change, 
those above or below 1.0 are benefits or losses, respec
tively, equal to the magnitude of the difference from 1.0.

Perhaps the best way to illustrate the usefulness of 
the information presented in Tables 14 and 15 is through two 
examples, one of a benefit, and one of a loss. One example 
of a wildlife benefit after fire is deer. If a wildlife 
manager is concerned with summer deer use for a twenty-year 
evaluation period after fire, he can expect an annuity of 
1.9 at a five per cent discount rate. That annuity means 
that, if he arbitrarily considers the value of the return 
from deer use before fire as 1.0, the yearly return for 
twenty years after fire will be 1.9 times what it was before 
fire.

The number of birds is an example of a loss. For 
twenty years after fire at a five per cent discount rate, 
the annuity for bird numbers is 0.71. Therefore, the value 
of the return for all birds has been reduced by about 
thirty per cent annually.

Higher calculated annuities may not necessarily be 
always taken at face value, however. For instance, foresters 
concerned with possible damage to ponderosa pine seeds or
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seedlings may not consider higher annuities for deer mice 
as beneficial. Conversely, lower annuities for some birds 
may not be entirely detrimental when considering the 
increase in bird species numbers.

One way of using annuities is to estimate direct 
dollar values. The change in dollar value could be deter
mined by multiplying the annuities by an assumed dollar 
value of the return expected for conditions as they were 
before fire. This process assumes constant dollar values 
per unit yield. Although wildlife benefits are not 
generally exchanged for money by the USDA Forest Service, it 
may be possible to use a type of rating system of recrea
tional values in the actual monetary evaluation. This may 
involve a scoring system of wildlife and recreational values 
according to different judgment factors (O'Connell 1972).

Primary wildlife benefits from wildfire do not 
normally accrue to the same agency. Many wildlife oriented 
agencies and organizations could also benefit, perhaps more 
than the USDA Forest Service.

The length of time in an evaluation period is 
important in the economic analysis because annuities change 
as the time period is increased. In many cases, the long 
period will probably be most useful because of long term 
management objectives.

On the other hand, short term annuities might be 
important for short-term concerns, such as the period of
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time necessary for good seedling establishment. Short-term 
analysis may also be more meaningful for those annuities 
that are only substantially higher or lower than the control 
for the first few years after fire.

X



CONCLUSIONS

This exploratory study has shown that wildlife use 
does shift to areas of higher forage production and edge 
resulting from wildfire. Deer, elk, some rodents, and some 
birds preferred burned areas over unburned areas. In 
addition to bird density changes, the inclusion of a dif
ferent plant community caused a change in the entire bird 
community structure. Various components of the habitat, 
notably grasses, forbs, and buckbrush, also increased, and 
more variety of cover types was present after fire.

The improvement of habitat, and the subsequent 
increase in wildlife abundance, can be thought of as flows 
of benefits over time. The annuities presented in this 
thesis were derived from those flows, and devised to 
facilitate analysis of wildlife benefits under a multiple 
use management framework. Wildlife, as one of the resources 
in a forest, could be included in estimates of the economic 
impact of a fire to obtain a more accurate, and possibly 
brighter, picture of that impact.

Because of the unitless nature of the annuities, 
they can be used under a wide application of different value 
systems. It is up to the discretion of the natural resource 
manager whether to use the annuities as indices of the 
change in value, or to calculate a monetary value of
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wildlife benefits or losses after fire. The variable 
periods of analysis and discount rates provide added 
flexibility

The results of this study should be interpreted with 
some caution because of the relatively short period of data 
collection, and the limited area over which the data were 
gathered. This study is intended as a preliminary model for 
estimating the change in benefit from wildlife populations 
after fire.



APPENDIX A

SCIENTIFIC NAMES

Mammals (from Lowe, 1967)
Common Name 

Deer Mouse 
Desert Cottontail 
Elk
Golden-mantled Ground 

Squirrel
Grey-collared Chipmunk 
Mexican Vole 
Mexican Woodrat 
Mule Deer
Round-tailed Ground Squirrel

Scientific Name 
Peromyscus maniculatus 
Sylvilagus audubonii 
Cervus canadensis
Spermophilus lateralis 
Eutamias cinereicollis 
Microtus mexicanus 
Neotoma mexicanus 
Odocoileus hemionus 
Spermophilus tereticaudus

Birds (from Lowe, 1967)
Common Name

Tree Foliage Searching Birds 
Audubon’s Warbler 
Clark's Nutcracker 
Grace's Warbler 
Mountain Chickadee 
Solitary Vireo 
Steller's Jay 
Virginia's Warbler 
Western Tanager

Timber Gleaning Birds 
Brown Creeper 
Pygmy Nuthatch 
White-breasted Nuthatch

Ground-brush Foraging Birds 
American Robin 
Black-headed Grosbeak 
Brown-headed Cowbird 
Chipping Sparrow 
Greenr-tailed Towhee 
Grey-headed Junco 
Mountain Bluebird

Scientific Name
Dendroica auduboni 
Nucifrage Columbiana 
Dendroica graciae 
Parus gambeli 
Vireo vicinior 
Cayanocitta stelleri 
Vermivora virginiae 
Piranga ludoviciana

Certhia familiaris 
Sitta pygmaea 
Sitta carolmensis

Turdus migratorius 
Pheucticus melanocephalus 
Molothrus ater 
Spizella passerina 
Chiorura chlorura 
Junco caniceps 
Sialia currucoides
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Common Name 
Mourning Dove 
Red-shafted Flicker 
Vesper Sparrow 
Western Bluebird

Scientific Name 
Zenaidura macroura 
Colaptes cafer 
Poocetes gramineus 
Sialia mexicana

Flycatching Birds 
Empidonax
Olive-sided Flycatcher 
Western Wood Peewee

Empidonax spp. 
Nuttalornis borealis 
Contopus sordiduTus

Timber Drilling Birds 
Acorn Woodpecker 
Hairy Woodpecker

Melanerpes formicivorus 
Dendrocopos villosus

Aerial Flycatching Birds 
Purple Martin 
Violet-green Swallow

Progne subis 
Tachycineta thalassina

Other Birds
Broad-tailed Hummingbird 
Sparrow Hawk

Selasphorus platycercus 
Falco sparverius

Plants (from Kearny and Peeblesf 1960)
Common Name Scientific Name

Trees
Ponderosa Pine Pinus ponderosa

Buckbrush.
Rose

Shrubs
Ceanothus fendleri 
Rosa arizonica

Buckwheat
Cranebill
Dandelion
Deervetch
Fleabane, Spreading
Lambsquarter
Loco
Lupine
Yellow Sweet-clover

Forbs
Eriogonum vimineum 
Geranium fremonti 
Taraxacum officinale 
Lotus wrightii 
Erigeron divergens 
Chenopodium album 
Astragalus spp. 
Lupinus spp.
Melilotus officinalis

Arizona Fescue 
Bluegrass

Grasses
Festuca arizonica 
Poa spp.



Intermediate Wheatgrass 
Mountain Muhly 
Orchardgrass 
Perennial Ryegrass 
Wheatgrass

Agropyron intermedium 
Muhlenbergia montana 
Dactylis glomerata 
Lolium perenne 
Agropyron spp.

Mistletoe
Other

Arceuthobium spp.

1. From Pearson et al. (1972).



APPENDIX B

MAMMAL SOURCE DATA

Table 1. Deer Pellet Groups

Study Area Date Cleared
Pellet Groups 
(No. per Acre)

Control June 1974 12
October 1974 21
May 1975 5.3

Wild Bill Fire June 1974 9.9
October 1974 5.0
May 1975 oo

Kelly Tank Fire 2 June 1974 69
October 1974 38
May 1975 8.3

White Horse Fire June 1974 28
October 1974 41
May 1975 7.4

Kelly Tank Fire 1 June 1974 46
October 1974 53
May 1975 59
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Table B.2. Elk Pellet Groups

Study Area Date Cleared
Pellet Groups 
(No. per Acre)

Control June 1974 5.9
October 1974 19
May 1975 2.1

Wild Bill Fire June 1974 4.9
October 1974 7.1
May 1975 15

Kelly Tank Fire 2 June 1974 36
October 1974 45
May 1975 21

White Horse Fire June 1974 62
October 1974 58
May 1975 31

Kelly Tank Fire 1 June 1974 3.3
October 1974 18
May 1975 28
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Table B.3. Cottontail Pellets

Study Area Date Cleared
Pellets 

(No. per Acre)

Control June 1974 144
October 1974 63
May 1975 12

Wild Bill Fire June 1974 76
October 1974 9.1
May 1975 32

Kelly Tank Fire 2 June 1974 50
October 1974 19
May 1975 oo

White Horse Fire June 1974 103
October 1974 76
May 1975 oo

Kelly Tank Fire 2 June 1974 25
October 1974 4.1
May 1975 3.0



Table B.4. Rodent Densities and Average Weights

Species
Summer

Density
(#/Acre)

Spring 
Density 
(#/Acre)

Average
Weight
(gms)

Deer Mouse Control .49 . 23 17
Wild Bill Fire .84 .88 17
Kelly Tank Fire 2 1.2 1.1 17
White Horse Fire .56 .30 17
Kelly Tank Fire 1 1.2 1.3 17

Ground Squirrel Control .09 .01 154
Wild Bill Fire .12 0.0 154
Kelly Tank Fire 2 .02 .02 154
White Horse Fire .24 .01 154
Kelly Tank Fire 1 .07 .01 154

Chipmunk Control .25 .03 58
Wild Bill Fire 0.0 .04 58
Kelly Tank Fire 2 ,04 0.0 58
White Horse Fire .23 ,02 58
Kelly Tank Fire 1 .06 .02 58
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APPENDIX C

BIRD SOURCE DATA
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Table C.l. Densities and Foraging Categories of Birds

Species 1 Yr. 3 Yrs.

Density
Per 100 Acres

7 Yrs. 20 Yrs. Cont.
Tree Foliage Searching Birds

Audubon1s Warbler 41 9 0 0 13
Clark's Nutcracker 0 6 0 0 0
Grace's Warbler 0 3 0 0 0
Mountain Chickadee 4 3 6 3 15
Solitary Vireo 0 0 0 0 5
Steller's Jay 19 19 11 19 8
Virginia's Warbler 0 0 0 0 3
Western Tanager 0 6 0 0 3

Timber Gleaning Birds
Brown Creeper 0 3 0 0 8
Pygmy Nuthatch 15 16 8 6 35
White-breasted Nuthatch 0 6 0 0 3

Ground-brush Foraging Birds
American Robin 0 3 0 0 3
Black-headed Grosbeak 0 0 6 0 0
Brown-rheaded Cowbird 0 0 0 0 3
Chipping Sparrow 19 22 0 0 0
Green-tailed Towhee 0 9 3 0 0
Grey-headed Junco 93 16 22 3 30
Mountain Bluebird 7 0 0 0 0
Mourning Dove 4 6 0 19 0
Redrshafted Flicker 7 9 0 9 5
Vesper Sparrow 0 9 0 22 0
Western Bluebird 22 13 14 0 20 121



Table C.l.— Continued

Species 1 Yr. 3 Yrs

Density
Per 100 Acres 

7 Yrs. 20 Yrs. Cont.
Flycatching Birds

Empidonax 4 0 0 0 0
Olive-sided Flycatcher 0 3 3 0 0
Western Wood Peewee 0 6 11 0 3

Timber Drilling Birds
Acorn Woodpecker 4 0 0 0 0
Hairy Woodpecker 26 22 8 0 15

Aerial Flycatching Birds
Purple Martin 0 0 0 3 0
Violet-green Swallow 22 0 0 11 28

Other Birds
Broad-tailed Hummingbird 0 9 0 6 0
Sparrow Hawk 0 3 0 6 0

v
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APPENDIX D

GROUND COVER AND PLANT FREQUENCY SOURCE DATA

Table D.l. Ground Cover

Study Area Grass Forb Litter Rock
Bare

Ground
-Per Cent-

Control 1.8 .24 87 6.4 3
Wild Bill Fire .22 .12 37 1.1 60
Kelly Tank Fire 2 1.3 5 46 12 34
White Horse Fire 5.3 .32 65 11 16
Kelly Tank Fire 1 4.4 .79 69 7.1 19
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Table D.2. Forage Plant Frequency

Cent. 1 Yr. 3 Yrs. 7 Yrs. 20 Yrs.
Species P B P B P B P B P B

Trees
Ponderosa Pine 73 10 11 1 21 0 6 0 46 72

Shrubs
Buckbrush 16 95 0 0 11 80 66 81 45 93
Rose 0 0 0 0 3 0 0 0 1 100

Forbs
Buckwheat 4 20 1 0 35 39 3 0 1 0
Cranebill 0 0 0 0 18 44 2 100 14 8
Dandelion 3 25 2 0 4 25 9 11 60 5
Deervetch 13 31 32 10 18 25 13 31 3 33
Fleabane 10 0 0 0 29 15 9 11 0 0
Lambsquarter 0 0 31 0 48 9 9 11 2 0
Loco 7 25 26 4 68 16 2 1 88 8
Lupine 24 24 43 5 20 5 24 0 81 5

Grasses
Arizona Fescue 90 7 55 0 49 9 9 11 0 0
Bluegrass 74 18 2 50 19 6 24 12 69 62
Mountain Muhly .8 0 1 0 2 6 0 0 85 60
Orchardgrass 0 0 0 0 0 0 88 47 0 0
Wheatgrass 1 0 0 0 3 0 34 6 45 28



Table D.2.— Continued

Cont. 1 Yr. 3 Yrs. 7 Yrs. 20 Yrs.
Species P B P B P B P B P B

Mistletoe 2 0 0
Other
0 0 0 0 0 0 0

Mushroom 3 25 0 0 0 0 0 0 0 0

P = Percentage Present. 
B = Percentage Browsed,
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Table D.3. Forage Plant Frequency Ratios

Ratio
(Burn/Control)

Species 1 Yr. 3 Yrs. 7 Yrs. 20 Yrs.
Ponderosa Pine 0.15 0.29 0.08 0.63
Buckbrush 0.00 1.00 3.98 2.74
Rose _9 — — —

Buckwheat 1.00 8.49 1.00 1.00
Cranebill - - - -

Dandelion 1.00 1.00 2.75 18.18
Deervetch 2.46 1.00 1.00 0.23
Fleabane 0.00 2.96 1.00 0.00
Lambsquarter - - - -
Loco 3.91 10,38 0.30 13.39
Lupine 1.78 1.00 1.00 3.39
Arizona Fescue 0.61 0.42 0.06 0.00
Bluegrass 0.03 0.25 0.32 1.00
Mountain Muhly 1.00 2.80 0.00 106.57
Orchardgrass - - - -

Wheatgrass 0.00 1.00 21.46 28.29
Mistletoe 0.00 0.00 0.00 0.00
Mushroom 0.00 0.00 0.00 0.00

9 indicates none on the control



APPENDIX E

CRUDE FIBER SOURCE DATA

Table E.l. Crude Fiber Content of Deervetch

Grid
Mean Crude Fiber . 

(Per Cent) Ratio

Control 25 1.00
Wild Bill Fire 25 1.00
Kelly Tank Fire 2 30 1.22
White Horse Fire 32 1.30
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