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ABSTRACT

The effects of ponderosa pine forest managemeiit practices on 
desert cottontail was studied on ten experimental watersheds from 1972 

to 1975= Treatments evaluated included clearcutting, stripcutting, 
patchcutting, shelterwood, group selection, and thinning practices*
The number of cottontail fecal pellets tallied in the spring and fall 
of each year on l/100-acre plots was utilized to determine cottontail 
response and estimates of population densities*

Findings indicated a clearcut area was the only treatment having 
a continued significant effect on cottontail* Apparently, increased 
response was attributable to increased cover and herbage production* 
Increased use during summer months was observed on a group selection 
treatment containing a dense stand of ponderosa pine reproduction* 
Presumably, this reproduction provided adequate summer and breeding 
cover but insufficient winter cover*

Cottontail densities ranged from 0*12 to 14 per section, with 
higher densities on areas exhibiting increases in available cover* 
Similarities in summer densities on two different treatment areas sug
gest that 14 cottontail per section approaches the summer carrying 
capacity of ponderosa pine forests*

Based upon the treatments evaluated and the corresponding 
cottontail responses, a ranked response model was developed to aid the 
resource manager in identifying and evaluating potential cottontail 
habitat within the ponderosa pine forest*

vii



INTRODUCTION

The cottontail (Sylvilagus sp0)l is an abundant and-well known 
mammal in North America (Fig* 1). While numerous studies have been 
conducted on the cottontail in other regions of America, particularly 
the east and midwest, little attention has been directed toward the 
desert cottontail and its relationship to the ponderosa pine forests 
of the Southwesto

Three species of cottontail occur in Arizona: the eastern
cottontail is found in the wooded areas south of the Mogollon Rim in 
central Arizona and in the isolated southern mountain ranges; Nuttall's 
cottontail is found at the higher elevations in the northeastern and 
northwestern sections of the state; and the desert cottontail is lo
cated throughout the state from the desert vegetation types to the 
coniferous forest zones (Cockrum I960)» Although, at least three sub
species of desert cottontail are recognized in the state (Hoffmeister 
and Lee 1963)t identification to subspecies is not within the scope of 
this studyo

Within the ponderosa pine forest, the desert cottontail is 
associated with various other game species including tree squirrels, 
white-tailed and mule deer, elk, wil'd turkey, fox, and coyote. In

1, Scientific names are presented in Appendix A, Authority 
for mammals is Cockrum (i960), Authority for plants is Kearney and 
Peebles (1969)=



Figure 1. The desert cottontail (Sylvilagus auduboni).



3
addition, numerous nongame species also occur in association with the 
desert cottontail,, 1

Increasing concern for multiple use management on public lands 
demands that forested areas not only be managed for timber but also for 
other resources, such as wildlife and recreation. Sport hunting is one 
example of an activity that combines the above mentioned resources.

Davis (1962), as cited by Kundaeli and Reynolds (1972), esti
mated that in i960 hunters spent about $600,000 pursuing the cottontail 
in Arizona. Total expenditures for small game hunting in Arizona, in
cluding cottontail, were $6,682,150 in 1970 (Gum et al. 1973)« Esti
mated cottontail harvest from 1967 to 1971 inclusive averaged 319,815 
per year (Brown 1969; Brown 1970; Brown 1972). The data presented 
above suggest that the cottontail can be an important game species in 
Arizona and, hence, imply that proper habitat management should be 
implemented to insure future recreational use of this animal.

Although the cottontail is an important species in terms of 
hunter expenditures and harvest in Arizona, its value in the ponderosa 
pine forest as a hunted species is unknown. Within the ponderosa pine 
forest, cottontail are probably harvested as a "secondary" resource by 
hunters pursuing other game species. However, the cottontails esthetic, 
indeed its existence, value and significance as a component of the 
forest ecosystem justifies its investigation and a determination of 
its response to management of the forest resource.



DESCRIPTION OF STUDY

This study was one segment of an ongoing investigation by the 
USDA Forest Service into the effects of ponderosa pine forest manage
ment on wildlife populations, specifically the desert cottontailo

Objectives
The primary objective of this study was to determine the rela

tive response in terms of habitat use of the desert cottontail to 
various forest management practices within the ponderosa pine forests 
of Arizona, In addition, estimates of population densities were 
derived, and population trends were examined.

Study Areas

Beaver Creek
The Beaver Creek study area is located in the Coconino National 

Forest, approximately thirty miles south of Flagstaff (Fig, 2), Water
sheds 8, 10, 12, 13, 14, and 1? were utilized on this study area. The 
watersheds drain to the south or southwest,' with slopes ranging from 
0 to 40 percent. Elevations ranged from 6800 to 8000 feet. Soil types 
included Brolliar, Cabezon, Friana, Gem, Siesta, and Sponseller series, 
all of which have developed on basalt and cinders of volcanic origin• 
(Williams and Anderson 1967)0

OverStory vegetation consists of ponderosa pine, alligator 
juniper, and Gambel oak. Understory vegetation includes grasses
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Figure 2. Beaver Creek study area.



(crested wheatgrass, blue grama, cheatgrass, muttongrass, and squirrel- 
tail), forbs (showy aster, aspen fleabane, peavine, American vetch, and 
goldeneye), and shrubs (Fendler ceanothus, New Mexican locust, and 
rose)(Neff 197^)° Pretreatment annual herbage production averaged 198

pounds per acre, including 124 pounds of grasses, $8 pounds of forbs 
and half-shrubs and. 16 pounds of shrubs (Brown et al„ 1974) =

Watershed 8, covering 1,802 acres, was treated in 1974 with a 
silvicultural cut favoring timber production, A timber harvest and 
precommercial thinning was conducted to establish 60 square feet of 
basal area per acre in small size classes (10 inches dbh /diameter 
breast height/ and less) and 70 square feet per acre in the 12 to 22 
inch dbh classes. Additionally, stands averaging 24 inches dbh and 
larger were cut in a shelterwood system to enhance regeneration (Clary 
1972),

Watershed 10, 571 acres in size, was treated in 1974 with a 
system attempting to benefit wildlife. Irregular openings from 1 to 
10 acres in size were established over approximately one-fifth of the 
watershed, in areas of timber less than 12 inches dbh. Logging debris 
was piled in the openings and in some cases burned. Timber overstory 
in the leave areas was cut in a similar fashion to Watershed 8, Scat
tered ponderosa pine and juniper thickets were left on the watershed 
to provide wildlife cover (Clary 1972),

Watershed 12, covering 455 acres, was clearcut in 1966-67, The 
slash was piled in long, narrow windrows 100 feet apart and oriented



in either an east-west or northwest-southeast direction to aid in 
trapping and retention of snow (Brown et al° 197^)»

Watershed 13, 86? acres in size, represents a management prac
tice that has been employed in Southwestern ponderosa pine forests for 
yearso It had undergone group selection cuts at least twice in the 
past* The last cut, which occurred in the 1950's, removed approxi
mately one-half the merchantable volume at that time. Current densi
ties are 99 square feet of basal area per acre of ponderosa pine, 4 
square feet basal area of alligator juniper and 20 square feet basal 
area of Gambel oak„

Watershed 14, 349 acres in size, was treated with a strip- 
shelterwood cut in 1970-71o Original basal area of all species aver
aged 121 square feet per acre. After clearing one-third of the water
shed in 60 foot wide irregular strips and thinning the leave areas, 
averaging 120 feet wide, to 80 square feet per acre, the residual basal 
area averaged 60 square feet per acre* This density level represented 
a 50 percent total reduction of basal area0 Slash was piled and burned 
in the cut strips* Gambel oaks less than 15 inches dbh were left on 
the watershed to provide mast crops (Brown et al» 1974)*

Watershed 17, covering 299 acres, was thinned by group selec
tion in 1969c Of the original 120 square feet basal area, 75 percent 
was removed by thinning* The result was the establishment of e.venaged 
groups averaging 30 square feet basal area* Slash was windrowed over 
the watershed* Gambel oaks over 15 inches dbh were removed as were 
all alligator junipers (Brown et al* 1974)*



Heber
The Heber study area is located in the Apacher-Sitgreaves 

National Forest in central Arizona (Fig* 3)° Watersheds 1 and 2 are 
located approximately 11 miles southwest of Heber, while Watersheds 3 
and 4 are approximately 6 miles southwest of Heber« These watersheds 
were established to provide source data for use in validating ecosys
tem models on sedimentary soils„ The watersheds range in elevation 
from 6900 to 7600 feet, with slopes varying between 0 and 40 percent* 
Watersheds 1 and 2 drain.to the south while Watersheds 3 and 4 drain 
to the northe Watersheds 1 and 2 contain Overgaard soils, while Water
sheds 3 and 4 consist of McVickers soils. Both soil series were de
veloped from sandstone parent material, '

Overstory vegetation includes ponderosa pine, Douglas-fir, 
white fir, alligator juniper, and Gambel oak. Understory vegetation 
includes grasses (pine drop-seed, blue grama, muttongrass, and squirrel- 
tail), forbs (sulpher eriogonum, showy aster, and goldeneye), and 
shrubs (green-leaf manzanita, Fendler ceanothus, and rose). Annual 
herbage production during 1973 and 1974 averaged 74 pounds per acre, 
including 43 pounds of grasses, 19 pounds of forbs, and 12 pounds of 
shrubs,

The four watersheds have undergone group selection cuts twice 
in the past, leaving a residual basal area averaging 70 square feet 
per acre*

Watershed 1, covering 20 acres, contains a total basal area of 
77 square feet per acre, including 68 square feet of ponderosa pine.
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10
6 square feet among Douglas-fir and white fir, and 3 square feet of 
Gambel oak0

Watershed 2, 28 acres in size, contains a total basal area of . 
71 square feet per acre, Ponderosa pine accounts for 6? square feet, 
Douglas-fir and white fir comprise 2 square feet, and Gambel oak com
prises 2 square feet per acre*

Watershed 3, 60 acres in size, contains densities of 58 square 
feet per acre of ponderosa pine, 8 square feet of Gambel oak, and 0.5 
square feet of alligator, juniper, yielding a total of 66«,5 square feet 
per acre=

Watershed 4, covering 6.1 acres, contains densities of 89 square 
feet per acre of ponderosa pine, 7 square feet of Gambel oak and 2 
square feet of alligator juniper= Thus, basal area per acre for all 
species totals 98 square feet.

Field Methods
Fecal pellet counts have long been recognized as a method for 

determining the habitat preferences and relative abundance of rabbit 
populations (Leopold 1933; Trippensee 1948)= Apparently, the first use 
of the pellet count method was by Taylor (1930), who worked with jack- 
rabbits and the desert cottontail in Arizona. Other early investi
gators (Arnold and Reynolds 1943; Voorhies and Taylor 1933) also uti
lized this technique in studying jackrabbits of Arizona. Taylor and 
Williams (1956) conducted an investigation on the use of fecal pellet 
counts for estimating population densities of the wild rabbit in New 
Zealand. _ More recently, a fecal pellet investigation, including
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defecation rates and census techniques, was conducted on the eastern 
cottontail of Illinois (Lord 1963)0 Due to its wide use and accepta
bility as an indicator of habitat use over time, the fecal pellet count 
technique was utilized for this study*

On the Beaver Creek watersheds, a systematic sampling design 
with multiple random starts was used (Shiue i960)„ The primary 
sampling unit consisted of l/l00-acre circular plots (23»6 feet in 
diameter), arranged in lines transecting the watersheds, roughly per
pendicular to the major drainage« The number of plots per watershed 
and the distance between plots varied on each watershed (Table 1)*

A systematic sampling design was utilized on the Heber water
sheds* The primary sampling unit was a cluster of.three 1/100-acre 
circular plots* Thirty clusters were arranged in lines transecting 
each watershed perpendicular to the drainage; thus, each watershed 
contained 90 l/100-acre plots* Distance between the plots on all four 
watersheds was approximately 132 feet*

Cottontail fecal pellets were tallied and cleared from all 
plots on the ten watersheds during the spring (April/Hay) and fall 
(October/November) of each sample year* Beaver Creek watersheds were 
cleared and sampled for the first time in the fall of 1972* Watersheds 
12, 14, and 1? were sampled for the final time in the spring of 1975? 
while the last sampling period for Watersheds 8, 10, and 13 was in the 
fall of 1975o Heber watersheds, with the exception of Watershed 1, 
were initially cleared and sampled in the fall of 1975° Watershed 1
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Table 1<> Number of plots and distance between plots on the Beaver 

Creek watersheds.

Watershed Number Plots Distance Between Plots
(feet)

8 189 396
10 145 198
12 200 198
13 186 264
14 195 330
17 186 132
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was sampled for the first time in the spring, of 197^° Data collection
terminated after the fall 1975 sampling period,.

The defecation rate utilized to determine cottontail densities 
was determined in a study with the desert cottontail on the Beaver 
Creek watershed, A juvenile female cottontail was penned on an area 
of natural vegetation and the pellets were tallied and cleared every 
48 hours. The average daily defecation rate for the 16-day study
period was 472 - 106 (P <0,10),

The above mentioned defecation rate exceeds that found for the 
eastern cottontail in Illinois (Cochran and Stains 1961; Lord 1963)» 
Iowa (Hendrickson 1939)» and Michigan (Trippensee 1938), However,
Dalke and Sime (1941) working with the eastern and New England cotton
tail in Connecticut, and Ingles (1941) studying the desert cottontail 
in California calculated average daily defecation rates exceeding 472 
pellets per day.

Analytic Methods 
The mean number of cottontail pellets per l/100-acre plot for 

each watershed was utilized as a measure of cottontail response to the 
forest management practices evaluated. Statistical inferences were 
tested at a 0,10 alpha level

For the Beaver Creek data, a two-tailed analysis of variance 
for unequal replications was utilized to test for significant differ
ences among cottontail response for each sampling period (Steel and 
Torrie i960, p, 112), If the F test was significant, Tukey's w- 
procedure for unequal.replications was implemented to assess which of
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the treatment means was significantly different (Steel and Torrie I960, 
p0 114) Tukey.'s multiple comparison procedure was chosen because it 
is the most powerful test for controlling experimentwise error rates, 
and it is valid no matter how the true means are grouped (Hamilton
1965)= ;

Heber data were analyzed in a manner similar to Beaver Creek, 
except the analysis of variance and Tukey's w-procedure were employed 
following the methods for an equal number of replications (Steel and 
Torrie i960, p» 101, 109)=

Estimates of cottontail densities were calculated with knowl
edge of an average daily defecation rate, time period between clearing 
of plots, total sample area, and the total number of pellets tallied 
during each sampling period.



RESULTS AND DISCUSSION

Since different sampling designs were employed on the two study 
areas, data from each area were analyzed individually and are presented 
as such when discussing cottontail response and cottontail 'densitiese 
A discussion of management implications has been included to aid the 
resource manager in making decisions about the effects of different 
ponderosa pine management systems on the desert cottontail.

Cottontail Response

Beaver Creek
Analyses of variance indicated differences in the mean number 

of pellets for the spring 1973, fall 1973, spring 1974, fall 1974, and 
spring 1975 sampling periods. No differences existed for the fall 1975 
period, when only Watersheds 8, 10, and 13 were sampled, Tukey's mul
tiple comparison test indicated that the only differences for the 
sampling periods were between Watershed 12, the clearcut area, and all 
other watersheds,-^ These results suggest that cottontail response was 
not affected by any of the other management practices studied including, 
stripcuts, shelterwood cuts, patchcuts, and group selection systems, 
with the exception of the clearcut, • .

During the study, the mean number of pellets on the treatments 
other than the clearcut, averaged 0,36 per plot semi-annually, with a

2, ANOVA tables and Tukey's multiple comparison tests are 
presented in Appendix B,

15
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range of 0,11 to 0o90 per plot. Comparatively» the number of pellets 
on Watershed 12 averaged 12 per plot and ranged from 7,4 to 17 per plot. 

Favorable response of cottontail on Watershed 12 was probably 
due to increases in both cover and herbage production. Apparently, the 
other study areas did not provide the proper juxtaposition or large 
enough quantities of cover and food for increased cottontail use.

The clearcut, unlike the other watersheds, contains abundant 
cover, provided by slash piles and numerous thickets of Gambel oak 
sprouts (Fig, 4), Various investigators have suggested that slash and 
brush piles provide necessary cover for cottontail (Bowers 1956; Redd 
1956)o Kundaeli and Reynolds (1972), studying the desert cottontail 
in pinyon-juniper woodland in New Mexico found that down, dead trees 
contributed significantly to cottontail habitat. Other investigators 
have concluded that succulent woody sprouts and coppice growth also 
provide cover for cottontail (Haugen 1942; Perkins 1974),

While increased cover has probably been the most important fac
tor in the positive response of cottontail on Watershed 12, the in
creased herbage production and subsequent food supply created by clear- 
cutting has undoubtably been beneficial. Increased herbage production 
on Watershed 12, including grasses, forbs, and shrubs averaged 504 
pounds per acre from 1968 to 1972 (Brown et al, 1974), Herbage produc
tion in 1972 (767 pounds per acre) was 2,3 times the level of produc
tion (329 pounds per acre) before treatment,

Neff (1973) recorded increases in frequency of occurrence of
y -six species of grasses and fifteen species of forbs on Watershed 12 after



Figure 4. Windrowed slash and Gambel oak thickets on 
Watershed 12, the clearcut area.
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treatment. Additionally, his pre-treatment survey identified five 
species of shrubs and 61 species of grasses and forbs, while the post- 
treatment survey included 5 species of shrubs and 76 species of 
grasses and forbs. The increased variety of available forage has pre
sumably also been beneficial for the cottontail,

Fitch (1947) and Turkowski (1975) have documented that desert 
cottontail consume a large variety of vegetation, Fitch (1947), work
ing in California, found that the majority of the diet consisted of 
annual grasses and broadleaf herbs, Turkowski (1975), working in 
Lower Sonoran Desert habitat in Arizona, identified 43 plant species 
in cottontail stomachs; the total bulk consumed included 37=9 percent 
grasses, 31=3 percent forbs, and 20,8 percent shrubs.

Due to the relatively large quantities and variety of grasses, 
forbs, and shrubs on Watershed 12, the diet of the desert cottontail 
in the ponderosa pine forest of Arizona is probably similar in adapt
ability and variety to its counterparts in other habitat types. The 
cottontails' ability to adapt to different food sources was evident 
during the winter months of 1974 and 1975 When snow accumulation often 
covered a majority of the grass and forb species on Watershed 12,
Casual observations indicated that Gambel oak sprouts were utilized 
relatively heavily as a food source during these months (Fig, 5)°

Heber
Analyses of variance indicated differences in the mean number 

of pellets for the fall 1974 and fall 1975 sampling periods. No dif
ferences occurred in the fall 1973, spring 1974, or spring 1975
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m

Figure 5* Gambel oak sprouts clipped by desert cottontail.
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sampling periods, Tukey's multiple comparison test indicated that the
differences in the fall of 19?4 and the fall of 1975 were between V/ater-

3shed 1 and the other three watersheds.
During the study, pellets on the watersheds other than Water

shed 1 averaged 0,69 per plot semi-annually, ranging from 0,13 to 1,8 
per plot. In comparison, the mean number of pellets on Watershed 1 
for the fall 1974 and fall 1975 periods was 8,9 per plot, ranging from 
3=5 to 14 per plot.

The positive response of cottontail on Watershed 1 was probably 
a function of increased cover. In the spring of 1974, Watershed 1 had 
an average of 700 ponderosa pine stems of reproduction (< 4-1/2 feet 
high) per acre. However, four acres in the northern portion of the 
watershed contained 933 stems of reproduction per acre, while the re
mainder of the watershed averaged 642 per acre. The amount of repro
duction on the upper four acres was significantly (P < 0,10) higher than 
the amount on the. lower area. Eighteen of the 90 sample plots on the 
watershed were located in this dense four acre stand of reproduction 
(Fig, 6), In the fall of 1974 and the fall of 1975» the pellets 
tallied on these 18 plots represented 74=5 percent and 86,8 percent of 
the total pellet tally, respectively.

Apparently, the dense ponderosa pine regeneration on Watershed 
1 has provided sufficient summer and nesting cover for increased cot
tontail use, Allen (1939) suggested that stands of young conifers'as

3= ANOVA tables and Tukey* s multiple comparison tests are 
presented in Appendix C,
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Figure 6. Dense stand of ponderosa pine reproduction on 
Watershed 1.
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small as one to two acres furnished cover for the Mearns cottontail in 
Michigano Webb (19^9)i in discussing the development of cottontail 
habitat in Ohio, stated.that pine plantings provide adequate cover for 
cottontailo

Although the dense ponderosa pine regeneration has provided 
favorable summer habitat for the cottontail during the last two years 
of the study, the number of years that the cottontail will benefit from 
this cover is unknown0 Other investigators have stated that young 
conifer stands lose their effectiveness as cover at about ten years 
of age (Allen 1939; Webb 1949).

In addition to providing cover, it is probable that the pon
derosa pine reproduction is supplying a quantity of foodc Horn (1938) 
found that cottontail in some California forest tracts readily clip 
ponderosa pine seedlings» Also, it has been documented that the 
eastern and New England cottontail eat needles, twigs, and bark of 
various Pinus species (Dice 1945; Hosley 1942)„

The positive response of cottontail on Beaver Creek Watershed 
12 and Heber Watershed 1 was probably a function of increased yearlong 
covero Although it has been suggested that winter cover is more impor
tant than summer cover for cottontail in the ponderosa pine forest 
(Lowe 1975)» the general absence of sufficient cover in the "typical" 
open Southwestern ponderosa pine forest is apparently the limiting 
factor 0.
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Cottontail Densities

Beaver Creek
Cottontail densities oh Watersheds 8, 10, 13, 14, and 17 aver

aged 0o24 per section during the study« In comparison, densities on 
Watershed 12 averaged 9=2 cottontail per section, reaching a maximum 
of 14 per section, or 4$ acres per rabbit. Densities on each of the 
six watersheds were relatively stable during the study period with no 
significant seasonal differences noted,

Heber
Cottontail densities on Watersheds 1 (during the nonsignificant 

spring sampling periods), 2, 3, and 4 averaged 0,49 per section. Com
paratively, densities on Watershed 1 during the fall of 1974 and fall 
of 1975 were 3=1 cottontail per section and 14 per section, respec
tively, with an average of 8,9 per section. No population trends were 
evident on any of the four watersheds throughout the study period.

In general, the average and maximum number of cottontail per 
section on Beaver Creek Watershed 12 and Heber Watershed 1 were similar 
in magnitude, This similarity suggests that, where relatively large 
amounts of dense cover are available, the maximum summer densities 
cottontail achieve in the ponderosa pine forest may approach 14 per 
section or 45 acres per rabbit.

The above mentioned density level is relatively low in compari
son to results from studies in some eastern states, Hickie (1940), in 
summarizing data collected by various investigators working in
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Connecticut, Michigan, and Pennsylvania, lists cottontail densities 
ranging from 0.23 to 16.0 acres per rabbit. However, 11 of the 15
density estimates ranged between 2.0 and 6.0 acres per rabbit. These
estimates of relative abundance were based on either shooting or trap
ping data. Bruna (1952), in studying.the Mearns. cottontail in Ken
tucky, found an average density of approximately 0.25 rabbits per acre 
(or 4 acres per rabbit) during the months of October and November.
These results were based on ten drive censuses conducted on plots 
ranging in size from 60 to 118 acres. An average density of 23«3 cot
tontails per 100 acres (or 4.3 acres per rabbit) was found on a farm 
woodlot in Alabama during two consecutive Decembers (Majors 1955)»

Although, cottontail populations can be expanded in ponderosa
pine forests by increasing the amount of available cover and forage
production, the carrying capacity of this forest type appears rela
tively low in comparison to eastern forest types.

Management Implications 
Although various alternatives exist for the management of 

Arizona ponderosa pine forests, apparently only one silvicultural 
method, clearcutting, has a long term beneficial effect on the desert 
cottontail. However, temporary increases in cottontail populations 
during the summer months may be expected if dense ponderosa pine re
production is established following a timber harvest. Depending on 
the specific management objectives, different silvicultural, techniques 
can be employed to satisfy the management plan of any particular 
forest tract.
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When managing the ponderosa pine forest for marketable re

sources, such as timber or forage, cottontail numbers may be increased 
as a secondary benefit if certain guidelines are followed* Management 
of Arizona ponderosa pine forests for timber production is probably 
best accomplished by a shelterwood or group selection system (Schubert 
197*0 o Where dense regeneration (natural or artificial) can be ini
tiated due to favorable edaphic, physiographic or climatic conditions, 
cottontail habitat can be improved, utilizing these silvicultural 
techniques*

When management objectives within ponderosa pine forests in
volve increases in forage production, then clearcutting can be imple
mented to satisfy these goals* To enhance cottontail use on such an 
area management guidelines should include windrowing of the slash and 
encouragement of herbaceous and shrubby growth through soil prepara
tion procedures. These procedures may be satisfied during the 
windrowing operation*

The increasing demand for resource managers to consider mul
tiple use aspects of "their" respective resources suggests that they 
understand the interrelationships of the different components that 
inhabit that resource* Based on this assumption, a ranked response 
model has been developed to aid the resource manager in making de
cisions about the effects of different forest management systems on 
cottontail response (Table 2). Hopefully, this model will not only 
serve as a method for rating potential habitat, but also suggest the



Table 2= Ranked response model for desert cottontail in ponderosa pine forests»

Management System
Percent Reduction 
Basal Area/Acre

Final Basal 
Area/Acre

Ponderosa Pine 
Reproduction-'- Slash

Habitat Potential 
(Ranked Response)

Clearcut (at least 100 0 high windrowed . +
400 acres) high cleared +

low windrowed ++
low Cleared 0

Group Selection with.• 75 30 • high windrowed +
Silvicultural Thinning high cleared +

low windrowed 0
low cleared 0

50 60-70 high - +
low - 0

0 . 125 low 0
Strip Shelterwood with 50 60 high windrowed +
Silvicultural Thinning ' high cleared +

low windrowed 0
low cleared 0

Shelterwood with 50 65 high — +
Silvicultural Thinning low - 0
Patchcut (1/5 of area) high piled +
Silvicultural Thinning high cleared +

low piled 0 ■
low cleared 0

X ■"High" reproduction is approximately 900 stems per acre =
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major criteria or forest management techniques necessary to provide 
favorable desert cottontail habitat in the ponderosa pine foresto

While not necessary complete.in identification of all ponder
osa pine forest management options, the examples presented in this 
model may be altered or adjusted in order that they be applicable to 
other ponderosa pine forest management systemso This model enables the 
resource manager to predict how different forest management practices 
will effect cottontail responsee The pattern recognition model is 
essentially a guideline for the resource manager and should be uti
lized with caution due to the complex and dynamic nature of the forest 
ecosystemo



CONCLUSIONS

This investigation demonstrated that desert cottontail may 
respond favorably to specific vegetation changes resulting from current 
management of the ponderosa pine forests of Arizonao

Significant increases in cottontail response occurred when 100 
percent of the forest overstory was removed on a relatively large area 
and the slash windrowed. Increased response, resulting in higher cot
tontail densities on the clearcut', was probably due to an increase in 
yearlong cover provided by the windrowed slash and regrowth of Gambel 
oak thicketso Additionally, the increased herbage production on the 
clearcut may have been beneficial to the cottontail0

Cottontail use also increased significantly on a relatively 
small area dominated by dense ponderosa pine reproduction. Increased 
use was noted only during the fall sampling periods suggesting that the 
pine reproduction provided favorable summer and nesting cover for the 
cottontail but inadequate winter cover.

Cottontail densities ranged from 0.24 to l4 per section on the 
treatment areas, with higher densities attributable to increases in 
available cover. No seasonal or other population trends were observed 
during the study period.

A ranked response model was developed as an initial guideline 
to aid the resource manager in identifying, evaluating, and/or estab
lishing potential desert cottontail habitat within the ponderosa pine 
forest.

28 ’
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Additional investigations, including food habit studies and 

home range determinations, for desert cottontail within the ponderosa 
pine forest are necessary before complete and meaningful management 
decisions can be made by the resource manager responsible for the 
forest resource.,



APPENDIX A

SCIENTIFIC NAMES

Table A.lo Animals

Common Name Scientific Name
Big Game 
Elk
Mule Deer 
Turkey
White-tailed Deer

Small Game
Abert Squirrel 
Desert Cottontail 
Eastern Cottontail 
Mearns Cottontail 
New England Cottontail 
Nuttall1s Cottontail 
Red Squirrel
Wild Rabbit (of New Zealand)

Predators 
Coyote 
Gray Fox

Nohgame
Antelope Jack Rabbit 
Black-tailed Jack Rabbit

Cervus canadensis ;
Odocoileus hemionus 
Meleagris gallopavo 
Odocoileus virginianus

Sciurus aberti 
Sylvilagus auduboni 
Sylvilagus floridanus 
Sylvilagus floridanus mearnsii 
Sylvilagus transitionalis 
Sylvilagus nuttalli 
Tamiasciurus hudsonicus 
Oryctolagus cuniculus

Canis latrans
Urocyon cinereoargenteus

Lepus alleni 
Lepus califoricus

30
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Table A02«, Plants»

Common Name . Scientific Name
Trees
Alligator Juniper 
Douglas-fir 
Gambel Oak 
Ponderosa Pine 
White Fir

Shrubs
Fendler Ceanothus 
Green-leaf Manzanita 
New Mexican Locust 
Rose

Forbs
Aspen Fleabane 
Goldeneye 
Peavine 
Showy Aster 
Sulpher Eriogonum 
American Vetch

Grasses
Blue Grama 
Cheatgrass 
Crested Wheatgrass 
Muttongrass 
Pine Drop-seed 
Squirreltail

Juniper-us deppeana 
Pseudotsuga menziesii 
Ouercus gambelli 
Pinus ponderosa 
Abies concolor

Ceanothus fendleri 
Arctostaphylos patula 
Robinia neomexicana 
Rosa sp„

Erigeron macranthus 
Viguiera sp.
Lathyrus sp.
Aster commutatus 
Eriogonum cognatum 
Vicia americana

Bouteloua gracilis 
Bromus tectorum 
Agropyron cristatum 
Poa fendleriana 
Blepharoneuron tricholepis 
Sitanion hystrix '



APPENDIX B

ANOVA TABLES AND TBKEY'S MULTIPLE 
COMPARISON TESTS FOR BEAVER GREEK

Table Bolo Spring 1973»

Variation Degrees of Freedom Sum of Squares Mean Square

Total 20 1007=9654
Watersheds 5 855.9374 171=1875
WS/T 15 152=0280 10.1352

F Ratio = l6o8904 Tabular F^°^ = 2 = 90

w = =10(6 ,15)3.1836

=4=05 (3.1836)
=12=8936
14 I? 10 13 8 12

.1191 .1975 =3443 1.7730 2=0700 17=0618

32
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Table.Bo2. Fall 1973=

Variation Degrees of Freedom Sum of Squares Mean Square

Total 20 676.4423
Watersheds 5 619.0243 123.8049
WS/T 15 57.4180 3.8279

. F Ratio = 32,3428 Tabular F^*^ = 2.90

w = .10(6 ,15)1.9565

= 7.9238
8 17 14 13 10 12

0 .0167 .0510 .2059 2.3847 14.1476

Table Bo3° Spring 1974.

Variation Degrees of Freedom Sum of Squares Mean Square

Total 20 196.8366

Watersheds 5 167.3202 33.4640
WS/T 15 29.5164 1.9678

F Ratio ■= 17.0058 Tabular F^”"^ = 2.90

W * ,10(6,15)1.4028
* 4.05(1,4028)
* 5.6813

8 17 10 13 14 12
,0213 .0220 .1418 .2642 .5082 7.3750
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Table B=4„ Fall 1974o

Variation Degrees of Freedom Sum of Squares Mean Square

Total 20 535=3139
Watersheds 5 505=5172 .101.1034
V/S/T 15 29=7967 1.9864

■ F Ratio =50.8978 Tabular F^°^ = 2.90

W = .10(6,15)1=4094
= 5=7081

14 8 10 17 13 . 12
.0213 =0368 .0384 .0422 . 1.0390 12.6750

Table B.5= Spring 1975

Variation Degrees of Freedom Sum of Squares Mean Square

Total 20 381=5239
Watersheds 5 361=4475 72=2895

WS/T 15 20.0764 1.3384

F Ratio = 54.0110 Tabular F0ol° = 2 0 90

W  =  o l 0 ( 6 , 1 5 ) l o l 5 6 9

= 4.05(1.1569)
= 4o6854

8 14 17 10 13 12
.0637 0O838 .1167 .2644 6389 10.7692



35
Table-B.6. Fall 1975-

Variation Degrees of Freedom Sum of Squares Mean Square 

Total 9 -1385
Among Treatments 2 -0372 0OI86

Within Treatments 7 <>1013 «0l45
F Ratio = 1.2828 Tabular F0 °10 = 4.74



APPENDIX Co

AMOVA TABLES AND TUKEY'S MULTIPLE 
• COMPARISON TESTS FOR HEBER

Table C„l» Fall 1973o

Variation Degrees of Freedom Sum of Squares Mean Square

Total 269 7741=8667
Among Treatments 2 33.7556 16=8778

Within Treatments 267 7708=1111 28=8693

F Ratio = 0=5846 Tabular F^"10 = 3=00

Table Co2o Spring 1974

Variation Degrees of Freedom Sum of Squares Mean Square ■

Total 359 3864=2889

Among Treatments 3 52=2444 17.4148
Within Treatments . 356 3812=0444 10=7080

F Ratio = 1=6263 ■ Tabular F0°10 = 2=60

36
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Table C=3= Fall 1974*

Variation Degrees of Freedom .Sum of Squares Mean Square

Total 359 9627.4556

Among Treatments 3 740=8333 246=9444
Within Treatments 356 8886=6223 24=9624

F Ratio = 9.8926 Tabular f0o1° = 2=60

Multiple Comparison Test
w = =10(4,356)=5266

= 3=24(=5266)
= 1=7062 /

3 4 2 1
0=0667 0=1333 0=2000 3=4444

Table C040 Spring 1975=

Variation Degrees of Freedom Sum of Squares Mean Square

Total 359 62839.9750

Among Treatments 3 1165.3638 388=4546
Within Treatments 356 61674.6112 ' 173.2433

F Ratio = 2=2422 Tabular F°°10 = 2=60
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Table C.3. Fall 1975»

Variation Degrees of Freedom Sum of Squares Mean Square

Total 359 377062.400

Among Treatments 3 13072.866 4357.622
Within Treatments 356 363989.534 1022.4425

F Ratio = 4.26 Tabular F0ol° = 2.60

Multiple Comparison Test
w = .10(4,356)3.3705 
= 3=24(3.3705)
= 10.9204

4 3 2 1
0.1556 0.2333 0.9889 14.3556
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