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ABSTRACT 

2 
A 99-km area in the southeastern portion of the Apache-

Si tgr eaves National Forest, Arizona, was identified as spring-summer 

elk range. Elk use occurred predominantly above 2310 m, in the south-

central and southeastern portion of the site. Calving activity occurred 

between late May and the end of July. Solitary adult females and calves 

were observed with increased frequency above 2280 m. Elk use of these 

upper elevational zones, during those periods of increased human-related 

activity, indicated the importance of the area to elk. 

The area is dissected by rut roads, fence lines, and utility 

lanes. Forests comprised 92 percent of the study area. Dense timber 

stands accounted for almost half of these forests, and existed in 

greatest proportion in the upper elevations where highest elk use was 

documented. 

Elk were observed feeding in open meadows significantly 

(P < .005) more during early spring than late spring-summer. Elk use 

of forests increased from 50.88 percent during early spring to 82.06 

percent during late spring-summer. 

x 



CHAPTER 1 

INTRODUCTION 

A comprehensive habitat analysis is an important step in the 

ecological study of wildlife species (Andrewartha and Birch 1954) . 

This analysis should include investigations into the physiography, 

climate, soil, vegetation and other components of the habitat mosaic 

bearing some influence on the animals' use of the area. 

Most free-ranging elk (Cervus elaphus) are associated with 

forested land (Lyon 1971, Pedersen et al. 1980, and Ward 1980), and 

analyses of elk habitat are increasing in direct response to increased 

human presence and impact upon these forested lands (Morgantini and 

Hudson 1979). Recently, elk research has been involved with the 

analysis of habitat from a new perspective, the elk's utilization of 

the existing habitat components (Lyon 1980, and Pedersen et al. 1980). 

This study originated from an extensive elk habitat - human 

impact study in east-central Arizona. The purpose of this study is to 

(1) identify and describe spring-summer elk habitat, including an ex

amination of man-influenced alterations of the site through construc

tion; (2) examine elk use of habitat types; (3) provide information 

concerning calving activities; and (4) lay the groundwork for future, 

more detailed examination of elk requirements-habitat relationships. 

The study concentrates on the period from March to October, 1981, 

although data were collected from May, 1980, through October, 1981. 

1 



CHAPTER 2 

• • STUDY AREA 

The study area lies within the southeast corner of the Apache-

Sitgreaves National Forest (ASNF) of east-central Arizona, 34°N, 109°W 

2 
(Fig. 1). The area encompasses approximately 99 km . 

Topography and Soils 

The area is characterized by rolling terrain, with elevations 

ranging from 2219 m in the northwest to 2704 m in the southeastern 

portions of the site (Fig. 2). Mountain peaks greater than 2432 m 

are interspersed throughout the study area (Fig. 2). 

The soils are comprised principally of the Gordo series, formed 

from more recent extrusions of lava and basaltic ejecta than the sur

rounding areas. These soils have more litter and a thicker A horizon 

than the semiarid soils at the lower elevations outside the study area 

boundaries. These differences are probably caused by differences in 

plant production. Higher precipitation and a lower rate of decomposi

tion of organic matter because of lower temperatures are the primary 

factors influencing the plant production (Anonymous 1981a). 

Climate 

The site exists in an upper climatic zone described as sub-

humid. This area receives a mean annual precipitation of 50.8-101.6 

cm, a mean annual temperature of 1.67°C-7.78°C and a frost-free period 

2 
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Figure 1. The Apache-Sitgreaves National Forest (ASNF) study area, in the White Mountains, Arizona. 



1 > 8500 
2 > 8000 
3 > 7500 
4 > 7000 

Figure 2. Topographic map of Apache-Sitgreaves National Forest study area, Arizona, divided 
into four elevational zones. 
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ranging from 80 to 130 days (Anonymous 1981a) . Average monthly tem

peratures during the study conformed closely with normal temperatures 

(Fig. 3; Appendix 1)- Precipitation, however, was noticeably lower 

than normal from October, 1980, to mid-January, 1981, and substantially 

higher from February to mid-March, 1981 (U.S. Weather Bureau 1980 and 

1981) (Fig. 4; Appendix 1). 

Vegetation 

Lowe (1964) characterizes this area as belonging to the 

Transition and Canadian Life Zones. The Transition Zone is equivalent 

to the ponderosa pine (Pinus ponderosa) forest. Pure stands occur 

most commonly between 2128 m and 2432 m. The lower limit of the pon

derosa pine forest is the lower elevational limit of the entire 

coniferous forest formation within Arizona. Plant available soil 

moisture is the most direct factor affecting this lower ecological 

limit. Gambel oak (Quercus gambelii) is the tree most commonly asso

ciated with the pines. Trembling aspen (Populus tremuloides) may be 

scattered or exist in large stands on old burns, usually above 2280 m. 

Pinyon-juniper and big sagebrush (Artemisia tridentata)may be asso

ciated with the pine in the lower portion of the study area, between 

2128 m and 2280 m. Douglas fir (Pseudotsuga menziesii) is occasional 

to frequent above 2128 m. These ponderosa pine stands are also rich 

in shrubs and forage cover in many areas. 

The Canadian Zone is identified by fir forests consisting of 

mixed species. Douglas fir and white fir (Abies concolor) are the 
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Figure 3. Comparison of normal monthly average temperatures (based on 40 years of data) to 
monthly average temperatures during the study (U.S. Weather Bureau 1980 and 1981). 
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Figure 4. Comparison of normal monthly precipitation (based on 40 years of data) to 
monthly precipitation during the study (U.S. Weather Bureau 1980 and 1981). 



principal tree species, although Engelmann spruce (Picea engelmanni) 

and blue spruce (Picea glauca) are also scattered throughout these 

forests. Ponderosa pines are often present, though confined more to 

ridges and southerly exposures. The ponderosa pine also exist along 

the edge of the fir forest where the two forests merge in the con

tinuum (Lowe 1964). The fir forests on site occur on rugged terrain. 

Gambel oak, trembling aspen and New Mexican locust (Robinia • 

neomexicana) are browse species associated with the Canadian Zone. 

Timber and Range Management 

Sustained and merchantible timber production is the primary 

management objective of tjhe U.S. Forest Service. Areas are entered 

once every 20 years for sawtimber harvests and intermediate cuts 

(Burbridge and Neff 1976). The forests are basically managed for even-

aged stands. Aesthetic and wildlife considerations have resulted in 

uneven-aged management along heavily utilized roads, however. Clear-

cutting, selective cutting, and controlled burns are traditional 

practices utilized within the ASNF. 

The site is comprised of entire and portions of seven grazing 

allotments (Fig. 5). Cattle grazing within the allotments is per

mitted from 1 June through 30 October, primarily under a deferred rest 

and complete rest rotation system {Peterson, pers. comm.). At least 

one pasture in an allotment is rested a year. 
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Figure 5. Cattle grazing allotments present on the study area in the Apache-Sitgreaves 
National Forest, Arizona. 
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Wildlife 

The area exists within Wildlife Management Units 1 and 3B 

(Arizona Game and Fish Dept. 1981). Arizona classifies 10 species 

of animals as big game. Seven of these species inhabit the study area, 

including mule deer (Odocoileus hemionus), black bear (Ursus 

americanus), and Merriam's turkey (Meliagris gallopavo). Pronghorn 

antelope (Antilocapra americana), mountain lion (Felis concolor) and 

Coues white-tailed deer (Odocoileus virginianus couesi) are also 

occasionally observed. 



CHAPTER 3 

METHODS AND MATERIALS 

Three seasons were recognized based upon notable differences 

in monthly average temperatures. These were: early spring (March 15-

May 15), late spring-summer (May 15-0ctober 1), and fall-winter 

(October 1-March 15) (Fig. 3). Fall-winter weather data are included 

to provide a complete concept of temperature and moisture conditions 

during the entire period of data collection. Weather data was ob

tained from the U.S. Weather Bureau's station at McNary, located 4.83 

km off the study area at an elevation of 2219 m. 

Habitat Inventory 

An elk habitat-oriented classification system (Table 1) was 

utilized for an air photointerpretation of the study area. The purpose 

of this classification system and photointerpretation was to delineate 

and inventory cover types (vegetation), forage openings and other 

naturally occurring and man-made habitat components (Cameggie and 

Holm 1977, Anderson et al. 1980, and Pedersen et al. 1980). U.S. 

Forest Service natural color photographs (1:15840 scale) were utilized 

for the interpretation. 

Interpreters using mirror stereoscopes ocularly estimated 

forest canopy closure classes with 90 percent confidence. Estimations 

were verified by dot grids. Stand height class was also interpreted 

11 
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Table 1. Elk habitat-oriented classification system for air 
photointerpretation of study area in Apache-Sitgreaves 
National Forest, Arizona. 

Forest stand 

Vegetative type 

D . . . Deciduous 

E . . . Evergreen 

M . . . Mix 

S . . . Shrubs 

Forage openings 

Fo < 10% canopy closure 

Drainageways 

DW 

Water sources 

S . . . Spring 

T . . . Tank 

L . . . Lake 

W . . . Other water impoundment 

Man-made 

Points . . . structures 

Lines . . . roads, fence lines, utility lanes 

Areas . . . recreational areas 

Canopy closure (%) 

A . .. 10 - 30 

B . .. 30 - 80 

C . . . > 80 

Height (ft) 

1  .  .  . 5 - 2 0  

2  . . .  20 -  60 

3 . . . > 60 

4 . . . Mixed (any two) 
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by ocular estimation. Periodic (six) trips to the field for ground-

truthing photointerpreted data included checking stand heights with 

a height finder. Estimates of height class proved to be accurate. 

Identification and location of natural and man-made habitat 

components were field checked. U.S. Geological Survey and U.S. Forest 

Service maps provided supplemental data in regard to man-made physical 

features and structures. 

Photointerpreted data were transferred from photo-overlays 

to U.S.G.S. 1:24000 scale base maps, utilizing a zoom-transferscope. 

There was some loss in accuracy of photointerpreted data where adjacent 

overlays were patched together in the transfer process. Cover type 

information was stratified by differential shading of the three canopy 

closure classes, regardless of height and vegetative type. Total areas 

of cover types and forage openings were individually planimetered and 

logged as part of the inventory. Areas of recreation sites and linear 

measurements of fence lines, utility lanes and logging (rut) roads 

2 
(3 types) were inventoried and logged by 2.59 km section. The base 

maps were reduced to 1:48000 scale and composite maps of the site were 

prepared. 

Elk Observations 

Observation of elk groups and documentation of fresh pellets, 

tracks and bedsites were utilized to determine use of an area by elk. 

The principal observational technique involved tracking on foot and 

horseback. Early morning and evening road counts (Davis and Winstead 
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1980) were driven during June and August, however. This technique 

permitted more systematic observation of the study area and a more 

valid examination of elk distribution. The distribution of mule deer 

and turkey were measured concurrently utilizing this technique. The 

2 
study area was divided into three 30 km segments for purposes of the 

road counts. These segments differed with respect to their stand 

canopy closure mosaics and range of elevations. 

Group composition, activity exhibited, and habitat type uti

lized (Franklin and Lieb 1979, Waldrip and Shaw 1979, and Pederson et 

al. 1980) were recorded on field information sheets (Appendix 2) for 

each elk group observed by the author. Supplemental elk observations 

were reported by Forest Service personnel. Locations of all elk ob

servations were plotted on a map of the study area within 16.2 ha 

accuracy. 

Changes in group composition and knowledge of the social 

biology of elk (Murie 1951, Boyd 1978, Franklin and Lieb 1979, and 

Waldrip and Shaw 1979) were used to examine the occurrence and location 

of calving activities. Adult cows, often accompanied by their yearling 

female offspring, have been reported leaving cow groups during the 

early summer months to calve (Boyd 1978, Franklin and Lieb 1979, and 

Waldrip and Shaw 1979) . These researchers and others have also found 

yearling and subadult males simultaneously leaving cow groups to form 

bull groups. This further reduced mean size of cow groups observed 

during the calving season. Periods of absentism of calving females 

and some young males ranged from one to six weeks (Franklin and Lieb 
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1979). Calving activities during this study are defined as parturi

tion and initial rearing of calves. Observations of solitary adult 

female elk, an adult female accompanied by a yearling, and calves were 

used as indicators of calving activities. Murie (1951) found that 

cow elk remain within a few hundred meters of their newborn calves. 

Based upon this premise, a "predator call" was directed towards 

solitary females upon observation, in an attempt to elicit defensive 

behavior. This type of response was interpreted to be indicative of 

a calf in the immediate vicinity. 

Five habitat types were recognized during this study. Forest 

stands possessing canopy closures of the classes defined in the 

habitat-classification system (Table 1) comprised the three forest 

types. Forage openings with areas greater than 0.60 ha (open meadows) 

and those less than 0.60 ha (micro-openings) were the other two habitat 

types. The habitat types utilized and activities exhibited by elk 

upon observation were entered on key-punch cards at the University 

of Arizona. 

Vegetational Measurement 

The point-centered quarter vegetation sampling method (Cottam 

and Curtis 1956, Dix 1964) was utilized to measure the relative fre

quencies and densities of the two or three dominant plant species on 

six openings and as a general inventory of the other species present. 

Adjacent hiding cover was measured on four sides of the 

openings. The technique involved measuring 61 m into the adjacent 
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forest stand and ocularly estimating if vegetation would hide 90 per

cent of a standing adult elk (Thomas et al. 1979). Vegetation 

possessing this capability at 61 m or less was characterized as optimum 

hiding cover. Vegetation not possessing this capability was described 

as less than optimum. 

Data Analysis 

Elk distribution measured by road counts was plotted by number 

of elk observed per kilometer of route driven. Data were analyzed 

per two-week periods in each of the three designated areas to reduce 

bias due to weather and elk activity changes (Davis and Winstead 1980). 

The determination of a critical-use elk area was based upon 

the frequency and timing (calving season) of observed elk use. Docu

mentation of fresh physical evidence was also an important considera

tion. 

A three-way contingency table of habitat type utilization data 

was tested by chi-square to detect differences in elk use for feeding 

and traveling, by season. Data from the three forest types and micro-

openings were combined and tested against data from open meadows. Data 

from the three forest types were tested to detect differences in their 

use by season and activity. Two-way contingency tables of data were 

also tested to detect differential elk use of open meadows and forests 

for a specific activity by season. 



CHAPTER 4 

RESULTS 

Critical-Use Elk Areas 

Areas Frequently Used by Elk 

The study area, particularly its upper elevational zones of 

spruce-fir and ponderosa pine, was persistently utilized spring-summer 

habitat by elk. Reynolds (1966a, 1966b) and Patton (1969) have made 

similar observation of elk use of such ecosystems in various parts 

of Arizona and New Mexico. 

Figure 6 illustrates the locations of 114 observations of elk 

groups recorded by season. The observations map (Fig. 6) clearly shows 

the heavy use elk made of the elevational zones above 2310 m in the 

south-central and southeastern portions of the study area. One hundred 

six of the observations were recorded during early spring and late 

spring-summer (Fig. 6; Appendix 3). 

Elk were observed as early as April 10, actively utilizing 

habitat within the Reservation Flat-McCormick Spring (Fig. 1) area 

(Table 2). This area is at an elevation of 2396 m. Elk use was 

occurring less than two weeks after snow accumulation of 60.96 cm. 

There were 11 additional observations of elk reported by Forest Service 

personnel in the Reservation Flat-McCormick Spring area. These ob

servations provided supportive evidence of the importance of this area 

17 
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Figure 6. Seasonal locations of elk observations recorded during the study (1980-1981) on the 
Apache-Sitgreaves National Forest, Arizona. 

Areas 1, 2, and 3 were the three areas designated for the road counts (within study area 
boundaries: 1. Reservation Flat; 2. Bear Wallow; 3. Porter Spring; 4. Brushy Flat; 
5. McKay Spring,- 6. Pancho Spring) . 
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Table 2. Monthly range and frequency of elk observations within 
critical-use areas of the Apache-Sitgreaves National Forest 
study area, Arizona. 

No. days 
Area of area No. elk 
elk use observed observations 

Reservation Flat-
McCormick Spring 40 49 

Porter Spring 25 20 

Brushy Flat 25 5 
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to elk. The Brushy Flat (Fig. 1) area (100 m lower than Reservation 

Flat) was also receiving elk use by early April (Table 2). There were 

only 6•observations of elk, including those reported by the Forest 

Service. Documentation of fresh physical evidence, however, suggested 

that regular use was made of this area by elk. The Porter Spring 

(Fig. 1) area (160 m higher than Reservation Flat) was inaccessible 

until late April. Frequent elk use was observed by May 2, however, 

and elk were sighted in the area until the end of September (Table 2). 

Road count results illustrated high elk use in Areas 2 and 3 

(Table 3). The observations supported my contention that the upper 

elevational zones were important spring-summer habitat for elk. Ele

vations range from less than 2250 m to 2341 m in Area 1; 2310 m to 

2493 m in Area 2; and 2371 m to 2645 m in Area 3. Elk were observed 

in Area 1 during early and late June, although not as frequently as 

in Areas 2 and 3 (Table 3). Though road counts during early and late 

August resulted in fewer elk being observed, the results did support 

the general observation of more frequent elk use in the higher eleva

tions of Areas 2 and 3 (Table 3). 

Road count results (Appendix 4) and supplemental observations 

have also shown the study area to be important mule deer and turkey 

habitat. The observations of mule deer and turkey were most closely 

associated with those areas of high elk use during early spring and 

late spring-summer. 
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Table 3. Elk distribution as measured by road counts during four 
designated time periods in the Apache-Sitgreaves National 
Forest study area, Arizona. 

Time Period 
No. elk per kilometer 

Time Period 
Area I Area II Area III 

Early June 
(lst-15th) 0.13 0.57 0.61 

Late June 
(16th-30th) 0.25 

/ 

1.00 0.27 

Early August 
(lst-15th) 0.00 0.67 0.14 

Late August 
(16th-31st) 0.00 0.19 0.20 

^The three areas utilized for the road counts are illustrated in 
Figures 6 and 8. 
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Calving Activities and . 
Calving Areas 

Observations provided a means for relating areas within elk 

habitat to elk calving activities. The data showed that size and com

position changes in cow elk groups that coincided with specific periods 

of their biological calendar conformed closely with socio-biological 

findings in the literature (Boyd 1978, and Franklin and Lieb 1979). 

The mean size of cow groups from November 7 to May 1 was 10. 

Mean size continued to decrease from May 1 to August 20 (Table 4). 

Franklin and Lieb (1979) and Waldrip and Shaw (1979) documented similar 

decreases in group size in northern California and Oklahoma, respec

tively. The depressed group size was primarily due to the increased 

observation of solitary adult females (Table 4). These cow elk were 

often accompanied by a yearling female. The first solitary female 

was observed on April 25 in the Reservation Flat area. May 28 to 

June 26, however, was the period of most frequent observation of such 

indicators of calving activities (Table 4). Observations of solitary 

adults accounted for 80.95 percent of the total number of cow groups 

observed. Data were not collected during July. Solitary females were 

still being observed during early August, however (Table 4). This 

indicated that some females may have dropped calves during July and 

had not yet rejoined cow groups. 

Increased observation of bull groups coincided with the 

calving season. Only one bull group was observed prior to May 1. Six

teen observations of bull groups were recorded from May 2 to June 26, 



Table 4. Socio-biological indicators of elk calving activity in the Apache-Sitgreaves National 
Forest study area, Arizona (1981). 

Cow elk groups 

Observations indicative of calving"1" 

Period of _ Period of highest 
biological Total x Total frequency No. with 
calendar observations Group size no. No./Dotal observations calves 

May 1-
June 26 34 3.15 20 

±SE = 0.60 
May 28-June 26 

17/21 

July 30- , 
August 20' 13 3.00 

+SE = 0.74 
July 30-August 15 

5/8 

August 21-
October 11 4.20 

±SE = 1.46 

Observations of solitary adult females or an adult female accompanied by a yearling female, 
or calves. 

No data was collected during most of July. 

to 
u> 
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however. Bull groups were observed with particular frequency during 

June, having comprised 44 percent of the total observations. The mean 

group size was 3, although groups of 8 were observed during May and 

June. The first newborn elk calf was observed on June 4 (Table 4), in 

a flat-lying position at Brushy Flat. By August, calves were being 

observed more frequently (Table 4) in the areas where solitary females 

had been most evident (Fig. 7). Cows and calves were banding together 

and calf groups were observed at this time as well. Calves would flee 

with adults when disturbed. Murie (1951) observed this type of be

havior after they were 5 or 6 days of age. 

Observations indicated calving activities were occurring at 

the Reservation Flat, Bear Wallow and Porter Spring areas (Fig. 7). 

Observations indicative of calving were also made near the Brushy Flat, 

Pancho Spring and McKay Spring areas (Fig. 7). 

Habitat Composition 

Vegetative Cover 

Forest stands comprised 92 percent of the study area (Table 5). 

Dense timber stands (greater than 80 percent canopy closure) accounted 

for almost half of these forests. More than one-third of the forests 

were comprised of intermediate stands (30-80 percent canopy closure). 

Forest stringers and patches of open canopy (10-30 percent closure) 

were interspersed throughout the intermediate and dense timber stands. 

Figure 8 illustrates the mosaic of forest canopy closures. This mosaic 

changes noticeably from west to east. With respect to the three areas 
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Figure 7. Seasonal locations of elk observations (solitary adult cows, and solitary adult cows 
with a yearling female) indicative of calving activities, including observations of 
calves, in the Apache-Sitgreaves National Forest, Arizona (1980-1981). 

(Within the study area boundaries: 1. Reservation Flat; 2. Bear Wallow; 3. Porter 
Spring; 4. Brushy Flat; 5. McKay Spring; 6. Pancho Spring.) 
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Table 5. Area and percent of Apache-Sitgreaves National Forest study 
area attributable to canopy closure classes. 

Canopy closure Area Percent of 
class (%) (ha) study area 

0 -101 736.57 7.69 

10 - 30 1338.78 13.49 

30 - 80 3372.68 33.98 

> 80 4451.84 44.84 

Total 9926.87 100.00 

'Classified as forage openings. 
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Figure 8. Air photointerpreted map of forest stand canopy closure classes delineated in the 
Apache-Sitgreaves National Forest study area, Arizona. 

Extended solid vertical lines represent boundaries of three areas designated for road 
counts. 
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delineated for road counts, Area 1 is comprised of a somewhat even 

mixture of forest stands possessing canopy closures of the three 

classes (Fig. 8). Areas 2 and 3 are dominated by intermediate and 

dense timber stands, respectively (Fig. 8). 

Forage Openings and Drainageways 

Forage openings accounted for only 7.69 percent of the area 

(Table 5). Micro-openings were not delineated by photointerpretation; 

however, their existence is acknowledged and their importance illus

trated in subsequent sections. Figure 9 illustrates the interspersion 

of forage openings, drainageways, and forests. The drainage system 

connects most of the individual forage openings to other openings. 

Many of the drainageways contained potable water for six weeks after 

snow-melt (mid-May). Most of the drainageways are flanked by undu

lating topography and intermediate to dense timber stands along much 

of their courses. 

Human Impact 

The study area is dissected by an intricate system of light 

duty and .unimproved roads and jeep trails (Fig. 10). Though some areas 

are more remote than others, most of the site is accessible by vehicle, 

barring moist weather conditions that may exist during winter and early 

2 
spring months. There is a mean of 3.70 km of road per 2.59 km 

section (Table 6; Appendix 5). 

Fence lines (Fig. 10) and utility lanes additionally alter 

the natural condition of the site (Table 6; Appendix 5). Fence lines 
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Figure 9. Distribution of forage openings and drainageways, including those drainageways known to 
be utilized as travel lanes by elk in the Apache-Sitgreaves National Forest study area, 
Arizona. 
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2 
Table 6. Mean distance (km) of man-made construction per 2.59 km 

section within the Apache-Sitgreaves National Forest 
study area, Arizona. 

Roads 
Fence Utility 

Light duty Unimproved Jeep trail lines lanes 

Dist. x 0.46 0.52 2.72 1.13 0.08 

±SE 0.09 0.10 0.46 0.20 0.02 



32 

are utilized for forest boundaries, delineating grazing allotments, 

resting pastures, protecting water impoundments and distinguishing 

specific areas for recreation. 

The Lakeside Ranger District recognizes ten recreation areas 

(Fig. 10). Camping, hiking, recreational and off-road vehicular uses 

occurred on these areas. Woodcutting and hunting were consumptive 

activities observed throughout the site. Human activities appeared to 

increase from early spring to late spring-summer. 

Water Sources 

There were 35 tanks, springs, seeps, or other types of water 

impoundments distributed throughout the study area (Fig. 11). Water 

levels were particularly low during June and July. Most of the im

poundments and tanks, however, contained potable water throughout the 

early spring and late spring-summer seasons. The tanks and impound

ments are man-made, usually earthen dugouts. Most points within the 

area are less than 1.61 km from potable water, particularly in the 

upper elevational zones. 

Analysis of Six Critical-Use Elk Areas 

Six forage openings and their adjacent habitats were demon

strated to be important to elk. Reservation Flat, Bear Wallow, and 

Porter Spring were areas where numerous elk observations were made. 

These included many believed to be indicative of calving activities. 

Documentation of fresh tracks and pellets, and observation of solitary 

females and calves during the calving season reflected the importance 
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of Pancho Spring, McKay Spring, and Brushy Flat to elk and, perhaps 

more importantly, to calving females. 

All of these forage openings exist at elevations greater than 

2280 m, Brushy Flat at the lower end of a continuum and Porter Spring 

at the upper end (Table 7). The slopes of the forage openings are 

characterized as level. Pancho Spring, Bear Wallow and McKay Spring 

are recognized as micro-openings (Table 7). Reservation Flat, Porter 

Spring and Brushy Flat are open meadows with areas ranging from 6.25 ha 

to 26.04 ha (Table 7). 

Kentucky bluegrass (Poa pratensis) was identified as the most 

dominant forage species on each opening, with the exception of 

Reservation Flat; western wheatgrass (Agropyron smithii) was dominant 

on this site (Table 8). Kentucky bluegrass was second in order of 

abundance (Table 8). The mean relative frequency and density of 

Kentucky bluegrass on the forage openings were 41.78 percent and 45.40 

percent, respectively. The forage species measured second in order 

of abundance on the other five sites varied from one to another. Col

lectively, this group of species was comprised of grasses, forbs and 

sedges (Table 8). A wide variety of additional species, many of high 

nutritional value and utilized to varying degrees by elk, were also 

documented (Appendix 6). 

The six forage openings possess optimum hiding cover as de

scribed by Thomas et al. (1979) on at least three sides (Table 7). 

The undulating topography and understory vegetation often enhanced 

the quality of the adjacent hiding cover. 



Table 7. Description of six forage openings determined to be important to elk in the Apache-
Sitgreaves National Forest, Arizona. 

Change in 
elevation 
to peaks Rating of 

Forage Approximate Edge within one Proximity adjacent Vehicular 
opening elevation Area length mile to water hiding accessibility 
location (m) (ha) (m) (m) source/type cover1 (Easy, Remote) 

Reservation 2395.52 26.04 5618.42 85.12 On site/ Optimum Easy 
Flat 97.28 spring Optimum 

122.82 Optimum 
91.20 Optimum 

Bear 2468.48 0.07 187.04 24.32 On site/ Optimum Remote 
Wallow 164.16 man-made Optimum 
Tank 316.46 dugout Optimum 

55.94 Less 

Porter 2556.64 6.25 1805.43 77.52 On site/ Optimum Remote 
Spring 79.34 spring Optimum 

147.44 Optimum 
103.66 Optimum 
57.76 Optimum 

Brushy 2298.24 9.25 2114.70 48.64 On site/ Optimum . Easy 
Flat 66.27 man-made Optimun 

170.20 dugout Less 
170.85 and spring Optimum 

CO 
cn 



Table 7—Continued 

elevation 
to peaks Rating of 

Forage Approximate Edge within one Proximity adjacent Vehicular 
opening elevation Area length mile to water hiding accessibility 
location (m) (ha) (m) (m) source/type coverl (Easy, Remote) 

Pancho 2327.42 0.45 418.27 216.14 On site/ Optimum Easy 
Spring 209.46 manmade Optimum 

192.13 dugout Optimum 
50.46 and spring Optimum 
39.82 Optimum 

McKay 2334.72 0.59 334.46 184.83 On site/ Optimum Easy 
Spring 85.12 manmade Optimum 

133.76 dugout Optimum 
43.17 and trench Optimum 

Optimum 

"Quality measurements were based upon optimum hiding cover as described by Thomas et. al (1979). 
Optimum is: at least 90 percent of a standing adult elk is hidden by vegetation at a distance 
of 61 m or less. 

u> 



Table 8. Dominant forage species on six critical-use openings for elk in the Apache-Sitgreaves 
National Forest, Arizona, 

High use 
forage opening 
location 

Dominant forage species 

Common name Scientific name 

Relative 
frequency 

% 

Relative 
density 

% 

Reservation Western wheatgrass Agropyron smithii 55.55 64.50 
Flat Kentucky bluegress Poa pratensis 25.00 23.95 

Bear Wallow Clover species Trifolium spp. 32.65 43.75 
Kentucky bluegrass Poa pratensis 32.65 33.33 

Porter Spring Kentucky bluegrass Poa pratensis 41.30 53.12 
Fleabane Erigeron spp. 13.04 14.58 

Brushy Flat Kentucky bluegrass Poa pratensis 36.36 38.54 
Spikesedge Eleocharis montana 9.09 16.66 

Pancho Spring Kentucky bluegrass Poa pratensis 66.67 73.43 
Clover species Trifolium spp. 23.81 18.75 

McKay Spring Kentucky bluegrass Poa pratensis 48.71 50.00 
Fleabane Erigeron spp. 20.51 20.21 
Timothy Phleum pratense 17.94 18.08 

u> 
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All these forage openings were accessible by vehicle. Porter 

Spring and Bear Wallow were considered more remote in terms of distance 

from the main entranceways into the study area (Table 7). The openings 

at Brushy Flat, Porter Spring and Pancho Spring are abutted by improved 

roads, Reservation Flat is abutted by an unimproved road, and Bear 

Wallow by a jeep trail. The opening studied at McKay Spring is not 

directly abutted by a road, although an improved road exists in 

proximity. 

Elk Utilization of' Habitat Types 

A chi-square contingency test of observed elk use of open 

meadows and forest (including micro-openings) showed a significant 

(chi-square = 49.22 with 2 df, P < .0005) interaction between season 

and habitat type used. During early spring, 49.12 percent of the elk 

observed were sighted utilizing open meadows. This use of open meadows 

decreased to 17.94 percent during late spring-summer. In fact, ac

cording to observational data, elk use of open meadows ceased by mid-

June. Observed elk use of the forest increased from 50.88 percent 

during early spring to 82.06 percent during late spring-summer. Wing 

(1969) similarly found elk use of mountain meadows in Idaho rapidly 

decreasing after mid-June, as summer progressed. 

During early spring, there were no observations of elk 

utilizing micro-openings. During late spring-summer, however, elk 

were observed using micro-openings in 21.19 percent of the observations 

recorded within the forest. 



39 

In terms of elk observed feeding, there was a significant (chi-

sguare = 45.04 with 1 df, P < .005) interaction between season and 

habitat type utilized. During early spring, 76.92 percent of elk ob

served feeding were sighted in open meadows. In contrast, during late 

spring-summer, 74.79 percent of elk observed feeding were sighted 

within the forest. Waldrip and Shaw (1979) and Leckenby (pers. comm.) 

found similar elk use of forests during mid- and late summer. 

In reference to traveling and feeding, there was no signifi

cant difference in activity exhibited by elk within the three forest 

types. The forest types were utilized by elk for both studied 

activities. 



CHAPTER 5 

DISCUSSION 

Habitat Composition and Related Elk Use 

Forage, vegetative cover, water, and specialized areas (travel 

lanes, calving areas) are the basic habitat components elk depend upon 

to fulfill their requirements (Thomas et al. 1979, and Ward 1980). 

The habitat inventory has shown that these components, naturally 

occurring and man-influenced, existed in a variety of conditions and 

interspersions on site. Elk use of the six forage openings and sur

rounding areas identified as critical-use areas, however, suggests 

habitats there were more adequately satisfying elk requirements. These 

openings differed somewhat with respect to elevation, edge length, and 

size (Table 7). Certain commonalities in the areas' habitat mosaics 

existed, however, that were indicative of a positive relationship with 

elk requirements and use. 

Forage 

The capability of openings to meet the forage requirements of 

elk is directly related to forage composition. The importance of the 

existence of a wide variety of grasses, grass-like plants (sedges) 

and forbs is their variability in phenology and palatability under 

changing temperature and moisture conditions. The dominance of 

Kentucky bluegrass, western wheatgrass, and a variety of other 

40 
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perennial grasses, forbs, and sedges was common to the six forage 

openings examined (Table 8). Many of these species were associated 

with the adjacent forests as well. Grasses of the genera Poa and 

Agropyron are thought to be the most palatable to elk, particularly 

during early spring greenup. Western wheatgrass possesses the additive 

value of being excellent winter forage when cured (U.S. Forest Service 

1940, Murie 1951, and Humphrey et al. 1960). Kentucky bluegrass is 

also noted for its resistance to heavy utilization, as well as its 

ability to recover under adequate temperature and moisture conditions 

(U.S. Forest Service 1940). Sedges are beneficial to elk in that they 

remain green and palatable into late summer and fall (U.S. Forest 

Service 1940, and Murie 1951). In terms of the forage requirements 

of elk, Kufeld's (1973) summary of the literature revealed that grasses, 

grass-like plants, and browse were consumed all year, browse consump

tion being lowest during mid-summer. Forbs were utilized primarily 

during mid-summer and fall (Kufeld 1973). Thus, it appears that the 

abundance and variety of forage species associated with the six 

critical-use elk areas may be of significant value to elk in balancing 

their nutritional intake throughout the early spring and late spring-

summer seasons. 

Vegetative Cover 

Observations of elk use of vegetative cover strongly suggests 

a relationship between habitat composition and elk use that may be 

associated with a need for hiding cover. Elk were frequently observed 
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utilizing adjacent timber stands and topography for hiding cover upon 

being disturbed. Lyon (1980) has submitted that "selection of habitat 

for forage production was a far less specific requirement of elk than 

selections for security and cover." Dense stands of ponderosa pine 

and mixed conifers were dominant within the areas most frequently uti

lized by elk, and where solitary females and calves were most evident 

during the calving season. The proximity of several mountains to the 

forage openings (Table 7) enhanced the quality of adjacent hiding cover. 

Changes in elevation from the openings to the peaks ranged from 24 m 

to 316 m (Table 7). These dense timber stands and topography enabled 

elk to remove themselves from visual contact with disturbances with 

a minimal expenditure of energy and distance of travel. 

The shapes and areas of the six forage openings were also im

portant with respect to adjacent hiding cover. These openings are 

characterized by irregular shapes, which maximizes adjacent forest 

edge (hiding cover) in relation to their areas. Feeding activities 

of elk are associated with forest edge (Reynolds 1966a, 1966b). This 

is interpreted as a need for security. Therefore, the irregular shapes 

of the openings are viewed as beneficial in affording elk security. 

It has also been reported that openings less than 486 m across are 

most effectively utilized by elk in Arizona (Reynolds 1966a, 1966b). 

There are no points in the six openings beyond 243 m from forest edge. 

This physical characteristic additionally reflects the value of these 

openings in relation to the security needs of elk. 
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Vegetative cover must also be examined in terms of its value 

in affording summer thermal cover. Cover used by elk to assist in 

maintaining homiothermy is thermal cover (Black et al. 1976). Elk 

were observed at Brushy Plat using the last remaining snow patches 

beneath closed canopes as bedsites in April. Numerous elk bedsites 

were also docvimented throughout the study within intermediate and dense 

timber stands adjacent to the other high use openings. The effective

ness of a closed canopy in creating a cooler micro-climate during the 

day by shielding the sun's incoming radiation has been demonstrated by 

Edgerton and McConnell (1976). The highest temperature during April 

was onlly 24.50°C (Fig. 3; Appendix 1). The higher daytime metabolic 

rates of diurnally active animals (Moen 1973), however, may also have 

influenced the elk's selection of snow patches within dense stands 

during early April. The highest mean monthly maximum temperature 

(28.90°C) was recorded for June. Temperatures remained high through 

August (Fig. 3; Appendix 1). As these daytime temperatures approach 

or increase beyond elk body temperature, the thermal gradient becomes 

such that heat is absorbed by the body (Moen 1973). Should an elk's 

body absorb more heat than it is able to dissipate, a critical hyper

thermic environment is created. The requirement of elk to maintain 

homiothermy and the potential adverse effects associated with a cri

tical hyperthermic environment have been thoroughly documented by Moen 

(1973). In view of the high temperatures during late spring-summer, 

the dense timber stands possessed significant value as summer thermal 

cover. Furthermore, all of the bedsites documented on site were 
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located on mountain slopes and mountain plateaus. This suggests that 

the higher elevations contribute to the cooling effect of these timber 

stands, possibly through increased air circulation. 

Weather has been found to be the most influential factor in 

relation to habitat selection by elk (Beall 1974) . Therefore, the 

availability of dense timber stands common to the six critical-use 

elk .areas and their value as summer thermal cover appeared to be im

portant factors influencing the elk's selection of these areas. 

Water 

A need of potable water by elk has often been debated by re

searchers from one geographic region to another. During this study, 

highest elk use was documented in the upper elevations where sources 

of potable water were most available. Cows and bulls had been observed 

drinking during May, June, and October. Elevations at which the obser

vations were made ranged from 2310 m to 2469 m. Lack of significant 

precipitation during May and June, less than 2.5 cm (Fig. 4; Appendix 

1), had created more dessicating conditions than normal and probably 

increased the importance of potable water on site. All of the six 

forage openings possessed at least one source of potable water 

(Table 7). Marcum (1975, 1976) found in Montana that elk preferred 

use of areas within 320 m of water. Leckenby (pers. comm.), in con

trast, has observed elk drink only once in more than 2000 observations 

of elk groups, and questions the role of potable water as an elk habi

tat requirement in northeastern Oregon. Observations and documented 
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elk tracks at water sources during this study indicated that potable 

water was regularly utilized, probably due to weather conditions and 

a lack of succulent forage. 

Travel Lanes 

Travel lanes existed in various forms and played an important 

'role in the manner in which elk utilized the study area. Travel lanes 

(corridors) are defined as "routes followed by elk along a belt or 

band of suitable cover or habitat" (Thomas et al. 1979). The exten

sive road and fence line systems (Fig. 10) received considerable use by 

elk for travel, particularly in the vicinity of Bear Wallow. Drainage-

ways were also observed receiving frequent use by elk for movements 

within the study area (Fig. 9). Five of the six forage openings 

studied possessed drainageways on site that led to other openings 

(Fig. 9). Elk were observed and tracked on site while alternately 

utilizing drainageways, forest stand edges, and fence lines as travel 

lanes during long movements. 

Calving and Calving Areas 

Observation data have indicated that calving activity on site 

began intensifying by the end of May (Table 4). I suspect that most 

calving occurred between this time and the end of July. Franklin and 

Lieb (1979) and Waldrip and Shaw (1979) also observed calving occurring 

during this period. 

The response of solitary females to the "predator call" during 

the calving season varied; however, it always held their attention 
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for a short time and elicited a forward approach. On several occasions 

females responded much more aggressively by approaching to within 30 m, 

barking repeatedly, and stomping their front hooves. Two examples 

of maternal aggression of this extreme nature were observed at Porter 

Spring and Pancho Spring on May 28 and June 11, respectively. Murie 

(1951) observed similar behavior in Wyoming, upon approaching females 

with inactive (newborn) calves in the area. When the "predator call" 

was directed towards small groups of females suspected of being unbred, 

it initiated an immediate flee response. In reference to the solitary 

behavior of calving females and inactivity of offspring, Nelson and 

Mech (1981) contend that this constitutes a defense strategy against 

predation and minimizes feeding competition in white-tailed deer. The 

logic of this contention appears applicable to the similar behavior I 

observed in elk during the calving season. It also supports the ra

tionale of using observations of solitary females as indicators that 

calving activities were occurring. 

The increased observation of bull groups during May and June 

was also interpreted as an indication of the occurrence of calving 

activities. Franklin and Lieb (1979) similarly found that the first 

departure of young bulls from the cow groups coincided with the calving 

season and increased maternal aggression. Bull development (behavior-

ally and physiologically) may also be a factor initiating formation of 

the bull groups (Leckenby, pers. comm.) during the calving season. 

Observation data indicate that the upper elevational zones 

of spring-summer range were utilized most by calving females. These 
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areas were characterized by the dominance of dense timber stands and 

existence of readily available sources of potable water. Waldrip and 

Shaw (1979) found that cows and calves made greater use of intermediate 

and dense timber stands in the Wichita Mountain Wildlife Refuge. All 

of the observations of cows with calves made during this study were 

within intermediate and dense timber stands. These observations sug

gest that these stands were of particular importance to cows and calves 

during the calving season. This importance was probably in relation 

to their value as hiding and thermal cover. 

Studies in various geographical regions of the elk's western 

range have shown that calving activities occur on winter, spring-fall 

and summer ranges (Murie 1951). Thomas (pers. comm.) contends that 

elk do not migrate to traditional calving areas every year. Thomas 

(pers. comm.) and other researchers submit that elk movements to areas 

for calving are dictated by weather, energy reserves and the presence 

of habitat adequate to fulfill their requirements. Elk use of the 

habitat above 2280 m indicates that elk requirements may have been 

satisfied. 

Differential Use of Habitat Types 

Many reasons have been proposed to explain the seasonal pattern 

of habitat selection by elk described on this site. The decreasing use 

of open meadows and corresponding increased use of forests as spring-

summer progressed was examined in relation to the more frequent occur

rence of human-related activities and drier weather conditions. 
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Cattle grazing began on the site just prior to the cessation of 

use of open meadows by elk. Elk use, however, was not displaced from 

the study area by the presence of cattle. Elk and mule deer had been 

observed on numerous occasions feeding within the forest less than 

0.32 km from grazing cattle. Leckenby (pers. comm.) has documented 

similar observations in northeastern Oregon. 

Small logging operations that began in April also appeared to 

have minimal effect on elk use of open meadows and the study area in 

general. Elk were often observed utilizing open meadows during day

light hours in the Reservation Flat-McCormick Spring area, less than 

1.6 km from active logging operations. Furthermore, elk had been ob

served feeding in the same area where logging occurred, 15 minutes 

after operations had ceased for the day. Such behavior was exhibited 

by solitary females during the calving season as well. The apparent 

tolerance elk exhibited towards logging may have been due to the small 

scale of the operations and the proximity of refuge areas in the form 

of mountains, dense timber stands, and the Fort Apache Indian Reserva

tion. Lyon (1972) documented a similar response by elk to logging 

operations in Montana. 

It seems that if the elk's increased use of forests were a 

response to increased human-related activities and a need for security, 

their behavior would be more alert and they would be observed traveling 

more than feeding. A chi-square test, however, revealed a non

significant interaction between activity and season. In fact, the 

proportion of elk observed feeding slightly increased from early spring 
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to late spring-summer. Data, therefore, suggest that human-related 

activities had a minimal effect on the elk's use of habitat. 

In terms of weather conditions, there was a progressive de

crease in precipitation from April to June, 1981 (Fig. 4; Appendix 1). 

This effectively changed the open meadows from mesic to xeric type 

sites by mid-June. Mackie (1970) and Marcum (1975) found that elk 

tend to use the forage in moist areas during the spring and summer 

seasons. Mackie (1970) submits that moisture has a positive effect 

on forage digestibility. The availability of more succulent, digestible 

forage at an earlier phenological stage of development was apparent 

in micro-openings and under forest canopies during late spring-summer. 

This is believed to be an influential factor with respect to the elk's 

increased use of forests on this site. 

As previously discussed, weather data showed tht the mean 

monthly maximum temperature peaked during June and remained high 

through August. This indicates that, based upon thermal exchange prin

ciples, thermal regulation was probably an additional factor influ

encing the increased selection for forests by elk. 



CHAPTER 6 

SUMMARY AND CONCLUSIONS 

This study has identified and described an area in the south

eastern portion of the Apache-Sitgreaves National Forest as important 

spring-summer elk habitat. The site is comprised predominantly of 

forests (92 percent). Dense stands (greater than 80 percent canopy 

closure) existed in the greatest proportion, particularly in the upper 

elevations where the highest elk use was documented. Observation data 

indicate that calving females primarily used habitat above 2280 m. 

I submit that the value of the dense timber stands in affording summer 

thermal cover and hiding cover was the most influential factor in re

lation to elk use of the upper elevations. Though open meadows ac

count for a small percentage of the site, their importance to elk 

during early spring with respect to forage value has been demonstrated. 

Furthermore, data suggest the importance of the interspersion of these 

meadows with adjacent timber stands and topography to security needs 

of elk. The importance of the forage cover associated with the forests 

and micro-openings was demonstrated, particularly in relation to elk 

use during the late spring-summer. 

A quantitative habitat inventory has shown the area to be 

dissected by roads, fence lines and recreation areas. Sources of 

potable water and drainageways are also interspersed throughout the 
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site- Elk have been observed utilizing these man-made and naturally 

occurring habitat components for various activities. Temperature and 

moisture conditions appeared to influence the seasonal pattern of 

habitat use described on site. The increasing occurrence of human-

related activities as spring-summer progressed, however, had minimal 

effect on elk use of the site. 

This study has provided the basis for future, more detailed 

examination of elk requirements-habitat relationships that need to 

be done in view of increasing human impact. It would be of great value 

to maintain a continuous inventory of human impact, while monitoring 

elk population health and use of habitat. This would enable managers 

to identify the effects of human impact on elk and better integrate 

forest and habitat management objectives. 



APPENDIX 1. 

MONTHLY TEMPERATURE AND PRECIPITATION DATA COLLECTED DURING THE STUDY (1980-1981) 

Temperature (C) Precipitation (cm) 

Depart Depart Snow/sleet 
Year/ x x x from from Max. 
Month Maximum Minimum normal Highest Lowest Total normal Total depth 

1980 

May 19.6 0.7 10.1 -0.7 27.8 -4.4 T -1.42 0.00 0.00 

June 29.5 5.7 17.6 2.4 33.4 -2.2 0.00 -1.47 0.00 0.00 
July 28.5 9.8 19.1 0.9 6.04 -2.71 0.00 0.00 

Aug. 26.1 8.6 17.4 0.2 30.6 3.9 11.94 1.91 0.00 0.00 
Sept. 24.9 5.1 15.0 0.5 28.9 0.6 5.49 0.03 0.00 0.00 
Oct. 18.8 -1.1 8.9 -0.6 27.8 -11.7 5.08 -0.13 10.16 7.62 
Nov. 14.4 -4.8 4.8 1.2 26.1 -13.9 1.40 -2.59 13.97 7.62 
Dec. 13.3 -4.8 4.2 4.0 22.8 -13.3 4.69 -2.34 22.86 

1981 

Jan. 11.2 -5.5 2.9 3.8 18.3 -13.9 1.98 -3.86 3.81 
Feb. 11.5 -6.6 2.4 2.2 22.2 -13.9 6.58 2.31 27.94 
March 8.9 -5.4 1.8 -0.4 18.3 -11.1 14.15 7.65 50.80 
April 18.4 -0.1 9.2 2.6 24.5 -9.5 4.75 1.45 15.24 
May 21.1 -2.1 11.6 0.8 26.1 -2.8 1.52 0.10 0.00 0.00 
June 28.9 7.1 18.0 2.8 33.4 2.2 0.71 -0.76 0.00 0.00 
July 27.4 10.6 19.0 0.8 33.9 7.2 9.37 0.61 0.00 0.00 
Aug. 27.0 9.0 18.0 0.9 30.5 6.7 8.31 -1.73 0.00 0.00 
Sept. 24.6 6.0 15.3 0.9 27.8 1.7 4.27 -1.19 0.00 0.00 



APPENDIX 2. 

FIELD INFORMATION SHEET UTILIZED FOR RECORDING 
ELK OBSERVATION DATA ON THE APACHE-SITGREAVES 

NATIONAL FOREST STUDY AREA, ARIZONA 

I. Upon Sighting Elk 

Date: 
Time: 
No. of individuals: 
Sex description: 
Age group: Calf—under 1 year Yearling Adult 

Location: 
(Township, Range, Section, 1/4, 1/4) 

II. Site Description 

Current Condition of Area 

'Habitat type of classification system 

Dominant tree species present 

*Elk use of type: Grazing 
Traveling 
Hiding 
Bedded 
Other 

'Understory Status: 

*Current human use of area: Natural 
Note: Man-made 

Man influence 

*Topographic features 

Slope steepness 
Aspect of slope 
Shape of topography 
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APPENDIX 2—Continued 

'Available water 

'Adjacent habitat type 

Dominant tree species 

Dominant understory species 

'Weather conditions (Estimates) 

Wind speed 
Temperature 
Cloud cover 
Snow accumulation 

'Other factors 
Presence of other species (wildlife) 

Predators 
Human Activity 



APPENDIX 3 

SEASONAL LOCATIONS OF ELK 
THE STUDY (1980-1981) 

NATIONAL FOREST 

OBSERVATIONS RECORDED DURING 
ON THE APACHE-SITGREAVES 
STUDY AREA, ARIZONA 

No. Sex^" Location 
SeaSOn elk 

Date Township, Range, 
Section, 1/4, 1/4 

Early spring-
summer , 1980 

25 April 6 Female T9N R24E S20 NW SE 

1 May 2 Female T9N R24E S34 SE NE 

2 May 4 T9N R24E S28 NE NW 

7 May 8 T9N R24E S27 SE NE 

7 May 8 T9N R24E S34 SE SE 

11 May 12 T9N R24E S27 SE NW 

14 May 14 T9N R24E S27 SE SW 

Late spring-
summer , 1980 

19 May 11 Female TfN R24E SI NW SE 

29 May 5 Female T8N R24E SI NW SE 

30 May 12 Female T9N R24E S35 SE NW 

30 May 2 Male T9N R24E S33 NW NE 

5 July 1 T9N R24E S15 NE NE 

1 August 
1 
2 

Female 
Male 

T9N R24E S35 SW SE 

1 August 2 Female T9N R24E S36 NW SE 

1 August 1 T9N R25E S7 SE SE 

1 August 1 T9N R25E S17 NE SE 

29 August 
2 
5 
1 

Male 
Female 
Calf 

T8N R24E SI NE SW 

"'"Blanks signify antlerless elk. Positive sex description not recorded. 
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APPENDIX 3—Continued 

Season No. Sex Location 

Township, Range, 
Section, 1/4, 1/4 

10 September 
1 
1 

Female 
Calf 

T9N R25E S9 NW NW 

Fall-winter, 
1980-81 

4 November 2 Female T9N R24E S21 SE SE 

14 November 18 Female T9N R24E S26 SW NE 

14 November 
3 
1 

Female 
Calf 

T9N R24E S26 NW SE 

7 January 5 T9N R24E ;S15 NE NE 

31 January 40 
Female 
Calve s 

T9N R24E S18 NW NW 

Early spring-
summer, 1981 

10 April 8 Female T9N R24E S34 SW SE 

11 April 3 Male T9N R24E S34 SW SW 

11 April 10 Female T9N R24E S32 SE SE 

11 April 1 T9N R24E S32 NW SE 

20 April 3 Female T9N R25E S8 SW NW 

20 April T9N R24E S21 NW SE 

24 April 6 Female T8N R24E Si SW NW 

24 April 4 Female T9N R24E S34 NE SW 

25 April 1 Female T9N R24E S34 SE NW 

2 May 
1 
1 

Male 
T8N R24E SI NW SW 

2 May 
1 
3 

Male 
T8N R24E SI NE SW 

2 May 3 Female T9N R26E S26 NW SE 

2 May 1 Female T9N R24E S28 NE SW 

2 May 
2 
3 

Female 
T9N R24E S26 NW SE 
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Appendix 3—Continued 

Season No. Sex Location 
6 lit 

Township, Range, 
Section, 1/4, 1/4 

3 May 
2 
9 

Female 
T8N R24E SI SW NW 

3 May 
1 
3 

1 

Male 

Female 

T8N R24E SI NE SE 

3 May 1 
16 

Male T8N R24E SI SE NE 

3 May 3 Female T9N R24E S26 SW NE 

4 May 2 Female T9N R25E S28 NE SW 

6 May 3 T9N R24E S24 SW SE 

7 May 
3 
4 

Female 
T8N R24E S2 SE NE 

7 May 5 Female T9N R25E S28 NE SW 

8 May 2 Female T9N R24E S35 SE NE 

8 May 4 Female T9N R24E S35 SW NE 

8 May 
1 
3 

Male 
T9N R25E S29 NE NE 

8 May 6 Female T9N R25E S28 NE SW 

Late spring-
summer , 1981 

18 May 6 Male T9N R24E S28 SW SW 

20 May 4 Female T9N R24E S26 NW SE 

21 May 1 Male T9N R25E S30 SE SW 

21 May 5 Male T9N R24E S26 NW SW 

22 May 2 T9N R25E S7 NE NW 

28 May 3 Male T8N R24E S2 NE NW 

28 May 4 Female T9N R25E S28 NE NW 

28 May 1 Female T9N R25E S28 NE NW 

28 May 2 Female T9N R25E S28 NE NW 
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APPENDIX 3—Continued 

Season No. Sex Location 
sXJc 

Township, Range 
Section, 1/4, 1/4 

29 May 1 Male T8N R24E S2 NE SW 

29 May 4 T8N R24E S2 SE NE 

29 May 1 Female T9N R24E S34 SE NW 

29 May 1 Female T9N R24E S26 NE NW 

29 May 1 Female T9N R24E S25 NW SE 

29 May 2 T9N R25E S29 NW SW 

29 May 1 Female T9N R25E S28 NE NW 

29 May 6 Female T9N R25E S28 NE NW 

4 June 1 Calf T9N R24E S33 NW SE 

4 June 1 Female T9N R24E S17 NW NW 

5 June 2 Male T9N R25E S30 SE SW 

7 June 1 Male T9N R24E S25 NE SE 

8 June 1 Male T8N R24E SI NW NE 

9 June 4 Male T8N R24E SI NE SE 

9 June 3 Female T9N R25E S8 NE NW 

9 June 1 Female T8N R24E SI NW NE 

9 June 2 Male T9N R25E S19 NW NW 

10 June 2 Male T9N R24E S28 NE NE 

10 June 1 Female T9N R24E S34 SE NW 

10 June 1 Female T9N R24E S34 SE NE 

10 June 2 Male T8N R24E SI NW NE 

10 June 2 Male T9N R24E S34 SW NW 

10 June 1 Female T9N R24E S34 NE SE 

11 June 2 Female T9N R25E S8 NW SE 

11 June 2 Female ? T9N R25E S8 NE NW 

11 June 3 Male T9N R24E S25 NE NE 

11 June 2 Female T9N R25E S28 NW NE 
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APPENDIX 3—Continued 

Season No. Sex Location 
Date elk 

Township, Range, 
Section, 1/4, 1/4 

18 June 4 Male T8N R24E SI NE SE 

18 June 2 T9N R25E S28 NE NW 

19 June 1 Female T9N R24E S34 SE SE 

19 June 8 Male T8N R24E S3 NE NW 

25 June 1 Female T9N R25E S7 SE SE 

26 June 2 Female T8N R24E SI NW NE 

30 July 1 Female T9N R25E S28 NE NW 

1 August 1 Male T9N R24E S26 SW NW 

4 August 
5 
5 

Female 
Calf 

T9N R24E S22 NE NW 

4 August 
1 
1 

Female 
Calf 

T9N R25E S28 NW SE 

5 August 1 Female T9N R24E S22 NE SW 

6 August 
2 
2 

Female 
Calf 

T9N R25E S28 SE NE 

13 August 1 Female T9N R25E S20 SE SE 

15 August 1 Female T9N R25E S20 SE SE 

15 August 1 Female T9N R25E S20 NE SE 

17 August 
1 
1 

Female 
Calf 

T9N R25E S28 NE NW 

18 August 
2 
1 

Female 
Calf 

T9N R25E S29 NE SE 

18 August 
1 
2 
2 

Male 
Female 
Calf 

T9N R24E S36 SW SW 

19 August 2 Female T9N R24E S36 NW SW 

19 August 
4 
2 

Female 
Calf 

T9N R24E S36 SW SW 

29 August 1 ? T8N R24E SI NE SE 
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APPENDIX 3—Continued 

Season No. Sex Location 
6 Ik 

Township, Range, 
Section, 1/4, 1/4 

29 August 1 

1 

Female 

Male 

T8N R24E SI NW SE 

29 August 6 
1 

Female 
Calf 

T9N R24E S35 SW SW 

30 August 
3 
1 

Female 
Male 

T8N R24E SI NE SE 

25 September 
1 

Several 
Male 
Female 

T9N R25E S33 NW NE 

Fall-winter, 
1981 

5 October 1 Male T8N R24E S5 SE NW 

11 October 1 Female T9N R24E S35 NW SE 

3 November 2 Male T8N R24E S2 NE NE 



APPENDIX 4 

TURKEY AND MULE DEER DISTRIBUTIONS MEASURED BY ROAD COUNTS 
DURING FOUR TIME PERIODS ON THE APACHE-SITGREAVES 

NATIONAL FOREST STUDY AREA, ARIZONA 

No. turkey and mule deer per kilometer 

Area I Area II Area III 
Time 
Period Turkey Deer Turkey Deer Turkey Deer 

Early June 
(1st-15th) 

0.00 0.31 0.00 0.29 0.81 0.07 

Late June 
(16th-30th) 

0.00 0.44 0.10 0.29 0.07 0.07 

Early August 
(lst-15th) 

0.00 0.00 0.00 0.14 1.02 0.27 

Late August 
(16th-31st) 

0.44 0.00 0.00 0.14 0.94 0.00 

The three areas utilized for the road counts are illustrated in 
Figures 6 and 8. 
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APPENDIX 5. 

QUANTITATIVE INVENTORY OP MAN-MADE CONSTRUCTION WITHIN 
THE APACHE-SITGREAVBS NATIONAL FOREST STUDY AREA, ARIZONA 

Roads Fence Utility Ranches Recreational 
lanes and sites 

Township/ Light structures Name/area 
Range/ duty Unimproved Jeep 
Section (#/km) (#/km) (km) (km) (km) (#/Type) (km ) 

T8N R24E 

1 1/1.56 2/4.94 30.80 15.85 — — Billy Creek/0.49 
Bowers/0.58 

T9N R24E 

13 — 5/2.67 5.92 3.56 — — — 

14 1/1.64 5/3.38 9.07 0.82 — — — 

15 2/2.65 2/0.72 6.16 3.81 — — — 

16 1/1.93 — 5.25 — — — — 

17 — 1/1.53 3.27 — — — — 

18 — 1/0.61 3.20 1.01 — — — 

19 — 1/2.14 5.47 2.88 — — — 

20 1/1.06 2/2.14 6.81 9.65 — — — 

21 2/0.79 1/0.14 6.13 0.40 — — — 

22 1/2.03 3/3.60 7.92 1.83 — — — 

23 1/0.63 4/2.11 6.87 — — — Lake Mountain/1.10 
24 2/2.14 4/2.53 5.48 2.20 — — — 

25 3/2.86 1/0.10 5.79 1.77 1.96 — — 

26 1/1.82 3/1.79 9.06 0.92 0.76 1 Outbuilding Los Burros/0.16 
1 Residence 



APPENDIX 5—Continued 

Roads Fence 

Township/ Light 
Range/ duty Unimproved Jeep 
Section (#/km) (#/km) (lan) (km) 

T9N R24E 

27 1/0.93 1/0.92 8.96 0.92 
28 1/2.14 1/0.40 9.99 2.00 
29 1/1.64 1/0.53 12.01 4.92 
30 — 1/5.08 9.25 — 

31 1/2.45 2/0.97 12.66 4.30 
32 3/3.62 — 7.10 1.06 
33 2/1.14 1/1.83 5.08 3.14 
34 1/1.93 1/1.34 3.38 1.35 

35 — 2/0.80 7.16 1.40 
36 — — 6.43 0.87 

3N R25E 

7 1/1.09 2/1.90 4.12 3.02 
8 2/3.19 — 5.15 2.17 

Utility Ranches Recreational 
lanes and sites 

structures Name/area 

(km) (#/Type) (km2) 

Los Burros/0.16 

1.72 — Los Burros/0.67 
Bowers/0.43 
Bowers/0.34 

1.67 — Pancho Spring/0.13 

a* 
u> 



APPENDIX 5—Continued 

Roads Fence Utility Ranches Recreational 
lanes and sites 

Township/ Light structures Name/area 
Range/ duty Unimproved Jeep 

9 
Section (#/km) (#/km) (km) (km) (km) (#/Type) (kin ) 

T9N R25E 

9 1/1.71 — 5.50 2.35 0.26 1 Residence — 

16 — — 4.92 4.09 — — — 

17 — 1/1.24 7.47 3.78 — — — 

18 1/1.74 3/1.87 3.12 4.25 0.37 3 Outbuildings Naegle/0.03 

19 1/1.21 1/1.11 6.34 2.32 0.56 — Naegle/0.05 

20 — 2/1.72 5.74 1.72 — — Aspen Spring/0.05 

21 — 12.66 1.69 — — — 

28 1/2.03 2/1.37 3.15 3.02 — — Porter Spring/0.12 
Porter Lake/0.35 

29 1/1.85 1/0.37 4.18 2.57 — — — 

30 1/2.00 1/0.51 7.13 2.30 0.10 — Porter Lake/0.10 

31 — 1/0.80 0.80 4.36 — — — 

32 — — 1.88 — — — 

33 — — — 4.97 — — Porter Lake/0.31 

x=0.46 x=0.52 X=2.72 x=l.13 X=0.08 

SE=0.09 SE=0.10 SE=0.46 SE=0.20 SE=0.02 

cr> 



APPENDIX 6 

INVENTORY OF FORAGE SPECIES ON SIX CRITICAL-USE ELK OPENINGS 
WITHIN THE APACHE-SITGREAVES NATIONAL FOREST 

STUDY AREA, ARIZONA 

High use 
area 

Forage species inventoried 

Common name Scientific name 

Reservation 
Flat (lower) 

Grasses 

Kentucky bluegrass 
western wheatgrass 

Poa pratensis 
Agropyron smithii 

Forbs 

American vetch 
bindweed 
milkweed 

Vicia americana 
Convolvulus sp. 
Asclepias sp. 

Bear Wallow Grasses 

bottlebrush squirreltail 
Kentucky bluegrass 
orchardgrass 

Sitanion hystrix 
Poa pratensis 
Dactylis glcmerata 

Grass-like 

rush 

Forbs 

Juncus sp. 

cinquefoil 
clover species 
dandelion 
groundsel 
knotweeS 
mountain dandelion 
pussytoes 
strawberry 
western yarrow 

Potentilla sp. 
Trifolium sp. 
Taraxacum sp. 
Senecio sp. 
Polygonum sp. 
Agoseris sp. 
Antennaria sp. 
Fragaria sp. 
Achillea lanulosa 

The list of forage species includes only those encountered by the 
point-centered quarter vegetation sampling method (Dix 1964). 
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APPENDIX 6—Continued 

High use 
area 

Forage species inventoried 

Common name Scientific name 

Porter Spring Grasses 

Kentucky bluegrass 
redtop 

sedge 

Grass-like 

Forbs 

Poa pratensis 
Agrostis alba 

Carex sp. 

clover species 
fleabane 
knotweed 
onion 
Rocky Mountain iris 

Trifolium sp. 
Erigeron sp. 
Polygonum sp. 

Allium sp. 
Iris missouriensis 

Brushy Flat Grasses 

blue wildrye 
dropseed 
Kentucky bluegrass 
smooth brome 
spike muhly 
timothy 
western wheatgrass 

Elymus glaucus 
Sporobulus sp. 
Poa pratensis 
Bromus inermis 
Muhlenbergia wrightii 
Phleum pratense 
Agropyron smithii 

Grass-like 

silvertop sedge 
spikesedge 

Carex siccata 
Eleocharis montana 

Forbs 

bindweed 
fleabane 
Rocky Mountain iris 

Convolvulus sp. 
Erigeron sp. 
Iris missouriensis 



67 

APPENDIX 6—Continued 

High use 
area 

Forage 

Common name 

species inventoried 

Scientific name 

Medicago sativa 
Asclepias sp. 
Achillea lanulosa 

Poa pratensis 
Agropyron smithii 

Trifolium sp. 
Trifolium longipes 

Poa pratensis 
Phleum pratense 
Agropyron smithii 

Grass-like 

Nebraska sedge Carex nebraskensis 
wire rush Juncus balticus 

Forbs 

Brushy Flat Forbs 

alfalfa 
milkweed 
western yarrow 

Pancho Spring Grasses 

Kentucky bluegrass 
western wheatgrass 

Forbs 

Clover species 
yellow clover 

McKay Spring Grasses 

Kentucky bluegrass 
timothy 
western wheatgrass 

fleabane 
western yarrow 

Erigeron sp. 
Achillea lanulosa 
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