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ABSTRACT 

From May 1980 through August 1981 I determined the species 

composition, relative densities, and habitat preferences of mammals on 

a chaparral watershed in the Bradshaw Mountains, Arizona. Twenty-two 

species of mammals inhabit four microhabitats. The brush mouse 

(Peromyscus boylii) was the most abundant rodent, with densities 

ranging from 11 per ha in chaparral with 75% shrub crown cover to 2 per 

ha in pine-oak woodland. The white-throated woodrat (Neotoma albigula) 

was the next most abundant rodent found and showed a marked preference 

for chaparral with 25% cover. Stephens' woodrats (Neotoma stephensi), 

deer mice (Peromyscus maniculatus), and rock pocket mice (Perognathus 

intermedius) were trapped but composed only a small number of the 

rodents captured. Diurnal rodents, with the exception of the rock 

squirrel (Spermophilus variegatus), showed a marked preference for 

pine-oak woodland. 

In addition, four species of bats, five species of predators, 

and two ungulate species inhabit the watershed. 

vii 



INTRODUCTION 

The National Forest Service will treat suitable chaparral vege

tation in Prescott National Forest, Arizona to improve water yield by 

changing plant species composition and density. There is a potential 

for increasing stream flow by 40% and annual herbage production for 

wildlife and livestock might be improved by as much as 454 km (1,000 

lb) per 0.405 ha (1 acre) in managed chaparral stands (Anon. n.d.). 

This chaparral is habitat for wildlife species (Anon. 1978). 

This study provides baseline data on mammals found on the 

Battle Flat watershed prior to the application of chaparral treatments. 

This data will be used to document the effect that chaparral treatments 

have on wildlife species. 

Research concerning non-game and small game mammals in Arizona 

chaparral is limited. Nichol (1943:194), Dickerman (1954), Hanson 

(1957), Reynolds and Johnson (1964), Lowe and Brown (1973:22), Kepner 

(1978), and Peck (1979) have conducted surveys in Arizona interior 

chaparral. 

Mule deer (Odocoileus hemionus) have been studied in depth in 

Arizona chaparral. These studies began in the early 1950's west of 

Prescott and on the Three Bar Management Area. They were prompted by 

high deer populations and their adverse impacts on forage supplies 

(Ariz. Game and Fish Dept. 1953, 1954; Neff 1979:76). 

Hanson and McCullouch (1955) described mule deer populations 

located 16 km (10 mi) west of Prescott on the edge of the Bradshaw 

1 
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Mountains and in the Three Bar Management Area, and Swank (1958) 

studied mule deer in Arizona chaparral. Other studies include chem

ical control of chaparral and its impact on mule deer (Pase, Ingebo, 

Davis, and McCulloch 1967), food habits and nutrition in chaparral 

(Urness, Green, and Watkins 1971; McCulloch 1978; Urness 1981:357-365), 

and habitat evaluation and management of chaparral (Neff 1979:66-90; 

Wallmo, LeCount, and Brownlee 1981:366-385). 

Research conducted on other mammals in parts of Arizona chapar

ral includes studies on the collared peccary (Dicotyles tajacu) (Byers 

and Bekoff 1981) in the Three Bar Management Area and mountain lion 

(Felis concolor) (Shaw 1979) on the Spider and Cross U Ranches 56 km 

(35 mi) west of Prescott. 

The objectives of this study are: (1) to determine the species 

composition of mammals occurring on the watershed; (2) to determine 

their relative densities when possible; and (3) to determine the 

distribution and habitat preference of mammals on Battle Flat. 



STUDY AREA 

The Battle Flat watershed is located 11 km (7 mi) southwest of 

Mayer, Arizona, in the center of the Bradshaw Mountains, central 

Arizona (Figure 1). The watershed is further subdivided into eleven 

contiguous smaller watersheds. The Battle Flat watershed is drained by 

Battle Flat Creek which flows southeast into the Agua Fria River via 

Turkey Creek (Wood 1978). 

Elevations in the study area vary from 1,584 to 1,769 m (5,200 

to 5,800 ft) (Hook and Hibbert 1979). The topography is varied with a 

southeasterly aspect and slopes range from 0 to 120o (Humbert, 

Ciancetta, Zaborske, and Ahuja 1981). 

The average annual precipitation in the watershed is 584 mm (23 

in) with 15 to 20% occurring as snow. Mean daily temperature is 

approximately 15o C (59° F) with an annual maximum range from -29° to 

39o C (-21o to 103o F) (Hook and Hibbert 1979). 

The general geological composition of the Battle Flat area 

consists of schist and granite metamorphic rock, both Precambrian in 

origin (Ariz. Bur. Mines 1958). Soils associations in the watershed 

are the Mesic Subhumid type. These soils are described as shallow, 

gravelly, and cobbly, moderately coarse to moderately fine textured 

(Jay, Haven, Hendricks, Post, and Guernsey 1975). For a more detailed 

description of the soils in the Battle Flat watershed see Humbert et 

al. (1981). 

3 
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There are five major sources of water available to wildlife on 

the watershed. The most permanent is Wolf Guzzler, a "gallinaceous 

guzzler," built by the Arizona Game and Fish Department exclusively for 

wildlife use in 1960. Two stock tanks, located in the center of the 

watershed, provide semi-permanent water. In 1979 the U.S. Forest 

Service constructed Trick Tank, an artificial water collecting struc

ture which made water available to wildlife and livestock in July 1980. 

In addition to these water sources Battle Flat Creek and many of its 

tributaries had both standing and running water in 1980 and 1981. 

Roads on Battle Flat are extremely important for obtaining 

information on mammals that might otherwise be missed or overlooked. 

They provide access to portions of the watershed that are inaccessible 

by foot because of the dense chaparral. They also make it possible to 

observe mammals, collect scat, and note the location of tracks. 

The only road that goes onto the watershed is a dirt road, 

Battle Flat Road, which runs from the Senator Highway (For. Serv. Rt. 

No. 52) in the northwest to a corral in the southeast. The Forest 

Service recently extended this road west through pine-oak woodland, 

where it stops at Weir No. 8. There are five other roads that cut 

through the watershed. 

The study area falls within the interior chaparral biotic 

community in the Upper Sonoran Life-zone (Lowe 1967:36; Lowe and Brown 

1973:20). It consists of a total of 937 ha (2,315 acres) of which 884 

ha (2,185 acres) are composed of a heterogeneous mixture of chaparral 

species and 53 ha (130 acres) of pine-oak woodland. In 1972, 42 ha 
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(104 acres) of chaparral were burned in a wildfire along the western 

edge of the watershed (P. Morrison, pers. comm. 1981). 

Chaparral vegetation on Battle Flat is primarily composed of: 

shrub live oak (Quercus turbinella), pointleaf manzanita 

(Arctostaphylos pungens), birchleaf mountain mahogany (Cercocarpus 

betuloides), skunkbush sumac (Rhus trilobata), sugar sumac (Rhus 

ovata), desert ceanothus (Ceanothus greggii), wait-a-minute bush 

(Mimosa biuncifera), Wright silktassel (Garria wrightii), cliffrose 

(Cowania mexicana), hollyleaf buckthorn (Rhamnus crocea), and 

Apacheplume (Fallugia paradoxa). Other vegetation species which occur 

to a lesser extent include sacahuista (Nolina microcarpa), Englemann 

prickly pear (Opuntia engelmannii), and agave (Agave spp.). Alligator 

juniper (Juniperus deppeana) is found throughout the watershed. 

Grasses and forbs are not dominant vegetation forms in the 

chaparral community. However, blue gramma (Bouteloua gracilis), 

sideoats gramma (Bouteloua curtipendula), foxtail brome (Bromus 

rubens), weeping lovegrass (Eragrostis curvula), sixweeks fescue 

(Festuca octaflora), bottlebrush squirrel tail (Sitanion hystrix), 

three-awn (Aristida spp.), mutton grass (Poa fendleriana), and deer 

grass (Muhlenbergia rigens) occur. 

Other vegetation occurring on Battle Flat includes: snakeweed 

(Gutierrezia spp.), Wright buckwheat (Eriogonum wrightii), filaree 

(Erodium cicutarium), verbena (Verbena spp.), milkvetch (Astragalus 

spp.), lupines (Lupinus spp.), globemallow (Sphaeralcea spp.), yellow 

sweetclover (Melilotus officinalis), mullein (Verbascum spp.), and 

western yarrow (Achillea lanulosa). 
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The 53 ha (130 acres) pine-oak woodland runs southeast through 

northwest in the southern portion of the watershed. This vegetation 

community occurs in the lower elevations of the Bradshaw Mountains 

where a cool air drainage collects, usually on north slopes (Nichol 

1943:184). The dominant plant species in this area are ponderosa pine 

(Pinus ponderosa), Arizona white oak (Quercus arizonica), alligator 

juniper (Juniperus deppeana), Emory oak (Quercus emoryi), Arizona 

walnut (Juglans major), New Mexico locust (Robinia neomexicana), and an 

occasional pinyon pine (Pinus edulis). 

Understory vegetation includes pointleaf manzanita, birchleaf 

mountain mahogany, skunkbush, and Wright buckwheat. Grasses include 

bottlebush squirrel tail, deer grass, mutton grass, blue gramma, and 

foxtail brome. Other plants which are present but found in limited 

numbers are snakeweed, western yarrow, Englemann prickly pear, and 

sacahuista. For a more detailed description of vegetation on Battle 

Flat see Wood (1978) and Humbert et al. (1981). 



METHODS AND MATERIALS 

Field work was carried out from May 1980 through August 1981, 

with the major emphasis in May through August and in November 1980 and 

May through August 1981. 

All common and Latin mammal names are after Jones, Carter, and 

Genoways (1979) and those of plants are after Kearney and Peebles 

(1960). 

Non-game and Small Game Mammals 

I trapped rodents in May, August and November 1980 and May and 

August 1981. Because of weather conditions it was not possible to trap 

rodents in late winter. Kushner trapped rodents on Battle Flat in 

August and November 1979 (G. Kushner, field notes, 1979). 

In order to determine the species composition and relative 

density of small nocturnal rodents, four sets of two parallel lines 

were placed in four microhabitats on the watershed. Trap lines were 

240 m long and consisted of 16 stations on each side. Each station was 

15 m apart. I placed two snap traps, both Museum Specials and Victor 

rat traps, at each of the 32 stations. Trap lines were run for three 

consecutive nights for a total of 768 trap nights per trapping period. 

Traps were baited with a mixture of rolled oats and peanut butter. I 

did not pre-bait. This technique of rodent trapping was suggested for 

use in dense chaparral (E. L. Cockrum, pers. comm. 1980). 

8 
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Captured rodents were sexed, aged (juvenile or adult), and 

their breeding condition was noted. I took five standard measurements: 

length of body, tail, right hind foot, right ear, and weight (Cockrum 

1962:29-30). Voucher specimens were museum mounted and deposited in 

the Mammal Museum in the Department of Ecology and Evolutionary Biology 

at the University of Arizona. 

Two techniques were used to determine the relative density of 

nocturnal rodents. One method was used on the the brush mouse 

(Peromyscus boylii), which comprised the majority of captures. In 

order to determine the relative density of this rodent, I had to know 

three things: (1) the average size of its home range; (2) the probable 

area that was being sampled for this species via this trapping 

technique; and (3) the probable number of brush mice present in the 

sampling area. 

There has been no research conducted regarding the home range 

size of the brush mouse in Arizona. I used home range data for other 

areas that have been determined by Storer, Evans, and Palmer (1944) in 

cutover Transition-zone forest in the Sierra Nevada in California; by 

Drake (1958) in mixed vegetation in southern Durango, Mexico; and by 

Brown (1964) in cedar glades in Missouri. The average home range for 

male and female brush mice was 0.1315 ha (0.325 acre). I made the 

assumption that the home range for this species was circular. A 

circular home range is the mathematical average of all possible home 

ranges (E. L. Cockrum, pers. comm. 1982) 

By using the average home range size of the brush mouse and the 
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size of the trapping grid it was possible to estimate that the total 

9 
area being sampled by each trap line was 15,094 m (3.729 acres). 

After trapping for three consecutive nights I determined the 

probable number of brush mice in one trapping area by using the Haynes 

point projection method (Haynes 1949). The quality and quantity of 

data gathered by using parallel lines, the only feasible trapping 

technique in dense chaparral, are so limited that anything more 

sophisticated than the Haynes method is inappropriate insofar as small 

mammal populations are concerned (E. L. Cockrum, pers. comm. 1982). 

The second means of determining the relative abundance of other 

rodent species was to count the total number of captures, by species, 

for each trapping period. The total number of other rodents captured 

was so small than it was impossible to employ the same technique used 

for determining brush mice densities. The second method is not as 

accurate as the first but it provides a rough estimate of the abundance 

of other rodent species. 

The four microhabitats in which trap lines were placed, were 

chosen to represent the three vegetation types found on Battle Flat. 

Quantitative vegetation data were obtained from Pedon Descriptions on 

file at the Regional Office, Prescott National Forest. Each Pedon 

Description represents one 182 m (600 ft) transect, and data were 

collected from May through July 1979. These descriptions, collected by 

Humbert et al. (1981), are the pretreatment baseline vegetation data 

for the Battle Flat watershed. These microhabitats were as follows: 

(1) dense, unburned chaparral; (2) chaparral that had burned in 1972; 

(3) pine-oak woodland; and (4) a dry wash area ranging from 15 to 20 m 



11 

Table 1. Vegetation species, shrub crown cover, and forest crown cover in each of four 

microhabitats on Battle Flat, Arizona. 

Species 

Microhabitat 1 

Chaparral 

Microhabitat 2 
Burned (1972) 
Chaparral 

Microhabitat 3 
Pine-Oak 
Woodland 

Microhabitat 4 

Chaparral 
Along Dry Wash 

Arctostaphylus 
pungens 

21.56% 5% 7.5% . 5.83% 

Ceanothus 
sreggi 

5.62% 5% 1.83% 

Cercocarpus 
betuloides 

19.68% 2.5% 3% 12.66% 

Garria 
wrightii 

3.75% 

Mimosa 
biuncefera 

0.92% 

Rhus 

ovata 

4.68& 7.5 % 12.66% 

Rhus 
trilobata 

1.87% 4.5% 7.25% 

Quercus 
turbinella 

17.81% 5% 11.92% 

Shrub Crown Cover 75% 25% 15% 43.33% 

Pinus 
ponderosa 

7.5% 

Juniperus 

deppeana 

Present 

A few trees 
8.75% Present 

A few trees 

Quercus arizonica 8.75% 

Forest Crown Cover 25% 

Bouleloua 
gracilis 

Present 

Eragrostis 
curvula 

Present 
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Table 1. Continued 

Microhabitat 1 Microhabitat 2 Microhabitat 3 Microhabitat 4 

Burned (1972) Pine-Oak Chaparral 

Species Chaparral Chaparral Woodland Along Dry Wash 

Muhlenbergia 
rigens 

Poa 
fendleriana 

Sitanion 
hystrix 

Achillea 
lanulosa 

Gutierrezia 
spp. 

Nolina 
microcarpa 

Present 

Present 

Present 

Present 

Present 

Present 

Present 

Present 

Present 

Present 

Key: Present- vegetation is present but not abundant enough to be considered when 
compiling shrub and Forest Crown Cover. 

Information from Pedon Description Numbers 1151, 1160, 1161, 1185, 1186, 1189, 1190 
1194, 1195, and 1196. On file in the Regional Office, Prescott National Forest, 

Prescott, Arizona. 

t 
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wide and extending both north and south of the 240 m length of the trap 

line. Table 1 shows the shrub vegetation and other plant species 

represented in each of the four raicrohabitats. It also shows the 

percentage of shrub and forest crown cover in each microhabitat. 

Trap line 1 was placed in a steep ravine in dense chaparral 

near the north-central boundary of the watershed. Trap line 2 was 

placed on the western edge of Battle Flat on the 42 ha area that had 

burned in 1972. This trap line was located on a easterly exposed 

slope. Trap line 3 was located in pine-oak woodland. Trap line 4 was 

placed along a dry sandy wash that drains south into Battle Flat Creek. 

Border vegetation is composed of various chaparral species. These four 

trap lines were placed randomly after each microhabitat was selected. 

In all four microhabitats grasses and forbs are not dominant vegetation 

forms. 

I used the Student-Newman-Kuell test for multiple comparison of 

means (Steel and Torrie 1980:172-194) to determine if there was a signi

ficant difference between the density of brush mice in each of the four 

microhabitats (a = 0.01). 'v- • 

Diurnal Rodents and Lagomorphs 

I collected diurnal rodents by shotgun. In the case of the 

cliff chipmunk (Eutamias dorsalis) I placed Victor rat traps around 

known use areas. All sightings were noted and the habitats in which 

they were found were recorded. Ponderosa pine trees were searched for 

Abert's squirrel (Sciurus aberti) nests (Patton 1977). No attempt was 

made to determine the relative densities of these rodents. 
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In 1980 and 1981 I collected cottontail rabbits to establish 

species identity. An effort was made to take a census of these 

lagomorphs by using 50 circular plots 0.0004 ha (0.001 acre) in 

diameter (Germano 1978:18). All individual pellets were considered to 

be one unit. The daily defecation rate was established at 500 pellets 

per day (Dalke and Sime 1941). The formula given by Overton (1969:431) 

was used to determine the number of lagomorphs per ha. 

Bats 

Bats were collected for species identification using Japanese 

mist nets (Barbour and Davis 1969:239) and a 12 gauge shotgun with 

number 8 shot. In June- and July 1980 and August 1981, when standing 

water was present in two stock tanks located in chaparral vegetation, I 

was able to use mist nets. Mist netting was conducted for a total of 

13 nights in 1980 and five nights in 1981. From one to three mist nets 

were used per night. These were regularly relocated to increase 

chances of bat captures. In May and June 1981 I collected bats over 

Battle Flat Creek in the pine-oak woodland using a shotgun. 

In addition to collected specimens, I investigated all mine 

shafts, both on the watershed and on its perimeter. I also searched 

for bat day roosts in the pine-oak woodland. 

Predators 

To determine the species composition and relative density of 

canids, coyote scent post stations were used (Linhart and Knowlton 

1975; Roughton 1979). From June 5 to 9, 1980 and May 24 to 27, 1981 I 

placed 13 coyote scent post stations, 0.914 m (3 ft) in diameter, 0.53 



km (0.3 mi) apart on alternating sides of existing roads on the 

watershed (U.S.F.W.S. 1980). Scent post stations were monitored for 4 

consecutive nights. Results were recorded on Western Predator Survey 

Forms (U.S.F.W.S. 1980, 1981). I calculated the index of relative 

abundance by dividing the total animal visits by the total operative 

station nights and multiplied this sum by 1,000 (Linhart and Knowlton 

1975). Roughton (1979:17) feels that coyote scent post stations appear 

to be the most practical means for determining carnivore trends, and, 

broadly, their relative abundance. 

I also used leg hold traps to gather information on predators. 

In June 1980, after collecting data from coyote scent post stations, a 

total of 33 coyote trap set nights were run. I used Victor No. 3 

double spring traps using the scent post trap set described by Hawbaker 

(1969:40), and placed them along three dry washes in the chaparral 

where evidence of coyote use had previously been found. Two traps were 

placed at each trap set. I attached one 600 mg Tranvet tranquilizer 

tablet to each trap, a dose that will keep coyotes tranquilized for up 

to 24 hours (J. G. Dasch, pers. comm. 1980). This is a modification of 

the tranquilizer tab technique described by Balser (1965). 

All traps were boiled in water containing juniper to reduce 

odor. Traps were baited with Hawbaker commercial coyote urine every 

evening and were checked early the following morning. 

In May and June 1981 I placed leg hold trap sets, Victor No. 2, 

in both chaparral and pine-oak vegetation on the watershed for a total 

of 50 trap nights. Trapping was conducted to obtain information on any 

predators that might have been missed during the 1980 field season. 
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Traps were baited with both sardines and the viscera of rabbits. Two 

double spring traps were placed at each trap station along roads and 

stream beds using cubby trap sets. 

To obtain data on other carnivores and to collect coyote (Canis 

latrans) and gray fox (Urocyon cineroargenteus) scats, I hiked 

throughout the study area. In 1980 and 1981, 225 coyote and gray fox 

scats were collected for future study. The locations of predator 

tracks and scats were recorded, paying particular attention to the 

habitat in which they were located. All sightings were recorded as 

well. In 1980 I used Circe cottontail and jackrabbit varmint calls to 

try to attract predators for species identification. 

Mule Deer 

Pellet plots were used to determine the relative number of mule 

deer on the watershed. Dasmann and Taber (1955) utilized pellet plots 

to compile censuses of mule deer in California coastal chaparral." 

Hanson and McCulloch (1955) and the Arizona Game and Fish Department 

(Neff 1968) have used pellet plots in Arizona interior chaparral. 

In 1979 C. R. Hungerford placed 30 deer pellet plots on Battle 

Flat (C. R. Hungerford, pers. comm. 1980). Five plots were placed in 

the burned chaparral and 25 were placed on unburned chaparral. In May 

1980 I added an additional five pellet plots and in July 1980 I set out 

an additional 15, bringing the total number to 50. The 20 plots that I 

installed were in pine-oak woodland. A total of seven pellet plot 

transects were placed in both chaparral and pine-^oak woodland. The 

number of pellet plots per transect ranged from five to fifteen. I 
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used 0.004 ha (0.01 acre) circular plots placed 30 m apart. Pellet 

groups were defined as ten or more pellets of similar size, shape, 

color, and age. The daily defecation rate was set at 13 pellet groups 

per day (Smith, Neff, and McCulloch 1969:19). Plots were cleared by 

removing all pellets from the circle. This was done in May, August, 

and November 1980 and May and August 1981. The method described by 

Overton (1969:431) was used to determine the number of deer present. 

I also used deer pellet groups to obtain information on the 

relative abundance of mule deer in vegetation types (Hanson and 

McCulloch 1955). When using pellet plots to determine deer densities 

it is assumed that pellet groups are deposited most heavily in those 

places in which deer spend the greater part of their time (Neff 

1968:602). 

In May 1980 I attempted to census mule deer using set obseva-

tion points and times (Dasmann and Taber 1955). However, this 

technique proved inapplicable to Battle Flat because of the density of 

the chaparral. 

I recorded all casual mule deer sightings made in the study 

area. I further noted the location of deer tracks and beds. 

In June 1980 I located a badly eroded opening in the pine-oak 

portion of the watershed approximately 6.7 ha (16.5 acres) in size (A. 

R. Hibbert, pers. comm. 1981). This area made it possible for me to 

observe mule deer early in the morning and at dusk. I visited this 

opening almost every evening, while noting the total number of deer and 

their sex, age composition, and behavior. 
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All mule deer mandibles and crania found were collected. The 

techniques described by Robinette, Jones, Rogers, and Gashwiler (1957) 

and by Taber and Dasmann (1958:31, 116) were used to determine the age 

of mule deer jaws. 

Collared Peccary 

No systematic attempt was made to count collared peccaries 

(Dicotyles ta.jacu) on the watershed due to the dense chaparral. I did 

record all sightings and noted the number of animals in each herd and 

their location. 



RESULTS AND DISCUSSION 

A total of 22 species of mammals was found on Battle Flat. 

Fifteen of these were collected. Tracks, scat, and a mule deer kill 

provided evidence that two additional mammals inhabit the watershed. 

In 1979 and 1981 fur trappers collected two additional species of 

carnivores (A. R. Hibbert, pers. comm. 1981; R. Pollack, pers. comm. 

1981). Table 2 shows a list of all mammals found on the Battle Flat 

watershed. 

Non-game and Small Mammals 

A total of five species of nocturnal rodents were taken with 

snap traps during seven trapping periods. With 5,376 trap nights 274 

rodents were captured, for an overall trapping success rate of 5.01%. 

The highest number of rodents were trapped in late spring. During this 

time there were 114 captures in two trapping periods for an average 

trapping success rate of 7.4%. The lowest number of rodents taken was 

in late summer. Sixty-three rodents were trapped during three trapping 

periods, with an average trapping success rate of 2.73%. Two trapping 

periods in early winter produced 97 rodents, for an average success 

rate of 6.32%. Table 3 shows the rodent species and percentage of the 

total number captured. Figure 2 shows the number and time of year all 

rodents were trapped except the brush mouse. 

Microhabitat 1 produced the highest total number of rodents 

taken during all seven trapping periods. There were 121 captures, or 
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Table 2. Mammals found on the Battle Flat watershed in 
Central Arizona between August 1979 and August 
1981. 

Order Chiroptera 
Family Vespertilionidae 

Myotis velifer (Cave Myotis) 
Lasionycteris noctivagans (Silver-haired Bat) 
Eptesicus fuscus (Big Brown Bat) 
Lasiurus cinereus (Hoary Bat) 

Order Lagomorpha 
Family Leporidae 

Sylvilagus floridanus (Eastern Cottontail) 

Order Rodentia 
Family Sciuridae 

Eutamias dorsalis (Cliff Chipmunk) 
Spermophilus variegatus (Rock Squirrel) 
Sciurus alberti (Abert's Squirrel) 
Sciurus arizonensis (Arizona Gray Squirrel) 

Family Heteromyidae 

Perognathus intermedius (Rock Pocket Mouse) 

Family Cricetidae 

Peromyscus maniculatus (Deer Mouse) 
Peromyscus boylii (Brush Mouse) 
Neotoma albigula (White-throated Woodrat) 
Neotoma stephensi (Stephens' Woodrat) 

Order Carnivora 
Family Canidae 

Canis latrans (Coyote) 
Urocyon cineroargenteus (Gray Fox) 

Family Procyonidae 

Bassaricus astus (Ringtail) 

Family Mustilidae 

Mephitis mephitis (Striped Skunk) 



Table 2. — Continued 

Family Felidae 

Felis concolor (Mountain Lion) 
Lynx rufus (Bobcat) 

Order Artiodactyla 
Family Tayassuidae 

Dicotyles tajacu (Collared Peccary) 

Family Cervidae 

Odocoileus hemionus (Mule Deer) 
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Table 3. Nocturnal rodents trapped on Battle Flat, Arizona between 
August 1979 and August 1981. 

Species 
Total Number 

Trapped 

Percentage of 
Total Number of 
Rodents Captured 

Peromyscus boylii 

Neotoma albiqula 

Neotoma stephensi 

Peroenathus intermedius 

Peromyscus maniculatus 

232 

27 

6 

6 

85.04% 

9.85% 

2.19% 

2.19% 

0.07% 
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44.16% of the rodents taken. In Microhabitat 2 there were 102 

captures, or 37.2% of the total. The fourth microhabitat produced the 

third highest number of rodents. I captured 27 rodents, which repre

sented 9.9% of the total take. Microhabitat 3 produced the fewest 

number of rodents, 24, comprising 8.8% of the total. 

I captured the brush mouse, deer mouse, white-throated woodrat, 

and the rock pocket mouse in Microhabitat 2. The brush mouse, white-

throated woodrat, and Stephens' woodrat were taken in Microhabitat 1. 

Only the brush mouse and white-throated woodrat were taken in 

microhabitat 3. The brush mouse, white-throated woodrat, and Stephens' 

woodrat were in the fourth microhabitat. 

It is clear from the above that the burned chaparral with only 

25% shrub crown cover produced the largest number of rodent species 

although it did not produce the largest number of individuals. The 

dense shrub, with a crown cover of 75% in Microhabitat 1, produced 

three species but it produced the highest number of rodents. The 

fourth microhabitat produced three species of rodents but it produced 

the lowest number. Vegetation surrounding this open wash has a shrub 

crown cover of 43.3%. The lack of cover in the wash itself would 

indicate that those rodents taken in this microhabitat probably had 

home ranges that overlapped the wash from the surrounding chaparral. 

Microhabitat 3 produced only two species. However, it produced the 

third largest number of rodents. The pine-oak niche provides only 

marginal habitat for small diurnal rodents, having a shrub crown cover 

of only 15%. Table 4 summarizes both the shrub vegetation and the 

mammal species found in each of the four microhabitats. 
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Table 4. Summary of comparison between shrub vegetation and nocturnal 
rodents in four microhabitats on Battle Flat between August 
1979 and August 1981. 

Microhabitats 

Variable 1 2 3 4 

Crown cover (shrub) 75% 25% 15% 43.3% 

Crown cover (forest) 0 0 25% 0 

Number of shrub species 7 5 7 3 

Number of rodent 
species present 

3 4 2 3 

Rodent species 
Number/% Total 

Peromyscus 107 
boylii 

(46.12%) 77 (.33.19) 23 (9.91%) 25 (10.77%) 

Peromyscus 
maniculatus 

0 
• 

2 (100%) 0 0 

Neotoma 8 
albigula 

(29.6%) 17 (63%) 1 (3.7%) 1 (3.7%) 

Neotoma 5 
stephensi 

(83.3%) 0 0 1 (16.6%) 

Perognathus 
intermedius 

0 6 (100%) 0 0 

Total Number of 
rodents collected 

120 112 24 27 

Total number of 
rodents other than 
Peromyscus boylii 

13 25 1 2 

Average relative 
density of _P. 
boylii per ha 

10.86 8.43 2.29 3.0 
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The Brush Mouse 

The brush mouse accounted for 85.04% of the total number of 

rodents captured in 1979, 1980, and 1981. 

Figure 3 represents both the annual breeding cycle and the 

seasonal activity for the brush mouse on Battle Flat. The brush mouse 

is reproductively active in May, August, and November. May and August, 

however, are the two periods when this species is most active. In May, 

89.36% of all males trapped were scrotal, and in August the figure was 

62.06%. In November only 23.9% of the males were scrotal. 

I captured the majority of lactating females in May (45.5%). 

The figures for August and November are 20.8% and 29.16% respectively. 

Storer et al. (1944) found that the brush mouse has one five-

month-long breeding period beginning in early April and ending in 

September, when no lactating females were captured. Jameson (1953) 

found 86% of the female brush mice trapped in May and 80% in September 

had fresh corpora lutea, suggesting that this species has two periods 

of breeding activity, one in the spring and a second period in autumn, 

with the period of inactivity during the warmest months. My data, when 

considering the presence of lactating females throughout the summer as 

well as the presence of both juvenile and lactating females in 

November, suggest that the brush mouse on Battle Flat has two periods 

of breeding activity. 

Seasonal activity for the brush mouse is well documented 

(Storer et al. 1944; Drake 1958; Peck 1979:61). Storer et al. (1944) 

found that populations of brush mice showed a decrease in population in 

spring and early autumn which they believe is caused by seasonal 



movement, as this species does not hibernate. Peck (1979:45) found 

that the brush mouse is more active in the fall and winter and less 

active in the spring in chaparral southeast of Kingman, Arizona. My 

data show that the brush mouse was consistently more active during the 

early summer and winter, and least active in the late summer. 

Adult brush mice comprised the majority of captures during all 

trapping periods. November was the only month when a significant 

number (18.9%) of brush mice caught were juveniles. The sex ratio of 

trapped brush mice was 50.21% male and 49.79% female. Drake (1958:119) 

captured more males than females,' while Storer et al. (1944) caught 

more females than males. 

I captured brush mice in all four microhabitats. The highest 

relative density of brush mice per ha was found in Microhabitat 1, 

which had an average of 10.86 per ha for all trapping periods. The 

relative densities of brush mice in Microhabitat 2 through 4 for all 

trapping periods are as follows: Microhabitat 2 had an average of 8.43 

brush mice per ha; Microhabitat 3 produced 2.29 per ha; and Micro

habitat 4 yielded 3.0 per ha. Figure 3 shows the number of bush mice 

per ha for each of the four microhabitats on Battle Flat as well as the 

time of year they were collected. 

The results of the Student-Newman-Keull test show that there is 

a significant difference between brush mice density in Microhabitats 1 

and 3, 1 and 4, 2 and 3, and 2 and 4. There is not a significant 

difference between Microhabitats 1 and 2 or 3 and 4. 

Two studies have reported the relative density of the brush 

mouse in Arizona. Cahalane (1941) found a density of 1.58 brush mice 
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per ha (3.9 per acre) in late July in an oak vegetation community in 

the Chiricahua Mountains. Goodwin (1975:42, 52) reported densities of 

brush mice ranging from 4.37 to 8 per ha (12 to 19.79 per acre) on the 

Beaver Creek watershed on the Coconino National Forest. Vegetation in 

this area is predominantly ponderosa pine and Juniperus spp. Trapping 

was conducted during the summer and fall (Goodwin 1975:16). 

In southern Durango, Mexico, Drake (1958:118) found a density 

of 4.37 brush mice per ha (10.8 per acre) while trapping in June and 

July. Trapping was done in a steep canyon covered with a mixture of 

deciduous and coniferous forest in the Transition Life-zone (Drake, 

1958:100). 

In the Sierra Nevada, Storer et al. (1944) reported a wide 

range of brush mice densities. Results varied with the month in which 

they trapped. For example, when including both the resident and 

non-resident populations, in May they reported 2.83 brush mice per ha 

(7 per acre); in June 5.26 per ha (13 per acre); August 4.65 per ha 

(11.5 per acre); and November 0.8 per ha (2 per acre). 

Other Nocturnal Rodents 

The deer mouse (Peromyscus maniculatus) was the least common 

rodent collected on Battle Flat. I trapped only two specimens, one in 

May 1980 and one in November 1980. 

This species occurs sympatrically with the brush mouse. Maps 

of the distribution of deer and brush mice in Arizona show that these 

species overlap in range (Cockrum 1960:177, 181). Because of the low 

density of the deer mouse found on the watershed, I feel that the brush 
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mouse successfully occupies the niche which this ubiquitous rodent 

might otherwise occupy in chaparral. In the Sierra Nevada of Califor

nia, Jameson (1951) found that the deer and brush mice probably have 

different habitat requirements. Neither Kepner (1978) nor Peck (1979) 

trapped any deer mice in Arizona chaparral. 

I captured the white-throated woodrat (Neotoma albiqula)in all 

four microhabitats. It was the second most common rodent captured. I 

trapped a total of 27 white-throated woodrats. Most captures were made 

in late spring. 

This species preferred the relatively open chaparral of Micro-

habitat 2. Peck (1979:34) also found that the white-throated woodrat 

preferred chaparral with less tha 50% shrub crown cover. 

The third most abundant rodent trapped on Battle Flat was the 

Stephens' woodrat (Neotoma stephensi). A total of six were collected. 

My data indicate that the preferred habitat for this species is 

dense chaparral. This concurs with Peck (1979:34), who found, when 

trapping rodents southeast of Kingman, that the Stephens' woodrat 

preferred chaparral habitat which had a shrub crown cover of more than 

50%. 

I found that the white-throated and Stephens' woodrats occur 

sympatrically in two of the four microhabitats. Several other studies 

have also reported that these species occupy overlapping areas in 

Arizona. Hoffmeister (1971:137) discerned that white-throated and 

Stephens' woodrat live sympatrically. in the southern portion of the 

Grand Canyon. Studies by Kepner (1978:19) and Peck (1979:44) indicate 

that these two species occur together in chaparral south of Prescott 
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and southeast of Kingman. In New Mexico, Stephens' and white-throated 

woodrats are found sympatrically (Findley, Harris, Wilson, and Jones 

1975:245). 

One species of heteromyid rodent, the rock pocket mouse 

(Perognathus intermedius) was found to occur on Battle Flat. I trapped 

the rock pocket mouse on six occasions. All were collected in Micro-

habitat 2. The preferred habitat for this species is rocky slopes with 

sparse vegetation (Findley et al. 1975:168; Burt and Grossenheider 

1976:139). The 42 ha burned chaparral is the only microhabitat on 

Battle Flat which provides the habitat type preferred by this rodent. 

It is possible that the rock pocket mouse invaded this area after fire 

had cleared the slope of dense chaparral. 

Diurnal Rodents and Lagomorphs. 

I collected four species of sciurids. These were the Abert's 

squirrel (Sciurus aberti), 1; Arizona gray squirrel (Sciurus 

arizonensis), 3; rock squirrel (Spermophilus variegatus), 3; and the 

cliff chipmunk (Eutamias dorsalis), 2. Voucher specimens for the 

Abert's and Arizona gray squirrels, and cliff chipmunk were collected 

in pine-oak woodland. 

In 1980 I collected the only Abert's squirrel that I saw on the 

watershed. However, I did locate ponderosa pine "clippings" in 1980 

and 1981 which are found where this squirrel has been feeding 

(Rasmussen, Brown, and Jones 1975). No Abert's squirrel nest trees 

were located. 
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The cliff chipmunk proved to be extremely trap shy, and only 

two were collected. This rodent was commonly seen near oak and juniper 

trees in the pine-oak woodland. 

I found one species of lagomorph on Battle Flat, the eastern 

cottontail (Sylvilagus floridanus). The preferred habitat for this 

species was chaparral vegetation. 

The technique used to compile a census of lagomorphs was not 

successful. Because of the small number of rabbit pellets found, 451, 

pellet plots failed to give an accurate index to rabbit populations. 

In order to obtain a more accurate, index of cottontail popula

tions on Battle Flat, I feel that an alternate census method such as 

night spotlighting should be used. 

Bats 

In June and July 1980 I mist netted the following bats: big 

brown bat (Eptiscus fuscus), 6; silver-haired bat (Lasionycteris 

noctivagans), 2; hoary bat (Lasiurus cinereus), 3; and the cave myotis 

(Myotis velifer), 1. It was not possible to mist net bats over 

standing water after July 20, 1980. Both stock tanks were dry in May 

and June 1981. 

In May and June 1981 I collected three big brown bats and one 

cave myotis. No additional species were collected over pine-oak 

vegetation. 

Bats were commonly sighted flying over both stock tanks and 

Trick Tank in the chaparral at dusk. Bats were also frequently seen 
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flying over Battle Flat Creek in the evenings in 1980 and 1981 where I 

camped. 

No daytime roosts were located in the pine-oak forest, although 

all but the cave myotis are known to roost in trees (Barbour and Davis 

1969:68, 106, 120, 144). In June 1980 two bats in a mine shaft on a 

watershed were found. Mist netting over this cave entrance for one 

night resulted in no captures. There were only two other instances of 

cave use by bats. In both instances only a small amount of guano was 

found in two abandoned mine tunnels. 

All bats with the exception of the cave myotis are probably 

summer residents on Battle Flat, using ponderosa pine and other trees 

for day roosts. The cave myotis is a desert and grassland bat (Findley 

et al. 1975:27). This species of myotis is one of the largest, having 

an average wingspan of 280 to 315 mm (Mohr 1976:36). This enables this 

bat to travel long distances to feed. It is probably a transient on 

Battle Flat. 

Of the four species of bats on the watershed the only year-

round resident is the big brown bat. This bat is a rather sedentary 

species that does not migrate (Barbour and Davis 1969:126). The three 

remaining species are all known to migrate (Barbour and Davis 1969:69, 

108, 145). 

Predators 

Canids 

The coyote scent post station I ran in 1980 and 1981 showed the 

presence of two canids in both pine-oak and chaparral on the watershed. 
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Tracks from animals visiting scent post stations were made by coyotes 

(Canis latrans) and gray foxes (Urocyon cineroargenteus). 

The index of relative abundance for coyotes in 1980 was 173 and 

in 1981 it was 77. The percent change between the two years was -55%. 

In 1980 the index of relative abundance for the gray fox was 173 and in 

1981 it was 211. There was a 22% change between 1980 and 1981. 

Coyote scent post stations are normally conducted in September 

in the western United States. It was not possible to conduct scent 

post stations in September on Battle Flat due to climate. However, 

late May and early June are times when there is no snow and weather 

conditions are cool on the watershed. It was for these reasons that I 

ran my scent post stations earlier than is normally done for the rest 

of the western states. I believe that the data collected during 1980 

and 1981 are representative of the relative densities of coyotes and 

gray foxes on the watershed. Scent post data should be gathered after 

Battle Flat has undergone treatment to see if there are changes in 

predator trends. 

I detected visitations including those resulting in snapped 

traps on twelve occasions. There were no captures. However, one 

coyote did escape from a trap. During May and June 1981 I ran a total 

of 50 trap set nights. I was not successful in trapping a gray fox 

although there were two visitations. The only carnivore trapped was 

two striped skunks (Mephitis mephitis). One was trapped in chapar

ral and one was taken in pine-oak woodland. 

I found coyote and gray fox scats throughout the watershed. 

Coyote scat was particularly abundant next to both stock tanks. Tracks 
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from both species were found throughout Battle Flat and were particu

larly abundant along roads and trails. 

Predator sightings were rare. On June 4, 1980 I made the only 

visual sighting of a coyote. It was running across Battle Flat Road in 

chaparral vegetation. On July 18, 1980 I saw one striped skunk in the 

pine-oak woodland. In 1980 I found the left lower mandible of a coyote 

near Battle Flat Creek. Varmint calling did not result in attracting 

predators. 

Other Predators 

In June 1980 I found the remains of a mule deer that had been 

killed in a densely vegetated, steep, rocky ravine in a remote northern 

portion of Battle Flat. The deer was covered with soil, debris, and 

vegetation in a manner described by Shaw (1979:5, 6) as being character

istic of a mountain lion (Felis concolor) kill. It was found imme

diately next to a natural water hole and in an area that would make 

escape difficult. The lower jaws indicate that the deer was about 

6-1/2 months old (Robinette et al. 1957). 

Neither mountain lion tracks nor scats were found on the water

shed, although a rancher who has had the Battle Flat allotment for ten 

years told me that mountain lions were occasionally found on Battle 

Flat and throughout the Bradshaw Mountains (L. Smith, pers. comm. 

1980). 

I found no evidence that either bobcats (Lynx rufus) or 

ringtails (Bassariscus astutus) were present in my study area. 

However, in January 1979 a local miner trapped a bobcat in chaparral 
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vegetation on Battle Flat (R. Pollard, pers. comm. 1980). In November 

1981 one ringtail was taken on the watershed by fur trappers trapping 

gray fox (A. R. Hibbert, pers. comm. 1981). 

Mule Deer 

I found an average of 9.02 mule deer per 100 ha or 23.36 deer 

per 259 ha (sq. mi.) to be present in both chaparral and pine-oak 

vegetation from November 1979 through August 1981. However, when 

looking at only the 30 deer pellet plots in chaparral vegetation, I 

found an average of 2.45 mule deer per 100 ha or 6.3367 per square 

mile. The first figure indicates that there was an average total of 84 

mule deer oh Battle Flat. The last figure shows that there was an 

average of 23 mule deer present on the watershed. This last figure is 

more consistent with my visual observations. 

The major reason for this variation is probably the daily 

defecation rate." Dasmann and Taber (1955) found that mule deer defeca

tion rates vary between 10 and 17 pellet groups per day depending on 

the type of feed available. Pellet groups were highest when green 

herbaceous feed was available and lowest when sprouting brush was the 

predominant food source. 

The pine-oak woodland is the only microhabitat where green feed 

is available in the form of grasses and scattered forbs (see Table 2). 

In addition to green feed in both 1980 and 1981, there was always water 

present in this area, which served to attract deer (Hanson and 

McCulloch 1955). 
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Most deer pellets are deposited where deer spend most of their 

time (Connolly 1981:322). I observed mule deer grazing in this 

microhabitat almost every evening. It could be assumed that mule deer 

using this area would probably have a higher defecation rate than those 

deer using only chaparral where grasses and forbs are rarely encoun

tered. This factor would influence the total numer of deer estimated 

to be present on the watershed as determined by deer pellet plots. 

Hanson and McCulloch (1955) found an average of 10 mule deer 

per 259 ha (sq. mile) near Prescott and 12 per 259 ha in the Three Bar 

Study Area. In the Prescott study area deer numbers varied between 5 

and 15 per 259 ha. My figure of 6.3367 mule deer for every 259 ha in 

chaparral vegetation alone is closer to the figure given by Hanson and 

McCulloch (1955). Swank (1958:62) believes that throughout the chapar

ral area in Arizona deer density is probably a minimum of 10 per 259 

ha. 

Figure 4 shows the number of mule deer per 100 ha in both 

combined chaparral and pine-oak and in chaparral vegetation alone. 

Mule deer reached their highest population levels during the summer, 

and populations were lower between August 1980 and May 1981. Data 

collected in May 1980 show that the lowest number of mule deer were 

found from November 1979 through May 1980. 

Collared Peccary 

In 1980 a total of 23 collared peccaries were seen on five 

separate occasions. I saw 17 peccaries in chaparral. One band 

consisted of 14 animals, of which three were juvenile peccaries. 
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Another band consisted of two adults, and the last sighting was of a 

single peccary. In the pine-oak I saw one band of five animals and a 

single peccary. 

In 1981 I found a band of at least five peccaries in chapar

ral. On two occasions I saw bands of three and five peccaries in the 

pine-oak area. 

Prior to these sightings, the first evidence that collared 

peccaries were present on Battle Flat was the presence of peccary hair 

found in two coyote scats in May 1980. 

I collected peccary scats in a mine shaft on the northern 

perimeter of the watershed. Three fecal "dumping stations" (Supplee 

1981:30) were found while hiking. These were areas where heavy 

deposits of peccary scats were concentrated in one area. Two of the 

areas were about 4 x 3 m and the third was 2 x 2 m. In addition to the 

fecal "dumping stations," peccary scat was found throughout the 

pine-oak woodland. I commonly saw peccary tracks along every road on 

Battle Flat. 

In August 1980, while varmint calling for predators near . a 

stock tank, I called two peccaries to within 5 m. Varming calling in 

1981 produced no results. 



CONCLUSION 

I found that each of the five species of nocturnal rodents 

showed a preference to a particular raicrohabitat on Battle Flat. The 

brush mouse and Stephens' woodrat preferred dense chaparral having a 

crown cover of 75%. The rock pocket mouse and white-throated woodrat 

were most abundant in the more open chaparral, 25% crown cover, that 

had been burned. The deer mouse does not seem to be well adapted to 

chaparral vegetation. 

Microhabitats 3 and 4 were marginal for small nocturnal 

rodents. 

I found that 12 species of mammals occupied both pine-oak 

woodland and at least one of the three microhabitats in chaparral 

vegetation. These mammals were: the cave myotis, silver-haired bat, 

big brown bat, hoary bat, rock squirrel, brush mouse, white-throated 

woodrat, coyote, gray fox, striped skunk, collared peccary, and mule 

deer. The rock squirrel was the only diurnal rodent found to occupy 

all four microhabitats. 

The gray fox, coyote, and striped skunk showed no marked prefer

ence for either the chaparral or pine-oak. I either observed these 

predators or their sign in all four microhabitats. 

Collared peccaries and mule deer were observed on a number of 

occasions in chaparral and pine-oak habitats. Although mule deer 

occupied all four microhabitats on Battle Flat they did show some 
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preference for Microhabitats 2 and 3 as determined by deer pellet 

plots. 

Only three of the 22 species of mammals were found exclusively 

in the pine-oak woodland. These were the Abert's squirrel, Arizona 

gray squirrel, and cliff chipmunk. The Arizona gray and Abert's 

squirrels are arboreal species while the cliff chipmunk makes extensive 

use of oak and juniper trees for nests. 

The eastern cottontail was the only mammal on Battle Flat that 

used only the chaparral. 

Only the rock pocket mouse and the deer mouse were limited to 

the burned chaparral area. 
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