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Extending across Arizona in a northwest-southeast direction 
is a belt of brush thicket or chaparral. This belt lies between 

the low desert country to the south and the high yellow pine 

(Pinus ponderosa) country on the north. Chaparral covers about 

8 per cent of the state’s area and is characterized by shrubs and 

stunted trees with considerable variation in the vegetation owing 

to differences in climate, soils, elevations, and exposures. 

(Nichol, 1943).

From an economic point of view the chaparral vegetative type 

is important for watershed protection, grazing, recreation and 

game production. Most of it is, or has been, grazing land. It 

has also, in the past, been a hunting ground for Indians as 

evidenced by the bones of animals which can be found in the midden 

heaps of Indian ruins. Its proximity to the principal population 

centers of Arizona makes it an important hunting and recreational 

ground for many people. The principal game animals of the area 

are the Gambel quail (Lophortyx gambeli) and the mule deer 

(Odocoileus hemionus).

Information from kill-reports and field observations by 

personnel of the Arizona Game and Fish Commission indicate that 

the chaparral habitat, compared with some other areas of the state, 

is a low producer of deer. In 1951 the Arizona Game and Fish 

Commission began a thorough study of deer in the chaparral type
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to determine the causes of the low deer populations. As a contri

bution to this broad study the Arizona Cooperative Wildlife Research 

Unit conducted an intensive study near Roosevelt, Arizona between 

September 1951 and September 1952.

The objectives of the study carried out at Roosevelt were 

as follows: To

(1) determine the vegetative structure of sample areas in the 

chaparral, and in the vegetative types positioned above and below 
it.

(2) determine the variation existing within the several veg

etation types.

(3) compile a list of the plants present in the various 

vegetative zones and to determine, if possible, their relative 

abundance.

(4) gather as much information as possible on the history 

(grazing history, fire history, etc.) of the Roosevelt areas.

(5) compile a list of the vertebrates present on the area 

and to determine which of these might be important influents upon 

the habitat.

(6) determine what deer food plants are present on the study 

area and their relative abundance.
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• THE STUDY AREA 

LOCATION AKD PHYSIOGRAPHY

The area selected for this study was located in the Tonto National 

Forest near Roosevelt, Arizona. It occupied the eastern slope of the 

southern end of the Mazatzal Mountains. Most of it was in Gila County 

and a small part of the southwestern corner was in Maricopa County.

It contained 38,897 acres.

The area was bounded on the south by the Salt River and Apache 

Lake, and on the east by Roosevelt Lake. On the west the boundary 

followed the divide of the mountains except for the southern portion 

which extended westward to meet Apache Lake about two miles east of 

Horse Mesa Dam. The northern boundary followed an east-west ridge 

about seven miles northwest of Roosevelt Dam. The northern boundary 

joined the western boundary of the area one and a half miles north of 

Four-Peaks. The Roosevelt road, between Roosevelt and Payson, roughly 

followed the 2,200 foot contour along the eastern side of the study 

area.

Physiographically the Kazatzals lay in the northeastern corner of 

the Basin and Range Province of Fenneman (1931). According to 

Fenneman the Sierra Ancha, across Roosevelt Lake from the Mazatzals, 

represented an extension of the Mogollon Plateau. In turn this was 

part of the Colorado Plateau. West of the Mazatzals the country was 

dotted with small desert mountain ranges, separated by broad valleys 

and plains. Sixty miles north of the Three-Bar Area the Mogollon Rim 

formed a sheer wall, a thousand feet or more in height. The Rim was
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the southern boundary of the Colorado "Plateau. Below this lay the 

Tonto Basin.

The highest point in the area was Four-Peaks which rose to 7,691 

feet. This mountain occupied the northern third of the western 

boundary. South of Four-Peaks was Pine Mountain or Buckhorn Mountain 

which rose to an elevation 6,500 feet. South of Pine Mountain the 

ridge of the mountain chain sloped rapidly toward Apache Lake which 

formed the south boundary of the Mazatzal range. In the extreme 

southwestern corner of the study area was Goat Mountain, a small 

3,500 foot.steep-walled, grassy mesa. It was inaccessible to cattle, 

and, according to Clay McCulloch, Jr., biologist of the Arizona Game 

and Fish Commission, was in nearly virgin condition.

In the southeastern corner of the area was Vineyard Mountain.

It occupied seven square miles and was 3,500 feet high. Peter's 

Mountain, which rose to an elevation of 3,400 feet, was five square 

miles in extent and lay in the northeastern corner of the area. It 

was bounded on the south by Rock Creek. The eastern boundary of the 

area, the shore of Roosevelt Lake, had an elevation of ca. 2,100 feet.

The water level in Apache Lake, at the south boundary of the area, was 
just under 2,000 feet.

The Mazatzal. Mountains ran in a northwest-southeast direction. At 

right angles from them were numerous ridges separated by deep canyons and 

washes showing a complicated dendritic type of drainage. These streams 

were dry most of the year, running only after the summer flash floods, or 

during heavy winter rains. Rock Creek, with its tributary, Chillicut 

Canyon, was the largest drainage receiving water from the eastern
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slopes of Four-Peaks. Local ranchers remembered when Rock Greek 

flowed throughout the year and said that during the early part of 

the century it was seldom dry. During the period of this study 

it often appeared dry near its mouth. Except for periods of heaviest 

flow, it seeped into its bed and continued underground.

The southern and eastern slopes of Pine Mountain were drained by 

Bronco and Buckhorn Creeks. These creeks were usually dry in their 

lower reaches, but had seeps in some places, and may have contained 

water near their sources.
The principal rock formation of the study area was Pre-Cambrian 

granite (Wilson 1939). The soil over most of the area was derived 

from the parent material. Vineyard Mountain was composed largely of 

the Pre-Cambrian Apache group which consisted of various formations 

of limestone, conglomerates, shales, and quartzites. On the lake side 

of the mountain this was overlaid with an area of Paleozoic limestone. 

Throughout the lower parts of the study area there were regions of 

Tertiary till (gravel, sand, and silt) that had been eroded from 

higher elevations. The only other large area of non-granitic nature 
was that of Four Peaks. Large masses of Pre-Cambrian quartzite formed 

the higher parts of the eastern slopes of the mountain and the peaks 

themselves. Maverick shale formed the western slopes below the peaks.

The granitic soils and the till areas were the most important 

influents. They occupied the most extensive areas, and were probably 

factors influencing plant distribution.
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Tho vegetation of the Three-Bar area was highly varied. It 

ranged from desert shrubs in the low regions to Ponderosa pine forests 

on the protected high northern slopes.
Desert shrubs dominated at the lower elevations (2,000 to 2,800 

ft.). This was the paloverde-bursage-cacti subtype described by 

Nichol (1943) and shown in Figure 1. It covered large portions of 
the eastern and southern parts of the study area, but was not uniform. 

In the central eastern section there was an extensive region dominated 

by large stands of the jumping cholla (Opuntia fulgida) as shown in 

Figure 21. North of this were large flats on whidh prickly pears 

(Opuntia engelmannii and 0. ohaeacantha) were the dominant cacti. 

Saguaro (Carnegiea gigantea). ocotillo (Fouauieria splendens)« canotia 

(Canotia holacantha). and teddy-bear cholla (Opuntia bigelovii) were 

conspicuous in other areas. In restricted localities creosote bush 

(Darren tridentata) was the dominant shrub. Desert hackberry (Celtis 

pallida). brittlebush (Encelia farinosa). turpentine bush (Aolonappus 

laricifolius). and species of Cercidum. Acacia, and Lycium were shrubby 

species scattered through all floral aspects and sometimes dominated 

locally.
The desert grassland subtype (ibid) was located above the desert 

shrub. It ranged roughly from 2,500 to 4,000 feet. Ferguson (1951) 

did not recognize this subtype as occurring on the study area, but it 

occupied extensive regions in the central part (Figure 2).

At the low elevations and on southern exposures the grassland had 

been invaded by desert species, while at high elevations and on
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Figure 1. Typical desert shrub located at the 
east end of Mill's ridge road.

Figure 2. Desert grassland located at west end 
of Mill's ridge road.
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northern exposures, chaparral species had invaded. The desert species 

were more uniformly scattered throughouttthe zone. Opuntia engelmannii. 
0. fulgida. mesquite (Prosopis iuliflora). catclaw (Acacia greggii). 

blue paloverde (Gercidium floridum). and hedgehog cactus (Echinocerous 

triglochidiatus) were present and sometimes dominated the association. 

Conditions brought about by very heavy overgrazing in the past had 

greatly increased the rate of invasion of the grasslands by these 

species.

A large number of grasses were found in this subtype. Various 

three-awns (Aristide sp.), side-oats grama (Bouteloua curtinendula). 

hairy grama,(B. hirsute). Eothrock grama (B. rothrockii). curly mesquite 

(Hilaria belangeri). and a number of other good forage species were 

found. Ferguson (1951) recorded blue grama (Bouteloua gracilis) and 

black grama (B. eriopoda) amont the more common grasses on the area, 

but neither species were found during this study.

Above the grassland was the chaparral subtype (Nichol, 194-3) as 

shown in Figure 3. This ranged from eg. 2,600 feet on northern 

exposures to over 6,000 feet on the mountain slopes. It was a 
heterogenous mixture of hard-leaved evergreen shrubs. Shrub live 

oak (Quercua turbinella) was the most abundant and dominant shrub 

throughout the type, but in local areas other species sometimes 

became more important. Manzanita (Arctostaohvlos pungens and 

pringlei) and mountain mahogany (Cercocarpus montanus) were locally 

dominant. Sugar sumac (Rhus ovata) was more common in the upper 

parts of the type, while squaw-bush (R. trilobate). red mahonia 

(Berberis haematocarpa). and coffee berry (Simmondsia chinensis)



Figure 3. Dense chaparral on high north-facing 
slopes; principally Rhus ovata. Cercocarous 
montanus and Quereus turbine11a.

Figure 4. Quercus emorvi and Quercus arizonica 
at Big Oak Flats at the base of Four-Peaks.
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were more common at low elevations. Red-berried buckthorn (Rhanmus 

crocea) and wild lilac (Caenothus greggii) were common throughout 

the type. Numerous other woody plants were found. Big Oak Flats 

at the base of Four-Peaks derived its name from a large stand of 

Emoryi and Arizona oak (Quoreus emoryi and £. arizonica). as shown 

in Figure 4«

There was a narrow ecotone between the uppermost chaparral 
and the pine forest. No definite oak woodland or pinyon-juniper 

belt occurred. Instead, an intermingling of these elements (except 

for pinyon which did not occur on the area) was found. At 5,000 to 

6,000 feet Onerous emorvi and £>. arizonica became more common, and 

alligator-barked juniper (Juninerus denneana) and Ponderosa pine 

(Pinus ponderosa) began to invade from above.

Pinus ponderosa was the dominant forest tree on the high north 

and northeast-facing slopes above ca. 6,000 feet (Figure 5). A 

scattering of Douglas fir (Pseudotsuga taxifolia) was found on the 

colder ravine slopes. Although the stand was too small and too in

accessible for lumbering, there were trees exceeding three and four 

feet in diameter. On a protected north-facing knoll beneath the 

north peak there was a small grove of quaking aspen (Pomtlus tremuloides). 

A deciduous association of Gambol oak, and New Mexican locust 

(Quercus gambelii and Robinia neoraexicana) was found on the warm, 
dryer positions in the pine type.

A fifth plant community which was of great importance to the 

wildlife of the study area was the cottonwood-sycamore, riparian 
woodland association shown in Figure 6. This association was found



Figure 5. Four-Peaks mountain showing extensive 
areas of chaparral on slopes and limited area of 
Pinus ponderosa.

Figure 6. Rock Creek canyon showing typical 
riparian vegetation.
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in all stream bottoms which had a large and steady supply of water.

In Rock Creek the riparian woodland was best developed and extended 
from ca. 2,500 feet to over 6,000 feet at Pigeon springs. Cottonwood 

(Pouulus fremonti) and sycamore (Plantanus wrightii) were the dominant 

species. Arizona walnut (Juglans major). Arizona grape (Vitis arizonica). 

net-leaved hackberry (Celtis reticulata), and Prosonis iuljflora were 

other species found scattered through the association.

CLIMATE

In any study of natural populations of plants or animals, climate 

is an important controlling factorj directly or indirectly it limits 

the distribution of all life. For this reason I gathered as much 

long term weather data as possible for the region in which the study 

area was located.

The nearest weather station to the Three-Bar area was at the 

Roosevelt Ranger Station just across Roosevelt Dam, less than one-half 

mile from the south-eastern corner of the study area. The Reno Ranger 

Station, about nine miles from the area, also kept weather records.

Both of these stations were located in the desert shrub at low 

elevations. The only weather station on the Mazataal Mountains at 

high elevations was the snow gauge station on Mount Ord. It was read 

at highly irregular periods, and consequently, its data was of little 
use.

To develop an idea of the weather conditions at the high elevations 

on the Three-Bar area records of several weather stations located in 

the different vegetational types within sixty miles of the study area 

were summarized (Table 1). From this table the gradual increase in
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Table 1. Climatic summary of weather data by elevation and 
vegetation type from U. S. Weather Bureau Stations in the vicinity 
of Tonto Basin.

Exposure Mean Temperature
Station Elevation Rainfall Maximum Minimum Mean

Roosevelt 2,200 East 15.57 110.6 24.4 67.6
Reno 2,350 East 18.60 110.7 17.6(4)* 63.8
Sierra Ancha 5,100 West 24.93 101.4 11.6 66.3
Payson 4,900 level 20.63 93.8 . 1.0 53.0**
Workman Creek 6,970 level 32.31 56.1

Last
Killing
Frost
Soring

Last
Killing
Frost
Fall

- Average
Days
Growing
Season

Vegetation
Tvoe

Roosevelt Feb. 7 Nov. 25 302 Desert Shrub
Reno March 4 Dec. 1 285(4) Desert Shrub

Sierra Ancha March 22 Mov. 3 224 Chaparral
Payson May 2 Oct. 3 128(6) Oak Woodland
Workman Creek - - — Pine - Spruce

^Numbers in parenthesis are the numbers of years records 
included in the averages presented where long series of records are 
not available.

%*Last annual mean temperature data published in Climatological 
Data, Arizona Section, Annual Summary, 1948.
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rainfall at high elevations, and the corresponding change in vegetation 
nay be seen.

The temperature and length of growing season exhibited a correspond

ing change. The data from the Sierra Ancha station did not show this 

change due to the fact that it had an eastern exposure and had higher 

temperatures, milder winters, and a longer* growing season than Payson, 

which was located at a higher elevation.

Precipitation

Weather records for the Roosevelt station covered a period of 

over 30 years and were nearly complete. These data furnish a good 

summary of the weather conditions for the low elevations- of the region.

Figure 7 shows graphically the average monthly rainfall during 

the last thirty two years (1920 through 1951) and for the last five 
years (1947 through 1951)• From this figure it should be noted that 

the yearly rainfall was divided into two rainy seasons with dry 

interims. The summer rains fell during July, August and September;

August being the wettest month. The rains were typical of those of 

desert regions, almost torrential downpours usually lasting a short
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Pig* 7* Average monthly precipitation at the Roosevelt 
Weather Station* Solid line represents 32 year average (1920 
through 1951)J dotted line represents 5 year average (19h7 
through 1951). Data in Appendix A.
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Fig. 8. Monthly precipitation at the Roosevelt T,feather 
Station. Solid line represents 19I>13 dotted line represents 
1952. Data in Appendix A.
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i l i l l 1 I i I i I 
Jan. Mar. May July Sept. Mov.

Fig. 11. Average monthly temperatures for the Roosevelt 
Payson and Workman Greek Weather Stations. Data in Appendix

(l) Temperature data for October are lacking.
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similar rainfall pattern at all elevationsj an increase in elevation 

changed the curve only in the amount of precipitation recorded. The 

Roosevelt data showed two wet seasons annually in contrast with the 

Mount Graham data which showed but one pronounced wet season a year. 

Temperature

Temperatures also showed a change with increased altitude. In 
Figure 11 the mean monthly temperatures are plotted for the Roosevelt, 

Payson, and Workman Greek stations. The resulting curve is similar 

to the one constructed by Martin and Fletcher (ibid.) for Mount Graham. 

The average monthly temperatures at the three stations fell within 

five degrees of those for similar vegetative zones on Mount Graham.

Thus the graph constructed for Mount Graham which correlates plant 

zones and their temperatures presents a picture similar to the Three- 

Bar area.

HISTORY OF THE STUDY AREA.

The Three-Bar (3-) brand dates back to about 1830 when D. J. Peters 

settled near the junction of Tonto Creek and Salt River and established 

the Three-Bar Ranch. He and his family drove cattle into Arizona from 

Colorado, settling and grazing an extensive area. In 1908 he sold his 

ranch to Fred H. Bixby who established the Three-Bar Cattle Company 

under permit from the Tonto National Forest. The forest was established 

in the region that year. The Bixby allotment then included two units, 

the Three-Bar, and the I-V ranges. The I-V allotment lies on the south 

side of Apache Lake. The combined allotments comprised 66,816 acres.

The number of cattle on these allotments, as obtained from 

Forest Service records, are shown in Figure 12. The data are from
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Fig, 12, Number of cattle reported on the BLxby Grazing Allotments from 
1910 to 19h$ (from U. S. Forest Service records), Data in Appendix A,
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rancher*s reports and must be taken as minimal numbers. Forest 

administrators feel that the figures on cattle number for 1933 
should probably be doubled and that the figures prior to 1933 are 

probably too large. The cattle numbers declined from a high of 

3,880 head in 1914 to a low of 512 head in 1937. During the period 

of highest numbers there were only 17.2 acres per head of stock. 

Although this rate of stocking was not maintained, cattle numbers 

averaged over 2,500 head per year until 1925.

Although large numbers of trespass livestock were removed 

periodically, the range continued to deteriorate. Heavy erosion 

followed the destruction of natural vegetation. The easily eroded 

granitic soils, and steepness of the slopes accentuated this sit

uation. Silt from the Three-Bar and the I-V allotments threatened 

damage to the reservoirs on the Salt River into which they drained.

In view of this threat, the Forest Service revoked the grazing permit 

on the two allotments in 1936. All stock was removed by 1937. From 

then until 1944 the ranges were completely closed to all grazing. By 

1944 the northern and eastern two-thirds of the Three-Bar area had 

partially recovered. A four-year period (1944-1947) of limited 

grazing was permitted in order to allow Buzzard’s Roost (another 

grazing allotment in the Roosevelt RangerDistrict) to recover from 

overgrazing. In 1937 all cattle were removed and the area was closed 

to grazing for an indefinite period. The I-V range was closed 

permanently after the removal of all stock in 1937.

In 1949 the Forest Service leased the Three-Bar range to the 

Arizona Game and Fish Commission. Since then it has been called
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the Three Bar Game Management Area and has been used principally as a 
research area.

Schantz (1937), Leopold (1924) and Weaver (1951) have discussed 

the role of fire in the evolution and maintenance of various vegetative 

types. Sampson (1952), and Longhurst §t al (1952) discussed the use 

of fire as a management tool in the chaparral regions of California.

No attempt was made to determine the detailed changes in vegetative 

compositions on the Three-Bar area caused by fire, but*due to two 

large fires caused by lightning in the summer of 1947, a general dis

cussion of their effect is worthwhile.
In June of that year a large fire, known to the Forest Service as 

the Fine Mountain Fire, (Figure 13) burned from the seventeenth through 

the twenty-eighth. Ten thousand acres of desert shrub, grassland, 

chaparral, and a small area of Ponderosa pine forest were burned. At 

the time of this study the limits of the fire could often be discerned 

by the strict delimitations of the ranges of certain species, or by the 

charred stems of some woody plants surrounded by numerous sprouts from 

their bases. This fire pushed back the shrubby plants, which were 

encroaching on the grassland zone, those descending from the chaparral, 

and those spreading from the desert shrub.

In the burned area a good stand of grass, largely free from 

cactus and woody plants, covered a slope while other, apparently 

identical slopes at the same altitude having the same exposures, but 

being outside of the burned area, were covered with Onuntia fuleida

and Aplopaprms laricifolius. It appeared that these species were
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Figure 14. Heavy unburned chaparral on the south 
slope of Rock Creek Canyon; light foliage is Garrva 
flavescens.

Figure 15. Area at the west end of the divide 
.between Rock Creek and Chillicutt drainages 
which was burned over in 1947. Heavy stand of 
Rhus ovata and Quercus turbinella at left was 
in an unburned area.
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particularly affected by fire and were temporarily eliminated or 

seriously set back by burning. This reduced their competition with 

grasses on the burned slopes.

This effect of the fire upon the chaparral zone, while great, was 

of a more transitory nature (Figures 14 and 15), This was due to the 

more rapid recovery produced by favorable growing conditions. Also 

many of the shrubs found in this zone were not killed by fire, but 

sprouted from their bases when their tops were killed. Quercus 

turbine11a and Rhus ovata were sprouting robustly. In many cases 

they obscured the charred trunks of the older burned plants. Ceanothus 

greggii. Rhamnus crocea and Cercocarous montanus were increasing 

either from sprouts or from seedlings. At the high levels of the 

chaparral the fire had a definite effect on the vegetative composition. 

Prior to the fire exceedingly thick stands of Arctostaohvlos grew 

on some slopes. Where the fire swept through one of these thickets 
the Arctostaohvlos. a non-sprouting group, was nearly eliminated.

In general the manzanita suffered at the expense of better deer 

browse. Quercus emorvi and 2* turbine11a. both heavy sprouters, 

were recovering very quickly. The older Q. emorvi trunks, some over 

six inches through and fifteen feet high, were nearly obscured by the 

sprouts from their bases.

Mo data could be found on the species-composition and density of 

the grasslands prior to the fire. Grasses, both annual and perennial, 

were present in what appeared to be good stands on most of the burned 

areas at the tine of this study.

The Four-Peaks fire (Figure 13) burned 3,000 acres between July 6 

and July 19, 1947. The largest area furned was in the chaparral zone;
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but an area of about 800 acres of the pine type was also burned. In 

the pine type the fire killed the evergreens; and the oaks (Quercus 

emoryi and Q. arizonica) were top-killed. The oaks were sprouting 

vigorously at the time of the study. Ceanothus inteperrnmus had formed 
dense thickets.

6. smaller fire, known as the Buckhorn fire, burned 300 acres in 

sections 28, 29, 32 and 33 of T 4 N, R 11 E in 1945. 
effect were collected during this study.

No data on its
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FLORAL STUDIES

STUDY IIETKODS

Sampson (1952) reviewed the discussed the standard range survey 

methods in use today; Dasmann (1948) considered these methods in 

relation to their use in deer range management. In general these 

methods have been adapted for use by livestock men in evaluating 

cattle and other domestic stock ranges. None of the methods reviewed 

have been adapted to evaluate all types of vegetation, shrubs and 

forbs as well as grasses. In view of the importance of forbs to deer 

at certain seasons of the year, and of the indispensibility of shrubs 

to deer during much of the year, it was necessary for me to use a 

measuring method which would sample all of the vegetative layers 

found on the study area. To do this, standard phytosociological 

methods, as outlined by Braun-Blanquet (1931), Cain (1931), and L'erkle 

(1951), and variations of these methods were used in this study. From 

sample plots quantitative data for the determination of thecabundance 

of the plants found and for describing the area covered by species, 

and qualitative data for the determination of the growth habits and the
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U meters

1 meter

2 meters

.25 meter .5 meter

Pig. 16. Layout of quadrats to determine the ninimn size 
(square meters) required to sample desert shrub vegetation.
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(a) Sample plot series A
(b) Sample plot series D

Area
Fig. 17# Graph indicating the minimum size of quadrat 

in square meters needed to sample desert shrub vegetation. 
Data in Appendix A.
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flowering periods of plants encountered were recorded.

A practical quadrat size was determined by following the pro

cedure discussed by Costing (1948) and Merkle (1951). Series of 

plots one-quarter, one-half, one, two and four square meters were 

nested so that each plot included all those below it in size (Figure 16). 

Thirty groups of the nested quadrats arranged in two series of 

fifteen each were then marked off and the number of species of plants 

found in each size quadrat was plotted (Figure 17). It was found 

that the resulting curves began to level off at the half-meter 

size, and definitely leveled off at the one-meter size. This in
dicated that plots of one-half to one square meter would be sufficiently 

large to sample the herbaceous layer of the desert shrub type. Be

cause of the dispersion of the vegetation, however, the one-square- 

meter quadrat was selected to sample all types. This permitted direct 

comparison of data.

Because shrubs were more scattered than forbe in the lower types, 

and were larger in all of the types, another problem existed. To 

sample these, larger plots of at least four square meters would have 

been required. This size quadrat however would have been unwieldy 

to use for the forb layer. To solve this problem, and to provide 

a uniform method of sampling shrub species, plots of one hundred 

square meters were surveyed at every fifth one-meter plot in all 

types. This gave corresponding data on distribution and relative 

abundance of shrub species throughout the study area. Normally, 

one-hundred-square-meter plots are used to sample tree layers in

z
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forests (Buell and Cantilon, 1951). They had not previously been 

used to determine the distribution of woody plants of lesser heights 

in areas of varied vegetation. In the present study only woody plants 

were recorded from the larger plots.

The location of the first plot in each series was selected for 

its prominent position, or for its unusual floral composition. 

Succeeding plots were located at random, being in a line at fifty-pace 

intervals from the first plot. The plot series were lettered con

secutively A through Z. The hundred-square-meter quadrats were 

located at the third, eighth, and thirteenth plot in each series, and 

had the same point of origin as the smaller plot. The larger plots 
were ten meters on a side.

The number of quadrats;needed to adequately sample any one 

vegetative type on the study area was unknown. Previously reported 

studies had been limited to restricted associations or floral units; 
none had attempted to survey an entire vegetational type. Thus in 

this study standard methods for determining the number of quadrats 

needed to sample various types could not be used. An arbitrary 

figure of a hundred plots was selected to sample each type.

Many more quadrats would have been required in the various . 

microhabitats caused by varying slopes and exposures. The series 

studied were located in what appeared to be are* representative 

of their type. Additional species would have been found on a larger 

number of quadrats; but the results obtained would probably not have 

been commensurate with the work involved.

Narrow wood strips one meter long with small holes in each end
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were pinned to the ground to form the sides of the quadrats to be 

studied. These were portable and convenient temporary quadrat frames.

Data were recorded on field sheets developed by John Merkle of 

the Texas Agricultural and Mechanical College (personal letter dated 

February 19, 1952).
Quantitative Analytic Concepts: Abundance. Cover and Frequency

The concepts concern the organization of the plant community 

as it was represented on the study plots. The concepts were derived 

from data on numbers, coverage, and uniformity of distribution. 
Abundance

The number of individuals of each species found on the study 

plots was termed abundance. It shows the relative abundance of a 

species in its community. In order to describe accurately the 

relative abundance of plants the numerical values were ascribed to 

the abundance classes of Braun-Blanquet (1932) and Cain (1932):

Abundance Number of
Class Plants Denoted Descriptive Terms '

1 1 to 3 Very rare, very sparse
2 4 to 10 Rare, sparse
3 ...... 11 to 20 Not numerous, infrequent
4 21 to 75 Numerous, abundant
5 76 and over Very numerous, very abundant

Cover

Cover or dominance refers to the area covered or occupied by 

each species. The numerical ratings below were those used by 

Merkle (1951) who added one class to those used by Braun-Blanquet 

(ibid), to indicate small or rare plants which cover less than one
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percent of the ground area. The cover classes were as follows: 

Cover
Class Coverage

0 Less than 1%
1 1% to 5%
2 6% to 25%
3 26% to 50%
4 51% to 75%
5 76% to 100%

Frequency -

Frequency concerns the homogeneity of a stand, or the distribution 

of a species throughout the type under study. It was expressed as the 

percentage of the plots in which a species occurs.

Qualitative Analytic Concepts: Sociability. Periodicity and Stratification

These concepts were not restricted to the study plots, but concerned 

the relationship of the plant species to the community as a whole. 

Sociability

The growth habit, grouping or gregariousness of a species 

determined its sociability. The following numerical Classes were

ascribed to descriptive classifications taken from the literature: 

Sociability
Class Social Structure

1
2
3
4
5

One in a place, singly, isolated 
Grouped or tufted
Growing in numbers, small patches or cushions 
Small colonies, extensive patches, open stands 
Great crowds, large colonies

It was, at times, difficult to determine whether a species

should be placed in Classes 1, 3 or 5. This is especially true of 

cacti and shrubs which formed large open stands. Saguaro, Opuntia spp., 

ocotillo and many woody plants were quite scattered, yet collectively
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formed a large stand. Under these conditions they were placed in a 

high class. Grasses presented a similar problem. Most annual grasses 

and some perennial grasses were of the sod-forming type, occurring 

in small to large beds or patches. Most perennial grasses, however, 

were of the bunch-grass type; they were grouped or tufted, yet 

occurred over large areas. Class 2 was seldom used in this study; 

the broader social aspect was considered more important. Figures 1,

2, 3} 4; 14, 18, 19 and 21 illustrate several sociability classes 

as applied to the different types of vegetation.
Periodicity

Periodicity refers to the flowering period of a species. In 

a number of cases in the present study it was necessary to give 

several periodicity class ratings to some species because of ex

tended flowering seasons brought about by above-average precipitation. 

A fifth periodicity class was added to cover winter-blooming species; 

and months were listed to better define the classes as used here.

Periodicity Flowering
Glass Season Months

1 Prevernal - early spring March and April
2 Vernal - spring May and June
3 Estival - summer July and August
4 Autumnal - fall September, October & November
5 Hibernal - winter December, January & February

Stratification

Stratification is the natural layering of vegetation. The 

classes used by previous authors were modified to fit the present 

study. The shrub class was divided into two groups, one for ftall 

and one for low shrubs. This was necessary to separate such prostrate



Figure 18. Heavy stand of Oountia engelmannii 
invading a grassland area.

Figure 19. Desert shrub type with Canotia 
holocantha and Simmondsia chinensis.
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pt low shrubs as Calliandra and Anlonappus larlcifolitis from tall 

shrubs such as Arctostaphylos. The line between tall and low shrubs 

was arbitrarily set at the one-meter level. Seedlings were con

sidered as being in the stratification level that they would reach at 

maturity. The division between the tall shrubs class and the small 

tree class was also arbitrary. The separation here was based on 

the usual appearance of each species as it was seen on the study area. 

For example, Rhus ovata was a shrub which at times had the appearance 

of a tree; while stunted Quercus arizonica and Q. gambelii at times 

had the appearance of shrubs.

Yucca. Nolina and Dasvlirlon do not fit naturally into any of 

the standard stratificational classes. In order to keep the number 

of classes to a convenient minimum, these genera along with Agave 

were lumped into the small shrub class. A sixth class was used for 

cacti. The following classes were delimited:

Stratification Life Form Height Range
Class _________ ____________

1
2
3
4
56

Tall trees 16 meters and over
Small trees 7 to 15 meters
Tall shrubs 1 to 6 meters
Low shrubs Up to 1 meter 
Forbs 
Cacti

For use in the following tables data for confusable species

found in one type were combined. Aristida. Euphorbia* Calochortus.

Plantago. Lotus. Arc to s taphvlos and Garrva are genera in which the

species usually have been lumped. Opuntia p.npalmarmii and 0 . 

phaeacantha have been lumped in all tables under 0 . enpelmannii. 

The species in the various genera, when not listed, may be found
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in the Floral List. It was not possible to identify all plants.
Some were listed as grass or forb species.

It will be noted in the following tables that certain species 

found in very low frequencies were assigned rather high cover or 

abundance ratings. This was due to sampling methods. Both of 

these data are recorded from the study plots. A localized or 

dense stand of a forb would give a high cover or abundance rating 

with low frequency. The data for species with low frequency ratings 

are consequently of little value. They merely indicate the presence 

of the species and that it was uncommon in the type under study. 

DESCRIPTION AND DISCUSSION OF VEGETATIVE TYPES 

Desert shrub

Six of the seven-plot series located in the desert shrub type 

were along the eastern side of the study area (Figure 20). This 

was due to the accessibility of this section of the type, and to 

its diversity. Most of the shrub type along the southern edge of 

the area was inaccessible; much was located on steep slopes and 

bluffs. The part of the southern edge of the area west of Buckhom 

Creek was accessible by boat from across Apache Lake.

A brief survey of the frequency of plants found on the one-meter 

plots (Table 2) showed that there was very little homogeneity within 

the desert shrub type. Only twenty-one of the eighty-six species 

sampled in this type occurred with a frequency of ten or over; only 

one species had a frequency of over $0, and only seven species had 

a frequency of over 25. Of the twenty-one species with a frequency 
of over 10, sixteen were spring annuals.
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THREE-BAR GAME MANAGEMENT AREA
Fig. 20. Location of sample plot series in the desert shrub type. 

(Series A. through G.)



Table 2. Summarized data from 105 one-square-meter plots 
surveyed in the desert shrub type with classes of: frequency (F),
abundance (a ), cover (C), sociability (S), periodicity (p), and 
stratification St.) for each species.

Species F
Bromus rubens 70 
Euphorbia spp. 47 
Aolopaoous Jjaricifolius 42 
Leoidium medium 31 
Plantseo s p p. 31

A c § I St.

3-4 2 5 2 5
2 1 1 1-2,4 5
1 2 5 4-5 4
1-2 6-1 1 . 1—2 5
2 1 1 1-2 5

Schismus barbatus 29 
Pectocarva recurvata 27 
Calliandra eriophvlla 24 
Aristida adscensionis 23 
Lotus spp. 18

2 1 2-3 1
1-2 0 1 1-2
1 2 1-4 1-4
1-2 1-2 2-4 2
1 0-1 1 1-2

Erodium cicutarium 16 1-2 1-3 1-4 5-1-2
Festuca Pacifica 15 2 0-1 1 1
Astragalus nuttail!anus 15 1 0 1 1-2
Encelia s p p. 15 1 2 4 4-2
Simmondsia chinensis 34 1 2 4-5 1
Eriastrum diffusum 12 1 0 1 2

Dlchelostemma nulchellum 
Snermoleois echinata 
Erio2onum spp.
Oountia en2elmannii

Crvptantha nevadensis 
Oountia acanthocaroa 
Echinocereus trielochidiatus 
Lupinus soarsiflorus 
Boraginaceae spp.

11 1 0 1 1
11 1-2 0 1 1
10 1 2 4-5 4-1
10 1 1 1,4-5 2

10 1 1 1 1
9 1 2 4—5 2
8 1 1 1 1
7 1 1 1 1
7 1 1 1 1

Oxvbaphus coccineus 5 
Echeveria collomae 5 
Sphaeralcea spp. 55 
Parietaria floridana 4 
Chorizanthe brevicornu 4 
Unknown forts 4

Draba cuneifolia 4 
Menodora s p p. 4 
Gilia spp. 4 
Acacia greggii 3 
Yicia exjgua 3

1 1 1 4,1-2
2 1 3 1-2
1 1 1 4 ,1-2
2 2 3 2
1 0 1 2
1 0 1 -
1 0 1 1
1 1-3 1.5 2
2 0 1 2
1 2 1 2
1 0 1 1-2 VI
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Species

Ganotia holacantha■
Phacelia distans 
Amsinckia intermedia 
Salvia columbariad 
Ambrosia artemisiifolia
Tridens pulchellus 
Galochortus spp.
Arenaria douglasii 
Delphinium amabile 
Arabia nerennans
Cercidium floridum 
Lotus rigidus 
Erodium texanum 
Janusia gracilis 
Carnegiea gigantea
Qpuntia bigelovii 
Qpuntia fulgida 
Cuscuta spp.
Psilostrophe coooeri 
Dvssodia or Porophvllum s p p.

Ephedra viridis 
Muhlenbergia spp.
Stioa speciosa 
Aristida spp.
Hilaria belangeri

Unknown grasses 
Dasylirion wheeleri 
Quercus turbine11a 
Anemone tuberosa 
Berberis haematocaroa

Prosopis .iuliflora 
Cercidium microphvllum 
Krameria gravi 
Gossvpium thurberi 
Mammillaria spp.

Oenothera micrantha 
Foucmieria solendens 
Alovsia wrightii 
Scutellaria potosina 
Physalis (pubescens)

I A G & l

3 1 2 3,1 4
3 1 1 1 1
3 1 1 1 1
3 1 0 1 1
3 3 2 3-4 3-4
2 1 1 1 4-2?
2 1 0 0 1-2
2 1 0 0 1-2
2 1 0 0 2
2 1 0 0 1

2 1 4 1-4 2
2 1 1 1 4-2
2 1 1 1-2 1
2 1 1 1 4-2
2 1 1 1-4 2

2 1 2 1,3 2
2 1 3 5 2
2 1 1 2 4-2
2 1 0 1 2
2 1 2 1 2

1 1 2 1 1
1 2 1 2 3
1 1 1 2 2
1 1 0 1 -
1 1 1 2 1-2

1 1 0 1
1 1 2 1 3
1 . 1 2 3 1
1 1 0 1 1
1 1 2 1 1

1 1 5 4 4-2
1 1 2 4 2
1 1 3 3 4-2
1 1 1 1 2
1 1 0 1 2

1 1 0 1 1
1 1 3 3 —
1 2 2 3 —
1 1 1 1 1-2
1 1 0 1 2
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Species l A c § E
Penstemon microphyllus 1 1 2 4 1-2 3
Orobanche multiflora 1 1 0 1 2 5
Galium proliferum 1 1 0 1 1 5
Galium stellatum 1 1 2 1 1-2 4
Stylocline enanhaliodes 1 1 0 1 1 5
Eriophyllum laposum 1 1 0 1 1 5
Cirsium neomexicanum 1 1 0 1 1-2 5
Trixis californica 1 2 2 1 2 4

Table 3. Summarized data from 21 one-hundred-square-meter 
plots in the desert shrub type. Legend same as for Table 1, with 
total number of plants sampled in all plots (TA).

Species l U c S E St
Simmondsia chinensis 71 118 1-2 1,5 1 3
Oountia acanthocarpa 71 78 1 1,5 2 6
Aulonappus laricifolius 71 613 2-3 5 4-5 4
Oountia engelmannii 62 29 1 1,5 2 6
Prosonis .iuliflora 43 16 1 1 . 4-2 3
Acacia eressii 38 13 1 1 4-2 3
Erioeonum son. 33 84 2 4-5 4 ,1-2 4
Encelia son. 33 112 1-2 4-5 4-2 5
Lycium exsertum 28 18 1 1 1 3
Cercidium floridum 21 11 1 1,4 4-2 3
Carneeiea sieantea 21 . 6 1 1,4 2 6
Krameria erravi 19 13 1 1,3 4-2 4
Larrera tridentata 19 26 1,4 1,5 2 3
Ephedra viridis 14 7 1 1 1 4
Canotia holancantha 14 6 1 1,3 4 3
Oountia fuleida 14 17 1 5 2 6
Oountia leotocaulis 14 16 1 1,3 2 6
Cercidium microphyllum 10 2 1 4 3 3
Fouauieria solendens 10 2 1 3 2,4 3
Penstemon microphyllus 10 2 1 3 1,2 3
Galium stellatum 10 3 ' 0 1 2 4
Celtis Pallida 5 2 1 1 1 3
Condalia lyciodes - 5 1 0 1 : 1 3
Psilostrophe cooperi 5 2 0 1 2 4
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Brorrms rube ns had the highest frequency, occurring on nearly 

three fourths of the plots'sampled. • It had a high cover class 

rating, but it seldom dominated the floral aspect as did the 

shrubby Anlonannus laricifolius. It should be noted that no species 

was given an abundance rating of 5. Only two species, Broaus rubens 

and Plantago spp. reached this density on any of the plots surveyed, 

again indicating the dispersion of the vegetation of this type.

There was a. tendency for annuals to be concentrated around the 

bases of various shrub species such as Aplopappus. They found shade, 

and consequently, more moisture where there was protection from the 
sun.

The sociability ratings, when combined with the frequency data, 

gave the best picture of the vegetation of this type. Typical 

desert groups such as Opuntia spp., ocotillo and saguaro, while 

almost always having low frequencies, had high sociability ratings.

This indicated.their spotty distribution; but where they were found 

on drier southern exposures, they were found in numbers. North 

slopes at a similar elevation were dominated by Ganotia. Aolopappus, 

and Quercus turbine11a.

The large percentage of plants with low frequencies indicated , 

the very large number of spring annuals which might not have appeared 

in the data if the survey had been run in a different season.

Data from the 100-meter quadrats (Table 3) presented a better 

picture of the. desert shrub type without the confusion of a large 

number of annuals. Four species were dominant: Aplopappus cifnl1ns.

Simmondsia chinensis. Opuntia acanthocarpa. and &. enPAlmannil. All
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had a frequency of over 60, and all occurred in a sociability rating 

of 1 or 5 indicating that they were scattered throughout the type, 

but were common in places. Only Erioeonum spp.. Larrea tridentata. 
Encelia farinosa. and Opuntla fulgida had as high or higher abundance 

ratings than those of the above group. In each case the last named 

species were more or less restricted, none having a frequency of 
over 33. Anlopaopus was the most abundant shrub in the shrub type, 

with an average of 41 plants per hundred meters sampled.

Cericidium florldum appeared to be more abundant than C. micro- 

phyllum. but this could have reflected sampling error. C. florldum 

was more common in the northern portion and was more scattered; 

while C. microphyllum in the southern part of the area tended to be . 

more concentrated. Ocotillo, Celtis pallida. Fenstemon microphyllus. 

and Canotia holacantha were more restricted in their ranges. The 

first species was most abundant on southeast-facing slopes along 

Roosevelt Lake; warm slopes seemed to be its favored habitat.

Celtis pallida was largely a shrub of the sand washes. Fenstemon 

and Canotia were found scattered, but seemed to prefer the cooler 
north-facing slopes.

The desert shrub type was treated as one unit. It could, however, 

be further separated into the true desert shrub portion, and the lower 

portion of the grassland which had been invaded with zeric species, 

and which gave the appearance of desert shrub.

In the discussion of the one-meter plots it was noted that the 

two most frequently encountered species were Bromus rubens and

Aplopappus laricifolius. According to R. R. Humphrey (personal
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communication), neither of these appear to be typical desert species. 
Both are associated with deteriorated grass ranges. Opuntia fulgida. 

another species typically associated with run-down grasslands, and 

one which seldom, if ever, becomes a dominant in true desert shrub, 
covered a large section on the eastern side of the study area (Figure 

21). Reference to past grazing history of the Three-Bar area showed 

ample evidence of early range destruction.
The run-down grass range was limited to the eastern side of the 

area. Throughout this section, on all southern exposures, true desert 

species such as saguaro and brittle-bush were found. The north slopes, 

as previously mentioned, were vegetated with more mesic species. The 

southern part of the area adjacent to Apache Lake was typical desert, 

with no admixtures of the invader species.



Figure 21. The central eastern portion of the 
Three-Bar area just south of Rock Creek showing 
zone of problematical plant relationships. Dark 
foliage is Aolopappus laricifolius and light 
foliage is Opuntia fulgida.
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The seven series of plots in the grassland type viere more 

generally distributed than were those in the desert shrub type 

(Figure 22). The grassland type was more accessible than the desert 

type. Areas were surveyed which were typical of the grassland on 

the study area. All of the plot series with the exception of K, 

and possibly 1.1, were burned by the 1947 fires.

The desert grassland type on the area was more homogeneous 

than was the desert shrub type. Of the fifty-seven species sampled 

in the grassland (Table 4), twenty-six occurred with a frequency 

of 10 or more contrasted to twenty-one out of the eighty-four species 

in the shrub type. Two species, and one species group (Aristida), 

occurred with a frequency of over 50, and eleven species had a 

frequency of over 25. Of the twenty-six species with a frequency 

of over 10, seventeen were annuals.

The species of Aristida were combined into one group. This 

included both annual and perennial species; but it was my impression 

that the perennials were dominate. Aristida was the most common 

group, with a frequency of 66. They were of high social rating.

The annual grass Bromus rubens was the second most common grass, 

with a frequency of 65. Hilaria belangeri an excellent forage 

grass and an excellent soil binding species had a frequency of 44. 

Bouteloua curtinendula and B. hirsute, both good perennial range 

grasses, occurred with frequencies of 23 and 16 respectively.

Many forbs were found in the desert grassland, but seldom 

did they make up so large a proportion of the flora as they did
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THREE-BAR GAME MANAGEMENT AREA

Fig. 22. Locations of sample plot series in the desert grassland 
type. (Series H. through N.)
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Table 4* Summarized data for 105 one-square-meter quadrats 
surveyed in the desert grassland type. Legend same as for Table 2.

Species E A s s Z St
Aristida spp. 66 1-2 1-2 5 2-3 5
Bromus rubens 65 2-4 1-2 3-5 2* 5
Plantago spp. 52 1-2 0-1 1 1-2 5
Galliandra eriophvlla 49 1-2 1-3 4 1-4 4
Lepidium medium 48 1-2 0-1 1 1-2 5
Unknown forte 47 1 1 5
Hilaria belangeri 42 1-4 2 5 1-2 5
Festuca pacifies 36 1-2 0-1 1,4 2 5
Ambrosia artemisiifolia 35 1-4 1—2 1,4-5 3-4 5
Erioeonum spp. 33 1 1-2 4 4-2 4
Gutierrezia scrothrae 31 1 1-2 4-5 4 4
Bouteloua curtipendula 23 1 1-2 4-5 2 5
Dichelostemma pulchellum 23 1 0 1 1 5
Calochortus spp. 21 1 0 1 1-2 5
Lotus spp. 19 1 1 1 1-2 5
Euphorbia spp. 19 1 0-1 1 1-2,4 5
Astragalus nuttallianus 18 1-2 1 1 1-2 5Boutelaua hirsuta 16 1 0-3 4-5 2 5
Gilia spp. 15 1-2 0-1 1 2 5
Arenaria douelasii U 1-2 0 1 1-2 5
Lupinus sparsiflorus 14 1-2 1-2 4-5 1 5
Echinocersus triglothidiatusll 1 0 1 2 6
Opuntia engelmannii 13 1 2-3 5 2 6
Unknown grasses 13 1-2 2 1,4 - 5
Cuscuta spp. 12 1 6-2 2 - 5
Boraginaceae 10 1-2 0-1 1 1 5
Sporobolus ervotandrus 8 1 1 1,5 - 5
Sphaeralcea supp. 8 1 2 4 1-2,4 5
Muhlenbergia rigens 7 1 1 4 — 5Lupinus bieolor 7 1-2 1-2 1,3 1-2 5
Eriastrum diffusum 7 1-2 0 1 2 5Erodium cicutarium 6 1-2 1 1 1-2,5 5Spermolepis echinata 6 1 0 0 2 5Quercus turbine11a 5 1 3 3 1 3Simmondsia chinensis 5 1 1,5 4 1 3
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Snecies F A C s l

Dyssodia or Poroohyllum 5 l 1 1 2
Aristida hanulosa 4 1-2 1-3 3 -
Kramoria ffiayi 4 1 2 1,3 4—2
Uenodora sppl 4 1-2 1-2 4 2-3
Dasylirion x*zheeleri 3 1 3 1 3

0nuntin fulgida 3 1 4 5 2
Erieeron divereens 3 1 1 1 2—4
Trichachne californica 2 1 2 2 3
Acacia preeeii 2 1 2 1 4-2
Cercidim florid am 2 1 3 1 2

Triioliam lacerum 2 1 1 1 2
Aplopaoptss laricifolius 2 1 2 3 4-5
Peilaea lonsimucronata 1 1 1 2 —
Schismus barbatus 1 1 1 1 2
Yucca baccata 1 1 3 2 5,2
Prosoois .iuliflora 1 1 3 1 4-2
Luoinus succulentus 1 1 1 1 2
Anlopanpus snirmlosus 1 1 1 1 2
Melamcodim leucanthum 1 1 1 .1 1-2
Beileya nultiradiata 1 1 1 1 1-5
Artcmesia ludoviciana 1 1 2 3 2
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Table 5» Summarized data from 21 one -hundred -s quaxe -meter 
plots surveyed in the desert grassland type. Legend same as for 
Table 3.
Species F

Opuntia ertpelnannil 71 
Krameria gravi 43 
Gutierrezia sarothrae 33 
Simmondsia chinensis 19 
Opuntia acanthocaroa 19

Dasvlirion wheeler! 14 
Quercus turbinella 14 
Acacia greggii 10 
Cercidium floridum 10 
Eriogonum spp. 10

Anlopappus laricifolius 10 
Molina nicrocaroa 5 
Prosopis .juliflora 5 
Rhus ovata 5

14 c S Z St.

75 0-2 1,4-5 2 6
25 1 1,4 4-2 4
90 1 4 4 4
10 1-2 4 1 3
U 1 4 2 6
6 1 1 3 4
32 2 4 1 3
2 0 1 2,4 3
2 1 1 2,4 3

35 0-2 1,5 — 4
3 0 1 4-5 41 . 1 3 3 4
2 4 1 4 3
1 0 3 1 3
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in the shrub type. Lenldium medium. Plantago spp. and unknown forbs 

had frequencies of 52, 47 and 47 respectively. Thirteen of the 

forty-four- species in stratification class 5 were grasses.

Calliandra erionhylla. a decumbert shrub of high forage value, 

was common with a frequency of 49. Eriogonum spp., a group of 

palatable, low-growing browse species, had a frequency of 33. None 

of the "weed" shrubs were present with frequencies of over 3 with 

the exception of Onuntia engelmannii and Quercus turbine11a. This 

was due to the selection of open areas where invader species had not 

gained foothold or where they were eliminated by the fires ofll947.

Two indicators of a deteriorated and overgrazed range, Ambrosia 

ar.temisiifolia and Gutierrezia sarothrae. were present with frequencies 

of 35 and 31 respectively.

The larger quadrats (Table 5) give a picture similar to that 
presented by the one-meter plots. Shrubs (other than Calliandra) 

were of little importance in the grassland type. Onuntia engelmannii 

was scattered throughout the type, as was Krameria cravi but to a 

lesser extent. Quercus turbinella was restricted in its distribution; 

but where it was present it was common.

If more borderline areas had been sampled the frequency of 

shrubby species would have increased, but the data as presented here 

seemed to represent the grassland type as it appeared during the study.

Chaparral *

The chaparral type was the most difficult one to sample; the 

terrain was the roughest, the vegetation was the densest. It was
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virtually impossible to lay out a straight series of quadrats while 

constantly climbing over, under, and through tangled stands of 
brush. Great variation in elevational range, 2,600 to over 6,000 

feet, fires, and variation due to slopes and exposures made sampling 

this zone far more complicated than sampling the other vegetational 

types.

The three series near Rock Creek (Figure 23), and series R 

in the northwest corner of the area were not burned by the 1947 
fires. The three series along Mills Ridge and in the vicinity 

of Granite Springs were burned over.

Chaparral vegetation as sampled by the one-meter plots (Table 6), 
appear to be even more lacking in uniformity than the desert shrub 

vegetation. No species was found with a frequency of $0 or more; 

only two species had a frequency of over 25, and only eleven species 
had a frequency of 10 or more. Here again Bromus rubens was the most 

frequently encountered species with a frequency of 30. Onerous 

turbinella. the most typical plant of the chaparral, was the second 

most frequently encountered species. It had a frequency of 26. Other 

surubby species were correspondingly scarce in the sample. Cercocarpus 

had a frequency of only 11, Arctostanhylos only 10, Ceanothus 5,

Rhus ovata and Rhamnus crocea had a frequency of only 4 each.

Shrubs and perennial forbs were present in much higher proportions 

than in the lower types. Six of the eleven species with a frequency 

of over 10 were of this group, only five were annuals.

The hundred-meter quadrats (Table 7) presented a better picture 

of the chaparral type than did the smaller plots. Quercus turbinella
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THREE-BAR GAME MANAGEMENT AREA

Fig. 23. Location of sample plot series in the chaparral type. 
(Series 0. through U.)
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Table 6 . Summarized data from 105 one-square-meter quadrats 
in the chaparrel type. Legend same as for Table 2 .

Species l A £ § l

Bromus rubens 30 2-5 0-2,4 3-4 1
Onereus turbinella ' 26 1 2,3,5 4-5 1
Euphorbia spp. 20 1 0-2 1 1-2,4
Lotus wrightii 16 1-2 1-3 1,4 2-3
Senecio spp. 15 1-2 1 1 1

Unknom forts 12 1 0 0 _
Cercocarpus montanus 11 1 2-4 4-5 1
Quercus emoryi 10 1 4-5 5 1
Arctostanhylos spp. 10 1 2-5 5 -
Gutierresia sarothrae 10 1 2 4 4
SolidaRo sparsiflora 10 2-3 1 5 3
Trifolium lacerum 9 1 0-2 1 2
Lupinus bicolor 8 1-2 0-2 1,5 1

Penstemon linarioides 8 1 1 1 2
Festuca Pacifica 7 2-3 0-2 3-4 1
Erioeonum spp. 7 1 1 1,4 —
Bouteloua curtipendula 6 1 2 1,4 2
UnloioTm grasses 6 1 1 1 - .
Galium spp. 6 1-2 0-2 1 2
Artemesia carruthii 6 2-3 1 2-3 3

Rhus trilobata 5 1 2-3 4 2
Convolvulus linearilobus 5 1 1 1 2
Comandra pallida 4 2 1-2 3-4 2
Acacia Rreesii 4 1 1-2 1,3 4-2
Lupinus nalmeri 4 1 0-1 1 2

Rhus ovata 4 1 2,4 3 1
Rhamnus crocea 4 1 2 1,4 2
Abbrosia artendsiifolia 4 1-3 0-2 1,3 2
Artemisia ludoviciana 4 2,4 0-3 1,3 2
Sitanion hvstrix 3 1-2 1 1 2

Blepharoneuron tricholepis 1: 1-2 0-1 1,4 2
Artistida spp. 3 1 1 1-4 -
Nolina microcarpa 3 1 1,4 1,3 3
Quercus arisonica 3 1 2-3 5 1 '
Calliandra erionhvlla 3 1-2 2-3 4-5 1-4

Si-
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Species F

Sphaeralcea spp. 3 
Garrya spp. 3 
Collomia grandiflora 3 
Penstemon linarioides 3 
Muhlenbergia brevis 2
Hilaria belangeri 2 
Leptochloa dubia 2 
Oxybaphus ooccineus 2 
Gruciferae spp. 2 
Lotus rididus 2 
Qpuntia engelmannii 2

Spermolepis echinata 2 
Eriastrum diffusum 2 
Solanum xanti 2 
Plantago spp. 2 
Pellaea longimucronata 1

Gheilanthes wootoni 1 
Juniperus deppeana 1 
Bromus marginatus 1 
Carex spp. 1 
Galochortus spp. 1

Quercus gambelii 1 
Berberis haematocarpa 1 
Arabis perennans 1 
Potentilla Glandulosa 1 
Astragalus spp. 1

Geanothus integerriraus 1 
Asclepias capricornu 1 
Eriodictvon angustifolium 1 
Verbena bipinnatifida 1 
Penstemon eatoni 1

Aster bigelovii 1
Melampodiun leucanthum 1

A c s Z
1 0,2 1,3 1-2,41 2-4 4 2
1 0 1 2
1 1-2 1-2 2
2 2 4 1
2 2 4 1
1 1 1 31 1 1 2-31 0 1 1
1 2 1 4—2
1 1,3 1 2
1 0 1 1
1 1 1 1
1 1 1 1
1 0 1 1
1 2 2 -
1 1 1
1 2 4 —
1 1 1 2
1 2 1 2
1 0 1 1-2
1 2 5 2
1 2 1 2
1 0 1 2
1 2 3 2
1 1 1 1
1 5 4 31 1 1 2-31 2 1 1
1 0 1 2
1 1 1 2
1 0 1 3-41 2 1 1
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Table 7. Summarized data from 21 one-bund red-square-me ter
quadrats in the chaparral type.

Species F

Quercus turbine11a 71 
Quercus emorvi 52 
Arctostaphylos spp. 48 
Cercocarpus montanus 38 
Ceanothus greggii 35

Quercus arizonica 28 
Rhus ovata 28 
Rhus trilobata 28 
Rhamus crocea 28 
Garrva spp. 28

Nolina microcarpa 14 
Pinus ponderosa 10 
Juniperus deppeana 10 
Dasylirion viheeleri 10 
Berberis haematocarpa 10

Acacia greggii 10 
Ceanothus intergerrimus 10 
Opuntia engelmannii 10 
Yucca baccata 5 
Agave spp. 5

Juglaha major 5 
Quercus gambelli 5 
Mimosa biuncifera 5 
Krameria gray! 5 
Carnegia gigantea 5

Opuntia acanthocarpa 5
Eriodictyon angustifolium 5

Legend same as for Table 3.

m S S Z
82 2 5 1
49 2 5 l

134 2-4 1,5 5-2
43 1-2 3-5 1
51 1 3-4 5-1
24 2,4 4-5 1
10 1-3 3-5 1
11 0-1 3-4 1
15 2 2,4 1
27 1-2 4 1
10 1 1,4 3
4 1,3 3 -
4 3 4 1-2
2 0 1 3
2 1 1 1
8 2 3 4-2
3 0 1 2
3 1 1 2
2 1 1 3
1 0 1 3
1 0 1 2

60 2 5 2
1 1 1 2
5 1 3
1 0 1 2

2 1 1 2
8 1 4 4,2
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Fig. 24. Location of sample plot series in the pine type. (Series 
V. through Z.)
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assumed its true importance in the larger quadrats with a frequency 

of 71. The prevalence of Quercus emorvi was due to the number of 

series in the higher parts of the type, where woodland forms 

(S* arizonica. Q. gambelli and Pinus ponderosa) were intermingling 

with the chaparral. The high numbers of Quercus gambelii found on 

a single plot represents reproduction. It was difficult to determine 

the abundance of the Arctostaphylos species due to their spreading 

growth form; it was hard to separate the limits of individual plants.

The single saguaro found in this type was on the north-facing slope 

of Rock Creek growing in a mixed grove of Rhus trilobate, Berberis 

haematocarpa and Quercus turbine11a. On the south-facing slope 

opposite were several saguaros amid catclaw and Simmondsia bushes.

Pine Tvne

The pine type was restricted to the high north slopes of Pour-Peaks 

and the top of Pine Mountain. The area was far smaller than that 

covered by any of the other vegetative types. Consequently, only five 

plot series were surveyed in this type (Figure 24). The distribution 

of the conifers was such that it was nearly impossible to run a series 

of plots without running out of good stands of pine. Due to changes 

in exposures area of Quercus gambelii and 0  ̂arizonica were constantly 

encountered. None of the plot series were in areas covered by the 

1947 fires.

The pine type was the only one in which barren plots were en

countered. Thirteen of the seventy-five small sized plots sampled 

(Table 8) were covered with various amounts of litter, but contained



Table 8 . Summarized data from 75 one-square-meter quadrats
in the pine type. Legend same as

Species F

Blepharoneuron tricholepis 27 
Finns ponderosa 21
Solidaso sparsiflora 20
Artemisia carruthii 20
Barren plots 17

Onerous gambeUi 
Festuca arizonica 23
Lupinns nalmeri 13
Unknown fort® n
Unknown grasses g
- Thalictrum fendleri 7
Lathvms lativirens 7
Pseudocvmopterus montanns 7
Onerous arizonica g
Robinia neomexicana ^

Galium spp. 4.
Eriogonum names!! 3
Geranium eremonhilum 3
Vitus arizonica 3
Arctostaphylos spp. 3

Scutellaria potosina 3
Senecio spp. 3
Juniperus deooeana %
Sitanion hystrix %
Calocfaortus spp. %

Quercus turbinella %
Arenaria saxosa %
Berberis repens 1
Cercocarpus montanns %
Mimosa biuncifera %

Amoroha fruticosa %
Ceanothus intergerrimus %
Garrya spp. 1
Monarda menthaefolia 1
Penstemon eatoni -i

Erigeron dlvergens

for Table 2.

A c s 2 st

2 1-2 4 3 5
1 1-5 4-5 — 1
2 1 1,4 3 5
2-3 1-2 1,4 3 5

1-2 2,3 4-5 2 2
1-2 2 5 3 5
1-2 0,2 1 2 5
1 1 1 - 5
1 1 1 5
1 1 1 2 5
1-2 1-2 1 2 5
1-3 1 1 2 5
1 2,4 4 1 : 2
1 1,3 3 2 3
1 0-2 1-2 2 5
1-3 0-1 1-2 3 5
1-2 1-2 1 2 5
1 1-2 1 2 3
1 2-3 5 - 3
1 1-2 1 2 5
1 0-1 1 2-3 5
1 5 3 - 2
1 1 1 2 5
1 0 1 1 5
1 1 1 1 3
1 1 1 2 51 1 3 2 41 2 1 1 31 2 1 2 3
1 2 5 2 3
1 2 4 3 3
1 4 1 3 3
1 1 1 2 5
1 1 1 2 5
1 1 1 2-3 5



Table 9. Summarized data from 15 one-hundred-square-meter 
quadrats in the pine type. Legend same as for Table 3.

Species l 24 c S
Pinus ponderosa 87 1 1 . 1-5 5
Quercus sambelii 60 189 1-2 4
Quercus arizonica 40 12 1-2 4
Arctostaphvlos spp. 26 12 1,3 4-5
Pseudotsupa taxifolia 20 4 0-3 1,3
Juniperus deppeana 20 8 0-1 1,4
Quercus emoryi 20 10 0-2 4-5
Robinia neomexicana 20 12 0-1 1,3
Prunus virens 13 7 2-4 1
Amornha fruticosa 13 4 0-1 1

Ptelea angustifolia 
Garrva spp. 
Franxinus lowellii

13
13
7

2
2
1

o o o
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no plants. Pine grass (Blenharoneuron tricholeois) was the most often 

encountered species with a frequency of 27# followed by Ponderosa pine 

with a frequency of 21. The vegetation of the pine type was sparse. 

Although the total amount of the ground shaded by the tree species was 

not determined, this dense shading was undoubtedly responsible for the 

low density of the herbaceous plants. Solidago sparsiflora and 

Artemesia carruthi were the most common forbs; both had frequency of 20.

Pine dominated the large-size plots (Table 9). It occurred with 

a frequency of 87. Quercus garabelii and Q. arizonica. the two most 

common hardwoods, were found with frequencies of 60 and AO. Pseudotsuga 

was encountered with a frequency of 20. Again manzanita (usually 
Arctostaphylos pringlei) occurred in scattered thick stands, giving a 

high abundance although it had a relatively low frequency. Two con

spicuous shrubs of the pine type not sampled by the plots were Ceanothus 

integerrimus and C. fendleri.
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STRATIFICATION '
The variation in stratification in the different vegetational 

types according to the percentage of species in each type falling 

in the six stratification classes was as follows:
Stratification Class

Type 1 2 2 6 2 6

Desert Shrub — 8.8 17.6 64.8 8.8

Desert Grassland - . 9.8 11.5 73.8 4.9

Chaparral - 2.7 15.1 8.2 72.6 1.4
Pine 5.1 7.7 20.5 2.6 64.1 —

These data, with few exceptions, do not illustrate true differences. 

The cacti, Class 6 , definitely did decrease as one progressed up

wards in elevation. The tree classes (1 and 2) were restricted to 

the two highest types. The uniformity of the.forbs (Class 5) in 

all zones should be noted.

To better illustrate the differences in stratification in the 

various types, another method of comparison was used. The frequency 

of each species within the different social classes (excepting the 

forb class which was omitted) was multiplied by its cover class 

rating to obtain an index figure. In those cases where a species 

appeared in more than one class the higher rating was used. All 

species falling in cover Class 0 .were considered to be in Class 1 

for the purpose of obtaining an index figure. The totals for 

each class were then added. This gave a relatively constant index
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of the ground covered by the various classes. In the case of the
' ' «

pine type, seventy-five plots were sampled; resulting data were 
raised to the level of the other types by multiplying each figure 

by a correction factor. The additional species which might have been 

encountered had the twenty additional plots been sampled would have 

been rarities; thus the results obtained by this method were acceptable.

The indices are plotted in Figure 25. The relative importance 

of Anlonanpus. Caliiandra, Quercus turbine11a. and Pinus nonderosa 

was indicated in their respective classes in the desert shrub, grass

land, chaparral and pine types respectively.

The tree classes (1 and 2) appeared only in the higher two
f - ; -

vegetative types. The pine type was dominated by Class 1, but 

Class 2 was also abundant there. Class 2 was so well represented 

in the chaparral largely because of the number of plots run in the 

higher portion of the type. Low trees were uncommon or absent in 

the lower of middle parts of the chaparral type except locally as 

at Big Oak Flats.

Class 3, the tall shrubs, was the dominant class of the chaparral. 

Quecus turbinella because of its high frequency and cover rating, 

might be termed the class dominant for Class 3 in the chaparral. In 

the grassland. Class 3 was about equal in importance to the cacti.

Class 6. Both classes in the grass type were largely invader species. 

The relatively unimportant role of Class 3 in the desert shrub is 

probably due to the distribution of the plot series as discussed 

previously. Had more series been run in the southern part of the 

area where true desert vegetation dominates, Class 3 would have
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assumed a larger place in the desert shrub picture.

In opposition to the tall shrubs, the low shrubs in Class 4 

dominated the vegetation in the lower two types. Low shrubs were 

relatively unimportant in the chaparral and were nearly absent from 

quadrats surveyed in the pine type. In the grass areas Calliandra 
was the Class 4 dominant. It alone formed nearly half the low 

shrubs of that zone. Gutierrezia and Eriogonum together made up 

most of the rest of Class 4 in the grasslands. Aplopappus was the 

Class 4 dominant in the desert shrub. Again this was due to the 

distribution of the survey plots as discussed above. In support 

of the theory that the eastern portion of the area in shrub was 

formerly grass was the fact that the shrub having the second largest 

cover index in the shrub type was Calliandra. the Class 4 dominant 

of the grass type. The third most important shrub in the shrub 

type was Eriogonum which together with Calliandra nearly equalled 

Aplopappus in importance. These shrubby species were able to 

maintain their foothold and compete with the xeric shrubs which 

replaced the grasses.
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FLORAL LIST

In connection with the quadrat studies, collections were made 

to verify plant identifications. In addition, plants found during 

other phases of the field work were collected and identified. This 

list does not represent a complete flora of the study area, but will 

supplement the lists derived from the quadrats.

Plants names are those of Kearney and Peebles (1951)• An 

asterisk proceeding a species name indicates no specimens of that 

species were preserved. The collection numbers cited are my field 

numbers. A complete set of plants collected has been deposited with 

the Arizona Cooperative Wildlife Research Unit, and the University 

of Arizona Herbarium.

Polypodiaceae

Cheilanthes fendleri Hook. In riparian woodland at Pigeon Springs.
Coll. U9.

Cheilanthes wootoni Maxon. At Big Oak Flats. Coll. 392.

Gystopteris fragilis (L) Bernh. In riparian woodland at Pigeon 
Springs™ Coll. 448.

Notholaena sinuata (Lag.) Laulf. In desert shrub on north side of 
Apache Lake. Coll. 355.

Notholaena standlevi Maxon. Found on the north slope of Four-Peaks 
frail road, near Roosevelt road. Coll. 213.

Pellaea longimucronata Hook. On north slope of Rock Creek. Coll. 159.

*Pteridium aauilinum (L.) Kuhn. Found scattered through pine forests.

Woodwardia fimbriata J. E. Smith. At a moist seep in riparian woodland of 
upper Chillicut Canyon and on the southeast slope of the Four-Peaks. 
Coll. 209.
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Pinaceae . ' ■ ' ' •.

^Pinus edulis Engelm. One four foot seedling was found along Four-Peaks 
Trail road just below Big Oak Flats.

*Piiius nonderosa Lawson. Was comiaon on north and northeast slopes 
above 6,000 feetl

Pseudotsuga taxifolia (Pior.) Britton. Found scattered in high 
north facing ravines. Coll. 96.

Cupressaceae

wCunressus glabra Sudvrorth. Was found scattered in small stands on 
southeast and southwest slopes of Four-Peaks. One tree was 
growing along the Roosevelt road about one mile north of the 
dam.

sjuninerus denneana Steud. Was common though scattered, through 
the lower edge of pines.

Juniperus monosnerma (Engelm.) Sarg, Scattered. Uncommon through 
lower zones. Coll. 17.

Ephedraceae

Ephedra virdis Coville. Was found scattered through the desert
shrub type. Was found blooming on February 22, 1952. Collections 
20, 227, and 228.

Typhaceae •

Typha spp. Uncommon, was collected along Rock Creek. Coll. 100.
Gramineae

Adropogon barbinodis Lag. Scattered along Rock Creek. . Coll. 104.

Aristida ternipes Cav. Common in grassland. Coll. 376.

Aristida purpurea Nutt. Scattered in lower grassland. Coll. 377.

Aristida hamulosa Henr. Common in grassland. Coll. 400.

Aristida adscendionis L. Common in grassland and desert shrub. 
Collections 301, 360, 407, and 314.

Blepharoneuron tricholenis (Torr.) Nash. Common in pine woods.
Coll. 455.
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Phleum alpinum L. Spring seep at Shake Springs. Coll. 436.
Coll. 451.

Schismus barbatus (L) The11. Common to abundant in desert shrub 
and grasslands. Colls. 48 and 295.

Sitanion hvstrix (Nutt.) J. G. Smith. Scattered through the grassland 
and pine forest. Collections 379, 409, and 453.
I *.

Sorghum halepense (L.) Pers. Rock Creek. Coll. 103.

Soorobolus cryptandrus (Torr.) Gray. Scattered through grassland 
and along Rock Greek. Colls. 129 and 402.

Stipa speciosa Trin. & Rupr. Scattered through grassland, uncommon 
in desert shrub. Colls. 357 and 406.

Trichachne californica.(Benth.) Chase. Scattered throughc grassland. 
Collections 405 and 408.

*Tridens pulchellus (H.B.K.) Hitchc. Commonly scattered through
overgrazed portions of grassland.- . ' ; " -

Cyperaceae , .

Carex spp. Two species were collected along Rock Creek and near 
Pigeon Spring.

Commelinaceae

Tradescantia occidentalis (Britton) Smyth. Common. Scattered along 
Rock Creek. In bloom Sept. 31 and March 2. Collections 79 and 
157.

Liliaceae

Calochortus flexuosus Wats. Quite common in grassland. In bloom 
Ipril 9, 1952. Coll. 270.

Calochortus kennedyi Porter. Quite common in grassland. First 
bloom about April 9, 1952. Coll. 265.

*Dasylirion wheeleri Wats. Spotty. Scattered through grassland.

Dichelostemma pulchellum (Salisb.) Heller. Common in desert shrub 
and grassland. First bloom was found on Feb. 21, 1952. Colls. 
143 and 157.

' ■ ■ : "
*Nolina microcarpa Wats. Scattered through grassland and chaparral,

abundant on the west face of the Four-Peaks at about 6,500 feet.
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Boiiteloua aristidoides (H.B.K.) Griseb. Common in patches; Rock 
Creek. Coll. 71.

*Bouteloua curtloendula (Michx.) lorr. Quite common, but scattered 
in grasslands.

Boutelous hirsute Lag. Quite common in grassland. Coll. 403.

*Bouteloua rothrockii Vasey. Common locally in grassland.

Bromus mareinatus Nees. Scattered through riparian woodland; Rock Greek, 
Big Oak Flats and Pigeon Springs. Collections 282, 391, and 393.

Bromus rubens L. Abundant in desert shrub, desert grassland and 
chaparral. Coll. 373.

Cynodon dactvlon (L.) Pers. Common in Rock Creek, abundant along 
Roosevelt Lake bottomlands. Coll. 101.

Elyrous glaucus Buckl. Rock Greek. Coll. 283.

Erasrostis intermedia Hitchc. Rock Creek. Coll. 106.

Festuca arizonica Vasey. Scattered through the pine forest. Coll. 384.

Festuca pacifica Piper. Common in the lower three zones. Coll. 299/

*Hilaria belangeri (Steud.) Nash. Common, apparently increasing in 
lower parts of desert grassland.

Hordeum iubatum L. Pigeon Springs. Coll. 453.

Hordeum leporinum Link. Common in patches along Rock Creek. Coll. 208.

Lamarckia aurea (L.) Moench. Bronco Creek road, 200 yards west of 
Buckhom Creek, desert shrub.

Leptochloa dubia (H.B.K.) Nees. Big Oak Flats. Coll. 392.

Leptochloa filiformis (Lam.) Beau?. No data.

Muhlenbergia brevis C. 0. Goodding. Big Oak Flats. Coll. 389.

Muhlenbergia longiligula Hitchc. Rock Greek. No number.

Muhlenbergia microsperma (D.C.) Knuth. Pigeon Springs. Coll. 394.

Muhlenbergia rigens (Benth.) Hitchc. Fairly common scattered along 
Rock Creek and through the grassland. Colls. 102 and 404.
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*Yucca baccata Torr. Scattered through chaparral.
*Yucca elata Engelm. Scattered along Roosevelt road.

Amaryllidaceae

*Agave spp. Uncommon, scattered through chaparral and pine forest. 

Salicaceae

*Fopulus fremonti Wats. Scattered through riparian woodland.

*Populus tremuloides Michx. A small grove ; of aspen occurs on the 
north slopre of the Four-Peaks.

*Salix spp. Common in upper Chillicut canyon.
Juglandaceae

^Juglans major (Torr.) Heller. Scattered through riparian woodland. 

Fagaceae , -
*Quercus arizonica Sarg. Common to abundant in lower edge of pine 

forest and at Big Oak Flats.

Quercus emyori Torr. Common to abundant at Big Oak Flats and in 
upper chaparral. Coll. 108.

*Quercus gambelii Hutt. Common to abundant in pine forest.

Quercus nalmeri Engelm. Pigeon Springs. Coll. 396.

*Quercus turbine11a Greene. Abundant in chaparral.
Ulmaceae

Celtis pallida Torr. Scattered in washes of desert shrub. Coll. 56. 

*Celtis reticulata Torr. Common in riparian woodland.

Moraceae

Morus microphvlla Buckl. Big Oak Flats. Collections 117 and 124. 

Urticaceae

Parietaria floridana Nutt. In the desert shrub type on the south 
slope of Four-Peaks Trail road, lower end. Coll. 318.



75
Loranthaceae

*Phora3endron californicun Hutt. Common in desert shrub and grassland, 
on Acacia and (uncommonly) Prosonis.

Phoradendron corvae Trel. Common on oaks at Big Oak Flats. Coll. 107

Arceuthobiura vaginatum (H.B.K.) Eichler. Fairly common on Finns 
ponderosa. Coll. 193.

Santalaceae

Comandra pallida A. DC. Was collected one-half mile south of Shake 
Springs. Coll. 433.

Polygonaceae

Chorizanthe brevicornu Torr. Uncommon in desert shrub. Coll. 363.

Eriogonum densnm Greene. Four-Peaks Trail road, lower end. Coll. 39.

Eriogonum fasciculeturn . Benth. Scattered, but common in desert 
shrub and grassland. Collections 34 and 132.

Eriogonum iaroesii Benth. Scattered in upper chaparral. Collections
63 and 395. October 28, 1951.

Eriogonum wrightii Torr. Common in grassland and chaparral. 
Collections 84 and 111.

Rumex crispus L. Seep at Shake Springs. Coll. 435.

Rumex hvmenosepalus Torr. Lower end of Four Peaks Trail road. 
Collections 250 and 251.

Chenopodiaceae

Atrblox canescens (Pursh) Nutt. Uncommon, scattered through desert 
shrub. Coll. 244.

*Salsola kali L. Dead plants were seen along the Loop road.
Amaranthaceae

Tidestromia languinosa (Nutt.) Standi. Scattered in desert shrub.
In flower October 10, 1951. Coll. 4.

Nyctaginaceae

Allionia incarnate L. Scattered through the desert shrub and grassland 
types. In flower October 21, 1951 and May 9, 1952. Coll. 32.
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Mirabilis bigelovii Gray. Scattered through desert shrub and 
grassland types. Collections 25, 182, 269, and 309.

Mirabilis multiflora (Torr.) Gray. Uncommon; scattered through the 
desert shrub type. Coll. 42.

Oxybaohus coccineus Torr. Uncommon, but scattered through all zones.
In flower May 23, 1952. Collections 99 and 359.

Caryophyllaceae

Arenaria douglasii Fenzel. Scattered, quite common throughout 
desert shrub and desert grassland. Coll. 303.

Arenaria saxosa Gray. Scattered through the pine forest. In 
flower July 2, 1952. Coll. 396.

Ranunculaceae

Anemone tuberosa Rydb. Scattered through desert shrub and grassland 
types. In flower February 29, 1952. Collections 158 and 170.

AflUiAn&iia chrysantha Gray. Uncommon along seeps in pine type.
In flower July 2, 1952. Coll. 397.

Clematis ligusticlfolia Nutt. Desert shrub to chaparral. In flower 
September 21, 1951. Coll. 78.

Delphinium amabile Tidestrom. Uncommon, scattered through desert 
shrub. In flower April 10, 1952. Coll. 254.

Thalictrum fendleri Engelm. Pine Mountain. Coll. 380.
Berberidaceae

Berberis haematocaroa Wooton. Common in lower chaparral. In flower 
December 14, 1951, in full bloom January 15, 1952. Collections 
48 and 140.

Berberis repens Lindl. Scattered in pine forest.

Papaveraceae

Corvdalis aurea Willd. Rock Greek. In flower March 15, 1952. Coll. 
194.

Eschscholtzia mexicana Greene. Scattered through desert shrub and
grassland types. In flower March 8, 1952. Collections 198 and 371.

Platvstemon californicus Benth. Uncommon and scattered in desert shrub. 
In flower April 8, 1952. Collections 178 and 260.
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Pruciferae
Arabia perermas Wats. Scattered in grassland and in loner chaparral.

In flower February 13, 1952. Coll. 147.

Cansella bursa-nastoria (L.) Medic. Big Oak Flats. Coll. 122

Draba cuneifolia Hutt. Desert Shrub. Coll. 322.

Erysimum canitalum (Dougl.) Greene. Scattered through the grassland 
type. In flower March 8, 1952. Collections 191 and 253.

Leoidium medium Greene. Abundant in grassland and desert shrub. 
Collections 160, 247, and 307.

Lasauerella fendleri (Gray) Wats. Scattered through desert shrub,
grassland, chaparral types. In flower March 3, 1952. Collections 
165 and 167.

Sisymbrium irlo L. Big Oak Flats. In flower Hoveober 28, 1952.
Coll. 121.

Crassulaceae

Echeveria coHomae (Rose) Kearney & Peebles. Common on rocky slopes 
in desert shrub. Identified by R. T. Clausen.

Flantanaceae

*Plantu3 wrightil Wats. Common in riparian zones.
Rosaceae

Amelanchier (oreophila or mormonica). Upper chaparral, Big Oak Flats 
and through pine forest. In flower April 13, 1953. Collections 
429 and 450. • *

*Cercocarpus montanus Ref. Common to abundant in chaparral. In flower 
March 8, 1952.

Potentilla glandulosa Lindl. Pigeon Springs. Coll. 454.

Prunus virens. (loot. & Standi.) Shreve. Big Oak Flats; scattered 
in pine forest. Collections 109 and 236.

XRubus arizonansis Focke. Upper Chillicut canyon.

Leguminosae
Acacia constricta Benth. Common in lower two types. Coll. 94.
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Acacia greggii Gray. Common to abundant in desert shrub; common 
in grassland. Scattered flowers October 19, 1951. Collections 
46 and 93.

Amornha fruticosa L. Scattered through the pine forest. Coll. 456.

Astragalus lentiginosus Dougl. In the chaparral near Big Oak Flats.
In flower April 17, 1952. Coll. 242.

Astragalus nuttallianus D.C. Common, scattered through desert shrub 
and grassland. In flower May 2, 1952. Collections 261 and 300.

Astragalus tenhrodes Gray. Chaparral; scattered. In flower
December 16, 1951 and February 22, 1952. Collections 130 and 237.

Calliandra eriophvlla Benth. Common to abundant in lower two types.
In flower September 20, 1951. Coll. 77.

^Cassia covesii Gray. Scattered along roadsides. In flower May 7, 1952.
*Gercidium floridum Benth. Abundant in desert shrub, extending into 

grasslands. In flower May 2, 1952.

*Cercidium microphyllum (Torr.) Rose & Johnston. Abundant in desert 
shrub.

Dalea formosa Torr. Scattered along the Roosevelt road. In flower 
April 12, 1953. No collection number.

Dalea parrvi Torr. & Gray. Desert shrub. In flower April 9, 1952. 
Collections 268 and 362.

Krameria gravi Rose & Fainter. Common in grassland. In flower 
September 25, 1951, and May 3, 1952. Coll. 141.

lathvrus laetivirens Greene. Pine Mountain. Coll. 381.

Lotus humistratus Greene. Common in desert shrub. In flower March 16,
1952. Collections 183, 225, and 315.

Lotus rigidus (Benth.) Greene. Common, scattered through lower three 
7 types. In flower February 7, 1952. Coll. 35.
Lotus salsuginosus Greene. Common in desert shrub. In flower March 

16, 1952. Collections 184, 222, 224, and 312.

Lotus tomentellus Greene. Desert shrub. In flower March 26, 1952. 
Collections 223, and 263.

Lotus wrightii (Gray) Greene. Upper chaparral and pine forest. Coll. 423.
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Luoimts bicolor Lindl. Rock Greek. In flower March 2, 1952. 
Collections 161 and 292.

Luoinns concixmus Agardh. Desert shrub and grassland. In 
flower March 26, 1952. Coll. 215.

Lupinus palmer! Wats. Upper chaparral, Big Oak Flats and pine 
forest. In flower April 12, 1953. Coll. 332.

Lupinus sparsiflorus Benth. Common to abundant. Desert shrub and 
grassland. In flower March 7, 1952. Coll. 172.

Lupinus succulentus Dougl. Along the Roosevelt road. Nearly 
through flowering April 10, 1952. Coll. 272.

^Mimosa biuncifera Benth. Chaparral to lower pine forest.

*Prosopis .iuliflora (Swartz) DC. Abundant. Desert shrub and desert 
grassland.

ftRobinia neomexicana Gray. Scattered through pine forest.

Trifolium lacerum Greene. Grassland, riparian woodland and
chaparral. In flower April 10, 1952. Collections 238 and 
289.

Vida exigua Nutt. North shore of Apache Lake, desert shrub.
In flower May 7, 1952. Coll. 343.

Geraniaceae

Brodium cicutarium (L.) L*Her. Common to abundant in lower three 
types. In full bloom about February 1, 1952. Collections 138 
and 139.

Brodium texanum Gray. Scattered through desert shrub and grassland. 
In flower March 19, 1952. Collections 195 and 266.

Geranium eremophilum Woot. & Standi. Riparian woodland at Pigeon 
Springs. In flower July 1, 1952. Coll. 452.

Zygophyllaceae

*Larrea tridentata (DC.) Goville. Locally abundant in desert shrub.
*" First bloom about April 9, 1952.

Rutaceae

Ptelea angustifolja Benth. Pine mountain. Coll. 426
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Janusia gracilis Gray. Vine on desert shrubs. In flower October 17, 
1951 and May 6, 1952. Collections 23 and 333.

Euphorbiaceae

Euphorbia caoitellata Engelm. Desert shrub to chaparral. In flower 
October 19, 1951 and May 2, 1952. Collections 36, 304, and 368.

Euphorbia incisa Engelm. "Rock Creek. In flower March 2, 1952.
Coll. 163. '

Euphorbia melanadenia Torr. Desert shrub and desert grassland. In 
flower October 12, 1951 and May 1, 1952. Collections 13, 293, 
and 367.

Euphorbia setiloba Engelm. Desert shrub. In flower October 19, 1952. 
Coll. 51.

Buxaceae

Simmondsia chinensis (Link) Schneid. Dominant in upper portions of 
the desert shrub. In flower May 1, 1952.

Anacardiaceae

*Ehus glabra L. Higher elevations on Four-Peaks.

*Rhus ovata Wats. Common to abundant in chaparral. In flower 
April 12, 1953.

*Rhus radleans L. Uncommon in riparian woodland.

*Rhus trilobata Nutt. Common in chaparral. First bloom March 3, 1952.

Celastraceae

*Canotia holacantha Torr. Scattered throughout the, upper portions 
of the desert shrub type.

Aceraceae

*Acer spp. Riparian woodland at high elevations.

Rhamnsceae

Ceanothus greggii Gray. Common to abundant in chaparral. In flower 
larch 3, 30952. Coll. 212.
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Geanothus fendleri Gray. Scattered through pine forest. In flower 
July 2, 1952. Coll. 453.

Ceanothus integerrimua Hook & arn. Upper chaparral and pine
forest. In flower October 28, 1952. Collections 62 and 64.

Condalia lycoides (Gray) T'eberb. Common in the desert shrub type. 
Collections 54 and 89.

Rhamnus californica Esch. Upper chaparral and pine forest. 
Collections 97 and 416.

Rhamnus ceocea Nutt. Common in chaparral. . In flower November 2,
1951. Collections 44 and 81.

Vitaceae

*Vitis arizonica Engeln. Scattered through riparian woodland. 
Malvaceae

Gossyniura thurberi Tcdaro. North side of Apache Lake; desert shrub. 
Coll. 361.

Hibiscus coulteri Harv. North side of Apache Lake; desert shrub.
In flower April 10, 1952. Coll. 256.

Malva neglecta 7/allr. Big Oak Flats. Coll. 123.

Sphaoralcea spp. At least two species scattered through all types.

Sterculiaceae

Fremontia californica Torr. Granite Springs. In flower June 17,
1952. Coll. 410.

Cactaceae

%Carneeiea gleantea (Engelm.) Britt. & Rose. Scattered on all south 
facing slopes at the lower elevations.

*Echinocerous triglochidatus Engelm. Common to abundant in desert 
shrub to grassland.

*?erocaetus wlzlizeni (Engelm.). Britt. & Rose. Scattered through 
desert shrub. .

"Hannillaria spp. Relatively common scattered through desert shrub, 
especially in rocky areas. Not seen in flower.
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KQpuntia acanthocarpa Engelm. St Bigel. Common through desert shrub 
and grassland. In flower May 2, 1952.

SQpuntia bigelovii Engelm.- Common on warm slopes in southern part 
of area. In flower May 23, 1951..

ttQpuntia enrelmannii Salm-Dyck. Common to.abundant in lower zones, 
occasional in upper. First bloom April 25, 1952.

KQpunfcia fulgida Engelm. Locally abundant on the south slopes and 
in deteriorated portions of the grassland.

*Qpuntia leotocaulis DC. Scattered through desert shrub; uncommon.
In flower May 23, 1952.

*Opuntia phaeacantha Engelm. Common, scattered through desert shrub.
In flower May 7, 1952.

Onagraceae *

Oenothera micrantha Hornem. Scattered through desert shrub and
grassland. In flower March 16, 1952. Collections 179, 201, and
3H. , . - •

Umbelliferae

Pseudocvmopterus montanus (Gray) Coult. & Rose. Pine Mountain 
In flower and fruit June 18, 1952. Coll. 385.

Spermolepis echinata (Nutti) Keller. Desert shrub. In flower 
May 4, 1952. Coll. 320.

Cornaceae

Garrva flavenscens Wats. Scattered throughout the upper portion of 
chaparral. Coll. 74. ' .

Garrya wrightii Torr. Upper part of chaparral. Coll. 432.

Ericaceae

Arctostaphylos pringlei Parry. Upper portion of chaparral.
Collections 210 and 428.

Arctostaphylos pungens H.B.K. Common to abundant above lower chaparral. 
In flower December 15, 1951. Collections 43 and 133.

Fouquieriaceae

*Fouquieria splendcns Engelm. Common on eastern to southern exposures.
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Fraxinus lovrellii Sarg. . Upper chaparral and pine forest. Coll. 65.

Menodora scabra Gray. North shore of apache Lake; desert shrub.
In flower May 7, 1952.. Coll. 364.

Mendora scouaria Engelm. Scattered through desert shrub.
Collections.54 and 326.

Asclepiadaceae

Asplenias canricornu Woodson. Grassland and chaparral. In flower 
May 25, 1952. Collections 364 and 388.

Asplenias tuberosa L. Pine forest. In flower June 30, 1952.
Coll. 434.

Punastrum heteronhvllum (Bnelem.) Standi. Desert sand washes.
In flower October 19, 1951. Coll. 37.

Gonvolvulaceae

Convolvulus linearilobus Eastw. Chaparral near Granite Springs.
In flower June 17, 1952. Coll. 420.

*Cuscuta spp. Common in grassland:and lower chaparral.

Evolvus arizonicus Gray. Grassland and riparian woodland. In 
flower September 23, 1951 and April 27, 1952. Coll. 76.

Polemoniaceae

Collomia grandiflora Dougl. Pigeon Springs. Coll. 443.

Eriastrum diffusum (Gray) Mason. Common in desert shrub and grass
land. In flower May 2, 1952. Collections 301, 325, and 345.

Gilia sinuata Dougl. North shore Apache Lake; desert shrub. In 
flower March 27, 1952. Coll. 218.

Gilia spp. Scattered through all types. Collections 192, 200, 323, 
347, 349, and 370.

Hydrophyllaceae

Eriodictyon angustifolium Nutt. Upper chaparral. Collections 110, 
365, and 417.

Phacelia distans Benth. Common through desert shrub. Coll. 317.
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Boraginacese

Axasinckia intermedia Fisch. & Meyer. Common to abundant in lower 
two types. Collections 167 and 168.

Crvutantha nevadensis Mels. & Kenn. Desert shrub. Coll. 306.

Fectocarva recurvata Johnst. Common in desert shrub. Collections 
186 and 297•

Verbenaccae

Verbena spp. Sand washes in desert shrub. In flower February 11,
1952. Collections 146 and 228.

Verbena bioinnatifida Nutt. Granite Springs. In flower June 17,
1952. Coll. 415.

Alovsia urightii (Gray) Heller. North shore of Apache Lake; 
desert shrub. Coll. 344.

Labiatad

Hedeoma oblongifolium (Gray) Heller. Desert shrub. In May 2, 1952.
Coll. 302. ,

Monarda menthaefolia Graham. Upper chaparral and pine forest. In 
flower June 17, 1952. Coll. 411.

Salvia columbariae Benth. Desert shrub. In flower March 16, 1952.
Coll. 188.

Scutellaria notosina T. S. Brandeg, Riparian woodland near cabin,
to pine forest. In flower October 28, 1951. Collections 58 and 442.

Solonaceae

Datura meteloides DC. Scattered through desert washes. Coll. 69.

Lycium exsertura Gray. Scattered through desert shrub. In flower 
March 7, 1952. Collections 92 and 176.

^Nicotians glauca Graham. Along sand washes in desert shrub.

Nicotiana trigonophylla Dunal. Collected along Roosevelt road.
Coll.”557

Fhvsalis nubescens L. Desert shrub. In flower May 6 , 1952.
Coll. 340.
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Solanum xanti Gray. Lower edge of chaparral and above. In flower 
April 13, 1953* Collections 366 and 418.

Scrophulariaceae

Pastille.ia chrosoiaa A. Mels. Scattered along Roosevelt road. In 
flower February 28, 1952. Collections 156 and 164.

Pastille .ia confusa Greene. Pine Mountain. In flower June 18, 1952. 
Coll. 431.

Minulus guttatus DC. In'wet places in riparian woodlands. In flower 
March 30, 1952. Coll. 233.

Ortho car rms mmurascens Benth. Scattered commonly through desert 
shrub and grassland. In flower March 27, 1952. Collections 219 
and 231. -

Penstemon barbatus (Cav.) Roth. Pigeon Springs. In flower July 1, 
1952. Coll. 441.

Penstemon brldgesil Gray. Granite Springs. In flower June 17, 1952. 
Coll. 412.

Penstemon eatoni Gray. Upper chaparral and pine forest. In flower 
June 17, 1952. Coll. 413.

Penstemon linarioides Gray. Granite Springs. In flower June 17, 
1952. Coll. 422.

Penstemon microphvllus Gray. Desert shrub and grassland. In flower 
April 10, 1952. Coll. 267.

^Penstemon parrvi Gray. Scattered throughout the chaparral and pine 
types.

Scrophularia narviflora Moot. & Standi. Upper chaparral and pine 
forest. In flower June 17, 1952. Coll. 415.

Bignoniaceae

Chilopsis linearis (Cav.) Sweet. Scattered through riparian woodland 
and desert washes. Collections 45 and 80.

Martyniaceae

Proboscides narviflora (Wooton) loot. & Standi. Rock Creek. In ■ 
flower October 13, 1951. Coll. 18.
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Orobanchaceae

Orobanche multiflora Nutt. North slope of Four-Peaks "frail road 
about one-half mile west of the Roosevelt road. In flower 
May 2, 1952. Coll. 313.

Acanthaceae

Anlsacanthus thurgeri (Torr.) Gray. Scattered through riparian 
woodland and desert washes. In flower May 2, 1952. Coll. 33.

Plantaginaceae

Plantaeo insularis Eastw. . Desert shrub. Coll. 229.

Plantago purshii Roem. & Schult. Desert shrub and grassland. 
Collections 294 and 369A.

Plantaeo vireinica L. Found along Rock Creek.
Rubiaceae

Galium uroliferum Gray. North shore Apache Lake. Coll. 348.

Galium Stellaturn Kellogg. Scattered through desert shrub. 
Collections 252, 351, and 358.

Galium spp. Collected at Big Oak Flats.

Caprifoliaceae

Lonicera spp. Collected in the chaparral near Big Oak Flats. 
Collections 150 and 126.

*Sambucus mexicana Presl. Scattered through desert washes and in 
the riparian woodland along Rock Creek.

Curcurbitaceae

*Cucurbita digitate Gray. In desert washes.

Marah gilensis Greene. Scattered through desert washes. Collections 
149, 174, and 214.

Compositae

*Ambrosia artemisiifolia L. Common in lower three types.

Aplopappus heterophyllus (Gray) Blake, Uncommon along Roosevelt road. 
Identified by K. 1. Parker

Aplopappus laricifolius Gray. The most abundant plant in the desert 
shrub. Collections 21 and 70. .
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Aplopapms spinulosus (Purgh.) DC. Scattered through desert shrub and 
grassland, and riparian woodland. Coll. 22. -

Artemisia carruthii Wood. Pine forest. Coll. 383•

Artemisia ludoviciana Nutt. Scattered through grassland, chaparral 
and riparian woodland. In flower October 12, 1951. Coll. 10.

Aster bigelovii Gray. Chaparral and,riparian woodland. In flower 
October 13> 1951. Collections 15 and 112.

Aster tasetinus (Greene) Blake. Big Oak Flats. Coll. 115.

Aster tanacetifolius H.B.K. Rock Creek. Coll. 128.

Baccharis glutinosa Pers. Common in desert washes. Collections 
30 and 205.

Baccharis sarothroides Gray. Common in desert washes. Coll. 50.

Baeria chrysostoma Fisch. & Mey. Common to abundant in desert
shrub and grassland. In flower March 15, 1952. Collections 
190 and 324. t

Baileva multiradiata Harv. & Gray. Common to abundant on warm 
slopes at low elevations and along the Roosevelt road.
Occasional flowers all winter. Coll, 88.

Brickellia californica (Torn. & Gray) Gray. Desert shrub and 
riparian woodland. Collections 47 and 86.

Girsium neomexicanum Gray. Desert shrub to pine forest. In flower 
March 31, 1952. Collections 279 and 430.

Dvssodia porophvlloides Gray. Desert shrub and grassland.
Collections 327 and 353.

Encelia farinosa Gray. Common to abundant on warm slopes, at lower 
elevations and along.the Roosevelt road. Occasional plants 
were found in bloom all winter. Coll. 134.

Encelia frutescens Gray. Desert shrub, less common than E. farinosa. 
In flower October 17, 1951. Collections 29 and 342. ~

Erigeron divergens Torr. & Gray. Desert shrub to pine forest. In 
flower October 28, 1951, January 17, 1952. Collections 59, 68, 
127, 142, 278, 372, and 421.

Eriophvllum lanosum Gray. Scattered through desert shrub. Coll. 338.
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Gutierresia sarothrae (Purah.) Britt. & Buatgr. Common to abundant 
in lower two types, scattered through chaparral and pine forest. 
Collections 19 and 73.

Helianthus annuus L. Rock Creek. Coll. 5.

Hymenoclea aonoavra Torr. & Gray. Common in desert washes. Coll. 31.

Melantodiun leucanthum Torr. & Tray. Common scattered through desert 
shrub and grassland. Collections 7, 221, and 243. In flower 
March 21, 1952.

Microseris linearfolin. (DC.) Schultz Bip. Common, scattered through 
desert shrub and grassland. Coll. 277.

Perezia wrightli Gray. North shore of Apache Lake; desert shrub.
Coll. 354.

Pluchea sericea (Nutt.) Coville. Along Lake shores. Coll. 258.

Porophyllum gracile Benth. Desert shrub. Coll. 40.

Psilostronhe cooperi (Gray) Greene. Scattered through desert shrub. 
Collections 350 and 352. .

Rafinesauia californica Nutt. Rock Creek. In flower April 24,
1952. Coll. 280.

Senecio neomexicanus Gray. Scattered through all types. Coll. 414.

Senecio quercetorum Greene. Rock Creek. In flower April 24, 1951.
Coll. 281.

Solidago sparsiflora Gray. Riparian woodland to pine forest. Coll. 67.

Sir;Iodine gnaphalioides Nutt. Desert shrub. Coll. 319.

Trixis califomica Kellogg. In desert shrub type, north slope of the 
Four-Peaks Trail road. Coll. 305.

Xanthiun saccharaturn Wallr. Scattered through all types. Coll. 98.
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DEER FOODS

The foregoing quadrat studies, when combined with the floral 

lists, present an inventory of the plants available to deer on the 

study area. Yfhich of these plants were utilized by deer, and what 

was the relative importance of the various species is as yet unknown. 

To date no studies have been made of the food habits of the deer 

in the chaparral belt of Arizona. Until such a study has been 

carried out, the evaluation of forage plants must be based on the 

work of authors in other parts of Arizona, or in nearby states.
In Table 10 a compilation has been made of deer foods found by 

authors working in other areas. Nichol (1938) was used as the 

main reference, with Dixon (1934), Longhurst et al (1952) and 
Robinette et al (1952) as supplementary references. Plants were 

listed, according to their relative importance, as low, medium or 
high.

In the forage ratings of various authors the Ceanothus group 

was most frequently mentioned as one of the best of the browse 

plants. All three species found on the study area were mentioned 

by the authors cited, and all with a fair or good rating. This 

group was also important in the California chaparral regions 

where it was represented by additional species. R'hamnus croCea, 

a common shrub on the Three-Bar area, was considered a prime 

browse species in several areas in California. Quercus. because

of its abundance, probably outranks Ceanothus in total usage by
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deer. Hone of the authors cited mentioned the scrub live oak 

(Onerous turbinella): but Longhurst et al (1952) considered the 

very closely related Quercus dumosa a good browse species, and Dixon 

(1934) considered it of great importance. Eriogonum and Calliandra. 

both abundant plants on the study area, were considered to be of 

high forage value. Cercocarnus was another group which was cited 

by a number of authors in addition to those above as a group of 

good to excellent forage species.

Several of the genera found on the study area were represented 

by one or more species in other localities. The direct comparison 

of the various species within such a group is questionable. Within 
the few species listed in Table 10, it will be noted that several 

have been assigned different values by different authors. The 

value of a forage plant depends to a large extent on local conditions. 

The presence and abundance of other species of higher palatability, 

the grazing pressure on the range, and the season of use on the range 

will vary from place to place, and the value of various browse species 

will also vary. During the current study, very little evidence of 

deer use was found, despite the number of deer observed. The chaparral 

range largely used by the deer was so dense that only close obser

vation yielded evidence of browsing. This survey of the foods present 

on the Three-Bar area may provide a basis for later more detailed work

to determine the preference ratings and utilization of the various
■............. """ "  ':types of vegetation throughout the year.
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Table 10. Species of plants occurring on the study area and 
their probable value as deer browse plants according to Nichol (1938), 
Dixon (1934), Longhurst et al (1952) and Robinette et al (1952).

Rating Glass
Trees and shrubs Poor Fair Good

Finns oonderosa 1*
Juninerus denneana 1
Julians manor 
Quercus emoryi

1
1

Quercus pambelii 1,4
Geltis nallida 1
Celtis reticulata 
Morns micronhvlla 1

1
Phorandendrom californicum 
Erioponum wriphtii

2
1

Erioponum fasciculeturn 
Clematis lipusticifolia 
Cercocarnus sou.

2
3**

1,2
Galliandra eriophylla 
Cercidim floridum 1 3

1

Luoinus sou. 1,2
Prosoois .iuliflora 1 3 -
Vicia exipndL 1
Janusia pracilis 3 1
Rhus ovata 3
Rhus trilobata 2 1
Geanothus preppii 
Ceanothus fendleri

3
1,4

Geanothus integerrimus 
Rhamnus californica 1 4

2,3

Hhamnus crecea 3
Vitus arizonica 
Fremontia californica 2 3

1
Garrva flavenscens 
Garrva wriphtii 1

3

Arctostanhvlos ounpens 
Fouaieria solendens

1
3

Lonicera interruota 
Briclcellia californica

2
. 1

Guteirrezia sarothorae 1,4



Grasses and Forts

Bouteloua curtioendula 
Bouteloua rothrickii 
Festuca Pacifica 
Sitanion hystrix 
Trichachne californica

Rating Class 
Poor Fair Good

Rumex orisons 
Anemone tuberosa 
Escholtzia spp. 
Lotus Tirightii 
Erodium cicutarium

1

2

2
1
1
1

Oenothera spp.
Plantapo insularis 
Microseris Hnearifolia

1
1,2
1

* Nicholas palatatility percentages mere broken dovm to 
fit this table. 1 to 25 was considered poor, 26 to 60 
fair, and 61 to 100 was considered good.

Species listed in Appendix C of Longhurst et al (1952) 
but not mentioned in the text as of prime importance were 
classified as fair here.
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r
FAUNAL STUDIES

AMPHIBIANS AND REPTILES .

As opportunity arose herpetological specimens were collected 

and preserved. No particular effort was expended in hunting 

amphibians and reptiles, but periodically they were easily caught, 
were found dead on the road (hereafter designated by the letters 

DORO or they stumbled into traps set for small animals. A total of 

forty-five specimens was preserved by mej a few specimens were also 

preserved by others as noted below.

Unless otherwise noted all specimens were taken in the vicinity 

of the cabin in Rock Creek at an elevation of 2,800 feet where I 

lived during the study. For other collecting localities mentioned, 

reference will be found in Appendix C. All specimens were collected 

between September 1, 1951 and August 21, 1952, and were deposited in 
the vertebrate collection at the University of Arizona. Identifications 

were made by Charles H. Lowe, Jr. These records will supplement 

those made on the western side of Roosevelt Lake by Little (1940). 
Amphibians ^

Bufo nunctatus. Three were taken along Rock Creek; one 

September 8, and two in August.

Reptiles —  Lizards

Sauromalus obesus. Three were collected and preserved by Lyle K. 

Sowls. Two were taken by Roosevelt Dam, June 25, and August 6, and 

one was taken 3 miles northwest, of the dam along Roosevelt Road, May 9.

Callisaurus draconoides. Two were preserved Sept. 24, and one Oct. 1.



1

94

two in October, one on November 9, and one in August.
Heloderma suspectum. One was seen along the Roosevelt Road, 

and several were, seen along the Apache Trail just south of the 

area, across Salt River. None were preserved.

Reptiles —  Snakes

I.lasticophis bilineatus. One was found DOR 3 miles northwest 

of Roosevelt Dam, September 9.

Masticophis taeniatus. One was caught at Granite Springs, June 13.

Pituoohis catenifer. One was found DOR on the Roosevelt Road 

in August.

Lampropeltis getulus. One was found DOR, 4 miles northwest of 
Roosevelt Dam, April 3.

Rhinocheilus lecontei. One was found DOR on the Roosevelt Road 

in May.
Thamnophis subcarinatus. Two were caught along Rock Greek near 

the cabin September 8 and May 29.

Trimorphodon lambda. One was found DOR 3 miles northwest of 

Roosevelt Dam, October 16.

Micururoides eurvxanthus. One was caught by William H. Brown 

as it was actively crawling through a grassy clearing just above the 

cabin. It was taken at 5*30 P. M., June 13. The temperature was 

32 degrees centigrade.

Crotalus atrox. Three were preserved, all found on the Roosevelt 

Road or at the lower end of the Four-Peaks Trail Road. One was taken 

5 miles northwest of Roosevelt Dam, April 10j one in the lower portion
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Crotaphytus collaris. One was caught in a rat trap set in a 

grassland area 6.25 miles west-northwest of Roosevelt, June 14-

Sceloporus clarki. One was shot from a cottonwood tree at a 

seepage in the chaparral at Fox Gulch, September 21. Another was 

taken at the cabin November 9.

Sceloporus magister. A juvenile was taken at the cabin.

Sceloporus undulatus. This species was common about the cabin; 
frequently they were found inside when it had been vacant for a 

period. Seven were preserved, four in September, one November 9, 

and two in June.

Prosaurus ornatus. One was taken in an area of grassland and 

chaparral elements on the north side of Rock Creek about a mile 
west of the cabin, April 10.

Phrvnosoma douglassi. This species of horned toad was taken 

at Granite Springs, elevation about 5,000 feet, June 17.

Phrynosona solare. Two were preserved. One was taken in the desert 

shrub 7.5.miles northwest of Roosevelt, April 10. Another was caught 

in a small mammal trap in the grassland zone 5.5 miles west-northwest 
of Roosevelt, June 14.

Eumecos obsoletus. This skink was caught in a mouse trap 

set in a clump of Yucca baccata at the lower edge of the grass zone,

5 miles west-northwest of Roosevelt, September 5.

Cnemidophorus tigris. This species was taken at the cabin; one 

specimen September 8, and another in October.

Gerrhonotus king!. Five were taken at the cabin, one in September,
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of the Four-Peaks Trail Road, April 23; and one near the entrance to 

the Trail road, August 21.

Crotalus molossus. Two were preserved, one from Rock Greek near 

the cabin, October 12, and one caught in a small mammal trap set 

near Roosevelt Dam, August 13. The second specimen was caught in 

the trap by several belly scutes.

Crotalus scutulatus. One was killed on the Roosevelt Road 

near the entrance to the Four-Peaks Trail road August 21.

Crotalus viridis. One was collected in the pine forest on the 

north slope of Four-Peaks, August 18. The elevation was about 6,500 

feet.

SOME SUMMER BIRDS OF THE THREE-BAR AREA.

, A complete study of the birds found on an area as diverse in 

habitat as the Three-Bar would be an extensive project in itself. 

Consequently, only a general consideration is given here of the major 

breeding and summer birds which are characteristic or common in the 

various vegetational types on the area. Each of the types have birds 

which are more or less restricted to them; but because a species is 

listed under one vegetational type does not necessarily mean it is 

restricted solely to that type. The lists here presented are largely 

field observations of birds present during the breeding season in 

the various habitats discussed. Terminology is that of the American 

Ornithologists Union Checklist of North American Birds, 1931 edition 

and supplements.

The birds found breeding in the pine type are largely those
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with boreal affinities. These tend to be somewhat rigidly restricted 

in their habitat preference. This is consistent with the distinct

ness of the pine type as compared with the other types found on the 

area. Local ranchers informed me of the former occurrence of the

Wild Turkey on Four-Peaks. Some of the typical birds of the pine type

are:

Red-shafted Flicker 
Hairy Woodpecker 
Western Wood Pewee 
Steller’s Jay 
Mountain chickadee 
White-breasted Nuthatch 
Pygmy Nuthatch 
Robin
Audubon’s Warbler 
Hepatic Tanager 
Black-headed Grosbeak

Colantes cafer 
Dendrocooos villosus 
Contopus richardsoni 
Cvanocitta stelleri 
Parus gambeli 
Sitta carolinensis 
Sitta pygmaea 
Turdus migratorius 
Dendroica auduboni 
Piranga flava 
Pheucticus melanocephalus

The birds of the chaparral also tend to be more restricted in

their habitat preference than those of the lower types, but are 
somewhat less sharply restricted than those of the higher types. Band

tailed Pigeons were found during the summer both in the pines, and at

Big Oak Flats at the base of the mountain. Characteristic birds of the 

chaparral are:

Scrub Jay 
Bridled Titmouse 
Brush-Tit 
Bewick’s Wren 
Crissal Thrasher 
Scott’s Oriole 
Lazuli Bunting 
Spotted Towhee 
Black-Shinned Sparrow

Aphelocoma coerulescens 
Parus wollweberi 
Psaltriparus minimus 
Thryomanes bewickii 
Toxostoma dorsale 
Icterus oarisorum 
Passerina amoena 
Pioilo maculatus 
Soizella atrogularis

Very few birds were observed to breed in the grassland type. 

Birds of both the chaparral and desert shrub tended to spread into
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the edges of the grassland and along washes where shrubby plants 

are found. The only species noted to be more or less restricted 

to the grass type was the Rufous-crowned Sparrow (iimonhila rufjeeps) 

which was found at the high parts of the grass area where rocky out

crops occurred.

The washes of the desert zone had the highest populations of

birds in this type. In each of the types, the areas of most diversity 

attracted the greatest number of birds. Thickets of Celtis pallida.

Lvcium. and other favored shrubs were found in the washes. Some of

the typical birds were:

Texas Nighthawk
Ladder-backed Woodpecker
Cactus Wren
Canyon Wren
Curve-billed Thrasher
Mockingbird
Verdin
Plumbeous Gnatcatcher 
Desert Sparrow

Chordeiles acutipennis 
Dencrocopos scalaris 
Campylorhvnchus brunneicaoillus 
Catherpes mexicanus 
Toxostoaa curvirostre 
Mimus polvelottos 
Auriparua flaviceps 
Polioptila melanura 
Amphispiza bilineata

The cotton-sycamore association along the stream bottoms, especially

Rock Creek where this was well developed, contained the largest variety 

of birds. Not only did the riparian woodland have its own characteristic

species, but some from the adjoining types were also found there. Most

of the birds typical of the riparian woodland were tree-nesting species.

Cooper*s Hawk Accioiter cooperii
Zone-tailed Hawk Buteo albonotatus
White-winged Dove Zenaida asiatica
Common Screech Owl Otus asio
Black-chinned Hummingbird . Archilochus alexandri
Western Kingbird Tvrannus verticalis
Ash-throated Flycatcher Mviarchus cinerascens
Yellow Warbler Dendroica petechia
Yellow-breasted Chat Icteris virens
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Hooded Oriole 
Summer Tanagor 
Cardinal
Green-backed Goldfinsh

Icterus cucullatus 
Piranga rubra 
Richmondena cardinalis 
Soirius psaltria

Several species were widespread on the area and not restricted 

to any one vegetative type. Some were dependent on upon cover, some

on holes to nest in, and some on

nest in. Where these conditions

were found:

Gambel's Quail^
Great Horned Owl 
Elf Owl''1 
Poor-will 
Mourning Dove 
Rock Wren
Common Raven ,
Brown-headed Cowbird'^

^ B e l o w  the pine type.

the right size tree or shrub to 

were favorable the following species

Lonhortyx gambelii 
Bubo virgin!anus 
Micrathene whitnevi 
Phalaenontilus nattallii 
Zenaidur macroura 
Salpinctes obsoletus 
Corvus corax 
Molothrus ater

./
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Tliroughout the course of this study manmalogical data uere 

secured. Records were kept of large game .mammals seen, including 

deer, bear and javalina; records of predators trapped by personnel 

of the Predator Control Division of the U. S. Fish and 7'ildlife 

Service were obtained for the area; and trap lines were set for 

small mammals.

No attempt was made to survey remote sections except as they 

were covered while making the floral studies. .'Resultantly,■these 

data are most complete for the lower part of the study area, the 

desert shrub typo, and least complete for the highest part, the 

pine forest. Trap nights (l) for small mammals totaled 1,421, with 

a catch of 91 animals, giving a 6.4^ success figure. This figure 

would probably have been higher if not for the fact that a number 

of trap lines were set at random, without special selection of trap 

site, and yielded very poor returns. The following is a breakdown 

of the trapping results by vegetational types: (l)

Vegetation Type Tran Nights Catch Success

Desert Shrub 710 64 9.012

Desert Grassland 418 16 3.732
Chaparral 202 3 1.482
Pine . 91 8 8.792
(l) One trap night means one trap set for ono night.

In addition, pocket gophers were trapped when possible, and 

ground squirrels, rabbits and bats were collected by shooting.
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The Arizona Game and Fish Commission cooperating with the 

Predator Control Division of the U. S. Fish and Wildlife Service 

had trappers working on the Three-Bar area for several months during 

this study. They attempted to lower the predator population prior 

to the release of chukar partridge. Their work was concentrated 

in the southern and especially the southwestern portions of the area 

where the birds were to be released. The program was aimed at coyotes 

and bobcats, but all predators and fur bearers trapped were destroyed. 
The records obtained from this source form the bulk of the data on 

these groups.

Throughout the course of this study a total of 135 mammals were 

preserved in whole or part as specimens. Most of these are in the 

author's personal collections. Others are at the.Museum of Comparative 

Zoology at Harvard College, Cambridge, Massachusetts. The locations 

and descriptions of trapping localities mentioned can be found in 

Appendix C.

Species Accounts

• -Myotis yumanensis. Four bats of this species were taken in a 

tunnel of the canal diverting water into the powerhouse at Roosevelt 

Dam. One was preserved as a study skin and the others were preserved 
in alcohol.

Myotis velifer. This species was much more common in the tunnel 

at Roosevelt Dam than M. yumanensis. One was preserved as a skin, and 
six were preserved in alcohol.

Myotis evotis. Four were secured June 18 and 19, 1952 at 

Granite Springs, at an elevation of about 5>000 feet. At dusk as
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they dipped dovm to drink, they were collected by knocking them into 

the water trough with a leafy oak branch. Three females had well- 

developed mammae and were probably lactating.

Myotis Californians. One of these small bats was shot as it 

flew over Rock Creek, in front of,the cabin, by Lyle K. Sowls, on 

September 21, 1951.
1,'yotis subulatus. A. female with well-developed mammae was 

taken at Granite Springs at the same time as the M. evotis.

Entesicus fuscus. - A number of large bats presumably of this 

species were seen about the cabin on Rock Greek in the fall months.

One adult female of this species was secured there September 21, 1951.

Tadarida mexicana. A free-tailed bat, attracted by several 

gasoline lanterns hung in the trees about the cabin, was found 

crawling over sleeping equipment spread on the ground in the evening 

of August 21, 1952. It was kept alive without food for six days 

during which afternoon temperatures ranged in the high 90*s. It 

was then killed and prepared as a study skin.

Letrus californicus. Jack rabbits were common in the lower 

parts of the study area. A lactating female containing no embryos 

was taken March 14) 1952.

Sylvilagus auduboni. Cottontails were slightly less common 

than jack rabbits. They were seen frequently along desert washes; 

but one individual, which presumably was this species, was seen in 

the pine forest. There was probably a population of cottontails 

at all elevations. Females taken January 25) and April 29, 1952



vrere lactating; one taken March 7 contained three 40-milliineter 

embryos and vzas lactating.

Scinris aberti. No specimens of this tree squirrel v.'ere taken 

on the study area. . The species is listed on the basis of several 

good sight records by D. J. Illige of the Arizona Game and Fish 

Commission and by me. Abert's squirrels uere seen or heard on . 
nearly every trip made into the pine type; and the cores of nholly 

or partly eaten Fohderosa pine cones v/ere found commonly among the 

large trees. Several questionable sight records of tree squirrels 
occuring at Big Oak Flats v/ere reported during the study. If they 

were tree squirrels, they were far below the normal range of the 

present species. There is a possibility they may have been S. 

arizonica. which has never been taken in the vicinity.

Sperraonhilus variepatus. The rock squirrel was fairly common 

on the study.area, especially in the rocky slopes along the Roosevelt 
road. Three specimens were taken in the fall of 1951 and one in 

August, 1952. Two were taken along the Roosevelt road, one in Rock 

Creek Canyon near the cabin, the fourth was shot from the top of a 

Quercus turbinella along the Four-Peaks trail road. None of these was 

in breeding condition. -

Spermophilus harrisi. The antelope ground squirrel was most 
common in the rocky slopes along the Roosevelt road, but it was 

also found scattered throughout the desert shrub zone. Some vrere 

found in grassland areas. It was somewhat more common than the . 

rock squirrel. Five were taken for specimens. Two males, taken 

one-half mile east of Roosevelt Dam near some old foundations,

103
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February 1, 1952, had enlarged and descended testes, 10 x 19 and 

12 x 21 millimeters. Two.females taken at the same time contained 

no embryos.

Eutamias dorsalis. Normally a.species of the Upper Sonoran.and 

Transition Zone, the cliff.chipmunk on the study area ranged from 

2,000 feet in typically Lower Sonoran Zone to over 6,500 feet in the 

Transition Zone. There was a thriving colony in the cliffs around 

Roosevelt Dam. This area was grown to Simmondsia. mesouite. prickly 

pear, barrel cactus, and saguaro. They were also found scattered 

along Rock Creek above 2,600 feet. Two females taken at Roosevelt 

Dam February 8, 1952, had four and five embryos, k female found 

dead and unsalvable March 7, 1952 at Big Oak Flats appeared to be 

lactating. Two sub-adults were taken on the ridge north of Four-Peaks 

August 18, 1952.

Thomomvs bottae. The valley pocket gopher presents an interesting 

distributional picture. It was found from water level at Roosevelt 

Lake to the.pine-clad slopes of Four-Peaks. Gopher workings were 

common in the alluvial soils at the north end of Roosevelt Lake, 

and in the riparian zone along Rock Creek. Their mounds were less 

common, but scattered through the grass, chaparral, and pine types.

They ranged from soft sandy soils to coarse soils of decomposed 

granite.

Animals taken from September to December showed various stages 

of molt from an ochraceous summer pelage to a browner winter fur.

Three specimens from Granite Springs June 18, 1952 and one from the 

ridge north of Four-Peaks August 18, 1952 indicated the presence
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of two color phases in the population at high elevations.

Six males taken along Rock Creek from September 1951 to December 

1952, had enlarged and descended testes. They measured 12 x 7 to 

15 x 20, and 13 x 24 millimeters. & male taken March 28, 1952 had 

undescended testes 9 x 12 mm. Eight females taken from September 
to December were not lactating and had no embryos. Three adult 

females taken from the same locality April 13, 1953 were either 

lactating or contained embryos. One juvenile nearly grown was 

taken at this time.

Perognathus amplus. A single male was trapped on August 14, 1952 

along the Roosevelt road 0.3 miles south of Rock Creek. The plant 
association was dominated by Anlonaopus laricifolius. catclaw and 

mesquite. This was the only specimen of this genus taken in that 

locality in 73 trap nights during different seasons.

Perognathus baileyi♦ Eight of these large pocket mice were • 

taken by trapping, or were found dead on the study area between 

June and November 1952. This species ranged from areas of low 

desert shrub to open grassland. A female found dead on the Roosevelt 

road in August was lactating, but contained no embryos. A female 

taken August 13 had no embryos and was not lactating. Two males 

taken October 14 and November 30 had testes 2 x 4  and 2 x 5  milli

meters. Sub-adults were trapped June 14 and August 9.

Perofmathus penciliatus. A single female was trapped on a 

knoll above Granite Springs, June 18, 1952. The location was at 

the lower edge of the pine belt; the vegetation was a mix of 

pine and manzanita. The elevation was about 5,500 feet.
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Perognathua. cf. intermedius. An immature Perognathus. be

lieved to be of this species, was found dead on the road one mile 

northwest of Roosevelt Dam, August 20, 1952. As the animal had 

been mashed, only a part of the skin could be saved.

Dioodomvs merriami. The eleven specimens taken of this species 

do not indicate its relative abundancej it was relatively common in 

the lower vegetation types. It was not uncommon to see a half-dozen 

at night while driving the first two or three miles of the Four-Peaks 

trail road. Kangaroo rats ranged from desert shrub to the lower 

edge of the chaparral, but appeared to be most common in the lower 
sand washes.

Two adult males taken in November had enlarged and descended 

testes measuring 6 x 11 millimeters. Three .other November males 

had smaller testes which were not descended. Three females taken 
in November and January were not lactating and contained no embryos.

A sub-adult was taken -November 15, 1951.

Onvchomvs leucoeaster. Grasshopper mice appeared to be more 

easily trapped in the fall and winter months than in the summer.

One was trapped January 30, 1952, and six others were taken November 

4 and 30 of the same year. A greater number of trap nights in the 

same area during the summer yielded none. These mice ranged from 

desert shrub to the lower edge of the chaparral. Some were found 

in fairly open grassy areas.

Three females showed no signs of reproductive activity. A 

fourth taken November 4, had two fresh scars in each horn of the 

uterus; a fifth taken November 30 was lactating. A male taken
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November 30 had;undescended testes,3 x 6 millimeters.

Peromvscug eremicus. The two species of Peromvscus found on 

the area were difficult to distinguish, - and at the time I was un

able to distinguish them in the field. Consequently, a number of 

animals trapped were measured and then discarded before positive 

identifications were made. The data presented are from identified 

specimens.

Ten eremicus were preserved in my collection. They were, taken 

along the Roosevelt road near Roosevelt Dam, on the flats dominated 

by Anlonannus and Acacia just south of Rock Creek, and in the vicinity 

of the cabin on Rock Creek. At the cabin they were found in the same 

situation as P. boy111. ■

Peromvscus bovlii. Eleven P. boylii were preserved as study 

skins in my collection. These ranged from elevations of 2,800 feet 

to 6,500 feet. They were trapped among large boulders near Pigeon 

Springs, in open groves of pine, and around the cabin at Rock Creek. 

They appeared .uncommon in the pine type; but around the cabin this 

species and P. eremicus were relatively common. • -

Four females taken in September, November, and March were 

lactating or contained embryos; one taken February 25, 1952 was not 

lactating and contained no embryos. Three males taken in September, 

March, and June had testes enlarged and descended. A male taken 

November 5, 1951 had small testes 2.5 x 5 millimeters, not descended.

A nearly grown juvenile was taken November 5, 1951. '

Neotoma albigula. Pack rats were the most commonly taken species 

of the small mammals. Twenty were trapped; ten of these were pre-
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served as skins. They were found in all vegietational zones but 
appeared to be most abundant in rocky areas in the desert shrub 

types where cholla was common. One was trapped in the lower edge 

of the pines on the ridge north of Four-Peaks.

Of fourteen females, only one, taken in August, contained embryos. 

Males taken in June and August had testes enlarged and descended.
Erethizon sp. A group of biology students visiting the area 

May 10, 1952 killed a porcupine on Four-Peaks, but saved only a few 

quills. This was the only record obtained for the study area.

Oanis latrans. .A total of forty-one coyotes were taken on the 

Three-Bar Area between October 1951 and March 1952 by Federal predator 

control officers. Federal trappers took another fifty-three as skins. 

A female taken March 31, 1952 contained no embryos while another 

taken April 3, 1952 contained eight 17-millimeter embryos.

Urocyon cineroargenteus. Gray foxes were probably the most 

abundant carnivores on the study area and in the region about 

Roosevelt Lake. Fifty-four were taken by Federal predator trappers 

on the Three-Bar Area between October, 1951 and May, 1952. In 
January and February, 1953, an additional fifty-two were taken in - 

the vicinity of Roosevelt Lake by one trapper.

A female taken March 22, 1952, contained four embryos, each 

34 millimeters in crown to rump length; one taken April 7, 1952 was 

lactating and showed evidence of five uterine scars; another taken 

August 18, 1952, on the north slope of Four-Peaks, contained no 

embryos and was not lactating. A male taken March 22, 1952 had 

testes 14 x.20 millimeters. - «



Ursus americanus.. In past years bears were regularly hunted 

in Four-Peaks, and there are numerous local accounts of bears on 

the study area. Bear Spring was probably so named because of the 

bears bathing in the trough there. . Their droppings were encountered 

quite commonly on trails in the higher zones; and a few were found 

as low as Fox Gulch (elevation 3,500 feet) in the chaparral zone.

One was seen by a Forest Service trail crew near Granite.Springs 

on June 11, 1952.

Bassariscus astutus. During the. fall and winter months the 

guards at Roosevelt Dam trapped and held captive for various periods 
of time at least six ring-tailed data. Some of these became very 

tame and amenable to handling. They were kept chained with a collar 

or were kept in a pen at all times. Their food was as omnivorous 

as that of their captors. Raisins and other dried fruits were ' 

especially relished. A,lactating female was caught and released on 

July 13, 1952. v , i :

Procvon lotor. The only records for raccoon on the study area 

were made by the guards at Roosevelt Dam while trapping Bassariscus. 

Raccoons frequently released the traps, usually without getting 

caught. The guards did trap several, two juveniles in the fall and 

early winter of 1951, and a large adult male in the following spring. 

None were saved as specimens. :

Taxidea taxus. Seven badgers were trapped, from the study area 

during the October to March trapping period. The one saved, a 

female taken April 3, contained eight 17-millimeter embryos.
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Mephitis mephitis. Federal trappers reported taking only five 

skunks within the above trapping period. No reference to species 

was given, but probably the majority, if not all, were of this . 

species. - A male trapped in Rock Creek Canyon, October 26, 1951 was 

saved as a specimen.

Spilogale gracilis. Local ranchers have reported trapping 

"hydrophobia skunks" on the study area in past years. They reported 

them as scarce. No definite record was established.

Lynx rtjfus. Federal trappers took nineteen bobcats on the area 

and fifteen in the vicinity of Roosevelt Lake during the above trapping 

periods. A male taken March 12, 1952, with testes 13 x 20 millimeters 

was saved as a specimen. .
\

Felis concolor. Leonard Hines, a neighboring rancher who had 
hunted for lions in the Roosevelt-Tonto Basin-Sierra Ancha region 

with a pack of hounds for a number of years, covered the study area 

twice during the course of my investigations without finding any 
fresh signs of lions. The school superintendent from Globe thought 

he saw a lion dash across the Roosevelt road at night a few miles 

north of Roosevelt Dam, August 6, 1952. When the region was checked 

with dogs the next morning no traces of the lion could be found.

The record is questionable.

Fecari angulatus. Twenty-nine sight records of javelina were 

made during the study. The largest herds were seen in Rock Greek 

Canyon; one contained nine to eleven individuals. A herd of seven 

was seen along the Loop road. Young javelina were seen in January 

and November.
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Odocoileus hemionus. A total of ninety-four sight records of 

mule deer was gathered during the study. These were made hy local 

ranchers, the mail-stage driver, federal trappers, state biologist 

and workers, and by me. Undoubtedly this number includes many 

duplicate records as no attempt was made to weed out duplications; , 

nevertheless, it showed that a fair to good population of deer was 

present on the Three-Bar area. Most records were made from heavily 

traveled highway. A number of records were made in higher areas, but 

none were sufficiently high to indicate the elevational range that 

mule deer occupy on the study area. Most of the records were made 

during the winter months when the deer were probably ranging lower 

than they do in the summer.

Of the ninety-four individuals, thirteen were recorded as bucks, 

forty-two as does (adult or sub-adult antierless deer), and thirty- 

nine as young or of unstated sex.

Odocoileus virgianus. White-tailed deer were not common on the 

area. Local ranchers have hunted them in past years on Four-Peaks. 

Tracks were found several times in the snow near Pigeon Springs.

One was seen by a U. S . Forest Service trail crew on June 17, 1952 

near Granite Springs. A shed antler was found in the same area a 

day later. Two antlerless white-tailed deer were seen by me at 

the west end of Mills Ridge about noon, April 13, 1953.
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SUMMARY

In September 1951 an ecological survey of the Three-Bar Game 

Management Area near Roosevelt, Arizona was begun. This study 

attempted to: (l) determine the vegetative structure of sample areas

in the chaparral type and in the vegetative types above and below it; 

(2) determine how much variation exists within these types; (3) compile 

a list of the plants present in the various vegetative zones and 

determine their relative abundance; (4 ) gather as much information 

as possible on the history (grazing history, fire history, etc.) 

of the Roosevelt areas; (5) compile a list of the vertebrate fauna 

present on the area and determine which of these might have an. im

portant bearing on the habitar; (6) determine what deer foods are 
present on the study area and how abundant they are. The study 

area, once the Three-Bar grazing allotment, was located in the Tonto 

Rational Forest near Roosevelt, Arizona. The area contained 38,897 

acres, and covered an altitudinal range from just under 2,000 feet 

to 7,691 feet. Consequently, the vegetation was greatly varied; 

four major vegetative types were present. The lowest of these was 

the desert shrub type, covering the lower portions and the southern 

exposures at the middle elevations. The desert grassland type 

occupied extensive regions in the central section of the study area. 

Chaparral covered the lower north-facing slopes, and all slopes 

except the dryest above 4,000 feet. The pine type was restricted 

to slopes above 6,000 feet.
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To illustrate the vegetational changes between the different 

types, a stratification-index was graphed. This took into account 

not only the abundance of a species, but also the amount of ground 

it occupied.

Collections of plants were made during the study to supplement 

the quadrat studies, and 288 species were preserved and identified. 

In conjunction with other studies, collections of vertebrates were 

made. A total of 14 species of amphibians and lizards, 12 species
. V • . > . - ' -

of snakes, and 31 species of mammals were recorded. Mule deer, and 

javelina were the most important game mammals on the area although 

v/hite-tailed deer occurred in small numbers at the higher elevations. 

A list of the common summer birds of the area was compiled.

The data gathered during this study yields an over-all ecological 

picture of the study area, past and present, and the factors which 

have influenced it. It may be used in mapping out long-term game 

management policies in chaparral areas in Arizona and provide a basis 

for future research on the Three-Bar Game Management Area.
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Appendix A,

Numerical data used in weather graphs, compiled from 
U. S. Weather Bureau (1947-1952).

Precipitation

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Roosevelt

32 yr. ave. 1.60 1.97 1.59 .90 .40 .43 1.28 1.98 1.49 .90 1.14 2.15
5 yr. ave. 1.81 1.18 .55 .58 .21 .45 1.58 1.93 1.25 .82 .25 1.80

1951 2.76 .41 1.21 2.58 .18 0 1.19 4.77 .65 .36 1.56 2.63
1952 0 .39 3.80 2.47 .05 .43 1.35 .77 .45 0 3.63

Reno
ave. 1.88 2.22 1.84 1.03 .38 .31 1.90 2.48 1.50 1.01 1.41 2.38

Payson
ave. 2.35 2.53 2.09 1.11 .38 .45 2.37 3.07 2.06 1.47 1.59 2.26

Temperature

Roosevelt 47.6 51.7 57.6 65.5 74.2 83.8 88.4 86.4 80.7 69.1 57.5 48.7

Reno 45.3 48.8 54.5 61.0 68.5 79.3 84.8 82.9 76.5 65.O 53.5 45.9

Payson 36.0 39.0 43.9 50.0 57.3 66.0 72.9 71.5 65.2 43.3 37.4

Workman Creek 30.5 32.3 36.5 43.8 51.8 59.4 64.0 63.1 58.8 48.0 39.3 24.0



Numbers of cattle reported on the Bixby Grazing Allotments from 
1910 to 1945 (from U. S. Forest Service Records).

Year Cattle numbers
1910 2,500
1911 2,667
1912 2,090
1913 3,221
1914 3,880
1915 3,500
1916 3,155
1917 2,346
1916 1,544
1919 1,892
1920 1,693
1921 3,600
1922 2,497
1923 2,475
1924 2,670
1925 2,020
1926 1,680
1927 1,500
1928 1,470
1929 1,398
1930 1,544
1931 1,269
1932 1,605
1933 1,280
1934 1,371
1935 937
1936 733
1937 512

1944 271
1945 473
1946 490
1947 last removed



Appendix B
Locations of Study Plot Series

DESERT SHRUB

SERIES A. This series was located on the mesa north of the 

Four-Peaks Trail road (Figure 20). Its first plot was at the 

base of a five-foot saguaro about two-tenths of a mile north of 

the Trail road. The plots extended in a westerly direction on the 
nearly level mesa. Aolopappus was the dominant shrub.

SERIES B. This series was located on the north slope of the 

wash in which Four-Peaks Trail road ran. The first plot was at 

the base of a Simmondsia on a vertical ridge one-half mile west 

of the entrance to Trail road. It was about half way up the 

ridge. The series ran slightly south of west, with exposures 

largely to the south and with a little variation from east to 

west due to gully formation. Scattered stands of saguaro occurred 

on the slope.

SERIES C. This series was located on the south slope of the 

same sand wash as Series B. The first plot was under a Canotia 

about half way up the south slope one-third of a mile west of the 

county road. The series ran west from that point, with exposures 

varying from northeast to northwest because of gully formation. 

There was a scattering of Canotia and Penstemon microphyllus on 

this slope.

SERIES D. This series was located on the mesa west of the
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Roosevelt road north of the Rock Greek crossing. Its first plot 

Was fifty paces v/est of an old fence post between five and six-tenths 

of a mile north of the crossing. The series extended westward over 

the gentle rising mesa. Anlonannus and Onuntia were the dominant 

groups.

SERIES E. This series was located on the extensive cholla flats 

south of Rock Creek. Its first plot was fifty paces west of the 

road at a point seven-tenths of a mile south of Rock Creek. There 

was less than a one hundred-foot rise in elevation in the plot series. 

Onuntia fulgida and Anlonannus were the dominants.
SERIES F. This series was located on a steep east-facing hillside 

two and six-tenths miles via road northwest of Roosevelt Dam. Its 

first plot was about ten feet west of the top of the road cut. A 

stake was driven into the top of the cut to mark the location. It 

extended westward up the slope. Exposure was to the east. Open 

stands of ocotillo occurred on the slopes, and Echeveria was also 
common.

SERIES 0. This series was the only one of those in the desert 

shrub type located in the southern end of the study area. It was 
on the north shore of Apache Lake just east of the outlet of Sand 

Wash Creek (Forest Service map). The first plot was near an 

Onuntia bigelovii about sixty paces north of the high water line 

of the lake. This was probably the most xeric of the associations 

Cercidium micronhvllum. sagjiaro and various Onuntia species dominated. 

DESERT GRASSLANDS

SERIES H. The first plot of this series was located at the
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base of a clump of Yucca and Simmondsia. ninety paces south of the 

western-most curve of the Loop Road, (Figure 22 ). The series 

extended northeast from there with generally southern exposures.

The series ran just below the rolling top of the ridge on which

the road was located. It was an open grass area. Grasses, especially
Aristida. were the dominants.

SERIES I. This series was located on a branch of the main 

ridge on which Series H was located. The first plot in Series I 

was fifty paces south of the seventh plot of H series. The ridge 

ran to the southeast, and the plots had a south to easterly ex
posure.

SERIES J. This series was located on the western slope of a 

ridge running roughly parallel to the one on which the above series 

was located. The first plot was fifty paces south of the top of 

a switchback on the Loop road, two and a half miles west of the 

Roosevelt road. The exposures were to the west or southwest.

Opuntia fuleida and Simmondsia were common on this warm dry slope.

SERIES K. This series was located south and west of the first 

wash on the south side of the Four-Peaks "Trail road, nine-tenths 

of a mile west of the county road. It was on a grassy area on 
the first ridge south of the Trail road. The first plot was two 

meters west of a four and a half foot saguaro. The series ran 

slightly south of west from that point and had northwest exposure. 

Hilaria belangeri was the most common grass,on the slope.

SERIES L. This series was located on a northwest facing
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slope about one-half mile west of the county road on the south 

end of the Loop road. Its first plot was at the base of Dasvliron 

wheeler!. thirty paces north of the road. The plots ran southwest, 

with a north to northwest exposure. Guercus turbine11a. top-killed 

by the fires of 1947, was spreading to some extent.
SERIES M. This series ran eastward from the saddle between 

Rock Greek and Chillicut drainages at the base of the mountain.

The first plot was at a stake along the trail through the saddle. 

The plots had a southeast exposure and ran through an open grassy 
area.

SERIES N. This series was located just south of the Mills 
Ridge road, west of the junction of the Bronco Creek road. The 

first plot was at a metal stake about 150 paces west of the road 

junction. The series ran west from this stake. It was an open 
grass area.

CHAPARRAL

SERIES 0. This series was located three miles west of the 

Roosevelt road on the north slope of Mills Ridge road (Figure 23 ).

Its first plot was at a stake ten feet north of the road. The series 

ran westward just below the crest of the ridge. Exposures were 

to the northwest. Cercocjj^us and Rhamnus were common.

SERIES P. This series was located on the ridge above Granite 

Springs. The first plot was twenty-one paces south of the water 

trough at the springs and the series ran west from that point. 

Exposures were east to west, varying with the rolling slopes.



SERIES Q. This series was located about half a mile below 

Pigeon Springs. Its first plot was twenty paces south of a 

stake along the path. The plots running westward up the slope 

had largely eastern exposures. Both this series and the pre

ceding ones were in thick chaparral growth prior to the 1947 fires. 
On the last two series, manzanflta was probably the dominant species.

SERIES R. This series was located about one-half mile east 

of Slate Springs. Its first plot was ten paces east of the path. 

This was the highest area on which chaparral plots were studied.

It included manzanita, open areas, and on some north.slopes, open 
stands of juniper and pine. •

SERIES S. This series was located on the south side of Rock 

Greek just below and running to Big Oak Flats. Its first plot 

was at the bend of the U-turn where the road crossed Rock;Creek.

This series was laid out to sample a mature stand of Quercus emorvi 

and Q. arizonica. - . : ■ ..

SERIES T. This series was located along the ridge of the 

south side of Fox Gulch. Its first plot was at a stake six paces 

north of the road at the top of the switchback which Four-Peaks ' 

trail road makes in climbing out of Fox Gulch. The area was one 
of thick unburned chaparral.

SERIES U, This series was located on the south side of Rock 

Greek. Its first plot was ten paces south of the southeast corner 

of an old horse pasture. The pasture was about three-fourths of 

a mile west of the cabin on Rock Creek. The series ran west from ,
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that point and had a northern exposure. Rhus ovata and Quercus 
turbinella were the most common shrubs.

PINE TYPE

SERIES V. This series was located at about the lower edge of 

the pine type (Figure 24). It ran north from Slate Springs. The 

first plot was twenty paces east of the water trough at the spring. 

The exposures were slightly north of east. It was an area of mixed 

pine, oaks and high chaparral.

SERIES W. This series was located at the second creek south 

of Bear Springs. Its first plot was at a stake along the path just 

north of the creek. The series ran nearly westward up the slope. 

Exposures were northeast to east. Pine and oak dominated on the 

alope.

SERIES X. This series was located on the north slope of the 

first ridge north of Pigeon Springs. The plots began at a stake in 

the bend of the first curve in the path north of the spring, and 

the series ran westward. Exposures were northeast to east. Pine 

was dominant.

SERIES Y. This series was located on a northeast-facing slope 

on the path along the east face of Four-Peaks. It was on a slope 

which was not burned, and had a large stand of pines with a few firs 
scattered through them.

SERIES Z. This series was located on the northeast-facing slope 

of Pine Mountain. The plots began just below the top of the north 

slope and ran north-westward down the pine and oak-covered slope.
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Appendix C, Gazetteer

Big Oak Flats. An area at the west end of the Four-Peaks Trail road, 
at the base of the mountain. It was so named because of the large 

stand of Quercus emorvi and Quercus arizonica there. Elevation 
3,800 feet.

Bear Springs. A spring on the ridge north of the peaks. Mixed 

association of pine and Oak. Not on U. S. Forest Service Maps. 
Bronco Creek, cf. page 

Bronco Greek road, cf. Ferguson (1951).

Burnt Corral. A Forest Service Recreation Area on the south side 

of Apache Lake, opposite the Three-Bar Area.
Chillicut Canyon, cf. page

Four-Peaks Trail road. The main entrance to the study area. It 

leaves the Roosevelt road 11 miles northeast of Roosevelt Dam, 

and trends westward to the base of the mountain. It ends at 

Big Oak Flats where the Four-Peaks trail starts upv/ard.

Fox Gulch. A tributary of Rock Creek which drains the mountain 

north of the Peaks. It is an intermittent stream, flowing through 

the densest chaparral in the study area.
Granite Springs. A spring, with water trough, on the east slope 

of Pine Mountain. It is in the upper chaparral, elevation about 

5,000 feet.

Loop Road. An impassable 'jeep road making a loop several miles deep 

on the ridges between Rock Creek and Mills Wash, starting from and
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returning to the Roosevelt road, cf. Ferguson (1951).

Hill*3 Ridge road. An all weather road on Mill's Ridge, cf. base 

nap. The road now extends somewhat farther west. .

Pigeon Spring. This and Shake Springs have been reversed on the 

base map. Both are in the pine type, elevation about 6,000 feet. 
Pine Mountain, cf. page 

Shake Spring, cf. Pigeon Springs.

Slate Soring. Another spring on the north ridge of the peaks, not 
shown on Forest Service maps.

Rock Creek Cabin. The cabin on Rock Creek was located 8.3 miles 

northeast of Roosevelt, 3.5 miles due west of the Roosevelt Road.

It was in the riparian type along Rock Creek, elevation about 2,800 

feet. The north-facing slope of the canyon at the cabin was veg

etated with dense chaparral, the south-facing slope was vegetated 

with saguaro and Simmondsia.
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