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ALPINE FLORA OF SAN FRANCISCO MOUNTAIN,
ARIZONA

Ersert L. LiTTLE, JR.]

San Francisco Mountain, known locally as the San I'rancisco
Peaks, is the highest point in Arizona and has the state’s only
definitely alpine area. The disjunct alpine flora of this isolated
volcanic cone is, therefore, of special interest. Forty-nine
species of alpine vascular plants, including four not recorded
previously for the state and several others found nowhere else
in Arizona, are represented in a spare-time collection made here
by the author in 1938.

Although many botanists have visited San Francisco Moun-
tain during the past half century, there has been no previous at-
tempt to assemble a complete collection of the alpine flora or to
prepare a description of the vegetation above the timberline.
The author was stationed nearby at Fort Valley Experimental
Forest, a branch of the Southwestern Forest and Range Experi-
ment Station about nine miles northwest of Flagstaff. From this
convenient base he made nine collecting trips to summits of the
highest peaks during the growing season from June to September
1938, besides one trip in 1987 and two in 1939.

GEeEoLoGY AND GEOGRAPHY

This eroded volcano (text fig. 1) is situated about ten miles
north of Flagstaff, Coconino County, northern Arizona (mostly
in T. 22 and 28 N., R. 7 E., Gila and Salt River Meridian, center-
ing near latitude 35° 20" N., longitude 111° 40" W.). From a
high timbered plateau within Coconino National Forest about
7000 feet above sea level, it rises abruptly more than a mile to
a maximum elevation of 12,655 feet and forms a prominent land-
mark visible many miles from all directions.

A summary of the geology and geography of San Francisco
Mountain, taken mainly from Robinson’s (18) monograph, will
serve as a background for the discussion of the alpine plants.
The area was at no great height above the sea when volcanic
activity in the form of lava flows began in the Pliocene epoch.
In early Pleistocene, San Francisco Mountain with four smaller
volcanoes was formed from about 38 cubic miles of lava and
rose about 8800 feet above the plain. Afterwards the region
was raised to its present height above sea level, and nearly four
hundred small basaltic cinder cones were formed.

Since the volcano became extinct San Francisco Mountain has
lost by erosion about three thousand feet or more than one-third

1 Associate forest ecologist, Southwestern Forest and Range Experiment
Station, which is maintained at Tucson, Arizona, by the Forest Service, United
States Department of Agriculture.
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of its height but only about eight per cent of its volume. No trace
of the former crater is left. A large interior valley, called the
Inner Basin, was formed on the northeast side and was occupied
by a glacier nearly two miles long probably in the late Wisconsin
stage. This station was thought to be the southernmost for
Pleistocene glaciation in the United States until evidence of glaci-
ation was found a few years ago in the White Mountains of
southern New Mexico ; Pleistocene glaciation occurred also farther
south than San Francisco Mountain on San Gorgonio Peak,
southern California. As a result of erosion San Francisco
Mountain (text fig. 1; pl. 5, fig. 1) now has the shape of a hollow,
truncated cone about twelve miles or less in diameter at the base,

Fic. 1. San Francisco Mountain, as viewed from Fort Valley Experimental
Forest on the southwest, is a symmetrical, eroded volcanic cone. Its three high-
est peaks are Humphreys Peak (left), Agassiz Peak (center) and Fremont
Peak (right).

two miles in diameter at the top, and one mile high. Its slope is
about 20 degrees at the top and gradually becomes less towards
the base. The irregular rim forms a knife-edge divide between
the outer slope and the Inner Basin. Along this crest line, which
is continuous except on the northeast, are six peaks above 11,000
feet in elevation. The three highest, projecting above the timber
line, are: Humphreys Peak, elevation 12;655 feet, on the north-
west; Agassiz Peak, elevation 12,384 feet, on the southwest; and
Fremont Peak, elevation 11,984 feet, on the south.

PreEvious BoranNnicarL INVESTIGATIONS

No references to alpine plants of San Irancisco Mountain
were found in reports of the United States Government explor-
ing and surveying expeditions, though this mountain lay on the



1941] LITTLE: SAN FRANCISCO MOUNTAIN, ARIZONA 67

route of several. In the United States National Herbarium are
specimens of alpine plants collected on San Francisco Mountain
by the following early collectors in the years indicated : E. Palmer,
1869; H. H. Rusby, 1883; M. E. Jones, 1884; Mr. and Mrs. J. G.
Lemmon, 1884; E. L. Greene, 1889; I'. H. Knowlton, 1889; D. T.
MacDougal, 1891, 1898; J. W. Toumey, 1892; E. O. Wooton,
1892; C. A. Purpus, 1900; J. B. Leiberg, 1901; G. A. Pearson,
1908-1909. The Forest Service herbarium at Fort Valley Ex-
perimental Forest has specimens of about 25 alpine species col-
lected by G. A. Pearson and others.

Hoffman (9) in 1877 noted that the timberline was irregular,
approaching to within one thousand feet of the summit on the
eastern side and five hundred feet on the western. Rusby (19)
wrote in 1889 that at the summit grow only lichens and that the
alpine flora, of which he named 6 species, begins one or two
hundred feet below. This statement, perhaps the source of a
similar one by Harshberger (8, p. 583), is not strictly correct.
In a list of Arizona plants collected by E. A. Mearns, Britton (2)
in 1889 mentioned 23 species from San Francisco Mountain, in-
cluding about 6 occurring above timberline. The first meteoro-
logical studies in the alpine zone of San Irancisco Mountain
were made by D. T. MacDougal in August 1898, (3, p. 43—45).

There have been four detailed studies of the vegetation of
San IFrancisco Mountain and vicinity from different viewpoints.
First of these and the only one to include the alpine zone was
Merriam’s (13) biological survey in 1889. A timber survey of
the forests of this area was made by Leiberg, Rixon, and Dodwell
(11) in 1901 and 1902. Pearson’s (16) detailed study of the
forest types of San Francisco Mountain included measurement of
environmental factors from 1917 to 1919 at five climatic stations
in different zones from the base to the timberline. Hanson (7)
in 1922 and 1923 conducted a similar series of climatic stations
in his research on the vegetation of the four lower zones at the
base of this mountain. The more recent summaries of Arizona
vegetation by Nichol (15) and others contributed no additional
information on alpine plants.

San Francisco Mountain is of special historical interest to
biologists because it was here in 1889 that Merriam (13) made
one of the first thorough investigations of the plant and animal
life of a western locality and worked out his life zones or climatic
zones. I'rom the alpine zone, above 11,500 feet, on the “bleak
and storm-beaten summit” of San Francisco Mountain, Merriam
listed 20 species of vascular plants. He recognized also the sub-
alpine or timberline zone, a narrow belt at an elevation of 10,500
to 11,500 feet, where the trees became stunted and prostrate, and
included a list of 16 species attaining their maximum development
here. Later, when he proposed his explanation of temperature
control of the geographic distribution of animals and plants,
Merriam (14) omitted the subalpine zone, which does not appear
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to be distinct ecologically, and did not separate it from the Hud-
sonian or spruce zone.

Merriam’s two lists totaling 84 species comprise the only
detailed published study of alpine and timberline plants of San
Francisco Mountain. This collection, which was made by F. H.
Knowlton and deposited in the United States National Herbarium,
contains specimens of a few other alpine species not mentioned
by Merriam. Corallorhiza maculata (listed as C. multiflora) was
recorded from timberline zone apparently through error, as the
altitude mentioned on the label (Knowlton 106) is 10,000 feet.
The author has collected specimens of all the others in Merriam’s
two lists except Sagina saginoides (S. Linnaei).

Discussion

Alpine areas above timberline on San Francisco Mountain
occupy about two square miles, nearly all located on the slopes
of Humphreys and Agassiz peaks (pl. 5, fig. 1). As here limited
the alpine zone is that above the highest wind timber, “krumm-
holz,” or dwarf tree species (pl. 5, fig. 2). On this mountain
such alpine scrub is represented by Engelmann spruce (Picea
Engelmanni Parry) and bristlecone pine (Pinus aristata Engelm.).
Though roads go about half-way up the mountain on four sides,
the rocky alpine summits must be reached on foot.

Timberline is somewhat irregular and extends nearly one
thousand feet higher up the southern and western exposures than
the northern and eastern. In ravines on north-facing slopes
finger-like areas of alpine vegetation reach down to lower levels.
Typical alpine vegetation may occur in protected areas while
trees grow on exposed ridges above. Besides the obvious effects
of direction of slope and topography, drifting of winter snows is
partly responsible for the irregularity of the timberline. After
winter storms white clouds of snow are blown off Humphreys
Peak into the Inner Basin. The best development of alpine
meadows is at an elevation slightly below 11,500 feet at the
extreme upper end of the Inner Basin where the deeper snow
drifts do not disappear until midsummer. At one place here an
alpine meadow merges laterally into a subalpine meadow.

EnxviroNMENTAL FAcTORs. Climatic and edaphic factors affect-
ing the alpine vegetation here probably are similar to those of
other exposed western peaks. Coville and MacDougal (3) noted
that air temperature at the summit of Agassiz Peak had less daily

ExPLANATION OF THE FIGURES

PraTte 5. AvrvrIiNE ZoNE oF SAN Fraxcisco Mountain, Arizoxa. Fig. 1.
View from Fremont Peak northwest across the Inner Basin, showing treeless
alpine summits of Agassiz Peak (left) and Humphreys Peak (right). Fig. 2.
Wind-swept, dwarf Engelmann spruce (Picea Engelmanni) at timberline ridge
on west side of Agassiz Peak. Alpine rock field or lichen association in back-
ground. Pearson’s timberline climatic station was nearby. Fig. 3. Alpine
meadow association, in which the dominant species, Geum turbinatum, forms
mats of vegetation on a rocky slope.
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variation than that at lower altitudes but found a greater differ-
ence between temperature of soil and air at the top than at lower
levels.

In the absence of other instrumental records in the alpine
zone, it may be of interest to summarize comparable data from
Pearson’s (16) timberline station (pl. 5, fig. 2) from 1917 to 1919
to indicate the climatic conditions under which the alpine plants
are growing. During these three years the frostless period here,
from June to September, varied between 101 and 113 days.
Mean air temperature for the period from June to September
was 47.9 degrees. Because of temperature inversion, or cold air
drainage, night temperatures at timberline were little if any
colder than at lower altitudes, but the days were decidedly colder.
Annual precipitation at Pearson’s timberline station was slightly
higher than at lower zones, totaling 28.03 inches in 1917, 37.74
inches in 1918, and 52.05 inches in 1919. The P/E ratio, or
precipitation divided by evaporation, for the interval from June
to September was .812. Wind movement on the exposed ridge
at timberline was relatively high.

During the winter months from November or December to
March or April San Francisco Mountain has a white cap of snow,
which buries and protects the dormant alpine vegetation. In
April and May the snow melts in most places above timberline,
exposing the dark-colored rock. However, on shaded slopes and
areas of deep drifts, large snow banks remain until early July.
In 1938 the last small patch of snow melted in the latter part
of August. Frequent thunderstorms of cold rain occur in the
summer rainy season from July to September. The first light
winter snow in the alpine area usually falls early in October.

Above timberline soils are poorly developed and the slopes
are largely covered with angular blocks or boulders of andesite
and pyroxene dacite. Wind, frost action, and erosion all retard
the formation and accumulation of soils on the steep slopes and
make the establishment of vegetation diflicult. Soil pockets
occur in ecrevices, and in places spreading mats of vegetation hold
the shallow soils and help to form more.

PranT associaTions. The alpine vegetation of San Francisco
Mountain is poorly developed and the alpine flora impoverished,
in comparison with alpine vegetation and flora of larger, higher
mountains. Only two plant associations are distinguished here,
the alpine rock field or lichen association and the alpine meadow
or Geum turbinatum association. In the xerosere the former asso-
ciation gradually merges into and is succeeded by the latter,
which is the climax. As no streams, lakes, or permanent snow
drifts are present, there is no hydrosere.

In contrast, Cox (4) described on James Peak, elevation
13,260 feet, in Colorado, a much richer alpine vegetation. The
alpine meadow, or Geum turbinatum association of San Francisco
Mountain corresponds with the dry meadow associations on




































