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Alpine tundra in the Southwest is often a small summit
area above timberline. It is sometimes construed to include
the krummholz, the twisted and gnarled subalpine scrub
(ellinwood) of prostrate conifers-lying between the forestline
and treeline-distorted by almost constant winds on these
high mountains peaks, ridges, and slopes. Alpine tundra
vegetation consists primarily of low-growing woody shrubs,
diverse herbaceous plants, lichens andmosses, all adapted to a

brief and often interrupted growing season. Every year all are
subjected to severe subfreezing temperatures, severe physio
logical drought, and intense insolation.
Major and Taylor II 977) described a xerophytic or

"Mediterranean" alpine tundra in southern California
mountains. The more extensive alpine tundra of northern
New Mexico, with outliers in southern New Mexico and
central Arizona, more nearly fits the classical alpine type
[Tomalchev, 1948). These communities represent extensions
of themuch larger alpine tundra of themainRockyMountain
cordillera, which has provided a pathway for north-south
migration during the colder periods of the Pleistocene
[Billings, 1978). During ice-free periods, including the present
one,many specieswhich onceweremore generallydistributed
survive only on summit areas, giving unique if depauperate'
identities to Southwest alpine plant communities.
Floras of isolated mountain masses, such as those en

countered in the Southwest, tend to show more relationship
to some floras of surrounding lowlands, and the number of
alpine' species derived from adjacent lowland progenitors
probably depends on the time available for evolutionary
development, and the diversity of niches available (Chabot
and Billings, 1972). In the case of southern California alpine
summits, the proportion of locally derived species to far

ranging ones tends to be high, indicating long isolation from
the great Sierra massif to the northeast. These isolated alpine
tundras of southern California have even less floristic

similarity to the Southern Rockies; the great desert barriers
have effectively isolated them even during the glacial epochs
of the Pleistocene, when the alpine zone probably extended
some 1,200 m lower than at present (Moore, 1965; Billings,
1978). Consequently, the alpine floras of San Gorgonio and
San Jacinto are impoverished; they include a higher percent
age of endemics and species closely related to adjacent
subalpine and high desert forms than is found either in the

High Sierra or the SouthernRockies.The alpine tundra of San
FranciscoMountains, Arizona,midwaybetween the Southern
Rockies and the Southern California summits, has provided
an important refugiuni for tundra plants during warm

interglacial periods (Billings, 1978).

Colorado and New Mexico
Here alpine tundra consists of relatively small, isolated

areas above timberline, stretching through southern Colorado
to 32 km northeast of Santa Fe, along the main crest of the
Sangre de CristoMountains, and on high peaks above 3,500m
in the San Juan Mountains in southwestern Colorado. The
majormountain peaks-Pecos Baldy, Santa Fe Baldy, Truchas
Peak, Wheeler Peak, Conejos Peak, Montezuma Peak, etc.
range from 3,810 m to 4,011 m, with a substantial area of
intervening high country above 3,500 m (Fig. 9). A small,
marginal, alpine grassland area is also found at the 3,659-m
summit of Sierra Blanca, on the Mescalero Apache Indian



Figure 9. Walter Peak (right background) rises to 4,002 m elevation in the Wheeler Peak Wilderness of the
Carson National Forest in northern New Mexico. The sedge-grass-forb community here is dominated by
the low, mat-like growth of Geum turbinatum, Festuca brachyphylla, and species of Carex.

Reservation, and represents the southernmost alpine com

munity in the United States (Moir, 1967).
Few ecological studies have been made of New Mexico's

alpine tundra, and recognition of series and associations is
tentative. Two series are recognized: a Lichen-Moss Series,
confined to scree slopes and rocky, soil-less sites, and an

Avens-Sedge Series on more favored sites where soil has
accumulated and the low, hardy alpine vascular flora has
gained a toehold. The Avens-Sedge Series has been termed
"Meadow Series" by the New Mexico Interagency Range
Committee (1978).
The alpine tundra along the crest of the Sangre de Cristo

and San Juan Mountains is floristically diverse for alpine
floras. Some 143 vascular plant taxa have been reported there,
although many of these are also found at lower elevations,
especially in the subalpine forests and grasslands (Wooton
and Standley, 1915; Tidestrom and Kittell, 1941; Harrington,
1954; and MacKay, 1970) and, therefore, are not exclusively
alpine tundra species.
In a recent study of the relationship of the mountain flora

ofWheeler Peak, NewMexico, with the flora of Blanca Peak,
120 km to the north in southern Colorado, MacKay (1970)
observed that the alpine zone on Wheeler Peak (elevation
4,011 m) has 91 species of vascular plants, Blanca Peak

(elevation 4,378 m) has 89 species,with 63 species common to
both areas. Using Sorensen's index of similarity as.suggested
by Southwood (1966), the quotient of similarity (QS) between
the two areas at the species level was 0.70. This high value
suggests relatively easy migration during cooler, moister
periods, recent isolation from a common flora, or both. Some
142 species of vascular plants have been reported from the
alpine zone in New Mexico (Wooton and Standley, 1915;
Harrington, 1954; Tidestrom and Kittell, 1941, MacKay
1970); this list is probably not complete.
Few shrubs are found in Rocky Mountain alpine tundra,

although a number of root-perennial forbs may have woody
or semi-woody bases. Two wetland species of Salix (S.
petrophila and S. planifolia) mingle with species of Cares to
form low, almost mat-like communities where adequate soil
moisture can collect in microsites and where there is at least
limited relief from the constant wind. Salix petrophila
produces long, trailing stems that hug the ground; the short
ascending vertical branches seldom exceed 15 cm. The latter
willow may rise to 60 em or 90 ern, although at lower
elevations it forms a robust shrub 1.5 mar 1.8 m tall. Ribes
montigenum may also grow in favored sites, seldom more
than 60 em tall, but it may provide limited but valuable
wildlife cover.



Figure 10. Avens-Sedge series above timberline in the Wheeler Peak Wilderness, Carson National Forest.

Photograph by Clait Braun.

Often a grass-like cover is present-sometimes enough to

qualify as an alpine grassland. These communities are usually
dominated by the ubiquitous Catex, which is an important
component of almost every vascular plant community above
timberline. Of the six species in New Mexico alpine areas

(c. aquatilis, C. ebetiea. C. foena, C nova, C. petasata, and C.

scopulorum), three also occur in Arizona's alpine zone, but
none in California's southern mountains. Intermingled with
the sedges are varying amounts of Tufted Hairgrass
(Deschampsia caespitosa), Alpine Fescue (Festuca ovina var.

brachyphylla), Arctic, Greenland, Nodding, and Timberline

Bluegrass (Poa atctica, P. glauca, P. teilexa, and P. rupicola), and
Spike Trisetum (Trisetum spicatum). Other grasslike plants
include the rushes [uncus drummondii, 1. albescetis. and 1.
castatieus. MilletWoodrush (Luzula patviiloias, and Kobresia
(Kobresia myosuroides).
Low mat and cushion forbs are common, and lend a

characteristic appearance to the vegetation. Golden Avens

(Geum turbinatum) is an important forb, dominating many
mixed forb-sedge-grass communities from 3,350 m to 4,000
m (Fig. 10). Other characteristic forbs include Yarrow (Achillea
lanulosa), Erigeron simplex, E. formosissimus, Hymenoxys
btatidegei, Potentilla nivea, Pseudocymopterus montanus,

starworts (Stellaria calycantha and S. umbellata), Bigroot

Springbeauty (Claytonia megarrhiza), saxifrages (Saxi{raga
spp.), clovers (Trifolium spp.) including T. nanum common up
to 4,000 m, and Rockiasmine (Androsace caiinata and A.

septentrionalis). Among the more showy forbs are Colorado
Primose (Primula angustifolia), Snowy Erysimum (Erysimum
nivale), Hayden Paintedcup (Castilleia haydenii), and the

ubiquitous Bluebell (Campanula rotundifolia), which in this
area may be found from robust forms at less than 2,450 m to

the more depauperate but showy forms near the upper limit
of vascular plant growth.
Few mammals live and breed in the alpine tundra-the

forbidding climate is too severe for all but the most hardy or
specialized species. One of the most characteristic is the Pika
or Cony (Ochotona princeps), which may be seen scurrying
among the rocks storing hay for winter use, or more likely
identified only by its unmistakable shrill whistle or bleat.
Other mammals breeding within the alpine zone, or sharing
the border zone with subalpine forest and meadow, include
the Colorado and Least Chipmunks (Eutamias quadrivittatus
and E. minimus), Yellow-bellied Marmot (Marmota flaviventris),
and the Vagrant and Masked Shrews (Sorex vagtans and S.

cinereus). Fresh mounds of dirtwithin the forb-grass meadows
indicate the presence of the Northern Pocket Gopher
(Thomomys talpoides), and the mounds often become "gopher



Figure 11. Above timberline in the Wheeler Peak Wilderness Area, a horseback party approaches the crest

of the Sangre de Cristo Mountains.

gardens," favorite sites for those species that flourish on raw,
disturbed soils (Zwinger and Willard 1972). Although this
area once was the grazing and lambing habitat of the Rocky
Mountain Bighorn jOvis canadensis), few of these animals can
now be found in the Southwest's alpine tundra. The last
native bighorn in the Pecos Baldy area was taken in 1902
(Johnson, 1979). The present small population was introduced
in the early 1970's, and a small herd of 100 to 200 animals
now again use the alpine areas of the Carson and Santa Fe
National Forests.' Domestic Sheep (Ovis ovis) and their
introduced diseases have essentially eliminated bighorns
from most other high mountains of the Southwest.

Perhaps the best known of the alpine birds is the White
tailed Ptarmigan (Lagopus leucurus), a shy, grouse-like bird
that breeds and winters above timberline. While just a few
years ago the effects of habitat destruction (grazing) had

substantially reduced populations, increased protection of
the willows necessary for food and cover has permitted an

increase of this recently rare bird in the Southwest (Hubbard,
1979).
Other nesting birds in the alpine zone in New Mexico

1 Personal communication with Art Renfro, Wildlife Biologist, USDA
Forest Service, Region 3, Albuquerque, New Mexico.

include the Water Pipit (Anthus spinolettas, White-crowned

Sparrow (Zonotrichia leucophrys), and occasionally the Broad
tailed Hummingbird (Selasphorus platycercus), Brown-capped
Rosy Finch (Leucosticte australis), and Horned Lark (Eremophila
alpestris). While other birds are present, most are migrants or
late summer visitors such as the Mountain Bluebird (Sialia
currocoides) and Killdeer (Charadrius vociferus).
The alpine zone receives substantial recreational use from

hikers and horseback riders (Fig. 11). Earlier heavy livestock
use, particularly by domestic sheep, and present heavy
recreational use exerts considerable pressure of the flora and
fauna on themountain heigh ts. Once damaged, healing of the
soil and recovery of the native biota is apt to be a slow and
uncertain process.

Arizona
San Francisco Mountain, an extinct volcanic cone rising to

3,862 m elevation, is the highest point in Arizona, and
contains the only well developed alpine tundra in the State

(Fig. 12). The "Peaks" are located within the Coconino
National Forest, about 16 km north of Flagstaff. Some 5

square kilometers lie above timberline, which occurs here at

approximately 3,500 m. Illustrated accounts are given in
Little (1941), Lowe (1964), Moore (1965), and Lowe and Brown



Figure 12. The alpine tundra of approximately 5 km2 atop the peaks of San Francisco Mountain (to 3,862
m elevation), 16 km north of Flagstaff, in the Coconino National Forest, in north-central Arizona.

(1973). A small area on Mt. Baldy (3,533 m), in the White
Mountains of east central Arizona, consists of small, marginal,
alpine grassland at the summit. These areas are separated
from the nearest alpine areas in the southern Rockies by 400
km of Great Basin desertscrub and woodland.
As might be expected from their small size and relative

isolation, the Arizona alpine areas aremore species-poor than
their New Mexico counterparts. Approximately 88 species
and subspecies of vascular plants are reported from Arizona

alpine areas, including a few timberline species that penetrate
the alpine fringe. The degree of similarity to the southern

Rockies, however, is high; 68 of these taxa (76%) also occur in
NewMexican alpine areas. On this basis, Sorensen's QS = 0.59
is a rather high value considering the relatively small size and
wide isolation of the alpine communities on the San Francisco
Peaks and Mt. Baldy.
There are three major habitats on the San Francisco Peaks:

(1) alpine meadow, (2) boulder field or felsenmeer, and (3)
fellfield or talus. The alpine meadow occurs only where

adequate soil has developed, and contains the richest assort
ment of vascular plants found above timberline. The boulder
field consists of extensive areas of large, often layered and

overlapping rocks in amatrix of finer rock debris that provide
partial shade and protection from the drying winds. The

fellfield is the most severe environment, with little soil and
limited protection against insolation, sub-freezing cold, and
drying winds. Lichens and mosses may abound, but the site is
too severe for most vascular plants (Shreve, 1942c; Lowe,
1964; Schaack, 1970).
Approximately 82 species of vascular plants have been

collected from the alpine zone on San Francisco Mountain

(Little, 1941; Kearney and Peebles, 1960; Schaack, 1970). At
the lower elevation limits, a gnarled and twisted krummholz
of Bristlecone Pine (Pinus aristata), Corkbark Fir (Abies
lasiocarpa var. arizonica), and Engelmann Spruce (Picea
engelmanni) forms islands in the tundra, or borders the

neighboring subalpine forest (Fig. 13). The Geum turbinatum
Carex Association is the most prevalent within the Avens

Sedge Series of the alpine meadows, and contains most of the
alpine vascular plants found here. Golden Avens is the
characteristic forb, but present also throughout the season are

the following forbs: Sibbaldia procumbens, Parry Lousewort
(Pedicularis parryi), Wild Candytuft (Thlaspi montanum var.

fendleri), Alpine Speedwell (Veronica wormsk;oldii)' Orange
Sneezeweed (Helenium hoopesii), Strawberry (Fragaria ovalis),
gentians (Gentiana batbellata, G. tenella, and G. heterosepala),
Erigeron simplex, Fernleaf Fleabane (Erigeron compositus),
Moonwort (Botrychium lunaria), Pacific Windflower



Figure 13. Timberline within the Inner Basin on the San Francisco Peaks. An open, subalpine forest of
Engelmann Spruce, Corkbark Fir, and Bristlecone Pine on the recent volcanic soils gives way to

krummholz and eventually to alpine iotbs. grasses, and sedges at 3,500 m on south-facing slopes.

(Anemone globosa), Ranunculus inamoenus, HairyWhitlow
grass (Draba crassifolia), Diamondleaf Saxifrage (Saxifraga
rhomboidea), dandelions (Taraxacum laevigatum and T.

lyratum), Chickweed (Cerastium beeringianum), Stonecrop
(Sedum rhodanthum), Oxvtia digyna, Silene acaulis, and Painted
Alumroot (Heuchera versicolor forma pumila).
Shrubs are rare, and aremostly confined to the boulder field

or felsenmeer. Gooseberry Currant (Ribes montigenum) is the
most common shrub; Bearberry Honeysuckle (Lonicera
involucrata) occurs only rarely.
Only two species of vertebrates are known to breed in the

Arizona alpine tundra-theWater Pipit and the DeerMouse
(Peromyscus maniculatus) (Lowe and Brown, 1973).

Nevada
Above 3,500 m elevation on Charleston Peak (3,630 rn], in

the Spring Valley Mountains, in southern Nevada, there are

approximately 400 ha of above-timberline vegetation (Bradley,
1964). The community was termed "pseudo-alpine" by Bradley
because it apparently lacked a distinctive alpine biota. It may
be properly considered a depauperate extension of Great
Basin alpine tundra possessing several endemic taxa (Bradley
and Deacon, 1965). Its only resident vertebrate is the deer
mouse (Hall, 1946).

The following list of small sprawling woody plants and
herbs is provided by Bradley (1964); see also Clokey (1951):
Aquilegia scopulorum
Arabis pendulina
Arenaria filiorum
Astragalus platytrcpis
Cerastium beeringianum
Crepis nana

Dtaba jaegeri
Ivesia cryptocaulis
Phacelia hastata
Ribes montigenum
Silene c10keyi
Sitanion hystrix

Eastern California
TheWhiteMountains are on the California-Nevada border

and are shown in part on the map; however, neither White
Mountain Peak (4,342 m) in California nor Boundary Peak

(4,005 m) in Nevada are within the mapped area. Geology,
vegetation, and comparative floristics of theWhiteMountains
are summarized with the relevant literature in Lloyd and
Mitchell's (1973) recent flora of the White Mountains.
The modern ecological literature on the WhiteMountains

is a fairly large one, and mostly postdates Schulman's (1954,
1958) announcement on the Bristlecone Pine there as the
"oldest known living thing." Timberline elevations vary
considerably throughout the mountains and according to

different authors, but it is at approximately 3,500 m formost
of the area which, with some local exceptions, is the



Figure 14. Krummholz of Limber Pine near summit of Mt San Gorgonio, near 3,200 m elevation, in the
San Bernardino National Forest, southern California. Subalpine forest stands on the south-facing slope with
tundra-like depression between peaks. Photograph courtesy of San Bernardino National Forest.

uppermost distributional limit of Bristlecone Pine and Limber
Pine (Pinus flexilis).
The surface area above 3,500 m in the isolated White

Mountains is relatively large. Mitchell (1973) observes that,
in floristic comparison to the high Sierra Nevada and
Colorado Rockies, the presence of some 200 alpine species in
the White Mountains indicates a relatively high floristic

diversity despite smaller mountain mass and more recent

orogeny.

Southern California
South of the Sierra Nevada, a depauperate alpine zone is

limited to the three highest peaks in the San Bernardino and
San Gabriel Mountains, and on Mt. San Jacinto (Fig. 14).
Long isolation from the Sierra Nevada has resulted in a low

degree of similarity to the great massif, and the barriers of the
Mohave and Colorado deserts have effectively restricted

migration between the isolated southern California summits
and the Southern Rockies.
Major and Taylor (1977) note that not only is the flora

depauperate, but it is fragmentary as well; such common

alpine genera as Saxittaga and prostrate Salix are missing, and
even Catex is poorly represented. Castilleja, a common Rocky
Mountain alpine genus, is represented by only one species
(c. miniata) as is Gentiana (G. amarella).

Alpine plants of xeric habitats listed by Major and Taylor
(1977) include Selaginella watsotiii. Eriogonum umbellatum, E.
saxatile, E. kennedyi ssp. alpigenum, Arenaria saxa tile ,

Calyptridium monospermum, Wax Current (Ribes cereum],
Littleleaf Rockspirea (Holodiscus microphyllusL Oreonana
vestita, Monardella odotatissima, Catex matiposatia, Bottle
brush Squirreltail (Sitanion hystrixL Western Needlegrass
(Stipa occidentalis), Alpine Fescue, (Festuca brachyphyllat
Rockjasmine, Arenaria rubella, Leptodactylon pungens, Phlox
covillei, P. diffusa, Hulsea vestita, and Raillardella atgetuea.
Mesic habitats are uncommon, but almost as many species

occur here as on the much more extensive xeric habitats of
exposed ridges and rocky slopes. Included are Oxyria digyna,
Sitka Columbine (Aguilegia jormosc], Ranunculus eschscholtzii
var. oxynotus, Alpine Shooting Star (Dodecatheon alpinumL
Mimulus primuloides and M. tilingii, Carex matiposatia,
Ctyptogtamma acrostichoides, Cystopteris iiagilis, Gentiana
amatella. luncus pattvi, Phleum alpinum, Polygonum biston
oides, Sibbaldia procumbens, starworts (Stellaria calycantha, S.

longipes var. laeta, and S. umbellataL Horned Dandelion
(Taraxacum ceratophorumL and Spike Trisetum.
Of 63 Southern California alpine taxa, most are western in

distribution, occurring also in the Rocky Mountains and
Pacific CoastalMountain ranges, including the Sierra Nevada;
13% are circumpolar, and a relatively large 19% are endemic.




