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Latitudinal variation in southern Rocky Mountain forests

ROBERT K. PEET Department of Botany, 010-A, University of North Carolina, Chapel Hill,
N.C. 27514, US.A.

ABSTRACT. A latitudinal sequence of vegetation diagrams is presented, each
relating the forest vegetation of a region of the southern Rocky Mountain
Physiographic Province to elevation and moisture gradients. Geographical trends
in forest composition and their elevational zonation are described and the
importance of possible competitive interaction of dominant tree species is
discussed.

While description of distinctive vegetation zones which change in elevation
with changing latitude is useful, this incorporates neither variation in zonal
composition or interaction of elevation with other environmental factors. For
example, low-elevation vegetation types of the southern portion of the transect,
xeric Pinus edulis, Juniperus monosperma woodlands or mesic ravine forests,
change in composition, become attenuated and are eventually lost northward.
Neither are species composition or forest structure constant within a zone.
Abies lasiocarpa is absent from the timberline forests at the southern end of the
transect, whereas it is the dominant timberline species at the northern end.

A number of possible cases of competitive displacement are suggested by the
vegetation diagrams. The competitive relationship between the two major
successional species of the Rocky Mountains, Pinus contorta and Populus
tremuloides, has long been unclear. The vegetation diagrams suggest that when
Pinus contorta is present in the area, it tends to preempt a central portion of
the habitat space of Populus tremuloides. When in competition with Pinus
contorta, Populus is confined to peripheral portions of its potential range,
whereas in the absence of Pinus contorta, Populus is often the dominant suc-
cessional species over a broad range of sites. White pines (Pinus subgenus
haploxylon) provide several examples of apparent competitive release. Where
Pinus flexilis is the only white pine present, it occupies xeric sites from the
montane forests to tree line, but where either Pinus aristata or P. albicaulis is
present, the species is largely restricted to the low-elevation portion of its
potential habitat, and to situations with very rocky substrate. Pinus flexilis also
appears to substitute for Pinus contorta or Pinus ponderosa where either species
is absent.

Many aspects of vegetation composition can best be understood if viewed in
geographic perspective; a gradient analytic approach frequently facilitates
interpretation of vegetation—environment interactions. The combination of
these two approaches provides a useful method for examining aspects of species
distribution and community structure.
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Introduction

Geographic variation in plant community
structure and composition has frequently
been observed but rarely examined in a
precise manner. Just as examination of
plant communities along environmental
gradients can enhance our understanding of
vegetational variation, examination of com-
munity composition along geographic gradients

should contribute to our understanding of
larger-scale community patterns.

The present study documents a latitudinal
gradient in community dominance along the
east slope of the southern Rocky Mountains
of North America, a region extending from
the Laramie Range in southern Wyoming
south to the terminus of the Sangre de Cristo
Mountains east of Santa Fe, New Mexico
(41°20'N to 35°30'N, Fig. 1,see Thornbury,
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1965). Because the southern Rocky Mountains
comprise a phytographically distinct unit
over 500km in length from north to south
(Daubenmire, 1943; Weber, 1965), and
because their eastern slope rises abruptly over
2500 m above the neighbouring plains, they
form an ideal area for examining latitudinal
and elevational variation in vegetation. The
study was undertaken both to document the
interaction of gradients of latitude, moisture
and elevation in the determination of com-
munity composition, and to place the results
of an intensive study of forest vegetation of
the northern Colorado Front Range (Peet,
1975, 1978) in geographic perspective.

Life zones traditionally have provided a
conceptual basis for examining variation in
montane vegetation, particularly in the
Rocky Mountain region. Ramaley (1907)
designed a scheme to describe the forests
of the Front Range using four elevation
zones; namely foothills, montane, subalpine
and alpine, which roughly corresponded to
Merriam’s (1898) transition, Canadian,
Hudsonian, and arctic—alpine zones. Sub-
sequently, the vegetation zones of these
mountains have been variously modified and
interpreted by Rydberg (1916), Daubenmire
(1938, 1943), Costello (1954), Marr (1961),
Moir (1969) and Love (1970).

The numerous different and zonal classi-
fications attest to the difficulties involved in
such an approach. As with any form of
vegetation classification, no set of classes can
be considered a priori correct. Numerous,
equally valid, classifications could be used.
Despite difficulties, many workers hold to the
zonal approach as a valuable means of coping
with a complex vegetation pattern. Dauben-
mire (1976), for example, maintains that
the pattern of change with elevation is roughly
constant from Alberta to the Mexican border,
reflecting a regular altitudinal gradient in
macroclimate. For a large-scale, continental
perspective, Daubenmire’s generalization, and
the zonal method in general, are valuable.
However, as with any classification system,
the zonal approach appears overly-rigid and
simplistic when used at a finer scale than that
for which it was designed.

To deal with large-scale compositional
variation in a more detailed manner, a gradient-
analysis approach 1is taken here (sensu
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Whittaker, 1967). Mosaic diagrams represen-
ting vegetational variation relative to elevation
and moisture gradients are shown for a
latitudinal sequence of sites.

Methods
Study areas

Seven study areas were selected: one high-
intensity, three moderate-intensity and three
low-intensity (see Fig. 1). The high-intensity
area was investigated through extensive
vegetation sampling over a 3-year period. The
moderate-intensity areas were studied in
sufficient detail to allow construction of
gradient representations of dominant forest
vegetation, but without quantitative sampling.
The low-intensity sites were only briefly
studied for comparative purposes.

The high-intensity site was located in the
northern Front Range, in and immediately
to the east of Rocky Mountain National Park,
Colorado (40°20'N, 105°35'W). The area
within the national park (above 2200 m) has
been protected from most forms of human
disturbance since the park was established in
1915, and the majority of the forests are in
virgin condition. The lower elevation portion
of the study area was largely within the
Roosevelt National Forest, an area subject to
light logging and grazing.

The first moderate-intensity site was located
at the southern end of the southern Rocky
Mountain physiographic province, in the
Sangre de Cristo Mountains northeast of Santa
Fe, New Mexico (35°40'N, 105° 30" W). The
second site was located in the Spanish Peaks
of southern Colorado and that portion of the
Sangre de Cristo Mountains immediately to
the west (35°35'N, 105°05'W). This area
represents the southern limit for Pinus contorta
in the Rocky Mountains. The third moderate-
intensity area was near the northern end of
the southern Rocky Mountain province, in
the Snowy Range of the Medicine Bow

Mountains, southern Wyoming (41°20'N,
106° 20" W).
Three low-intensity sites were located

between the primary site and the Spanish
Peaks site. The first was at Mt Evans (39°40’ N,
105°40'W), the second at Pikes Peak (an
eastern outlier of the main front of the
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Rocky Mountains: 38° 50’ N, 105° 00’ W), and
the third near Hermit Lake in the northern
Sangre de Cristo Mountains west of West-
cliffe, Colorado (38° 09'N, 105° 35'W).

Study areas were required to be large
enough to contain a broad range of vegetation
response to site moisture conditions, elevation
and natural disturbance. Areas subject to
extensive logging or recent grazing were
excluded from consideration. Sites elected
for study were primarily confined to soils
derived from acidic parent material (granite
and gneiss). Sites were restricted to the
eastern sides of the selected ranges to reduce
climatic variation not directly attributable to
elevation or latitude, except for the Sante Fe
site which included both east and west slope
vegetation.

Data collection and analysis

Vegetation of the Rocky Mountain National
Park site was sampled using 305 0.1 ha quad-
rats. All trees were measured at breast height
(1.4m) and twenty-five 1 m?® subquadrats
were observed to estimate understorey cover
and frequency (< 1 m tall). To aid in obtaining
a representative distribution of samples,
potential sites were subjectively classified by
elevation (six classes), topographic position
and soil moisture (seven classes) and stand age
(five classes). At least one sampling unit was
placed in each cell of this three-dimensional
classification, with additional samples added
to excessively variable cells.

Gradient analysis (Whittaker, 1967, 1973)
was selected to represent vegetational com-
position as this methodology allows subtle
variations in vegetation response to environ-
mental factors to be compared between
study areas. Previous studies by Marr (1961),
Amundsen (1967) and others, as well as field
reconnaissance, suggested that gradients of
elevation, and of topographic position—soil
moisture were most closely related to forest
composition. Elevation was readily determined,
but no simple measure was available combining
the critical components of a moisture gradient.
As an alternative, ordination was selected so
as to arrange samples along a moisture gradient.
Vegetation samples were stratified using
eight elevation belts (the lowest two 300 m
wide, others 200 m) so as to minimize variation

attributable to elevation. Stands within each
stratum were ordered by correspondence
analysis (Hill, 1973, 1974), this method
being comparatively free of the first axis
distortions relative to wunderlying environ-
mental gradients which characterize most
available ordination techniques (Fasham,
1977; Gauch, Whittaker & Wentworth, 1977).
While it would have been desirable to have
produced a two-dimensional ordination com-
bining elevation and site moisture, none of
the presently-available ordination methods
are capable of reconstructing two dimensions
of variation without severe distortion, often
contortion, of the second dimension, which
results in obfuscation of the underlying
pattern.

To verify that the ordination results
corresponded to the author’s subjective
impressions of site moisture conditions, a
site moisture scalar was constructed without
reference to the vegetation data. This com-
bined incident solar radiation, as calculated
from slope and aspect on one axis, and a
subjective index of site exposure and soil
drainage on the other. Isolines were hand-
drawn in such a way as to emphasize soil
drainage and texture on sheltered sites, and
slope and aspect on exposed sites. Rank
correlation of this scalar with the ordination
axis for each of the elevational strata was
high (> 0.80; P<0.0001). This suggested
the ordinations to provide satisfactory sub-
stitutes for directly measured moisture
gradients. Moreover, examination of the
ordering of stands produced by correspondence
analysis in each case revealed a closer fit to
subjective interpretations developed in the
field than could be obtained by using either
the topographic—moisture scalar, or recorded
site characteristics.

Because correspondence analysis could not
be expected to produce similar scaling of each
stratum along the moisture gradient, it was
necessary to rescale the ordination axes so as
to make them directly comparable. This was
accomplished by using the previously men-
tioned topographic—moisture scalar as a
standard against which the other axes were
scaled using curvilinear regression. Combination
of the ordination-based moisture gradients
with the elevation gradient as orthogonal
axes produced a two-dimensional gradient



