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Introduction
Species-environment relationships are important determi-

nants of the abundance and spatial distribution of vegetation. 
Environmental variables including soil moisture, topographic 
position, slope, elevation, and aspect are important controls 
on plant population structure at both local and landscape-
scales (Whittaker 1956; Christensen and Peet 1984; Allen 
et al. 1991; Camp et al. 1997). Forest stand density, basal 
area, and species composition vary according to these envi-
ronmental gradients (Taylor and Skinner 1998; Taylor and 
Solem 2001). Northern exposures are often more mesic than 
southern expositions, resulting in potentially divergent spe-
cies composition. Likewise, high elevation sites have more 
moderate site conditions than low elevation sites due to 
adiabatic cooling, which may result in differences between 
high and low elevation species composition.

Different species may be adapted to specific site condi-
tions or elevations, and can hold a site by out competing 
other, less adapted species (Oliver and Larsen 1996; Ashton 
et al. 1995; Gunatilleke et al. 1998; Singhakumara 2000). 
Plants that dominate lower elevations in the Southwest are 
generally more drought tolerant than higher elevation species 
(Padien and Lajtha 1992; Linton et al. 1998). Differences in 
the physiological tolerance of plants species drought strongly 
influence plant distribution patterns across landscapes of the 
Southwestern United States.

This study investigates relationships between vegetation 
abundance and distribution patterns, elevation, and topography 
in the Madrean pine-oak woodlands in the Chisos Mountains 
of Big Bend National Park, Texas. We use a macroecologi-
cal approach (sensu Brown 1995) to identify the key factors 
regulating forest ecosystem structure and function at the plot 
and landscape scales.

Study Site Description
The Chisos Mountains of Big Bend National Park (BBNP) 

are located in the Trans-Pecos region of western Texas (figure 1). 

Forests in BBNP are dominated by pinyon-juniper-oak 
and mixed conifer woodland. Dominant species include 
Pinus cembroides, Juniperus deppeana, Juniperus flaccida, 
Juniperus pinchotii, Quercus grisea, Quercus gravesii, and 
Quercus emoryi. Chihuahuan Desert grasslands bound the 
site at lower elevations, while relict montane conifer forests 
form the upper elevational boundary (VanDevender and 
Spaulding 1979).

The climate is arid, characterized by cool winters and 
warm summers. Annual precipitation ranges from <200 to 
>480 mm and is distributed bi-modally (Adams and Comrie 
1997). Climate influences fire seasonality in the Southwest 
and Northern Mexico, with most fires occurring just prior to 
summer monsoons (Swetnam and Betancourt 1992, 1998). 
This fore-summer period is usually very dry, with low humidity 
and high temperatures that reduce live and dead fuel moisture 
levels. Fires also occur during mid-summer monsoons, as a 
result of lightning ignitions during rainstorms.

Methods
One hundred sixty one plots in BBNP were stratified by for-

est cover type, slope aspect, and elevation based on topographic 
maps, aerial photographs, and field reconnaissance (figure 
2). A 250-meter grid was placed over the Chisos Mountains, 
and plots were systematically located at the junctions of grid 
points. The location of each plot was recorded with a GPS, 
and a series of nested plots were used to sample vegetation. 
Overstory vegetation was sampled in circular 10 m radius plots. 
Percent cover of shrubs, grass, and bare soil was recorded in 
six classes (<1%, 1-5%, 5-25%, 25-50%, 50-75%, 75-100%), 
and dominant shrub and grass species were recorded. Species, 
condition (live or standing dead), canopy class (suppressed, 
intermediate, co-dominant or dominant), height, and diameter 
at breast height (dbh) were recorded for all trees >5 cm dbh. 
Seedlings and sprouts were tallied in 5 m radius plots, and seed-
ling heights were measured. Environmental variables including 
elevation, aspect, slope (in degrees), slope configuration (con-
cave or convex), and topographic position were also measured 
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at each plot. Slope contour, aspect, topographic position, and 
slope were used to generate a topographic relative moisture 
index (TRMI) that estimated potential soil moisture (Parker 
1982). Aspect was used to calculate a heat load index using 
the formula (1-cos (θ – 45))/2 where θ = aspect in degrees 
east of true north (McCune and Grace 2002).

Species Importance Values (IV) were calculated as the sum 
of relative basal area and relative density for each plot. We 
used Cluster Analysis to identify forest compositional groups. 
Clustering was performed using relative Euclidean distances 
and Ward’s method. We used Species Indicator Analysis 
to determine the number of clusters to retain. Differences 
between species composition groups were determined using 
Multi-Response Permutation Procedures (MRPP). Separation 
between cluster groups was assessed, and environmental gradi-
ent length was determined using Non-Metric Multidimensional 
Scaling (NMS). Pearson’s correlation coefficients were calcu-
lated between species axis scores and environmental variables 
to determine the relationship between species axis scores and 
the environmental variables.

Results
Six species composition groups were determined from 

Cluster Analysis and Indicator Species Analysis (figure 3; table 
1). Species composition groups were significantly different 
(p < 0.001) from each other according to Multiple Response 
Permutation Tests. Juniperus deppeana-Pinus cembroides-
Quercus grisea stands are dominated by alligator juniper (J. 
deppeana), and contained pinyon pine (Pinus cembroides), 
gray oak (Q. grisea) associates. These stands dominate 
middle to high elevation sites of intermediate soil moisture. 
Quercus grisea-Pinus cembroides-Juniperus deppeana stands 
overlap in their distribution with Juniperus deppeana-Pinus 
cembroides-Quercus grisea, but are dominated by gray oak, 
and have pinyon pine and alligator juniper associates. Mesic 
woodland stands exist at higher elevations on moist sites, and 
are dominated by Quercus gravesii and Cupressus arizonica. 
They contain Arubutus xalapensis and Acer grandidentatum 
as understory associates. Other mesic species including Pinus 
ponderosa, Pseudotsuga menzesii, and Quercus muhlenbergii 

Figure 1—Map of Big Bend National Park, Brewster County, Texas.
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Figure 2—Sample plot locations in Big Bend National Park.
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are also found on restricted sites within this group. Juniperus 
flaccida-Pinus cembroides stands exist across a range of eleva-
tions and potential soil moistures. Weeping juniper (J. flaccida) 
is the dominant tree in this group, though pinyon pine is also 
a significant indicator species in this stand type. Juniperus 
pinchotii-Quercus grisea stands occupy middle elevation sites 
of low potential soil moisture. These stands exist at low eleva-
tions, and also within the higher elevation Blue Creek burn area 
where a high severity fire burned in 1988. Within the burn, 
there are large amounts of dead and downed pinyon pine that 
died in the Blue Creek Fire (personal observation). Quercus 
emoryi-Quercus turbinella stands are found on low elevation, 
dry sites with pinyon pine as a minor associate.

The Non-metric Multidimensional Scaling of species 
importance values separated plots according to species com-
position, elevation, and potential soil moisture (figure 3; table 
2). Axis 1 separated alligator juniper and gray oak from weep-
ing juniper and Emory oak (Q. emoryi). Alligator juniper and 
gray oak are found on more mesic, high elevation sites, while 
the other two species exist at lower elevations on drier sites. 
Axis 2 separated alligator juniper and pinyon pine from red 
berry juniper (J. pinchotii) and gray oak. Gray oak and red 
berry juniper are found on drier sites than alligator juniper 
and gray oak. Axis 3 separated pinyon pine and gray oak from 
mesic tree species with high amounts of coarse woody debris. 
Pinyon pine and gray oak grow on more extreme sites than the 
species that are negatively correlated with this axis. Species 
negatively correlated with axis 3 exist in closed canopy forests 
that have greater amounts of overall biomass and downed 
coarse woody debris.

Conclusions
Tree species abundance and distribution patterns in 

the Chisos Mountains of Big Bend National Park are 
correlated with elevation and potential soil moisture  
gradients. Aspect and heat load did not significantly predict 
species abundance or composition. These patterns correspond 
to the ecophysiological tolerance of tree species to drought 
(Padien and Lajtha 1992; Linton et al. 1998). Species tolerant 
of drought dominate lower elevations, while more mesophytic 
species dominate moist, high elevation sites. Studies on tree 
species water relations in BBNP could provide a mechanistic 
explanation for the observed abundance and distribution pat-
terns of vegetation in BBNP.
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