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THE SOUTHWESTERN NATURALIST 30(4):533-542 NOVEMBER 27, 1985 

CHIHUAHUAN DESERT VEGETATION OF 
LIMESTONE AND BASALT SLOPES IN WEST TEXAS 

MITCH AIDE AND O. W. VAN AUKEN 

ABSTRACT.-In the succulent desert formation of the northern Chihuahuan desert, a moisture 
gradient is the major factor controlling the species composition and community structure. The 
moisture gradient results from 1.4 times greater annual solar irradiance on south-facing slopes 
and significantly greater surface cover of rock as well as sandier soils on basalt slopes. 
Consequently, more rapid infiltration and a reduction of the loss of surface water occurs on the 
basalt slopes. The moisture gradient, basalt north > limestone north > basalt south > limestone 
south, results in the differences in vegetation as determined by community composition 
measurements, community similarity values, ordination analysis, and species diversity indices. 

The Chihuahuan desert is the largest desert region of North America, yet 
it is probably the least well studied (Wauer and Riskind, 1977), and perhaps 
the least well known vegetative region of the United States. A number of 
general floristic studies have described parts of the Chihuahuan desert 
(Tharp, 1939; Blair, 1950; Leopold, 1950; Gould, 1969; Correll and 
Johnston, 1970; Warnock, 1970; Rzedowski, 1978), but few studies have 
attempted to explain the vegetational mosaic. 

The soils of the Chihuahuan desert are derived predominantly from 
limestone (St. John, 1966) with the volcanic extrusive soils, andesite and 
basalt, more locally distributed throughout the desert. These volcanic 
derived soils function as islands among the predominant calcium carbonate 
soils (Fig. 1). According to Stein and Ludwig (1979), the mosaic nature of 
the soils should lead to similar patterns in the vegetation. Previous studies 
have often associated plant species with different soil types (Clements, 
1936), but few have attempted to quantify the distribution of plants on 
these different soils (del Moral, 1982). 

Though soils may play a major role in determining community species 
composition, many studies have shown that species composition can change 
dramatically across a soil type when slopes have different aspects (Whittaker 
and Niering, 1965; Hasse, 1970; Wentworth, 1981). Cottle (1932) attributed 
the differences in vegetation between north and south slopes in 
southwestern Texas to higher levels of soil moisture, lower evapotranspira- 
tion, lower soil temperatures, higher humidity, and lower wind velocity on 
the north slope. In Cantlon's (1953) comparison of north and south slopes, 
he found few species exclusive to one slope, but relative densities did vary 
between aspects. Wentworth (1981) used gradient analysis in studying plant 
communities on limestone and granite in Arizona and found similar results. 

The purposes of this study were to describe the plant communities found 
on north and south-facing slopes of basalt and limestone soils in the 
northern Chihuahuan desert, and to explain any differences found in the 
plant species distributions. 

THE SOUTHWESTERN NATURALIST 30(4):533-542 NOVEMBER 27, 1985 

This content downloaded from 147.8.31.43 on Mon, 01 Feb 2016 19:48:46 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


The Southwestern Naturalist 

" To US 385 .. '. . 

0 N 

v 8 \ t 
10 1 mile 

7 9 

O ° O I A 
0 12 

o 11 
10 

To La Linda Crossing 
and Coahuila, Mexico 

FIG. 1.-Location of study sites in Brewster County, Texas. Stippled areas are basalt-derived 
soils. Sites 1-3 basalt north, 4-6 basalt south, 7-9 limestone north, and 10-12 are limestone south. 

STUDY SITE.-The study was conducted in the Black Gap Wildlife Management Area, Brewster 
County, Texas (Fig. 1). The reserve covers over 40,000 ha northeast of Big Bend National Park. 
The area is arid to semi-arid and receives approximately 20 cm of rain per year (Arbingast et 
al., 1976). Thornthwaite (1948) classified the climate of this area as arid with a moisture 
deficiency index of -40 to -60%. The vegetation of six extrusive basalt slopes (3 north and 3 
south) and six Santa Elena limestone slopes (3 north and 3 south) were compared (Fig. 1). A 
geological map was used to determine the nature of the parent rock and the elevations of the 
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TABLE 1.-Comparison of Shannon-Wiener diversity index values (H') for the four slope types. 
Values followed by the same letter are not significantly different at the 0.05 level using the 

Student's t-test. 

Basalt Limestone 

North South North South 

H' .758A .885AB 1.085B .866A 
Number of species 24A 18B 25A 15B 

stands (St. John, 1966). All stands were between 700 m and 760 m and were chosen on the basis 
of similar slope angles, aspect, and lack of apparent disturbance such as grazing, fire, or 
landslides. The stands were all located in the succulent desert formation (Shreve, 1939; Gehlbach, 
1967; Whitson, 1970). 

METHODS.-A belt transect, consisting of 150, 1 m2 quadrats, was completed in each stand 
(Curtis and Cottam, 1965). Sample adequacy was determined for each stand by calculating 
running means of the percent cover (Greig-Smith, 1983). Percent cover of rock and each plant 
taxon was determined (Daubenmire, 1968). Unidentified herbaceous plants were grouped and 
labeled forbs; grasses were identified only to family. Stand similarities were determined using 
Sorensen's index (Sorensen, 1948; Goodall, 1973). The Bray-Curtis polar ordination technique 
using species percent cover was also used to compare community relationships (Bray and Curtis, 
1957). Shannon-Wiener species diversity values were calculated for each slope (Whittaker, 1975). 
All species were placed into growth-form classifications similar to those used by Wentworth 
(1981). 

Three surface soil samples were collected in each stand. Percent rock was measured by sieving 
the soil through a 2.0 mm sieve. Material retained by the slieve was considered rock and was 
weighed and compared with the fines, which was the material that passed through the sieve. The 
fines were then used to determine % silt, % sand, and % clay, water retention capacity (WRC), 
pH, and % organic content. The pH was determined from a saturated soil paste (Richards, 1954). 
Particle size distribution for the fines was determined using 50 g samples of air-dried soil and 
the hydrometer method (Bouyoucos, 1962). Water retention capacity was measured according to 
the method of Richards (1954), and organic content was estimated by ashing the organic content 
of a 5-15 g sample of the soil at 450°C. Soil depth was determined at sixty points along the 
vegetation transect in each stand by measuring the distance a 12.5 mm diameter iron bar was 
driven into the ground. The solar irradiance values were calculated by using the equations in 
Comstock and Mahall (1985). 

A two-way ANOVA on arcsin transformed data was used to determine the effect of slope aspect 
and soil type on the vegetation cover. If there was a significant treatment effect, a Student's t- 
test was used to determine if a slope within a treatment had a significantly greater percent cover 
(Sokal and Rohlf, 1969). Simple linear regressions were also conducted using measured soil 
parameters, as well as the percent cover of the community dominants (SAS Institute, 1979). All 
correlations reported are significant at p < 0.05. 

RESULTS.-Fifty-one plant taxa, including forbs and grasses, were 
encountered in the twelve stands. North-facing slopes had the greatest 
number of species, while south slopes had the fewest. Comparison of 

species diversity indices (Table 1) showed limestone north (LN) slopes had 
the highest diversity index, and basalt north (BN) slopes had the lowest. 

Basalt north and limestone south (LS) stands both had high similarity 
values, suggesting little variability between replicates (Table 2). Similarity 
values for the basalt south (BS) and LN stands were approximately 20% 
lower, suggesting reduced species constancy on these slopes. 

Total plant cover on all slopes regardless of soil type or aspect was 

approximately 40% (Table 3). Dominant taxa were determined by summing 
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TABLE 2.-Similarity value comparisons within a slope type and mean values for all slopes. 

Basalt Limestone 

Slope Comparisons North South North South 

1 x 2 .78 .57 .63 .84 
1x3 .81 .66 .53 .82 
2x3 .85 .68 .72 .76 
Mean similarity .81 .64 .63 .81 

the percent cover of each taxa on all slopes. In descending order, the 
dominants were: grasses, Agave lecheguilla (lechuguilla), Leucophyllum 
frutescens (cenizo), Euphorbia antisyphilitica (candelilla), forbs, Opuntia 
phaeacantha (nopal), Hechtia scariosa (false agave), Selaginella pilifera 
(resurrection plant), and Jatropha dioica (leather stem). Even though these 
few taxa made up 77-95% of the relative plant cover on each slope, percent 
cover of individual species on different soil types and different aspects was 
often dramatically different. 

North-facing slopes had significantly greater cover of grasses and forbs 
than south-facing slopes. Basalt north slopes had significantly greater grass 
cover than LN. Four taxa, Yucca thompsoniana (Spanish bayonet), Ephedra 

'TABLE 3.-Mean percent cover (±SE) for major plant species found on north and south-facing 
limestone and basalt slopes. A two-way ANOVA was used to determine the effect of the two 
treatments (slope aspect and soil type). Cover values followed by the same letter are not 

significantly different at the 0.05 level. 

Basalt Limestone 

Taxon North South North South 

Grasses 22.1 ± .7A 8.4 ± .7B 9.0 ± 1.9B 7.1 ± .1B 
Forbs 4.0 ±.5A 2.0 .4B 2.0 ± .7B 1.1 ± .8B 
Agave lecheguilla 3.3 ± .5A 11.1 ± 2.3B 4.2 ± .3A 7.6 ± 1.2B 
Opuntia phaeacantha 2.6 ± .2A 2.5 ± 1.2A 1.5 ± .2A .9 ± .4A 
Chrysothamnus pulchellus 1.8 ± .4 
Coldenia greggii 1.6 ± .5 
Yucca thompsoniana .8 ± .5A 1.2 ± .5A 
Ephedra aspera .6 ± .1A 1.9 ± .8A 
Echinocereus enneacanthus .4 ± .OA 1.0 ± .7A 
Jatropha dioica .3 ±.1A 2.3 ± .6B .1 ± .1A .3 ± .1A 
Selaginella pilifera .3 ± .2A 3.3 ± .9B 
Forestiera angustifolia .3 ± .2A 1.0 ± .5A 
Croton dioicus .2 ± .2A 1.3 ± .3B 
Opuntia leptocaulis .2 ± .OA .8 ± .8B 
Dasylirion leiophyllum .2 ± .1A 1.5 ± .5B .6 ± .2A 
Leucophyllum frutescens 5.2 ± 2.6A 5.7 ± .5A 8.7 ± .4B 
Euphorbia antisyphilitica 2.8 ± 1.5A 3.0 ± 1.OA 6.5 ± 2.0B 
Xanthocephalum sphaerocephalum .8 ± .5 
Hechtia scariosa 7.4 ± 1.0 
Other species' .5 2.2 2.2 1.6 

TOTAL % COVER 39.3 ± .6 39.6 ± 3.0 37.5 ± .7 41.8 ± 2.8 
'Additional species identified during the study with mean cover values less than 0.1% include the following: Acacia 

greggii, Acacia neovernicosa, Ariocarpus fissuratus, Buddleja marrubiifolia, Caesalpinia parryi, Calliandra conferta, Celtis 
pallida, Cevallia sinuata, Dyssodia acerosa, Echinocactus texensis, Fraxinus greggii, Heliotropium confertifolium, Krameria 
glandulosa, Larrea tridentata, Leucophyllum minus, Machaeranthera blephariphylla, Mammillaria pottsii, Opuntia rufida, 
Parthenium incanum, Polygala alba, Prosopis glandulosa, Rhus virens, Schaefferia cuneifolia, and Viguiera stenoloba. 
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TABLE 4.-Percent cover and percent relative cover for plant growth forms on basalt and 
limestone slopes. Relative cover values followed by the same letter are not significantly different 

at the 0.05 level. 

Basalt Limestone 

North South North South 

Form Cov %Cov Coy %Cov Cov %Cov Coy %Cov 

Grass 22 55A 8 21B 9 24B 7 17B 
Succulents 7 18A 18 46B 9 24A 22 52B 
Shrubs 5 12A 8 21B 11 29B 10 24B 
Forbs 5 12A 3 8A 3 8A 1 2B 
Other I 3A 2 5A 6 16B 2 5A 
Total 40 100 39 101 38 101 42 100 

aspera (boundary ephedra), Selaginella pilifera, and Forestiera angustifolia 
(desert olive) were found exclusively on both north-facing slopes. Agave 
lecheguilla was common to all four slope types, but had a significantly 
greater cover on the south-facing slopes, with the highest percent cover on 
BS. Two species of Euphorbiaceae, Jatropha dioica and E. antisyphilitica, 
had their greatest mean percent cover on BS and LS, respectively. Hechtia 
scariosa was found only on LS and accounted for 7.4% of the total cover 
on these slopes. Three species, Croton dioicus (hierba del gato), Opuntia 
leptocaulis (tasajillo), and Echinocereus enneacanthus (pitaya), were only 
found on basalt slopes. Percent cover of these species was low, but greater 
on BS than on BN. Chrysothamnus pulchellus (rabbit-brush) and Coldenia 
greggii were only found on BN. 

When all plant taxa were pooled according to plant growth form, some 
interesting observations appeared (Table 4). Succulents were dominant on 
south slopes with approximately 50% relative cover; while on north slopes 
only 20% of the relative cover were succulents. Relative cover for grasses, 
shrubs, forbs, and "other" was similar on the south slopes. Additional 
differences appeared on north slopes; grasses dominated BN slopes; 
however, LN slopes had equal relative cover for grasses, succulents, and 
shrubs. 

Using Bray-Curtis community ordination, the greatest separation 
appeared between nbrth and south slopes (Fig. 2). Community differences 
between soils were not great, although they were more exaggerated on 
north-facing slopes. The BN replicates and the BS replicates are closely 
clustered. Two of the LN replicates are clustered, but the third is more 
closely associated with the LS replicates. This anomaly was caused by an 
unusually high cover of Agave lecheguilla. 

There were no significant differences between the four stand types for 
slope angle, soil depth, pH, percent organic content, soil water holding 
capacity, or percent clay (Table 5). Percent sand was significantly greater 
in basalt soils and percent silt was significantly greater in limestone soils. 
Percent rock cover was much greater on basalt slopes. Basalt north slopes 
had 21% more rock on the surface than LN. Basalt south slopes had over 
2.5 times more rock on the surface than LS. Percent rock in the soil was 
significantly greater on north-facing slopes. 
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FIG. 2.-Graphical representation of the Bray-Curtis polar ordination showing relationships of 
replicate samples within a slope type and between slope types. 

A number of significant correlations were found when regression analyses 
were completed and values for all slopes were compared. The percent cover 
of several taxa of plants was negatively correlated with percent sand in the 
soil, including E. aspera (r = -0.84), S. pilifera (r = -0.78), F. angustifolia 
(r = -0.66) and Dasylirion leiophyllum (sotol) (r = -0.59); but, percent 
cover of A. lecheguilla was positively correlated with soil sand content (r 
= -0.58). The reverse was true when the soil silt content was regressed 
against the percent cover of the previous species. 

Total direct irradiance for a north and south-facing slope was calculated 
for slopes with angles, aspects, and latitude similar to the study sites. 
North-facing slopes had slightly higher daily totals for approximately 45 
days around the summer solstice, but for the remainder of the year daily 
totals were much lower (Fig. 3). Yearly total for the south-facing slope was 
1.46 times greater than the north-facing slope. 

DIscussION.-Based on comparisons made in this study, soil type and 
aspect are both important factors in determining the vegetation of each 
slope. The primary environmental factor that differs between north and 
south-facing slopes is the level of solar irradiation. It is unlikely that visible 
light intensity is the limiting factor, because the levels of photosynthetically 
active radiation (PAR 400-700gIm) are apparently sufficient for maximum 
photosynthesis (Bjorkman, 1973; Boardman, 1977; Bazzaz, 1979). Rather, the 
most likely role of solar irradiance is in its effect on moisture availability 
on different slopes. In the Black Gap area of the Trans-Pecos, over 50% of 
the yearly precipitation falls during July, August, and September 
(Arbingast et al., 1976), the period of greatest solar insolation, but the north 
slopes receive only 64% as much solar irradiation as south slopes. Thus 
evapotranspiration rates would be expected to be higher on south rather 
than north facing slopes. During the months following the period of peak 
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TABLE 5.-Comparison of physical factors for the four slope types (mean and SE). Values 
followed by the same letter are not significantly different at the 0.05 level (Two-way ANOVA). 

Basalt Limestone 

North South North South 

Aspect 358.3 ± 3.5A 171.7 ± 9.3B 5.0 ± 2.5A 167.7 ± 1.3B 
Slope Angle 20.8 ± 2.1A 23.0 ± 2.5A 19.2 ± .4A 20.7 ± .2A 
Soil Depth (cm) 10.1 ± 2.3A 8.8 ± 1.9A 9.0 ± .9A 12.7 ± 1.3A 
% Rock Cover 28.2 ± 4.7A 34.9 ± 5.8A 22.3 ± .9B 13.0 ± .3C 
pH 7.4 .2A 7.5 ± 1A 7.4 .OA 7.5± .OA 
%Organic Matter 10.4 ± 1.8A 10.2 ± 2.2A 11.8 ± .A 11.5 ± .6A 
WHC 51.7 ± 8.1A 52.4 ± 3.6A 49.2 ± 3.1A 43.2 ± 1.6A 
%Rock in Soil 87.8 ± 1.3A 75.1 ± 5.2B 86.7 ± 1.3A 81.5 ± 2.9B 
% Sand 31.3 ± 2.6A 31.5 ± .9A 21.6 ± 2.0B 28.0 ± .9B 
%Silt 48.5 ± 3.6A 50.0 ± 5.0A 64.6 ± 5.8B 60.0 ± 4.0B 
%Clay 20.2 ± 2.2A 18.6 ± 5.6A 13.7 ± 4.0A 12.0 ± 3.2A 

precipitation, the north slopes' irradiance rates decline rapidly while on the 
south slopes the daily irradiance never drops'below 10 megaJoules/m2/day. 

The data also suggest that the soils have played an important role in 
structuring the community species composition. Carter and Cory (1930) 
suggested that igneous rock (basalt) under arid conditions was weathered 
more rapidly than sedimentary rock. They also proposed, but did not 
provide data, that soils derived from igneous formations were deeper and 
supported more mesophytic species. Analysis of depth in the present study 
did not reveal any significant differences between the limestone and basalt 
soils. Further analysis of the two soil types did not show any significant 
differences in water retention capacity. We hypothesize that, on the basalt 
slopes, the rate of water infiltration into the soil would increase and 
evaporation from the surface would decrease because of a much higher 
percent of surface rock and sandier soil. Whitson (1970) has also suggested 
that large surface rocks and boulders can effectively contribute to increased 
infiltration and soil moisture by reducing runoff and erosion through a 
damming effect. 

Given the above differences in insolation on north and south slopes and 
differences in water infiltration on basalt and limestone soils, we propose 
that the vegetation patterns observed are the result of the moisture gradient: 
BN > LN > BS > LS. Ordination analyses showed north and south 
communities to be the most dissimilar and communities from one slope 
type were more similar to each other regardless of the soil type. 

Grasses and forbs had higher mean cover values on north slopes than on 
south slopes. The grasses declined in cover from 22.1% on BN to 7.1% on 
LS. The forbs also decreased from the BN (4.0%) to LS (1.1%). 
Leucophyllum frutescens, Hechtia scariosa, and Euphorbia antisyphilitica, 
three Chihuahuan desert xerophytes (Correll and Johnston, 1970; Warnock, 
1970), made up over 50% of the relative cover on LS, did not occur on the 
BN slopes and had a reduced cover on LN. Yucca thompsoniana, Ephedra 
aspera, and Forestiera angustifolia, three more mesic species (Correll and 
Johnston, 1970; Warnock, 1970), occurred only on north-facing slopes of 
both soil types. 
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FIG. 3.-Annual pattern of direct solar irradiance calculated for a north and south slope with 
slope angles of 21° at 29° N latitude. 

Higher sand and lower silt content were typical of the basalt soils 
sampled, and the reverse was true for the limestone soils. Several of the 
dominant BS species were positively correlated with the soil sand content, 
while several of the LN dominants were positively correlated with the 
percent silt content of the soil. 

If the major species are separated along a moisture gradient, the two 
extreme slope types, BN (high) and LS (low), should then be dominated by 
species which have adapted to the extreme conditions of the gradient. 
Greater diversity should then occur in the heterogeneous intermediate sites. 
The diversity index values (Table 1) support this hypothesis. The slopes 
with the lowest values are BN and LS, and the highest values are BS and 
LN. 

The moisture gradient explains most of the vegetation pattern found in 
this area, but some species appear to be influenced by different soils. Croton 
dioicus, Opuntia leptocaulis, and Echinocereus enneacanthus only occurred 
on basalt slopes and Hechtia scariosa was only found on limestone slopes. 
Selaginella pilifera was only present on north slopes, which suggest a water 
limitation; but, in addition, it had 11 times higher percent cover on LN, 
which appears to be a soil derived limitation or requirement. 

Other studies have explained shifts in species composition through soil 
moisture gradients (Whittaker and Niering, 1965; Pickett and Bazzaz, 1976). 
Pickett and Bazzaz (1978) showed that early successional species coexistence 
could occur, but only when the species responded differently to the 
moisture gradient. Because of the frequency and patchiness of the habitats 
and the intrinsic differences in dispersal and colonization, no one species 
would dominate all sites. This study has shown that, along with the 
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influence of the moisture gradient, subtle differences in soils have also 
influenced the species composition in the Chihuahuan Desert. 

We wish to express our appreciation to Robert L. West of the Texas Parks and Wildlife 
Department and Jerry Cooke of the Black Gap Wildlife Management Area for their help. We also 
thank Janis Bush and Serle Van Auken for their assistance in data collection and analyses. 
Helpful comments on the manuscript were made by Phyllis Coley, Paul Fonteyn and an 
anonymous reviewer. 
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