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Abstract 
Successful management and restoration of any ecosys- 

tem requires knowledge of the habitat requirements of its 
component species, as manifested under natural or near - 
natural conditions. We measured abundances of common 
grasses in relation to environmental variables on an undis- 
turbed grassland and oak savannah preserve in southeast- 
ern Arizona. Major environmental gradients separating 
species were 1) slope angle and associated soil differences, 
2) distance above wash bottoms or floodplains, and 3) slope 
compass orientation and amount of oak canopy. Blue 
Grama (Bouteloua gracilis) was the most widespread and 
abundant species overall, but it reached highest densities 
on level lowlands, where it was dominant along with 
Sacaton (Sporobolus wrightii) and Vine Mesquite (Panicum 
obtusum). Sideoats Grama (B. curtipendula) was the most 
abundant species on steep slopes above floodplains and 
washes, regardless of tree canopy or slope compass orienta- 
tion. Level to gently rolling uplands were dominated by 
Blue Grama, Plains Lovegrass (Eragrostis intermedia ), and 
Wolftail (Lycurus phleoides). Plains Lovegrass in particular 
seems to be increasing on the study area compared to 
adjacent grazed sites. Steep and rocky uplands were domi- 
nated by Threeawns (Aristida spp.), Curly Mesquite 
(Hilaria belangeri ), and Sprucetop Grama (B. chondro- 
sioides). These species generally are characteristic of poor 
sites, and they were more common on grazed lands than on 
our study area. 
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Introduction 
A recent editorial in Desert Plants (Crosswhite, 1985) 

stressed the importance of grasses in arid environments, 
and the need to better understand their potential as food for 
ourselves and our livestock. They have other values, too. In 
habitats where grasses are the dominant natural vegeta- 
tion, they also provide food and cover for wildlife and they 
protect precious arid land watersheds. 

The high plains and foothills of southeastern Arizona 
support a rich mixture of native perennial grasses, in hab- 
itats ranging from open grassland to savannah and wood- 
land dominated by Oak (Quercus) and Juniper (Juniperus). 
Much of this region was severely damaged by drought and 
livestock grazing in the late 1800's (Hastings and Turner, 
1965; Bahre, 1977), making reconstruction of prehistoric 
ecological conditions difficult. Cattle grazing remains the 
primary land -use of the area today, but the future history of 
the region is being written currently by real estate devel- 
opers. A favorable climate and human migration patterns 
foretell the ever -increasing trend toward suburbanization, 
as more and more of us colonize the sunbelt (Baker et al., 
1981; McCarthy, 1981). 

Livestock exclosures have particular value for determin- 
ing the natural ecological state of species that are widely 
and perennially affected by domestic grazers (e.g., Moir, 
1972; Turner et al., 1980). The Appleton -Whittell Research 
Sanctuary is a 3160 -hectare preserve in Santa Cruz County, 
Arizona. It is managed by the National Audubon Society. It 
has been protected from livestock grazing and other distur- 
bance since 1968. In 1983 we measured the distribution and 
abundance of dominant grass species on the sanctuary, in 
relation to major environmental variables. Objectives of 
the study were 1) to describe the habitats of these species 
under comparatively undisturbed conditions, and 2) to 
define major environmental gradients on the site, and the 
composition of grasslands associated with them. Some 
details of our methods and results will be of interest prima- 
rily to professional biologists and land managers, but we 
believe the species accounts will be valuable to all inhab- 
itants of southwestern grasslands interested in protecting 
and restoring their lands. 

Methods 
The study area lies on the Sonoita Plain, a region of 

grassland and oak savannah between the Santa Rita and 
Huachuca Mountains. Elevations range from 1400 to 1560 
meters. Mean minimum January temperature is -1.7C and 
mean maximum June temperature 32.4C. Precipitation 
averages 43 cm /year, with nearly two thirds of this amount 
falling in July, August, and early September. Predominant 
soils of the sanctuary are gravelly loams of the White House 
and Bernardino series (Richardson et al., 1979), with scat- 
tered calcareous soils associated with limestone outcrops. 

We measured vegetation cover (by species) and physical 
environmental characteristics in July- August, 1983, on 132 
circular plots 12 meters in diameter. The plots were located 
at 50 -meter intervals along transects set out in a systematic 
fashion to include the major grassland and savannah hab- 
itats of the site: 1) lowland floodplains, washes, and 
benches, 2) slopes with and without oak (Quercus emoryi 
and Q. arizonica ), and 3) upland grasslands with scattered 



Oak Savannah. 

low shrubs (especially Baccharis pteronioides and Hap - 
lopappus tenuisectus) and small Mesquite (Prosopis juli- 
flora ). Botanical nomenclature follows that of Kearney and 
Peebles (1960) and Gould (1973). 

Two 12 -meter transects were set out on each of the 132 
plots, along the north -south and east -west axes. At 0.5 -m 
intervals along the transects we recorded: 1) canopy cover- 
age, by species, of all trees and shrubs, 2) basal area ground 
cover, by species, of all herbs and grasses, and 3) in the 
absence of live ground cover, the presence of litter, bare 
soil, or rock. These data were converted to percentages of 
the 48 points sampled per plot. 

Elevation of each plot was taken from topographic maps. 
We also estimated vertical distance above the nearest major 
wash or floodplain. Slope angle and orientation were mea- 
sured across each plot from the highest to the lowest points 
on its perimeter, using a hand -held clinometer and com- 
pass. Finally, a surface soil sample (about 15cc) was col- 
lected from the center of each plot for later analyses of color 
and texture. In the laboratory, the color of each sample was 
rated in terms of chroma (departure from neutral gray), hue 
(red- yellow continuum), and value (lightness), using stand- 
ard Munsell color charts. Chroma proved to be a particu- 
larly reliable indicator of the presence of limestone soils 
that were grayer in color than the reddish -yellow loams. 
Next, the soil samples were mixed with a 10% solution of 
hydrogen peroxide and dried in an oven for 48 hrs at 70C, to 
break apart aggregated particles. Soils then were sifted 
through a series of graded sieves to determine percent 
gravel (particles > 2 mm), percent sand (0.5 -2mm), per- 

centsilt (0.002 -0.05 mm) and percent clay (.x0.002 mm). An 
overall soil texture index was calculated as: ( < %a clay) + 
2(% silt) + 3(% sand). 

We calculated product moment correlation coefficients 
between abundances of the 19 most common grasses on the 
132 plots and each of 19 environmental variables (Table 1). 

These correlations, which can range from +1.0 to -1.0, 
indicate the degree of positive or negative association be- 
tween the abundance of a grass species and a particular 
environmental feature. These correlations were used as 
ecological descriptors of the species in order to group them 
into natural assemblages through the process of single - 
linkage cluster analysis (UPGMA method; see Rohlf et al., 
1972). Based upon the major groupings that emerged from 
this analysis, we were able to recognize six major grassland 
habitat types comprising the study area, and to calculate 
the abundances of each grass species in those habitats. 

Species Accounts 
Correlations between grass species abundances and en- 

vironmental variables generally were low, although many 
were highly statistically significant because of the large 
sample sizes involved (Table 1). Of 361 correlations (19 
species x 19 variables), 101 were statistically significant at 
the 95% level of probability, and 55 of these were signifi- 
cant at the 99% level. In many cases grass species were 
common on plots with certain characteristics (e.g., steep 
slopes), but they occurred on relatively few of the plots with 
those attributes. This may have been due to chance, given 
the small sizes of the plots, or due to some other prohibitive 



Table 1. Correlations between abundances of grass species and 19 environmental variables. Data from 132 12 -meter diameter plots on the 
Appleton -Whittell Research Sanctuary in southeastern Arizona. 

Variable 

Elevation 
Distance above 
floodplain 

Slope: angle 
degrees s of n 

degrees w of e 

Soil characteristics: 
% gravel 

% sand 
% silt 
% clay 
texture index 
color (hue) 

color (value) 

color (chroma) 

Ground cover: 
% rock 
% bare soil 
% litter 
% vegetated 

Tree canopy ( %) 

Shrub canopy ( %) 

Blue 
Grama 

Hairy 
Grama 

Sideoats 
Grama 

Sprucetop 
Grama 

Black 
Grama 

Plains 
Lovegrass 

Arizona 
Cottontop 

Curly 
Mesquite Wolftail 

Poverty 
Threeawn 

-0.14 0.09 -0.09 0.30" -0.19' 0.36' -0.25" 0.16" 0.10 0.02 

-0.31" 0.08 -0.17 0.28 -0.03 0.29" -0.25" 0.22' 0.31" 0.06 

-0.37' 0.05 0.65" -0.10 0.05 -0.12 -0.06 0.01 -0.19' 0.01 

-0.29" 0.04 -0.04 0.17' 0.16' 0.06 0.02 0.27" -0.12 0.04 

0.03 0.06 0.04 -0.18' -0.07 -0.11 -0.01 0.04 -0.03 0.04 

-0.28" -0.15 0.39" 0.14 0.14 -0.11 -0.09 0.02 -0.05 -0.06 
-0.13 -0.17' 0.35" -0.09 0.08 -0.12 0.05 -0.17' -0.04 -0.10 

0.01 0.22" -0.18' 0.06 <0.01 0.02 -0.10 0.28" -0.23" 0.12 

0.16 -0.03 -0.22" 0.03 -0.09 0.12 0.04 -0.10 0.29" -0.01 
-0.22' -0.07 0.36" -0.07 0.10 -0.16' 0.03 -0.04 -0.16' -0.04 

0.15 0.06 0.02 <0.01 -0.05 0.12 -0.09 -0.12 -0.04 -0.03 
-0.15 -0.01 -0.14 0.17' -0.08 0.21' 0.15 -0.09 0.06 -0.11 
-0.04 0.11 -0.28" 0.28" -0.29" 0.23" 0.03 0.28" 0.19' 0.12 

-0.51" 0.19' 0.07 0.26" 0.12 -0.13 -0.22" 0.28" -0.01 -0.01 
0.10 0.05 -0.37" 0.05 -0.06 -0.03 -0.16' -0.09 0.14 0.16' 
0.15 - 0.24" 0.21' -0.26" -0.10 0.12 0.22" -0.40" -0.15 -0.26" 
0.36" 0.01 0.01 -0.05 0.03 0.05 0.17' 0.09 0.06 -0.18' 

-0.08 -0.08 0.21' -0.09 -0.06 0.24" -0.05 -0.12 -0.07 -0.09 
-0.09 -0.09 0.01 0.13 -0.06 0.21' -0.11 0.08 0.33" 0.01 

Variable 

Elevation 
Distance above 

foodplain 
Slope: angle 

degrees s of n 
degrees w of e 

Soil Characteristics: 
% gravel 
% sand 
% silt 
% clay 
texture index 
color (hue) 
color (value) 
color (chroma) 

Ground cover: 
% rock 
% bare soil 
% litter 
% vegetated 

Tree canopy ( %) 
Shrub canopy (%) 

* *P -0.01 

Spidergrass 
Purple 

Threeawn 
Vine 

Mesquite 
Hall's 

Panic Grass Sacaton 
Cane 

Beardgrass 
Texas 

Bluestem Tanglehead Bullgrass 

0.02 -0.05 0.03 -0.02 -0.24" 0.16' 0.17' 0.07 0.16' 

0.04 0.31" -0.14 -0.02 -0.30" 0.11 0.06 -0.08 -0.09 
-0.02 -0.04 -0.20' 0.06 -0.17' -0.08 0.25" 0.16' 0.21' 
-0.10 -0.09 -0.06 0.09 -0.13 0.19' -0.24" 0.27" -0.21" 
-0.08 0.12 0.13 0.24" 0.04 -0.12 0.08 -0.02 0.04 

0.05 0.09 -0.10 -0.01 -0.25" -0.06 0.03 0.06 0.01 
0.07 -0.05 -0.11 0.01 -0.19' 0.02 0.05 0.13 -0.02 

-0.12 -0.01 0.06 0.01 0.09 -0.03 0.04 -0.16' 0.07 
0.05 0.06 0.06 -0.03 0.13 0.01 -0.10 <0.01 -0.06 
0.03 -0.07 -0.10 0.03 -0.18' <0.01 0.09 0.10 0.02 

-0.15 0.08 0.06 0.03 -0.02 0.02 0.03 0.01 0.07 
0.12 -0.10 0.13 -0.03 -0.04 -0.04 0.05 0.16' <0.01 
0.06 -0.16' -0.04 0.10 -0.23" 0.11 -0.03 -0.09 -0.09 

-0.08 0.21' -0.24' 0.07 -0.20' -0.16' 0.05 0.04 -0.11 
-0.10 0.01 -0.18' 0.09 0.06 0.02 -0.14 -0.13 -0.19' 

0.14 -0.20' 0.29" -0.14 0.11 0.06 0.18' -0.04 0.25" 
0.03 -0.01 -0.11 <0.01 0.17' 0.10 -0.16' 0.13 0.01 

0.14 -0.09 -0.06 -0.05 0.05 -0.02 0.39 -0.04 0.49" 
0.12 -0.01 -0.13 0.02 -0.11 0.03 -0.05 -0.02 -0.03 

characteristics of the unoccupied plots. In any event, we 
interpret significant correlations as reflective of real hab- 
itat requirements or preferences of the species, and the 
following accounts are based largely upon those correla- 
tions. 

Blue Grama (Bouteloua gracilis). This was the com- 
monest grass sampled on the sanctuary, and also on adja- 
cent grazed lands (Bock et al., 1984). It is the dominant grass 
species over much of the shortgrass prairie in North 
America (Detling, 1979). Blue Grama is widely distributed 
in Arizona, in many habitats between 4,000 and 8,000 feet 
elevation (Humphrey, 1970). Blue Grama occurred on 81 of 
our 132 plots, at an average abundance of 17.6% ground 
cover. It was particularly abundant in well- vegetated 
floodplains and washes, as well as on low benches and level 
uplands. It was more common on plots with relatively 
fine -textured soils with little exposed rock. 

Hairy Grama ( Bouteloua hirsuta). This species was 
widespread on the sanctuary, but rarely was the dominant 
ground cover. Our analysis revealed few predictors of this 
grass (Table 1), as it occurred in all major habitats except 
floodplains and washes. It was most common on silty soils 
with much exposed rock. Nicholson and Bonham (1977) 
found that Hairy Grama was more common than Blue 
Grama in the early 1970's, which definitely was not the 
case in 1983. Hairy Grama may be less common on the 
sanctuary today than it was when cattle were first removed. 
This finding is unexpected, since Hairy Grama is less 
resistant to cattle grazing than Blue Grama (Humphrey, 
1970). 

Sideoats Grama (Bouteloua curtipendula). This wide- 
spread species was most abundant on relatively steep 
slopes (see also Nicholson and Bonham, 1977), where it 
often grew on coarse gray soils associated with limestone 



Blue Grama Grass (Bouteloua gracilis). 

Hairy Grama Grass (Bouteloua hirsuta). 



Sideoats Grama Grass (Bouteloua curtipendula). 

outcrops. However, it also was locally common in washes 
and on low benches. Sideoats Grama often grew in dense, 
nearly pure stands with much litter accumulation, espe- 
cially on lower slopes in the oak savannah. 

Students of grasslands traditionally have classified 
species as increasers, decreasers, or invaders, depending 
upon their responses to grazing by domestic livestock. Both 
Blue Grama and Sideoats Grama have been listed as in- 
creasers (e.g., Weaver, 1954), although Humphrey (1970) 
suggested that Sideoats Grama is less resistant to grazing 
than Blue Grama. Risser et al. (1981) caution against use of 
the increaser / decreaser terminology, and illustrate their 
point using Sideoats Grama. In the tallgrass prairies of 
Kansas, Sideoats Grama has been shown to increase in the 
presence of grazing, but this is not the case farther west. 
Perhaps the most serious flaw with the increaser terminol- 

Sprucetop Grama Grass (Bouteloua chondrosioides). 

ogy is that some increasers do not actually produce more 
biomass or propagate under grazing pressure from domestic 
animals. Rather, they simply are able to resist destruction 
by the activities of domestic grazers more successfully than 
other grasses (the "decreasers ") in the same habitats. 
Sideoats Grama may be most abundant on steep slopes 
because cattle tend to avoid these areas. This could explain 
why, in the absence of cattle, it now is moving onto our 
study sites on lowland benches and washes. 

Sprucetop Grama ( Bouteloua chondrosioides). This is a 
southwestern species, occurring in Arizona, west Texas, 
and northern Mexico. At our study site it was most com- 
mon on rolling upland plots and on steeper south -facing 
slopes. It was not very abundant, but it reached maximum 
densities on relatively poor sites with much exposed rock 
and sparse litter accumulation. It did not occur on limes- 
tone soils. Humphrey (1970) lists Sprucetop Grama as 
occurring most commonly on rocky slopes and rolling open 
grasslands. It is of low stature, and may compete poorly 
with taller species that become common on better sites. In 
an earlier study comparing the sanctuary with adjacent 
rangeland (Bock et al., 1984), we found Sprucetop Grama to 
be more abundant on grazed than on protected pastures. 

Black Grama ( Bouteloua eriopoda). This species is more 
typical of desert grassland at elevations lower than our 
study area (Humphrey, 1970). We found it mainly on low 
south -facing slopes, as might be expected of a species 
growing near its upper elevational limits. In these sites it 
sometimes occurred in small but very dense stands, often 



Plains Lovegrass (Eragrostis intermedia). 

on gray soils associated with limestone outcrops. 

Plains Lovegrass (Eragrostis intermedia). This important 
species declined historically in Arizona under the pressure 
of livestock grazing (Humphrey, 1970); it has increased 
dramatically on the Appleton -Whittell Research Sanctuary 
since cattle were removed in 1968 (Bock et al., 1984). Parts 
of nearby Fort Huachuca have been ungrazed since the early 
1950's, and here Plains Lovegrass often occurs in dense, 
nearly pure stands. We anticipate that this will occur on our 
study site as post -grazing ecological succession continues. 

Plains Lovegrass was widespread on the sanctuary in 
1983, although we rarely found it growing at very high 
densities. It had a curiously biomodal distribution on our 
study plots. It was most common on gently rolling slopes 
and level uplands with scattered shrubs and fine -textured, 
bright yellow -red loamy soils. However, it also was locally 
abundant on steeper slopes directly under the canopy of oak 
trees. This latter distribution may be explained by the fact 
that Eragrostis intermedia produces large loose fruiting 
stalks that detach and tumble across the landscape in late 
summer. These tend to tangle in the branches of oaks, 
perhaps causing seeds to be deposited under the trees. Even 
on the uplands, Plains Lovegrass often was found growing 
under shrubs, where the seeds can accumulate in the same 
manner. 

Arizona Cottontop (Trichachne californica). This 
species is referred to as Digitaria californica by Gould 
(1973) and others. We follow the taxonomy used by Cable 

Wolftail Grass ( Lycurus phleoides). 

(1979) and by Kearney and Peebles (1960). Arizona Cotton - 
top is a lower elevation grass that we found only in- 
frequently on the sanctuary. It usually occurred on lowland 
plots with fine soils, little exposed rock, and good litter 
accumulations. However, we found this species in so few 
places (only 11 to 132 plots) that we are reluctant to 
conclude much about its overall habitat requirements. In 
his monograph on the species, Cable (1979) found that 
Arizona Cottontop did best in unshaded sites, although it 
responded well to the nutrient accumulations found under 
Mesquite trees. He found that it grew well on most 
Whitehouse series soils, as well as in limestone areas. 

Curly Mesquite (Hilaria belangen). This hardy sodgrass 
was widespread and locally abundant on our study area, 
especially on rolling uplands and south -facing treeless 
slopes. It was most common on plots with much exposed 
rock and sparse litter. These soils tended to be high in silt, 
low in sand, and rich in color. In an interesting discussion, 
Humphrey (1970) points out that this grass is among the 
most resistant to grazing, and that pure stands indicate 
overgrazing. Our results strongly support this conclusion. 
Along with Sprucetop Grama, Curly Mesquite grew best at 
the sanctuary on poor, rocky sites, and it was more com- 
mon on adjacent grazed pastures. Curly Mesquite may have 
considerable value in land restoration because it spreads by 
stolons and may form a soil -stabilizing mat rather quickly. 

Wolftail (Lycurus phleoides). This species was widely 
distributed but rarely abundant on our plots; it never grew 
in pure stands. It was most common on upland mesas, 



Curly Mesquite Grass (Hilaria belangeri). 

where soils were fine -textured and rich in color (i.e., not 
associated with limestone outcrops). In these sites it often 
grew under a shrub canopy, especially of Baccharis 
pteronioides. 

Poverty Threeawn (Aristida divaricata). This grass does 
well on poor soils with little vegetation cover; it appears to 
be a poor competitor and a successful bare -ground col- 
onizer. On our study plots, the only predictor of this species 
was a general lack of vegetation or litter, and an abundance 
of bare ground. 

Purple Threeawn (Aristida purpurea). This species is at 
its upper elevational limit on our study area (Humphrey, 
1970). It occurred on 24% of our plots, but rarely in great 
abundance. The densest stands grew on rocky upland sites 
associated with limestone outcrops and sparse litter ac- 
cumulations. A related species, Spidergrass (Aristida ter - 
nipes ), was rare, rather widely distributed on the sanctuary, 
and showed no significant associations with any of the 
environmental parameters we measured (Table 1). 

Vine Mesquite (Panicum obtusum). This species was 
patchily distributed across our study plots, but it frequently 
grew in dense, almost pure, stands. These stands most often 
occurred on level ground or even in swales, on plots with- 
out exposed rocks. Such plots usually were in floodplains, 
but occasionally were on level uplands. Humphrey (1970: 
p. 121) similarly describes the habitat of Vine Mesquite as 
"swales, mud flats, lowlands, ... and along drainages." 

Hall's Panic Grass (Panicum hallii). This grass was un- 
common and widely scattered across our study area. The 
only significant correlation we found was a tendency for it Threeawn Grass (Aristida sp.) 



Vine Mesquite Grass (Pancium obtusum). 
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Cane Beardgrass (Bothriochloa barbinodis). Tanglehead Grass (Heteropogon contortus). 
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Table 2. Abundances of perennial grasses in various habitats on the Research Ranch in August, 1983. Data are from 132 12 -meter diameter 
plots. 

Average percent basal area ground cover 

Species Floodplains Low Level Level Rolling N- facing S- facing 
and washes benches uplandsa uplands slopes slopes 

Blue Grama 23.9 21.6 15.4 2.6 5.9 3.6 
Hairy Grama 0 1.1 0.5 1.8 1.7 1.9 
Sideoats Grama 5.7 6.4 1.7 1.3 10.8 9.7 
Sprucetop Grama 0 1.8 2.4 6.3 1.3 4.5 
Black Grama 1.3 0.5 0.6 1.7 1.3 2.9 
Plains Lovegrass 0.6 2.2 5.3 7.2 2.8 2.4 
Arizona Cottontop 4.9 0 0.6 0 0 1.4 
Curly Mesquite 0 0.7 0.8 11.7 5.2 9.1 
Wolftail 0 0.4 4.3 3.1 1.2 0.5 
Poverty Threeawn 0 0 0.6 0.3 1.2 1.1 
Spidergrass 0.2 0.4 0.4 0 0.2 0.1 
Purple Threeawn 0 0 4.3 1.7 3.2 0.8 
Vine Mesquite 4.5 1.3 2.4 0 0 0 

Hall's Panic Grass 0 0 0.3 0.5 0.5 0.2 
Sacaton 6.0 0.2 0 0 0 0 

Cane Beardgrass 0.3 0 1.8 0.2 0.1 0.5 
Texas Bluestem 0 0 0.4 0 2.1 0.1 
Tanglehead 0.5 0.2 0 0 0 1.9 
Bullgrass 0.1 0 0 0 1.2 0.1 

a'slopes , 2 °. 

to occur on west -facing slopes (Table 1). It occupied so few 
of our plots (10 of 132) that even this association must 
remain doubtful. This species is highly sensitive to grazing 
(Humphrey, 1970). We suspect that it still is in the process 
of recolonizing the sanctuary and that it may be some time 
before its habitat preferences are fully expressed. 

Sacaton (Sporobolus wrightii). This very tall bunchgrass 
grows in dense stands almost exclusively on "alluvial flats 
and bottomlands subject to flooding" (Humphrey, 1970). It 
is today the dominant plant growing across broad lowland 
floodplains of the sanctuary. It was most abundant on level 
plots with fine soils and little exposed rock. At one time 
this grass covered millions of acres in the Southwest with 
its luxuriant growth. However, changes in the major drain- 
ages of southern Arizona, due largely to human activities, 
have greatly reduced both the quality and extent of these 
stands (Cox et al., 1983). Today this extraordinary grass 
occupies only a remnant of its former range. The stands on 
the Appleton -Whittell Research Sanctuary are among the 
finest remaining. In other work, we have learned that this 
grass is highly adapted to fire and that it serves as important 
cover for wildlife (Bock and Bock, 1978, 1979). 

Cane Beardgrass (Bothriochloa barbinodis). This species 
was neither widespread nor locally abundant, although it 
was a conspicuous plant in certain areas because of its 
height. It was most common on level to gently sloping 
uplands with south -facing exposures and an absence of 
surface rocks. 

Texas Bluestem (Schizachyrium cirratus). This species 
grew mostly on steep north -facing slopes under oak canopy, 
as appears to be the case generally in Arizona (Humphrey, 
1970). It was most common on higher elevation slopes 
with much litter and generally sparse vegetation. We often 
found it growing in small, nearly pure, stands. Along with 
Plains Lovegrass, it is a dominant species on parts of nearby 

Fort Huachuca that have been protected from livestock 
grazing for over 30 years. Therefore it may increase in 
abundance and distribution on the Appleton -Whittell Re- 
search Sanctuary as post -grazing changes continue. 

Tanglehead (Heteropogon contortus). This species ap- 
pears to be near its upper elevational limit in our study area 
(Humphrey, 1970), where it was rare and largely restricted 
to south -facing slopes. We usually found it growing in 
dense, nearly monotypic stands. 

Bullgrass (Muhlenbergia emersleyi). This tall coarse 
bunchgrass was neither widespread nor locally dense on the 
sanctuary. However, it was a predictable component of the 
plant community growing under oak canopy on higher 
north -facing slopes. 

Habitat Relationships 
What general patterns of vegetation distribution emerged 

from this study? We approached this question in two ways. 
First, we grouped the species by a method called cluster 
analysis, based upon the similarities (correlations) of their 
associations with the environmental variables (Table 1). 

Results of this analysis allowed us to recognize groups of 
species that appeared to share the same sorts of habitat 
requirements or preferences. However, some of these 
species were much more common than others, and the 
cluster analysis method gave us no clear picture of the 
relative importance of the different species in different 
parts of the study area. To examine this, we applied a 
second approach: dividing the 132 plots into what we 
perceived to be the major habitat types on the study area, 
and then calculating the average ground cover for each of 
the grasses in each of those habitats (Table 2). 

Single -linkage cluster analysis grouped the 19 grass 
species into five ecological assemblages, labelled A -E in 



Low bench with dense stand of Blue Grama Grass 
(Bouteloua gracilis). 

Floodplain with Sacaton Grass (Sporobolus wrightii). 



Upland Mesa. 

Figure 1. This sort of figure is called a dendrogram (literally 
"tree diagram ") because it resembles a tree lying on its side. 
The individual grasses represent the branch tips. Species 
with similar ecological requirements are represented by 
closely connected upper branches, while dissimilar species 
are connected only through lower branches or the trunk. 
For example, and referring to the figure, Blue Grama and 
Sacaton were very similar, while both were very different 
from Wolftail and Cane Beardgrass. 

The clusters of species shown in Figure 1 are based on 
similarities of their associations with the 19 environmen- 
tal parameters we measured (Table 1), and they reflect the 
species' relative abundances along major environmental 
gradients in the study area. Species in groups A -C all were 
most abundant in lowland floodplains and washes, or on 
adjacent slopes. Species comprising the second major stem 
of the dendrogram (groups D and E; Figure 1) were those 
most abundant in the upland plains. 

Blue Grama and Sacaton had very similar habitat prefer- 
ences. Together with Vine Mesquite and Arizona Cotton - 
top, they made up a group of species (A) most strongly 
associated with level floodplains and washes. The associa- 
tion between Shacaton and Blue Grama might seem sur- 
prising. While Blue Grama was very widely distributed in 
our study area, it reached maximum development in the 
lowland sites. Blue Grama is very tolerant of grazing and 
trampling by domestic livestock, and many places in 
southeastern Arizona now dominated by Blue Grama may 
once have been Sacaton stands (Cox et al., 1983). 

Species in group B (Figure 1) were most abundant on steep 
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Figure 1. Single- linkage cluster analysis of the 19 most 
common grasses on the Appleton - Whittell Research 
Sanctuary, based on their correlations with 19 environ- 
mental variables (Table 1). Copenetic correlation = 
0.769. 
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slopes, especially under oaks. Texas Bluestem and Bullgrass 
were virtually restricted to north -facing plots with an oak 
canopy, while Sideoats Grama was more widely distrib- 
uted. Spidergrass was only weakly associated with this 
group, and in fact showed no strong habitat associations 
(Table 1). Black Grama and Tanglehead were very different 
from all of the other grasses, being largely restricted to low 
elevations and dry, south -facing slopes (group C). 

Among the species that were most abundant in upland 
semidesert grassland, those in group E were more common 
on relatively level sites with fine -textured soils and little 
exposed rock. Plains Lovegrass and Wolftail in particular 
were associated with rich, reddish yellow soils, and often 
grew under or near shrubs. These species were much more 
abundant on the sanctuary than on adjacent grazed lands 
(Bock et al., 1984). By contrast, species in group D (Figure 1) 

generally were more common on rocky, poorly vegetated 
sites, often with south -facing exposures. Included in group 
D are species typical of disturbed sites (e.g., Poverty 
Threeawn), and two species significantly more abundant 
on grazed areas adjacent to the sanctuary (Sprucetop Grama 
and Curly Mesquite). 

We were able to recognize six major habitat types that 
comprised most of the landscape in our study area. Some 
species, such as Blue Grama, were common in several of 
these habitats, while others, such as Sacaton or Texas 
Bluestem, were largely restricted to one or two (Table 2). 
These six habitats and their dominant grass species were as 
follows: 

1) floodplains and washes, dominated by Blue Grama, 
Sacaton, and, more locally, Vine Mesquite; 

2) low -level benches, often supporting nearly pure 
stands of Blue Grama, or a mixture of Blue Grama and 
Sideoats Grama; 

3) level uplands, where the most abundant species were 
Blue Grama, Plains Lovegrass, Wolftail, and, in poorer 
limestone sites, Purple Threeawn; 

4) rolling uplands, usually rocky, dominated by Curly 
Mesquite, Plains Lovegrass, and Sprucetop Grama; 

5) north -facing slopes with a partial oak canopy, where 
Sideoats Grama, Blue Grama, and Plains Lovegrass were 
the most important species; and 

6) south -facing slopes, dominated by Curly Mesquite, 
Sideoats Grama, and Sprucetop Grama. 

It is difficult to predict exactly the sorts of vegetational 
changes that will occur on the sanctuary as post -grazing 
ecological succession continues. It seems likely that short 
grasses such as Sprucetop Grama, Hairy Grama, Curly 
Mesquite, and Poverty Threeawn will decline, or become 
increasingly restricted to sites with poor soils. There is 
some reason to suspect that all the Grama species eventu- 
ally will decrease in abundance. While the Sonoita Plains 
are generally classed as Grama grassland, this may be an 
artifact of historical patterns of grazing by domestic lives- 
tock. Bison were not present in this area, at least for the past 
10,000 years (Paul Martin, pers. comm.), so that species less 
tolerant of grazing may have dominated these plains until 
relatively recent historic times. Parts of nearby Fort 
Huachuca have been ungrazed since the early 1950's. In 
some places the common grasses no longer are Grama 
species but rather are such species as Plains Lovegrass, 

Tanglehead, and Texas Bluestem. 
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