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ABSTRACT 
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Presence and composition of Eraarostis Lehmanniana was 

measured on 75 permanent transects every 3-8 years between 

1958 - 1989 on the Santa Rita Experimental Range, Arizona. 

The number of transects occupied and average composition 

increased rapidly over this period. 

A repeated measures analysis of two soil groups with 

different water holding capacity and permeability revealed 

that the rate of increase of ̂  Lehmanniana was different 

between the groups. 

Repeated measures analysis of five grazing intensities 

revealed that the rate of Ej. Lehmanniana increase was 

different among intensities. It appears that the highest 

intensity had the highest rate of increase. The influence 

of grazing on Lehmanniana spread was also expressed by 

the lack of difference in relative composition measured in 

1989 between ten livestock exclosures and adjacent grazed 

areas. 

This research suggests that E^. Lehmanniana will spread 

and dominate with an average of 89 mm of summer 

precipitation in 40 days; a lower regime than estimated by 

other research. 
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In Arizona, several species and varieties of grasses 

were introduced primarily for erosion control and as range 

livestock forage (Cox et al. 1984). Eraarostis Lehmanniana 

was successfully established on many sites in southern 

Arizona beginning in 1937 (Cox and Ruyle 1986). The plant 

was first introduced to Arizona from southern Africa in the 

1930's (Crider 1945). From this original genetic stock, a 

drought resistant accession, known as "A-68", was developed 

and distributed for planting by the U. S. Department of 

Agriculture - Soil Conservation Service (SCS) in Tucson, 

Arizona (Cox and Ruyle 1986). 

The use of Lehmanniana for revegetation work became 

popular between 1951 and 1984 when commercial growers 

produced 75,569 kg of seed for use on rangelands and along 

highways in Arizona, New Mexico, and Texas (Cox and Ruyle 

1986). The seeding of E^. Lehmanniana has become so common 

that it is even recommended for residential use by the 

Southern Arizona Water Resources Association in Tucson, 

Arizona (SAWARA 1989). 

E. Lehmanniana was first seeded on the Santa Rita 

Experimental Range (SRER) of southern Arizona in 1937. The 

plant spread from this original site and at least 53 

subsequent seedings totaling approximately 200 ha, (Appendix 

1) and is now present on approximately 80% of the 20,200 ha 
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Santa Rita Experimental Range (SRER). 

Often, Lehmann lovegrass will spread away from original 

seedings at a relatively rapid rate, displacing native 

grasses as it invades (Ruyle and Cox 1985, Kincaid et al. 

1959). Since 1937, E^. Lehmanniana has been established from 

sown seed on at least 69,000 ha and has spread to at least 

an additional 76,000 ha in southeastern Arizona (Cox and 

Ruyle 1986). 

Cox and Ruyle (1986) state that many agencies and 

individuals seed E^. Lehmanniana throughout southern Arizona. 

They suggest that the ease of obtaining seed, the relative 

low cost, and the high rate of establishment are reasons why 

it is so widely sown. They surveyed land owners or managers 

in five southeastern Arizona counties to illustrate the 

distribution of E^. Lehmanniana. They listed numerous 

private, city, county, state, and federal entities which 

have seeded Lehmanniana. A large number of seedings have 

occurred along highways and roads, pipelines, and 

powerlines. Private ranchers in cooperation with the SCS 

had sown the majority of the seeded hectares studied by the 

authors. 

On the SRER, as E^^ Lehmanniana invades a site it 

displaces many of the native herbaceous species, rather than 

supplement the natives (Kincaid et al. 1959). These near-

monoculture sites reduce herbaceous plant species diversity 

in terms of relative abundance and plant cover. Bock et al. 
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(1986) compared sites dominated by African lovegrasses ( E .  

Lehmanniana and curvula var. conferta) and sites 

dominated by native plants and found that of 10 common 

native plant species all were negatively affected in terms 

of relative abundance by the exotic lovegrasses. 

Two studies indicate that dense E^. Lehmanniana sites 

are poor habitat for native wildlife species. Bock et al. 

(1986) found that of 20 animal species present on a 

southern Arizona study site, only three species were more 

common in an Lehmanniana dominated site than in an 

adjacent native plant site. Medina (1988) found that E. 

Lehmanniana sites supported fewer scaled quail fCalipepla 

squamata"> and was of little dietary importance compared to 

native grasses. A few wildlife species may benefit from the 

presence of the plant, specifically one species of 

grasshopper, sparrow, and rodent which are particularly 

abundant in sacaton (Sporobolus airodes^ bottom lands (Bock 

et al. 1986). 

Invasion of Ej. Lehmanniana onto Arizona rangelands 

often necessitates a change in range livestock management. 

Cable and Bohning (1959) indicated that Lehmanniana was 

grazed at different frequencies during the year, primarily 

in late winter and spring, while native species were grazed 

the remainder of the year. As E^. Lehmanniana invades and 

displaces more native grasses, greater pressure will be 

placed on the remaining natives. Ruyle (1985) stated that 



increasing livestock densities and adjusting grazing and 

rest periods may reduce pressure on the native grasses. 
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PLANT INVASION CHARACTERISTICS 

Because of their importance ecologically and 

economically, plant invasions have been studied worldwide 

and a wealth of site specific literature is available. 

However, the invasion of plants into arid environments is 

not so well studied and few examples exist to aid in 

understanding the invasion of plant species in Arizona. 

A few general theories of alien (non-native) plant 

invasion serve as a basis for conceptualizing the invasion 

potential of southern Arizona and the successful invasive 

characteristics of Eraarostis Lehmanniana. These theories 

relate to the initiation of new disturbance patterns, 

favorable climatic and edaphic conditions, and intrinsic 

aggressive characteristics of invasive plant species. 

Livestock Grazing as Disturbance 

Fox and Fox (1986) believe that natural communities 

are comprised of a number of coexisting species that utilize 

a common resource base, and presumably fully utilize these 

resources. Invasion potential is generally low in these 

circumstances. Also, native species are usually adapted to 

endogenous disturbance (naturally occurring i.e. fire, 

floods, herbivory, etc.). However, they proposed that 

exogenous disturbance (not naturally occurring i.e. brush 

control, intensive herbivory, etc.) may allow invasion of 

new species by creating newly available resources or by 
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limiting existing resources. They proposed that sites free 

from exogenous disturbance should be resistant to invasion. 

Henderson and Wells (1986) found exogenously disturbed sites 

to be strongly associated with the presence of invasive 

plant species, but they did note some species invasions far 

from apparent disturbance. 

Frequent and intensive defoliation by large herbivores 

as an endogenous disturbance described by Fox and Fox (1986) 

is doubtful in southern Arizona. It is generally believed 

that southern Arizona rangelands did not experience grazing 

by large herbivores during the period since the end of the 

Pleistocene Era and until the arrival of livestock brought 

by the Spanish Conquistadors in the late fourteenth century. 

Francisco Vazquez de Coronado first brought cattle into 

southern Arizona in 1540 (Wagoner 1952). It wasn't until 

the 1690's that Father Eusebio Francisco Kino developed many 

small ranches and brought many cattle, goats, sheep, and 

horses to the region around what is now the SRER. Large 

scale livestock grazing probably didn't occur until after 

the submission of renegade Apache Indians in 1874 (Wagoner 

1952). Therefore, the assemblage of native plant species 

would not have existed with frequent and intensive herbivory 

by large ungulates as an endogenous disturbance in the past 

10,000 years. Therefore, livestock grazing will be 

considered as an exogenous disturbance for the purposes of 

this paper, and will be treated as a disturbance that may 



14 

facilitate Lehmanniana invasion. 

Apparently livestock on the SRER prefer to graze E. 

Lehmanniana at different frequencies during the year (Cable 

and Bohning 1959). Ruyle (1985) states that the seasonal 

pattern of grazing often found in mixed stands of natives 

and E^ Lehmanniana and the common practice of yearlong 

grazing may offer a competitive advantage to E^ Lehmanniana 

over native grasses. Under conventional year-long grazing 

the native grasses tend to be repeatedly grazed during 

active growth (summer), which may reduce plant vigor of the 

natives and may provide a competitive advantage to E. 

Lehmanniana. Invasion of E^. Lehmanniana could be expected 

to proceed at different rates on sites grazed at different 

intensities. The most heavily grazed sites would be 

expected to be more quickly and completely dominated by E. 

Lehnanniana , while ungrazed sites would be expected to be 

free of E^ Lehmanniana. 

Fire as Disturbance 

The effect of fire on Ej. Lehmanniana apparently depends 

on the intensity of the fire. A burn conducted during 

February (presumably low intensity) resulted in little 

mortality of Ej^. Lehmanniana plants (Pase 1971). Martin 

(1983) found that a November burn did not reduce E. 

Lehmanniana density, although these results conflict with 

findings from another November burn where 80% of mature E. 

Lehmanniana plants were killed by the burn (Ruyle et al. 



1983). Summer burns (high intensity) caused substantial 

mortality of Eji. Lehmanniana plants and native grasses, 

however, E^. Lehmanniana reestablished more quickly after the 

fire than natives resulting in increased E^. Lehmanniana 

composition after the burn (Humphrey and Everson 1951, Cable 

1965). Fire may improve the seedbed environment and 

germinability of E^. Lehmanniana. Ruyle et al. (1988) found 

that 40% more E^ Lehmanniana seedlings emerged from soil 

from burned than unburned plots on the SRER. 

Favorable Climatic and Edaphic Conditions 

Brown and Grubb (1986) observed that most invading 

plants tend to come from an environment similar to the one 

they invade. Cox et al. (1988) and Cox and Ruyle (1986) 

found similarities in elevation, precipitation, temperature, 

and soils between the region of Africa where E^. Lehmanniana 

is native and southern Arizona where E^ Lehmanniana has 

invaded. Arizona sites with Ej. Lehmanniana vary from 

approximately 800 to 1500 meters in elevation, from 250 to 

500 mm annual precipitation, and temperatures rarely fall 

below 0 degrees C. In Arizona, Cox et al. (1988) suggested 

that the grass predominates and spreads where summer 

precipitation exceeds 150 mm in 30 to 40 days. Careful 

examination of precipitation records and the E^. Lehmanniana 

distribution on the SRER may reveal if it spreads with less 

than an average of 150 mm in 30-40 days of summer 

precipitation. 
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The effect of drought on Lehmanniana populations 

seems similar to the effects seen with fire. During 

droughts a substantial decline in both natives and E. 

Lehmanniana occur, but when moisture conditions improved E. 

Lehmanniana more quickly reoccupies the site than natives 

(Cox and Ruyle 1986). The severity and duration of drought 

needed to kill E-. Lehmanniana plants has not been 

quantified. 

E. Lehmanniana generally occurs on sandy and sandy loam 

soils. It has been established on almost all soil texture 

types, but long-term persistence varies (Cox et al. 1988). 

E. Lehmanniana seedlings emerge when seeds are planted near 

the surface in sand, loamy sand, and sandy loam soil 

textures; seedlings do not emerge in silt loam, loam, and 

clay loam soil textures (Cox et al. 1983). The majority of 

the soils on the SRER have sandy to sandy loam surface 

textures. Comparison of E^ Lehmanniana invasion rates 

between soils with different water holding capacities and 

relative permeability may reveal if these characteristics 

influence the invasion rate. 

Intrinsic Characteristics 

Brown and Grubb (1986) observed that invaders tend to 

germinate rapidly and earlier than natives, and produce 

prolific amounts of easily dispersed seeds. These 

characteristics seem to be possessed by the lovegrass which 

has the ability to flower within a few months of germination 
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(Crider 1945), may contain nearly six million very small 

seeds per pound (Ruyle and Cox 1985), can produce greater 

than one infloresence per tiller (Obermiller 1987), and has 

seeds that may be wind and water dispersed (Williams 1964). 
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This study evaluates disturbance, site characteristics, 

and plant invasion hypotheses for the case of Eraarostis 

Lehmanniana establishment and spread by combining data from 

previous studies on the SRER with contemporary data gathered 

for this study. The specific objectives of this study are 

to evaluate the spread of Lehmanniana relative to: 1) 

soil water holding capacity and permeability, 2) grazing 

intensity, and 3) minimum summer precipitation. 
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METHODS 

Description of Study Area 

The Santa Rita Experimental Range (SRER) is situated on 

20,200 ha of semi-desert grassland located approximately 50 

km south of Tucson, Arizona. It was established in 1903 for 

range and livestock research and was managed by the U.S. 

Forest Service until 1989 (Martin and Reynolds 1973). The 

University of Arizona has since assumed management 

responsibilities and the land is now owned by the State of 

Arizona. 

Elevations range from 868 m in the extreme northwest 

corner to 1524 m at the southeastern corner (Fig.l). Soils 

consist of Aridisols, Mollisols, and Entisols in a mosaic 

pattern on the SRER (Clemmons and Wheeler 1970). Long term 

precipitation records from 26 raingauges (Fig.2) provide 

estimates of rainfall on the SRER. Average annual 

precipitation correlates well with the elevation gradient 

(R^ = .75, precip.(mm)= 52 + 0.309 elev (m)) and ranges 

from 290 mm at the lowest elevations to 538 mm at the higher 

elevations. Analysis of precipitation records from 14 

raingauges measured monthly since 1923 reveals that the 

average annual mean precipitation for the entire SRER is 

approximately 366 mm and 56% of the yearly precipitation 

falls as rain during the months of July through September 

(Fig.3). 
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Figure 1: Elevations on the Santa Rita Experimental Range. 
(Contour intervals equal 30.5 m) 
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Since its establishment, the majority of the SRER has 

been grazed by domestic ^livestock under the management of 

the U.S. Rocky Mountain Forest and Range Experiment Station. 

Because of its designation as an experimental range it is 

generally believed that grazing management has been 

conservative and grazing pressure has been light to 

moderate. The range was divided into several pastures over 

time and the grazing history can best be described in 

relation to these pastures (Fig.4). 

Pastures 2N, 3, 5N, 5S, 8, and 12B were grazed yearlong 

until 1957, at which time they were placed into a six month 

rotation system. Pastures 2N, 3, 5N and 8 were grazed from 

November through April, and pastures 5S and 123 were grazed 

from May through October. This system continued until 1966. 

Pastures 2N, 5N, and 8 have been grazed yearlong since 1966. 

Pastures 1, 2S, 4, 6A, 63, and 12A were grazed yearlong 

until 1972. In 1972 pastures 1, 2S, 3, 5S, 6A, 63, and 123 

were incorporated into rotation grazing system. Pasture 2S 

was divided to create pastures 21 and 22 which were also 

incorporated into the rotation system). Pasture 12C has 

primarily been used for a University of Arizona multi -

pasture grazing experiment since 1980. 

Apparently there were relatively few fires on the 

SRER prior to the 1970's, but records of this period are 

unavailable or non-existent. Fire records retrieved from 

the National Fire Occurrence Data Library in Fort Collins, 
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Figure 4: Pastures on the Santa Rita Experimental Range. 



25 

Colorado (Yancik and Roussopoulos 1982) for the years 1970 -

1985, from Bill Cruz (U.S. Forest Service) for the years 

1986-present, and from SRER records for pre-1970 years were 

used to determine the location of recent fires. Since 1970 

there have been a total of 41 recorded fires. Because fire 

may favorably effect E^. Lehmanniana (Ruyle et al. 1988), no 

areas used in this study were located within the boundaries 

of any known fires. 

Long Term Vegetation Composition Measurements 

The primary data for this study are vegetation 

composition measurements taken repeatedly on permanent 

transects established during the late 1950's by Forest 

Service researchers during several unrelated studies. The 

primary goal of these studies was to assess the pattern and 

intensity of livestock forage utilization. Utilization was 

measured by counting the proportion of grazed to total 

perennial grass plants closest to the boot tip at each of 

100 points along a transect for a total of 100 plants (Study 

Plan FS-1-11-2-RM 1957). A few transects consisted of only 

50 points along the transect, particularly in areas of very 

sparse perennial grass cover. Some transects were linear 

paths of up to .3 km, while others were stratified random 

paces within a rectangular quadrat of no larger than 550 m^. 

This measurement technique was selected for this study 

because it provided a good measure of the relative 

composition of vegetation represented on the transects, and 



26 

was more sensitive to rare species (such as E^. Lehmanniana 

in the first years of the study) than percent ground cover 

which was also measured by the Forest Service researchers. 

The transects were generally measured in June prior to the 

summer growing season. A total of 75 transects were 

selected for this study based on their frequent 

remeasurement and location (Fig.5). On the transects, 

composition of perennial grasses was measured every 3-8 

years between 1958 and 1989. 

To describe the general pattern of the Lehmanniana 

invasion the number of transects occupied by E^ Lehmanniana 

at each sampling period was recorded. Also, the average 

composition of Ej. Lehmanniana at each sampling period was 

calculated. To describe the rate that ̂  Lehmanniana 

increased to dominate a site (greater than 50% composition), 

average composition of Ejj. Lehmanniana was calculated for 

every sampling period if the species had persisted on a 

transect for at least six years. It was assumed that plant 

establishment was not successful if E^. Lehmanniana did not 

persist on a transect for at least six years. This method 

naturally had a smaller sample size for sites occupied by E. 

Lehmanniana the longest, and a greater sample size for more 

recent Ki. Lehmanniana arrival. 

Soil Characteristics 

To evaluate the influence of water holding capacity and 

permeability on the Lehmanniana invasion, a comparison 



Figure 5: Transects and Eraarostis Lehmanniana seeding 
locations (approximate size) on the Santa 
Rita Experimental Range. 
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was made of the change in composition from 1958 - 1989 

between soils with rapid permeability and moderate water 

holding capacity (group 1), and soils with moderately slow 

permeability and slow to moderately low water holding 

capacity (group 2)(Fig.6). These two soil groups consist of 

three soil series (Table 1). 

The difference in the increase of E^. Lehmanniana over 

time between the tv7o soil groups was analyzed using a 

repeated measures design (Ott 1988). This statistical 

analysis improves comparison of the least squares equations 

which describe the increase in E^. Lehmanniana over time 

between the two soil groups. Both linear and quadratic 

coefficients in the equations were examined for significant 

differences. The linear coefficient relates the additive 

effect of time on the rate of increase of E^. Lehmanniana. 

The quadratic coefficient relates the logarithmic effect of 

time on the increase of Lehmanniana. and is particularly 

important since it describes the logarithmic increases often 

seen in plant invasions. The repeated measures design uses 

fewer degrees of freedom in the analysis since the error 

terms for the linear and quadratic coefficients are 

partitioned and are not pooled. Also, equal correlation 

between observations on a transect over time is not assumed. 

This results in an analysis that is more conservative to 

account for the lack of independence of sampling sites 

between sampling dates. Relative composition of 



Figure 6: Distribution of two soil groups with different 
water holding capacity and permeability on the 
Santa Rita Experimental Range. 
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Table 1: Characteristics of the soil series included in the 
two soils groups. 

Group Series 

1 Sonoita gravelly sandy 
loam 

1 Caralampi gravelly 
sandy loam 

2 Comoro sandy loam 

Order Subgroup 

Aridisol Typic 
Haplargid 

Aridisol Ustollic 
Haplargid 

Mollisol Typic 
Torrifluvent 

Note: The Comoro series on the Santa Rita Experimental 
Range may be reclassified in part as the Tanque 
series. 



E. Lehmanniana was determined from composition measurements 

made between 1958 and 1989 on 31 of the transects for soil 

group 1 and 30 transects for soil group 2. 

Grazing Intensity 

The effect of different levels of grazing intensity on 

E. Lehmanniana spread was evaluated by comparing the change 

in relative composition of E^. Lehmanniana between 1975 and 

1989 on 20 transects at five distances from a watering 

facility. The five distances from water (100-500 m) 

represent a gradient from high to lower grazing intensity. 

All transects were located on the same soil series (Comoro) 

in pastures 6A and 6B. The same repeated measures analysis 

technique used in the soil analysis was used to improve the 

least - squares equation describing the increase in E. 

Lehmanniana over time between the five intensities. 

To evaluate the influence of no grazing on the invasion 

of Ej^ Lehmanniana. relative composition of the plant was 

measured inside and outside ten livestock exclosures during 

1989 (Fig.2). These exclosures were established between 

1916 - 1918 and represent the least exogenously disturbed 

sites on the SRER. Composition was measured with one 

hundred pace transects both inside and outside the 

exclosures in a stratified pattern to adequately cover a 

representative portion of the exclosures. The exclosures 

were located on 6 different soil series, including two of 

the series analyzed in the soil characteristics evaluation 
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(Appendix 2). The abundance of E^. Lehmanniana between ten 

exclosures and adjacent grazed areas were compared using the 

Wilcoxon Ranked Sign Test (Lehmann 1975) where the 

differences between the grazed and ungrazed pairs are ranked 

and the ranks for the treatments are compared. 

Summer Precipitation Requirement 

Cox et al. (1988) stated that Ej. Lehmanniana 

predominates and spreads on sandy or sandy loam soils in 

southern Arizona only when summer precipitation in 30-40 

days exceeds 150 mm. This estimate was evaluated by 

describing the minimum long - term average rainfall for 40 

day periods in July, August, and September for a raingauge 

in the vicinity of a transect where Lehmanniana had 

reached 50% of the relative composition by 1989. Only 

transects located within 0.5 km of a raingauge and on sandy 

loam soils were used in this evaluation. 

All statistical computations in these analyzes were 

made with percent values which were transformed by using the 

arcsin of the square root of the percent fraction (Ott 

1988). This transformation is necessary to reduce asymmetry 

caused by the inherent bounds on percent measurements (0%, 

100%). Results of the analysis for both transformed and 

non-transformed data were very similar, therefore, only the 

non-transformed results were presented to allow greater ease 

of interpretation. 
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Vegetation Composition Measurements 

The percentage of transects occupied by lehmanniana 

increased steadily from 1958 to 1989 (Fig.7). The rate of 

increase was nearly logarithmic until 1982, when the ascent 

became more gradual. Average composition also increased 

steadily as Ej;. Lehmanniana occupied more transects and 

increased in relative composition on individual transects 

(Fig.8). The increase in average composition was gradual 

until 1976, but rose sharply to 1989. 

Once Ej. Lehmanniana had been established on a transect 

for at least six years relative composition exceeded 50% on 

average by year 15 (Fig.9). The six year establishment 

value may introduce some error into the estimates. 

Transects where Ej. Lehmanniana did not persist for at least 

6 years were not used in the evaluation. The lack of 

persistence could have been an artifact of the measurement 

technique because rare species can often be poorly 

represented. This error would have occurred on only 6 of 

the 75 transects. 

Soil Characteristics 

Repeated measures analysis of the two soil groups 

revealed that the linear coefficients in the equations were 

significantly different, indicating that the linear effect 

of time is different between the two groups (Fig.10). 
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Although significant, the difference in the linear 

coefficient may likely have been increased since only one 

transect from group 2 had any Lehmanniana in 1959 (18% 

composition). This measurement may have been a plant 

identification error since Ij, Lehmanniana wasn't remeasured 

on the transect until 1981. No transects from group 1 had 

any E^. Lehmanniana present in 1959. The lack of difference 

between the quadratic coefficients indicates that the 

exponential effect of time was similar between the groups 

(Table 2). This indicates that although the slopes are 

different (from the linear coefficients), the shapes of the 

curves are similar between soil groups. The least squares 

equations from the repeated measures analysis (Table 2) 

provide estimates of Lehmanniana increase over time for 

the two soil groups and clearly show the different rate of 

increase (Fig.11). 

Grazing Intensity 

Relative composition of Lehmanniana increased over 

time for all grazing intensities (Fig. 12). Repeated 

measures analysis indicated that grazing intensity had a 

significant effect on the rate of increase of E. 

Lehmanniana. At least two of the linear coefficients were 

significantly different between intensities, while the 

quadratic coefficients were not significantly different 

among all intensities (Table 3). The significant difference 

in the linear coefficients indicates that the linear effect 
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Table 2; Repeated measures analysis of two soils groups and 
corresponding least squares equations. 

Effect Hyp. M.S. Error M.S. F 

Soil 1.14 .1 11.04 .002 

Yr. linear 9.81 .08 123.26 <.001 
Yr. quadratic 1.56 .021 74.65 <.001 

Yr. X Soil 
Linear 1.22 .08 15.32 <.001 
Quadratic .05 .02 2.23 .14 

Soil 1: y = .02337 + -8.45x10 x + 6.116x10"x 

Soil 2; y = 5.74x10"^ + -5.05xl0"^x + 8.67xlO"V 

y = % composition 
X = time in years 
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Table 3: Repeated measures analysis of five grazing 
intensities and corresponding least squares 
equations. 

Effect Hyp. M.S. 

Grazing .32 

Yr. linear 4.46 
Yr. quadratic .20 

Yr. X Soil 
Linear .06 
Quadratic .03 

Error M.S. F P 

.05 6.93 .002 

.01 300.48 <.001 

.01 14.61 .002 

.01 4.25 .017 

.01 1.99 .148 

100 m : y = .06 + .08x + -1 .41x10' 
-3 2 
X 

200 m : y = .03 + -.Olx + 4 .49x10" 
-3 2 
X 

300 m : y = .03 + -. 02x + 4 .44x10" 
-3 2 
X 

400 m : y = .05 + -.02x + 3 .82x10" 
-3 2 
X 

500 m : y = .06 + -.03x + 3 .85x10" 
-3 2 
X 

y = % composition 
X = time in years 
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of time is different for at least two of the five grazing 

intensities. Visual comparison of the linear coefficients 

suggests that the 100 m coefficient is greater than all 

others, and there are no other differences. The lack of 

significant differences among the quadratic coefficients 

indicates that the quadratic effect of time is similar for 

all grazing intensities. 

Examination of the predicted curves from the least 

squares equations (Table 3) for the five grazing intensities 

reveals an almost linear increase for the 100 meter 

intensity, and more gradual curvilinear increases for the 

other intensities (Fig. 13). It appears that the 100 meter 

grazing intensity had the greatest rate of increase of E. 

Lehmanniana over time. 

Comparison of differences in E^ Lehmanniana composition 

inside and outside grazing exclosures revealed no 

significant difference (p >.05) between the pairs in 1989. 

However, Lehmanniana composition was greater outside the 

exclosures in 8 of the 10 exclosures (Table 4). E. 

Lehmanniana was not absent from any of the exclosures 

examined. 

Summer Precipitation Requirement 

An average summer precipitation accumulation of 89 mm 

in 40 days was estimated for the lowest summer precipitation 

raingauge (gauge Y, Fig. 2) which had E^. Lehmanniana as the 

dominant grass species (>50% composition) on a transect 
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Table 4: Composition measurements from 10 livestock 
exclosures and adjacent grazed areas. 

Excl. Pasture Date etasb. Name %out %inside 

1 4 1917 White House 94 91 
2 3 1916 Exclosure 20 2 1 
3 2N 1916 Exclosure 4 29 9 
4 21 1916 Exclosure 1 87 83 
5 10 1918 Exclosure 18 91 81 
6 6A 1917 Exclosure 8 91 85 
7 2N 1918 Eriopoda Sta. 11 3 
8 6A 1918 Jackrabbit 23 25 
9 6B 1917 Huerfano Sta. 99 63 
10 5N 1916 Exclosure 12 11 48 
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within 0.5 km. The raingauge has been continuously recorded 

since 1967, which may introduce errors in the estimate due 

to relatively few years of record and the fact that the most 

severe one year drought on the SRER occurred from 1973-1974. 
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The first rangeland seeding of Eraarostis Lehmanniana 

in the United States was conducted by the SCS in the 

northwest corner of the SRER in 1937. The spread of the 

plant from this original seeding was noted by the SCS in 

1937. Lehmanniana was also seeded on at least 52 other 

sites on the SRER (Fig.5) and has since spread to the 

majority of the Range. Cable (1971) studied the invasion of 

the Ej. Lehmanniana on 239 permanent transects between 1955 

and 1968 on the SRER. The transects he used in the study 

were not determinable, but he described a pattern very 

similar to the results from this study for that time period. 

He estimated that 27% of the transects in his study were 

occupied by E^. Lehmanniana in 1968, while this study 

estimated that approximately 20% of the transects in this 

study were occupied in 1968. 

Since differences in the rate of increase of E. 

Lehmanniana were found between the two soil groups, it can 

be inferred that differences in water holding capacity and 

permeability caused this difference. Soil group 1, rapid 

permeability and moderate water holding capacity, appeared 

to have a faster rate of increase than group 2 (Fig. 10, 

Pig. 11). Both soil groups have surface textures on which 

E. Lehmanniana has been shown to occur by Cox et al. (1988). 
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Heavy grazing may facilitate more rapid invasion of 

transects by Lehmanniana as indicated by the significant 

difference in linear coefficients as determined in the 

repeated measures analysis and by comparison of the curves 

in Figure 13. Only one of the linear coefficients needs to 

be significantly different from the others to indicate 

significance using the repeated measures analysis. It 

appears that the 100 meter grazing intensity is different 

than the others. The results indicating that the quadratic 

coefficients are similar would indicate that the quadratic 

effect of time is similar among all intensities evaluated. 

The finding that grazing intensity effects the rate of 

invasion conditionally supports the hypotheses of Fox and 

Fox (1986) if grazing is considered a disturbance, and Ruyle 

(1985) if differential grazing in mixed stands creates an 

advantage for E. ILshinanmana. 

Results of the comparison between ungrazed exclosures 

and grazed areas indicate that exclusion from grazing does 

not prevent invasion, nor does it significantly effect the 

relative composition of 1^;. Lehmanniana. These findings do 

not support the hypothesis by Fox and Fox (1986) regarding 

invasion potential and exogenous disturbance. These 

exclosures may not be completely free of exogenous 

disturbance, particularly since they were grazed prior to 

their exclusion, but are the best examples available to 

evaluate their hypothesis regarding invasion into 
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undisturbed sites. 

The estimated 89 mm of summer precipitation for E. 

Lehmanniana spread markedly lowers the 150 mm summer 

precipitation requirement in 30-40 days for Lehmanniana 

spread as stated by Cox et al. (1988). Their estimate was 

derived from analysis of a regional raingauge on the SRER 

(Gauge U, Fig.2), and although the 150 mm requirement was 

estimated for the SRER region the raingauge used was not 

representative of the SRER due to its high elevation and 

proximity to a high mountain peak. The 30-40 day criteria 

was based on physiological time requirements for E. 

Lehmanniana to develop and reproduce. Also, average summer 

precipitation requirement for spread may not fully describe 

the establishment requirements of E^. Lehmanniana. It is 

possible that a single wet summer every few years which 

provides adequate moisture for establishment may allow the 

plant to establish and spread. The plant could persist at 

lower precipitation levels until another adequate summer. 

Also, different water holding capacities of soils, 

evapotranspiration levels, and amount of sunlight reaching 

the soil surface could easily effect the amount of moisture 

available to the plant. The transect data from this study 

do not provide adequate information to provide insight into 

these subjects. 

For proper management of rangelands and their 

watersheds, livestock, and wildlife it is crucial to 
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determine whether a plant has invasive characteristics prior 

to field seeding and to understand the ecological 

implications of invasions on native ecosystems. Currently, 

ths primary evaluator and distributor of new plant 

materials, the Soil Conservation Service, has no method to 

evaluate the invasibility of plant species prior to field 

seeding. Also, many of the characteristics sought by SCS in 

selecting beneficial species may be characteristics commonly 

found in invasive species (i.e. high seed production, short 

time period for maturation, wide range of ecological 

tolerances). The invasive success displayed by E. 

Lehmanniana on the SRER may be due to its preadaptation to 

the climate and soils in the region. Also, the large number 

of seedings may have facilitated a quick and thorough 

invasion on the SRER. Moody and Mack (1988) hypothesized 

that many points of alien plant colonization, as opposed a 

single foci, may more quickly spread and be more difficult 

to control or prevent invasion. 

Henderson and Wells (1986) noted the ecological impacts 

associated with plant invasions in southern Africa; 

including the partial or complete replacement of indigenous 

plants and the reduction of species richness. Macdonald and 

Richardson (1986) also reported large reductions in plant 

species diversity following alien plant invasion in southern 

Africa. Relative composition data from this study reveals a 

significant increase of 1^. Lehmanniana on the transects, but 



replacement of native perennial grasses and changes in 

species diversity were not evaluated because sampling the 

closest plant at each point will not account for the absence 

of a species. 

There are many positive results of seeding E. 

Lehmanniana. particularly the establishment of a perennial 

ground cover where the native species had been unable to 

establish (one of the original reasons for selecting the 

plant for use in Arizona), substantial erosion control, and 

increased livestock forage (Humphrey 1958). The negative 

aspects of the grass are the inability of many native 

wildlife and grass species to coexist with JU. Lehmanniana 

and the seasonal grazing tendency displayed by livestock. 

Also, it is possible that due to the dense stands of E. 

Lehmanniana that often develop, the tall height of the 

plant, and the amount of dry material that accumulates in E. 

Lehmanniana stands that these areas may represent a severe 

fire hazard. This may result in an economic loss in 

increased fire fighting and an ecological change in the 

historic fire regime. 

Future introductions of alien plants are inevitable 

given the need for new plant materials and the current 

philosophy of the SCS. The need for better screening of 

plant materials to determine invasibility prior to field 

seeding is needed. Perhaps selection of plant materials 

without small, easily dispersed seeds and rapid maturation 



is possible. Also, selective plant breeding to lower 

reproductive ability may be an option. Gray (1986) has 

indicated that invasive species may have genetic 

characteristics that could be identified and used as a 

preliminary screening. Development of acceptable native 

plant species may better address the concerns regarding 

wildlife coexistence. Management techniques to limit the 

spread of invasive species need to be developed. The time 

period currently needed for release of a new plant material 

is considerable (generally >10 years), but the economic and 

ecological implications of plant invasions are immense and 

the results may remain forever. 
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Analysis of long term vegetation measurements on the 

SRER has revealed that Ej. Lehmanniana has spread extensively 

from original seedings and has increased to become a 

dominant plant species on the majority of the transects 

studied. 

The effects of different soil water holding capacities 

and permeability on the invasion rate of Lehmanniana was 

different for the two soil groups evaluated. Although 

grazing intensity did effect the date of initial occupation 

of a transect, once Lehmanniana was present grazing 

intensity appeared to positively increase the rate. No 

significant differences in composition were found between 

areas of longtime livestock exclusion and grazed areas^ The 

plant V7ill spread and increase to greater than 50% of 

perennial grass composition given 89 mm of summer 

precipitation in 40 days. 

E. Lehmanniana has increased and established regardless 

of the grazing intensity or soil types studied. The rates 

of increase do differ among intensities and between the two 

soil groups. 



APPENDIX A: Areas seeded to Eraarostis Lehmanniana on 
the Santa Rita Experimental Range. 

Area Pasture Name Date seeded Size ^ha'i 
41 12A south Tank <6/27/46 .457 
43 llA water ret. sta. 6/23/48 .570 
44 16 gravelly ridge 1/7/47 1.520 
95 5N desert tank 7/27/37 1.143 
109 4 6/11/53 3.049 
140 140 7/5/51 35.064 
141 141 .760 
196 8 mesquite thinning 6/?/45 .610 
197 llA II II II II .610 
198 12A II II II II .610 
199 12B II II II II .610 
200A 2S 7/26/50 7 
205 2N middle tank 7/3/46 2.211 
218 2N 7/?/47 .760 
222 2N 7/12/48 7 
223A 2S 7/12/48 .191 
223C 7 6/20/50 7 
224 2N ?/?/48 7 

•p IIB aerial seeding 9/10/54 38.113 
228 llA 6/25/48 7 
229 1 7/10/49 .126 
232 28 9/16/49 5.720 
237 2N 7/12/50 7 
238 2S 6/22/50 .530 
239 4 6/21/51 7 
24CA 1 7/12/50 .040 
240B 1 II II .040 
240C 1 II II .040 
240D 2N II II .040 
240E 2N II II .040 
240F 2N II II .040 
240G 6B II It .040 
240H 5N II II .040 
2401 5N II II .040 
240J 4 II II .040 
240K llA II II .040 
240L 28 II II .040 
240M 2N II II .040 
240N 5S 11 II .040 
2400 5N II 11 .040 
242 28 airstrip 6/29/59 14.350 
243 2S 6/26/53 .547 
244 28 box sta. road 7/3/51 .760 
248 2N 7/25/52 .001 
249 12A 7/18/52 .760 
251A 2N muhly-helvetia 7/6/53 .001 
251B 28 airstrip II II .001 
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APPENDIX A : Continued. 

Area 

251C 
251D 
252 
283 

Pasture 

4 
5N 
2S 
7 

5N,5S,2N, 
6A,10 
2S 

Name 

whitehouse sta. 
desert tank 

powerline 
II II 

Rodent Sta. aerial 

Date seeded Size fha'^ 

7/6/53 
II II 

6/11/53 
4/21/66 
?/?/58 

II II 

.001 

.001 

.760 
7 

20.640 

38.113 

Total 169.189 

Note: Seeding dates represent the earliest recorded date, 
subsequent seedings may have occurred. Area numbers 
correspond to study areas initially numbered by the 
U.S. Rocky Mountain Forest and Range Experiment 
Station, Florida Canyon Headquarters, Arizona. 
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APPENDIX B; Description of the 10 exclosures, underlying 
soil series, and distance to nearest water. 

Exclosure^ Size fm'> Soil series Distance to water 
(Km) 

1 23x46 Whitehouse 1.0 

2 23x46 Anthony .8 

3 30x30 Sonoita var. .8 

4 23x38 Comoro^ 1.6 

5 27x53 Whitehouse,Caralampi .3 

6 30x41 Comoro^ .8 

7 30x53 Comoro^ 1.2 

8 , 36x82 Sonoita var. .8 

9 23x67 Comoro^ .1 

10 33x55 Anthony 1.2 

Note: 1: Refer to figure 2 for exclosure locations. 
2: Portions of the Comoro series on the Santa Rita 

Experimental Range may be reclassified as the 
Tanque series. 
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