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ABSTRACT 

Plant succession was investigated in a Southern High Plains (Llano Estacado) 

semi-arid grassland over a 17-year period. The area occurs in a transitional state between 

shortgrass plains and southern mixed prairie. We compared two years of vegetation data 

using 60 permanent transects sampled in 1995 and 2012, to determine changes over time 

and effects of land management treatments. Multivariate stepwise discriminant analyses 

were used on nine community and five treatment groups. The successional changes and 

treatment effects were interpreted by major species composition. Retrogression and 

succession occurred over time and treatment. The worst drought on record occurred in 

2011, and it was consecutively dry in 2012. Precipitation is an important driver for a 

divergence between two late-seral communities, one characterized by the shortgrass 

plains and the other southern mixed prairie. The results for the nine community groups 

support classical secondary succession for the southern Great Plains. The results for the 

five treatment groups suggest that applying mechanical mesquite management and fire 

are beneficial to landscape recovery.     
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CHAPTER I 
 

INTRODUCTION 
	
Understanding vegetation dynamics in ecosystems is critical for practicing land 

stewardship. The monitoring of vegetation changes through succession over time and treatment 

benefits ecologists and managers in assessing community responses to environmental and 

anthropogenic factors and achieving long-term goals, especially landscape restoration. Plant 

communities are identified on the basis of major species composition and tend to follow a 

sequential path of succession based on disturbance and climate (Horn 1974). Identifying plant 

communities into successional states to study the effects of past disturbances and environmental 

influences is useful in understanding changes and guiding expectations for management 

objectives (Clements 1916; Shantz 1917; Costello 1944; Weaver 1954; McLendon and Redente 

1990, 1991).  

Succession is the ecological process of directional change in plant communities over 

time. Succession proceeds through sequential development of plant communities and progression 

towards a climax (Clements 1916), and affected by both external and internal factors (Tansley 

1935).  A climax community represents a late seral stage of a succession whereby the site is 

considered to have reached a relatively stable condition characterized by the dominant species 

for that vegetation type (Clements 1916). Succession can be defined as primary or secondary 

depending on the initial state of development (Clements 1916).  Primary succession is the 

development of vegetation in areas not previously supporting vegetation, while secondary 

succession consists of changes in plant communities following an environmental or 

anthropogenic disturbance.  A widely recognized model of secondary succession in the 
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shortgrass plains consists of four major stages: vegetation dominated by annuals, dominance by 

short-lived perennial species, dominance by perennial grasses, and finally vegetation dominated 

by long-lived perennial species (Costello 1944; Paschke et al. 2000; Coffin et al. 1996; 

McLendon et al. 2012).  

Much of the research studying succession on shortgrass plains has been conducted in and 

around the Central Plains Experimental Range in northeastern Colorado (Shantz 1917; Costello 

1944; Reichhardt 1982; Coffin and Lauenroth 1988,1989; Coffin et al. 1996; Milchunas and 

Vandever 2014).  Following severe disturbance in this ecosystem, the native vegetation is 

expected to recover in 20-50 years (Shantz 1917). The recovery span of 20-50 years assumes 

average precipitation, with recovery occurring quicker during wet trends and slower in dry 

trends. The successional stages of the mixed prairie are similar to those found in the shortgrass 

plains with minor modifications in successional stages and associated species (Weaver and 

Albertson 1956).  The recovery time for the mixed prairie is 20-40 years following severe 

disturbance, with the same assumption as mentioned above for shortgrass plains.  

Short-term and long-term shifts in species composition occur depending on successional 

characteristics influenced by time, disturbance, invasion, geography, nutrient availability, 

precipitation and climate (Clements 1916; Shantz 1917; Weaver 1954; Bazzaz 1979; McLendon 

and Redente 1990, 1991, Turner et al. 2003; Hobbs et al. 2007; McLendon et al. 2012). Species 

that are abundant in early succession become less abundant as the community develops towards a 

late succession community, and vice versa (Shantz 1917).  For example, in the early stage 

dominated by annuals, the non-native forbs kochia (Kochia scoparia) and Russian thistle 
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(Salsola iberica) become dense and dominant, but over time the community shifts from the early 

annual and short-lived perennial stage to the perennially dominant stage.  

Fluctuating precipitation patterns also affects shifts in plant communities. For example, a 

shortgrass plains ecosystem thrives during an average to below-average period and can transition 

to a mixed prairie during a period of above-average precipitation. Drought is a major disturbance 

that occurs across semi-arid grasslands, and it can have considerable effects on vegetation.  

However, the grasslands of the Great Plains have adapted and survived droughts repeatedly 

(Weaver and Albertson 1956), particularly the Southern High Plains (Johnson 2007).  Substantial 

shifts in dominant species frequently occur following droughts. Vegetation dynamics related to 

two major droughts that occurred in the 1930s and 1950s were studied extensively for the tall 

and mixed prairies in the Great Plains (Weaver et al. 1935; Weaver and Albertson 1936, 1956; 

Robertson 1939; Weaver et al. 1940; Albertson and Weaver 1942, 1944; Weaver 1954). Weaver 

(1954) found that sand dropseed (Sporobolus cryptandrus) increased from a minor to a major 

species following the drought in true prairie. Blue grama (Bouteloua gracilis) and western 

wheatgrass (Pascopyrum smithii) also replaced bluestems during the drought. Favorable 

precipitation in the years following the drought, sideoats grama (Bouteloua curtipendula) and big 

bluestem (Andropogon gerardii) recovered abundantly. Effects on vegetation, and subsequent 

recovery, vary depending on intensity and duration of drought, as well as conditions prior to the 

drought (Sala et al. 1981).  

Another factor affecting many semi-arid grasslands is an increase in woody plants and 

the transformation into shrublands (Van Auken 2000; Wester 2007). Mesquite (Prosopis 

glandulosa) encroachment has occurred on the Llano Estacado in the recent past, even though 
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the species has been present in the region for over 11,000 years, as evidenced in the charcoal 

record (Johnson 2010).  The encroachment and increased density of mesquite on the Llano 

Estacado (Wester 2007) is similar to trends seen widespread throughout North American semi-

arid grasslands (Bahre 1991; Van Auken 2000).  Wright et al. (1976) proposed that historically, 

mesquite on the High Plains was kept near mid-grass height due to competition among grasses, 

frequent fires, droughts, and biotic damage. However, the suppression of fire for over the last 

century may have resulted in those mid-grass height mesquite plants increasing substantially in 

stature and, over time creating dense thickets (Wright et al. 1976).   

An opportunity was presented to study plant succession in a semi-arid grassland on the 

Southern High Plains (Llano Estacado) with data from a vegetation survey conducted in 1995 at 

the Lubbock Lake Landmark (LLL). The purpose of the original survey was to establish a 

baseline that could be used in a monitoring program to assess changes over time and landscape 

for future management and restoration.  Beginning in 2000, several techniques including 

mechanical brush management and prescribed burning were implemented to restore the 

landscape (Trevey and McEwen 2012).  The present study focused on quantifying vegetation 

changes at the LLL since the 1995 baseline study and evaluating the effects of the land 

management treatments that have been applied since 2000.  

 

Study Area 

The study was conducted within a relict native grassland ecosystem at the Lubbock Lake 

Landmark (LLL).  The LLL is a 124 ha archaeological and natural history preserve, within the 

northern city limits of Lubbock, Texas.  The Llano Estacado (Southern High Plains) covers 
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approximately 80,000 km2 of northwest Texas and eastern New Mexico, and is part of the 

southern Great Plains.  The LLL is located on the southeastern Llano Estacado and includes 

uplands and a shallow draw within the Yellowhouse Draw system, an ephemeral tributary of the 

Brazos River (Johnson 1987). Common soils in the LLL are the Potter series (Aridisols) on the 

uplands, and Berda loams (Inceptisols) and Bippus clay loams (Mollisols) in the lowland draw.  

The LLL represents an area that can be considered transitional between shortgrass plains 

and mixed prairie and is an important educational and recreational resource for the Llano 

Estacado heritage and landscape. Dramatic landscape changes have occurred in the region over 

the last 100 years, including the conversion to cultivation of over 5 million ha (Allen et al. 2008).  

Despite the widespread conversion of land from native grassland to row-crop agriculture, the 

Llano Estacado still contains relict areas that can provide opportunities to research native plant 

community changes over time. The semi-arid grassland on the LLL has never been plowed and 

large herbivore grazing has been absent for over 50 years.  Other anthropogenic disturbances 

have been extensive, including pipeline infrastructure and off-road vehicle abuse. More recently 

brush management (chemical and mechanical) and prescribed burning, have been applied on the 

site (Trevey and McEwen 2012).   

The area has semi-arid continental climate with a long-term average annual precipitation 

in Lubbock of 47.27 cm (1911-2012).  Most precipitation occurs during the warm season 

between April and October (Blackstock 1979).  Annual precipitation has been highly variable 

since the period of baseline data collection (Fig. 1). Vegetation data in this study were collected 

in 1995, 2011, and 2012.  Annual precipitation for the study year in 1995 was average (47.63 

cm), while the annual precipitation for 2011 was the driest year on record (148.81 mm).  Annual 
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precipitation in 2012 was also below average (290.31 mm).  Higher than normal summer 

temperatures, lower than normal humidity and frequent dust storms also occurred in 2011 and 

2012.  

The Great Plains is generally divided into three vegetation types, resulting from a 

precipitation gradient that ranges from 250 mm in the west to 900 mm in the east (Holechek et 

al. 2011).  The shortgrass plains entail the driest western portion, with the midgrass prairie in the 

central portion, and the tallgrass prairie on the eastern edge of the Great Plains. Boundaries for 

the three vegetation types shift according to variations along the precipitation gradient.  The 

vegetation of the study area evolved under an environment of frequent fires and grazing by large 

herd herbivores, namely bison and antelope (Wright and Bailey 1982; Johnson 2007; Wester 

2007).  As part of the Southern Great Plains, the vegetation on the Llano Estacado exists in a 

dynamic ecotone and experiences shifts between the shortgrass plains dominants blue grama and 

buffalograss (Buchloe dactyloides) and the midgrass dominants little bluestem (Schizachyrium 

scoparium), sideoats grama, and sand dropseed, with the shift to midgrasses occurring in above 

average precipitation.   

The description of the vegetation of the area varies between shortgrass plains and 

southern mixed prairie depending on the author. The plains of the Llano Estacado are dominated 

by blue grama and buffalograss (Johnson 2007; Wester 2007).  Kuchler (1964) labeled the 

potential vegetation of the area as grama-buffalograss, with areas located along the escarpment 

breaks and canyons as mesquite-buffalograss.  Allred (1956) characterized the area as a potential 

High Plains bluestem postclimax community, with little bluestem and sideoats grama as major 

species found at LLL (Thompson 1987).  Thompson (1987) conducted the earliest investigation 
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in 1976 at LLL of the modern flora including localities for over 70 species.  Common shrub 

species found throughout LLL include mesquite, yucca (Yucca angustifolia), feather dalea 

(Dalea formosa), and catclaw mimosa (Mimosa biuncifera), while the non-native annuals kochia 

and Russian thistle dominated areas that had experienced disturbance from off-road vehicles 

(Thompson 1987).  

Shantz (1923) described the High Plains as a shortgrass (Plains grassland) plains 

consisting of grama and buffalograss, and appearing as a well-grazed pasture. Weaver and 

Albertson (1956) considered the shortgrass community as a disclimax because frequent 

disturbances such as overgrazing and drought cause the mixed prairie to reflect a shortgrass 

dominated system. In areas protected from such disturbances, the midgrasses still exist (Weaver 

and Albertson 1956). 

Thayer (1974) described an undisturbed shortgrass prairie on the northern Llano Estacado 

near Amarillo, Texas as mixed grama (Bouteloua spp.) grass and prickly pear (Opuntia spp.) 

grassland, with minor components of buffalograss, sand dropseed, and purple threeawn (Aristida 

purpurea).  At the same site, but in a disturbed area planted in weeping lovegrass (Eragrostis 

curvula), Klett et al. (1971) described the vegetation consisting of kochia, Johnsongrass 

(Sorghum halepense), and silver bluestem (Bothriochloa laguroides).  Lotspeich and Everhart 

(1962) found that blue grama and buffalograss dominated the hardland sites of silty clays and 

silty clay loam soils. In the mixed-land sites with soils ranging from silt loams to sandy loams, 

blue grama was dominant, but sideoats grama replaced buffalograss in importance (Lotspeich 

and Everhart 1962).  Brown and Schuster (1969) conducted a study on a relict ungrazed butte 

south of the Llano Estacado on the Rolling Plains and found 14 woody species within the 
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hardland site. Seven of these occur at the LLL and include: yucca, feather dalea, mesquite, 

lotebush (Ziziphus obtusifolia), catclaw mimosa, Engelman pricklypear (Opuntia engelmannii), 

and cholla (Opuntia imbricata).  

The communities associated along the draws on the Llano Estacado are often more 

diverse and include blue grama, buffalograss, sideoats grama, western wheatgrass, alkali sacaton 

(Sporobolus airoides), sand bluestem (Andropogon hallii), Indiangrass (Sorghastrum nutans), 

switchgrass (Panicum virgatum), and saltgrass (Distichlis spicata) (Lotspeich and Everhart 

1962).  Mesquite historically was concentrated along draws and sandy soils (Hall and Valastro 

1995; Johnson 2007; Wester 2007).  A mesquite and desert-grass savanna formation also occurs, 

composed of curly mesquite (Hilaria belangeri), buffalograss, three-awn (Aristida spp.), and 

scattered mesquite (Shantz 1923).  

Helm and Box (1970), studied the vegetation and soils of two range sites on the Llano 

Estacado, and noticed absence of mesquite on one pasture (high lime) and the abundance of 

mesquite on the adjacent pasture (mixed plains). Located less than 100 miles southeast of the 

study site, Helm and Box (1970) found the most abundant grasses on the lime site were blue 

grama, sideoats grama, and vine mesquite (Panicum obtusum), and the mixed plains site 

consisted of buffalograss, blue grama, and tobosa grass (Hilaria mutica). Helm and Box (1970) 

also associated the abundance of mesquite on the mixed plains site with a reduced presence of 

climax grasses.  

 

 

 



                                                                     Texas Tech University, Matthew C. McEwen, December 2015 
 

9 
                

Land Management Treatments 

 Grassland ecosystems evolved in concert with disturbances, both large-scale and small-

scale, and often caused by climate, fire, or biotic factors.  In addition to these natural 

disturbances, the study site has been subjected to three types of anthropogenic disturbances used 

for brush treatment since 2000: chemical, mechanical, and fire. Brush control is required to 

restore the native grasses and reduce the abundance of the woody species, which are usually poor 

in forage and require more water than grasses, thus exasperating the effects during a drought 

(Allred 1949).  One of the more common methods of controlling brush is the use of herbicides 

with kerosene and diesel oil. However, the use of chemicals at the study site is restricted to water 

solutions only, since petroleum based fuels impact the radio carbon dating used in the 

archaeological research (Trevey and McEwen 2012).  

The chemical treatments on the LLL consisted of Tordon® (picloram), for the purpose of 

controlling snakeweed (Gutierrezia sarothrae), and a combination of Remedy® (triclopyr)   and 

Reclaim®(clopyralid), to treat mesquite.  The Tordon application was conducted using a low 

level broadcast method. Gesink et al. (1973) studied the effects of herbicidal treatment on 

snakeweed on a blue grama range five years post-treatment and found that perennial grasses 

were harmed the first couple of years but recovered soon after. The herbicide treatment that 

included picloram caused an increase in early successional species (Gesink et al. 1973).  The 

chemical application for treating mesquite on the LLL was by individual plant treatment (IPT) 

with a mix of two herbicides, Remedy® and Reclaim®. One or two application rates were used, 

depending on the density of mesquite, a 0.5% solution with Remedy and Reclaim mixed equally 

and a 0.75% solution when Reclaim alone was applied. The chemical treatment was followed by 
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mechanical cutting and stacking of mesquite into piles, the piles allowed to dry and then burned 

(Trevey and McEwen 2012).   

Mechanical control of brush has seen a variety of methods used from dozing, cutting, and 

cabling (Allred 1949). Mechanical methods at LLL included hydraulic shears attached to a front-

end loader. The trees were cut several inches below the surface, sometimes getting below the bud 

zone, but often only top-kill was achieved and re-sprouting occurred. Therefore, the LLL uses 

prescribed burning as a follow up treatment in some areas, as well using a modified grubbing 

tool that increases the ability to extract more of the root biomass while still minimizing site 

disturbance in order to protect the intact archaeological resources.  

Since 2006, the LLL has control burned over 300 brush piles, and since 2009 

approximately 100 acres were treated using prescribed fire (Trevey and McEwen 2012).  The 

historic fire regime for the Llano Estacado has been estimated to have been once every 3-5 years, 

compared to a 5-10 interval for the majority of the southwestern United States (Wright and 

Bailey 1982).  Fire can reduce the recruitment of woody plants such as mesquite (Wright 1980), 

however it is difficult to kill mature trees (Wright et al. 1976). Prescribed fire conducted during 

dormant seasons has been used to restore historic fire regimes and favors grasses over shrubs 

(White and Loftin 2000). On a prescribed burn on grasslands during a year of below-normal 

precipitation, White and Loftin (2000) found no significant difference in grass cover on burned 

and control plots the first year following a fire. They concluded that weather was the most 

important factor influencing vegetation dynamics, even when a prescribed fire was conducted 

before adverse conditions persisted following the burns.  
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 In the southern mixed prairie, Wright (1974) found that blue grama, sand dropseed, and 

buffalograss showed neither harm or benefit from burning during wet years, however the 

rhizomatous form of sideoats grama was harmed. The bunchgrass form of sideoats as well as 

plains bristlegrass (Setaria leucopila) appear to thrive after fire (Wright 1974). Arizona cottontop 

(Digitaria californica) benefits from fire immediately, with increased seed germination and 

forage production (Wright 1974). Vine mesquite also benefits from fire and is considered a true 

fire species (Wright 1974).  Heirman and Wright (1973) found that fire following brush control 

had little effect on killing mesquite on a site dominated by tobosa grass, buffalograss, mesquite, 

cholla, and pricklypear. The prescribed fires were however, useful by removing dead brush 

associated with mechanical control (Heirman and Wright 1973). This combined chemical, 

mechanical, and fire regime on the LLL is referred to in this study as the mesquite management 

regime. 
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CHAPTER II 

METHODS 

Vegetation Survey 

Vegetation monitoring is integral to any land management plan, and serves as a tool to 

improve land stewardship (Taylor 2003).  Information gathered from monitoring can assist future 

management practices and increase understanding of rangeland potential (Stohlgreen et al. 

1998).  Rangeland monitoring has a long history and the methodology has varied and evolved 

over time among researchers and land management agencies. The management goals and actions 

for a restoration project depend on understanding the anthropogenic and climatic impacts to the 

land (Hutchinson et al. 2000; Van Auken 2000).  When conducting landscape restoration, 

managers benefit from monitoring vegetation changes (Hennessy et al. 1983). 

Vegetation transects are one of the most common forms of monitoring and, when 

established as long-term plots, the datasets become an indispensable resource for management 

(Wester and Wright 1987; Havstad and Herrick 2003).  Collecting data from permanent plots can 

also lead to a better understanding of biodiversity and ecosystem stability (Hobbs et al. 2007).  

Permanent transects give researchers and managers the ability to monitor a specific site and 

location where data can reveal changes on a micro level (Havstad and Herrick 2003).  Long-term 

transects can be used for an extended monitoring program over decades, as well as short-term 

(e.g., annual) programs (Havstad and Herrick 2003).  Line-point intercept is a common method 

used in monitoring rangelands, where plant cover and composition and soil characteristics can be 

recorded for assessing site stability, hydrologic function, and biotic integrity (Bonham 1989; 

Havstad and Herrick 2003; Herrick et al. 2003). 



                                                                     Texas Tech University, Matthew C. McEwen, December 2015 
 

13 
        

In 1995, Launchbaugh et al. (1996) established 60 transects at the LLL for the purpose of 

long-term monitoring of vegetation.  All transects are located on an established 100-m grid 

(magnetic north) referenced to a USGS benchmark (Johnson 1987). The sites were selected 

across range sites (e.g., hardland slopes) as mapped in the Lubbock County Soil Survey (USDA 

1979).  Twenty transects were 40-m in length and were permanently marked with metal stakes 

inserted into the ground at the 20-m and 40-m points.  The remaining 40 transects were intended 

to be non-permanent transects and were 20-m long.  The purposes of the initial work were to 1) 

establish repeatable field methods for monitoring vegetation changes in the preserve for long-

term ecological research, 2) establish baseline data on the vegetative resources, and 3) create a 

comprehensive vegetation map based on soils and range sites (Launchbaugh et al. 1996). At each 

of the 60 transects, plant density and canopy cover were recorded.   

In 2011, the current study was begun for the purpose of evaluating vegetation change at 

LLL since 1995. The same 1995 transects were re-sampled in 2011 and in 2012 using the same 

methodology as in Launchbaugh et al. (1996). All 60 transects were re-sampled in late spring 

(May-June) and early fall (September-October) in both years to account for seasonal variation. 

Herbaceous vegetation was sampled using 0.5-m2 quadrats placed at 5-m intervals along each 

transect on the right side of the transect, with the first quadrat placed at the beginning of the 

transect. All herbaceous species rooted in the quadrat were recorded, and individuals counted in 

each to estimate plant density (Cook and Stubbendieck 1986). Estimates of canopy cover were 

recorded by 5% cover classes (i.e., 5%, 10%, 15%, etc.).  Estimates of less than 1% cover were 

recorded as trace amounts. 
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The 20 permanently-marked 40-m transects ran along a north-south axis. The same 40-m 

lengths were resampled in 2011 and in 2012. However, only the starting points of the 40 20-m 

transects were marked in 1995. The 20-m lengths of those 40 transects were run in 1995 in 

randomly selected directions, the directions of which were not recorded. In 2011, the same 

starting points of the 40 20-m 1995 transects were used, but new random directions were used 

and these directions were recorded so that the 40 20-m transects could be precisely re-sampled in 

subsequent years. In selecting the random directions, trails and permanent roads were avoided. 

   

Statistical Analyses  

Both canopy cover and density data were collected.  However, only cover data are 

presented here.  For each of the 60 transects, mean cover values were calculated for each species 

by averaging the values from the nine quadrats per 40-m transect or five values per 20-m 

transect.  To account for seasonal differences among species, the maximum value for each 

species between spring and fall sampling dates within a particular year, by transect, was used 

(McLendon and Redente 1991; Paschke et al. 2000). Relative cover values were calculated for 

each species, by transect and by year, by dividing the maximum annual cover value of that 

species by the sum of maximum annual cover values for all species along that particular transect. 

Two sets of statistical analyses were conducted on the data. Both sets used the same data 

but the data were grouped differently between the two sets. The first set was used to evaluate 

successional changes and the second set was used to evaluate the effects of the land management 

treatments.  The purpose of this paper is to evaluate vegetation changes over time and over land 

management treatments, not necessarily changes in individual species. Therefore the response 
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unit (observation) is overall species composition of each transect.  Each observation is composed 

of values for each plant species. This is, therefore, a multivariate statistical application. 

Multivariate statistical analysis has been used to identify plant communities and successional 

stages for several decades (Matthews 1979; McLendon and Dahl 1983; Stroup and Stubbendieck 

1983; McLendon and Redente 1990, 1991). This method can also be useful in determining 

vegetation changes based on both climatic and treatment applications (Stroup and Stubbendieck 

1983). Multivariate analysis is used when the interest is on a community response level and not 

the response of individual species (Stroup and Stubbendieck 1983).  Stepwise discriminant 

analysis (Overall and Klett 1972) was the multivariate statistical method used in the analyses. 

Stepwise discriminant analysis is a method for determining statistical significance of differences 

in group means, where the groups are composed of observations consisting of multiple variables. 

In addition to determining differences among means, it also provides testing correct 

classification of observations into groups and the relative importance of the variables in 

classifying observations (Overall and Klett 1972; McLendon and Dahl 1983).   

 

Successional Changes 

The first set of stepwise discriminant analyses was used to evaluate vegetation change 

between 1995 and 2012. Stepwise discriminant analysis was used to 1) separate the 60 1995-

transects into significantly (P < 0.05) different vegetation groups and then 2) determine the 

statistical significance of the change in composition of these groups between 1995 and 2011 and 

between 1995 and 2012.  The first discriminant analysis (separation of 1995 transect groups) 

provided the basis for vegetation classification under baseline conditions (McLendon and Dahl 
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1983; McLendon et al. 1996).  The second discriminant analyses (comparison of 1995 to 2011 

and 1995 to 2012) provided a measure of the significance of vegetation change over time 

(McLendon and Redente 1991, 1992; McLendon et al. 2012).  

Data from 2011 reflect the short-term effects of a severe dry year (32% of long-term 

precipitation mean) and the response of the vegetation to this extreme event is likely to mask any 

longer-term trends that might be indicative of successional development on the preserve.  

Although precipitation in 2012 was also below average (61% of long-term mean), it was twice 

the amount received in 2011.  As a result, the 1995-2012 comparison is likely to be more 

representative of possible successional changes than the 1995-2011 comparison.  Therefore only 

the results of the 1995-2012 comparison are presented. 

Relative cover values for the 30 major species ( > 1% mean relative cover) were the 

variables used in discriminant analyses. The 60 transects (observations) were divided into nine 

initial groups based on relative cover values of their three most-abundant species.  Eight of these 

nine groups were determined to be significantly different (P < 0.05) from each other and were 

therefore designated as the baseline (1995) vegetation groups. The third-most abundant species 

in the non-significant group was mesquite. Because of the interest in controlling this species, this 

group was also retained as a baseline group.   

To determine significance of vegetation change between 1995 and 2012, a second 

discriminant analysis was used. There were 18 groups in the second analysis. Nine groups 

contained their respective transects with 1995 data and the other nine with the same transects but 

with 2012 data. The nine groups in each case were the nine groups identified in the first 

discriminant analyses. This second discriminant analysis determined 1) if there were significant 



                                                                     Texas Tech University, Matthew C. McEwen, December 2015 
 

17 
        

differences between each pair between years (e.g. species composition in Group 1 in 1995 

compared to species composition in Group 1 in 2012) and 2) if there were significant differences 

among groups over time. 

 

Land Management Treatments Effects 

The effects of the land management treatments were also analyzed using stepwise 

discriminant analysis, in a manner analogous to the method used to analyze successional 

changes.  For this analysis the 60 transects were initially grouped on the basis of land 

management activities.  There were five treatment groups:  

1. Control— no land management activity 

2. Tordon— application of the herbicide to control broom snakeweed 

3. Fire— subjected to prescribed burn 

4. Mesquite Management—herbicide application to and mechanical control of 

mesquite 

5. Fire + Mesquite Management— combination of fire and mesquite treatments 

The treatments were associated with previous land management actions (2000-2012) 

conducted as part of the LLL efforts to restore the historic grassland that had experienced brush 

encroachment (Trevey and McEwen 2012).  The TGrp1(Control) consisted of 13 transects that 

were not located within any specific treatment area.  The TGrp2 (Tordon) consisted of six 

transects in areas where the herbicide was broadcast to control snakeweed.  The TGrp3 (Fire) 

included five transects in areas that were burned at least once during the dormant season.  The 

TGrp4 (Mesq.Mgmt.) consisted of 14 transects in areas that received a combination of 
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mechanical and chemical management targeting mesquite.  The TGrp5 (Fire + Mesq. Mgmt.) 

included 22 transects in areas subjected to both the mesquite management (TGrp4), and 

prescribed burns (TGrp3).   

The analysis of treatment groups used the same relative cover values from 1995 and 2012 

for the 30 species (> 1% mean relative cover) as were used in the discriminant analyses of 

vegetation succession. The analysis of treatment effects was conducted in two steps. The first 

step was to determine if there were significant pre-treatment differences among the transect 

groupings. To determine this, each of the 60 transects were placed into one of the five treatment 

groups based on what treatment was subsequently applied to the transect location. A discriminant 

analysis was then conducted on these data using the 1995 vegetation (pre-treatment) data. The 

results of this analysis indicated that there were no significant differences (P < 0.05) among the 

five treatment groups in 1995. The second step was to determine if significant changes in 

vegetation occurred between 1995 and 2012 that could be attributed to the treatments. To 

accomplish this, another discriminant analysis was conducted. Ten groups were used for this 

analysis, five groups containing transect data from 1995 and five containing the same transects 

within each treatment group but using data from 2012.  
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CHAPTER III 

RESULTS 

Vegetation Change 

Overall Composition 

A total of 140 species were recorded in the 1995 floristic survey, of which 108 were 

encountered on the 60 vegetation transects.  There were 43 species with relative cover values of 

at least 0.5% (Table 1).  Overall, the three most abundant species were two perennial grasses, 

blue grama (14.4% relative cover) and sand dropseed (12.5%), and one annual forb, kochia 

(12.3%).  Together, these three species comprised 39% of the average cover.  Five additional 

species each had average relative cover of 4% or more (Table 1):  sideoats grama, buffalograss , 

creeping muhly (Muhlenbergia repens), mesquite, and hairy grama (Bouteloua hirsuta).  All 

except mesquite are perennial grasses. The eight most abundant species combined for over two-

thirds (67.6%) of the total cover along transects. 

Over the 17-year period, substantial changes occurred in species composition. Of the 43 

major species in 1995, relative cover increased in 2012 for 24 species and decreased for 19 

(Table 1).  Relative cover of four of the five shrub species increased.  Yucca had the largest 

percentage-point increase (1.20), followed by catclaw mimosa (1.12), and broom snakeweed 

(0.81).  Mesquite was the only shrub whose relative cover decreased (2.25) as this species has 

been the target of brush management efforts since 2001.  Total relative cover for shrubs 

increased slightly from 5.72% in 1995 to 6.72% in 2012. Relative cover increased for 15 of the 

21 major forb species present in 1995 and decreased for 11 of the 16 grasses.  Total cover for 

perennial grasses decreased almost by half from 1995 to 2012 (64% and 38%, respectively; 
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Table 1). Overall cover for forbs almost doubled, with annual forbs accounting for 18% total 

cover in 1995 and 25% in 2012 and perennial forbs increasing from 9% to 22%.   

Relative cover of all eight of the most abundant species in 1995 decreased in 2012. The 

combined relative cover of those eight species decreased from 67% in 1995 to less than 28% in 

2012.  In 2012, 15 species accounted for 67% of the total cover, compared to 8 species in 1995. 

The annual forb kochia had the largest decrease, from 12% in 1995 to 2% in 2012 (Table 1).  

The most abundant species in 2012 were blue grama (12.5% relative cover), Russian thistle 

(8.3%), lambsquarters (Chenopodium album, 7.2%), sand dropseed (5.3%), threeawn (4.7%), 

Gordon bladderpod (Lesquerella gordonii, 4.3%), sideoats grama (3.9%), and plains zinnia 

(Zinnia grandiflora, 3.3%).  The eight most abundant species in 1995 included 1 shrub, 6 

perennial grasses, and 1 annual forb.  This had changed by 2012 to 4 perennial grasses, 1 

perennial forb, and 3 annual forbs.  

Initial Vegetation Groups 

Nine plant community groupings were identified by inspection of the 1995 data (Table 

2).  Discriminant analysis indicated that eight of these nine groups were statistically different (P 

< 0.05) (Table 3).  Groups 2 and 3 were not found to be statistically different.  These two groups 

were dominated by blue grama, with sideoats grama the subdominant species in Group 2 and 

sand dropseed and mesquite the subdominant species in Group 3.   

Group 1 was a sideoats grama-hairy grama community and Group 4 was a buffalograss-

silver bluestem-sideoats grama community.  Group 7 was dominated by creeping muhly, with 

kochia and sand dropseed as secondary species.  Group 6 was dominated by sand dropseed, with 
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blue grama and buffalograss as subdominants and Group 8 was a kochia-sand dropseed-blue 

grama community. 

These seven communities were relatively similar to each other based on the results of the 

discriminant analysis.  Between-group F-ratios were mostly less than 8.0 among the various 

groups (Table 3).  Groups 1-4 primarily differed in the relative amounts of short- and mid-

grasses they contained.  Groups 6-8 may have been earlier seral stages of Groups 1-4, containing 

more sand dropseed, kochia, and/or creeping muhly.   

Groups 5 and 9 were the most dissimilar groups in 1995 (Table 3, Fig. 2).  Group 5 was 

an alkali sacaton-blue grama-sand dropseed community and Group 9 was dominated by vine-

mesquite, with kochia and creeping muhly as subdominants (Table 2).  Both dominants, alkali 

sacaton and vine-mesquite, are often associated with wetter sites than adjacent sites dominated 

by blue grama or sideoats grama. Group 9 was most similar to Group 8 (F-ratio = 7.8; Table 3).  

Both of these groups had the highest relative cover of kochia of the nine groups and also had 

similar amounts of blue grama (7.6 and 6.4%, respectively).  Group 5 was the most dissimilar 

group to all other groups, with an average between-group F-ratio of 19.16, compared to F-ratios 

of 6-13 among the other groups (Table 3). 

2012 Vegetation Groups 

By 2012, each group except Group 2 had changed significantly (F-ratio > 1.61; Table 4). 

All nine groups experienced decreases in total perennial grass cover and increases in forbs (Table 

2). In four of the nine groups there was an increase in threeawn and a decrease in sideoats grama.  

Total relative cover for shrub species increased in five groups, decreased in two, and remained 

unchanged in two (Table 2). Based on discriminant analysis, Groups 1, 2, 4, 6, and 8 were 



                                                                     Texas Tech University, Matthew C. McEwen, December 2015 
 

22 
        

relatively similar. Group 7 was most similar to Group 5 and Group 9 was most similar to Group 

3 (Fig. 3).  

Buffalograss averaged 6.4% relative cover across all nine groups in 1995 and decreased 

(1.1%) in all nine groups in 2012 (Table 2).  Blue grama was stable in Groups 1, 2 and 8, 

increased in Groups 4, 5 and 9, and decreased in Groups 3, 6 and 7. Blue grama was the only 

perennial grass to increase in Group 9. American basketflower (Centaurea americana) had an 

average increase of 3.2% across all nine groups compared to only traces in 1995. Mesquite was 

present in eight of the nine groups in 1995, and only six in 2012, three of which had increases.  

Group 2 remained a blue grama-sand dropseed community and experienced minor 

changes similar to those of other groups where sideoats grama decreased and threeawn and forbs 

increased. Group 1 changed significantly from a sideoats grama-hairy grama-blue grama 

community to a threeawn-blue grama-sideoats community. Blue grama and sand dropseed 

remained stable, while alkali sacaton, yucca, and forbs increased. Groups 3 and 4 had the largest 

decreases in mesquite. Group 3 had decreases in the dominant species, blue grama and sand 

dropseed, combined with increases in Russian thistle, sideoats grama, and vine-mesquite, 

becoming a blue-grama-Russian thistle-Gordon’s bladderpod community. Group 4 was 

dominated in 1995 by buffalograss, with silver bluestem and sideoats community as 

subdominants, and had changed by 2012 to a blue grama-plains zinnia-threeawn community.   

Alkali sacaton dominated Group 5 in 1995, (33.8% relative cover) but was reduced to 10.9% in 

2012. Groups 5 and 7 experienced substantial increases in saltgrass (8.7 and 7.0%, respectively) 

and a similar increase in Russian thistle (Table 2). Blue grama became the dominant in both 

groups, as well as in Groups 4, 6, and 9.  
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In all groups except Group 9, the number of species was greater in 2012 than in 1995 

(Table 6). Group 9 experienced a substantial decrease in number of grass species. The mean 

number of the 30 major species present across all nine groups was 19 in 1995 and 23 in 2012 

(Table 2). Total mean number of species for shrubs and grasses across all groups changed little, 

but the diversity of forbs increased, dominated largely by annuals. Kochia was the most abundant 

annual forb in 1995 but declined dramatically by 2012, being replaced as the primary annual by 

Russian thistle. Russian thistle was present in all nine groups in 1995 and had substantial 

increases across all groups in 2012. Annual forb cover was greater than perennial forb cover in 

six out of nine groups in 1995. In 2012, this changed to annual forbs being greater in seven 

groups and relatively similar to perennial forb cover in two.  

 

Land Management Treatment Effects 

There were five treatment groups used for discriminant analysis, a TGrp1 (Control), 

TGrp2 (Tordon), TGrp3 (Fire), TGrp4 (Mesq. Mgmt.), and TGrp5 (Fire + Mesq. Mgmt.). This 

second set of discriminant analyses determined 1) the effect of treatment on the plant community 

(e.g. species composition in Control in 1995 compared to species composition in Control in 

2012), 2) a comparison of differences within treatment groups, and 3) the effect of the treatment 

on species composition.  The first comparisons (treatment groups in 1995) determined if plant 

communities were significantly different. The second comparisons determined if groups changed 

significantly in 2012 based on their treatment experience and species composition compared to 

1995. The third comparison determined the differences among treatments and their effect on the 

plant community.  
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There were no significant differences between the treatment groups (TGrp) in 1995 

(Table 7). Discriminant analysis indicated that each treatment group except TGrp2 (Tordon) had 

changed significantly by 2012 (Table 8). Since 1995, total mean relative cover across all 

treatment groups decreased by 42% for perennial grasses and increased over 100% for forbs. 

Broom snakeweed and threeawn increased across all five treatment groups. The total mean 

change in cover for all major grass species decreased, except for threeawn. Total mean cover for 

annual and perennial forbs increased (15% and 5%, respectively).  The greatest total mean cover 

percentage-point decrease was by kochia (9.6) and Russian thistle had the largest overall increase 

(6.2).   

In 1995, TGrp1(Control) was dominated by three perennial grasses: blue grama (15.1%), 

sand dropseed (12.8%), and creeping muhly (8.4%) (Table 9). Kochia was the only important 

annual. In 2012, two annual forbs and one perennial grass dominated the group. Russian thistle 

(16.6%) became the new dominant, with blue grama (11.4%) and kochia (6.3%) as 

subdominants.   

The TGrp2 (Tordon) and TGrp4 (Mesq.Mgmt.) groups were not significantly different 

from the TGrp1 (Control) in 2012 (Table 10). In TGrp2, blue grama cover decreased but it 

remained the dominant species and there were increases in yucca, snakeweed, threeawns, and 

forbs (Table 9). Of the five treatment groups, blue grama increased only in TGrp4. It was a sand 

dropseed-kochia-sideoats grama community in 1995, and was a blue grama-lambsquarters-sand 

dropseed in 2012. 

The TGrp3 (Fire) and TGrp5 (Fire+Mesq.Mgmt.) were significantly different from the 

TGrp1 in 2012. Both TGrp3 and TGrp5 had increases in threeawn and vine-mesquite with 
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substantial decreases in the other perennial grasses, except hairy grama, which increased in 

TGrp3. TGrp3, was significantly different from the other four groups and was the only group 

significantly different from TGrp2 (Table 10). It had the highest F-ratio (2.40) compared to the 

TGrp1 (Control), but both groups had increases for all four major shrub species (Table 9). TGrp3 

was a blue grama-sand dropseed-kochia community in 1995 and was dominated by Tahoka daisy 

(Machaeranthera tanacetifolia) with mesquite and sand dropseed as subdominants in 2012.  

The TGrp4 (Mesq.Mgmt.) and TGrp5 (Fire+Mesq.Mgmt.) had the largest percentage-

point decreases in mesquite (3.60 and 4.30, respectively).  Conversely, there were increases for 

the shrub species broom snakeweed and catclaw mimosa in both groups. TGrp5 changed from a 

1995 community dominated by kochia with sand dropseed and blue grama subdominants, to a 

blue grama-lambsquarters-sand dropseed community in 2012. TGrp5 resulted in the highest 

change within groups over the 17-year period (F-ratio = 6.88) (Table 7).  
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CHAPTER IV 

DISCUSSION 

Succession or Drought? 

From 1995 to 2012 species composition among plant communities at LLL changed 

substantially. The results indicate that retrogression occurred in most of the groups.  For 

instance, Group 1 was dominated by sideoats grama in 1995 and by 2012 blue grama and 

threeawns were dominant, and Group 3 which was a blue grama-mesquite dominated community 

retrogressed to a Russian thistle-blue grama community. It is unclear if the retrogression can be 

attributed directly to short-term precipitation deficits (drought), from long-term precipitation 

patterns, or from anthropogenic disturbance.  The fact that retrogression occurred can lead to an 

assumption that the site is more ecologically degraded in 2012 than in 1995.  However, the effect 

of severe drought conditions of 2011 may be masking the overall succession patterns.  

Precipitation has a profound impact on the ecosystem and plays a considerable role in 

driving vegetation dynamics.  Drought is common in the semi-arid grassland, and the native 

vegetation has adapted to endure such conditions.  However, the impact of drought can reduce 

the abundance of major species (Weaver and Albertson 1943).  Drought tends to favor annual 

forbs, deeply rooted perennial forbs, and short-lived species, with some dominant perennial 

grasses that are more drought tolerant (Morecroft et al. 2004).  The worst drought year on record 

was in 2011, which was followed by another dry year. The lack of significant precipitation 

experienced at LLL in 2011 impacted the succession of most of the communities.  Despite 

detrimental effects of drought on the vegetation, Weaver et al. (1940), found recovery occurred 

for most perennial grasses within a couple of years following the drought. Even in the tallgrass 

prairie, the most abundant increases immediately following the drought were from sand 
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dropseed, blue grama, and sideoats grama (Weaver et al. 1940).  Weaver et al. (1940) also found 

that the annual forbs were most abundant the year following the drought.  

Weaver and Albertson (1956) recognized that blue grama, buffalograss, and sand 

dropseed were among the grasses that characterize vegetation recovery in the Great Plains mixed 

prairie following a drought. These perennial species combined for almost 20% mean relative 

cover across the LLL in 2012.  Shifts in dominance of the annuals kochia in 1995 (12%), and 

Russian thistle in 2012 (8%), are similar to the secondary succession found by McLendon and 

Redente (1991) following disturbance.  McLendon and Redente (1991) suggested this early 

dominance of annuals is driven by seed availability and rapid growth rate.  The increase of 

Russian thistle and decrease in kochia, is likely a reflection of the bareground created following 

the drought, recent disturbance, seed availability, and overall community development. The 

shifting dominance between kochia and Russian thistle likely occurs periodically and does not 

reflect a long-term trend in change or successional direction, rather it is an ongoing fluctuation 

driven by precipitation events, competition, and disturbance.   

Across the preserve, many transects reflected the first weed stage in succession as 

outlined by Weaver and Albertson (1956) including: Russian thistle, lambsquarters, narrow-

leaved goosefoot (Chenopodium leptophyllum), spurge (Euphorbia spp.), and purslane 

(Portulaca spp.). These annual forbs accounted for 19% mean relative canopy cover in 2012. 

Stickseed (Lappula redowski) in some communities reflects the second weed stage, and sand 

dropseed dominated the early native grass stage. The communities dominated with blue grama, 

buffalograss, threeawns, and sideoats grama represent a late grass stage. Sideoats grama being 

prevalent in 1995 can be attributed to favorable precipitation conditions as well as a sign of late 
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succession in the respective communities.  The decline of sideoats grama is most likely attributed 

to the extreme drought conditions experienced in consecutive years, and reflects a similar decline 

among major perennial grasses. Increases in threeawn indicate its ability to become abundant in 

open cover, likely from reduced competition following the drought (Weaver and Clements 

1938).   

 

Shortgrass or midgrass? 

Weaver and Albertson (1956) described the mixed prairie vegetation in its climax stage 

as a combination of shortgrasses, midgrasses, forbs and shrubs. Over the 17-year period, the LLL 

semi-arid grassland remained dominated by two major perennial grass species, the shortgrass 

blue grama and the midgrass sand dropseed.  The long-term stability of blue grama reflects its 

historic dominance of the shortgrass plains.  The prevalence of sand dropseed is likely the result 

of recent disturbances and the early-mid successional stage of the grassland.  

The changes in species composition that occurred between 1995 and 2012 are similar to 

those described for mixed prairie by Weaver and Albertson (1956).  While blue grama remains 

the dominant grass species across the LLL, the abundance of several midgrass species and 

increases in forbs and shrubs suggest the appropriate vegetation description as mixed prairie.  

The midgrasses little bluestem, plains bristlegrass, and western wheatgrass all had slight 

increases over the 17-year period despite the assumed effects of drought. Buffalograss decreased 

across all communities during this time and even disappeared in some. In ranking overall 

dominance of grasses, buffalograss ranked fourth in dominance in 1995 and eighth in 2012, 

while sideoats grama changed from third to fourth. Interestingly, little bluestem climbed into the 
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ninth position in 2012, up six ranks from 15th in 1995.  This appears to suggest that ecologically, 

the site is experiencing succession to a mixed prairie, with some aspects of the shortgrass plains.  

For instance, the annuals kochia, Russian thistle, and lambsquarters dominate early-succession 

stages. Mid-succession stages are represented by threeawns and sand dropseed, with a mid-late 

succession stage shifting towards two different seres depending on precipitation. With above 

average precipitation the community shifts to a sideoats-little bluestem sere, and a blue grama-

buffalograss sere with below average precipitation (Fig. 4).  

Blue grama remained relatively stable across the groups, except in Group 3 where it 

decreased 25 percentage-points (Table 11). Sand dropseed remained the second most abundant 

perennial grass over the 17-year period, however it decreased by an average of 12 percentage-

points in each of six groups (Table 11).  Sideoats grama decreased substantially in Groups 1,2, 

and 4, and disappeared from Groups 7 and 9.  However, there were slight increases of sideoats 

across Groups 3 and 8, and stability in Group 6. Threeawns increased by an average of eight 

percentage-points in each of four groups (Table 11).  Shifts in annual forb dominance were also 

substantial. Kochia decreased an average of 23 percentage-points in each of three groups, and 

Russian thistle increased by an average of 15 percentage-points in each of three groups, while 

lambsquarters increased in all nine groups, with an average of 13 percentage-points in three 

groups (Table 11).  

Launchbaugh et al. (1996) reported that restoration and recovery at the LLL was 

improving after two previous decades of anthropogenic disturbance of off-road vehicles, but 

native grasses needed more time to shift the dominance from annuals to perennials. They also 

recommended continued rest from human disturbance, and applying late spring prescribed burns, 
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or mid-season mowing to alter competition.  In 1995, there was a lack of diversity in 

representative native forbs (Launchbaugh et al. 1996). In 2012, the diversity and abundance of 

native forbs, both annual and perennial, had increased substantially. Of the major annual species 

(Table 1), eight increased in percentage-points from a combined 1.62 in 1995 to 21.17 in 2012.  

There were also five perennial forbs that increased percentage-points from a combined 4.76 in 

1995, to 11.05 in 2012. Several species of native forbs were either absent or found only in trace 

amounts in 1995, whereas in 2012, some had become major species (American basketflower and 

lambsquarters).  Of the three dominant forb species in the 1995 groups, none were native. In 

2012, five of the nine groups were represented by the three most dominant species being native 

forbs including; lambsquarters, bladderpod, rushpea (Caesalpinia jamesii), and zinnia (Table 

11). These results appear to suggest that recovery on the site has occurred over the 17-year 

period, and retrogression could potentially have been worse following the drought if no 

management activities had been implemented in years prior to 2011.  Future data collected and 

analyzed following the drought and current study will lead to a better understanding of the long-

term successional changes, definition of climax communities, and response to disturbance. 

 

Land Management Treatment Effects  

The Treatment groups were not significantly different in 1995 (pre-treatment). Therefore, 

changes over the 17-year period based on the treatment groupings suggest significant impacts 

from the management activities. Land management treatments can play a dramatic role in the 

communities going from a mid or late successional community to an early successional one 

attributed to disturbance in specific areas.  Disturbances from management may also manipulate 
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vegetation in a manner that can shift communities from an early succession one towards a mid-

succession. The rate and direction (retrogression or succession) of these shifts depends on the 

type of treatment, associated disturbance, and environmental conditions before and after 

treatment.  

The mechanical component of the brush management caused soil and vegetative 

disturbance, leading to abundant colonization of invasive annuals (e.g. Russian thistle, kochia) 

native annuals (e.g. bladderpod, lambsquarters, Tahoka daisy, and American basketflower), as 

well as a decrease in the targeted woody species. The clearing of mesquite not only disturbed the 

soil from mechanically removing the plants, but the slash was raked into piles, causing additional 

ground disturbance. The piles were eventually burned. No transects intersected old burn piles but 

the disturbance from the mechanical action impacted the soil and disturbed the ground enough to 

promote the establishment of early seral species.  

Shrubs 

Overall cover of shrubs increased in each treatment group except the Fire+Mesq.Mgmt. 

(TGrp5). Mesquite increased only slightly in the Control and Fire groups, but decreased in both 

the Mesq.Mgmt. (TGrp4) and Fire+Mesq.Mgmt.(TGrp5). The decline in mesquite can be 

attributed to the targeted chemical and mechanical brush management action.  The TGrp5 group 

appears to be the most effective in reducing mesquite (85%) and yucca (50%).  Mesquite was the 

most dominant shrub in the 1995 TGrps 3,4, and 5, but in 2012, TGrp’s 4 and 5 were dominated 

by yucca and catclaw respectively.  

Snakeweed increased in each treatment group and even doubled in the Control (TGrp1), 

however the Tordon (TGrp2) treatment appears to have been effective.  The increase of 
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snakeweed in TGrp2 was less than that found in TGrp1.  In 1995, snakeweed was the only shrub 

species in TGrp2, however yucca, which was absent in 1995 increased 3.9 percentage-points by 

2012. Catclaw increased in all treatments except TGrp2, where it was absent. Increases in other 

shrub species may be attributed to the overall trend of shrub encroachment on grasslands or from 

the non-targeted shrubs benefiting from the removal of mesquite, and the absence of a routine 

fire regime across the LLL. The shrubs may also benefit from the perennial grass decline due to 

the mechanical disturbance and drought. Since shrubs are able to utilize water from deeper 

depths than most perennial grasses, even in dry periods they can take advantage of the deeper 

available moisture.  

Historically, woody plants were concentrated in the draws (Wester 2007) so it can be 

assumed that the shrubs have always been here in Yellowhouse Draw and are invading into the 

upland. Controlling the invasion will be an ongoing challenge, but can be mitigated by restoring 

the natural fire frequency (3-5 years) and continued follow-up mechanical treatments where 

necessary. The TGrp4 was the only group that experienced an overall decrease in shrub cover.  

Grasses and Forbs 

The Control (TGrp1) group had the largest decrease in grasses (35.3 percentage-points), 

mostly from blue grama and sand dropseed (Table 12).  Threeawns were the only grass species 

to increase in TGrp1 and TGrp2.  Blue grama remained constant in the TGrp2, sideoats grama 

decreased, and threeawns replaced hairy grama (Table 12).  The three dominant perennial 

grasses blue grama, sand dropseed, and sideoats grama all decreased, and the annual forb Tahoka 

daisy increased to a dominant species in the TGrp3.  Annual forbs, sand dropseed, and sideoats 
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grama decreased in TGrp4, but blue grama increased. In TGrp5, blue grama remained constant, 

while sand dropseed and annual forbs both decreased.   

The largest overall increase in forbs was in TGrp1, dominated by Russian thistle. Russian 

thistle increased across all groups but was largest in the Control. The substantial increase of 

Russian thistle in the Control group may be reflective of the stagnation from no management 

activity and subject to the time frame of succession alone. Kochia was the most dominant annual 

forb in 1995, and by 2012 it increased slightly in TGrp1, but declined dramatically in TGrps 3, 4, 

and 5. Therefore the treatments appear to have mitigated the invasion and dominance of these 

invasive annual forbs. 

Forbs doubled in overall cover, and 11 of the 15 major species increased (Table 9). There 

were five species of native forbs that were not recorded in 1995, that all appeared in the Tordon 

group in 2012 (Table 9).  American basketflower was not a major species in the 1995 survey, but 

increased across each treatment group. The largest increases were found in TGrps 4 and 5.   
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CHAPTER V 

CONCLUSION 

Over a 17-year period, dramatic changes in species composition occurred whether from 

anthropogenic actions and or drought. As noted previously, a span of 20-50 years can be 

expected for recovery of semi-arid grasslands from severe disturbance.  The best expectation 

assumes favorable precipitation patterns and rest from disturbance. The LLL semi-arid grassland 

has experienced a combination of these favored factors as well as unfavorable droughts and areas 

of concentrated disturbance. Studying the successional changes and effects of land management 

actions on the LLL as an example for the Southern High Plains is valuable in understanding 

successional changes occurring across the regional semi-arid grassland.  The region has been 

impacted by from shrub invasions, droughts, historic overgrazing, and fire suppression. These 

factors have also impacted the LLL, but it has been protected from large herbivore grazing for an 

extended period of time. This difference is important for interpreting these results of 

management treatments to areas of rangelands managed with limited rest from grazing.  

The LLL is located in a dynamic ecotone, where shifts from shortgrass plains and 

southern mixed prairie occur periodically and can change frequently. Both systems can also 

occur simultaneously within the preserve depending on disturbance history and species 

composition. The slight increases seen by the mid-grasses little bluestem, plains bristlegrass, and 

western wheatgrass, and the decrease in buffalograss can signify a potential shift towards a 

mixed prairie in certain areas. The early succession communities dominated by the invasive 

annuals, kochia, and Russian thistle will likely continue to be in this stage, and the time frame for 

recovery can be assumed to reflect one of severe disturbance mentioned above (20-50 years). 
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Communities with perennial grasses and forbs already dominating can be expected to continue 

recovery and development more rapidly towards their respective late successional community.  

Blue grama is likely to remain the dominant grass species across the LLL, but with future data 

collection and analysis the shifts of midgrasses and forb diversity can be more defined, and the 

drivers of these changes in composition better understood.   

Brush management at the LLL has thus far concentrated on the removal and reduction of 

mesquite, therefore according to the data and increases in non-target brush species it will likely 

be necessary to target the other species such as catclaw and yucca in future treatments if the goal 

is a mixed prairie promoting both grass and forb species over shrubs. The use of growing-season 

fires should also carefully be considered to further restore the fire regime disturbance (Britton et 

al. 2007; Simmons et al. 2007; Taylor 2007). The continued use of a fire and mechanical brush 

treatment is recommended to control brush species and promote perennial grasses and native 

forb diversity. Future research on the dynamics of fire on the vegetation at LLL is also 

recommended, especially if the goal of restoring the fire regime is achieved.  This will be a 

unique aspect since the reintroduction of fire on the landscape has only occurred once across the 

LLL as of this study, and will be useful in understanding the changes once a more frequent return 

interval has been accomplished.  
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Table 1. Mean relative canopy cover (%) by major species (≥ 0.5%) on 60 transects from 1995 and 2012 at the Lubbock Lake 
Landmark. 
         Species                                            Common Name                                      1995                                        2012 
 
Shrubs                                                                                                                    5.73                6.73 
 
Dalea formosa                                        feather dalea                                     0.43             0.55 
Gutierrezia sarothrae                             broom snakeweed                                   0.53             1.34 
Mimosa biuncifera                                  catclaw mimosa    0.02    1.14 
Prosopis glandulosa                               mesquite                                           4.06             1.81 
Yucca angustifolia                                   yucca     0.69    1.89 
 
Grasses                                                                                                                 63.62               38.37 
 
Aristida spp.                                             threeawn   2.68    4.72 
Bothriochloa laguroides                  silver bluestem   1.29   0.83 
Bouteloua curtipendula                           sideoats grama    8.54                3.86 
Bouteloua gracilis                                   blue grama                 14.40               12.53 
Bouteloua hirsuta                                    hairy grama    4.04    0.76              
Buchloe dactyloides                                buffalograss    6.02    1.28 
Distchilis spicata    saltgrass     0.65   1.43 
Erioneuron pilosum   hairy tridens    0.65    ---- 
Leptochloa dubia    green sprangletop    0.82    0.11 
Muhlenbergia repens   creeping muhly    5.71    0.75 
Munroa squarrosa    false buffalograss    0.40    0.20 
Panicum obtusum    vine-mesquite    2.82    2.66 
Pascopyrum smithii   western wheatgrass   ----    0.54 
Schizachyrium scoparium   little bluestem    0.27    0.91 
Setaria leucopila    plains bristlegrass    0.53    0.83                    
Sporobolus airoides   alkali sacaton    2.31    1.70 
Sporobolus cryptandrus   sand dropseed                 12.50    5.26 
 
Forbs                                                                                                                    25.04               44.72 
 
Ambrosia psilostachya   ragweed     0.61    0.04 
Caesalpinia jamesii   James’ rushpea    0.68    2.71 
Centaurea americana   basketflower    ----    3.12 
Chenopodium album   lambsquarters    0.27    7.20 
Chenopodium leptophyllum   narrowleaf goosefoot   ----    1.61 
Convolvulus arvensis   field bindweed    0.05    0.67 
Euphorbia spp.   spurge     0.95    1.08 
Helianthus ciliaris    blueweed    1.18    0.49 
Hymenoxys scaposa   stemless bitterweed   0.46    0.56 
Kochia scoparia    kochia                  12.28                2.15 
Lappula redowski    stickseed     ----    1.09 
Lesquerella gordonii   Gordon’s bladderpod   0.06    4.28 
Linum pretense    meadow flax    0.16    0.63 
Machaeranthera tanacetifolia  Tahoka daisy    0.18    2.16 
Physalis viscosa    groundcherry    0.74    0.50 
Portulaca spp.    purslane     1.54    0.34 
Salsola iberica    Russian thistle    1.77    8.28 
Solanum elaegnifolium   silverleaf nightshade   0.80    2.51 
Sphaeralcea angustifolia   copper globemallow   0.51    0.03 
Sphaeralcea coccinea   scarlet globemallow   1.63    2.01 
Zinnia grandiflora    plains zinnia    1.19    3.26 
Dashed lines (---) indicate a zero value. 
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Table 2. Mean relative cover (%) for major species by plant community groups at the Lubbock Lake Landmark for 1995 and 2012. 
                                   Group:                              1                            2                               3                               4                                5                            6                                7                              8                               9  

Species                                            Year:       1995 2012             1995 2012                1995 2012                1995 2012                1995 2012             1995 2012                 1995 2012               1995 2012                1995 2012 
 
Shrubs                              5.2 12.0     3.0  6.2     10.8 10.2     12.4  0.2     2.3  3.6     7.8  4.7      2.2 10.4     3.3  3.1      0.5  9.9 
 
Gutierrezia sarothrae               2.4  2.2     0.3  2.5      0.1  0.7      ---  ---     0.6  ---     0.3  0.6      ---  ---     0.4  2.8      ---  --- 
Mimosa biuncifera                   0.1  1.0     ---  ---      ---  2.3      ---  ---     ---  ---     ---  ---      ---  1.1     ---  0.2      ---  9.9 
Prosopis glandulosa                 1.6  2.3     2.7  1.8     10.5  3.8     10.1  ---     1.7  3.6     5.7  1.6      1.8  8.4     2.8  ---      ---  --- 
Yucca angustifolia                  1.1  6.5     ---  1.9      0.2  3.4      2.3  0.2     ---  ---     1.8  2.5      0.4  0.9     0.1  0.1      0.5  --- 
 
Grasses                            68.9 35.2    83.6 59.3     59.5 28.6     77.9 43.6    72.5 39.9    65.5 40.4     64.4 18.9    30.3 27.6     60.9 28.3 
 
Aristida spp.                       5.5  9.9     2.9  4.3      4.2  2.4      3.3 11.2     0.7  0.6     4.1  7.8      0.8  1.0     1.0  2.6      0.3  --- 
Bothriochloa laguroides             ---  ---     ---  ---      ---  ---     13.9  7.2     ---  ---     ---  ---      ---  ---     0.6  1.1      ---  ---  
Bouteloua curtipendula             26.8  9.3    10.2  3.2      2.5  3.8     12.9  4.5     5.8  0.3     6.4  5.9      6.7  ---     2.3  3.3      2.2  --- 
Bouteloua gracilis                  9.8  9.7    43.7 43.0     34.7 10.1      4.0 12.0    11.6 12.7     9.1  7.7      3.8  0.9     6.4  7.0      7.6 15.0  
Bouteloua hirsuta                  17.2  0.2     7.9  0.2      0.0  ---      5.4  ---     ---  ---     0.9  3.6      0.4  ---     1.1  ---      ---  --- 
Buchloe dactyloides                 3.7  ---     6.4  1.3      1.9  0.9     24.0  0.9     5.3  0.1     7.7  1.3      3.3  1.7     3.9  1.5      1.5  --- 
Distichlis spicata                  ---  ---     ---  ---      ---  0.2      ---  ---     ---  8.7     0.1  1.3      ---  7.0     0.1  0.3      9.3  --- 
Muhlenbergia repens                 2.1  ---     ---  ---      3.0  0.2      3.7  0.5     5.1  1.5     1.5  1.1     38.6  4.9     1.4  0.1     11.1  --- 
Panicum obtusum                     0.4  ---     1.3  1.0      0.3  5.7      ---  0.8     ---  1.2     1.4  ---      0.9  3.0     2.5  3.9     26.4 11.4 
Sporobolus airoides                 ---  2.5     ---  ---      ---  ---      ---  ---    33.8 10.9     ---  4.8      0.7  ---     ---  ---      ---  --- 
Sporobolus cryptandrus              3.4  3.6    11.2  6.3     12.9  5.3     10.7  6.5    10.2  3.9    34.3  6.9      9.2  0.4    11.0  7.8      2.5  1.9 
 

 
Forbs                               9.6 24.5     9.1 26.7     21.0 48.2      3.9 40.6    17.5 45.6    15.5 39.6     24.7 57.8    48.7 55.1     27.5 51.4 

 
Caesalpinia jamesii                 ---  ---     ---  0.3      0.8  0.7      ---  2.2     0.7  3.5     ---  2.7      1.2 11.0     2.1  2.5      ---  7.6 
Centaurea americana                 ---  2.0     ---  2.8      ---  3.5      ---  3.8     ---  1.9     ---  2.5      ---  0.6     ---  4.0      ---  7.3 
Chenopodium album                   ---  4.0     ---  1.7      0.2  7.6      ---  3.7     --- 15.5     ---  8.7      0.2 13.9     0.9  7.6      0.8  8.1 
Chenopodium leptophyllum            ---  0.4     ---  1.7      ---  2.9      ---  0.4     ---  ---     ---  7.5      ---  ---     ---  ---      ---  --- 
Euphorbia spp.                      0.9  1.8     4.2  1.9      1.2  0.7      0.1  1.6     0.3  0.2     ---  0.4      0.3  0.8     0.5  1.0      ---  0.9 
Helianthus ciliaris                 ---  ---     ---  ---      ---  ---      ---  0.8     2.6  4.2     2.9  0.5      3.4  1.1     1.2  0.8      1.2  --- 
Kochia scoparia                     0.4  ---     1.4  ---      5.2  0.9      1.2  0.9     8.3  0.5     3.2  0.2     13.0  3.2    36.4  6.1     22.3  5.5 
Lappula redowskii                   ---  1.2     ---  2.0      ---  1.2      ---  2.6     ---  2.1     ---  0.3      ---  0.3     ---  0.8      ---  --- 
Lesquerella gordonii                ---  1.7     ---  4.5      ---  8.7      ---  2.3     ---  3.8     ---  6.2      ---  7.7     0.1  3.8      0.6  --- 
Machaeranthera tanacetifolia        ---  ---     0.2  0.2      0.1  0.2      0.2  2.3     ---  ---     0.8  0.4      ---  7.2     0.1  5.1      ---  2.5 
Portulaca spp.                      0.1  ---     ---  0.2      3.2  0.2      ---  ---     1.0  2.5     0.3  ---      2.2  0.5     4.1  0.1      0.4  1.2 
Salsola iberica                     1.9  4.4     0.6  3.7      5.7 18.0      0.9  4.7     1.2  7.0     2.3  3.7      0.8  6.9     1.5 12.5      0.2 14.6 
Solanum elaegnifolium               ---  1.7     1.6  3.8      1.5  1.1      ---  1.6     ---  3.7     0.7  1.7      0.5  0.1     0.9  4.7      1.7  2.2 
Sphaeralcea coccinea                0.6  0.4     0.8  2.7      3.1  1.1      1.4  1.4     0.3  0.1     4.6  1.7      2.0  3.0     0.9  4.3      0.3  --- 
Zinnia grandiflora                  5.7  6.9     0.3  1.2      0.0  1.4      0.1 12.3     3.1  0.6     0.7  3.1      1.1  1.5     ---  1.8      ---  1.5 
 
Number of species                   17   20      16   23       21   26       16   23      20   17      23   20       26   21      24   26       17   14 
 
Dashed lines (---) indicate a zero value. 
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Table 3. Between-group F-ratio values for the nine plant community group means from the discriminant 
analysis of 1995 species composition. (F(8,34;0.05) = 1.92) 
Group          1               2              3              4                 5                6               7              8                 9  
 
1      ----   4.51   7.71   7.00   22.18   7.01   5.49   9.11   12.23 
2      4.51   ----   1.27   6.88   17.04   3.16   4.55   5.39   12.09 
3      7.71   1.27   ----   9.63   16.14   3.24   4.96   5.62   12.93 
4      7.00   6.88   9.63   ----   18.23   6.81   5.97  10.45   12.73 
5     22.18  17.04  16.14  18.23    ----  16.94  15.99  23.76   23.01 
6      7.01   3.16   3.24   6.81   16.94   ----   4.83   5.89   11.68 
7      5.49   4.55   4.96   5.97   15.99   4.83   ----   5.68    8.45 
8      9.11   5.39   5.62  10.45   23.76   5.89   5.68   ----    7.77 
9     12.23  12.09  12.93  12.73   23.01  11.68   8.45   7.77    ---- 
 
Mean   9.41   6.86   7.69   9.71   19.16   7.45   6.99   9.21   12.61 
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Table 4. Between-group F-ratio values for the nine plant community group means from the discriminant analysis of 1995 and 2012 species composition. 
 (F(30,73;0.05) = 1.61) 
Group                       1                       2                        3                        4                        5                         6                        7                         8                        9 
      Year           1995 2012        1995 2012         1995 2012         1995 2012         1995 2012          1995 2012         1995 2012          1995 2012         1995 2012  
 
1 1995   ---- 2.39  2.28 3.41  3.08 3.73  5.14 2.30  5.35 2.98  4.35 3.03  4.84 3.99  5.35 4.28  5.14 4.02 
  2012   2.39 ----  2.69 1.31  2.20 1.18  7.21 1.18  4.25 1.41  4.18 0.96  6.10 2.41  4.23 1.69  4.55 2.05  
 
2 1995   2.28 2.69  ---- 1.47  0.74 3.18  4.54 2.52  4.27 2.44  2.46 2.98  4.88 3.70  3.75 3.92  3.95 3.15 
  2012   3.41 1.31  1.47 ----  1.20 1.46  7.47 1.87  4.43 1.54  4.33 1.71  5.82 2.88  4.25 1.92  4.16 1.95  
 
3 1995   3.08 2.20  0.74 1.20  ---- 2.22  5.43 2.48  4.07 1.71  1.72 2.44  3.99 2.51  2.32 2.80  3.11 2.41 
  2012   3.73 1.18  3.18 1.46  2.22 ----  7.49 1.91  4.80 1.36  4.37 1.25  6.14 1.93  4.43 1.14  3.87 1.00 
 
4 1995   5.14 7.21  4.54 7.47  5.43 7.49  ---- 4.47  6.30 6.16  4.99 6.98  5.43 6.77  7.20 8.49  6.68 7.07 
  2012   2.30 1.18  2.52 1.87  2.48 1.91  4.47 ----  4.03 1.78  3.57 1.55  4.86 2.45  3.68 1.54  4.53 2.04 
 
5 1995   5.35 4.25  4.27 4.43  4.07 4.80  6.30 4.03  ---- 2.79  4.70 3.68  6.05 5.58  5.98 5.89  6.13 4.93 
  2012   2.98 1.41  2.44 1.54  1.71 1.36  6.16 1.78  2.79 ----  3.04 1.22  4.30 1.20  3.19 1.68  3.37 1.86 
 
6 1995   4.35 4.18  2.46 4.33  1.72 4.37  4.99 3.57  4.70 3.04  ---- 4.12  5.24 4.08  4.03 5.06  4.76 4.60  
  2012   3.03 0.96  2.98 1.71  2.44 1.25  6.98 1.55  3.68 1.22  4.12 ----  6.03 2.13  5.05 1.84  5.26 2.54 
 
7 1995   4.84 6.10  4.88 5.82  3.99 6.14  5.43 4.86  6.05 4.30  5.24 6.03  ---- 4.64  5.83 7.11  4.04 5.66 
  2012   3.99 2.41  3.70 2.88  2.51 1.93  6.77 2.45  5.58 1.20  4.08 2.13  4.64 ----  4.07 2.13  3.88 2.10 
 
8 1995   5.35 4.23  3.75 4.25  2.32 4.43  7.20 3.68  5.98 3.19  4.03 5.05  5.83 4.07  ---- 5.02  3.07 3.64 
  2012   4.28 1.69  3.92 1.92  2.80 1.14  8.49 1.54  5.89 1.68  5.06 1.84  7.11 2.13  5.02 ----  5.30 1.63 
 
9 1995   5.14 4.55  3.95 4.16  3.11 3.87  6.68 4.53  6.13 3.37  4.76 5.26  4.04 3.88  3.07 5.30  ---- 3.10 
  2012   4.02 2.05  3.15 1.95  2.41 1.00  7.07 2.04  4.93 1.86  4.60 2.54  5.66 2.10  3.64 1.63  3.09 ---- 
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Table 5. Between-group F-ratio values between 1995 and 2012. (F(30, 73; 0.05) = 1.61) 
Group           1     2     3     4     5     6     7     8     9  
 
F-ratio        2.4   1.5   2.2   4.5   2.8   4.1   4.6   5.0   3.1 
 
 
 
 

 
 
 
Table 6. Number of species with >0.1% total relative cover, by lifeforms for plant community groups of the Lubbock Lake Landmark.  
Group                           1                   2                   3                   4                   5                   6                   7                   8                   9  
Lifeform                1995 2012    1995 2012    1995 2012    1995 2012    1995 2012    1995 2012    1995 2012    1995 2012    1995 2012 
 
Shrubs        5  5     2  3     3  4     2  1     3  1     3  4     2  3     4  3    1  1  
Grasses      13 12    10  8    11  9    11 10     7 10    13 12    12  8    15 13    9  4  
Forbs        17 22    11 21    16 25    11 24    15 18    14 31    15 22    20 29   16 15  
 
Total        35 39    23 32    30 38    24 35    25 29    30 47    29 33    39 45   26 20  
 

 
 
 
 
 
 
 
 
 
 
Table 7. Between-group F-ratios among treatment groups (TGrp) in 1995 and 2012. (F (30, 81; 0.05) = 1.60) 
TGrp               1-Control              2-Tordon                3-Fire             4-Mesq.Mgmt.   5 Fire+Mesq.Mgmt. 
      Year       1995      2012       1995      2012       1995      2012       1995      2012      1995   2012 
 
1 1995 
  2012  2.45 
 
2 1995  1.07  1.69 
  2012  1.97  0.65  1.00 
 
3 1995  0.56  1.83  0.92  1.74 
  2012  3.03  2.40  2.17  1.67  2.18 
 
4 1995  1.19  3.15  1.06  2.54  0.57  2.83 
  2012  3.17  1.10  2.12  0.93  2.34  1.91  3.98 
 
5 1995  1.14  3.79  1.45  2.89  0.65  3.37  0.71  5.00 
  2012  4.28  1.82  2.52  1.18  2.65  1.85  5.47  0.61  6.88 
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Table 8. Between-group F-ratio values for the five treatment group (TGrp) means from the 
discriminant analysis of 1995 species composition. (F (30,81;0.05) = 1.60) 
TGrp     1            2             3             4 
  
2   1.28 
3   0.60  0.80 
4   1.34  1.32  0.56 
5   1.27  1.78  0.75  0.63 
 
TGrp1 = Control; TGrp2 = Tordon; TGrp3 = Fire; TGrp4 = Mesq.Mgmt; TGrp5 = Fire+Mesq.Mgmt 
 
 
Table 9. Mean relative cover (%) for major species by treatment groups (TGrp) at the Lubbock Lake Landmark for 1995 (pre-treatment) and 2012 (post-treatment).  
                                TGrp                                      1                             2                           3                          4                             5  
                                Treatment                        Control                   Tordon                    Fire                Mesq.Mgmt.         Fire+Mesq.Mgmt.                  Mean 
Species                                                          1995   2012           1995    2012         1995    2012         1995    2012          1995    2012                     1995     2012 
 
Shrubs                       3.3  5.6     2.6  7.4    9.2 16.3    6.1  7.2     5.8  4.0         5.4  8.1 
 
Gutierrezia sarothrae        0.2  0.5     2.6  3.5    0.6  2.8    0.6  1.1     0.1  1.1         0.8  1.8  
Mimosa biuncifera            0.1  0.6     ---  ---    ---  1.5    ---  1.0     ---  1.8         0.1  1.2 
Prosopis glandulosa          1.3  2.5     ---  ---    8.2  9.9    5.3  1.7     5.1  0.8         5.0  3.7 
Yucca angustifolia           1.7  2.0     ---  3.9    0.4  2.1    0.2  3.4     0.6  0.3         0.7  2.3 
 
Grasses                     63.0 27.7    79.9 46.4   55.3 38.3   59.2 35.0    58.2 34.8        63.1 36.4 
 
Aristida spp.                2.2  4.4     3.9  6.6    1.9  7.1    4.3  5.0     1.7  3.7         2.8  5.4  
Bothriochloa laguroides      ---  ---     ---  ---    1.6  0.4    ---  0.8     3.2  1.6         2.4  0.9 
Bouteloua curtipendula       5.3  4.5    17.6  5.7    9.7  3.1   11.0  4.4     6.1  2.9         9.9  4.1 
Bouteloua gracilis          15.1 11.4    37.1 26.3   12.3  7.3    9.7 12.6    11.3 11.2        17.1 13.8 
Bouteloua hirsuta            2.2  0.5    11.1  2.0    1.5  4.2    5.5  ---     2.8  0.3         4.6  1.8 
Buchloe dactyloides          7.5  1.3     4.3  2.8    8.6  1.8    7.4  0.7     4.2  1.1         6.4  1.5 
Distichlis spicata           3.0  ---     ---  ---    ---  ---    ---  ---     1.1  ---         2.1  0.2 
Muhlenbergia repens          8.4  1.1     ---  ---    3.4  ---    1.1  0.5     9.2  1.1         5.5  0.9 
Panicum obtusum              6.5  1.8     ---  ---    5.1  7.0    0.2  0.4     2.6  4.5         3.6  3.4 
Sporobolus airoides          ---  1.6     ---  ---    ---  ---    3.8  2.7     3.9  2.0         3.9  2.1  
Sporobolus cryptandrus      12.8  1.1     5.9  3.0   11.2  7.4   16.2  7.9    12.1  6.4        11.6  5.2 
 
Forbs                       19.7 49.2     6.3 29.4   22.2 37.5   22.6 39.4    28.7 47.3        19.9 40.6 
 
Caesalpinia jamesii          0.4  2.7     ---  0.2    ---  0.6    0.2  2.8     1.5  4.3         0.7  2.1 
Centaurea americana          ---  1.4     ---  1.0    ---  2.8    ---  4.1     ---  4.2         ---  2.7 
Chenopodium album            0.6  5.1     ---  4.7    ---  2.8    0.1  8.6     0.3  9.6         0.3  6.2 
Chenopodium leptophyllum     ---  0.3     ---  ---    ---  1.1    ---  2.1     ---  2.9         ---  1.6 
Euphorbia spp.               1.1  1.0     1.0  0.6    ---  0.5    0.1  1.6     1.5  1.1         0.9  1.0  
Helianthus ciliaris          2.7  1.5     ---  ---    ---  ---    1.4  1.5     0.7  ---         1.6  1.5 
Kochia scoparia              5.8  6.3     ---  ---   11.1  ---   15.8  0.9    17.5  1.6        12.6  2.9 
Lappula redowskii            ---  0.2     ---  ---    ---  0.9    ---  1.7     ---  1.6         ---  1.1 
Lesquerella gordonii         0.2  3.7     ---  5.8    ---  0.9    ---  3.3     0.1  5.8         0.2  3.9  
Machaeranthera tanacetifolia ---  0.3     ---  0.3    0.3 13.4    0.1  ---     0.4  2.6         0.3  4.2  
Portulaca spp.               2.4  0.1     0.2  ---    1.6  0.7    0.2  ---     2.2  0.7         1.3  0.5 
Salsola iberica              1.6 16.6     0.3  6.6    1.0  1.9    2.0  7.2     2.4  6.4         1.5  7.7 
Solanum elaegnifolium        0.8  2.4     0.5  2.4    0.8  6.5    0.6  2.2     1.0  2.0         0.7  3.1 
Sphaeralcea coccinea         2.5  2.2     0.7  1.5    6.5  3.1    0.6  1.5     0.9  2.1         2.2  2.1 
Zinnia grandiflora           1.6  5.4     3.6  6.3    0.9  2.3    1.5  1.9     0.2  2.4         1.6  3.7  
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Table 10. F-ratios between treatment groups (TGrp) in 2012. (F(30,81; 0.05) = 1.60) 

TGrp F-ratio 
 
     1     2     3     4   
1 
2   0.65 
3   2.40  1.67 
4   1.10  0.93  1.91 
5   1.82  1.18  1.85  0.61 
 
 

 
Table 11. Composition (% relative cover) of nine vegetation groups sampled in 1995 and 2012, 
Lubbock Lake Landmark.  
Grp                          1995                                                                    2012 
 
 1          sideoats-hairy grama-blue grama                     blue grama-threeawn-sideoats 
                  27            17               10                                    10              10             9 
 
 2          blue grama-sand dropseed-sideoats                  blue grama-sand dropseed-threeawn 
                  44                11                  10                              43               6                     4 
 
 3          blue grama-mesquite-sand dropseed                Russian thistle-blue grama-bladderpod 
                  35                11              13                                  18                  10                9 
 
4          buffalograss-sideoats-blue grama                     blue grama-threeawn-zinnia 
                   24               14            13                                  12                 11        12 
 
5          alkali sacaton-blue grama-sand dropseed         blue grama-lambsquarters-alkali sacaton 
                   44                  12                10                            13                  16                 11 
 
6          sand dropseed-blue grama-buffalograss           blue grama-threeawn-lambsquarters 
                  34                     9                  8                              8                8                  9 
 
7          creeping muhly-kochia-sand dropseed              lambsquarters-rushpea-mesquite 

      39               13                  9                                  14                 11           8 
 
 8          kochia-sand dropseed-blue grama                    Russian thistle-sand dropseed-blue grama 
                  36             11                6                                       13                   8                    7 
 
 9          vine mesquite-kochia-creeping muhly              blue grama-vine mesquite-Russian thistle 
                   26                 22            11                                   15                11                    15 
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Table 12. Composition (% relative cover) in five treatment groups sampled in 1995 and 2012, 
Lubbock Lake Landmark. 
Grp   Treatment                      1995                                                           2012 
 
 1     Control         blue grama-sand dropseed-creeping muhly       blue grama-Russian thistle-kochia 
                                     15                 13                   8                          11                   17               6 
 
2     Chemical       blue grama-sideoats-hairy grama                      blue grama-threeawn-sideoats 
                                     27           18            11                                     27               7             6  
 
3     Fire                blue grama-sand dropseed-sideoats                  mesquite-Tahoka daisy-blue grama 
                                     12                11                10                            10                 13                 7 
 
4     Mesq.Mgmt.  sand dropseed-sideoats-kochia                         blue grama-sand dropseed-lambsquarters 
                                     16                 11         16                                  13                  8                   9 
 
5     Fire+              sand dropseed-blue grama-kochia                    blue grama-lambsquarters-sand dropseed 
    Mesq.Mgmt.           12                  11              18                             11                  10                    6 
 

 

 
 
Table 13. Composition (% relative cover) of shrub species in five treatment groups sampled in 
1995 and 2012, Lubbock Lake Landmark.  
Grp Treatment                        1995                                                            2012 
 
 1     Control           yucca-mesquite-snakeweed-catclaw       mesquite-yucca-catclaw-snakeweed 
                                  1.7        1.3           0.2             0.1              2.5          2.0       0.6          0.5 
 
 2     Tordon            snakeweed                                               yucca-snakeweed 
                                    2.6                                                         3.9          3.5 
 
 3     Fire                 mesquite-snakeweed-yucca                    mesquite-snakeweed-yucca-catclaw 
                                  8.2           0.6            0.4                        9.9             2.8           2.1        1.5 
 
 4     Mesq.Mgmt.   mesquite-snakeweed-yucca                    yucca-mesquite-snakeweed-catclaw 
                                  5.3            0.6           0.4                        3.4       1.7             1.1             1.0 
 
 5     Fire +              mesquite-yucca-snakeweed                    catclaw-snakeweed-mesquite-yucca 
        Mesq.Mgmt         5.1        0.6         0.1                              1.8           1.1            0.8          0.3 
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Fig.1. Annual precipitation (mm) in Lubbock, Texas for years 1990-2012.  
 
 

 
Fig. 2. Illustration of the similarities of the nine group means (# in circles) based on F-values (# 
along line) between Group 1.  
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Fig. 3. Illustration of similarities of the nine 2012 groups (group # in ellipse) based on stepwise 
discriminant analysis, with relative difference between group means (Table 4). Groups within an 
ellipse are not significantly different (α = 0.05).  
 
 

 
Fig. 4. Illustration of hypothesized succession seres based on groups, Lubbock Lake Landmark. 
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