
THE NON-NATIVE FLORA OF TEXAS 

 

THESIS 

Presented to the Graduate Council of 
Texas State University‐San Marcos 

in Partial Fulfillment 
of the Requirements 

 

 

 

for the Degree 

 

Master of SCIENCE 

 

 

by 

Jed L. Aplaca, B.S. 

 

 

San Marcos, Texas 
August 2010 



 

THE NON-NATIVE FLORA OF TEXAS 

 

 

 

   

 

  

  Committee Members Approved: 

 

  ________________________________ 
  David E. Lemke, Chair 
 

  ________________________________ 
  Michael A. Huston 
 

  ________________________________ 
  Paula S. Williamson 
 

 

Approved:  

  

____________________________________ 
J. Michael Willoughby 
Dean of the Graduate College 



 

COPYRIGHT 

by 

Jed L. Aplaca 

2010 



iv 
 

ACKNOWLEDGEMENTS 

 I would like to thank my wife Diane and son Logan for having patience with me 

and helping to motivate me through the process of completing this work and my thesis 

advisor, Dr. David Lemke, for guiding me through the long process and helping to 

maintain my interest in botany.  The other members of my thesis committee, Dr. Michael 

Huston and Dr. Paula Williamson, have helped with sharing new information and new 

ideas for study.  Dr. Butch Weckerly has been of great assistance with the statistical 

analysis.  I am also grateful to all of the authors of the publications that helped me to 

appreciate my work and hope that the effort of studying plants in Texas can continue. 

 This manuscript was submitted on May 21st 2010. 

 

 

 

 



v 
 

TABLE OF CONTENTS 

 Page 
ACKNOWLEDGEMENTS ............................................................................................... iv 

LIST OF TABLES ............................................................................................................ vii 

LIST OF FIGURES ......................................................................................................... viii 

CHAPTER 

I.  INTRODUCTION ...........................................................................................................1 

 Terminology .............................................................................................................2 
 The Invasion Process ...............................................................................................4 
 Causes and Impacts of Plant Invasions ....................................................................7 
 Properties and Origins of Non-native and Invasive Plants ......................................8 
 The Botanist Effect in Texas ....................................................................................9 

II.  METHODS...................................................................................................................11 

III.  RESULTS ...................................................................................................................18 

 Synthesis of the Non-native Flora of Texas ...........................................................18 
 Timeline of Non-native Species Discovery ...........................................................46 
 Geographic Origins of Non-native Species in Texas .............................................48 
 Analyses of the Five Largest Families of Non-natives Species .............................50 
 The Botanist Effect in Texas ..................................................................................60 
 Texas County and United States Non-native Flora Analysis .................................60 

IV.  DISCUSSION .............................................................................................................76 

 Synthesis of the Non-native Flora of Texas ...........................................................76 
 Timeline of Non-native Species Discovery ...........................................................78 
 Geographic Origins of Non-native Species in Texas .............................................79 
 Analyses of the Five Largest Families of Non-natives Species .............................82 
 The Botanist Effect in Texas ..................................................................................85 
 Texas County and United States Non-native Flora Comparison ...........................88



vi 
 

APPENDIX: COUNTY DATA .........................................................................................94 

LITERATURE CITED ......................................................................................................97 



vii 
 

LIST OF TABLES 

Table Page 

1. Summary of the native and non-native flora of Texas .................................................18 
 

2. List of non-native species reported from Texas. ..........................................................19 
 
3. Origins of non-native plant species in Texas  ..............................................................50 
 
4. Taxonomic distribution of the ten largest non-native plant families in Texas in terms 

of species number compared to the world non-native floras .......................................51 
 
5. Correlation matrix identifying variables that play a role in the distribution of ratios 

of non-natives to native species in the five largest species rich families of non-
natives ..........................................................................................................................57 

 
6. Data of counties with herbaria and counties without herbaria .....................................60 

 
7. Correlation matrix of the independent variables from the county data 

(Appendix) ...................................................................................................................66 
 

8. Results from the regression analyses. ..........................................................................67 
 
9. List of states with native and non-native species adapted from Stein 2002 and Mac et 

al. 1998. ........................................................................................................................73 
 

10. Regression model results from the states data .............................................................75 
 
11. County data of counties surrounding Kent County......................................................87 

 

  

 

 



 

viii 
 

LIST OF FIGURES 

Figure Page 

1. Selected counties for data analysis ..............................................................................15 
 

2. Selected counties shown with precipitation gradients (A) and ecoregions (B) ...........16 
 

3. Distribution of non-native species vouchers or records over time ..............................47 
 

4. Distribution through 10 year increments of proportions of non-native species 
separated by origin .......................................................................................................49 

 
5. Proportions of the five largest families of non-native species and their 

discovery in Texas over 10-year periods .....................................................................52 
 

6. Ratio of non-native to native species in selected counties ...........................................54   
 

7. Scatterplot showing proportions of non-native to native species of five largest 
families to total non-native to native species in the selected counties .........................58 

 
8. The counties showing locations of major herbaria points and species diversity .........59 

 
9. Numbers of native species in the selected counties (USDA, NRCS 2009) .................62 

 
10. Numbers of non-native species in the selected counties (USDA, NRCS 2009). .........63 

 
11. Non-native species density (species/km2) for the selected counties ............................64 

 
12. Scatterplot of the log transformed non-native and native species data from the 

53 selected counties .....................................................................................................68 
 

13. Residual analysis from the regression model of native and non-native species ..........69 
 

14. The relationship of the percent of the total flora being non-native to number of 
native species in the selected counties (A) and States (B) ...........................................71 

 
15. Timeline of states joining the Union to the percentage of a state’s flora that’s 

non-native (excluding Hawaii) ....................................................................................72



 

ix 
 

16. Percentage of non-native species in the total flora in each of the 48 
contiguous states with data from Table 8 ....................................................................74 

 
17. Map of the United States showing the average annual precipitation of each 

state ..............................................................................................................................74 
 



 
 

1 
 

CHAPTER I 

INTRODUCTION 

 Texas covers nearly 700,000 sq. km of diverse habitat ranging from deserts in west 

Texas with 25 cm of precipitation per year to east Texas pine forests with about 140 cm 

of precipitation per year (Diamond et al. 1987).  The large area of Texas creates many 

different habitats for species to survive.  Texas’ plant diversity is high in part because it is 

an east-west transition zone for North American plant species along a strong moisture 

gradient (MacRoberts and MacRoberts 2003).  The state includes parts of two major 

floristic regions of North America: the North American Atlantic region and the Madrean 

region.  There are 11 natural ecoregions defined by their climate, geology and plant 

associations, recognized in the state (Diamond et al. 1987).   

 The estimate of the total flora of the state increased from about 4800 species 

(Correll and Johnston 1970, Hatch et al. 1990) to about 5100 (Turner et al. 2003, Diggs et 

al. 2006).  This estimate has increased over time due to new native and non-native 

species being discovered.  Texas is second only to California in its number of native 

species (Stein 2002).   

 Floras of the state include both native and non-native species.  Although most 

floristic treatments for the state have identified a species as being either native or non-

native, until relatively recently there has been no definitive accounting of all the vascular 
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plant species occurring in Texas that are not native to the state.  Floras of different 

regions of Texas have estimated the percentages of non-native species at 17.7 percent in 

the North Central area (Diggs et al. 1999) and 18.2 percent in East Texas (Diggs et al. 

2006).  Turner et al. (2003) have given an estimate that 10 percent of the species in Texas 

are non-native.  A publication by the U.S. Geological Survey (Mac et al. 1998) gave an 

estimate of 696 non-native species.   Other publications have documented the occurrence 

of non-native species in the state but have not contained any comprehensive lists of the 

species (Cory and Parks 1937, Gould 1962, Gould 1969, Correll and Johnston 1970, 

Jones et al. 1997, Turner et al. 2003).  At the time of this research a parallel research 

project was completed by Nesom (2009b) listing 812 non-native plant species in Texas. 

Terminology 

 The terminology for referring to non-native plant species can be quite confusing, 

and many authors have written about the need for clarifying and standardizing the 

terminology for referring to plant species that are not native to an area (Richardson et al. 

2000, Nesom 2000, Pysek et al. 2004).  Many terms have been used to describe plant 

species that are not native to a particular area: exotic, alien, adventive, introduced, non-

indigenous and non-native.  All of these terms generally refer to species that do not 

naturally occur in an area except through some human intervention.  “Exotic” and “alien” 

are usually used to refer to introduced plants originating from a different continent.  

“Adventive” and “introduced” refer to plants that have been deliberately introduced by 

humans and have escaped and naturalized in the area of introduction.  The terms “non-

indigenous” and “non-native” have also been used to describe plants that are not native or 

not naturally occurring in a specific area.   
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 The most general of these terms is non-native and is the term that will be used in 

this study.  Non-native species can be broken down into three categories: cultivated 

plants, casual aliens, and naturalized plants, with one subcategory of naturalized plants, 

invasive species, also being recognized.  Cultivated plants are deliberately planted, 

maintained and grown for ornament, consumption, interest or other use.  Cultivated 

plants are frequently not able to reproduce on their own and do not usually pose a threat 

to surrounding environments. 

 Casual aliens can be defined as plants that may reproduce occasionally, but do not 

form self-replacing populations and therefore rely on repeated introductions to persist 

(Richardson et al. 2000).  Many ornamental plants that persist in areas where they were 

planted, such as old home sites and gardens, are considered casual aliens.  Casual aliens 

do not usually become naturalized, are usually found in small populations, and do not 

spread far from the parent individuals.  Other terms commonly used for plants in this 

category include “persisting,” “transient,” “waif” or “occasionally escaped.” 

 Naturalized plant species are those that have been deliberately or accidentally 

introduced in the past and are now reproducing and maintaining viable populations and 

dispersing without deliberate human assistance (Nesom 2000, Richardson et al. 2000).  

Many non-native species become naturalized in unproductive and undisturbed habitats, or 

in disturbed productive areas, where they may become dominant under productive 

conditions (Huston 2004).  The definition of naturalized plants can also be expanded to 

include species that are native to a portion of a continental region, but that have expanded 

their range through human intervention (Nesom 2000).   
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 Invasive plants are naturalized species that produce reproductive offspring, often in 

very large numbers, at considerable distances from the parent plants and have the 

potential to spread over a considerable area (Richardson et al. 2000, Pysek et al. 2004).  

Invasive non-native species are those that grow effectively in certain environments and 

can drastically change the vegetation of an area.  They usually have characteristics such 

as rapid growth to reproductive maturity, production of a large number of viable seeds, 

and efficient dispersal mechanisms that allow them to spread quickly and effectively.  

Invasive plants are the species most often discussed in publications because of their 

potential negative effects on natural habitats or agriculture.  They can be defined as 

species whose introduction does or is likely to cause environmental or economic harm or 

harm to human health (Executive Order 13112 1999).  Fortunately, the majority of non-

native plants are not invasive; therefore many non-native species are left out of invasive 

plant studies (Mack and Erneberg 2002).   

 Many non-native plants are able to survive and reproduce but do not have the 

characteristics that would make them aggressive invaders.  More than half of the non-

native flora of the United States has resulted from deliberate introductions as food crops 

or medicinal and ornamental plants (Mack and Erneberg 2002).  Species often begin the 

invasion process as cultivated plants and overcome abiotic and biotic barriers to 

successful reproduction, causing them to become naturalized (Richardson et al. 2000).  

The category in which a non-native plant is placed is usually determined by the time 

since introduction and its stage in the invasion process. 
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The Invasion Process 

 Plant species newly introduced into an area have to go through a series of stages to 

become established and survive.  There are three steps in the invasion process: 

introduction, colonization, and naturalization (Richardson et al. 2000, Radosevich et al. 

2003).  The invasion process usually begins with introduction by humans.  By 

overcoming biotic and abiotic barriers to establishment, the plants can then spread and 

possibly have an impact on the environment (Lockwood et al. 2007).  With increased 

human traffic throughout the world made possible by modern means of transportation, 

large numbers of plant species are being widely dispersed and the number of non-native 

invasions has been on the increase (McKinney 2001, Chornesky and Randall 2003, 

Lockwood et al. 2007).  Invasion routes can be as ornamentals or food crops, seed 

contaminants, or as accidental hitchhikers on humans, their vehicles, or construction and 

maintenance equipment.  Repeated introductions of a non-native species can help 

increase its chances of overcoming the barriers to becoming established (di Castri 1989, 

Pysek 1998a, Lockwood et al. 2007) 

 The majority of non-native plants are from some form of cultivation such as 

landscaping or agriculture (Reichard 1997, Pimentel et al. 2000).  Ornamental and crop 

species are deliberately introduced for their aesthetic value and their importance as food 

to humans. These plants may become established in areas where they are not native and 

begin to grow outside of cultivation.  Many of these species were sold in seed catalogs 

before 1900 and deliberate planting may be the origin of many non-native species that 

have been introduced into the United States (Mack 1991).   
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 Some non-native plants first arrive in a new area as seed contaminants.  Such plants 

often are associated with agricultural or other cultivation practices and grow alongside 

cultivated plants.  When seed from a desirable cultivated species is collected the seeds of 

unwanted plants may also be collected and can be transported to the same destination as 

the cultivated seed.  The aggressive invasive species, Salsola kali (“Russian thistle” or 

tumbleweed), arrived in the Unites States in 1880 as a contaminant in flax seed from 

Russia (Mack and Erneberg 2002). 

 Accidental hitchhikers are plants that can be carried from one area to another 

directly on clothing or on soil trapped on the bottom of shoes.  Plants transported into 

new areas this way often have adaptations that allow them to be carried long distances by 

animals.  Motor vehicles and construction or maintenance equipment can also transport 

new plant species into areas, either through seeds trapped in tires or in soil trapped in the 

wheel wells (Von der Lippe and Kowarik 2007).  Highway maintenance equipment, such 

as mowing machinery, has also been suspected as a vector for transporting non-native 

species, such as Orobanche ramosa, by trapping plant material or seeds in mower blades 

and depositing them at other sites (White et al. 1998, Lipscomb and Diggs 2005). 

 Once a species survives introduction, it can then begin colonization of the new area.  

First, the seed or plant material must have suitable conditions for germinating or growing.  

Such conditions vary greatly from species to species, but generally include adequate soil, 

water and sunlight.  If it is able to survive the climate and conditions of its new habitat, a 

new introduction can begin to reproduce successfully and form a self-perpetuating 

population (Richardson et al. 2000).  Plants able to produce reproductive offspring can 
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then spread from the original area of introduction and begin the final step of 

naturalization into an area.   

 A species has reached the final stage in the invasion process when it is producing 

new self-perpetuating populations and undergoing widespread dispersal and beginning to 

be incorporated into the native flora (Richardson et al. 2000).  Many plants fail to reach 

this stage because the climate, soils, predators and pollinators may be different from their 

native range.  As a consequence, only about 10 percent of non-native plants introduced 

into an area typically survive to make it through the entire process (Williamson 1996, 

Cox 1999). 

Causes and Impacts of Plant Invasions 

 An understanding of the kinds and abundance of non-native plants is important for 

understanding the flora of a region.  The presence of non-native plants shows the 

influence of humans on the environment and native biodiversity.  The number of non-

native plant species in an area has been shown to be positively correlated with human 

population and time of settlement in the United States (McKinney 2001).  Human 

influence on the floras of the world has been greater than any other agent during the last 

500 years during which the spread of plant species has been more rapid than during any 

other time period (Fosberg 1958).  Humans have been the greatest factor in distributing 

non-native species throughout the world. 

 Studies of non-native floras can help our understanding of patterns of plant 

invasions (Huston 2004, Pysek et al. 2004).  A failure to distinguish between native and 

non-native species in a flora can lead to significant inflation of estimates native 

biodiversity (Pysek et al. 2004).  Non-native species richness is often positively 
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correlated with native species richness (Lonsdale 1999, McKinney 2001, Stohlgren et al. 

2001, Stohlgren et al. 2003, Herben et al. 2004, Huston 2004, Pysek et al. 2004), which 

suggests that conditions that favor high native diversity also favor the establishment of 

non-natives (Huston 1994, 2004).  While many non-native species are common in 

disturbed and man-made habitats, many of the more aggressive species are invading 

natural environments. 

 Impacts of non-native plant species include destruction of wildlife habitat, reduction 

in opportunities for hunting, fishing, camping and other recreational activities, 

displacement of threatened and endangered species, reduction of plant and animal 

diversity, and disruption of waterfowl and migratory bird flight patterns and nesting 

habitats (Elton 2000, Czech et al. 2000, U.S. BLM 2007). Invasive plant species often 

have negative effects on the environment and efforts need to be made to understand and 

control some of these biological threats.  Aggressive non-native plants can crowd out 

native plant species and greatly reduce their numbers which in turn may reduce native 

forage required by native animals. 

 Many threatened and endangered plant and animal species are affected by the 

impacts of non-native species (Cox 1999, Pimentel et al. 2000).  Non-native species can 

greatly affect the native biodiversity of an area by creating monocultures and taking over 

land used by native species (Chornesky and Randall 2003).  It costs billions of dollars in 

the United States to control non-native plants that impact human activity and the natural 

environment (Pimentel et al. 2000). 
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Properties and Origins of Non-native and Invasive Plants 

 The origin of non-native plants can be important in understanding their life histories 

and for predicting where they may be best adapted to surviving (Pysek 1998a).  Many 

non-native plants in North America have their origins in Europe or Eurasia.  More than 

75 percent of the non-native flora of Mexico is known to be native to the Old World 

(Villaseñor and Espinosa-Garcia 2004).  This is thought to be because in the Old World 

there is a long history of human habitation to which these plants have adapted.  Many 

non-native plants are associated with agricultural practices.  North American agricultural 

practices are modeled after European practices and many European and Eurasian weeds 

are associated with crops in North America and have invaded other habitats (Heywood 

1989, Stuckey and Barkley 1993).  Non-native species with origins in Europe are often 

the most common in floras around the world because of their long history with humans 

(Weber 1997, di Castri 1989, Heywood 1989, Pysek 1998a, Goodwin et al. 1999).  Many 

non-native plant species successfully made the journey to North America because of the 

many historic human migrations from Europe. 

 Non-native species from specific climatic regions in the Old World are often 

associated with similar climatic regions in North America.  Most introduced plants found 

in the eastern U.S. trace their origins to western and southern Europe whereas most non-

native plants in California are from the Mediterranean region and non-native plants found 

in the intermountain region of the American West are from the mountains of southeastern 

Europe and southern Asia (di Castri 1989, Stuckey and Barkley 1993, Mac et al. 1998).   

 The four plant families that have the highest number of species spreading as non-

natives throughout the world are the Poaceae, Asteraceae, Fabaceae and Brassicaceae 
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(Pysek 1998a).  These patterns are expected to apply to the non-native flora of Texas as 

well.  Poaceae, Fabaceae and Brassicaceae are three economically important plant 

families for humans and have a large number of species that have escaped and become 

naturalized in Texas, as elsewhere (e.g., Triticum, Sorghum, Medicago, Brassica, 

Nasturtium) (Henry and Scott 1981, Pysek 1998a). 

The Botanist Effect in Texas 

 The “botanist effect” is the hypothesis that botanists are most often associated with 

universities, botanical gardens and herbaria and these institutions are not randomly 

distributed across the landscape.  Much of the field collecting of plants is often done 

close to these institutions and these areas often show higher species richness because of 

the more intense collecting.  Areas adjacent to these institutions have often been well 

collected and the flora of these areas may be better represented in collections than areas 

farther away from such institutions (Delisle et al. 2003, Moerman and Estabrook 2006, 

Williams and Lutterschmidt 2006).  The botanist effect can skew the distribution data of 

plant species and also increase the species richness of areas close to where botanists 

collect plants most often.   

 The purpose of this study is to gather data on the non-native flora of Texas and 

analyze the distribution of non-native species through the state.  The data will be used to 

determine if the non-native flora of Texas conforms to other patterns throughout the 

United States along with Mexico.  Knowledge of the non-native flora and its distribution 

can help to understand plant invasions (Pysek 2004) in Texas and potentially protect the 

natural environment from its effects.   
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CHAPTER II 

METHODS 

 A preliminary list of vascular plant species not native to Texas that have been 

collected, reported or known to have been naturalized in the state was developed by using 

the Checklist of Vascular Plants of Texas (Hatch et al. 1990).  Other species were added 

using various floras and species checklists, such as Cory and Parks (1937), Gould (1962, 

1969), Correll and Johnston (1970), Jones et al. (1997), Diggs et al (1999), Turner et al. 

(2003) and Diggs et al. (2006) in addition to recent journal articles that identify newer 

introductions and discoveries from the state.  Species that were reported from Texas 

before the end of 2009 are included in this list.  Nomenclature followed Jones et al. 

(1997) or the USDA Plants Database (2009) and other specialized publications (Isley 

1998, Barkworth et al. 2007). 

 Each listed species was researched to identify the earliest voucher specimen to 

validate its collection in the state.  Vouchers were located through herbarium research on 

the UT Flora of Texas Database (Plant Resources Center 2007) and at the Tracy 

Herbarium (TAES) to determine when the species was introduced or discovered in the 

state.  Many recent publications listed voucher specimens and this information was 

included.  When a voucher specimen could not be located, checklists and floras (Cory 

and Parks 1937, Gould 1962, 1969, Correll and Johnston 1970, Hatch et al. 1990, Jones 
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et al. 1997, Nesom 2009b) were used to determine the approximate date of first 

collection.   

 The native origins of species were identified using various literature sources 

(Correll and Johnston 1970, Diggs et al. 1999, Diggs et al. 2006, USDA, NPGS 2009).  

Plant origins were determined to a continent or a region of a continent.  The continents or 

regions that were used are: Eurasia (encompassing the areas of Europe and Asia), Africa, 

North America (exclusive of Texas), South America, Oceania (encompassing the Pacific 

Islands and Australia), Pantropical (found throughout tropical regions of the world), 

Neotropical (tropical regions of the Americas and Caribbean) and the Mediterranean 

region.  A number of plants had origins from multiple continents and all known areas 

were recorded.  The Mediterranean region was included because the climate of this 

region is significantly different from that of other regions and the flora is unique. 

 To evaluate the “botanist effect,” Index Herbariorum online (NYBG 2009) was 

used to select herbaria in Texas that had over 40,000 specimens of plants.  These 

herbaria, along with their herbarium code and county, are: Stephen F. Austin University 

(ASTC, Nacogdoches County), Baylor University (BAYLU, McLennan County), 

Botanical Research Institute of Texas (BRIT, Tarrant County), Howard Payne University 

(HPC, Brown County), Angelo State University (SAT, Tom Green County), Robert A. 

Vines Environmental Science Center (SBSC, Harris County), Sul Ross State University 

(SRSC, Brewster County), Texas A&M University (TAMU, Brazos County), Tracy 

Herbarium (TAES, Brazos County), University of Texas at Austin (TEX, Travis County) 

and the University of Texas at El Paso (UTEP, El Paso County).  Each herbarium was 

mapped and species data were analyzed to see if the botanist effect affects plant 
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distribution data in Texas by compiling total species diversity for the selected counties 

and using R (RDCT 2005) to run a multiple regression analysis on the data.  

 To examine the distribution patterns of non-native species throughout the state, 53 

counties were selected in various precipitation zones and ecoregions (Figures 1, 2).  

Multiple studies have shown that native species richness can predict non-native species 

richness (Stohlgren et al. 2001, Stohlgren et al. 2003, Jarnevich et al. 2006).  Native and 

non-native plant species lists for each selected county were compiled using the USDA, 

NRCS Plants Database (2009).  These species lists were evaluated to determine which 

environmental conditions in the counties affect the number of non-native species.  

County data such as population (USCB 2009), total area, percent cropland, percent 

farmland (USDA, NASS 2008), precipitation and latitude/longitude were obtained for 

analysis.  Farmland was defined by The Unites States Department of Agriculture as 

(2009) “any place from which $1,000 or more of agricultural products were, or normally 

would be, produced and sold during the Census year.”  This can be important in 

determining the rate of introduction of non-native species, because there are many non-

native plants associated with agricultural practices.   

 Multiple and linear regression analyses with the statistical software R package 

(RDCT 2005) were used to find the best predictors of non-native species in the selected 

counties.  A correlation matrix of all of the variables was performed first to identify 

which variables are highly correlated with each other.  The variables that are correlated 

with each other were analyzed and eliminated from the regression models.  The 

regression models were run with backward elimination.  Variables within the multiple 

regression analyses were identified as significant (p<0.05) and then run again as more 
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refined regression models eliminating variables that were not significant (p >0.05).  The 

variable of county level data with the best regression model fit determined what best 

information can be used to predict the number of non-native species in a county.  

Residual plots were created with the best predictor’s residuals and the remaining 

variables were also used to find if there are any other patterns with these variables.  

Ecoregions were run in a multiple regression as a dummy variable to assess their 

significance in determining the number of non-native species (p<0.05).  These statistical 

tests were used to identify a good predictor of numbers of non-native species in a county.   

 Data similar to the selected counties were collected for the United States.  These 

data were analyzed with the same regression models as the county data to identify what 

predictor best predicts the numbers of non-native species in each state.  The results from 

the county tests were compared to the results of the states data to identify if there were 

similar patterns in non-native species distribution. 
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Figure 1 - Selected counties for data analysis. 
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A.  

Figure 2 - Selected counties shown with precipitation gradient (A) and 
ecoregions (B). 
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B.  

Figure 2 cont. - Selected counties shown with precipitation gradient (A) and 
ecoregions (B). 
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CHAPTER III 

RESULTS 

Synthesis of the Non-native Flora of Texas 

 There are a total of 817 non-native vascular plant species in Texas (Table 1).  The 

non-native plants make up approximately 15.8 percent of the total flora of Texas.  The 

species are distributed among 104 plant families and 475 genera.  This leads to an 

average of 7.85 species in each family and 1.72 species per genera, but this does not 

reflect how species are distributed among the families.  There are 9 families with more 

than 20 species, 13 families with 10 – 19 species, 47 families with 2 – 9 species and 35 

families with only 1 species.  The largest genera, based on number of species, are: 

Ipomoea (Convolvulaceae) – 15, Bromus (Poaceae) – 12, Trifolium (Fabaceae) – 11 and 

Cyperus (Cyperaceae) – 10.  The list in Table 2 provides the accepted scientific name of 

the non-native species, origin (continent(s) or region(s) where a species is known to be 

native), reference (earliest known publication attributing the species in the state), voucher 

(collector’s name, collection number and herbarium) and date (date of approximate 

introduction or first collection in the state).   

 Table 1 – Summary of the native and non-native flora of Texas. 

  Native Species Non-Native Species Total %Non-Native  
Pteridophytes 114 10 124 8.1 
Gymnosperms 27 1 28 3.6 
Dicots 3189 584 3773 15.5 
Monocots 1024 222 1246 17.8 
Totals: 4354 817 5171 15.8
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There are several families with no members native to Texas that have been introduced 

into Texas and contain exclusively non-native species.  These 11 families are: 

Tamaricaceae (4), Combretaceae (2), Molluginaceae (2), Dipsacaceae (2), Salviniaceae 

(2), Cannabaceae (1), Limnocharitaceae (1), Lygodiaceae (1), Meliaceae (1), 

Myrsinaceae (1) and Parkeriaceae (1).    

Timeline of Non-native Species Discovery 

 The non-native species were graphed according to the earliest voucher date found 

and earliest publication if there was no voucher located (Figure 3).  Two species 

(Indigofera hirsuta, Manihot grahamii) have not yet been recorded on any list as 

cultivated or otherwise.  Both of these species were collected in 2009 and will soon be 

reported and published by the author (Aplaca).  The dates in table 2 are not necessarily 

the date of introduction, but represent an approximate time of introduction or discovery in 

the state.  The times of introduction into the state are hard to determine as there is a 

period between when a species is introduced and when it has become naturalized in the 

state.  This date will be referred to as the “date of discovery.”  The species discoveries 

were graphed in 10-year (Figure 3A) and 25-year increments (Figure 3B).  Species 

introduced per year were also calculated by dividing the number of species by years in 

the period.  There were only 18 non-native species collected before the year 1900.  The 

first partition is from the earliest collection of a non-native species in 1850 (Malvastrum 

coromandelianum, Lindheimer 682 TEX) to the year 1900 and therefore is a 50 year 

period.  In both graphs the first time period “pre-1900,” had a low rate of introduction of 

0.36 species per year because of the longer time period and fewer number of non-native 

species collected than the others.  Average number of species per year of introduction for 
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A.  
  

B.  

Figure 3 – Distribution of non-native species vouchers or records over time. A. 10 
year increments. B. 25 year increments.  Gray bars and values show the species per year 
rate of introduction during that time period.
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the 10-year and 25-year graphs were 6.69 (Standard deviation – 3.93) and 5.89 (Standard 

deviation – 3.36) respectively.    There were two decades (1931-1940 and 1961-1970) 

that represent the steep peaks in Figure 7A that had values outside of the standard 

deviation.  These steep peaks coincide with the work leading up to two major checklists 

of the plants of Texas (Cory and Parks 1937, Correll and Johnston 1970) (Figure 3A).  

Using 25 year increments the graph shows that non-native species introductions into the 

state saw a peak from 1926-1950 and have been declining since then (Figure 3B).   

Geographic Origins of Non-native Species in Texas 

 Many species of the non-native plants in Texas originated from more than one 

continent.  The largest numbers of non-native species in Texas originated from Eurasia 

(406, 49.5 percent), with the Americas (including North and South America and 

Neotropical) having the next highest number of non-native species naturalized in Texas 

(203, 24.8 percent) (Table 3).  The majority of non-native species originated in the Old 

World, including Eurasia, Africa and the Mediterranean (594, 72.6 percent).   

There is some indication of a temporal pattern of introduction of non-native species from 

particular regions (Figure 4).  The largest peak of actual species numbers for five out of 

the eight geographic origins (Africa, Eurasia, Mediterranean, Neotropical and South 

America) was during the decade from 1931-1940 with a second peak from 1961-1970 

(Figure 4A).  These peaks correspond with the research leading up to the publication of 

the checklists by Cory and Parks (1937) and Correll and Johnston (1970).  Species 

originating from Africa, Eurasia, Mediterranean and South America have been collected 

in each time period since before 1900.  There were 5 decades during which species 

originating from North America outside of Texas were not collected in the state.  
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A.  

 

B.  
 

Figure 4 – Distribution through 10 year increments of proportions of non-
native species separated by origin.  A. Actual numbers of species.  B. Proportions 
of species in relation to total number from each region.
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Table 3 – Origins of non-native plant species in Texas. 
Continent or Region no. of species % of total 
Africa 46 5.6 
Eurasia 405 49.5 
Eurasia, Africa 75 9.1 
Eurasia, Oceania 6 0.7 
Mediterranean 62 7.6 
Neotropical 85 10.4 
North America 15 1.8 
Oceania 9 1.1 
Pantropical 12 1.5 
South America 102 12.5 
   

 

 Species with origins from North America show a large peak from 1961-1970 

which may show an introduction of more ornamental species that became naturalized.  

Collections of species from Pantropical areas and Oceania were not made in 4 and 3 

of the 12 time periods respectively (Figure 4).   

Analyses of the Five Largest Families of Non-natives Species 

 The five families with the most non-native species are Poaceae (163), Fabaceae 

(69), Asteraceae (65), Brassicaceae (42) and Lamiaceae (24) (Table 4).  Poaceae 

makes up 19.9 percent of the total non-native flora of Texas.  Together these four 

families make up about 44.4 percent of all the non-native species in Texas.  

Compared with the top ten families of world floras analyzed by Pysek (1998a) the 

non-native flora of Texas differs with having a greater percentage of Fabaceae (8.4) 

than Asteraceae (8.0) (Table 4), whereas Asteraceae averages 13.5 percent of the non-

native species of world floras.  All of the ten families except for Asteraceae fall 

within the standard deviation (SD) of the world non-native floras values.  The rest of 

the families of the non-native flora of Texas generally correspond with the patterns 

found in floras throughout the world.  The non-native species of Poaceae make up 

28.4 percent of the total native and non-native species of Poaceae in the state, which 
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is a large percentage compared to the non-native Fabaceae and Asteraceae, which 

comprise 18.8 and 10.2 percent of the total native and non-native species in their 

families in the state respectively. 

Table 4 –Taxonomic distribution of the ten largest non-native plant families in 
Texas in terms of species number compared to the world non-native floras. 
 
Family # of species % of Non-native flora % of World Non-native floras 

(SD) 
Poaceae  163   19.9   15.3 (5.8) 
Fabaceae  69   8.4   8.7 (4.4) 
Asteraceae  65   8.0   13.5 (4.1) 
Brassicaceae  42   5.1   5.1 (3.8) 
Lamiaceae  24   2.9   2.3 (1.4) 
Caryophyllaceae  24   2.9   3.0 (2.2) 
Solanaceae  24   2.9   3.3 (2.5) 
Liliaceae  22   2.7   1.6 (2.7) 
Apiaceae  20   2.4   1.8 (1.4) 
Chenopodiaceae  18   2.2   3.0 (3.2) 
 
  The five families with the most non-native species were graphed according to 

the time the species were collected in the state (Figure 5).  Each proportion was the 

number of non-native species in the specific family collected during that time period 

in relation to the total number of non-native species from that family.  Total non-

native species proportions were also included in the graph as the first bar for 

comparison (Figure 5).  Members of the five families were collected in each time 

period except “pre-1900” when no non-native species of Brassicaceae and Lamiaceae 

were collected.  The timeline of introduction graph of these five families shows a 

slight similarity to the total species and geographic origins timeline graphs (Figure 4) 

with general peaks during the 1931-1940 and 1961-1970 decades.  There are still 

large peaks of several families throughout the graph.  Fabaceae, Brassicaceae and 

Lamiaceae have peaks during  
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1911-1920.  During 1961-1970, Poaceae and Asteraceae both had high peaks and during 

1941-1950 Fabaceae had a high peak and Brassicaceae had an extremely high peak.   

 These five families with the most non-native species represented in the state were 

graphed in the 53 selected counties (Poaceae, Fabaceae, Asteraceae, Brassicaceae and 

Lamiaceae).  The non-native species from these families have characteristics that make 

them adapted to various habitats and this is exhibited in their distribution throughout 

Texas (Figure 6).  The proportion was calculated as non-native to native species in each 

family to correct for the fact that some counties may have been more heavily collected by 

botanists.  This was used to identify patterns in how these families are distributed 

throughout the state and if there is any relationship to other factors.  Poaceae has higher 

ratios of non-native species through the central part of the state (Figure 6A) and Fabaceae 

has higher proportions of non-natives to natives in the western half of the state where 

there is less precipitation (Figure 6B).  The distribution of non-native Asteraceae is not 

centered in any particular area of the state, but has particular counties distributed 

throughout the state with high ratios of non-native species (Figure 6C).  Brassicaceae has 

several counties with high ratios in the north central and eastern areas of the state (Figure 

6D).  There are three counties (Clay, Jefferson and Wilbarger) that only have non-native 

species of Brassicaceae recorded from them.  Lamiaceae has a smaller number of non-

native species in Texas (24, Table 4), but there were high ratios through the central area 

of the state (Figure 6E).   

 The ratio of non-native to native plants in each of these families was also compared 

with the ratio of total non-native to native species in each family present in a county 

(Figure 7).  The scatter plots show patterns in total non-natives to natives differ between 
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families.  The slopes of the two largest non-native families have similar slopes of 1.5 

with Poaceae having the highest R2 of 0.60 (Figure 7).  Poaceae is the only family with a 

non-native species in each of the selected counties which illustrates the large number of 

non-native Poaceae in the flora of the state.  Brassicaceae had a higher slope (2.02) 

because there were several counties in which the only representatives of Brassicaceae in 

the county were non-native species.  Brassicaceae is a relatively large family in the state 

and there should have been native representatives in each of the counties.   

 The five families with the most non-native species were analyzed in a correlation 

matrix to analyze if there are any county level variables that are affecting the numbers of 

non-natives of that family per county (Table 5).  The only correlation coefficient that 

show significance is the relationship between the non-native Asteraceae and Poaceae 

(r=0.444, p<0.01). 

A.  

Figure 6 – Ratio of non-native to native species in selected counties.  A. 
Poaceae, B. Fabaceae, C. Asteraceae, D. Brassicaceae, E. Lamiaceae 
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B.  
 
 

 C.   
 
 

Figure 6 cont. – Ratio of non-native to native species in selected counties.  A. 
Poaceae, B. Fabaceae, C. Asteraceae, D. Brassicaceae, E. Lamiaceae 
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D.  
 
 

E.  
 

Figure 6 cont. – Ratio of non-native to native species in selected counties.  A. 
Poaceae, B. Fabaceae, C. Asteraceae, D. Brassicaceae, E. Lamiaceae 
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A. B.  
 
 

C. D.  
 
 

E.  
 

Figure 7 – Scatterplot showing proportions of non-native to native species of 
five largest families to total non-native to native species in the selected counties.  
A. Poaceae, B. Fabaceae, C. Asteraceae, D. Brassicaceae, E. Lamiaceae. 
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Figure 8 - The counties showing locations of major herbaria and species diversity.
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The Botanist Effect in Texas 

 The ten counties with herbaria showed significantly higher plant diversity (total 

species) than the other counties containing no herbaria (p<0.001) (Table 6, Figure 8).  

There were 43 counties in the dataset without a herbarium.  The counties with a 

herbarium also had a much higher average population density (216.88 people/km2) 

than the other counties (35.0 people/km2).  The one notable county with no herbarium 

that had high plant diversity is Robertson County (118 non-native, 955 native, 1073 

total species, 7.14 people / km2).  However, this county shares a border with Brazos 

County that is the home to two large herbaria (TAMU, TAES). 

 
Table 6 – Data of counties with herbaria and counties without herbaria. 

Mean of species diversity (non-native, native, total), area, population density 
and precipitation to show the difference between the groups 

  
Non-native 

Species 
Native 
Species 

Total 
Species 

Area 
(km2) 

Population 
Density 

Precipitation 
(cm) 

With Herbarium      
(n=10) 96.10 657.30 753.40 4152.80 216.88 75.57 

Without Herbarium 
(n=43) 26.60 299.60 326.21 2750.16 35.00 77.53 

 
 

Texas County and United States Non-native Flora Analysis 

 The data for the 53 counties selected are included as appendix A.  The numbers 

of native and non-native species in each of the counties selected from the state is 

presented in Figure 9 and 10.  These two figures reveal that the distribution of native 

and  non-native species is very similar.  The non-native species density is presented in 

Figure 11 to correct for the difference in area of the counties and shows how areas 

with high non-native species density are the counties with high numbers of non-native 

species except for Brewster County.  The number of non-native species in the 53 
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selected counties range from 1 in Kent County to 231 in Travis County.  The mean of 

non-native species of the sample is 39.72 with a standard deviation of 48.16.  There 

are three counties outside of 2 standard deviations: Harris, Brazos and Travis.  The 

county data for the numbers of species, both native and non-native is from the USDA 

Plants Database (USDA, NRCS 2009). 

 The factors used as potential predictors of the number of non-native species 

included: native species, total human population, county area, human population, 

farm land percentage of total county area, crop land percentage of total county area, 

precipitation, latitude, longitude and natural ecoregion.  Ecoregion was used as a 

dummy variable unlike the other variables because it has no quantitative value to use 

in the analysis.  All of the variables selected were included in a correlation matrix to 

determine if any of these were correlated and therefore should be eliminated because 

autocorrelation among predictors or the independent variables violate the assumptions 

of regression and ANOVA (Table 7).  The dependent variable, non-native species, is 

highly correlated with both native and total species in the correlation matrix (r > 0.80, 

p<0.01).  Longitude was omitted because of the correlation with precipitation 

(r=0.955, p<0.01) and total species richness was omitted because it is highly 

correlated with native species (r=0.997, p<0.01).  Human population and human 

population density are also highly correlated (r=0.9424, p<0.01), so human 

population will be used instead of human population density.  Human population 

density encompasses two variables: area and human population.  Even though many 

values on the correlation matrix were significant (p<0.01), all but longitude, total 

species and human population density will be included in the regression models.  The 
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Figure 9 – Numbers of native species in the selected counties (USDA, NRCS 2009). 
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Figure 10 – Numbers of non-native species in the selected counties (USDA, NRCS 2009). 
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Figure 11 – Non-native species density (species/km2) for the selected counties.
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regression models will illustrate the relationship between the variables and non-native 

species.  The multiple regression models were run with the remaining factors (native 

species richness, area, human population, farm area percentage, crop area percentage, 

precipitation and latitude) using the statistical software R (R Development Core Team 

2005) (Table 8).  The variables were entered in the models in different orders and the 

results turned out to be the same.  The first multiple regression model was run with all 

independent factors (R2=0.842) (Table 8A) and native species, area and human 

population showed statistical significance (p<0.001).  This same regression model 

was run without native species because non-native and native species have a high 

correlation coefficient (r=0.8608, Table 7) and human population displayed statistical 

significance (p<0.005).  This model accounts for 27.3 percent of the variability in 

non-native species (R2=0.273, Table 8B).  Another regression model was run with 

these three variables (native species, area, population) and all three variables again 

exhibited statistical significance (Table 8C).  Each of the significant variables were 

run as a simple linear regression with non-native species and only native species and 

human population were statistically significant (p<0.001, Table 8D-F).  Individually, 

native species account for more variability in the numbers of non-native species 

(R2=0.741) than human population (R2=0.280) and area (R2=0.015).  A scatter plot of 

the log-transformed values of non-native and native species shows the strong 

correlation between the two (R2=0.818, p<0.001) (Figure 12). 

 Many counties contained one or more ecoregions (Figure 2B) and in the 

analysis the ecoregion with the most area in a county was used as the ecoregion 

representative of that individual county.  This along with the number of ecoregions 
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Table 8 – Results from the regression analyses.  Data were run in various orders with 
no difference in results.  Non-native species is the dependent variable in each regression 
model.  A-C – Multiple regression models. D-F – Simple linear regression models. 
Significance: (‘*’ 0.05, ‘**’ 0.01) 
 

A. All of the independent variables from the county data (Appendix A) (Adjusted R2=0.861).   
  Coefficients Standard Error t Stat P-value 

Intercept 1.9648 50.9876 0.0385 0.9694 
Native Species 0.1887 0.0130 14.4802 1.4988E-18** 
Human Population 1.7680E-05 5.1697E-06 3.4199 0.0013** 
Area -0.0085 0.0016 -5.2114 4.5362E-06** 
Cropland (% of area) 24.2804 14.7410 1.6471 0.1065 
Farmland (% of area) 24.2148 14.5941 1.6592 0.1040 
Precipitation -0.2118 0.1284 -1.6495 0.1060 
Latitude -0.5019 1.3687 -0.3667 0.7156 
 
B. All of the independent variables excluding native species (Adjusted R2=0.273).   

  Coefficients Standard Error t Stat P-value 
Intercept 91.0232 119.0959 0.7643 0.4486 
Human Population 3.7149E-05 1.1746E-05 3.1628 0.0028** 
Area 0.0033 0.0033 0.9890 0.3278 
Cropland (% of area) -0.2958 34.4544 -0.0086 0.9932 
Farmland (% of area) -10.2812 33.8788 -0.3035 0.7629 
Precipitation 0.3353 0.2888 1.1612 0.2516 
Latitude -2.7423 3.1998 -0.8570 0.3959 
 
C. The regression model with human population, area and native species as independent variables 
(Adjusted R2=0.832). 

  Coefficients Standard Error t Stat P-value 
Intercept -2.1015 5.3229 -0.3948 0.6947 
Native Species 0.1608 0.0123 13.0704 1.3660E-17** 
Population (2000) 1.3869E-05 5.1820E-06 2.6764 0.0101* 
Area (km2) -0.0066 0.0015 -4.3618 6.6205E-05** 
 
D. Native species as the independent variable (R2=0.741). 

  Coefficients Standard Error t Stat P-value 
Intercept -15.8950 5.7226 -2.7776 0.0076 
Native Species 0.1515 0.0125 12.0804 1.3996E-16** 
 
E. Human population as the independent variable (R2=0.280). 

  Coefficients Standard Error t Stat P-value 
Intercept 31.0518 5.9929 5.1815 3.79399E-06 
Human Population 4.3498E-05 9.7672E-06 4.4535 4.6281E-05** 
 
F. Area as the independent variable (R2=0.015). 

  Coefficients Standard Error t Stat P-value 
Intercept 31.0398 11.9532 2.5968 0.0123 
Area  0.0029 0.0033 0.8725 0.3870 
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was used to analyze the significance of ecoregions in predicting non-native species.  The 

number of ecoregions was run as a dummy variable in the multiple regression model and 

there was no significance of the number of ecoregions contained in a county (P>0.10).  

Two ecoregions, Oak woods and prairies (P=0.070) and the Edwards plateau (P=0.088) 

showed statistical significance at the 10% level.  Residual analysis was performed with 

the remaining factors to identify if there were any other factors could contribute to 

explaining the number of non-native species in each county (Figure 13).  All of these 

residual plots showed no statistical significance.  The slope of the human population 

residual plot had the highest slope and reveals there is a pattern of non-native species 

distribution related to the human population of a county.   

 
Figure 12 – Scatterplot of the log transformed non-native and native species 
data from the 53 selected counties. 
 

 The random patterns in the residual plots show that the best regression model to 

predict non-native species is a linear model.  The number of native species is the best 

single variable for predicting non-native species and the other variables play a minor part 

in explaining the variability in the numbers of non-native species.  The number of native 
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Figure 13 – Residual analysis from the regression model of native and non-native 
species.
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species is also a good predictor for the percentage of a county’s total flora that is non- 

native, because as the number of native species increases the percentage of non-native 

species in the county flora also increases (Figure 14A, R² = 0.222, p<0.001).  However, 

the data from the United States exhibit the opposite pattern of numbers of native species 

and percentage of a state’s flora that is non-native (Figure 14B, R² = 0.174, p<0.001).  

The native species account for 17.4 percent of the variability in the percentage of a state’s 

flora being non-native. The scale and numbers of native species are much larger on the 

state level.  

 Texas is ranked 39th among the 50 states in percentage of non-natives in the total 

flora (Table 9) with 15.8 percent of its flora being non-native to the state.  Texas is 

second in number of native species (Stein 2002), human population (U.S. Census 2009) 

and total land area (696,241 km2).  States that have been a part of the United States of 

America longer than others have a higher percentage of non-native species (Figure 15, 

R2=0.5327).  There are 26 states that joined the Union before Texas and all of these states 

have a higher percentage of non-native species.  The states that joined Texas during the 

same year or after Texas became a state have varied percentages of non-native species. 

Hawaii has been excluded from this graph because it is a major outlier and its 

biogeography as an island makes it very vulnerable to non-native species introductions. 

 The states in the northeastern part of the United States have high percentage of non-

native species in their flora (Figure 16).  All of the states east of Texas have higher 

percentages of non-natives and all these states joined the Union before Texas.  

Precipitation shows significance in the regression analysis with non-native species  
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A.  

 

B.  

Figure 14 – The relationship of the percent of the total flora being non-native 
to number of native species in the selected counties (A) and States (B). 
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Figure 15 – Timeline of states joining the Union to the percentage of a state’s 
flora that’s non-native (excluding Hawaii). 

 

(Table 10, p<0.005).  The distribution of non-native species throughout the country 

generally follow the pattern of average annual precipitation (Figure 17) except that the 

states with the highest percentages are in the northeast, but the average annual 

precipitation is higher in the southeastern states. 

 The data from all of the fifty United States were run through a multiple regression 

model with similar variables as the selected counties  (native species, human population, 

human population density, area, cropland percent of total area and precipitation) to 

understand the distribution of non-native species.  Several factors showed significance in 

predicting the non-native species in the states (Table 10).  All of the variables combined 

accounted for 84.4 percent of the variability in non-native species which is a similar 

pattern found in the Texas county data (Table 8).  Human population (Table 10B had the 

highest R2 value (0.555) in a linear regression model. 
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Figure 16 – Percentage of non-native species in the total flora in each of the 48 
contiguous states with data from Table 8. 
 
 
 

 
Figure 17 – Map of the United States showing the average annual precipitation of 
each state.
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Table 10 – Regression model results from the states data.  Significance: (‘*’ 0.005, 
‘**’ 0.001) 
A. Multiple regression with all of the independent variables (Adjusted R2= 0.844) 
  Coefficients Standard Error t Stat P-value 
Intercept 537.8530 91.6160 5.8707 5.6358E-07 
Native Species -0.0648 0.0293 -2.2112 0.0324 
Human Population 3.2200E-05 3.4091E-06 9.4454 4.7381E-12** 
Human Population Density  0.1778 0.1667 1.0665 0.2922 
Area -0.0003 5.4553E-05 -4.6826 2.8419E-05** 
Cropland % of total area -346.7404 84.4022 -4.1082 0.0002** 
Precipitation 1.2900 0.3795 3.3995 0.0015* 
     
B. Human population as the independent variable  (R2=0.555) 
  Coefficients Standard Error t Stat P-value 
Intercept 432.0999 28.4601 15.1827 5.9134E-20 
Human Population 0.0000 0.0000 7.7304 5.6401E-10 

C. Area as the independent variable (R2=0.069) 
  Coefficients Standard Error t Stat P-value 

Intercept 626.0519 38.6297 16.2065 4.2579E-21 
Area -0.0002 0.0001 -1.8894 0.0649 

D. Cropland % of total are as independent variable (R2=0.051) 
  Coefficients Standard Error t Stat P-value 

Intercept 636.8734 46.4553 13.7094 3.2248E-18 
Cropland % of total area -269.6848 168.1083 -1.6042 0.1152 

 
E. Native species as the independent variable (R2=0.122) 
  Coefficients Standard Error t Stat P-value 
Intercept 351.7045 93.6269 3.7564 0.0005 
Native Species 0.0997 0.0387 2.5780 0.0131 



 
 

76 
 

CHAPTER IV 

DISCUSSION 

Synthesis of the Non-native Flora of Texas 

 There are 817 non-native plant species found in the state of Texas.  This constitutes 

15.8 percent of the total vascular flora of Texas (Table 1).  The non-native flora is 

comprised of 104 plant families of which 11 are composed of entirely non-native species.  

The presence of non-native species is directly and indirectly associated with human 

disturbance.  Non-native species arrived in the state both intentionally and accidentally.  

People bring in plants that are useful for food (Solanum lycopersicum, Spinacia oleracea, 

Coriandrum sativum, etc.) and ornament (Catharanthus roseus, Caesalpinia gilliesii, 

Lagerstroemia indica, etc.) and many species come in as contaminants in seed or on 

nursery plants (Medicago spp., Emilia fosbergii, Pilea microphylla, etc.).  The non-native 

species of Texas have arrived in the state in a variety of ways. 

 There are several non-native species that have been collected only from a single 

county and may not have been collected in Texas for many years (e.g. Indigofera hirsuta, 

Ipomoea cairica, Ludwigia peruviana).  This raises the question “When should a non-

native species be included in or excluded from the total flora?”  For the purposes of this 

study, non-native species should be included in floristic accounts where they have been 

discovered.  In addition, information should be provided about how far along they are in 
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the invasion process.  For example, a non-native species that was collected in one 

location 30 years ago should be included a flora with the explanation that it was collected 

once in the state and has not been collected for 30 years.  There are many non-native 

species that need further research, such as the 131 plant species for which a voucher 

specimen was not found during this project (Table 2).  These species either were reported 

without the collection of a voucher specimen (Hatch pers. comm.) or the voucher was not 

found in herbaria searched for this project.  Species lists and floras should indicate 

whether a plant species is cultivated or naturalized and to what extent the plants have 

spread.  Herbarium specimen labels should include estimates of how many individuals 

are present, how large an area the population covers and if and how population is 

reproducing or spreading.  Plant collectors need to be more thorough in recording 

collection data.  Further study of the vouchers of the non-native species may reduce the 

number of non-native species in the state because data is insufficient on some to 

determine the non-native status of the species. 

 Authors of various floras differ in their use of terminology and listing of non-native 

species (Nesom 2000, Pysek et al. 2004).  There needs to be more standardization in 

terminology and classification of the non-native floras of the world.  This study has used 

standard terminology for non-native plants based on several other sources (Nesom 2000, 

Richardson et al. 2000, Pysek et al. 2004).  “Non-native” should be the general term for 

species that are not native to an area with sub classification to “cultivated,” “casual alien” 

and “naturalized”  The term “invasive” should be used for naturalized species that have a 

negative impact on the environment and/or the economy.  The study of non-native 
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species can be important in understanding the change of composition of a flora and more 

emphasis needs to be put on collecting and research on individual species. 

 

Timeline of Non-native Species Discovery 

 The timeline of non-native species discovery in Texas is presented in Figure 3 (10-

year intervals and 25 year intervals).  The 10-year interval graph shows the peaks of 

discovery of non-native species in the state (Figure 3A).  There are two large peaks 

during the decades of 1931-1940 and 1961-1970.  These peaks correspond with the 10- 

year time period prior to the publication of two major works in the Texas flora: Cory and 

Parks (1937) and Correll and Johnston (1970).  The average number of new non-native 

species discovered per decade is 68.08 with a standard deviation of 37.32.  The large 

standard deviation illustrates the variation among the decades, with only the large peak 

(1931-1940) being significantly greater than the mean because it falls outside two 

standard deviations above the mean.  In the 120 years (1850-1970) leading up to Correll 

and Johnston’s Manual of the Vascular Flora of Texas (1970), 591 non-native species 

(72.3 percent of total non-native flora) were discovered and reported in the state.  This is 

a very large percentage and within the last 40 years there have been 226 (27.7 percent of 

total non-native flora) more non-native species found in the state.  There has been a 

general trend of non-native species discovery increasing to the peak during the interval of 

1926-1950 and declining since then (Figure 3B).  This downward slope does not indicate 

an increase in introduction of non-native species even though there is more national and 

international travel into the state. 
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 These patterns in plant introductions (Figure 3) are not a precise representation of 

when species were introduced or naturalized because the dates correspond with the 

earliest publication mentioning a species and may be only a representation of when there 

was more intense collecting pressure.  The number of new non-native species discoveries 

in the state more than doubled from 1921-1930 to 1931-1940 (from 69 to 156 species) 

and from 1951-1960 to 1961-1970 (from 49 to 118 species).  The work of Cory and Parks 

(1937) and Correll and Johnston (1970) were based on intense plant collecting which led 

to the discovery of new species, native and non-native, in the state.  The analysis of 

voucher specimen dates does not give a precise timeline of non-native species 

introductions into the state.  These data are from scientists and other individuals who are 

out collecting plants and taking notes to identify species.  This data may only be an 

approximation of introductions and more research needs to be done to better identify 

dates and pathways of introductions and naturalization of non-native species.  

Geographic Origins of Non-native Species in Texas  

 The origins of the non-native flora of Texas are similar to those of many other non-

native floras in the New World in that they originated primarily from the Old World (594, 

72.6 percent) (di Castri 1989, Pysek 1998a, Villaseñor and Espinosa-Garcia 2004).  This 

can be attributed to the large number of immigrants and human migration events from 

these areas as well as the similarities in climate.  Non-native plant species are generally 

successful in areas that have a similar climate to their native geographical range.  Mexico 

similarly has a high percentage (78 percent) of non-natives originating in the Old World 

(Villaseñor and Espinosa-Garcia 2004).   
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 Many of the species originating from Old World have been associated with humans 

for many centuries.  This has selected plant species that have evolved to take advantage 

of the disturbances created by man.  The largest percentage of non-native species 

originated from Eurasia which is a large area that has many climates.  This has led to 

many species being adapted to a wide range of climates and many species from Eurasia 

successfully adapting to the diverse climates in Texas. 

 South American and Neotropical plants also contribute a comparatively high 

number of non-native species (Table 3), 102 (12.5 percent) and 85 (10.4 percent of total 

non-native plants), respectively.  This is due to these species geographic origin being 

nearby Texas and the large number of immigrants from these areas.   

 Species originating from North America outside of Texas make up only 1.8 percent 

of the total number of non-native species (Table 3).  Texas is a large state and includes 

several different ecoregions of the country and this is why species originating from 

elsewhere in North America are such a small percentage of the Texas non-native flora.  

There are many eastern and western North American species found in their respective 

areas of the state (MacRoberts and MacRoberts 2003).  Some North American species 

that are not known to be native to Texas have been used as ornamentals (Robinia 

pseudoacacia, Liriodendron tulipifera) and also been grown in the state as timber (Pinus 

elliottii).  A North American plant species, Eschscholzia californica, native to California 

and western states has been introduced into Texas and also other countries with similar 

climates and has become an invasive species outside of North America (Leger and Rice 

2003).  There is a need for research to determine if some of these North American species 

may have been native to the state or began growing here without human intervention. 
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 Plant species originating from tropical areas such as Oceania and Pantropical areas 

also make up a small percentage of the non-native flora of Texas (1.8 and 1.5 percent of 

the total non-native species, Table 3).  These areas are poorly represented because the 

climates these species come from are milder than climates in Texas.  Many of these 

species are found areas of the state along the Gulf Coast and southern part of the state 

where the climate is milder than in other areas of the state.   

 The timelines of introduction of the species based on their geographic origin 

(Figure 4) show several patterns similar to the general graph (Figure 3) of species 

introduction.  The very large peaks that indicate a large number of species from many of 

the origins recorded during the decade from 1931-1940 may correlate with the research 

leading up to the publication of Cory and Parks (1937) state checklist of plants.  The six 

peaks in Figure 5 and 6 appear to correspond mostly with the publication of two major 

works on the flora of Texas, Cory and Parks (1937) and Correll and Johnston (1970).  

There were several gaps of species introduction from plants originating from the regions 

with smaller numbers of species because there were fewer species being introduced and 

there may not have been any species collected in some time periods.  The only 

geographical regions represented in every time period were Eurasia, Africa, South 

America, Neotropical and Eurasia.  The larger peaks may not only have been from 

continued immigration of people and plants from that particular region of the world, but 

also from more intense plant collecting pressure during those periods. 

 The origins of non-native plant species helps in our understanding of how species 

were introduced into the state and which types of species can adapt to the climate of 

Texas.  Species originating from Eurasia have an advantage over species from other areas 
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because of their large geographical range and long association with humans.  The 

pathways of introductions of non-native species into the state play a role in how these 

species naturalize in the state.  However, the geographical origin of plant species does not 

necessarily determine how the plant species entered the state.  For example, a species 

native to Africa did not necessarily enter the state directly from Africa, but could have 

come to Texas from another state that already had that species present.  The majority of 

non-native species in Texas are also present in other states (USDA, NRCS 2009).  

Several non-native species (e.g. Paliurus spina-christi, Nomaphila stricta, Cyperus 

phaeolepis) have been found only in the state of Texas and may have been introduced 

into the United States directly through Texas.  Others are found in scattered localities, 

such as Erodium malacoides (Lemke and Aplaca 2006) which has been reported from 

Massachusetts, New York and California along with Texas.  The origins of species can be 

important in determining if a species will become naturalized and potentially invasive in 

a new area with similar climate. 

Analyses of the Five Largest Families of Non-natives Species 

 The largest plant families in the Texas non-native flora are the same as in the non-

native flora throughout the world (Table 4).  Poaceae, Fabaceae and Asteraceae make up 

36.4 percent of the total non-native Texas flora.  These three families are in the top five 

families worldwide in terms of total numbers of species and have a variety of 

characteristics that make them successful non-natives (Heywood 1989, Pysek 1998a).  

The large number of species in each family contributes to the high numbers of non-

natives in the state of Texas.   
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 Poaceae has a specialized inflorescence and pollination strategy.  This family also 

has adapted to a wide variety of habitats.  Many species of grasses have been introduced 

into the state as grain, pasture or fodder crops and have escaped to become naturalized 

which has led to the large number of non-native grasses in the state.  Fabaceae is a family 

with diverse habits from tiny annuals to large trees that have been very effective in 

attracting pollinators.  Many species in this family can also fix atmospheric nitrogen 

becoming very efficient in low nitrogen soils.  These two families both had high slopes 

and relatively high R2 values compared to the other three large families in relation to the 

proportion of non-natives in county level floras (Figure 7).  As the number of total non-

native in each county increased, the number of Poaceae and Fabaceae would have 

increased 1.5 times.  These two families make up a large part of the total non-native flora 

of the world and of Texas because of their exploitation and usefulness as cultivated plants 

to humans. 

 The family Asteraceae is also a very specialized family.  The Asteraceae have very 

reduced flowers and have a geitonogamous breeding system.  They also have extremely 

effective means of seed dispersal such as capitular scales, wings, tubercles, hooks, 

pappus, bristles and parachutes (Heywood 1989).  The diverse habit, effective seed 

dispersal and the presence of phytochemical defenses make the Asteraceae a successful 

invasive family.  Cronquist (1988) attributes the success of the Asteraceae to its 

chemistry more than its morphology.  It is the largest family in the world in numbers of 

species, however there is a lower percentage of non-native Asteraceae in Texas than 

represented in world floras (Pysek 1998a).  This may be in part to the high numbers of 

Asteraceae already native to Texas (620, Hatch et al. 1990) which might exclude exotic 
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species from filling niches that are taken by other species of Asteraceae.  The Asteraceae 

have the lowest slope out of the five families in Figure 7 indicating that there are lower 

proportions of non-native to native species of Asteraceae than in the total flora of each of 

the selected counties, but it is positively correlated with the total native to non-native 

species in each county.  This family is known to be more prevalent in temperate or 

subtropical and not densely forested areas (Cronquist 1988).  Much of Texas is 

historically open savannah, prairie and desert, so this may account for the large number 

of native species of Asteraceae.  There was an increase of the proportion native to non-

native species in each of the 5 largest families as the overall proportion of non-native to 

native species in the total flora of each county increased (Figure 7).  This illustrates the 

proportion of non-native species in each of these families has the same basic pattern.  All 

five of these families show diversity in their habits, being very adaptable to many niches 

and able to disperse effectively that make them successful invaders.  Several species such 

as Poa annua (Poaceae), Trifolium repens (Fabaceae), Taraxacum officinale (Asteraceae) 

and Capsella bursa-pastoris (Brassicaceae), have coexisted with humans for many years 

and have been able to adapt to the plethora of disturbances that human activity creates.   

 Patterns of the distribution of these five families across Texas were used to identify 

areas that may be more susceptible to invasion by different types of non-native species.  

Ratios of non-native to native plant species for the five largest plant families, based on 

numbers of non-native species, were mapped (Figure 6) to identify any patterns of 

distributions of these families.  The Poaceae, Fabaceae and Asteraceae are large families 

with diverse habits and are found throughout the state.  Species in Brassicaceae had 

higher proportions of non-natives in the north central areas of the state along with several 
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areas in the eastern portion of the state.  The three counties (Clay, Houston and 

Wilbarger) that have no native species of Brassicaceae may have been under-collected.  

This is a large enough family of plants that there should be several native species found 

in those counties.  There are slightly higher ratios of Poaceae and Lamiaceae in the 

central portion of the state (Figure 6A, E).  The data from the 53 selected counties was 

inconclusive and there were no strong correlates of distribution of specific families.  All 

of the scatter plots shown in Figure 7 show the proportion of non-native to native of the 

five families to the ratios of total non-natives to natives in each county.  The correlations 

are strongest in the larger families with R2>0.35.  The three largest native plant families 

also have the largest numbers of non-native species. 

 The graphs of the top five largest families in the state and the dates they were 

discovered are shown in Figure 5.  These graphs show a constant pattern throughout with 

a large peak showing a period of greater introduction.  Poaceae and Asteraceae both show 

the same pattern as the total non-native flora showing a large peak during the decade of 

1931-1940.  The others have various peaks that may correlate with discoveries of new 

introductions of non-native species during those times.   

The Botanist Effect in Texas 

 Estimates of the relative proportion of non-native species may be influenced by a 

phenomenon called the “botanist effect” (Delisle et al. 2003, Moerman and Estabrook 

2006, Pautasso and McKinney 2007).  In this study the counties with herbaria show a 

higher species diversity and higher numbers of non-native species compared with 

counties with no herbarium present (Table 8).  The counties with herbaria also had higher 

human population density than the other counties suggesting that it may be a higher 
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human population density that affects species richness.  I believe the botanist effect has 

made the data from this study hard to interpret because the data from counties with 

herbaria have a higher species richness and more non-native species.  The botanist effect 

could be minimal if humans are concentrated in areas that have higher native plant 

diversity (Pautasso and McKinney 2007).  This could be verified with more research on 

the native diversity of the counties by having a better representation of the flora collected 

and studied.   

 Brewster and Roberston counties provide two contrasting examples from the 

selected county subset with a human population density of 0.55 and 7.14 persons/km2 

respectively.  Brewster County has the largest area and has the highest total species 

number of the 53 selected counties (1419 species).  Brewster County is also the home of 

a large herbarium at Sul Ross State University (SRSC) in Alpine.  Roberston County 

does not have a herbarium, but has the fourth highest species number (1073) of the 53 

counties and does not have a large area (2242 km2).  Robertson County does border 

Brazos County which houses two large herbaria at Texas A&M University (TAES, 

TAMU).  The counties including and surrounding Brazos County have been well 

collected by botanists and botany students collecting plants for herbarium or botany 

course collections (Reed 1997).   

 Many counties in Texas lack in-depth floras (Neill and Wilson 2001, Williams and 

Lutterschmidt 2006) and this causes many counties to demonstrate the lack of a botanist 

effect.  More than 85% of the counties of Texas have documented species richness less 

than the values predicted from looking at herbarium records and regression analysis 

(Williams and Lutterschmidt 2006).  Texas has the most counties of any state in the 
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United States (254) and is a large area to collect plants.  For better understanding of the 

native and non-native flora of Texas, more floristic studies must be done focusing on the 

counties that may have not been botanized very well.  One example of a county’s flora 

that may not have been collected very well, based on the subset of Texas counties in this 

study, is Kent County in the panhandle of Texas.  This county is listed as containing only 

70 total plant species (USDA, NRCS 2009) with 69 natives and 1 non-native.  The small 

population (859) (U.S. Census 2009) from the 2000 census may also be a part of the 

reason there is a low recorded species diversity in that county and why it is the lowest  of 

the surrounding counties.  Other nearby counties in the panhandle have more species 

diversity (Table 11) and those counties surrounding Kent county display a range of total 

species numbers from 413 in Garza County to the west and 77 in Stonewall County to the 

east.  The size and climate of these counties are all very similar, but the human 

populations differ by a factor of 20.  These numbers show that Dickens and Garza 

counties may have a better representation of the flora in that area.  There are other factors 

that are affecting the numbers of plant species in the area, but the number of native 

species is still the most important factor in identifying how many non-native species will 

be present (R2=0.918). 

Table 11 – County data of counties surrounding Kent County. 
County                          
- vicinity to Kent Co. 

Non-native 
species 

Native 
Species 

Total 
Species 

Population 
(2000) 

Area 
(km2) 

Kent 1 69 70 859 2339 
Dickens - north 12 232 244 2762 2344 
Stonewall - east 1 76 77 1693 2383 
Garza - west 40 373 413 4872 2321 
Scurry - south 8 95 103 16361 2352 
Fisher - southeast 2 78 80 4334 2336 
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 Our understanding of the non-native flora of Texas may be affected by the botanist 

effect and may not indicate as many non-native species as are actually present in the 

state.  There may be more counties like Kent County with very little information and we 

do not know what the species diversity is in those counties.  This is very a disappointing 

statistic that affects our understanding of both native and non-native species.  This under-

sampling may be due to a decline in field botanists and studies involving traditional 

taxonomy of plants (Isley 1972).  Many counties or areas that have not been botanized 

may very well have interesting and rare native species with importance to humans.  There 

may be larger numbers of non-native species that are found in counties not visited often 

by botanists and the non-native species problem may be more widespread than it seems 

with many of the non-native species centered on areas with high human population and 

high numbers of native species.  With the help of other botanists and plant collectors, 

there needs to be increased collecting in counties farther from the major population 

centers.  The collection and publication of new native and non-native species found 

should not only coincide with major publications, but always should always be on the 

increase.  The data that may be collected throughout this large state can help us to better 

understand how extensive the range is of some of these non-native species.   

Texas County and United States Non-native Flora Comparison 

 Texas’ 15.8 percent non-native flora ranks it 39th out of the 50 states (Table 9).  

This is in contrast to other rankings such as number of native species, human population 

and area in which Texas ranks second out of the 50 states.  The large size provides 

habitats for large numbers of native species, yet the numbers of non-natives are not 



89 
 

 

correlated with size because Texas ranks seventh in number of non-native species (Table 

9). 

 Although the 53 counties that were selected to predict non-native species in the 

state represent a small percentage of the counties of the state (20.9 percent), many 

interesting patterns were revealed.  There are patterns of native and non-native species 

distribution throughout the counties (Figure 9 and 10).  There are clearly areas of the state 

that have higher numbers of native species (Figure 9) and these counties also have high 

numbers of non-native species (Figure 10).  All of the county-level independent variables 

(native species, area, human population, cropland percent of total area, farmland percent 

of total area, precipitation and latitude, and the number of non-native species) were run in 

a multiple regression model (Adjusted R2=0.8612).  The bivariate simple regression 

models that were run reveal that non-native species have the strongest positive correlation 

with the number of native species and account for 74.1 percent of the variability of non-

native species (Table 21) in the regression models.  This supports the observation that 

areas of high native species richness also have a tendency to have a high number of non-

native species (Lonsdale 1999, McKinney 2001, Stohlgren et al. 2001, Stohlgren et al. 

2003, Herben et al. 2004, Huston 1994, 2004, Pysek et al. 2004, Jarnevich et al. 2006).  

Studies have also shown plant species richness (native and non-native species) is 

correlated with human population size and density (McKinney 2001, Pautasso and 

McKinney 2007).  Areas heavily populated by humans are often areas of high native 

species richness and these same factors favoring human habitation favor high non-native 

species richness (Huston 1994, 2004, Stohlgren et al. 2003, Jarnevich et al. 2006).  This 

can be seen in Texas with counties such as Travis (1093 native species, 231 non-native 
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species, 812,280 population), Harris (873, 159, 3,400,578), Dallas (652, 111, 2,218,899) 

and Tarrant (624, 69, 1,446,219) having high numbers of native and non-native species 

along with high human populations. 

 The ecoregions of Texas were also run in multiple regression models as dummy 

variables to determine if there were any ecoregions with higher rates of non-native 

species.  Only two of the eleven ecoregions exhibited statistical significance (Edwards 

Plateau and Oak woods and prairies).  The Edwards Plateau ecoregion is known for high 

native species richness and high endemism (Diamond et al. 1987) and this may help 

explain the higher predicted non-native species from the regression models.  The oak 

woods and prairies region contains some of the counties with the highest population such 

as Dallas and Tarrant counties.  There are also counties in this ecoregion that have some 

of the highest species richness from the subset of selected counties (Brazos, Robertson).  

There are correlations between these ecoregions and areas that are high in native species 

and also human population.  This supports the observations that areas with higher native 

species richness and high human population also have higher numbers of non-native 

plants.  Overall the dominant ecoregion in a county does not play an important role in 

determining the numbers of non-native species in the county.  The factors that are most 

important in predicting these numbers are the number of non-native species and the 

human population.   

 The patterns in the Texas counties contrast with the patterns seen across all 50 

states.  Similar data were collected from the states as for the counties of Texas.  Many 

states have diverse habitats which are consistent with the differences between the selected 

counties on a much smaller scale.  The state data (Table 10) suggest that human 
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population would be the best individual variable that can explain the distribution of non-

native species (R2=0.555).  On a large scale, such as the entire U.S., the greater ranges of 

conditions provide a higher chance of explaining the variability of non-native species.  

Human population was used in place of human population density in the county data and 

this also was a significant factor in predicting the variation in non-native species among 

the states.  On the county level in Texas, native species explains 74.1 percent of the 

variability in non-native species distribution while in the state data it is only 12.2 percent 

(Tables 8, 10).  The variation in environmental conditions within a county is much less 

than at the state level and should better explain how non-native species are distributed 

throughout the landscape.   

 The percentages of county floras that are non-native in relation to the numbers of 

native species have the opposite pattern seen among the states (Figure 14).  In the county 

data, as the number of native species increases the total flora percentage of non-native 

species also increases (R2=0.222, p<0.001). However, among the states there is a 

decrease in the percentage of non-native species with an increase in number of native 

species (R2=0.174, p<0.001).  The difference between state and county data may be due 

to the scale of the measurements.  Many of the states cover large areas that encompass 

many different biogeographical regions and the counties only include smaller more 

specific plant associations or habitats.  The number of native species may be the best 

predictor for non-native species for the county level in Texas, but this predictor does not 

hold true for the state level data.   

 The states in the eastern part of the United States have a higher percentage of non-

native species than Texas and this is partly due to the longer period of European and 
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other immigrant settlement in those states (di Castri 1989, Heywood 1989, McKinney 

2001).  There appears to be a strong pattern in the United States of the older states that 

have been a part of the Union the longest having the highest percentage non-native 

species in their flora.  All of the states older than Texas have higher percentages of non-

natives (Figure 15).  The time of human occupation (post Christopher Columbus) is 

apparently very important in how many non-native species are present in an area.  The 

longer the period of immigration to an area the higher the number of non-native species.  

The date of settlement for the selected counties may also be important to explaining the 

number of non-native species.  This information can be evaluated to identify if there is a 

pattern of older counties  larger percentages of non-native species.   

 The number of native species in a county can be as used a guide to predicting 

numbers of non-native species.  Many areas with higher native diversity also have higher 

non-native diversity (Pysek 1998a, 1998b, Lonsdale 1999, McKinney 2001, Stohlgren et 

al. 2001, Stohlgren et al. 2003, Herben et al. 2004, Huston 2004, Lockwood et al. 2007).  

If this holds true, then many of our most biologically diverse habitats are the most 

susceptible to invasion by non-native species and these areas need extra protection from 

destruction.  There needs to be more herbarium work and species collection to identify if 

the non-native species already present in the state are “casual aliens” or “naturalized,”  

and also to identify what other species can potentially become “invasive.”  There are 

already 31 species listed by the USDA (2009) as “noxious weeds” (e.g. Eichhornia 

crassipes, Salvinia spp., Convolvulus arvensis).  The state website texasinvasives.org 

(2009) has a list of 142 invasive species present in and under the threat of entering the 

state.  These lists are a beginning of a larger effort identifying non-native and potentially 
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invasive species and there is a greater need to better document non-native plant species in 

the state of Texas.  The history of the current non-native flora can help us understand 

how to manage for the prevention of the new non-native species being introduced into the 

state.   

 From the results of this study it is clear that there are large numbers of non-native 

species in the state and the non-native species are centered and highly concentrated in 

areas of high population density and native species richness.  Since non-native species are 

associated with the activities of humans, many of our large metropolitan areas in the state 

are the vectors for new introductions of non-native species.  Houston, Dallas, San 

Antonio and Austin are all culturally diverse (U.S. Census 2009) and many people bring 

culturally significant non-native plants species with them, purposefully or by accident.  

More vigilant work needs to be done by local botanists, horticulturists and agronomists to 

help prevent the spread of more invasive non-native plants by quickly identifying and 

eradicating new introductions into the state. 

 
  



 

 

94

A
pp

en
di

x 
– 

D
at

a 
co

lle
ct

ed
 fo

r 
th

e 
53

 se
le

ct
ed

 c
ou

nt
ie

s 

C
ou

nt
y 

N
am

e 
N

on
-n

at
iv

e 
Sp

ec
ie

s 
N

at
iv

e 
Sp

ec
ie

s 
To

ta
l 

Sp
ec

ie
s 

Po
pu

la
tio

n 
(2

00
0)

 
A

re
a 

(k
m

2 ) 

Po
pu

la
tio

n 
D

en
si

ty
  

(p
er

so
ns

/k
m

2 ) 

C
ro

pl
an

d 
   

(%
 o

f a
re

a)
 

Fa
rm

la
nd

 
(%

 o
f a

re
a)

 
Pr

ec
ip

ita
tio

n 
(c

m
) 

La
tit

ud
e 

Lo
ng

itu
de

 

B
EE

 
15

 
22

4 
23

9 
32

35
9 

22
79

.9
9 

14
.1

9 
0.

18
62

3 
0.

97
33

8 
82

.5
5 

28
.4

05
56

 
-9

7.
75

08
3 

B
EL

L 
50

 
47

2 
52

2 
23

79
74

 
28

17
.7

3 
84

.4
6 

0.
26

40
3 

0.
62

03
7 

82
.5

5 
31

.0
58

89
 

-9
7.

46
33

3 

B
O

W
IE

 
25

 
40

8 
43

3 
89

30
6 

23
89

.9
6 

37
.3

7 
0.

16
29

0 
0.

49
38

8 
10

7.
95

 
33

.4
41

39
 

-9
4.

41
97

2 

B
R

A
ZO

S 
21

5 
10

15
 

12
30

 
15

24
15

 
15

28
.8

5 
99

.6
9 

0.
16

60
7 

0.
72

99
1 

95
.2

5 
30

.6
65

55
 

-9
6.

36
67

5 

B
R

EW
ST

ER
 

94
 

13
22

 
14

16
 

88
66

 
16

03
9.

23
 

0.
55

 
0.

01
26

4 
0.

44
08

1 
44

.4
5 

30
.3

60
83

 
-1

03
.6

65
56

 

B
R

O
W

N
 

52
 

38
6 

43
8 

37
67

4 
24

78
.4

7 
15

.2
0 

0.
15

56
7 

0.
91

44
8 

69
.8

5 
31

.7
08

06
 

-9
8.

98
25

0 

C
A

LL
A

H
A

N
 

23
 

21
2 

23
5 

12
90

5 
23

34
.2

5 
5.

53
 

0.
18

08
4 

0.
92

33
5 

69
.8

5 
32

.3
96

11
 

-9
9.

39
72

2 

C
A

ST
R

O
 

21
 

11
2 

13
3 

82
85

 
23

29
.2

3 
3.

56
 

0.
75

50
1 

0.
98

55
6 

44
.4

5 
34

.5
49

17
 

-1
02

.3
15

28
 

C
LA

Y
 

14
 

16
3 

17
7 

11
00

6 
28

90
.8

7 
3.

81
 

0.
16

37
7 

0.
92

61
8 

82
.5

5 
33

.8
16

11
 

-9
8.

19
38

9 

C
O

O
K

E 
14

 
20

8 
22

2 
36

36
3 

23
27

.9
1 

15
.6

2 
0.

23
74

2 
0.

79
16

6 
95

.2
5 

33
.6

30
28

 
-9

7.
14

02
8 

D
A

LL
A

S 
11

1 
65

2 
76

3 
22

18
89

9 
23

53
.1

6 
94

2.
94

 
0.

07
48

9 
0.

15
13

6 
95

.2
5 

32
.7

82
78

 
-9

6.
80

38
9 

D
IM

M
IT

 
18

 
27

7 
29

5 
10

24
8 

34
56

.2
9 

2.
97

 
0.

03
40

8 
0.

82
89

9 
57

.1
5 

28
.5

26
67

 
-9

9.
86

25
0 

EL
 P

A
SO

 
26

 
25

5 
28

1 
67

96
22

 
26

28
.0

1 
25

8.
61

 
0.

08
33

1 
0.

25
95

6 
25

.4
 

31
.7

90
28

 
-1

06
.4

23
33

 

FA
Y

ET
TE

 
50

 
42

7 
47

7 
21

80
4 

24
85

.9
7 

8.
77

 
0.

19
93

6 
0.

92
09

0 
95

.2
5 

29
.9

08
33

 
-9

6.
87

50
0 

G
A

IN
ES

 
4 

10
2 

10
6 

14
46

7 
38

92
.3

4 
3.

72
 

0.
66

71
3 

0.
98

53
5 

44
.4

5 
32

.7
18

61
 

-1
02

.6
50

00
 

G
U

A
D

A
LU

PE
 

18
 

25
4 

27
2 

89
02

3 
18

49
.6

9 
48

.1
3 

0.
27

55
8 

0.
84

23
6 

82
.5

5 
29

.5
74

44
 

-9
7.

96
52

8 

H
A

LL
 

10
 

18
6 

19
6 

37
82

 
23

41
.5

6 
1.

62
 

0.
37

85
2 

0.
92

26
8 

57
.1

5 
34

.7
26

67
 

-1
00

.5
41

67
 

H
A

R
R

IS
 

15
9 

87
3 

10
32

 
34

00
57

8 
46

04
.2

0 
73

8.
58

 
0.

08
03

7 
0.

22
76

8 
10

7.
95

 
29

.7
62

78
 

-9
5.

38
30

6 

H
A

R
R

IS
O

N
 

22
 

29
8 

32
0 

62
11

0 
23

70
.0

7 
26

.2
1 

0.
08

92
6 

0.
34

29
9 

10
7.

95
 

32
.5

42
78

 
-9

4.
36

36
1 

H
EM

PH
IL

L 
47

 
47

1 
51

8 
33

51
 

23
62

.2
2 

1.
42

 
0.

12
95

3 
0.

94
00

9 
57

.1
5 

35
.9

10
83

 
-1

00
.3

83
89

 

H
EN

D
ER

SO
N

 
26

 
42

5 
45

1 
73

27
7 

24
57

.9
0 

29
.8

1 
0.

14
24

1 
0.

52
43

2 
95

.2
5 

32
.2

02
78

 
-9

5.
84

91
7 

H
IL

L 
11

 
14

0 
15

1 
32

32
1 

25
52

.8
2 

12
.6

6 
0.

40
25

2 
0.

83
21

1 
82

.5
5 

32
.0

09
44

 
-9

7.
12

44
4 

H
O

C
K

LE
Y

 
11

 
11

3 
12

4 
22

71
6 

23
53

.1
3 

9.
65

 
0.

70
74

7 
0.

83
28

6 
44

.4
5 

33
.5

84
72

 
-1

02
.3

72
22

 

H
O

U
ST

O
N

 
31

 
39

3 
42

4 
23

18
5 

32
03

.3
7 

7.
24

 
0.

13
79

5 
0.

55
64

4 
10

7.
95

 
31

.3
16

94
 

-9
5.

45
83

3 

JA
C

K
SO

N
 

34
 

27
4 

30
8 

14
39

1 
22

19
.7

0 
6.

48
 

0.
36

24
0 

0.
89

80
5 

95
.2

5 
28

.9
76

67
 

-9
6.

64
66

7 



 

 

95 

A
pp

en
di

x 
– 

C
on

tin
ue

d  
 

 
 

 
 

 
 

 

C
ou

nt
y 

N
am

e 
N

on
-n

at
iv

e 
Sp

ec
ie

s 
N

at
iv

e 
Sp

ec
ie

s 
To

ta
l 

Sp
ec

ie
s 

Po
pu

la
tio

n 
(2

00
0)

 
A

re
a 

(k
m

2 ) 

Po
pu

la
tio

n 
D

en
si

ty
  

(p
er

so
ns

/k
m

2 ) 

C
ro

pl
an

d 
   

(%
 o

f a
re

a)
 

Fa
rm

la
nd

 (%
 

of
 a

re
a)

 
Pr

ec
ip

ita
tio

n 
(c

m
) 

La
tit

ud
e 

Lo
ng

itu
de

 

H
O

U
ST

O
N

 
31

 
39

3 
42

4 
23

18
5 

32
03

.3
7 

7.
24

 
0.

13
79

5 
0.

55
64

4 
10

7.
95

 
31

.3
16

94
 

-9
5.

45
83

3 

JA
C

K
SO

N
 

34
 

27
4 

30
8 

14
39

1 
22

19
.7

0 
6.

48
 

0.
36

24
0 

0.
89

80
5 

95
.2

5 
28

.9
76

67
 

-9
6.

64
66

7 

JE
FF

ER
SO

N
 

87
 

60
0 

68
7 

25
20

51
 

28
78

.1
5 

87
.5

7 
0.

21
60

0 
0.

46
85

8 
13

9.
7 

30
.0

80
00

 
-9

4.
12

66
7 

JI
M

 H
O

G
G

 
17

 
27

6 
29

3 
52

81
 

29
42

.6
4 

1.
79

 
0.

01
35

0 
0.

88
05

3 
57

.1
5 

27
.3

11
39

 
-9

8.
68

11
1 

K
EN

ED
Y

 
29

 
46

3 
49

2 
41

4 
50

39
.0

8 
0.

08
 

0.
00

22
5 

0.
73

00
5 

69
.8

5 
27

.2
21

67
 

-9
7.

78
91

7 

K
EN

T 
1 

69
 

70
 

85
9 

23
38

.5
3 

0.
37

 
0.

09
27

4 
0.

98
22

5 
57

.1
5 

33
.2

49
32

 
-1

00
.5

74
77

 

K
ER

R
 

44
 

46
5 

50
9 

43
65

3 
28

68
.8

3 
15

.2
2 

0.
05

67
6 

0.
86

55
0 

69
.8

5 
30

.0
46

39
 

-9
9.

14
05

6 

K
IN

N
EY

 
18

 
32

6 
34

4 
33

79
 

35
36

.1
4 

0.
96

 
0.

01
33

1 
0.

68
80

6 
57

.1
5 

29
.3

15
35

 
-1

00
.4

15
12

 

LA
M

A
R

 
7 

72
 

79
 

48
49

9 
24

15
.0

9 
20

.0
8 

0.
36

63
0 

0.
87

30
2 

10
7.

95
 

33
.6

62
50

 
-9

5.
54

77
8 

M
A

SO
N

 
14

 
24

7 
26

1 
37

38
 

24
14

.3
4 

1.
55

 
0.

09
57

1 
0.

89
91

1 
69

.8
5 

30
.7

47
80

 
-9

9.
23

18
8 

M
C

LE
N

N
A

N
 

31
 

28
0 

31
1 

21
35

17
 

27
45

.9
9 

77
.7

6 
0.

35
60

6 
0.

78
05

2 
82

.5
5 

31
.5

51
52

 
-9

7.
15

59
3 

M
ED

IN
A

 
21

 
33

6 
35

7 
39

30
4 

34
56

.4
2 

11
.3

7 
0.

20
31

9 
0.

87
59

5 
69

.8
5 

29
.3

46
84

 
-9

9.
14

55
4 

M
IL

LS
 

13
 

16
6 

17
9 

51
51

 
19

42
.2

1 
2.

65
 

0.
15

55
2 

0.
98

81
2 

69
.8

5 
31

.4
50

48
 

-9
8.

57
11

0 

M
IT

C
H

EL
L 

3 
93

 
96

 
96

98
 

23
72

.1
7 

4.
09

 
0.

27
93

7 
0.

98
09

3 
57

.1
5 

32
.3

96
16

 
-1

00
.8

62
14

 

N
A

C
O

G
D

O
C

H
ES

 
63

 
50

5 
56

8 
59

20
3 

25
41

.6
4 

23
.2

9 
0.

09
45

0 
0.

42
21

5 
10

7.
95

 
31

.6
08

86
 

-9
4.

65
08

6 

O
LD

H
A

M
 

25
 

28
4 

30
9 

21
85

 
38

88
.6

6 
0.

56
 

0.
10

95
9 

0.
91

63
1 

44
.4

5 
35

.2
45

55
 

-1
02

.4
25

11
 

PA
R

K
ER

 
19

 
39

2 
41

1 
88

49
5 

23
57

.1
2 

37
.5

4 
0.

17
81

4 
0.

75
81

2 
82

.5
5 

32
.7

59
17

 
-9

7.
78

50
0 

R
EA

G
A

N
 

8 
13

0 
13

8 
33

26
 

30
45

.7
7 

1.
09

 
0.

07
69

9 
0.

90
85

7 
44

.4
5 

31
.1

93
91

 
-1

01
.4

58
83

 

R
EE

V
ES

 
25

 
29

4 
31

9 
13

13
7 

68
42

.6
2 

1.
92

 
0.

08
08

5 
0.

61
52

8 
25

.4
 

31
.4

15
42

 
-1

03
.4

99
96

 

R
O

B
ER

TS
O

N
 

11
8 

94
9 

10
67

 
16

00
0 

22
42

.0
8 

7.
14

 
0.

21
19

7 
0.

82
18

1 
95

.2
5 

31
.0

26
22

 
-9

6.
48

60
9 

SA
B

IN
E 

23
 

32
1 

34
4 

10
46

9 
14

93
.4

1 
7.

01
 

0.
02

11
7 

0.
08

59
7 

13
9.

7 
31

.3
42

61
 

-9
3.

85
49

1 

SC
H

LE
IC

H
ER

 
17

 
17

0 
18

7 
29

35
 

33
94

.5
7 

0.
86

 
0.

05
95

1 
0.

95
44

4 
57

.1
5 

30
.8

60
75

 
-1

00
.5

98
33

 

SH
ER

M
A

N
 

25
 

15
5 

18
0 

31
86

 
23

91
.0

8 
1.

33
 

0.
66

46
2 

0.
98

87
4 

44
.4

5 
36

.3
36

16
 

-1
02

.0
71

45
 

TA
R

R
A

N
T 

69
 

62
4 

69
3 

14
46

21
9 

23
24

.4
7 

62
2.

17
 

0.
08

03
2 

0.
26

87
7 

82
.5

5 
32

.7
57

36
 

-9
7.

33
31

8 

TH
R

O
C

K
M

O
R

TO
N

 
7 

75
 

82
 

18
50

 
23

71
.0

6 
0.

78
 

0.
16

13
2 

0.
97

93
6 

69
.8

5 
33

.1
81

40
 

-9
9.

17
81

7 

TO
M

 G
R

EE
N

 
21

 
22

0 
24

1 
10

40
10

 
39

90
.0

0 
26

.0
7 

0.
85

67
3 

0.
93

66
7 

57
.1

5 
31

.4
53

11
 

-1
00

.4
52

50
 



 

 

96 

A
pp

en
di

x 
– 

C
on

tin
ue

d 
 

 
 

 
 

 
 

 

C
ou

nt
y 

N
am

e 
N

on
-n

at
iv

e 
Sp

ec
ie

s 
N

at
iv

e 
Sp

ec
ie

s 
To

ta
l 

Sp
ec

ie
s 

Po
pu

la
tio

n 
(2

00
0)

 
A

re
a 

(k
m

2 ) 

Po
pu

la
tio

n 
D

en
si

ty
  

(p
er

so
ns

/k
m

2 ) 

C
ro

pl
an

d 
   

(%
 o

f a
re

a)
 

Fa
rm

la
nd

 (%
 

of
 a

re
a)

 
Pr

ec
ip

ita
tio

n 
(c

m
) 

La
tit

ud
e 

Lo
ng

itu
de

 

TR
A

V
IS

 
23

1 
10

93
 

13
24

 
81

22
80

 
26

47
.1

8 
30

6.
85

 
0.

11
61

2 
0.

40
12

7 
82

.5
5 

30
.2

67
22

 
-9

7.
76

38
9 

TY
LE

R
 

31
 

60
2 

63
3 

20
87

1 
24

23
.4

8 
8.

61
 

0.
03

28
5 

0.
14

06
9 

13
9.

7 
30

.7
76

25
 

-9
4.

42
12

4 

W
IL

B
A

R
G

ER
 

4 
99

 
10

3 
14

67
6 

25
33

.2
7 

5.
79

 
0.

37
91

2 
0.

98
06

5 
69

.8
5 

34
.1

51
12

 
-9

9.
29

04
7 

W
O

O
D

 
33

 
48

8 
52

1 
36

75
2 

18
02

.1
1 

20
.3

9 
0.

16
10

6 
0.

52
50

2 
10

7.
95

 
32

.7
96

03
 

-9
5.

44
45

0 

 



 

97 
 

LITERATURE CITED 

Akridge, R. E. and P. J. Fonteyn.  1981.  Naturalization of Colocasia esculenta 
(Araceae) in the San Marcos River, Texas.  Southwestern Naturalist 26:210–211.  

 
Allen, C. M., P. Lewis and D. P Lewis.  2009.  Glyceria declinata (Poaceae) new to 

the flora of Texas.  Journal of the Botanical Research Institute of Texas 3:393–
394. 

 
Angerstein, M. B. and D. E. Lemke.  1994.  First records of the aquatic weed 

Hygrophila polysperma (Acanthaceae) from Texas.  Sida 16:365–371. 
 
Barkworth, M. E.  1993.  North American Stipeae (Gramineae): taxonomic changes 

and other comments.  Phytologia 74:1–25. 
 
Barkworth, M. E., L. K. Anderton, K. C. Capels, S. Long and M. B. Piep (eds.).  

2007.  Manual of grasses for North America.  Utah State University Press, Logan, 
Utah. 

 
Borowski, M., W. C. Holmes, and J. Singhurst.  1996.  Phyllostachys aurea 

(Gramineae: Bambuseae) in Texas.  Phytologia 80:30–34. 
 
Brown, L. E.  1985.  Campanula rapunculoides (Campanulaceae) new to Texas.  Sida 

11:102. 
 
Brown, L. E.  1986a.  Thaspium trifoliatum (Apiaceae) and Ranunculus marginatus 

(Ranunculaceae) new to Texas.  Sida 11:488.  
 
Brown, L. E.  1986b.  Scutellaria minor (Lamiaceae) new to North America.  Sida 

11:489. 
 
Brown, L. E.  1992.  Cayratia japonica (Vitaceae) and Paederia foetida (Rubiaceae) 

adventive in Texas.  Phytologia 72:45–47.   
 
Brown L. E. and C. E. Peterson.  1984.  Carex rosea (Cyperaceae), Trifolium 

lappaceum (Fabaceae), and Aira caryophyllacea (Poaceae) new to Texas.  Sida 
10:263–264 

 
Brown, L. E. and K. N. Gandhi.  1989.  Notes on the flora of Texas with additions, 

range extensions, and one correction.  Phytologia 67:394–399. 



98 
 

 

Brown, L. E. and D. A. Muschalek.  1996.  Krapovickasia physaloides (Malvaceae) and 
Lactuca intybacea (Asteraceae) new to Texas and the United States.  Sida 17:291–
294. 

 
Brown, L. E. and S. J. Marcus.  1998.  Notes on the flora of Texas with additions and 

other significant records.  Sida 18:315–324.  
 
Brown, L. E. and J. Schultz.  1991.  Arthraxon hispidus (Poaceae), new to Texas.  

Phytologia 71: 379–381.   
 
Brown, L. E. and I. S. Elsik.  2002.  Notes on the flora of Texas with additions and other 

significant records. II.  Sida 20:437–444.   
 
Brown, L. E., E. L. Keith, D. J. Rosen, and J. Liggio.  2007.  Notes of the flora of Texas 

with additions and other significant records. III.  Journal of the Botanical Research 
Institute of Texas 1:1255–1264. 

 
Carr, W. R. and D. R. Hernandez.  1993.  Polygonum caespitosum var. longisetum 

(Polygonaceae) new to Texas.  Sida 15:656.  
 
Carter, R.  1990.  Cyperus entrerianus (Cyperaceae), an overlooked species in temperate 

North America.  Sida 14:69–77. 
 
Carter, R. and C. M. Allen.  2009.  Cyperus pilosus (Cyperaceae) new to the flora of 

Texas.  Journal of the Botanical Research Institute of Texas 3:457–459. 
 
Chornesky, E. A. and J. M. Randall.  2003.  The threat of invasive alien species to 

biological diversity: setting a future course.  Annals of the Missouri Botanical Garden 
90:67–76. 

 
Correll, D. S.  1972.  Manual of the vascular plants of Texas: I. Additions and 

corrections.  American Midland Naturalist 88:490–496.  
 
Correll, D. S. and M. C. Johnston.  1970.  Manual of the vascular plants of Texas. Texas 

Research Foundation, Renner, Texas.   
 
Cory, V. L. and H. B. Parks.  1937.  Catalogue of the flora of the state of Texas. Bulletin 

No. 550.  Texas Agricultural Experiment Station, College Station. 
 
Cox, G. W.  1999.  Alien species in North America and Hawaii: impacts on natural 

ecosystems.  Island Press, Washington, D.C. 
 
Cronquist, A.  1988.  The evolution and classification of flowering plants 2nd Ed.  New 

York Botanical Garden, New York. 
 



99 
 

 

Czech, B., P. R. Krausman and P. K. Devers.  2000.  Economical associations among 
causes of species endangerment in the United States.  Bioscience 50:593–601. 

 
Delisle, F. C. Lavoie, M. Jean and D. Lachance.  2003.  Reconstructing the spread of 

invasive plants: taking into account biases associated with herbarium specimens.  
Journal of Biogeography 30:1033–1042. 

 
di Castri, F.  1989.  History of biological invasions with special emphasis on the Old 

World.  Biological invasions: a global perspective (J. A. Drake, H. A. Mooney, F. di 
Castri, R. H.Groves, F. J. Kruger, M. Rejmánek & M. Williamson, eds.), pp. 1–30.  
John Wiley & Sons, New York. 

 
Diamond, D. D., D. H. Riskind and S. L. Orzell.  1987.  A framework for plant 

community classification and conservation in Texas.  Texas Journal of Science 
39:203–221.   

 
Diggs, G. M. Jr., C. E. S.Taylor, and R. J. Taylor.  1997.  Chaenorrhinum minus 

(Scrophulariaceae) new to Texas.  Sida 17:631–632. 
 
Diggs, G. M., B. L. Lipscomb and R. J. O’Kennon.  1999.  Shinners and Mahler’s 

illustrated flora of North Central Texas.  Botanical Research Institute of Texas, Fort 
Worth. 

 
Diggs, G. M., B. L. Lipscomb, M. D. Reed and R. J. O’Kennon.  2006.  Illustrated flora 

of East Texas, Vol. 1: Introduction, Pteridophytes, Gymnosperms, and 
Monocotyledons.  Botanical Research Institute of Texas, Fort Worth.  

 
Dunn, P. H.  1976.  Distribution of Carduus nutans, C. acanthoides, C. pycnocephalus, 

and C. crispus in the United States.  Weed Science 24:518–524. 
 
Elton, C. S.  2000.  The ecology of invasions by animals and plants.  1958.  Reprint, 

University of Chicago Press, Chicago. 
 
Everitt, J. H., R. I. Lonard, and C. R. Little.  2007.  Weeds in South Texas and Northern 

Mexico.  Texas Tech University Press, Lubbock, Texas.  
 
Executive Order 13112.  1999.  Invasive species.  Federal Register 64:6183–6186. 
 
Flook, J. M.  1975.  Additions and corrections to the flora of Texas.  Sida 6:114. 
 
Fosberg, F. R.  1958.  Man as a dispersal agent.  Southwestern Naturalist 3:1–6. 
 
Fox, W. E. III, S. L. Hatch, and R. Q. Landers, Jr.  1996.  Brachiaria eruciformis and 

Urochloa brizantha (Poaceae: Paniceae) new to Texas.  Sida 17:287–288.  
 



100 
 

 

Gandhi, K. N. and L. E. Brown.  1993.  Crepis zacintha (Asteraceae), adventive in Texas, 
and the first record in North America.  Sida 15:547–550. 

 
Godfrey, R. and J. W. Wooten.  1981.  Aquatic and wetland plants of Southeastern 

United States. Vol. II, Dicotyledons.  University of Georgia Press, Athens. 
 
Goldman, D. H.  1998.  Hovenia dulcis (Rhamnaceae) naturalized in central Texas.  Sida 

18:350–352. 
 
Goodwin, B. J., A. J. McAllister and L. Fahrig.  1999.  Predicting invasiveness of plant 

species based on biological information.  Conservation Biology 13:422–426. 
 
Gould, F. W.  1962.  Texas plants – a checklist and ecological summary. MP–585.  Texas 

Agricultural Experiment Station, College Station. 
 
Gould, F. W.  1969.  Texas plants – a checklist and ecological summary. MP–

585/Revised.  Texas Agricultural Experiment Station, College Station. 
 
Hardin, J. W.  1974.  Studies of the southeastern United States flora. IV. Oleaceae.  Sida 

5:274–285. 
 
Hatch, S.L.  1995.  Salvinia minima (Salviniaceae), new to Texas.  Sida 16:595. 
 
Hatch, S. L. and C. A. Clark.  1977.  New plant distribution and extension records for 

Texas and the USA.  Southwestern Naturalist 22:139–140. 
 
Hatch, S. L., Gandhi, K. N. and L. E. Brown.  1990.  Checklist of the vascular plants of 

Texas. Texas Agricultural Experiment Station, College Station. 
 
Hatch, S. L., W. E. Fox, and J. E. Dawson.  1998a.  Triraphis mollis (Poaceae: 

Arundineae), a species reported new to the United States.  Sida 18:365–367. 
 
Hatch, S. L., D. J. Rosen, and J. A. Thomas.  1998b.  Luziola peruviana (Poaceae: 

Oryzeae) previously unreported from Texas and a key to Texas species.  Sida 18: 
611–614.   

 
Hatch, S. L., D. A. Kruse, and J. Pluhar.  2004.  Phalaris arundinacea (Poaceae: 

Aveneae), a species new to Texas and a key to Phalaris in Texas.  Sida 21:487–491. 
 
Henry, R. D. and A. R. Scott. 1981. Time of introduction of the alien component of the 

spontaneous Illinois vascular flora. American Midland Naturalist 106:318–324. 
 
Herben, T., B. Mandak, K. Bimova and Z. Munbergova.  2004.  Invasibility and species 

richness of a community: a neutral model and survey of published data.  Ecology 
85:3223–3233. 

 



101 
 

 

Heywood, V. H.  1989.  Patterns, extents and modes of invasions by terrestrial plants.  
Biological invasions: a global perspective (J. A. Drake, H. A. Mooney, F. di Castri, 
R. H.Groves, F. J. Kruger, M. Rejmánek & M. Williamson, eds.), pp. 31-60.  John 
Wiley & Sons, New York. 

 
Hill, S. R.  1982.  Distributional and nomenclatural notes on the flora of the Texas coastal 

bend.  Sida 9:309–326.   
 
Hill, S., R. Loper, J. R. Singhurst and W. C. Holmes. 2007. Vicia lathyroides (Fabaceae): 

new to the flora of Texas.  Journal of the Botanical Research Institute of Texas 
1:1253–1254. 

 
Holmes, W. C.  2002.  Hippeastrum. In: Flora of North America Editorial Committee, 

eds. Flora of North America, vol. 26, pp. 278–279. Oxford University Press, New 
York. 

 
Holmes, W. C., J. F. Pruski, and J. R. Singhurst.  2000.  Thymelaea passerina 

(Thymelaeaceae) new to Texas.  Sida 19:403–406.   
 
Holmes, W. C. and C. J. Wells.  1980.  The distribution of Habranthus tubispathus 

(L’Her.) Traub in South America and North America – Texas and Louisiana.  Sida 
8:328–333. 

 
Holmes, W. C. and D. E. Wivagg.  1996.  Identification and distribution of Centaurium 

muhlenbergii and C. pulchellum (Gentianaceae) in Louisiana, Mississippi, and Texas.  
Phytologia 80:23–29.   

 
Hultén, E. and M. Fries.  1986.  Atlas of North European vascular plants north of the 

Tropic of Cancer. Vols. 1, 2, and 3. Koeltz, Königstein, Federal Republic of 
Germany. 

 
Huston, M. A. 2004. Management strategies for plant invasions: manipulating 

productivity, disturbance, and competition. Diversity and Distributions 10:167–178. 
 
Huston, M. A. 1994. Biological diversity: the coexistence of species on changing 

landscapes. Cambridge University Press, Cambridge, United Kingdom. 
 
Ideker, J.  1996.  Pereskia aculeata (Cactaceae) in the lower Rio Grande Valley of Texas.  

Sida 17:527. 
 
Isley, D.  1972.  The disappearance.  Taxon 21:3–12. 
 
Isely, D.  1998.  Native and naturalized Leguminosae (Fabaceae) of the United States 

(exclusive of Alaska and Hawaii).  Brigham Young University Press, Provo. 
 



102 
 

 

Jacono, C. C.  1999.  Salvinia molesta (Salviniaceae), new to Texas and Louisiana.  Sida 
18:927–928. 

 
Jarnevich, C. S., T. J. Stohlgren, D. Barnett and J. Kartesz.  2006.  Filling the gaps: 

modeling native species richness and invasions using spatially incomplete data.  
Diversity and Distributions 12:511–520. 

 
Jones, S. D. and G. D. Jones.  1992.  Cynodon nlemfuensis (Poaceae: Chlorideae), 

previously unreported in Texas.  Phytologia 72:93–95. 
 
Jones, S. D. and J. K. Wipff.  1992.  Bulbostylis barbata (Cyperaceae), previously 

unreported for Texas.  Phytologia 73:381–383. 
 
Jones, S. D., J. K. Wipff and P. M. Montgomery. 1997. Vascular plants of Texas: a 

comprehensive checklist including synonomy, bibliography and index. University of 
Texas Press, Austin. 

 
Jones, S. D. and A. A. Reznicek. 1997. Lathyrus aphaca (Fabaceae), previously 

unreported for Texas.  Phytologia 82:1–2. 
 
Keener, C. S.  1979.  New state records for Ranunculaceae in the southeastern United 

States.  Sida 8:114.   
 
Keith, E. L.  2004a.  Dimorphotheca sinuata and Zinnia violacea (Asteraceae), two 

escaped cultivars new to Texas.  Phytologia 86:29–31. 
 
Keith, E. L.  2004b.  Tagetes erecta (Asteraceae), a new escape to the flora of Texas.  

Phytologia 86:104–106. 
 
Kirkpatrick, Z. and J. K. Williams.  1998.  Glaucium corniculatum (Papaveraceae) in 

Texas.  Sida 18:347–349.  
 
Landolt, E.  1986.  The family of Lemnaceae – a monographic study.  Vol 1. In: 

Biosystematic Investigations in the Family of Duckweeds (Lemnaceae).  Veroff. 
Geobot. Inst. ETH, Stiftung Rubel. No. 71.   

 
Leger, E. A. and K. J. Rice.  2003.  Invasive California poppies (Eschscholzia californica 

Cham.) grow larger than native individuals under reduced competition.  Ecology 
Letters 6:257–264. 

 
Lellinger, D. B.  1985.  A field manual of the ferns and fern-allies of the United States 

and Canada.  Smithsonian Institution, Washington, D.C. 
 
Lemke, D. E.  1989.  Aquatic macrophytes of the upper San Marcos River, Hays County, 

Texas.  Southwestern Naturalist 32:289–291. 
 



103 
 

 

Lemke, D. E.  1991.  The genus Solanum (Solanaceae) in Texas.  Phytologia 71:362–378. 
 
Lemke, D. E.  1992.  Schinus terebinthifolius (Anacardiaceae) in Texas.  Phytologia 

72:42–44.  
 
Lemke, D. E. and E. L. Schneider.  1988.  Xanthosoma sagittifolium (Araceae) new to 

Texas.  Southwestern Naturalist 33:498–499. 
 
Lemke, D. E. and V. Wesby.  1989.  Anchusa azurea (Boraginaceae) new to Texas.  Sida 

13:516. 
 
Lemke, D. E. and J. L. Aplaca.  2006.  Erodium malacoides (Geraniaceae) new to Texas.  

Sida 22:1245–1249. 
 
Lipscomb, B. L.  1980.  Cyperus difformis L. (Cyperaceae) in North America.  Sida 

8:20–327. 
 
Lipscomb, B. L.  1984.  New additions or otherwise noteworthy plants of Texas.  Sida 

10:326–327.  
 
Lipscomb, B. L. and G. Ajilsvgi.  1982.  Bellardia trixago (L.) All. (Scrophulariaceae) 

adventive in Texas.  Sida 9:370–374.   
 
Lipscomb, B. L. and G. M. Diggs.  2005.  Hydrocotyle sibthorpioides (Apiaceae) new for 

Texas and notes on introduced species.  Sida 21:2449–2456.  
 
Lipscomb, B. L. and G. L. Nesom.  2007.  Galium parisiense (Rubiaceae) new for Texas, 

and notes on the taxonomy of the G. parisiense/divaricatum complex.  Journal of the 
Botanical Research Institute of Texas 1:1269–1276.   

 
Lockwood, J. L., M. F. Hoopes and M. P. Marchetti. 2007. Invasion ecology. Blackwell 

Publishing, Malden. 
 
Lonsdale, W. M. 1999. Global patterns of plant invasions and the concept of invasibility. 

Ecology 80:1522–1536. 
 
Luckeydoo, L. M.  2005.  Muscari comosum (Liliaceae) new to Texas.  Sida 21:2445–

2447. 
 
Mac, M. J., P. A. Opler, C. E. Puckett Haecker, and P. D. Doran. 1998. Status and trends 

of the nation’s biological resources. 2 vols. U.S. Department of the Interior, U.S. 
Geological Survey, Reston, Virginia. 

 
Mack, R. N.  1991.  The commercial seed trade: an early disperser of weeds in the United 

States.  Economic Botany 45:257–273. 
 



104 
 

 

Mack, R. N. and M. Erneberg.  2002.  The United States naturalized flora: largely the 
product of deliberate introductions.  Annals of the Missouri Botanical Garden 
89:176–189. 

 
MacRoberts, M. H. and B. R. MacRoberts.  2003.  The east–west transition of the flora in 

Texas: a biogeographical analysis.  Sida 20:1693–1700. 
 
Manning, S. D.  1991.  The genera of Pedaliaceae in the southeastern United States.  

Journal of the Arnold Arboretum, Supplemental Series 1:313–347.   
 
Matthews, J. F., D. W. Ketron, and S. F. Zane.  1994.  The seed surface morphology and 

cytology of six species of Portulaca (Portulacaceae).  Castanea 59:331–337. 
 
McGregor, R. L.  1984.  Camelina rumelica, another weedy mustard established in North 

America.  Phytologia 55:227–228. 
 
McGregor, R. L. and R. E. Brooks 1983.  Vascular flora of Kansas: new records and 

notes for 1982.  Technical Bulletin of the State Biological Survey of Kansas 13:1–8.   
 
McKinney, M. L.  2001.  Effects of human population, area, and time on non–native 

plant and fish diversity in the United States.  Biological Conservation 100:243–252. 
 
McWilliams, E.  1991.  The impending naturalization of Pistacia chinensis 

(Anacardiaceae) in east Texas.  Sida 14:508–509. 
 
Moerman, D. E. and G. F. Estabrook. 2006. The botanist effect: counties with maximal 

species richness tend to be home to universities and botanists. Journal of 
Biogeography 33:1969–1974. 

 
Mosyakin, S. L.  1996.  A taxonomic synopsis of the genus Salsola (Chenopodiaceae) in 

North America. Annals of the Missouri Botanical Garden 83:387–395.  
 
Neill, A. K. and H. D. Wilson. 2001. The vascular flora of Madison County, Texas. Sida 

19:1083–1121. 
 
Nelson, J. B.  1981.  Stachys (Labiatae) in southeastern United States.  Sida 9:104–123.  
 
Nesom, G. L.  2000.  Which non-native plants are included in floristic accounts?  Sida 

19:189–193. 
 
Nesom, G. L.  2001.  New records in Pseudognaphalium (Gnaphalieae: Asteraceae) for 

the United States.  Sida 19:1185–1190. 
 
Nesom, G. L.  2008a.  Photinia serratifolia (Rosaceae) naturalized in Texas.  Phytologia 

90:375–377.  
 



105 
 

 

Nesom, G. L.  2008b.  Ranunculus ficaria (Ranunculaceae) naturalized in Texas.  Journal 
of the Botanical Research Institute of Texas 2:741–742. 

 
Nesom, G. L.  2009a.  Taxonomic overview of  Ligustrum (Oleaceae) naturalized in 

North America north of Mexico.  Phytologia 91:467–482. 
 
Nesom, G. L.  2009b.  Assessment of invasiveness and ecological impact in non-native 

plants of Texas.  Journal of the Botanical Research Institute of Texas 3:971-991. 
 
Nesom, G. L.  2010a.  First report of Euonymus fortunei (Celastraceae) naturalized in 

Texas.  Phytoneuron 2010-1:1-4. 
 
Nesom, G. L.  2010b.  Pyracantha (Rosaceae) naturalized in Texas and the southeastern 

United States.  Phytoneuron 2010-2:1-6. 
 
Nesom, G. L. and L. E. Brown.  1998.  An annotated checklist of the vascular plants of 

Walker, Montgomery, and San Jacinto counties, Texas.  Phytologia 84:107–153. 
 
Nesom, G. L. and J. T. Kartesz.  2000.  Observations on the Ludwigia uruguayensis 

complex (Onagraceae) in the United States.  Castanea 65:123–125. 
 
Nesom, G. L. and R. J. O’Kennon.  2002.  New vascular plant records for Texas.  Sida 

20:435–436. 
 
New York Botanical Garden. 2009. Index Herbarbariorum.  

<http://sciweb.nybg.org/science2/IndexHerbariorum.asp> 
 
Nixon, E. S. and S. C. Damuth.  1987.  Five additions to the Texas flora.  Sida 12:421–

423.   
 
O’Kennon, R. J.  1991a.  Paliurus spina-christi (Rhamnaceae) new for North America in 

Texas.  Sida 14:606–609. 
 
O’Kennon, R. J.  1991b.  Euphorbia lathyris (Euphorbiaceae) new for Texas.  Sida 

14:609–610. 
 
O'Kennon, R. J., G. M. Diggs, Jr., and R. K. Hoggard.  1998a.  Plantago coronopus 

(Plantaginaceae) new to Texas.  Sida 18:356–358.   
 
O'Kennon, R. J., G. M. Diggs, Jr., and B. L. Lipscomb.  1998b.  Lactuca saligna 

(Asteraceae), a lettuce new for Texas.  Sida 18:615–619.   
 
O'Kennon, R. J., T. M. Barkley, G. M. Diggs, Jr., and B. L. Lipscomb.  1999.  Lapsana 

communis (Asteraceae) new for Texas and notes on invasive exotics.  Sida 18:1277–
1283. 

 



106 
 

 

O’Kennon, R. J., C. McLemore, and A. K. Neill.  2003.  Fagopyrum esculentum 
(Polygonaceae), new for Texas.  Sida 20:1717–1720. 

 
Patterson, T. F. and G. L. Nesom.  2009.  Cryptostegia grandiflora (Asclepiadaceae), a 

new non-native weed for Texas.  Journal of the Botanical Research Institute of Texas 
3:461–463 

 
Pautasso, M. and M. L. McKinney.  2007.  The botanist effect revisited: plant species 

richness, county area, and human population size in the United States. Conservation 
Biology 21:1333–1340. 

 
Pimentel, D., L. Lach, R. Zuniga and D. Morrison.  2000.  Environmental and economic 

costs of nonindigenous species in the United States.  Bioscience 50:53–65. 
 
Plant Resource Center.  2007.  UT Flora of Texas Database. 

<http://www.biosci.utexas.edu/prc/Tex.html> 
 
Pysek, P.  1998a.  Is there a taxonomic pattern to plant invasions?  Oikos 82:282–294. 
 
Pysek, P.  1998b.  Alien and native species in central European urban floras: a 

quantitative comparison.  Journal of Biogeography 25:155–163. 
 
Pysek, P., D. M. Richardson, M. Rejmanek, G. L. Webster, M. Williamson and J. 

Kirschner.  2004.  Alien plants in checklists and floras: towards better communication 
between taxonomists and ecologists.  Taxon 53:131–143. 

 
Qian, H. and R. E. Ricklefs. 2006. The role of exotic species in homogenizing the North 

American flora. Ecology Letters 9:1293–1298. 
 
R Development Core Team.  2005.  R: A language and environment for 

statistical computing.  R Foundation for Statistical Computing, 
Vienna, Austria. ISBN 3-900051-07-0, URL <http://www.R-project.org.> 

 
Rabeler, R. K.  1985.  Petrorhagia (Caryophyllaceae) of North America.  Sida 11:6–44. 
 
Rabeler, R. K. and A. A. Reznicek.  1997.  Cerastium pumilum and Stellaria pallida 

(Caryophyllaceae) new to Texas.  Sida 17:843–845. 
 
Radosevich, S. R., M. M. Stubbs and C. M. Ghersa.  2003.  Plant invasions – process and 

patterns.  Weed Science 51:254–259. 
 
Ramamoorthy, T. P. and E. M. Zardini.  1987.  The systematics and evolution of 

Ludwigia sect. Myrtocarpus sensu lato (Onagraceae).  Systematic Botany 
Monographs 19:1–120. 

 



107 
 

 

Ramamoorthy, T. P. and B. L. Turner.  1992.  Nomaphila stricta (Acanthaceae), a newly 
discerned aquatic weed in Texas, and the first report for North America.  Sida 
15:115–117. 

 
Reed, M. D. 1997. Manual of the dicot flora of Brazos and surrounding counties. M.S. 

thesis, Texas A&M University, College Station. 
 
Reed, M. D.  2004.  Silene conoidea (Caryophyllaceae) new to Texas.  Sida 21:493–494.   
 
Reed, M. D.  2005.  Key to the angiosperm flora of Brazos and surrounding counties.  

Texas A&M University, College Station. 
 
Reed, M. D. and M. Ketchersid.  1998.  Lycianthes asarifolia (Solanaceae) new and 

weedy in Texas.  Sida 18:361–362. 
 
Reed, M. D., M. Ketchersid, and R. L. Thompson.  2004.  Solanum viarum (Solanaceae) 

— tropical soda-apple – confirmed from Texas.  Sida 21:1171–1174.   
 
Reed, M. D., R. V. Lansdown and T. G. Rich. 2008.  The species of Fumaria 

(Papaveraceae) in Texas, including F. densiflora, first records from North America.  
Journal of the Botanical Research Institute of Texas 2:1347–1351. 

 
Reichard, S. E. 1997. Prevention of invasive plant introductions on national and local 

levels.  In: Luken, J. O., Thieret, J. W. (eds.). Assesment and management of plant 
invasions. Springer-Verlag, New York, pp. 215–227. 

 
Richardson, A. and K. King.  2008.  Neptunia plena (Fabaceae: Mimosoideae) 

rediscovered in Texas.  Journal of the Botanical Research Institute of Texas 2:1491–
1493. 

 
Richardson, D. M., P. Pysek, M. Rejmanek, M. G. Barbour, F. Dane Panetta and Carol J. 

West. 2000. Naturalization and invasion of alien plants: concepts and definitions. 
Diversity and Distributions 6:93–107. 

 
Rodman, J. E.  1974.  Systematics and evolution of the genus Cakile (Cruciferae).  

Contributions of the Gray Herbarium 205:3–146.  
 
Rosen, D. J.  2000.  Cryptocoryne beckettii (Araceae), a new aquatic plant in Texas.  Sida 

19:399–401. 
 
Rosen, D. J. and R. B. Faden.  2005.  Gibasis pellucida (Commelinaceae), a new and 

potentially weedy genus and species for Texas.  Sida 21:1931–1934.  
 
Rudd, V. E.  1955.  The American species of Aeschynomene.  Contributions of the U.S. 

National Herbarium 32:1–172. 
 



108 
 

 

Saunders, K.  2005.  First record of Nymphoides indica (Menyanthaceae) in Texas.  Sida 
21:2441–2443.  

 
Singhurst, J. R., W. Ledbetter, and W. C. Holmes.  1997.  Ardisia crenata (Myrsinaceae): 

new to Texas.  Southwestern Naturalist 42:503–504. 
 
Singhurst, J. R. and W. C. Holmes.  2000.  Dipsacus fullonum (Dipsacaceae) and 

Verbesina walteri (Asteraceae), new to Texas.  Sida 19:723–725.  
 
Singhurst, J. R., M. White, and W. C. Holmes.  2002.  Noteworthy collections: Texas. 

Vicia grandiflora (Fabaceae), Iris fulva (Iridaceae), and Silene virginica 
(Caryophyllaceae).  Castanea 67:213–216. 

 
Singhurst, J. R., E. L. Keith, and W. C. Holmes.  2005.  Three species of vascular plants 

new to Texas.  Phytologia 87: 124–128. 
 
Singhurst, J. R., K. M. Fleming, R. Loper, V. Privett, and W. C. Holmes.  2009.  Romulea 

rosea (Iridaceae): adventive in Texas.  Phytologia 91:73–75. 
 
Stanford , J. W. and G. M. Diggs, Jr.  1998.  Pteris vittata (Pteridaceae), a new fern for 

Texas.  Sida 18:359–360. 
 
Spellenberg, R. D., R. D. Worthington, P. Knight, and R. Fletcher.  1986.  Additions to 

the flora of New Mexico.  Sida 11:455–470.  
 
Stein, B. A.  2002.  States of the union: ranking America’s biodiversity.  NatureServe.  

Arlington,Virginia. 
 
Stohlgren, T. J., Y. Otsuki, C. A. Villa, M. Lee and J. Belnap.  2001.  Patterns of plant 

invasions: a case example in native species hotspots and rare habitats. Biological 
Invasions 3:37–50. 

 
Stohlgren, T. J., D. T. Barnett and J. T. Kartesz.  2003.  The rich get richer: patterns of 

plant invasions in the United States.  Frontiers in Ecology and the Environment 1:11–
14.  

 
Straley, G. B. and F. H. Utech.  2002.  Muscari.  In: Flora of North America Editorial 

Committee, eds. Flora of North America, vol. 26, pp. 316–318.  Oxford University 
Press, New York. 

 
Stuckey, R. L. and T. M. Barkley. 1993.  Weeds.  In: Flora of North America Editorial 

Committee, eds.  Flora of North America North of Mexico, vol. 1, pp. 193-198. 
Oxford University Press, New York. 

 
Texas Invasive Plant and Pest Council. 2009. Texas Invasives. 

<http://texasinvasives.org/> 



109 
 

 

 
Thomas, R. D.  2003.  Cynosurus echinatus (Poaceae) new to Texas.  Sida 20:837. 
 
Townsend, C. C.  1968.  Parietaria officinalis and P. judaica.  Watsonia 6:365–370. 
 
Turner, B. L., H. Nichols, G. C. Denny and O. Doron.  2003.  Atlas of the vascular plants 

of Texas, 2 vols.  Botanical Research Institute of Texas, Fort Worth.  
 
U.S. Bureau of Land Management.  2007.  U.S. Bureau of Land Management’s Weed 

Website.  <http://www.blm.gov/weeds/>  
 
U.S. Census Bureau.  2009.  Census 2000 Gateway. 

<http://www.census.gov/main/www/cen2000.html> 
 
USDA, NPGS.  2009.  Germplasm Resources Information Network.  <http://www.ars-

grin.gov/> 
 
USDA, NRCS.  2009.  The PLANTS database (http://plants.usda.gov, 13 September 

2009). National Plant Data Center, Baton Rouge, Louisiana 70874-4490 USA. 
 
USDA, NASS.  2008.  Census of Agriculture – 2002 Census Publications.  

<http://www.agcensus.usda.gov/Publications/2002/index.asp> 
 
USDA.  1990.  USDA Plant hardiness zone map. USDA Miscellaneous Publication No. 

1475. 
 
Villaseñor, J. L. and F. J. Espinosa-Garcia.  2004.  The alien flowering plants of Mexico. 

Diversity and Distributions 10:113–123. 
 
Von der Lippe, M. and I. Kowarik.  2007.  Long-distance dispersal of plants by vehicles 

as a driver of plant invasions.  Conservation Biology 21:986–996. 
 
Vuilleumier, B. S.  1973.  The genera of Lactuceae (Compositae) in the southeastern 

United States.  Journal of the Arnold Arboretum 54:42–93. 
 
Warren, S. D. and S. L. Hatch.  1984.  Bromus sterilis L. (Poaceae) new to Texas.  Sida 

10: 257–258. 
 
Weber, E. F.  1997.  The alien flora of Europe: a taxonomic and biogeographic review.  

Journal of Vegetation Science 8: 565–572. 
 
Welsh, S. L., N. D. Atwood, S. Goodrich and L. C. Higgins.  2003.  A Utah flora. 

Brigham Young University Press, Provo. 
 



110 
 

 

White, H. L. J. Sammon, J. Singhurst and W. C. Holmes.  1998.  Notes on the 
distribution of Orobanche ramosa and O. uniflora (Orobanchaceae) in Texas.  
Phytologia 85:121–124.  

 
Williams, J. K.  1994.  Emilia fosbergii (Asteraceae: Senecioneae), a new introduction to 

Texas.  Sida 16:378–379.   
 
Williams, J. K. and W. L. Lutterschmidt.  2006.  Species-area relationships indicate 

large-scale data gaps in herbarium collections.  Lundellia 9:41–50. 
 
Williamson, M.  1996.  Biological invasions. Chapman & Hall, London, United 

Kingdom. 
 
Wipff, J. K. and S. L. Hatch.  1992.  Eustachys caribaea (Poaceae: Chlorideae) in Texas.  

Sida 15:160–162. 
 
Wipff, J. K., R. I. Lonard, S. D. Jones, and S. L. Hatch.  1993.  The genus Urochloa 

(Poaceae: Paniceae) in Texas, including one previously unreported species for the 
state.  Sida 15:405–413. 

 
Wipff, J. K. and B. S. Rector.  1993.  Rottboellia cochinchinensis (Poaceae: 

Andropogoneae) new to Texas.  Sida 15:419–424.  
 
Worthington, R. D.  1990.  Additions to the flora of Texas from El Paso County.  Sida 

14:135–137. 
 
Worthington, R. D.  1996.  Comments on plant species added to the flora of Texas from 

El Paso County with more additions.  Phytologia 80:121–127.  
 



 

 

VITA 

 Jed Logan Aplaca was born in Harbor City, California, the son of Brenda 

Hathaway and Denis Aplaca.  His family moved back to Laie, Hawaii and he 

graduated from Kahuku High School.  While in high school Jed attended a Pacific 

Young Scholars program sponsored by the NSF at the University of Hawaii and was 

an intern with the Nature Conservancy of Hawaii’s Hoa’aina (Steward of the Land) 

internship program.  Jed attended Brigham Young University–Hawaii and returned 

after serving a two-year mission for the Church of Jesus Christ of Latter-day Saints.  

In the fall of 2000 Jed was awarded an internship with the National Tropical 

Botanical Gardens in Kauai, Hawaii.  Transferring to Brigham Young University in 

Provo, Utah in 2001, Jed received his Bachelor’s of Science in Conservation Biology 

in 2004.  After college Jed worked for the United States Forest Service Shrub Science 

Lab in Provo, Utah until 2005.  Jed entered the Graduate College of Texas State 

University-San Marcos in the fall of 2005. 

 

 

Permanent Address: 15011 Sugar Sweet Dr. 

 Sugar Land, Texas 77498 

This thesis was typed by Jed L. Aplaca. 

 


