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ABSTRACT 

 

 Species extinction rates are increasing throughout the world.  A way to 

combat the global loss of species is through the creation of well-placed wildlife 

reserves.  The principle objective of this study was to determine which areas 

throughout Texas most efficiently and effectively preserve extant vertebrate 

biodiversity (amphibians, reptiles, and mammals) if protected in reserves.  

Secondarily, I quantified the effectiveness of using a particular vertebrate class 

as a surrogate for others.  The Sites Simulated Annealing Algorithm was used to 

determine areas that effectively preserve biodiversity while minimizing cost.  This 

was accomplished through the use of irreplaceability values.  Irreplaceability is 

equal to the number of times each planning unit is selected in a final solution to 

the SSAA.  The SSAA was run 200 times for each scenario to determine this 

value.  Species distribution maps obtained from the Texas GAP project were the 

basis for biodiversity data, whereas economic value of land came from the 

National Agriculture Statistics Service.  I identified the best sites to establish 

reserves with current protected areas forced into the solution and also ignoring 

current protection status.  The areas of the highest conservation concern, based 

on irreplaceability, were the Edwards Plateau of Central Texas and the Trans 

Pecos Region of West Texas.  Although the irreplaceability values of planning 

units for incorporation into the reserve systems are correlated for all possible 

pairs of vertebrate classes, the associations are quite weak.   
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CHAPTER I 

INTRODUCTION 

 

At a global scale, species are going extinct at a rapid rate (Ehrlich and 

Wilson 1991, Pimm et al. 1995, Regan et al. 2001, Woodruff 2001).  Between 

3,000 and 30,000 species go extinct annually (Pimm et al. 1995, Hughes et al. 

1997, Woodruff 2001), and an estimated 250,000 species went extinct in the last 

century (Woodruff 2001).  Current extinction rates are 50-500 times greater than 

taxon-specific background rates (Woodruff 2001).  In the United States alone, 

518 species of animals and 746 species of plants are listed as endangered or 

threatened, 22 species of animals are proposed for listing, and a total of 286 

plant and animal species are candidates to be listed as endangered or 

threatened (U.S Fish and Wildlife Service 2006).  These numbers most likely 

underestimate the total number of species that should be listed (Sidle 1998).  

The situation is even more grim in many other places throughout the world 

(Pimm and Lawton 1998) and is not improving (Soule and Sanjayan 1998).  

Currently, anthropogenically induced loss of habitat is one of the main 

causes of species endangerment and extinction (Houghton 1994, Caughley and 

Gunn 1996).  Such habitat loss and fragmentation likely will continue to increase 

in the future because of an increasing human population and the concomitant 

development pressures on the land (Soule and Sanjayan 1998).  Thus, land-use 

change likely will be a primary force driving future extinctions of terrestrial 
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species (Sala et al. 2000).  Consequently, it is imperative that species are 

protected, especially if a societal goal is to maintain a diverse world with 

functioning ecosystems.   

Biodiversity (i.e., the number of species present in an area and their 

relative abundances) plays a significant role in ecosystem structure and function 

(Risser 1995).  Numerous studies have examined this relationship (Naeem et al. 

1994, Tilman and Downing 1994, MacGillivray and Grime 1995, Grime et al. 

1997, Hooper and Vitousek 1997, McGrady-Steed et al. 1997, Naeem and Li 

1997, Tilman et al. 1997, Hector et al. 1999, Cardinale et al. 2002).  A consensus 

is that a minimum number of species is necessary for ecosystem functioning 

under relatively constant conditions, and a greater number of species is 

necessary for proper functioning during times of environmental change (Loreau 

et al. 2001).  If viewed strictly from an economic standpoint, worldwide 

ecosystem processes annually account for 16-54 trillion U.S. dollars in goods 

and services (Costanza et al. 1997).   

Placing more land in reserves is paramount for the preservation of 

biodiversity (Soule and Sanjayan 1998).  Housing and commercial development, 

or resource extraction from unprotected areas, have led to habitat destruction, 

species extinctions (Margules and Pressey 2000), and diminished biodiversity 

throughout the world.  In contrast, reserves buffer elements of the natural world 

from processes that endanger their existence (Margules and Pressey 2000).   
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To preserve biodiversity of a region, reserves must be representative of 

the area and be sufficiently large to ensure the persistence of the species 

contained within them (Margules and Pressey 2000).  Unfortunately, worldwide 

reserves have not accomplished this because of poor placement and small size 

(Soule and Terborgh 1999a, Margules and Pressey 2000, Andelman and Willig 

2002, The Wildlands Project 2002, Andelman and Willig 2003).  Currently only 

about five percent of the planet’s land surface enjoys some form of protection 

(Soule and Sanjayan 1998).  For terrestrial ecosystems to be protected fully, 

approximately 50% of their land area should be included in reserves (Soule and 

Sanjayan 1998).  Globally, many areas were placed in reserves for grand 

scenery or wilderness.  Thus, they often encompassed areas that were remote or 

unproductive, and not necessarily representative of regional biotas (Margules 

and Pressey 2000).  Moreover, sites often were selected as reserves because 

they were believed to harbor few economically viable resources (Pressey et al. 

1996, Soule and Terborgh 1999b).  Generally, reserves in the United States were 

established for aesthetic beauty or recreational use, rather than for scientifically 

informed reasons (Soule and Terborgh 1999b).  Sites within current U.S. reserve 

systems are “too small, too isolated, and represent too few types of ecosystems 

to perpetuate the biodiversity of the continent” (The Wildlands Project 2002).     

Determining where to place reserves is an important part of any 

conservation strategy (Prendergast et al. 1999, Pressey et al. 1999, Pressey and 

Cowling 2001, Cowling et al. 2003, Loiselle et al. 2003, Leslie et al. 2004).  In the 
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1980s, algorithms were developed to better select areas of conservation concern 

(Cowling et al. 2003).   A reserve selection algorithm is “a procedure that 

identifies a set of complementary areas to represent particular species, 

vegetation types, or other natural features according to specified targets for each 

feature” (Pressey 2002).  The first published algorithm was developed to 

determine which areas should be placed in reserves to protect a suite of rare 

plant species (Kirkpatrick et al. 1980, Pressey 2002).  Since that time, algorithms 

have become an efficient and cost-effective way to plan for the preservation of 

biodiversity (Prendergast et al. 1999).  To avoid mass extinctions in the future, 

systematic methods for conserving biodiversity should be employed (Margules 

and Pressey 2000) because they have a number of advantages over traditional 

opportunistic, land-manager based methods of selecting reserve sites.  

Systematic methods provide an unbiased analysis of data (Cowling et al. 2003).  

They are target driven, in that goals are stated explicitly (Cowling et al. 2003).  

They provide a way to evaluate the extent to which conservation goals are 

accomplished (Pressey and Cowling 2001).  They are flexible and can be 

populated with new data or alternative conservation goals.  As such, systematic 

methods are essential for conservation planning (Margules and Pressey 2000).   

Texas needs more well-placed reserves.  Over 90% of terrestrial 

vertebrates in Texas have less than the recommended 10-50% of their 

distributions in reserves (Soule and Sanjayan 1998).  This has contributed to 91 

species currently being listed as either endangered or threatened, 1 species 
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proposed to be listed, and 20 species considered to be candidates for listing (U.S 

Fish and Wildlife Service 2006).  The vast majority of land in Texas (94.3%) is 

owned privately (Schmidly et al. 2001).  Nonetheless, Texas is a large state that 

is biologically diverse, encompassing 36 different landcover types (Parker et al. 

2003).  The Great Plains, the Southwest Desert, and the Eastern Piney Forest 

meet in Texas, and the state has 360 miles of coastland (Parker et al. 2003).  

Moreover, the Madrean Pine-Oak Woodlands, a hotspot of diversity, comprises 

parts of Texas, Mexico, and Baja California, and harbors 4108 endemic species 

(Mittermeier et al. 2005)   

The principle objective of this study is to determine which areas of Texas 

will most efficiently and effectively preserve extant biodiversity, if placed in 

reserves.  As such, this research will provide an important vision of areas in 

which to target conservation investments.  I used GAP analysis data on species 

distributions and reserve locations to identify areas that effectively preserve 

biodiversity, while minimizing cost.  I did this for each of three vertebrate classes 

(i.e., Amphibia, Reptilia, and Mammalia), as well as for these three taxa as a 

group.  I identified the best sites to target for the establishment of reserves and 

did so by including considerations of land value and current reserves.    
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CHAPTER II 

MATERIALS AND METHODS 

 

I used the Texas GAP database to obtain distributional data for mammals, 

reptiles, and amphibians (Parker et al. 2003) in Texas.  This database accounts 

for 62 amphibian, 130 mammalian, and 145 reptilian species in the state 

(Appendix I).  It is a list of all species within these taxa that spend a significant 

portion of their life in Texas and which have either known distributions or known 

habitat associations in Texas.  The Texas GAP project was completed in 2003 

and mapped the predicted distribution of species, as well as current land status 

(gamelands, national wildlife refuges, no protection, etc.) and landcover types 

throughout Texas.  Species distributions in GAP data are based on known 

locations of specimens as well as on predicted distributions based on vegetation 

(The GAP Analysis Program 2006).  Vertebrate distributions were mapped at a 

resolution of 90 meters.   

I used a simulated annealing algorithm to define areas of conservation 

importance.  Minimum set algorithms, such as annealing algorithms, play a 

beneficial role in conservation planning (Schwartz 1999) because they select 

sites for placement in a reserve system based on a specified goal concerning the 

number of representations of each species, while minimizing the cost of the 

reserve system.  Specifically, I used the Sites Simulated Annealing Algorithm 

(SSAA) of Andelman et al. (1999).  It has been used to identify sites of high 
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conservation concern in both terrestrial and marine environments, at scales 

ranging from hectares to kilometers (Bourgeron et al. 2000, Beck and Odaya 

2001, Lawler 2001, Wilmer and Weller 2001, Andelman and Willig 2002, 2003, 

Leslie et al. 2004).  This algorithm is especially useful because it allows the 

inclusion of species distributional data as well as cost of land.  A genetic 

algorithm, though quite similar to a simulated annealing algorithm, was not used 

because it provides no obvious benefit over SSAA.  Genetic algorithms are 

heuristic procedures that initially find the best solutions.  Then random parts of 

the best solutions are intermixed to determine if a better solution exists (Mitchell, 

1996).  Linear Integer Programming was not used because it provides a single 

optimal solution and neither facilitates an estimation of conservation value of 

planning units that are not included in the solution nor distinguishes the relative 

conservation value of planning units that are in the solution (Andelman et al. 

1999, Moore et al. 2003).  SSAA facilitates an assessment of the conservation 

value of each planning unit.  This is important because it is unlikely that an 

optimal solution could be purchased in its entirety.  

The SSAA randomly selects the number and identity of reserves to initially 

include in a reserve system.  It then compares the calculated cost of this initial 

system to one resulting from modifications in the number and identity of sites.  

Total reserve cost equals the cumulative cost of selected sites plus a penalty 

cost for not meeting stated conservation goals.  Sites can be added or deleted at 

each of a number of specified iterations.  If e(- change/acceptance level) < random 
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number, then the change to the reserve system is accepted; if not, it is rejected 

(Andelman et al. 1999, Andelman and Willig 2002).  Change refers to the cost of 

the new system versus the old system.  The acceptance level determines if the 

change of cost is acceptable.  The acceptance level decreases every 1000 

iterations.  Initially, large increases in cost are accepted to ensure that broad 

alternatives are considered and solutions are not local optima.  Eventually the 

algorithm only accepts random changes that reduce cost (Andelman et al. 1999).  

This process continues for a number of iterations (Andelman and Fagan 2000, 

Andelman and Willig 2002); I specified 1,000,000 iterations for each simulation 

based on recommendations of Andelman et al. (1999).   

I divided Texas into 905 planning units for consideration as targeted areas 

for reserve placement (Figs. 2.1-2.3).  The majority of planning units are 

quadrilaterals; however, those along the border of Texas are of a variety of 

shapes and sizes.  Most planning units are close to the mean size of 77,000 

hectares, but those around the state border range between 26,000 and 116,000 

hectares.  Representational goals were set to include at least 10% of each 

species’ range in Texas.  It has been proposed that between 10% to 50% of a 

species’ range should be protected for that species to persist (Soule and 

Sanjayan 1998).   

Two cost scenarios were considered in analyses.  In an equal cost 

scenario, each planning unit regardless of size or land value was considered to 

represent the same cost.  In a variable cost scenario, the size and the land value 
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of a planning unit were used to estimate cost.  Data for land value of each 

planning unit was obtained form the National Agricultural Statistics Service 

(National Agricultural Statistics Service 2002).  Such data are only available at 

the focal scale of counties.  Some planning units are contained wholly within 

counties, whereas others overlap multiple counties.  Thus, I estimated cost (C) 

as , where n is the number of counties within a planning unit, Ai is the area 

of a planning unit within county i, and Vi is the average land value of that county.  

Given that land costs were based on information at the county level, it gives a 

relative indication of the value of land in the area but is not necessarily an 

accurate estimate of cost to purchase any particular planning unit.   

A Vi i
i

n

=
∑

1

Measures of irreplaceability (Ferrier et al. 2000) were used to determine 

the conservation value of each planning unit.  Irreplaceability was equal to the 

number of times each planning unit was selected in a final solution to the SSAA.  

The algorithm was run 200 times (Andelman and Willig 2002, 2003), so a site 

selected all 200 times was completely irreplaceable and a site never selected 

had an irreplaceability value of 0. 

 Three protection criteria were considered in analyses.  If a planning unit 

was considered protected, all species that occur within that planning unit were 

considered to be protected.  In the first suite of analyses, regardless of the 

constituent areas that comprised reserves, no planning units were considered to 

be protected: therefore, no species had a priori protection.  In the second suite of 
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analyses, planning units were considered to be protected if at least 50% of their 

area currently was recognized as reserve (i.e., the 50% protection criterion).  In 

the third suite of analyses, planning units were considered protected if at least 

10% of their area currently was recognized as reserve (i.e., the 10% protection 

criterion).  Current reserves, as designated by the Texas GAP project, were 

forced into the SSAA solution (Fig. 2.4) to determine which additional planning 

units were required to preserve the most species at a specified criterion for the 

least cost.  The places considered reserves are those "having permanent 

protection from conversion of natural land cover and a mandated management 

plan in operation to maintain a natural state within which disturbance events (of 

natural type, frequency, and intensity) are allowed to proceed without 

interference or are mimicked through management" (Parker et al. 2003).  Other 

areas included are those having "permanent protection from conversion of 

natural land cover and a mandated management plan in operation to maintain a 

primarily natural state, but which may receive use or management practices that 

degrade the quality of existing natural communities" (Parker et al. 2003).  The 

extant planning units were kept as a part of the reserve system throughout the 

entire annealing process and were a part of the final solution.       

The SSAA examined four faunal groups:  mammals, reptiles, amphibians, 

and a group comprising all species of mammals, reptiles, and amphibians 

included in the GAP data.  Each of these groups was subjected to a suite of six 

analyses:  (1) no planning units initially protected, with the cost of all planning 
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units equal; (2) reserves as defined by the 10% protection criterion initially forced 

into the solution, with the cost of all planning units equal; (3) reserves as defined 

by the 50% protection criterion initially forced into the solution, with the cost of all 

planning units equal; (4) no planning units initially protected, with planning unit 

cost equal to C; (5) reserves as defined by the 10% protection criterion initially 

forced into the solution, with planning unit cost equal to C; and (6) reserves as 

defined by the 50% protection criterion initially forced into the solution, with 

planning unit cost equal to C.    

For each of the six scenarios, planning units with the highest 

irreplaceability were considered to be the best areas to target for incorporation 

into a reserve network.  Maps of irreplaceability illustrate the locations of these 

areas of high conservation concern.  Species were considered to be protected if 

≥ 10% of their range in Texas occurs in planning units within a reserve system 

(i.e., protected area).  Species were considered to be insufficiently protected if < 

10% of their range in Texas occurs in protected areas.  These percentages are 

based on the best solution for each taxon from SSAA.  The best solution from the 

200 iterations of each scenario is the one that protects the most species for the 

lowest cost.  A map was created for each of the best solutions for each scenario.      

Correspondence of sites selected for protection based on different faunal 

groups was assessed using Spearman rank correlation analysis (Sokal and Rohlf 

1995).  It is a non-parametric approach that is used to test for a monotonic rather 

than a linear association.  Correlations were completed between irreplaceability 
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values of planning units for all possible pair-wise comparisons of faunal groups.  

This was done separately for each of the six scenarios.   

To assess the effects of cost inclusion, correlations were completed 

between irreplaceability values from analyses based on equal land cost and 

variable land cost (C).  This was done for each combination of the four faunal 

groups and three reserve criteria.  For example, the irreplaceability values of 

planning units obtained from the mammal analysis with no protected planning 

units and equal cost were compared to those values from the mammal analysis 

with no protected planning units and land cost estimated as C.  Separate 

analyses were conducted for the 10% and 50% protection criteria. 

Lastly, the effects of the different protection criteria were analyzed by 

completing all pair-wise correlations between irreplaceability values of planning 

units for the simulations with no protected planning units, the 10% protection 

criterion, and the 50% protection criterion.  This was done for each faunal group 

as well as for equal cost and variable land cost (C) simulations. 
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CHAPTER 3 

RESULTS 

 

Sixty out of the 905 planning units have at least 10% of their area 

protected within reserves.  These 60 planning units encompass at least 10% of 

the ranges of each of 126 of the 337 species (37.4%) of terrestrial vertebrates 

examined in this study.  This represents 53 mammals, 56 reptiles, and 17 

amphibians.  Of the 11 endangered or threatened species in Texas, 5 are 

protected given the current network of reserves (Table 3.1).  Only 18 planning 

units have at least 50% of their area protected in reserves.  These 18 planning 

units encompass at least 10% of the ranges of each of 24 of the 337 species 

(7.1%) of terrestrial vertebrates examined in this study.  This represents 12 

mammals, 8 reptiles, and 4 amphibians (Table 3.1).   

Spearman rank correlations between irreplaceability values of the 905 

planning units were significant (P ≤ 0.01) for all pair-wise comparisons of faunal 

groups (i.e., mammals, reptiles, amphibians, and all species) within each of the 

combinations of land cost and protection criterion.  Spearman’s rho ranged from 

0.414 to 0.740 (Table 3.5). 

 

Amphibians 

Maps illustrate the geographic distribution of irreplaceability values (Figs. 

3.2 – 3.7), as well as best solutions (Figs. 3.32 – 3.37) for amphibians based on 
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all combinations of cost and protection criterion.  Even by the most liberal 

interpretation, current reserves do not adequately protect amphibians.  More 

specifically, current reserves based on the 10% protection criterion encompass at 

least 10% of the ranges of only 17 amphibians (27.4%).   None of the three 

endangered species and only one threatened species is protected under this 

protection criterion.  Based on the 50% protection criterion, 4 amphibians have 

10% of their range protected in current reserves.  Of these, none currently is 

listed as endangered or threatened (Table 3.1). 

Of the 20 planning units with the highest irreplaceability values from 

simulations with no protected planning units and variable land cost, no planning 

units are protected at the 10% or 50% protection criterion (Table 3.2).  For the 

simulation with no protected planning units and equal land cost, two of the 20 

planning units are protected based on the 10% criterion, and none is protected 

given the 50% criterion (Table 3.2).   

For amphibians, all correlations of irreplaceability values involving pairs of 

combinations of protection status and cost scenario were significant (Table 3.3).  

For equal land cost and variable land cost simulations, irreplaceability values 

from the 50% protection criterion always had a higher correlation with 

irreplaceability values from the simulations with no protected planning units than 

with the simulations based on the 10% protection criterion (Table 3.3).   

Irreplaceability values were not correlated significantly for equal land cost 

and variable land cost (C) simulations, with no protected planning units (Table 
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3.4).  However, correlations between irreplaceability values for variable land cost 

and equal land cost simulations were significant for the 10% and 50% protection 

criteria (Table 3.4). 

Irreplaceability values for amphibians always had a significant correlation 

to comparable values for mammals and reptiles (Table 3.5).  For all protection 

criteria in simulations with equal land cost, irreplaceability values for amphibians 

were more highly correlated with those of reptiles than with those of mammals.  

For all protection criteria in simulations with variable land cost, irreplaceability 

values for amphibians were more highly correlated with those of mammals than 

with those of reptiles. 

Regardless of protection criterion or cost scenario, irreplaceability values 

from analyses based on amphibians had the second highest correlation to those 

based on all species, even though the Amphibia was the least species-rich class.  

Regardless of simulation, five planning units consistently were among the top 20 

based on irreplaceability values and therefore are sites of conservation concern 

from the perspective of amphibians (Table 3.2, Fig. 3.1). 

Four species of amphibians (Appendix I) currently are listed as 

endangered or threatened in Texas (U.S Fish and Wildlife Service 2006), 

including the Houston Toad (Bufo houstonensis), Barton Springs Salamander 

(Eurycea sosorum), San Marcos Salamander (Eurycea sosorum), and the Texas 

Blind Salamander (Typhlomolge rathbuni).  All were included in the GAP data 

(Parker et al. 2003).  The three salamanders were protected adequately in each 
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simulation in which they were included.  Their protection levels ranged from 

12.85 to 100 percent of their ranges in Texas.  The Texas Blind Salamander had 

100 percent of its range in Texas protected in all simulations in which it was 

included.  In five instances, the range of the Houston Toad did not reach a 

protection level of 10% (Table 3.6).     

 

Reptiles 

Maps illustrate the geographic distribution of irreplaceability values (Figs. 

3.8 – 3.13), as well as the best solutions (Figs. 3.32 – 3.37) for reptiles based on 

all combinations of cost and protection criterion.  Current reserves do not 

adequately protect reptiles.  More specifically, current reserves based on the 

10% protection criterion encompass at least 10% of the ranges of 56 reptiles 

(38.6%).  The four endangered species and the one threatened species are 

protected adequately under this criterion.  Based on the 50% protection criterion, 

8 reptiles (5.5%) have 10% of their range protected in current reserves.  Of these 

species, none currently is listed as endangered or threatened (Table 3.1). 

Of the 20 planning units with the highest irreplaceability values from 

simulations with no protected planning units and variable land cost, no planning 

unit is protected at the 10% or 50% protection criterion (Table 3.7).  For the 

simulation with no protected planning units and equal land cost, six of the 20 

planning units are protected at the 10% criterion, and one is protected at the 50% 

criterion (Table 3.7).   
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For reptiles, all correlations of irreplaceability values involving pairwise 

combinations of protection status and cost scenario were significant (Table 3.3).  

For equal land cost and variable land cost simulations, irreplaceability values 

from the 50% protection criterion always had a higher correlation with 

irreplaceability values from the simulations with no protected planning units than 

with the simulations based on the 10% protection criterion (Table 3.3).  For each 

protection criterion, irreplaceability values for reptiles from variable land cost 

simulations had a significant correlation to irreplaceability values from the equal 

land cost simulations (Table 3.4).   

Irreplaceability values for reptiles always had a significant correlation to 

comparable values for mammals and amphibians (Table 3.5).  For simulations 

with no protected planning units and the 50% protection criteria, irreplaceability 

values for reptiles correlated more highly with those of mammals than with those 

of amphibians.  This was true for analyses with variable land cost and analyses 

having equal land cost.   

Regardless of protection criterion or cost scenario, irreplaceability values 

from simulations based on reptiles had the highest correlation to those based on 

all species.  This was expected because reptiles are the most species-rich taxon, 

representing 43.0% of vertebrate taxa (Table 3.5). 

Regardless of simulation, one planning unit was consistently among the 

top 20 based on irreplaceability values.  Planning unit 426 was selected in 4 of 
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the possible 6 simulations (Table 3.7, Fig. 3.1).  This planning unit is located on 

the Edwards Plateau of central Texas.    

Six reptiles currently are listed as endangered or threatened in Texas (U.S 

Fish and Wildlife Service 2006).  One, the Concho Water Snake (Nerodia 

paucimaculata), is not included in the Texas GAP data.  The five threatened and 

endangered species that were included in analyses are the Green Sea Turtle 

(Chelonia mydas), Hawksbill Sea Turtle (Eretmochelys imbicata), Kemp’s Ridley 

Sea Turtle (Lepidochelys kempii), Leatherback Sea Turtle (Dermochelys 

coriacea), and the Loggerhead Sea Turtle (Caretta caretta).  These species were 

represented adequately in each of the best reserve scenarios, in that 10.3% to 

20.4% of their ranges in Texas were protected. 

 

Mammals 

Maps illustrate the geographic distribution of irreplaceability values (Figs. 

3.14 - 3.19), as well as best solutions (Figs. 3.38 – 3.43) for mammals based on 

all combinations of cost and protection criterion.  Current reserves are not 

adequate to protect mammals in Texas.  More specifically, current reserves 

based on the 10% protection criterion encompass at least 10% of the ranges of 

53 mammals (40.8%).   The majority of protected species are bats (37.7%) or 

rodents (45.3%).  The Black Bear (Ursus americanus) is the only endangered or 

threatened mammal that has greater than 10% of its range protected (20.0%).  

Based on the 50% protection criterion, 12 mammals have at least 10% of their 
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range protected in current reserves.  Of these, 7 (58.3%) are bats. None of the 

protected species currently is listed as endangered or threatened (Table 3.1).   

Of the 20 planning units with the highest irreplaceability values from 

simulations with no protected planning units and variable land cost, only two are 

protected given the 10% protection criterion.  None of the 20 planning units are 

protected given the 50% protection criterion (Table 3.8).  For the simulation with 

no protected planning units and equal land cost, six of the top 20 planning units 

are protected given the 10% criterion, and one is protected at the 50% criterion 

(Table 3.8).   

For mammals, all correlations of irreplaceability values involving pairwise 

combinations of protection status and cost scenario were significant (Table 3.3).  

For equal land cost and variable land cost simulations, irreplaceability values 

from the 50% protection criterion always had a higher correlation with 

irreplaceability values from the simulations with no protected planning units 

included than with the simulations based on the 10% protection criterion (Table 

3.3).  For each protection criterion, irreplaceability values for mammals from 

variable land cost simulations had a significant correlation to irreplaceability 

values from the equal land cost simulations (Table 3.4).  The highest correlation 

of irreplaceability values between land cost and equal cost simulations occurred 

for the 10% protection criterion. 

Irreplaceability values for mammals always had a significant correlation to 

comparable values for reptiles and amphibians (Table 3.5).  Mammals did not 
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consistently correlate higher with one of the other classes.  I expected mammal 

irreplaceability to correlate highly with irreplaceability of the all species group 

because this class contained the second highest species richness.  Mammals 

comprise 130 species, whereas reptiles comprise 145 species and amphibians 

comprise 62 species.  However, irreplaceability of planning units for mammals 

had the lowest correlation to the irreplaceability of planning units for all species in 

all analyses (Table 3.5). 

Only five planning units (Fig. 3.1) were among those with the highest 

irreplaceability values (top 20) in at least 4 of the possible 6 simulations.  These 

planning units are important for the conservation of mammals, regardless of 

reserve criterion or cost scenario. 

Eight mammalian species are listed currently as endangered or 

threatened in Texas (U.S Fish and Wildlife Service 2006).  Two of these (Finback 

Whale and Humpback Whale) presumably were not included in the GAP analysis 

data because they are strictly marine.  Three other species (Mexican Long-

Nosed Bat, Jaguar, and West Indian Manatee) presumably were not included 

because their ranges do not currently include Texas, even though they have 

been found historically in the state.  The three endangered or threatened species 

in analyses are the Ocelot (Felis pardalis), Jaguarundi (Felis yagouaroundi), and 

Black Bear (Ursus americanus).  However, a subspecies of Black Bear, Ursus 

americanus luteolus, is listed as threatened in Texas and the GAP program 

makes no distinction of subspecies.  Another more abundant subspecies of black 
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bear, Ursus americanus amblyceps, also occurs in Texas.  Therefore, when 

results indicate that the Black Bear is protected, the endangered subspecies may 

not be.  These species were represented adequately in each of the best reserve 

scenarios, in that 10.4% to 32.3% of their ranges in Texas were protected (Table 

3.6).   

 

All Species 

Maps illustrate the geographic distribution of irreplaceability values (Figs. 

3.20 - 3.25), as well as best solutions (Figs. 3.44 – 3.49) for all species based on 

all combinations of cost and protection criterion.  Of the 20 planning units with the 

highest irreplaceability values from the simulation using all species with no 

protected planning units and estimated land cost, only two are protected given 

the 10% reserve criterion.  None of the 20 planning units is protected given the 

50% reserve criterion (Table 3.9).  For the simulation with no protected planning 

units with equal land cost, four of the 20 planning units are protected given the 

10% criterion, and none is protected given the 50% criterion (Table 3.9). 

For the all species group, all correlations of irreplaceability values 

involving pairwise combinations of protection status and cost scenario were 

significant (Table 3.3).  For equal land cost and variable land cost simulations, 

irreplaceability values from the 50% protection criterion always had a higher 

correlation with irreplaceability values from the simulations with no protected 

planning units included than with the simulations based on the 10% protection 
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criterion (Table 3.3).  For each protection criterion, irreplaceability values for all 

species from variable land cost simulations had a significant correlation to 

irreplaceability values from the equal land cost simulations (Table 3.4).  The 

highest correlation of irreplaceability values between land cost and equal cost 

simulations occurred for the 10% protection criterion. 

Irreplaceability values for the all species group always had a significant 

correlation to comparable values for amphibians, reptiles, and mammals (Table 

3.5).  Regardless of protection criterion or cost scenario, correlations were 

highest with reptiles.   

 

Cost 

Cost had a significant effect on the selection of planning units.  The equal 

cost simulation always selected fewer planning units than did the simulation 

including variable land value.  Moreover, equal cost simulations always protected 

more species than did comparable analyses with variable cost of land value 

(Table 3.10).  Irreplaceability values based on equal land cost were significantly 

correlated to similar analyses based on variable land cost, with one exception 

(i.e., amphibians when no reserves were forced into the solution, Table 3.4).  For 

each taxon, correlations between irreplaceability values from estimated land cost 

and equal land cost simulations were lowest with no protected planning units and 

highest for the 10% protection criterion (Table 3.4). 
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Protection Criteria 

All pairwise correlations of irreplaceability values between protection 

criteria within faunal groups were significant (Table 3.3).  In all instances, 

irreplaceability values of the 50% reserve criterion had the highest correlation to 

those from simulations with no protected planning units.  Correlations of 

irreplaceability values between simulations with no protected planning units and 

the 50% criterion always were lowest (Table 3.3).   
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Table 3.1.  Species sufficiently protected (≥10% of range in Texas in reserves) based on the 50% 
and 10% protection criteria.  An asterisk (*) designates an endangered species as defined by the 
U.S. Fish and Wildlife Service (2006). 
         

Taxon 
% Range 
Protection  Taxon 

% Range 
Protection 

50% Criterion 
Euderma maculatum 0.847  Cnemidophorus uniparens 0.156 
Nyctinomops femorosaccus 0.839  Mephitis macroura 0.150 
Crotaphytus reticulatus 0.579  Necturus beyeri 0.149 
Leptonycteris nivalis 0.578  Ambystoma talpoideum 0.135 
Trachemys gaigeae 0.488  Sigmodon ochrognathus 0.129 
Cnemidophorus septemvittatus 0.306  Graptemys ouachitensis 0.127 
Syrrhophus guttilatus 0.290  Myotis ciliolabrum 0.123 
Eumops perotis 0.268  Myotis californicus 0.113 
Ambystoma maculatum 0.258  Salvadora deserticola 0.110 
Myotis volans 0.186  Peromyscus nasutus 0.110 
Sceloporus merriami 0.166  Onychomys arenicola 0.106 
Chrysemys picta 0.165  Nasua narica 0.102 
     

10% Criterion 
Tamias canipes 0.996  Rana grylio 0.781 
Euderma maculatum 0.992  Sceloporus poinsettii 0.691 
Nyctinomops femorosaccus 0.988  Chrysemys picta 0.635 
Microtus mexicanus 0.981  Cnemidophorus septemvittatus 0.580 
Leptonycteris nivalis 0.963  Geomys arenarius 0.520 
Crotaphytus reticulatus 0.841  Syrrhophus guttilatus 0.512 
Trachemys gaigeae 0.811  Eumops perotis 0.494 
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Table 3.1. (Continued.)     
     

Taxon 
% Range 
Protection  Taxon 

% Range 
Protection 

Ambystoma maculatum 0.390  Onychomys arenicola 0.227 
Myotis volans 0.359  Ochrotomys nuttalli 0.221 
Tantilla rubra 0.350  Myotis thysanodes 0.218 
Ambystoma talpoideum 0.344  Sigmodon ochrognathus 0.217 
Sceloporus merriami 0.335  Ambystoma opacum 0.216 
Lasiurus blossevillii 0.328  Notophthalmus viridescens 0.216 
Graptemys ouachitensis 0.324  Arizona elegans 0.209 
Necturus beyeri 0.307  Crotalus scutulatus 0.202 
Desmognathus auriculatus 0.306  *Ursus americanus 0.200 
Cnemidophorus uniparens 0.300  Gambelia wislizenii 0.200 
Amphiuma tridactylum 0.289  Carphophis amoenus 0.199 
Corynorhinus rafinesquii 0.285  Peromyscus eremicus 0.199 
Pseudacris crucifer 0.280  Eurycea quadridigitata 0.198 
Mephitis macroura 0.274  Sceloporus magister 0.196 
Myotis ciliolabrum 0.272  Peromyscus gossypinus 0.196 
Myotis austroriparius 0.254  Chaetodipus intermedius 0.193 
Myotis californicus 0.251  Myotis yumanensis 0.191 
Cnemidophorus neomexicanus 0.251  Trimorphodon biscutatus 0.190 
Kinosternon carinatus 0.247  Perognathus flavus 0.189 
Peromyscus nasutus 0.243  Mormoops megalophylla 0.188 
Leptodeira septentrionalis 0.238  *Eretmochelys imbricata 0.184 
Peromyscus boylii 0.235  *Lepidochelys kempii 0.184 
Eumeces anthracinus 0.228  *Dermochelys coriacea 0.184 
Lasiurus seminolus 0.228  *Chelonia mydas 0.182 
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Table 3.1. (Continued.)     
     

Taxon 
% Range 
Protection  Taxon 

% Range 
Protection 

*Caretta caretta 0.182  Apalone mutica 0.141 
Eumeces tetragrammus 0.182  Eumeces laticeps 0.141 
Neotoma mexicana 0.182  Ondatra zibethicus 0.141 
Reithrodontomys humulis 0.178  Regina grahamii 0.139 
Blarina carolinensis 0.175  Sistrurus miliarius 0.133 
Cervus elaphus 0.175  Drymobius margaritiferus 0.133 
Nasua narica 0.172  Hyla squirella 0.130 
Nerodia cyclopion 0.171  Lasiurus intermedius 0.129 
Kinosternon hirtipes 0.169  Castor canadensis 0.127 
Alligator mississippiensis 0.167  Pseudemys concinna 0.127 
Elaphe subocularis 0.167  Sylvilagus aquaticus 0.127 
Rana palustris 0.164  Diadophis punctatus 0.123 
Cnemidophorus inornatus 0.159  Lutra canadensis 0.122 
Deirochelys reticularia 0.156  Nyctinomops macrotis 0.122 
Chaetodipus nelsoni 0.155  Sceloporus undulatus 0.121 
Kinosternon subrubrum 0.154  Cnemidophorus tesselatus 0.120 
Leptotyphlops humilis 0.151  Ambystoma texanum 0.119 
Cnemidophorus exsanguis 0.150  Chaetodipus penicillatus 0.118 
Geomys breviceps 0.148  Corynorhinus townsendii 0.118 
Ammospermophilus interpres 0.148  Hyla versicolor 0.116 
Plethodon albagula 0.146  Thamnophis proximus 0.116 
Glaucomys volans 0.144  Hyla chrysoscelis 0.115 
Sciurus carolinensis 0.144  Macroclemys temminckii 0.114 
Gerrhonotus infernalis 0.142  Nerodia rhombifer 0.110 
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Table 3.1. (Continued.)     
     

Taxon 
% Range 
Protection  Taxon 

% Range 
Protection 

Virginia valeriae 0.110  Crotalus molossus 0.106 
Cnemidophorus tigris 0.110  Salvadora grahamiae 0.103 
Ophisaurus attenuatus 0.108  Eptesicus fuscus 0.103 
Crotalus horridus 0.108  Neotoma albigula 0.102 
Nerodia clarkii 0.107  Antrozous pallidus 0.101 
Odocoileus hemionus 0.107  Pipistrellus hesperus 0.101 
Microtus pinetorum 0.106  Rana areolata 0.100 
Elaphe obsoleta 0.106      



Table 3.2.  The 20 planning units (see Figs. 2.2 and 2.3) with the highest 
irreplaceability values for amphibians, listed in order from highest (top) to 
lowest (bottom).  Planning units with a subscript 10 are protected based on 
the 10% protection criterion.  Planning units with a subscript 50 are 
protected based on the 50% protection criterion.  Those without subscripts 
are not protected. 
              

Variable Land Cost (C)  Equal Land Cost 
No 

Protection  
10% 

Protection 
50% 

Protection   
No 

Protection 
10% 

Protection 
50% 

Protection
700 700 700  700 700 700 
698 609 884  698 698 15910 
198 884 835  847 609 847 
884 698 609  640 671 698 
171 441 198  623 723 901 
274 350 171  139 847 879 
146 171 626  15910 607 900 
124 34 698  901 879 640 
350 640 34  900 900 723 
835 124 350  343 262 114 
34 25 640  723 123 811 
38 198 274  671 156 139 
632 33 146  825 901 825 
147 146 124  590 888 486 
585 110 110  388 724 343 
170 197 879  811 640 342 
640 626 25  314 641 19010 
609 170 170  47910 158 671 
110 109 161  123 441 131 
197 879 659   405 405 484 
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Table 3.3.  Significance levels (** 0.01 ≥ P > 0.001) of Spearman rank correlation analyses  
(N = 905) assessing the association between irreplaceability values based on different 
protection criteria and land cost estimates for each faunal group.  The subscripts of r define 
which protection criteria are correlated.  No, 10, and 50 refer to the protection criteria of no 
protected planning units, 10% protection, and 50% protection, respectively.   
               
 Variable Land Cost (C)  Equal Land Cost 

Faunal 
Group rNo-10% r r r r r10%-50% No-50%  No-10% 10%-50% No-50% 

Amphibians 0.521** 0.640** 0.809**  0.450** 0.593** 0.779** 
Reptiles 0.588** 0.667** 0.818**  0.493** 0.624** 0.808** 
Mammals 0.478** 0.557** 0.864**  0.506** 0.618** 0.805** 
All Species 0.560** 0.657** 0.806**  0.538** 0.672** 0.781** 
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Table 3.4.  Spearman rank correlations (N = 905) and significance (** 0.01 ≥ P > 0.001) 
between irreplaceability values from analyses with variable land cost (C) and equal cost for 
each faunal group separately (i.e., mammals, amphibians, reptiles, and all species).   
 
     
  Variable Land Cost (C) 

Faunal 
Group   No Protection 10% Protection 50% Protection 

Amphibians Equal Cost          0.054 0.523** 0.179** 
Reptiles Equal Cost 0.211** 0.506** 0.307** 
Mammals Equal Cost 0.285** 0.509** 0.286** 
All Species Equal Cost 0.243** 0.476** 0.359** 
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Table 3.5.  Spearman rank correlations (N = 905) and significance (** 0.01 ≥ P > 0.001) of irreplaceability 
values between all possible pairs of faunal groups (mammals, amphibians, reptiles, and all species) for each 
combination of protection criterion and land cost.   
                     
  Equal Cost  Variable Land Cost (C) 
    Amphibians Reptiles Mammals All Species  Amphibians Reptiles Mammals All Species 
No Protection          
 Amphibians     1.000 0.508** 0.414** 0.599**      1.000 0.537** 0.550** 0.656** 
 Reptiles 0.508**  1.000 0.428** 0.687**  0.537**  1.000 0.495** 0.740** 
 Mammals 0.414** 0.428**   1.000      0.596**  0.550** 0.495**   1.000 0.590** 
 All Species 0.599** 0.687** 0.596**      1.000  0.656** 0.740** 0.590**      1.000 
           
10% Protection          
 Amphibians     1.000 0.544** 0.420** 0.671**      1.000 0.449** 0.461** 0.656** 
 Reptiles 0.544**  1.000 0.565** 0.733**  0.449**  1.000 0.466** 0.706** 
 Mammals 0.420** 0.565** 1.000 0.581**  0.461** 0.466**   1.000 0.572** 
 All Species 0.671** 0.733** 0.581**      1.000  0.656** 0.706** 0.572**      1.000 
           
50% Protection          
 Amphibians     1.000 0.590** 0.440** 0.665**      1.000 0.494** 0.513** 0.607** 
 Reptiles 0.590**  1.000 0.414** 0.731**  0.494**  1.000 0.455** 0.731** 
 Mammals 0.440** 0.414**   1.000 0.579**  0.513** 0.455**   1.000 0.541** 
 All Species 0.655** 0.731** 0.579**      1.000  0.607** 0.731** 0.541**      1.000 
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Table 3.6.  Percentage of ranges of endangered species that are protected for each 
combination of cost scenario and protection criterion.  When protection levels are below the 
10% goal, the percent is bold.   
          
  Endangered Species No Protection 50% Protection 10% Protection 
Amphibians, Equal Land Cost    
 Eurycea sosorum 70.73 29.27 70.73 
 Bufo houstonensis 17.72 17.20   9.48 
 Eurycea nana 15.11 15.11 66.88 
 Eurycea rathbuni   100.00 100.00    100.00 
     
Amphibians, Variable Land Cost    
 Eurycea sosorum 70.73 70.73 70.73 
 Bufo houstonensis 9.83   9.83 11.18 
 Eurycea nana 12.85 12.85 12.85 
 Eurycea rathbuni   100.00        100.00        100.00 
     
Reptiles, Equal Land Cost    
 Eretmochelys imbricata 10.33 11.17 18.41 
 Chelonia mydas 10.38 11.23 18.24 
 Lepidochelys kempii 10.33 11.17 18.41 
 Dermochelys coriacea 10.33 11.17 18.41 
 Caretta caretta 10.38 11.23 18.24 
     
Reptiles, Variable Land Cost    
 Eretmochelys imbricata 18.19 12.86 21.67 
 Chelonia mydas 18.02 12.74 21.47 
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Table 3.6. (Continued.)    
     
  Endangered Species No Protection 50% Protection 10% Protection 
 Lepidochelys kempii 18.19 12.86 21.67 
 Dermochelys coriacea 18.19 12.86 21.67 
 Caretta caretta 18.02 12.74 21.47 
     
Mammals, Equal Land Cost    
 Felis yaguarondi 22.96 10.76 22.32 
 Felis pardalis 12.92 15.15 14.90 
 Ursus americanus 32.34 18.09 22.02 
     
Mammals, Variable Land Cost    
 Felis yaguarondi 11.56 11.56 10.76 
 Felis pardalis 10.41 12.09 14.01 
 Ursus americanus 21.33 13.12 31.00 
     
All Species, Equal Land Cost    
 Eretmochelys imbricate 12.85 10.70 18.41 
 Eurycea sosorum 70.73 70.73 70.73 
 Ursus americanus 11.2 24.69 26.08 
 Chelonia mydas 12.76 10.6 18.24 
 Bufo houstonensis 12.52 10.73 10.02 
 Felis yaguarondi 13.32 27.15 17.93 
 Lepidochelys kempii 12.85 10.70 18.41 
 Dermochelys coriacea 12.85 10.70 18.41 
 Caretta caretta 12.76 10.60 18.24 
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Table 3.6. (Continued.)    
     
  Endangered Species No reserves 50% reserves 10% reserves  
 Felis pardalis 12.27 13.57 18.02 
 Eurycea nana 66.88 12.85 12.85 
 Eurycea rathbuni       100.00        100.00        100.00 
     
All Species, Variable Land Cost    
 Eretmochelys imbricata 13.46 12.00 20.36 
 Eurycea sosorum 70.73 70.73 70.73 
 Ursus americanus 29.79 22.21 30.87 
 Chelonia mydas 13.33 11.89 20.17 
 Bufo houstonensis 9.83            9.83 11.18 
 Felis yaguarondi  16.38 11.56 11.45 
 Lepidochelys kempii 13.46 12.00 20.36 
 Dermochelys coriacea 13.46 12.00 20.36 
 Caretta caretta 13.33 11.89 20.17 
 Felis pardalis 14.04 15.09 17.55 
 Eurycea nana 12.85 66.88 66.88 
 Eurycea rathbuni     100.00    100.00 100.00 
     

 

 

 



Table 3.7.  The 20 planning units (see Figs. 2.2 and 2.3) with the highest 
irreplaceability values for reptiles, listed in order from highest (top) to 
lowest (bottom).  Planning units with a subscript 10 are protected based on 
the 10% protection criterion.  Planning units with a subscript 50 are 
protected based on the 50% protection criterion.  Those without subscripts 
are not protected. 
              

Variable Land Cost (C)  Equal Land Cost 
No 

Protection  
10% 

Protection 
50% 

Protection   
No 

Protection 
10% 

Protection 
50% 

Protection
426 306 426  19010 131 900 
339 522 879  47910 461 19010 
522 458 339  30110 900 811 
458 426 306  900 390 859 
34 34 34  859 496 793 
879 557 522  61910 426 879 
891 560 458  618 749 30010 
711 340 891  811 859 155 
585 390 835  158 157 587 
878 487 161  30010 851 44 
371 593 371  623 725 901 
161 386 878  217 103 877 
35 891 444  336 114 620 
884 422 884  661 497 461 
306 344 160  901 901 860 
412 343 25  271 344 727 
148 594 752  461 860 30110 
835 417 35  131 354 389 
162 752 171  711 380 858 
25 505 711   155 793 483 
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Table 3.8.  The 20 planning units (see Figs. 2.2 and 2.3) with the highest 
irreplaceability values for mammals, listed in order from highest (top) to 
lowest (bottom).  Planning units with a subscript 10 are protected based on 
the 10% protection criterion.  Planning units with a subscript 50 are 
protected based on the 50% protection criterion.  Those without subscripts 
are not protected. 
              

Variable Land Cost (C)  Equal Land Cost 
No 

Protection  
10% 

Protection 
50% 

Protection   
No 

Protection 
10% 

Protection 
50% 

Protection
30510 800 30510  30510 901 30510 
408 891 408  901 18 901 
891 519 891  47910 139 554 
519 124 519  554 114 519 
516 110 822  18 554 114 
412 198 904  519 131 641 
693 693 412  661 343 18 
585 125 693  71610,50 117 30110 
448 146 517  114 342 113 
550 147 881  30010 900 15910 
113 132 875  586 341 343 
517 342 83610  641 68 902 
822 87 124  139 696 30010 
27 904 113  15910 569 117 
372 172 448  61910 519 822 
198 412 343  696 586 342 
881 113 27  900 103 569 
343 343 585  902 882 875 

83610 27 198  822 859 900 
178 173 876   618 751 661 
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Table 3.9.  The 20 planning units (see Figs. 2.2 and 2.3) with the highest 
irreplaceability values for all species, listed in order from highest (top) to 
lowest (bottom).  Planning units with a subscript 10 are protected based on 
the 10% protection criterion.  Planning units with a subscript 50 are 
protected based on the 50% protection criterion.  Those without subscripts 
are not protected. 
              

Variable Land Cost (C)  Equal Land Cost 
No 

Protection  
10% 

Protection 
50% 

Protection   
No 

Protection 
10% 

Protection 
50% 

Protection
30510 700 30510  30510 700 30510 
700 339 700  700 519 700 
274 441 371  901 901 901 
891 835 274  698 698 698 
24 306 519  723 800 519 
519 698 891  47910 405 847 
339 640 698  640 426 30110 
371 519 835  847 640 640 
698 27 350  30110 723 158 
27 891 522  554 671 723 
350 522 640  519 390 620 
198 426 904  811 158 405 
34 904 339  217 114 73810 
522 609 198  405 139 671 
640 24 27  671 859 800 
904 198 34  158 157 735 
585 800 24  19010 131 114 
33 146 306  800 851 811 
835 343 343  426 641 426 

51510 274 124  672 734 607 
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Table 3.10.  The average number of planning units included in solutions to the Sites Simulated 
Annealing Algorithm, and the average number of species that did not have at least 10% of their 
range contained within the planning units in the solution. 
              
  Variable Land Cost (C)  Equal Land Cost 

    
Number of 

Planning Units 
Number of 

Missing Species   
Number of 

Planning Units 
Number of 

Missing Species 
Mammals      
 No protection 94.8 7.5  86.0 5.6 
 10% protection        104.9 6.3  98.8 3.0 
 50% protection 94.9 6.4  87.3 5.4 
       
Amphibians      
 No protection 93.3 6.6  80.3 3.7 
 10% protection        105.1 6.0  99.0 4.3 
 50% protection 93.7 6.8  83.9 3.2 
       
Reptiles      
 No protection 95.0 7.9  85.4 7.1 
 10% protection        113.6 5.7         105.4 5.0 
 50% protection 97.9 7.3  88.5 6.4 
       
All Species      
 No protection 100.9           12.4  89.8 9.7 
 10% protection 118.3           10.7   109.4 7.6 
  50% protection 104.1           11.8   92.9 9.3 
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CHAPTER 4 

DISCUSSION 

 

Surrogates in Conservation Planning 

 Many have sought to measure surrogates that accurately reflect spatial or 

temporal dynamics of biodiversity (Andelman and Fagan 2000, Sarkar et al. 

2000, Williams et al. 2000, Moritz et al. 2001, Garson et al. 2002, Warman et al. 

2004).  Such surrogates should facilitate faster and more cost-efficient 

conservation planning.  Unfortunately, the majority of studies (Andelman and 

Fagan 2000, Williams et al. 2000, Moritz et al. 2001, Warman et al. 2004) 

suggest that effective surrogates do not exist and that comprehensive surveys 

are a necessary component of conservation planning.  Although all correlation 

analyses of irreplaceability values within all combinations of protection criterion 

and land cost were significant between classes, Spearman’s rho generally was 

low (≤ 0.565), suggesting considerable differences in the irreplaceability values of 

planning units depending on faunal group.  As such, one vertebrate taxon 

generally would not be a good surrogate for another vertebrate taxon.  For 

example, the best solution for each vertebrate class adequately protected 

between 46.2 and 84.6% of the species of other vertebrate classes, depending 

on reserve criterion and cost scenario (Table 4.1).  For all pairwise comparisons 

of faunal groups within all combinations of protection criterion and land cost, all 

correlations of irreplaceability values for planning units included in the top 20 
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were not significant, except in two cases:  those of amphibians and mammals 

with equal cost and the 50% protection criterion, and those of mammals and the 

all species group with variable land cost and the 50% protection criterion (Table 

4.2).  This suggests that associations between faunal groups are primarily a 

consequence of the many planning units with low irreplaceability values rather 

than similarity in the identity of planning units with high irreplaceability values.  

Hotspots for conservation investment are considerably different for amphibians, 

reptiles, and mammals.     

 

Effects of Cost 

Within each combination of protection criterion and faunal group, 

correlations between irreplaceability values from variable land cost and equal 

land cost simulations were significant.  However, Spearman’s rho was generally 

quite low (≤ 0.509), suggesting considerable differences in the ranking of 

planning units.  Correlation analyses of irreplaceability values for planning units 

included among the top 20 for variable land cost and equal land cost simulations, 

for any combination of protection criterion and faunal group, were not significant 

(Table 4.3).  The highest priority sites were largely different between the two cost 

scenarios.  The cost to purchase a planning unit influenced the number and 

identity of selected planning units (Table 3.4).  In all cases, more planning units 

were chosen and fewer species were represented adequately when variable land 

cost (C) was part of the selection algorithm (Table 3.10).  On average, 8.0 
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species were not adequately represented when land value was used to estimate 

cost whereas 5.9 species were not adequately represented when land costs 

were considered invariant.  This was likely the case because planning units that 

were expensive in estimated land cost simulations would not be selected 

frequently.  However, equal land cost simulations could select the most efficient 

sites to preserve species regardless of true land cost.  Nonetheless, total 

estimated cost to purchase each best solution was always more when land value 

was ignored in targeting the selection of planning units (Table 4.4).  On average, 

simulations including estimated land cost were 29.7% less expensive than those 

assuming invariant land values.  Species were slightly better represented by 

equal land cost simulations; however, it can be argued that the slight increase in 

protected species range (an additional 2.1 species were adequately protected) 

may not be worth the large increase in cost.  In the long run, conservation 

decisions that do not include estimations of real land value may be prohibitively 

costly, even though they involve fewer planning units.  

    

Protection Criteria 

Correlations of irreplaceability values between simulations involving the 

three different protection criteria (no protected planning units, 50% protection, 

and 10% protection) were significant for all combinations of land cost and faunal 

group.  The highest correlations occurred between irreplaceability values from 

simulations with no planning units forced into the solution and those from 
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simulations using the 50% protection criterion.  This likely occurred because a 

small amount of Texas is protected by reserves and only eighteen planning units 

were protected based on the 50% protection criterion.  Consequently, both the 

simulations with no planning units forced into the solution and those with the 50% 

protection criterion required more area of effected species to be included in the 

planning units that would be selected by the algorithm.  Using the same logic, 

irreplaceability values from simulations using the 10% protection criterion were 

correlated more highly with irreplaceability values from simulations using the 50% 

protection criterion than with those in which no planning units were forced into 

the solutions.  Correlation analyses of irreplaceability values for planning units 

included among the top 20 for the three protection criteria generally were not 

significant with three exceptions (Table 4.5).  Two of the three significant 

correlations were between simulations using no protected planning units and the 

50% protection criterion.  The way protection is assessed, even in areas of low 

reserves, can greatly affect the reserve solution and therefore in future 

conservation planning, protection assessment should be examined and justified.              

 

Conservation Recommendations  

Planning units of high irreplaceability were found in each of the ten 

Ecoregions of Texas in at least one of the simulations involving all species.  This 

suggests that, to some extent, all Ecoregions in Texas are important areas for 

conservation of vertebrates.  More specifically, planning units of high 
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irreplaceability were found in each of the Ecoregions in at least one of the 

simulations involving all species and either the 10% or 50% protection criterion.  

This suggests that all Ecoregions in Texas require additional protection, at least 

from the perspective of vertebrates.  In addition, maps illustrating the best 

individual solutions for all species show that planning units of importance are 

widespread throughout Texas.  Conservation efforts are widely needed and 

cannot be focused on a limited area.      

The southeastern portion of the Edwards Plateau of Central Texas has the 

largest concentration of planning units with high irreplaceability (i.e., those having 

the top 20 highest irreplaceability values) based on the all species analysis with 

equal cost regardless of protection criteria (Figs 4.1 - 4.3).  This concentration of 

high irreplaceability planning units extends into the southern portion of the 

Blackland Prairie.  However, this study has illustrated the importance of including 

estimates of real world land cost, and hence, the simulations that included C 

show the planning units of highest conservation priority.  The Edwards Plateau 

and the Blackland Prairie also were selected in the all species analysis with 

estimated land cost using all protection criteria, but less frequently than in the 

analyses with equal cost (Figs 4.1 - 4.6).  Although the Edwards Plateau is of 

conservation importance, it did not stand out as being more important than many 

of the other regions.  The Trans-Pecos region was found most frequently to have 

high irreplaceability values in simulations that included variable land cost.  The 

Trans-Pecos region of West Texas is important because it contains a number of 
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high irreplaceability planning units based on the all species analyses using 

variable land cost for each of the three protection criteria.  The Edwards Plateau 

and the Trans-Pecos region previously have been considered to be the most 

important areas to conserve for a combination of rare plants and rare animals 

(Diamond et al. 1997).  My results, based on rare and common vertebrate 

species, corroborates that the Trans-Pecos region should be a conservation 

priority.  However, because the Trans-Pecos region contains a large number of 

extant reserves, Diamond et al. (1997) suggested that additional conservation 

efforts should not be applied there.  Planning units in the Trans-Pecos region 

were found among the most irreplaceable in the all species analysis with variable 

land cost at both the 10% and 50% protection criteria (Figs 4.5, 4.6).  Current 

reserves do not represent adequately the vertebrate biodiversity of the Trans-

Pecos region. 

Two Ecoregions (Cross Timbers and Post Oak Savannah) were selected 

less frequently than the others.  Only one planning unit of high irreplaceability 

was enclosed within the Cross Timbers Region based on simulations for all 

species for combinations of protection criteria and variable land cost.  Also, one 

high irreplaceability planning unit was in the Post Oak Savannah region based on 

the same simulations.  Both these regions were rarely selected in simulations 

using equal cost.  These regions should have less of a priority for conservation 

investment.   
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Important Considerations          

The size of planning units is a critical consideration in conservation 

planning (Sarkar et al. 2000).  Large units, such as those in this study (77,000 

hectares), are likely ecologically heterogeneous (Sarkar et al. 2000).  

Consequently, analyses at large focal scales identify broad areas that are of 

conservation importance.  Direct detailed investigation of species distributions 

and likelihood of persistence at smaller focal scales within these areas is critical 

for identifying locations to create actual reserves (Margules and Pressey 2000, 

Cowling et al. 2003).    

The accuracy of distributional data affects the results of analyses.  

Species distributions in GAP data are based on known locations as well as 

predicted distributions based on vegetation (The GAP Analysis Program 2006).  

According to the authors of the GAP data, many species distributions have been 

overestimated, especially those of rare species (The GAP Analysis Program 

2006).  Therefore, when rare species appear to be represented adequately in a 

reserve network, they may not be present in some of this range.  Thus, the 

situation possibly could be worse than suggested in these analyses.     

 

Endangered Species 

 All endangered species, except for the Houston Toad, had at least 10% of 

their range protected in all analyses.  The Houston Toad had less than 10% 

protection in 5 of 12 analyses in which it was included.  Of these 5 analyses, 4 
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occurred when cost was variable and equal to land value.  This was expected 

given that the Houston Toad lives in a limited range around the City of Houston, 

a prime area for urban development (U.S Fish and Wildlife Service 2006).  It is of 

especially high conservation concern. 

Establishing reserves in areas designated by this study would help to 

preserve endangered species in Texas.  Nonetheless, many factors other than 

range protection are important for the recovery of endangered species (Abbitt 

and Scott 2001).  Endangered species often need single-species management 

plans to recover (Franklin 1993, Abbitt and Scott 2001).  The ranges of many 

species, especially those that are endangered and threatened, have been 

reduced severely because of habitat loss (Houghton 1994, Caughley and Gunn 

1996). Preservation of any amount of habitat may not be suffice to ensure 

persistence of such species. 

 

Conclusions 

My results have shown that one vertebrate taxon would not be a good 

surrogate for conservation planning for another vertebrate taxon.  Although 

irreplaceability values were significantly correlated for faunal groups, they were a 

consequence of the many planning units that did not efficiently preserve species 

rather than of similarity in areas of high conservation importance for different 

faunal groups.  Including estimates of real world land cost significantly altered 

irreplaceability values for planning units.  When variable land cost based on 
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economic value was included, it reduced the overall cost of the solution.  This is 

especially important because conservation dollars need to be spent efficiently.  

The way in which species were deemed protected influenced planning unit 

irreplaceability.  This is an important consideration in future conservation 

planning in order to efficiently preserve the most species possible in a reserve 

network.  Lastly, more protection is needed for vertebrate species across all of 

Texas.  Of the ten Ecoregions of Texas, the Trans-Pecos should have the 

highest priority for conservation investment and the Cross Timbers and Post Oak 

Savannah regions should have less priority.  However, conservation efforts are 

needed throughout the state.
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Table 4.1.  The percentage of protected taxa based on best reserve solutions 
for simulations using all combinations of protection criterion and faunal group.  
The best scenarios represent those from simulations using variable land cost 
(C).  No, 10, and 50 refer to the protection criteria of no protected planning 
units, 10% protection, and 50% protection, respectively.      
            

Basis of Simulation Analysis  Percent of Taxa Protected 
Faunal 
Group 

Protection 
Criterion   Amphibians Reptiles Mammals 

Amphibians No  89.3 62.8 66.9 
Amphibians 10  90.3 73.1 83.1 
Amphibians 50  89.0 58.6 66.9 

      
Reptiles No  48.4 94.5 70.8 
Reptiles 10  72.6 96.0 84.6 
Reptiles 50  75.8 95.0 80.0 

      
Mammals No  48.4 46.2 94.2 
Mammals 10  58.1 68.3 95.2 
Mammals 50  46.8 45.5 95.1 

      
All Species No  96.7 98.6 95.4 
All Species 10  91.9 96.6 98.5 
All Species 50  91.9 96.6 96.9 
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Table 4.2.  Spearman rank correlations and significance (* 0.05 ≥ P > 0.01) of irreplaceability values for 
planning units included among the top 20 between all possible pairs of faunal groups (mammals, amphibians, 
reptiles, and all species) for each combination of protection criterion and land cost.   
                     
  Equal Cost  Variable Land Cost (C) 
    Amphibians Reptiles Mammals All Species  Amphibians Reptiles Mammals All Species 
No Protection          
 Amphibians 1.000 0.000 -0.122 0.244  1.000 -0.045 0.438 -0.033 
 Reptiles 0.000 1.000 -0.266 0.215  -0.045 1.000 0.026 -0.011 
 Mammals -0.122 -0.266 1.000 0.189  0.438 0.026 1.000 -0.218 
 All Species 0.244 0.215 0.189 1.000  -0.033 -0.011 -0.218 1.000 
           
10% Protection          
 Amphibians 1.000 -0.075 0.020 -0.108  1.000 -0.218 0.308 -0.108 
 Reptiles     -0.075 1.000 -0.236 0.266  -0.218 1.000 -0.251 0.438 
 Mammals      0.020 -0.236 1.000 0.158  0.308 -0.251 1.000 -0.174 
 All Species     -0.108 0.266 0.158 1.000  -0.108 0.438 -0.174 1.000 
           
50% Protection          
 Amphibians 1.000 0.370 -0.474* 0.086  1.000 0.116 0.332 0.365 
 Reptiles 0.370 1.000 0.011 0.108  0.116 1.000 0.033 0.371 
 Mammals -0.474* 0.011 1.000 0.138  0.332 0.033 1.000  0.468* 
 All Species 0.086 0.108 0.138 1.000  0.365 0.371  0.468* 1.000 
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Table 4.3.  Spearman rank correlations of irreplaceability values for planning units included 
among the top 20 for variable land cost (C) and equal cost simulations for each faunal group 
separately.  No correlations were significant. 

  Variable Land Cost (C) 
    No Protection 10% Protection 50% Protection 
Amphibians Equal Cost               0.053 0.011  0.068 
Reptiles Equal Cost              -0.012 0.104 -0.412 
Mammals Equal Cost               0.341 0.009 -0.012 
All Species Equal Cost              -0.370          -0.429 -0.102 
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Table 4.4.  The calculated cost to purchase the best reserve solutions for each faunal group with 
respect to all combinations of protection criterion and land cost.  Considerable savings are realized 
by considering land cost in designing reserve networks, as suggested by the ratio of costs for 
variable to equal land cost scenarios.  No, 10, and 50 refer to the protection criteria of no protected 
planning units, 10% protection, and 50% protection, respectively.     
          
  Cumulative Purchase Cost (Billions)  
Group Protection Criterion Variable Land Cost (C) Equal Land Cost % Less Expensive 
     
Amphibians No 9.5 16.8 43.6 
Amphibians 10 16.5 19.4 14.6 
Amphibians 50 11.0 18.5 40.7 
     
Reptiles No 9.3 15.4 39.4 
Reptiles 10 16.2 19.5 17.0 
Reptiles 50 11.0 16.7 33.8 
     
Mammals No 8.3 14.8 43.6 
Mammals 10 14.6 18.0 18.8 
Mammals 50 9.5 14.8 35.3 
     
All Species No 11.6 16.5 29.9 
All Species 10 18.2 21.5 15.6 
All Species 50 12.8 16.9 24.4 
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Table 4.5.  Significance levels (* 0.05 ≥ P > 0.01) of Spearman rank correlation analyses 
assessing the association between irreplaceability values for planning units included among the 
top 20 based on protection criteria and land cost estimates for each faunal group.  The 
subscripts of r define which protection criteria are being correlated.  No, 10, and 50 refer to the 
protection criteria of no protected planning units, 10% protection, and 50% protection, 
respectively.   
               
 Estimated Land Cost (C)  Equal Land Cost 
  rNo-10% r10%-50% r r rNo-50%  No-10% r10%-50% No-50% 
Amphibians 0.397 0.235 -0.104  0.171  0.328 0.108 
Reptiles  -0.080  0.174      0.095  0.499 -0.302 0.030 
Mammals  -0.168 0.017     -0.111       -0.298  -0.322   0.492* 
All Species  -0.250  0.045 -0.460*    0.541* 0.194 0.257 
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Appendix A:  List of species included in the database of theTexas GAP project.  An asterisk (*) 
designates a threatened species and two asterisks (**) designates an endangered species by the 
criteria of the U.S. Fish and Wildlife Service (U.S Fish and Wildlife Service 2006). 

          

Name  Name 
Common Scientific  Common Scientific 

     
 Amphibians  

Bufo americanus American Toad  Hyla cinerea Green Treefrog 
Eleutherodactylus augusti Barking Frog  Hyla squirella Squirrel Treefrog 

Acris crepitans Northern Cricket Frog  Hyla versicolor Gray Treefrog 
Ambystoma maculatum Spotted Salamander  Hypopachus variolosus Sheep Frog 

Ambystoma opacum Marbled Salamander  Necturus beyeri Gulf Coast Waterdog 
Ambystoma talpoideum Mole Salamander  Notophthalmus meridionalis Black-Spotted Newt 
Ambystoma texanum Smallmouth Salamander  Notophthalmus viridescens Eastern Newt 
Ambystoma tigrinum Tiger Salamander  Plethodon albagula Western Slimy Salamander  

Amphiuma tridactylum Three-Toed Amphiuma  Plethodon serratus Southern Redback Salamander  
Bufo cognatus Great Plains Toad  Pseudacris clarkii Spotted Chorus Frog 

Bufo debilis Green Toad  Pseudacris crucifer Spring Peeper 
**Bufo houstonensis **Houston Toad  Pseudacris streckeri Strecker's Chorus Frog 

Bufo marinus Giant Toad  Pseudacris triseriata Western Chorus Frog 
Bufo punctatus Red-Spotted Toad  Rana areolata Crawfish Frog 
Bufo speciosus Texas Toad  Rana berlandieri Rio Grande Frog 
Bufo valliceps Gulf Coast Toad  Rana blairi Plains Leopard Frog 

Bufo woodhousii Woodhouse's Toad  Rana catesbeiana Bullfrog 
Desmognathus auriculatus Southern Dusky Salamander  Rana clamitans Green Frog 

Eurycea latitans Cascade Caverns Salamander   Rana grylio Pig Frog 
*Eurycea nana *San Marcos Salamander   Rana palustris Pickerel Frog 

Eurycea neotenes Texas Salamander  Rana sphenocephala Southern Leopard Frog 
Eurycea quadridigitata Dwarf Salamander  Rhinophrynus dorsalis Mexican Burrowing Toad 

**Eurycea rathbuni **Texas Blind Salamander   Scaphiopus bombifrons Plains Spadefoot 
Eurycea robusta Blanco Blind Salamander   Scaphiopus couchii Couch's Spadefoot 



119 

**Eurycea sosorum **Barton Springs Salamander   Scaphiopus hurterii Eastern Spadefoot 
Eurycea tridentifera Comal Blind Salamander   Scaphiopus multiplicatus New Mexico Spadefoot 
Eurycea troglodytes Valdina Farms Sinkhole Salamander   Siren intermedia Lesser Siren 

Gastrophryne carolinensis Eastern Narrowmouth Toad  Smilisca baudinii Mexican Treefrog 
Gastrophryne olivacea Great Plains Narrowmouth Toad  Syrrhophus cystignathoides Rio Grande Chirping Frog 

Hyla arenicolor Canyon Treefrog  Syrrhophus guttilatus Spotted Chirping Frog 
Hyla chrysoscelis Cope's Gray Treefrog  Syrrhophus marnockii Cliff Chirping Frog 

     
 Reptiles  

Agkistrodon contortrix Copperhead  Kinosternon odoratus Common Musk Turtle 
Agkistrodon piscivorus Crevice Spiny Lizard  Kinosternon subrubrum False Map Turtle 

Alligator mississippiensis American Alligator  Lampropeltis alterna Gray-Checkered Whiptail 
Anolis carolinensis Green Anole  Lampropeltis calligaster Prairie Kingsnake 

Apalone mutica Snapping Turtle  Lampropeltis getula Common Kingsnake 
Apalone spinifera Spot-Tailed Earless Lizar  Lampropeltis triangulum Milk Snake 
Arizona elegans Grahams Crayfish Snake  **Lepidochelys kempii **Kemp's Ridley Sea Turtle 
**Caretta caretta **Loggerhead Sea Turtle  Leptodeira septentrionalis Cat-Eyed Snake 

Carphophis amoenus Worm Snake  Leptotyphlops dulcis Texas Horned Lizard 
Cemophora coccinea Schott's Whipsnake  Leptotyphlops humilis Western Blind Snake 

*Chelonia mydas *Green Sea Turtle  Liochlorophis vernalis Smooth Softshell 
Chelydra serpentina Southern Water Snake  Macroclemys temminckii Alligator Snapping Turtle 

Chrysemys picta Painted Turtle  Malaclemys terrapin Diamondback Water Snake 
Cnemidophorus dixoni Great Plains Rat Snake  Masticophis flagellum Coachwhip 

Cnemidophorus exsanguis Chihuahuan Spotted Whiptail  Masticophis schotti Short-Horned Lizard 
Cnemidophorus gularis Texas Spotted Whiptail  Masticophis taeniatus Texas Alligator Lizard 

Cnemidophorus inornatus Little Striped Whiptail  Micrurus fulvius Eastern Hognose Snake 
Cnemidophorus laredoensis Laredo Striped Whiptail  Nerodia clarkii Scarlet Snake 

Cnemidophorus neomexicanus New Mexico Whiptail  Nerodia cyclopion Green Water Snake 
Cnemidophorus septemvittatus Plateau Spotted Whiptail  Nerodia erythrogaster Plainbelly/Yellowbelly Water Snake 

Cnemidophorus sexlineatus Slender Glass Lizard  Nerodia fasciata Southwestern Blackhead Snake 
Cnemidophorus tesselatus Colorado Checkered Whiptail  Nerodia harteri Brazos Water Snake 

Cnemidophorus tigris Western Whiptail  Nerodia rhombifer Eastern Box Turtle 
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Cnemidophorus uniparens Desert Spiny Lizard  Nerodia sipedon Northern Water Snake 
Coleonyx brevis Texas Blind Snake  Opheodrys aestivus Roundtail Horned Lizard 

Coleonyx reticulatus Ringneck Snake  Ophisaurus attenuatus Slider 
Coluber constrictor Racer  Phrynosoma cornutum Texas Map Turtle 

Coniophanes imperialis Black-Striped Snake  Phrynosoma douglasi Side-Blotched Lizard 
Cophosaurus texanus Greater Earless Lizard  Phrynosoma modestum Sagebrush Lizard 

Crotalus atrox Western Diamondback Rattlesnake  Pituophis melanoleucus Pine Or Gopher Snake 
Crotalus horridus Timber Rattlesnake  Pseudemys concinna Rock Rattlesnake 
Crotalus lepidus Rosebelly Lizard  Pseudemys texana Texas River Cooter 

Crotalus molossus Blacktail Rattlesnake  Regina grahamii Gray-Banded Kingsnake 
Crotalus scutulatus Mojave Rattlesnake  Regina rigida Glossy Snake 

Crotalus viridis Western Rattlesnake  Rhinocheilus lecontei Longnose Snake 
Crotaphytus collaris Collared Lizard  Salvadora deserticola Big Bend Patchnose Snake 

Crotaphytus reticulatus Reticulated Gecko  Salvadora grahamiae Mountain Patchnose Snake 
Deirochelys reticularia Chicken Turtle  Sceloporus graciosus Salt Marsh Snake 

**Dermochelys coriacea **Leatherback Sea Turtle  Sceloporus grammicus Mesquite Lizard 
Diadophis punctatus River Cooter  Sceloporus magister Diamondback Terrapin 
Drymarchon corais Indigo Snake  Sceloporus merriami Canyon Lizard 

Drymobius margaritiferus Spiny Softshell  Sceloporus olivaceus Texas Spiny Lizard 
Elaphe bairdi Bairds Rat Snake  Sceloporus poinsettii Desert Grassland Whiptail 

Elaphe guttata Cottonmouth  Sceloporus serrifer Blue Spiny Lizard 
Elaphe obsoleta Razorback Musk Turtle  Sceloporus undulatus Five-Lined Skink 

Elaphe subocularis Trans-Pecos Rat Snake  Sceloporus variabilis Rough Earth Snake 
**Eretmochelys imbricata **Atlantic Hawksbill Sea Turtle  Scincella lateralis Ground Skink 

Eumeces anthracinus Coal Skink  Sistrurus catenatus Massasauga 
Eumeces fasciatus Flathead Snake  Sistrurus miliarius Pigmy Rattlesnake 
Eumeces laticeps Broadhead Skink  Sonora semiannulata Ground Snake 

Eumeces multivirgatus Many-Lined Skink  Storeria dekayi Brown Snake 
Eumeces obsoletus Great Plains Skink  Storeria occipitomaculata Reticulate Collared Lizard 

Eumeces septentrionalis Prairie Skink  Tantilla atriceps Mexican Blackhead Snake 
Eumeces tetragrammus Glossy Crayfish Snake  Tantilla gracilis Four-Lined Skink 

Farancia abacura Mud Snake  Tantilla hobartsmithi Speckled Racer 
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Ficimia streckeri Mexican Hooknose Snake  Tantilla nigriceps Plains Blackhead Snake 
Gambelia wislizenii Longnose Leopard Lizard  Tantilla rubra Big Bend Blackhead Snake 

Gerrhonotus infernalis Texas Banded Gecko  Terrapene carolina Eastern Coral Snake 
Gopherus berlandieri Texas Tortoise  Terrapene ornata Western Box Turtle 

Graptemys caglei Cagle's Map Turtle  Thamnophis cyrtopsis Blackneck Garter Snake 
Graptemys ouachitensis Ouachita Map Turtle  Thamnophis marcianus Checkered Garter Snake 

Graptemys pseudogeographica Fence/Prairie/Plateau Lizard  Thamnophis proximus Western Ribbon Snake 
Graptemys versa Texas Rat Snake  Thamnophis radix Plains Garter Snake 
Gyalopion canum Western Hooknose Snake  Thamnophis sirtalis Common Garter Snake 

Heterodon nasicus Western Hognose Snake  Trachemys gaigeae Big Bend Slider 
Heterodon platirhinos Eastern Mud Turtle  Trachemys scripta Smooth Earth Snake 
Holbrookia lacerata Striped Whipsnake  Trimorphodon biscutatus Lyre Snake 
Holbrookia maculata Lesser Earless Lizard  Tropidoclonion lineatum Lined Snake 
Holbrookia propinqua Keeled Earless Lizard  Urosaurus ornatus Tree Lizard 
Hypsiglena torquata Night Snake  Uta stansburiana Six-Lined Racerunner 

Kinosternon carinatus Redbelly Snake  Virginia striatula Rough Green Snake 
Kinosternon flavescens Yellow Mud Turtle  Virginia valeriae Smooth Green Snake 

Kinosternon hirtipes Chihuahuan Mud Turtle    
     
 Mammals  

Ammospermophilus interpres Texas Antelope Squirrel  Myotis ciliolabrum Western Small-Footed Myot 
Antilocapra americana Pronghorn  Myotis lucifugus Little Brown Myotis 

Antrozous pallidus Pallid Bat  Myotis thysanodes Fringed Myotis 
Baiomys taylori Northern Pygmy Mouse  Myotis velifer Cave Myotis 

Bassariscus astutus Ringtail  Myotis volans Long-Legged Myotis 
Blarina carolinensis Southern Short-Tailed Shrew  Myotis yumanensis Yuma Myotis 
Blarina hylophaga Short-Tailed Shrew  Nasua narica White-Nosed Coati 

Canis latrans Coyote  Neotoma albigula White-Throated Woodrat 
Castor canadensis American Beaver  Neotoma floridana Eastern Woodrat 

Cervus elaphus Wapiti Or Elk  Neotoma mexicana Mexican Woodrat 
Chaetodipus hispidus Hispid Pocket Mouse  Neotoma micropus Southern Plains Woodrat 

Chaetodipus intermedius Rock Pocket Mouse  Notiosorex crawfordi Desert Shrew 
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Chaetodipus nelsoni Nelson's Pocket Mouse  Nycticeius humeralis Evening Bat 
Chaetodipus penicillatus Desert Pocket Mouse  Nyctinomops femorosaccus Pocketed Free-Tailed Bat 
Conepatus leuconotus Eastern Hog-Nosed Skunk  Nyctinomops macrotis Big Free-Tailed Bat 
Conepatus mesoleucus Common Hog-Nosed Skunk  Ochrotomys nuttalli Golden Mouse 
Corynorhinus rafinesquii Rafinesque`S Big-Eared Ba  Odocoileus hemionus Mule Or Black-Tailed Deer 
Corynorhinus townsendii Townsend's Big-Eared Bat  Odocoileus virginianus White-Tailed Deer 
Cratogeomys castanops Yellow-Faced Pocket Gopher  Ondatra zibethicus Muskrat 

Cryptotis parva Least Shrew  Onychomys arenicola Mearns' Grasshopper Mouse 
Cynomys ludovicianus Black-Tailed Prairie Dog  Onychomys leucogaster Northern Grasshopper Mous 
Dasypus novemcinctus Nine-Banded Armadillo  Oryzomys couesi Coues' Rice Rat 

Didelphis virginiana Virginia Opossum  Oryzomys palustris Marsh Rice Rat 
Dipodomys compactus Gulf Coast Kangaroo Rat  Perognathus flavescens Plains Pocket Mouse 

Dipodomys elator Texas Kangaroo Rat  Perognathus flavus Silky Pocket Mouse 
Dipodomys merriami Merriam's Kangaroo Rat  Perognathus merriami Merriam`S Pocket Mouse 

Dipodomys ordii Ord's Kangaroo Rat  Peromyscus attwateri Texas Mouse 
Dipodomys spectabilis Banner-Tailed Kangaroo Rat  Peromyscus boylii Brush Mouse 

Eptesicus fuscus Big Brown Bat  Peromyscus eremicus Cactus Mouse 
Erethizon dorsatum Common Porcupine  Peromyscus gossypinus Cotton Mouse 

Euderma maculatum Spotted Bat  Peromyscus leucopus White-Footed Mouse 
Eumops perotis Western Mastiff Bat  Peromyscus maniculatus Deer Mouse 
Felis concolor Mountain Lion  Peromyscus nasutus Rock Mouse 
**Felis pardalis **Ocelot  Peromyscus pectoralis White-Ankled Mouse 

**Felis yaguarondi **Jaguarundi  Peromyscus truei Pinon Mouse 
Geomys arenarius Desert Pocket Gopher  Pipistrellus hesperus Western Pipistrelle 
Geomys attwateri Attwater's Pocket Gopher  Pipistrellus subflavus Eastern Pipistrelle 
Geomys breviceps Baird's Pocket Gopher  Procyon lotor Common Raccoon 
Geomys bursarius Plains Pocket Gopher  Reithrodontomys fulvescens Fulvous Harvest Mouse 

Geomys knoxjonesi Jones' Pocket Gopher  Reithrodontomys humulis Eastern Harvest Mouse 
Geomys personatus Texas Pocket Gopher  Reithrodontomys megalotis Western Harvest Mouse 

Geomys texensis Llano Pocket Gopher  Reithrodontomys montanus Plains Harvest Mouse 
Glaucomys volans Southern Flying Squirrel  Scalopus aquaticus Eastern Mole 

Lasionycteris noctivagans Silver-Haired Bat  Sciurus carolinensis Eastern Gray Squirrel 
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Lasiurus blossevillii Western Red Bat  Sciurus niger Eastern Fox Squirrel 
Lasiurus borealis Eastern Red Bat  Sigmodon fulviventer Tawny-Bellied Cotton Rat 
Lasiurus cinereus Hoary Bat  Sigmodon hispidus Hispid Cotton Rat 

Lasiurus ega Southern Yellow Bat  Sigmodon ochrognathus Yellow-Nosed Cotton Rat 
Lasiurus intermedius Northern Yellow Bat  Spermophilus mexicanus Mexican Ground Squirrel 
Lasiurus seminolus Seminole Bat  Spermophilus spilosoma Spotted Ground Squirrel 
Leptonycteris nivalis Greater Long-Nosed Bat  Spermophilus tridecemlineatus Thirteen-Lined Ground Squirrel 
Lepus californicus Black-Tailed Jack Rabbit  Spermophilus variegatus Rock Squirrel 
Liomys irroratus Mexican Spiny Pocket Mous  Spilogale gracilis Western Spotted Skunk 
Lutra canadensis Northern River Otter  Spilogale putorius Eastern Spotted Skunk 

Lynx rufus Bobcat  Sylvilagus aquaticus Swamp Rabbit 
Mephitis macroura Hooded Skunk  Sylvilagus audubonii Desert Cottontail 
Mephitis mephitis Striped Skunk  Sylvilagus floridanus Eastern Cottontail 

Microtus mexicanus Mexican Vole  Tadarida brasiliensis Brazilian Free-Tailed Bat 
Microtus ochrogaster Prairie Vole  Tamias canipes Gray-Footed Chipmunk 
Microtus pinetorum Woodland Vole  Taxidea taxus American Badger 

Mormoops megalophylla Ghost-Faced Bat  Tayassu tajacu Collared Peccary 
Mustela frenata Long-Tailed Weasel  Thomomys bottae Botta's Pocket Gopher 
Mustela vison Mink  Urocyon cinereoargenteus Common Gray Fox 

Myotis austroriparius Southeastern Myotis  *Ursus americanus *Black Bear 
Myotis californicus California Myotis   Vulpes velox Swift Fox 
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