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ABSTRACT  

The U.S. Fish & Wildlife Service (FWS) recently considered whether to list 

the Sceloporus arenicolus or Dunes Sagebrush Lizard (DSL) as “endangered” 

under the Endangered Species Act (ESA). During the listing period, it analyzed 

particular stressors, which included habitat modification and the presence of 

chemicals associated with oil and gas development and range management.  In 

2012, the FWS withdrew the proposed rule to list the DSL under the ESA largely 

based on voluntary conservation plans adopted by Texas and New Mexico.   

 Like many threatened species, the DSL is considered a “habitat 

specialist,” remaining closely linked to and dependent upon its current habitat of 

a shinnery oak dunes complex located in a specific region of southeastern New 

Mexico and western Texas (Sabath,1960). The FWS proposed the listing in 2010 

largely based on evidence that oil and gas production in the area resulted in a 

reduction of the DSL population.  The reduction has been attributed to multiple 

theories regarding potential DSL habitat stressors including direct habitat loss 

due to road/well pad construction and increased traffic, as well as potential 

exposure to pollutants resulting from oil and gas development.   These concerns 

have been supported by previous studies that included evidence of direct effects 

of habitat modification in the area due to construction and development of well 

pads and roads, and the possible historical use of tebuthiuron (an herbicide 

historically sprayed to reduce shinnery oak). In addition to habitat modification, 

the FWS also identified potential indirect effects including possible exposure to 
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chemical releases from oil and gas activity including hydrogen sulfide gas (H2S) 

and total petroleum hydrocarbons (TPH). 

However, from the time that the FWS proposed to list the DSL as an 

“endangered species” in December 2010, substantial disagreement occurred 

regarding the amount of credible scientific data and interpretation of these data 

(76 Fed. Reg. 233, 75858). Because of limited information on the DSL’s 

presence, particularly in Texas, concerns about the science underlying the 

FWS’s analysis of the status of the lizard were raised. Since studies evaluating 

these effects were relatively few in number, lawmakers called for additional 

collection and analysis of scientific data. Following these concerns, on December 

5, 2011, the FWS announced a six-month extension of its final determination of 

whether to list the DSL as endangered and reopened the comment period on the 

proposed rule to list the species.   

  It was during that time period that much of the data in this study was 

collected and analyzed.  The goal of this study was to address the potential 

stressors in a defined DSL habitat area within Andrews County in order to 

provide additional data and some clarity with regard to the presence of chemical 

stressors, the amount of habitat modification and what type of impact they had on 

the DSL habitat and population. In particular, we evaluated the presence of H2S, 

TPH and tebuthiuron. Overall, we found very low concentrations, if any, of these 

chemical stressors within dunes areas that would be an ideal habitat for the DSL.  

Additionally, we analyzed sand samples from in and around the DSL habitat for 

sulfate (SO4
-2) concentrations, pH and sand particle size.  Although sulfate 
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concentrations and pH from the study sites varied slightly from western Texas 

sand samples collected outside of Andrews County, the variance was minimal.  

Sand particle size was also fairly consistent among samples at all study sites, 

regardless of the amount of oil and gas development.  Finally, we created a 

method, using Arc-GIS and aerial imagery from 1996-2012, to quantify oil and 

gas development (well pads and roads) within delineated dunes on University of 

Texas (UT) Lands in Andrews County. Our data revealed a two-fold increase in 

development from 2004-2012 throughout most of these areas.  We concluded 

that habitat modification, as opposed to chemical stressors, remains the primary 

threat to the DSL.  Our hope is that this preliminary data will provide information 

for ongoing risk assessment and evaluation of the current DSL population in 

western Texas and assist all parties involved in implementing an effective 

voluntary conservation plan. 
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FOREWORD 

This dissertation is not ordered in the traditional manner as it contains an 

analysis of science, law, and policy. Chapter I provides an introduction of the 

legal and scientific issues surrounding the Dunes Sagebrush Lizard (DSL) and 

explains how these issues are explicitly interwoven. Chapters II and III analyze 

potential stressors in the DSL’s habitat; each includes a general introduction and 

the following for each experiment: background, methods and materials, results, 

discussion, and conclusion. A separate reference section for the three chapters 

is provided at the end of this dissertation. 

Chapter IV contains the recently published law review article: The Lizard, 

the Scientist, and the Lawmaker: An Analysis of the Trending Fight over the Use 

of Science Under the Endangered Species Act and How to Address It, 20 ANIMAL 

L. 41 (2014).  This article specifically details the scientific findings related to the 

DSL and its legal implications in the general context of how scientific data are 

and should be considered under the Endangered Species Act.  Chapter IV is 

unique in that it specifically conforms to the traditional formatting and citation 

requirements for a law review article. 

 Finally, Chapter V provides a conclusion to the scientific and legal analysis 

in the dissertation, along with a discussion of its relevance and suggestions for 

future endeavors. 
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CHAPTER I 

INTRODUCTION 

 
On June 13, 2012, the U.S. Fish & Wildlife Service announced that the 

Sceloporus arenicolus or Dunes Sagebrush Lizard (DSL), a candidate species 

under the Endangered Species Act for over a decade, no longer merited a 

listing (U.S. FWS, June 2012). This decision occurred after several delays in 

the listing process, which focused primarily on the call for acquiring more data 

to make the determination.  This reversal was arguably based on the reliance 

of two conservation agreements put forth by Texas (Texas Comptroller et al., 

2012) and New Mexico (U.S. FWS and U.S. BLM, 2008).  

These conservation plans acknowledged that DSL remains closely 

linked to and dependent upon its current habitat of the shinnery oak dunes 

complex located in a specific region of southeastern New Mexico and western 

Texas (Sabath, 1960).  The DSL habitat in this region also coincides with oil 

and gas development as well as cattle grazing.  While the FWS seeks to work 

with both New Mexico and Texas through each state’s conservation 

agreement, the success of conservation efforts through a listing under the 

Endangered Species Act or implementation of a state conservation agreement 

remain inextricably tied to the scientific data that was evaluated during that 

period.  This dissertation includes scientific data that was generated during the 

FWS’s listing determination process as well as some new environmental 

modeling data; all of which evaluate what the FWS has identified as potential 
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stressors to the DSL and its habitat.  While this analysis, along with other 

scientific data, suggests that some of the initially identified chemical stressors 

are less concerning than previously thought, modeling data suggested that 

habitat modification is a stressor that is directly impacting the DSL and its 

habitat.  

In December of 2010, when the FWS proposed the listing of the DSL, it 

identified a number of factors in determining whether the DSL should be listed 

as an endangered species (75 Fed. Reg. 77801, Dec. 14, 2010). One of the 

hypotheses proposed by the FWS was that oil and gas production in the area 

had resulted in a reduction of the DSL population.  There were multiple 

theories regarding potential DSL habitat stressors including direct habitat loss 

due to road/well pad construction and increased traffic, as well as potential 

exposure to pollutants caused by oil spills, hydrogen sulfide gas emissions, 

and other chemicals used within the vicinity of oil and gas wells.   

Scientific data have shown a decrease in DSL populations near oil and 

gas wells, but few have tested specific stressors identified by the FWS (Sias et 

al., 1998). From 1995 to 1997, Sias and Snell studied the effects of oil and gas 

wells on the DSL population and found a strong negative correlation between 

DSL population density and proximity to well pads. Specifically, the study 

showed a 39% decrease in DSL population density within 0 to 262 feet of the 

wells.  The noted decrease in DSL populations resulted in concerns by the 

scientific and regulatory community about the DSL’s limited habitat area, 
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current and future oil and gas production activities planned for the area, and 

proposed conservation measures.  

Therefore, this study aimed to better define whether habitat modification 

and other anthropogenic factors including exposure to pollutants were 

negatively impacting the DSL habitat.  Additionally, because of a trending 

concern by lawmakers and the public about the use of scientific information in 

the listing process, a portion of this study is dedicated to analyzing legal and 

policy implications of the trending interpretation of the “best scientific and 

commercial data available” under the Endangered Species Act (ESA).  

The DSL, like other threatened reptile species, represents unique 

challenges and opportunities for scientists in the field of ecotoxicology and 

environmental conservation.  The study of reptiles as bioindicators of 

environmental effects attributable to pollution, habitat modification, or even 

climate change, provides the scientific community with a window into change 

occurring on global ecological scale.  The plight of the DSL is not unlike many 

other reptile species.  The story of the DSL highlights the need for additional 

scientific studies in reptile ecotoxicology and for improved deliberation among 

scientists and lawmakers when implementing conservation measures that 

affect sensitive species and their habitats.  

Reptile Ecotoxicology and Conservation Challenges 

Habitat loss and degradation are arguably the most significant factors 

related to the decline of lizard populations (Campbell and Campbell, 2002). 
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Contributing factors of contaminant exposure, disease, global climate change, 

and undetermined causes are also increasingly significant threats to lizards 

(Gibbons et al., 2000). There has been a well-documented concern within the 

scientific community that reptiles, including lizard populations, have been grossly 

underexamined in ecotoxicological investigations (Hopkins, 2000).  Toxicologists 

attribute some of this underrepresentation to differences from other model 

species often studied.  In particular, scientists studying reptiles have grappled 

with longer generation times, smaller numbers of offspring, and difficulty with 

maintaining reptiles in captivity (Hopkins, 2000). Additionally, population declines 

in reptiles, including lizards, have often been difficult to detect and measure 

(Gibbons et al., 2000). Despite these noted differences, reptiles arguably 

represent an ideal species because of their site fidelity as compared to other 

vertebrate carnivores (Hopkins, 2000).  This site fidelity provides a unique 

opportunity for researchers to study both the impact of contaminant exposure 

and of habitat modification to reptiles that often reside within a narrow geographic 

region (Hopkins, 2000).  

Toxicological studies have documented the direct and indirect effects of 

environmental contaminants – namely, pesticides, herbicides, metals and 

radioactive waste – on both amphibians and reptiles (Weir et al., 2010) (Gibbons 

et al., 2000). A number of studies have shown that environmental contaminants 

bioaccumulate in reptiles (Hall, 1980) (Hall and Henry, 1992) (Lambert, 1997) 

(Meyers-Schone, 1994). Further, lizards have even been used as potential 

bioindicators of pesticides such as DDT (Lambert, 1993). Although dietary 
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exposure to contaminants has been an integral part of ecological risk 

assessment of reptile populations, assessment of dermal exposure is also 

relevant because of a reptile’s percentage of body contact with soil and 

vegetation (Weir et al., 2010). 

Although there are far fewer reptile studies than amphibian studies in this 

respect, reptiles have still received enough attention by toxicologists to show that 

individual reptiles are adversely affected by contaminants and can be useful 

bioindicators of environmental pollution (Smith et al., 2007) (Gibbons et al., 

2000).  More recently, scientists have successfully been using surrogate lizard 

species like the Western Fence Lizards (Sceloporus occidentalis) and Eastern 

Fence Lizards (Sceloporus undulatus) as laboratory reptile models for 

toxicological investigations (Talent, 2002).  

In addition to environmental contamination, there is evidence that 

degradation and loss of habitat can be one of the largest factors contributing to 

reptile population decline (Gibbons et al., 2000).  For example, Ware 

documented that the decline of the flatwoods salamander was attributable to a 

97% loss of southeastern longleaf pine habitat (Ware, 1993). This type of habitat 

loss has also been observed in the southwestern United States. In southeastern 

Arizona, the decline of the bunchgrass lizard (Sceloporus scalaris) population 

was due to overgrazing of native bunchgrasses by cattle (Ballinger and Congdon, 

1996).   

Increasingly, climate change has also become a topic of discussion for 

ecologists who are concerned about rapid changes in habitat and the ability of a 
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species to adapt.  Because of the limited dispersal ability of reptiles and 

amphibians, rapid habitat changes could cause more extinctions in reptiles than 

what has been previously observed in birds (Gibbons et al., 2000) (Schneider 

and Root, 1998).  

Therefore, careful attention should be paid to threatened reptile 

populations. Because of their unique ability to function as bioindicators of both 

environmental pollution and habitat modification, these lizard populations provide 

scientists and regulators with a continuing opportunity to further study and 

understand how a species, particularly one that is inextricably tied to its habitat, 

reacts and adapts to changes within its environment. 

 

The Dunes Sagebrush Lizard (DSL) and Its Habitat 

The DSL (family Phrynosomatidae, genus Sceloporus) is a light brown, 

small phrynosomatid lizard with a maximum snout-to-vent length of 2.8 inches 

(Degenhardt et al., 1972) (Degenhardt et al., 1976). The DSL is characterized 

as  “habitat specialist” because its survival depends on a narrow range of 

specific environmental conditions that exist within shinnery oak dunes. 

Specifically, the quantity and quality of available shinnery oak dune habitat are 

directly linked to its survival (Fitzgerald et al., 1997).   The DSL resides within a 

narrow band of shinnery oak dunes in western Texas and southeastern New 

Mexico (Axtell, 1988; Laurencio et al., 2007; Laurencio and Fitzgerald, 2010). 

The structural quality of shinnery oak is unique in that it supports the dune 

system and provides protection for DSLs and a habitat for the lizard’s food 
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source (primarily insects) (Sena, 1985; Fitzgerald et al., 1997; Peterson and 

Boyd, 1998). The DSL has an affinity for deep, wind hollowed depressions 

called blowouts, which are bordered by shinnery oak. These blowouts provide 

the habitat needed for the DSL’s feeding and thermoregulation while the 

shinnery oak provides protection and shade (Axtell, 1988; Fitzgerald et al., 

1997).  

In Texas, DSL habitat is located in a narrow band of shinnery oak dunes 

in Gaines, Ward, Winkler, and Andrews Counties (Laurencio et al., 2007).  This 

landscape is a spatially dynamic system, which has decreased by 40% from an 

estimated 1,000,000 acres in 1982 to approximately 600,000 acres (McDaniel 

et al., 1982). Oil and gas development in these areas has gradually moved into 

the shinnery oak flats to minimize the potential impact to the DSL. However, a 

2007 study concluded that increased oil and gas development within the 

shinnery oak flats may still be adversely affecting the DSL population dispersal 

between dune complexes (Painter et al., 2007). 

The vast system of roads and well pads throughout the area directly 

alter the habitat and affect the ability of shinnery oak to persist, as these 

activities effectively remove shinnery oak and degrade the habitat through soil 

compaction (Painter et al., 2007).  The loss of this habitat could make it more 

difficult for the DSL to perform basic survival skills like foraging, breeding, 

nesting, and thermoregulation.  Other studies have shown that shinnery oak 

does not reestablish in abandoned well pad areas unless the caliche from the 

road construction is effectively removed (Boyd and Bidwell, 2002). Therefore, 
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the existence and future construction of roads and well pads throughout the 

DSL habitat is considered one of the primary threats to the species because of 

the potential to drastically alter its habitat. 

In addition to the landscape alterations that occur during oil and gas 

production, oil fields are home to a variety of activities that can potentially 

release toxic pollutants associated with oil spills and general operations 

including petroleum hydrocarbons, polycyclic aromatic hydrocarbons (PAH) 

(e.g., phenanthrene, fluoranthene, and benzo[a]anthracene) (U.S. EPA, 1999). 

Because the DSL habitat directly coincides with oil and gas development, there 

is potential for the DSL to be exposed to toxic pollutants from oil spills, 

emissions containing H2S, and chemical leaks (U.S. FWS, 2010). While little is 

known about the effects of oil and gas operations on the DSL, past studies 

have noted a decrease in its population (U.S. FWS, 2010). This noted 

decrease in DSL populations over the years led the FWS to consider listing the 

DSL as “endangered” under the ESA based on the available scientific data. 

The Dunes Sagebrush Lizard (DSL) and the Endangered Species Act (ESA) 

The defined purpose of the ESA is to protect and recover imperiled 

species and the ecosystems upon which they depend (16 U.S.C. § 1531 (2011)). 

Under the ESA, species may be listed as either “endangered” or “threatened.” A 

listing of “endangered” covers a species that is considered to be in danger of 

extinction throughout all or a significant portion of its range (U.S. FWS, 2010). 

When evaluating a species for listing, the FWS will consider five factors: (1) 

damage to, or destruction of, a species’ habitat; (2) overutilization of the species 
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for commercial, recreational, scientific, or educational purposes; (3) disease or 

predation; (4) inadequacy of existing protection; and (5) other natural or 

manmade factors that affect the continued existence of the species (16 U.S.C. § 

1532(6)).  When any of these factors threatens the survival of a species, the 

FWS can take action under Section 4 of the ESA to protect it. The FWS has also 

created and maintained a list of “candidate” species. The FWS then works with 

state and federal agencies, private landowners, and Native American tribes to 

create conservation actions for these species meant to prevent additional decline 

and possibly eliminate the necessity to list the species (U.S. FWS, 2010). 

In 2001, the FWS listed the DSL as a “candidate species” under the 

Endangered Species Act (ESA), stating that the DSL was presently in danger of 

extinction throughout its entire range due to the immediacy, severity, and scope 

of the ongoing threats of habitat loss and fragmentation (U.S. FWS, 2010).  The 

agency based its finding upon peer review of the available scientific data for the 

DSL and its habitat in both New Mexico and Texas (U.S. FWS, 2010).  

After the FWS published its listing proposal in December 2010, lawmakers 

began questioning whether the consideration of DSL population status was 

based on “sound science.”  The allegation made by opponents to the DSL 

centered on the FWS not taking into consideration the “best scientific and 

commercial data available” or that the scientific data upon which the agency was 

relying on was, in fact, inadequate or outdated (16 U.S.C. § 1533(b)(1)(A)).  A 

related concern was the agency’s use of data and information from “gray 



Texas Tech University, Brie D. Sherwin, May 2014 
 

10 
 

literature” which is essentially studies that are not available to the public or 

published in peer-reviewed journals. 

Much like the gray literature, other scientific data upon which the agency 

relies may be limited.  Therefore, there is an inherent question as to whether 

agencies should incorporate a more defined standard for evaluating science 

when classifying a species. And, if a standard is incorporated, is it likely to bring 

consistency to the relatively disparate approaches or outcomes adopted by the 

agencies?   

Other regulatory agencies have begun to adopt a “weight of evidence” 

approach when considering impacts to human health.  This approach could be a 

likely fit since the standard is already a commonly used method among 

conservation ecologists.  The inherent problem within the ESA is that statutory 

language broadly mandates that lawmakers consider only “best available 

scientific and commercial data,” yet does not mandate how those data should be 

weighed. Additionally, there is a historical basis and argument for the general use 

of the “precautionary principle” in implementing environmental regulatory laws, as 

well as a court’s deferral to agency discretion in administering rules in 

accordance with federal environmental regulations.   In addition to analyzing a 

few notable stressors to the DSL, this dissertation will analyze the meaning of the 

term “best scientific and commercial data available” through an examination of 

historical ESA cases.  Additionally, the law and policy chapter will explore the 

question of whether a heightened requirement for scientific data, as opposed to 
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the “best scientific and commercial data available” standard, is feasible and 

should be considered for the consultation process. 

 

Objectives and Hypotheses 

The objectives of this dissertation are to provide an additional assessment 

of potential man-made stressors within the habitat of the Dunes Sagebrush 

Lizard in Andrews County, Texas and analyze the current classification practices 

of the FWS under the Endangered Species Act (ESA) based on the “best 

scientific and commercial data available.”  

Hypothesis 1: H2S, TPH and tebuthiuron concentration levels create a negative 

impact in the immediately located habitat areas of the Dunes Sagebrush Lizard.   

Hypothesis 2: Sand pH, sulfate concentrations and sand particle size show little 

variance between designated sites and do not directly correlate with locations 

near oil and gas production activities. 

Hypothesis 3: Habitat alteration of the DSL habitat, due to well pad and road 

construction associated with oil and gas production, is quantifiable and has 

substantially increased over the past 10 years.  

Hypothesis 4: Past practices of the FWS have shown that classifications are 

possible and justified under the “best scientific and commercial data available” 

standard, despite the limited availability of peer-reviewed scientific data. 
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CHAPTER II 

CHEMICAL EXPOSURE AS A POTENTIAL STRESSOR 

Introduction 

There are relatively few studies that have considered the full effect of 

pollutants on the dunes sagebrush lizard. Sias and Snell studied the effects of oil 

and gas wells on the dunes sagebrush lizard from 1995 to 1997. The study 

considered exposure to various environmental pollutants, including hydrogen 

sulfide gas (H2S) emissions from the wells and concluded that there was a strong 

negative relationship between population density and proximity to well pads.   

(Sias and Snell, 1998).  This negative relationship was attributed to numerous 

factors including direct habitat loss from road and well pad construction and 

exposure to chemicals like H2S and other toxins produced during oil and gas 

development. Additionally, the DSL’s loss of habitat has been attributed to the 

use of tebuthiuron, an herbicide, to eliminate shinnery oak vegetation, which has 

been directly linked to the survival of the DSL (Fitzgerald et al., 1997).  

Our research attempted to isolate some of the previously identified 

chemicals and test for the presence of these chemicals through air monitoring 

and sand analysis. 

 

Hydrogen Sulfide (H2S) 

Background 

Hydrogen sulfide (H2S) (CAS 7783-06-4) is a colorless, odorless, highly 

toxic gas that is produced both naturally and as a result of man-made activities 
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(U.S. EPA, 1993).  H2S has been listed as a highly toxic and acidic gas that is 

also known as a dominant reduced (unoxygenated) sulfur gas in oilfields (Tarver 

and Dasgupta, 1997). H2S is produced by oil and gas exploration in areas such 

as the Permian Basin of Texas.  H2S reacts with moisture as follows: 

  H2S + H2O ↔ HS- + H3O+ Ka = 9.1 x 10-8 

During the petroleum production and refining process, H2S releases can 

occur through leaking tubing, valves, tanks, or pipeline ruptures.  (U.S. EPA, 

1993).  H2S is also commonly released when natural gas is produced from a well 

that is not sold or used on-site.  The well is flared or vented, thereby releasing 

carbon monoxide, nitrogen oxides, hydrogen sulfide, or sulfur dioxide to the 

atmosphere  (Lusk et al., 2010). H2S emissions volatilize in the ambient air, 

typically persisting for less than a day, but can remain in the surrounding ambient 

air for as long as forty-two days in colder climates (Agency for Toxic Substances 

and Disease Registry (ATSDR), 2004).  It is unlikely to bioconcentrate or 

bioaccumulate in the environment or the food chain (ATSDR, 2004).  However, 

because H2S vapor is heavier than air, it may also settle along the ground for a 

distance before being neutralized by chemical reactions and it may temporarily 

pool in low-lying areas in the environment (U.S. EPA, 1993).  

Currently, there are no federal laws regulating H2S emissions and 

approximately thirty-two state laws that regulate emissions in relation to human 

health.  In contrast, there are no federal or state laws that address protective air 

quality standards for area wildlife.  The EPA is required to set National Ambient 

Air Quality Standards (NAAQs) under the Clean Air Act in order to regulate 
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pollutants that are considered harmful to the environment.  Initially, H2S was 

originally listed as a toxic air pollutant under the CAA, meaning that the USEPA 

was required to assess the public health and environmental hazards resulting 

from the emission of hydrogen sulfide associated with the extraction of oil and 

natural gas (U.S. EPA, 1993). However, it was later removed from the list due to 

a “clerical error” that led to the inadvertent inclusion of H2S on the list of toxic air 

pollutants, although there were reports that lobbying led to its removal (U.S. EPA, 

1993) (Carman, 2009).  Texas law does set certain standards for protecting the 

general public from the harmful effects of H2S for both intentional and accidental 

releases (16 TAC § 3.36), however the standards are not focused on the 

protection of wildlife.  

Little is known about the effects of H2S gas on wildlife species including 

reptiles, migratory birds, and other animals that occupy habitats that could be 

exposed to elevated levels of H2S in the ambient air. Until recently, H2S toxicity 

data has come primarily from testing laboratory animals and monitoring 

occupational exposure in humans (ATSDR, 2004). In a departure from this 

typical data, the FWS conducted a study in 2010 and determined that 

concentrations as low as 1 ppm may affect highly active migratory birds and 

mammals.  The FWS suggested that adoption of ambient hydrogen sulfide air 

quality standards as low as 1 ppm may be appropriate to protect wildlife (Lusk et 

al., 2010).  Although the study primarily focused on avian populations, it found 

statistically significant differences in the average number of avian individuals and 

species per point count, the species diversity, and the average concentration of 
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hydrogen sulfide per point count at disturbed and undisturbed sites.  The result 

was that both avian diversity and the number of species were significantly lower 

at disturbed sites than at undisturbed sites (Lusk et al., 2010).  Although the 

avian species is quite different from reptiles, the data indicate that there could be 

potential effects on populations of other species.   

Historically, there are some initial indications that DSL populations located 

in close proximity to well pads could be adversely affected. Scientists have 

observed a 39% decrease in the DSL abundance in dunes less than 90 meters 

from petroleum well pads, as compared to those that were located at a distance 

of 190 meters away from well pads. Although the decrease in population could 

have been attributable to a number of factors associated with development, the 

scientists hypothesized that the DSL could be at risk because of its common 

habitation in the blowouts where H2S could possibly accumulate (Sias and Snell, 

1998).  

A few studies have focused on the susceptibility of particular species to 

H2S due to the location of their habitats in relation to oil and gas wells.  In 1998, 

Sias and Snell found remains of moribund wildlife species (e.g., owls and other 

raptors) and carapace turtles near wells that were known to emit H2S. In 

evaluating potential species at risk, they suggested that since some reptiles were 

strongly associated with the bottoms of dune valleys in the area, the reptiles may 

be more susceptible (Sias and Snell, 1998).  In 2010, Lusk and Kraft 

documented H2S measurements as high as 30 ppm near historical DSL sites 

close to Loco Hills, New Mexico. If we assume that same concentration in soil 
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water, an estimate of the impact of H2S on soil pH can be calculated and used as 

an indicator of the presence of H2S. 

  35 ppm H2S = 35 µg/mL or 0.001 molar 

  9.1 x 10-8 = [HS-][H3O+]/[H2S] 

  9.1 x 10-8 = (x)(x)/(0.001 – x) 

   x = 9.5 x 10-6 

   -log(9.6 x 10-6) = pH 

   5.02 = pH 

Little data exist to quantify and characterize actual gas emissions on-site 

in the DSL habitat.  The objective of this experiment was to obtain both long-term 

and instant measurements of H2S in DSL habitat during site visits, particularly 

near “disturbed” areas. This study monitored H2S emissions at various sites 

within the dunes complex in Andrews County including blowout areas and 

locations bordering and near well pads.  Additionally, stationary, long-term 

monitors recorded potential H2S emissions over a period of months. These data 

provide information necessary to address uncertainties associated with the 

presence and concentration of H2S in various areas within the dunes complex in 

Andrews County. Gaining a better understanding of potential effects specifically 

associated with H2S is particularly relevant and necessary as oil and gas 

development increases in areas containing sensitive species.  
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Materials and Methods 

To obtain instant H2S measurements, a hand-held meter (BW 

Technologies) was utilized to measure H2S concentrations at 30-60 cm from the 

ground surface from eight sand dune complexes within the University Lands near 

Andrews, TX that were identified as potential DSL habitat.  These areas included 

dune blowouts and depressions, as well as locations in proximity to oil and gas 

production infrastructure.  Additionally, a stationary H2S meter (Odalog Type L2; 

App-Tek International) was used to collect H2S concentrations every 60 seconds 

over two-week intervals at one of our study sites, SD4, which part of the dunes 

complex that we considered to be a “high impact” area in terms of oil and gas 

production.  These two-week intervals occurred in August 2011 and then from 

January 2012 (winter) through June 2012 (early summer). Although we did not 

identify a DSL during our numerous site visits to SD4, this particular site was 

considered to be a part of a large dune complex where the DSL could reside and 

where a considerable amount of oil and gas production activity was occurring 

(Figure 3.3). In addition to our stationary/temporal monitoring, we also employed 

a hand-held H2S monitor to collect data over a period of 12 months (August 

2011-August 2012).   GPS and H2S concentration data were recorded during 

each site visit.  

 

Results 

The stationary H2S monitor at SD4 never exceeded H2S concentrations 

above 1 ppm (Appendix; Figures A-2 – A-6). This highest recorded concentration 
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of H2S over a 2-week period was 0.6 ppm (Appendix; Figure A-2). Similarly, the 

hand-held H2S monitors never recorded H2S concentrations about 1 ppm during 

site visits. During one site visit, we measured H2S near what appeared to be the 

opening of an exhaust pipe close to the ground near a pump jack at a 

concentration of 17 ppm. Additional measurements taken around the pipe were 

below 1 ppm at around 30.0 cm from the opening. 

 

Discussion 

 Overall, H2S measurements were consistently below 1 ppm.  Although the 

stationary measurements were conducted in one particular area over an 

approximate 6-month period, the recordings remained consistently below 1 ppm 

over the span of two seasons (winter through early summer).  Activity of the DSL 

from winter months to early summer months is variable due to its reliance on 

warmer temperatures for basking, food foraging, and other behaviors.  This data 

collection spanned a season of relatively little activity on the part of the DSL in 

the late winter months to higher activity in the spring and early summer months, 

capturing a typical pattern of oil and gas production activity as it coincided with 

the behavioral patterns of the DSL.  Additionally, the placement of the stationary 

monitor in what we considered “high impact” due to a strong oil and gas 

presence in the area was meant to capture a worse case scenario of H2S 

exposure for the DSL.  The results indicate that H2S, as an isolated factor of oil 

and gas production, may not have a negative effect on the DSL as what was 

previously hypothesized by Sias and Snell in 1998.   
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Additionally, the use of hand-held H2S monitoring devices allowed us to 

capture a snapshot of H2S at various areas within the dunes system, including 

blowouts and locations extremely close to H2S sources such as a well pad or 

pump jack.  Although our monitor did record a single instance of 17 ppm, which 

indicates a likelihood of possible short-term increased concentrations of H2S near 

areas of “high impact,” additional measurements in the area did not identify other 

instances of high H2S concentrations.  

 

Conclusion 

 Although both stationary and hand-held monitoring was limited to random 

measurements during site visits at various locations and a relatively short time 

span of stationary monitoring, these initial data suggest that H2S exposure 

associated with oil and gas development in the dunes, as an isolated chemical 

stressor, may be less of a concern than what was previously hypothesized.  H2S 

measurements from both hand-held devices and stationary monitoring were 

below 1 ppm, indicating a low-level exposure scenario for the DSL, if any.  These 

data suggest that recorded H2S levels are indeed lower than what would be 

expected to adversely impact the DSL.  However, additional long-term 

monitoring, as well as laboratory toxicity testing on a surrogate species would 

help to further substantiate this finding. 
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Sulfate (SO4
-2) Concentrations and pH  

Background 

 Soil acidification as a result of oil and gas development has been 

hypothesized to be a potential stressor for the DSL. Soil acidification can be 

attributed to sulfur gas emitted from oil and gas production (Tarver and 

Dasgupta, 1997). Once sulfur has been deposited on the sand, it is eventually 

oxidized to sulfate (SO4
-2) (Tarver and Dasgupta, 1997).  The presence of 

sulfates in sand increase anaerobic microbial activity in the soil, making it more 

acidic and thereby lowering the soil pH (U.S. FWS, 2012).  A lower pH has been 

shown to have detrimental effects on lizards ranging from small hatchling size 

and lower egg water exchange to a slower running speed (Marco et al., 2005).  

Sulfates occur in soils and have been reported in numerous states 

including Texas. In 1997, Tarver and Dasgupta tested surface soils in areas of oil 

and gas production in western Texas counties (Cochran, Garza, Hockley,  

Lubbock, and Terry) and found sulfate levels ranging from 20 ppm to 200 ppm 

nearest to active facilities as opposed to 1 ppm in similar soils that were not 

adjacent to the facilities.  As recently as 2012, the FWS acknowledged that it was 

unable to verify that soils in Texas have “high sulfates” with or without oil and gas 

activities in particular reference to the shinnery oak dune habitat in Texas (U.S. 

FWS, 2012).  Additionally, we were also interested in comparing sulfate 

concentrations in sand from dunes that had lizards (less impacted areas) to 

those where lizards were not present (more impacted areas). Therefore, the 

sulfate measurements obtained during this study were meant to address the lack 
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of sulfate concentration data and compare sulfate concentrations relative to 

areas of oil and gas development.    

 

Materials and Methods 

One hundred samples were collected from the top layer of soils from 

various locations at the study sites listed in Table A.1.  Samples were placed in 

individually sealed and labeled plastic bags and taken back to TIEHH for sulfate 

and pH analysis.  Three local (western Texas) sand samples, which were not in 

the Andrews County dunes system, were also collected for analysis.  Sand pH 

and sulfate concentrations were measured by adding 2 g of sand and 4 mL of DI 

water to a 10 mL beaker and stirring the mixture.  The pH was measured by 

inserting a Jenco Vision Plus pH 618N electrode into the mixture and recording 

the measurement.  2 mL of the sample was then filtered into 5 mL polyvinyl 

tubes, using IC syringe filters; an additional 3 mL of DI water was added to each 

tube. A 184 µg/mL standard of CdSO4 was prepared by mixing 0.1 g of CdSO4  

powder with 250 mL of MilliQ water.  Three dilutions (36.8 ppm (5x), 18.4 ppm 

(10x), 9.2 ppm (5x), creating the calibration curve, and two blanks were also 

added to the run. The concentrations were measured by ion chromatography (IC) 

(Chromeleon Dionex 1996-2001 Version 6.50 SPI Build 956) using a 20 mM 

NaOH eluent with a flow rate of 1mL/min on a Dionex AS 21 column. 

Results 

 The mean pH (standard deviation/SD) from all sites was 8.09 (0.82) 

(Table 2.1) while the mean sand sulfate concentration was 5.52 µg/g (2.68) 
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(Table 2.2). Both of these measurements appear to be slightly elevated 

compared to the range for pH and sulfate concentrations from local soils, which 

were 3.93 µg/g (1.16) (p = 0.23) for sulfate and a pH of 7.7 (0.21) (p = 0.15) 

(Table 2.3).  The mean pH for the study sites was slightly alkaline as compared 

to the local soils (Figure 2.1). We observed a significant effect of site on both pH 

and sulfate concentrations. In fact, several sand samples from SD11 exhibited 

more basic pH levels as high as 9.5 (Appendix; Table A.8). However, an 

expected decrease in pH and higher sulfate concentration did not correlate with 

visual characterizations of impact due to oil and gas development. Further, a 

regression analysis showed that there was a relationship between pH and sulfate 

concentration in sand (p = 0.000002) (Figure 2.2). 
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Table 2.1.  Mean pH for individual SD sites. 

Sample Average pH (SD) 
SD2 (n = 20) 8.09 (0.82) 
SD4 (n = 13) 7.68 (0.44) 
SD5 (n = 34) 8.10 (0.55) 
SD6 (n = 7) 7.90 (0.43) 
SD7 (n = 3) 7.71 (0.03) 
SD11 (n = 11) 8.41 (0.95) 
SD12 (n = 8) 7.87 (0.14) 
SD14 (n = 4) 7.66 (0.12) 
Overall 8.09 (0.82) 

 

 

 

 

 

 

 

 

 

 



Texas Tech University, Brie D. Sherwin, May 2014 
 

24 
 

 

Figure 2.1. Mean pH (with SD) of study sites).  
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Table 2.2.  Mean sulfate concentrations for SD sites. 

Sample Average Sulfate 
Concentration (µg/g) 

SD2 2.15 
SD4 5.49 
SD5 5.69 
SD6 2.56 
SD7 ---- 
SD11 6.00 
SD12 10.16 
SD14 6.65 
Average 5.52 
Std. Dev. 2.68 
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Table 2.3.  Mean pH and sulfate concentrations in local western Texas soils. 

Sample pH (1:2) Sulfate Concentration 
(µg/g) 

Lubbock #1 7.6 4.70 
Lubbock #2 7.9 2.60 
Terry County 7.5 4.50 
Ave. 7.7 3.93 
Std.Dev. 0.21 1.16 
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Figure 2.2. Relationship between sulfate concentration and  
pH of sand from all study sites. 
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Discussion 

 Since published data for background sulfate levels in western Texas soils 

are scarce, we tested three local soils for background sulfate concentrations and 

pH. Our conclusion from the observed sulfate and pH levels in both the control 

sites (local soil samples) and the study site samples is that sulfate and pH levels 

are somewhat similar between both groups although the local soils contained 

slightly lower sulfate levels.  Testing did yield some relatively high individual pH 

levels for particular samples; in particular, those from SD11 (Appendix; Table 

A.8), but the variation could likely be explained because pH of samples SD11 L6-

11 were tested on a separate day than SD11 L1-5. Variations in storage time of 

sands in plastic bags and calibration of the pH meter could have been 

contributing factors to the variation in pH, particularly within one study site.  

 

Conclusion 

 Overall, the results of the sulfate concentrations and pH values between 

the study sites and control sites indicate little variance.  This leads to a 

preliminary conclusion that sand sulfate from the study sites is very similar in pH 

and sulfate concentrations despite close proximity to oil and gas development.  

Sand collection locations varied during site visits and not all collections occurred 

within close proximity of actual well pads or pump jacks.  These initial data 

suggest that pH and sulfate concentrations in sand are not in the range that 

would cause certain detrimental effects to lizard populations (pH of 4 or 10), as 

was studied by Marco et al. in 2005.  Additional testing of pH and sulfate 
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concentrations in soil around oil and gas development areas would be useful in 

providing a more complete picture, particularly if the testing locations were 

purposely selected in equidistant measures from known sources of H2S and 

areas where H2S is known to settle like blowouts.   

 

Effect of Sulfate Exposure on an Invertebrate Food Source for the DSL 

Background 

Since insects are prey for lizards, uptake of chemical contaminants into 

invertebrates is considered a possible pathway by which pollutants can enter the 

body of a lizard (Al-Hashem et al., 2008).  It has been well-documented that the 

direct application of pesticides have a tremendous effect on lizards that rely on 

insects as a major food source (Campbell and Campbell, 2001). Additionally, the 

destruction of ideal habitat that supports the threatened species can also 

contribute to a decline in available food sources.  Predictions of species habitat 

shifts in response to expected climate change are also a function of dispersal 

ability and biotic interactions (Davis et al., 1998).   

The diet of the DSL includes ants (Order Hymenoptera), crickets (Order 

Orthoptera), spiders (Order Aranthae), and grasshoppers (Order Orthoptera) 

(U.S. FWS, 2010). Since the DSL is a known habitat specialist, it is possible that 

less than ideal conditions for insect prey as a result of shinnery oak removal or 

sand sulfate concentrations or pH could result in a population decline due to lack 

of available food sources.  The importance of impact on prey base is critical 

because of the lizard’s foraging behaviors and ability to thermoregulate which 
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restrict the time and opportunity for it seek out food items.  Additionally, because 

SO4-2 concentrations remain relatively constant in sand, a laboratory study such 

as this one can be representative of a possible exposure out in the field. 

Therefore, the following experiment was designed to test for any possible indirect 

effects of SO4-2 concentrations on food items.  Specifically, it tested the 

survivability and possible avoidance behavior of the cricket, a common 

invertebrate food source for reptiles, when placed in a sandy environment with 

increasing sulfate concentrations.   

 

Materials and Methods 

One thousand 4-week old crickets were obtained commercially.  After the 

crickets arrived, they were were placed (with habitat) in a 10-gallon aquarium 

with food in order to acclimate. Three air holes were drilled into the plastic screw 

tops of seventy-five 60 mL glass jars in order to allow oxygen to pass through to 

the crickets.  Sand samples from all study sites where SO4-2 was previously 

measured were mixed to create a bulk sample whose nominal concentration was 

5.52 µg/g (Table 2.2)  and approximately 40 g of sand was added to each jar. In 

order to create a control and five concentrations, approximately 10 g of MgSO4 

was added to a 50 mL volumetric flask.  DI H2O was added to the volume and 

the solution was thoroughly mixed. The control and five concentrations were 

added to the sand.  Approximately 5 days after arrival, the crickets were sedated 

with CO2 gas and individually placed in the glass jars.  The crickets were then 

monitored for survival every 24h up to 96 h after initial placement in the jar.  The 
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results were recorded and analyzed for correlations between increasing SO4
-2 

concentrations and percent survival. 

 

Results 

 The percentage survival of crickets did not correlate with increasing 

concentrations of SO4
-2 spiked sand. Survival decreased in all but the 120 ppm 

concentration at 48-hours (Figure 2.3) (Appendix; Tables A.12 - A16; Figures A.8 

- A.12). Survival also decreased in all concentration levels after 72h (Figure 2.3). 

Finally, the % survival remained fairly consistent during the first 48h between the 

control (5 ppm), 60 ppm and 120 ppm, with a significant drop (100% to 50%) in 

the percentage survival in 120 ppm at 96h (Figure 2.3).  

A number of crickets escaped from the jars during the test.  However, the 

number of cricket escapees did not correlate with increasing SO4
-2.  The greatest 

number of escapes occurred during the first 24-hour period at all concentrations 

(Figure 2.4).  The number of escapees at all concentration levels remained 

steady from the 48 hour through 96 hour time period with the exception of the 15 

ppm concentration where an additional 2 crickets escaped between 48 hours and 

72 hours (Figure 2.4). 
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Figure 2.3. Percentage cricket survival following exposure to sulfate 
 over time. 
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Figure 2.4. Cumulative number of crickets that escaped from sulfate treatments 
over 96 hours. 
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Discussion 

 The results showed no correlation between decreased survival or number 

escapes associated with exposure to a higher SO4
-2 concentration.  As was 

expected, percentage survival decreased considerably after 96 hours.  This could 

have been due to the expected short life span of the crickets and other factors 

such as lack of food.  The number of escapees was greatest during the first 24-

hour period at all SO4
-2 concentrations, illustrating that avoidance and escape 

could have been due to confinement in a smaller container and the possibility of 

escape through the air holes, depending on the cricket’s size.  

 

Conclusion 

 Percentage survival of crickets was not related to a higher SO4
-2 

concentration in sand.  In the future, this experiment could be repeated and 

modified to improve accuracy by drilling smaller holes to reduce the number of 

escapees and therefore limit the analysis to percentage survivability.  The results 

suggest that higher SO4
-2 concentrations do not adversely affect the DSL’s 

invertebrate food sources like crickets.  Other sources contributing to invertebrate 

food source depletion such as the removal of shinnery oak or climate change, 

including drought should not be discounted. 

 

 

 

 



Texas Tech University, Brie D. Sherwin, May 2014 
 

35 
 

Tebuthiuron 

Background 

Tebuthiuron is a broad-spectrum herbicide used to control weeds in non-

cropland areas, rangelands, rights-of-way, and industrial sites (Meister et al., 

1992). Tebuthiuron has historically been used to improve rangeland conditions, 

by preventing certain forms of vegetation, like shinnery oak,  from growing in 

areas of cattle grazing. Shinnery oak is thought to be toxic to cattle and 

effectively competes with other native grasses that are ideal for cattle grazing 

(Peterson and Boyd, 1998).  

The purpose of determining the presence of tebuthiuron is not based on 

its toxicity potential to the DSL, but rather its direct impact on DSL habitat  (U.S. 

FWS, 2010).  This is because the herbicide reduces naturally occurring shinnery 

oak vegetation, creating fragmented habitat and thereby restricting DSL 

movement as well as larger blankets of vegetative protection for the DSL (U.S. 

FWS, 2010).  This concept was highlighted in a earlier study by Snell who found 

that habitat loss and DSL declines were not linked to a toxic effect associated 

with tebuthiuron, but rather to the destruction of its shinnery oak habitat (Snell et 

al., 1997).  DSL numbers dropped anywhere from 70 – 94% in areas that were 

chemically treated, compared to adjacent untreated plots (Snell et al, 1997).   

Loss of shinnery oak habitat has been documented as expansive. In its 

initial listing proposal, the FWS expressed concern over the use of tebuthiuron as 

a significant contributor to habitat modification, citing a study by Peterson and 

Boyd who reported that over 400,000 ha (1,000,000 acres) of shinnery oak have 
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been lost in Texas due to the spraying of tebuthiuron and other herbicides (U.S. 

FWS, 2010). This information was concerning to the FWS in light of a five-year 

study which reported that DSLs were absent at 50 percent of the previously 

occupied sites where tebuthiuron had previously been sprayed. Additionally, a 

100 percent population loss was observed in some areas treated with tebuthiuron 

(Painter et al.,1999).  

There is, however, anecdotal evidence that tebuthiuron spraying was 

discontinued approximately 18 years ago (U.S. FWS, 2012, public comment 

#35).  The FWS responded to this comment in stating that as recently as 2009, 

there was documented treatment of shinnery oak within the DSL’s range in 

Roosevelt County, New Mexico (U.S. FWS, 2012).  Interestingly enough, after 

the initial publication of the proposed listing in 2010, the Natural Resources 

Conservation Service finalized technical guidance which provided “treatment 

buffers” around shinnery oak dunes in New Mexico, but this measure did not 

apply in Texas (U.S. FWS, 2012.)   Both of the current New Mexico and Texas 

Conservation Plans include restrictions on tebuthiuron use for those landowners 

and oil and gas companies who voluntarily enroll in the plans (U.S. FWS, 2012).  

Aside from the conservation plans, which are meant to protect DSLs from 

future use, there is still a question as to whether and how often tebuthiuron has 

been used in the past few years.  Therefore, purpose of our study was to 

determine the existence of detectable levels of tebuthiuron in sand and 

vegetation (shinnery oak) samples collected from various marked habitat 

locations in Andrews County between 2011 and 2012.  
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Materials and Methods 

In determining the possible presence of tebuthiuron, one hundred sand 

samples and sixteen plant samples were collected from sites previously 

mentioned in Table A.1.  The sand was extracted and analyzed using the 

following method: 1) 10.0 g of sand was weighed into a disposable test tube.  5 

mL of CH3OH:H20 was added to the test tube, stirred, parafilmed and stored 

under a room-temperature vent hood overnight.  Samples were then filtered 

through a 0.2 µm nylon filter into a 2 mL GC vial and analyzed by gas 

chromatography-flame ionization detection (GC-FID) analysis similar to that 

described in Loh et al. (1978). Approximately 1.0 g of plant material was weighed 

and processed, using the same process described above. 

 

Results 

 Tebuthiuron was not detected in any of the sixteen plant samples 

collected from the five study sites (Appendix; Table A.11). In addition, tebuthiuron 

was only detected in two instances in soil samples, both from SD5 (3.7 µg/g at 

L17 and 19.60 µg/g at L19) (Appendix; Table A.4). The rest of the samples were 

below the detection limit of 0.1 µg/g.  
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Discussion 

 Only two out of 100 sand samples indicated the presence of tebuthiuron.  

Additionally, all sixteen vegetation samples tested below the detection limit of 0.5 

µg/g. These results indicate that it is likely that the application of tebuthiuron has 

been reduced in recent years.  While this absence is indicative of current 

practices among ranchers and private owners, it does not necessarily account for 

past practices, which have been documented by previous studies.   

 

Conclusion 

 Our results indicate that, among the limited amount of samples collected, 

tebuthiuron was very rarely present. This data does somewhat substantiate the 

anecdotal evidence of the limited use of the herbicide.  However, because the 

sample size was relatively small and captured only a small portion of vast habitat 

area, additional targeted sampling (in areas near shinnery oak) would be helpful 

to the FWS in monitoring future use of the herbicide. In particular, future 

sampling would provide assurances that those who are voluntarily enrolled in the 

conservation plans are adhering to the guidelines set forth in each state plan. 

 

Total Petroleum Hydrocarbons (TPH) 

Background 

Pipelines and flow lines constructed as part of oil and gas production may 

expose the DSL population to petroleum chemical leaks (Texas Comptroller, 

2011).  As previously mentioned, accidental releases or normal activities 
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associated with oil and gas operations, such H2S emissions or even spills which 

would cause chemical exposure in the vicinity of oil and gas wells could 

negatively affect the DSL. While it is unclear how this exposure could affect both 

the survivorship and fecundity of the DSL, pollutants from oil and gas production 

could be a factor possibly impacting the survival of the species.  Two studies 

conducted in the oil fields in Kuwait on the Nidua fringe-fingered lizard 

(Acanthodactylus scutellatus) documented an impact on the species based on 

exposure to chemical residues associated with oil and gas production (Al-

Hashem et al., 2007).  PAH concentrations were found in tissue samples from 

the fringe-fingered lizard and its insect prey (ants) and the concentrations were 

observed to increased with prolonged exposure. Additionally, the study showed 

that PAH levels in the fringe-fingered lizard and ant tissues were elevated 

enough to impact vital organ functioning (Al-Hashem et al., 2007).  Because this 

species of lizard has similar characteristics to the DSL, further assessment of 

TPH residues in the DSL habitat are necessary to assessing potential effects to 

the DSL population. 

Determining the existence of TPH in the sand dune areas can serve as a 

general indicator of pollution as a potential stressor to the DSL. Therefore, this 

experiment was conducted to measure detectable levels of TPH in sand samples 

collected from selected habitat locations in Andrews County.   
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Materials and Methods 

In order to assess TPH concentrations in collected sand samples, one 

hundred sand samples and seven food samples (ants, caterpillars) were 

extracted and analyzed using the following method: 10.0 g of sand was weighed 

into a disposable test tube.  5 mL of methylene chloride was added to the test 

tube, stirred, para-filmed and stored at room temperature overnight.  Samples 

were then filtered through a PTFE filter into a 2 mL GC vial and analyzed by gas 

chromatography-mass spectrometry (GC-MS).  Food samples were weighed and 

processed, in their entirety, using the same process described above. 

 

Results 

 A majority of the sand samples analyzed for TPH were below the 

detection limit of 0.1 µg/g, however approximately sixteen sand samples 

collected from SD4, SD5 and SD11 did exhibit higher TPH concentrations. In 

SD4, four samples from sampling locations 10 through 13 exhibited TPH 

concentrations ranging from 5.7 µg/g to 84.8 µg/g (Appendix; Table A.3).  In 

SD5, seven sand samples from locations 23 through 29 also contained higher 

TPH concentrations, ranging from 13.1 µg/g to 188.1 µg/g (Appendix; Table A.4).  

Similarly, at SD11, TPH concentrations in sand samples collected at locations 7 

though 11 ranged from 19.2 µg/g to 289.6 µg/g (Appendix; Table A.9). TPH 

concentrations were also measured in invertebrate food items, as well.  The 

sample size was limited to seven samples from 5 sites mainly due to availability 

and ease of capture of the food items during site visits. The concentration of TPH 
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in food items ranged from a 0.4 µg/g at SD2 to 53.0 µg/g at SD5 (Appendix; 

Table A.12).   

Discussion 

 Overall, TPH residues in sand samples were not high, signifying that there 

is not expansive contamination associated with oil and gas activities.  The 

samples that contained elevated TPH concentrations were collected on the same 

day and in roughly within the same area at that location.  An effort was made to 

collect these samples closer to actual road and well pad development to provide 

a more expansive sampling pattern that would include sand samples in more 

isolated dunes areas and those closer to development.  However, sand samples 

were purposely not collected near areas where obvious spills had occurred.  The 

elevated TPH concentrations in a small percentage of sand samples that were 

collected near active areas suggest that contamination is likely greater in areas 

closer to actual oil and gas production activities or developed areas associated 

with those activities. 

Conclusion 

  The FWS has commented that the scope of impact due to pollution is 

highly localized (U.S. FWS, 2012).  The data further confirm that potential 

exposure to TPH or other oil and gas related contaminants may be limited to 

areas immediately surrounding developed areas such as roads, well pads and 

pump jacks. Additional sampling and TPH analysis utilizing a sampling grid with 

measured distances from areas of development would help to confirm these 

preliminary results.  The FWS has commented that the voluntary conservation 
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plans in New Mexico and Texas are designed to address and minimize this 

localized impact (U.S. FWS, 2012). Therefore, additional future monitoring and 

testing will help to ensure that plan participants are taking adequate measures to 

minimize the impact of pollutants like TPH. 
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CHAPTER III 

HABITAT MODIFICATION AS A POTENTIAL STRESSOR 

 
Introduction 

The greatest threat to the DSL is the potential loss of its specialized 

habitat (U.S. FWS, 2012).  Habitat modification or fragmentation can be 

attributed to a number of factors from the use of herbicides to activities 

associated with energy development to predicted climate change and drought 

(U.S. FWS, 2012). Fragmentation breaks up larger areas of suitable habitat into 

smaller patches and resulting in soil compaction and loss of vegetation, resulting 

in individuals residing in habitat edges.  A “habitat specialist” or species with a 

high degree of environmental specialization within restricted distribution ranges 

are more vulnerable to habitat modifications as compared to generalist species 

with a wide-ranging habitat, making them more vulnerable to extinction 

(Ballestros-Barrera et al., 2007). And, those species living in the edge habitat 

have an increased change of mortality due to a reduced barrier between the core 

habitat and the actual disturbance (Ballestros-Barrera et al., 2007). 

Reptile population responses to habitat modification, including land-cover 

transformation and climate change, have been noted in scientific literature 

(Ballestros-Barrera et al., 2007).  In 2007, Ballestros-Barrera et al. evaluated the 

effects of land cover transformation on the distribution of two endemic lizards in 

Mexico, utilizing an ecological niche-modeling program with Genetic Algorithm for 

Rule-set Prediction (GARP), along with a land-use map that illustrated habitat 
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transformation attributable to human activities. The study concluded that 

destruction of the lizard’s habitat by anthropogenic factors such as urbanization, 

agricultural use and cattle ranching was serious with almost 44% of the lizard’s 

distribution area was recently lost due to this habitat alteration. The threat was 

further exacerbated by the fact that there was no “formal protection” of the 

lizard’s range.   

Oil and gas development throughout the Permian Basin could continue to 

fragment the habitat and divide the DSL populations into smaller and more 

vulnerable groups; which could affect its behavioral responses including foraging, 

breeding, thermoregulation and predator avoidance, and thermoregulation 

(Texas Comptroller, 2011).  Additionally, pipelines and flow lines located 

throughout the dunes complex may also have negative direct and indirect effects 

on DSL habitat. Heavy equipment used to remove shinnery oak and bury the 

lines in the sand may also destabilize dunes (Texas Comptroller, 2011).  And, 

roads are considered to be major contributors to fragmentation because they 

divide continuous landscapes, like dunes systems, into smaller segments and 

convert interior habitat to edge habitat (Barrera-Ballestros et al., 2007).  The 

result of this man-made activity is the fragmentation of habitat into smaller 

patches and a possible change in sand characteristics and composition in the 

area, all of which could result in a less than ideal environment for the DSL. 

Therefore, the following two experiments attempt to (1) quantify the amount of 

new well pad and road construction in a delineated dunes area in Andrews 
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County and (2) assess whether sand particle size can be used as an indicator of 

habitat modification that is caused by increased oil and gas development. 

 
Measuring Habitat Modification Using ArcGIS 

 
Background 

 The measurement of threshold responses to habitat changes by 

threatened species is a fundamental concept in resource management (Dykstra, 

2004). Understanding how and when species respond to changes in habitat is 

critical to implementing effective conservation measures.  At some point, the 

species will reach a threshold whereby the population declines.  However, this 

threshold varies based on the individual species and its particular need and 

connectivity to and dependence upon a particular habitat.  The loss or 

fragmentation of habitat, including isolation of habitat patches, reduction in patch 

size and in increase in the number of patches play a significant role in the 

survival of a species (Dykstra, 2004).    

In the case of the DSL, population surveys continue to reaffirm the idea 

that the lizard remains a “habitat specialist,” directly tied to the shinnery oak 

dunes complex (Fitzgerald et al., 2011).  To this effect, the FWS has utilized a 

number of surveys and a general spatial analysis of fragmentation and 

populations of the DSL in making its listing decision (U.S. FWS, 2012). In 

particular, the FWS has documented the amount of DSL habitat fragmentation in 

both Texas and New Mexico by estimating numbers of well pads and habitat 

areas that are fragmented by roads.  The FWS has reported that there are 

approximately 10,995 well sites within the DSL habitat (U.S. FWS, 2012).  
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Additionally, the FWS digitized the roads within the DSL habitat to estimate the 

percent of habitat that falls within 200 m of roads. Based on this digitation, the 

FWS estimates that 46% of the total 301,468 ha (744,994 acres) are currently 

fragmented.  In addition to attempting to quantify habitat modification, the FWS 

has looked to recent DSL population surveys in analyzing how habitat 

fragmentation may be affecting a “habitat specialist” like the DSL.   

Unfortunately, as is the case with many threatened species, the DSL 

population surveys have produced mixed results.  In 2006 and 2007, surveys 

were conducted at twenty-seven sites to determine the distribution of the DSL in 

Texas  (Laurencio et al. 2007).  The DSL was found at only three of the twenty-

seven sites in the following counties: Andrews, Crane, Cochran, Edwards, Ward, 

and Winkler.  

Four years later, in 2011, Fitzgerald et al. observed DSLs at nineteen sites 

surveyed in Andrews County as well as the presence of the DSL in areas where 

they were not previously detected in 2007 (Fitzgerald et al., 2011; Laurencio et 

al, 2007). He noted that even though they observed DSLs at sites where they 

had not been previously observed (Laurencio et al., 2007), lizard populations 

fluctuate over time and space for a variety of reasons. Even though the study 

would not rule out possible movement of the DSL population outside of its 

preferred habitat, it acknowledged that the primary habitat preference for the DSL 

was the shinnery oak dunes complex.  Not long after this report was completed, 

the FWS, in cooperation with Texas and New Mexico, decided to withdraw its 

listing proposal premised on the implementation of voluntary conservation 
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agreements by both states (U.S. FWS, 2012). The conservation efforts will 

largely depend on voluntary enrollment and cooperation by private landowners 

and oil companies in working to minimize the amount of disturbance in areas of 

known DSL habitation. Part of the plan involves the FWS’s effort to monitor plan 

implementation in conjunction with the responsibility of the Texas Comptroller, 

the permit holder for the plan, to report monthly on surface disturbing activities 

(Yi et al., 2013).  

This past year, the Defenders of Wildlife compared aerial images of 

Andrews County from May 2012 to those of September 2012 and June 2013.  

The group was able to visually confirm surface disturbances associated with oil 

and gas production in areas enrolled in the Texas habitat conservation plan, 

despite the fact that all monthly and annual monitoring reports released by the 

Texas Comptroller claimed that no surface disturbances occurred (Yi et al., 

2013).  The white paper utilized visual identification and comparisons to identify 

new roads and new or expanded well pads, illustrating disturbances in both 

enrolled lizard habitat and enrolled adjacent buffer lands.  The conclusion from 

the visual observations of surface disturbances was that development in enrolled 

areas is going unreported. 

Both the 2011 DSL population survey conducted by Fitzgerald and the 

Defender of Wildlife’s white paper demonstrate a continued concern for 

monitoring how oil and gas development impact DSL populations.  While the U.S. 

FWS has identified the extent of fragmentation to the habitat, there has not yet 

been a study to date that utilizes aerial imagery to quantify the change in 
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development within a defined area of the shinnery oak dunes complex over time. 

Therefore, this study proposes to quantify the road and well pad development 

from 1996-2012 in specified study sites, using ArcGIS software for mapping and 

statistical analysis. 

 

Materials and Methods 

Imagery for the dunes delineation and quantification of habitat modification 

was obtained from the National Agriculture Imagery Program (NAIP) in 1M Color 

Infrared (CIR) for the following years: 1996, 2004, and 2012.  The NAIP imagery 

was acquired at a one-meter ground sample distance with a specific horizontal 

accuracy within six meters of ground control points that are identifiable by photo. 

The imagery was captured by NAIP as a digital ortho quarter quad tile (DOQQ) 

or as a compressed county mosaic (CCM).  The CCMs are available through the 

USDA Geospatial Data Gateway and were obtained through the Texas Natural 

Resources Information System (TNRIS) website.  

All spatial analysis was completed in ArcGIS 10.1. The layered imagery 

utilized in the spatial analysis included the following quadrants: North Cowden 

NW (all quadrants), Coyote Corner (NW and NE quadrants), Bedford Ranch (NW 

and NE quadrants), Sand Ranch (all quadrants), and Clabber Hill Ranch (all 

quadrants).  

We also delineated “active dunes sites,” according to a classification 

created by the USDA’s Natural Resources Conservation Service (NRCS) from 

1966-1970 and later published in 1974. A file geodatabase containing a 
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delineation of the DSL habitat was obtained from the Texas General Land Office 

and added as an additional layer to the imagery. (Figure 3.1) 

In order to quantify the physical impact that oil and gas activity have had 

on dune systems that fell outside of the active dunes delineation published in 

1974, we determined the relative amount of area that well pads and roads have 

accounted for in a subset of dune systems over the time periods listed above.  To 

begin this process, the average area of all delineated dunes was calculated.  The 

dune size was based on the area of all active dunes in Andrews County.  Next, 

we identified our own dune sampling sites (SD sites), which did not fall within a 

previously NRCS delineated “active dune area” and created a 853 meter (57 

hectare) circular buffer around these points based on the average area of the 

calculated above.   

Well pads and roads were hand digitized within each buffer and delineated 

dune area containing the sampling sites. Roads were drawn with polylines, and 

then buffered to an approximate width of 8 total meters, creating polygons. Next, 

a union was then performed between the well pad and road polygons, 

boundaries were dissolved, and the resulting polygons were clipped to the exact 

areas of the delineated dune and dune buffer. The total area of roads and well 

pads within each buffered area was calculated (in hectares), as was the area of 

each active dune and sampling site. Finally, the percentage of habitat 

modification within an imagery year was then calculated by dividing the total area 

of the roads and well pads by the total active dune/dune buffer area.  The 

calculated change was then compared between 1996, 2004 and 2012. This 
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overall process was instituted using a model we created with the model builder 

feature of ArcGIS (Figure 3.2). 
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Figure 3.1. ArcGIS aerial containing DSL potential habitat and identified study sites within the  
University of Texas survey blocks (2012) 
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Figure 3.2. ArcGIS model of the method used to  
quantify habitat modification (well pad/road development) from 1996-2012.
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Results 

 Road and well pad development between the years of 1996-2004 and 

2004-2008 varied, depending on the particular study site.  Overall, the 

percentage of development increased slightly over the 16-year span (1996-

2012), from 1.00% in 1996 to 2.34% in 2012 (Table 3.1).   

The active dunes designated as SD4 and SD14 (“high impact” areas) 

experienced a marked increased in well pad and road occupation from 3.31% to 

10.57% from 2004 to 2012 (Table 3.2; Figure 3.3). However, in one specific 

instance (SD12), the percentage area occupied by road and well pad 

development actually decreased from 1.92% to 1.73% (Table 3.2).  Development 

at several of the study sites (SD2, SD7, and SD8) remained unchanged from 

2004-2012 (Table 3.2). At each of these particular sites, development was 

relatively small (low to medium impact) as compared to some of the sites with a 

higher amount of impact (Table 3.2).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Texas Tech University, Brie D. Sherwin, May 2014 
 

54 
 

 
Table 3.1.  Percentage well pad/road development within delineated 

dune sites from 1996-2012. 
 

Delineation                      Area (Hectares) 
 

 1996 2004 2012 
Roads and Well 
pads 
 

18.36 22.73 42.67 

Active Dunes 
 

1428.0 1428.0 1428.0 

Circles 
 

397.0 397.0 397.0 

Total Area of 
Circles and Dunes 

1825.0 1825.0 1825.0 

% of Area 
Occupied by 
Roads and Well 
pads 

1.00% 1.24%   2.34% 
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Table 3.2. Total site area and percentages of well pad and road development at 
individual study sites (SDs) from 1996-2012. 

 
SD    Total Area       Area of Well pads/Roads                  Percentage of Land 
         (Hectares)                (Hectares)                         Taken by Well Pads/Roads 
  2012 2004 1996 2012 2004 1996 
7 
 

48.62 1.71 1.71 1.43 3.51% 3.51% 2.95% 

4,14 
 

211.20 22.32 6.99 6.59 10.57% 3.31% 3.12% 

5 
 

21.21 0.07 0.00 0.00 0.32% 0.01% 0.00% 

2 
 

57.17 0.87 0.75 0.65 1.52% 1.31% 1.14% 

12 
 

57.17 1.71 0.99 1.10 2.99% 1.73% 1.92% 

11 
 

57.17 4.28 2.13 1.94 7.49% 3.72% 3.40% 

6 
 

57.17 1.29 0.81 0.00 2.26% 1.42% 0.00% 

8 
 

57.17 1.33 1.33 0.00 2.33% 2.33% 0.00% 

9 112.11 4.88 4.88 3.32 
 

4.35% 3.74% 2.96% 
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Figure 3.3. Well pad and road output map illustrating development from 1996-2012  

in SD4 and SD14 (“high impact areas”). 
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Discussion 

 At first glance, the change in the overall percentage of area occupied by 

roads and well pads from 1.0% (1996) to 2.34% (2012) seems rather small in 

comparison to the amount of delineated dunes habitat which includes active 

dunes and circles.  However, a closer examination of the statistics indicates a 

two-fold increase in habitat occupied by well pads and roads (Table 3.1).  

Because the DSL is a “habitat specialist,” its survival is dependent upon larger 

patches of uninterrupted habitat.  Therefore, even though the current 

percentage of developed habitat is relatively small, it may not adequately 

characterize the impact on the DSL population because of detrimental effects 

associated with “edge habitat” dynamics.  Additionally, the percentage 

increase in development within SD4 and SD14 is significant because of the 

well pad and placement in what is a seemingly large, continuous dunes 

complex (Figure 3.3). The decrease in the percentage of area developed in 

SD12 over a period of 8 years from 1996 to 2004 is encouraging and suggests 

the possibility that the habitat can regenerate in specific areas and 

circumstances.  

 

Conclusion 

A quantitative analysis habitat modification through the use of aerial 

photos and ArcGIS software is valuable in that it provides a numerical 

representation of change over time.  However, one of the drawbacks of this 

method of quantification is that it cannot measure or represent the true effect 
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of fragmentation of habitation where a “habitat specialist” like the DSL is 

concerned.  This method could be of value in the continual monitoring and 

quantification of surface disturbances that the Texas Comptroller is required to 

report under the terms of the Texas voluntary conservation agreement.  While 

it certainly doesn’t address the uncertainties associated with accurate surveys 

depicting the true current DSL population, it supplements our understanding of 

how continual development can be detrimental when placed directly within a 

dunes complex suspected to contain DSLs.  An actual quantification of the 

amount of development within a delineated dunes area further supports the 

proposition that not all parts of the DSL’s range have incurred the same 

amount of development.   

Additionally, the quantification was limited to our study sites, providing 

only a snapshot of the convergence of development and actual DSL habitat in 

Texas.  Additional analysis of all areas within the entire DSL habitat over a 

series of years would provide a more complete picture of the full extent of 

development within these habitats.  

 

Measuring Habitat Modification Using Sand Particle Analysis 

Background 

The effects of varied sand particles size on the DSL population are still 

not well understood, however Fitzgerald (1997) indicated that the particle size 

does appear to be a limiting factor in the distribution and occurrence of DSLs 
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within the shinnery oak dunes.  Sand particle size not only impacts the dune 

structure and blowout areas, but also can potentially influence DSL location 

and preference. Fitzgerald’s study also assessed DSL particle size preference 

and found that DSLs select sites with more medium sized particles and did not 

use finer sands (Fitzgerald et al., 1997).  This indicates that sand particle size 

could influence the habitat preference of DSLs. This is particularly relevant 

since sand particle and dune blowout structures change over time and can 

potentially be significantly altered by development.  Currently, there is little 

information available on the sand particle size in both undisturbed and 

disturbed areas within current shinnery dune habitat in West Texas.  

Therefore, there is significance to conducting a characterization of sand 

collected from various marked sites in the dunes region in Andrews County 

including size classification and location of the sand measurements in relation 

to oil and gas development (roads, well pads, etc.).  

Individual DSLs are known to have relatively small home ranges, as 

indicated by the frequent recapture of marked animals within the blowout of 

original capture (Painter et al., 1999). The recapture of DSLs at these 

occupied sites have slightly coarser sand than unoccupied sites (Fitzgerald et 

al.,1997) The conclusion drawn from this study was that the DSL may not 

inhabit areas with high percentages of sand particles smaller than 250 

micrometers (Fitzgerald et al., 1997). This further supports the hypothesis that 

the DSL possibly avoids areas of particularly fine-grained sand due to possible 

interference with physiological functions. 
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Sand classification depends on measuring sand particle size.  Sand 

particle size, also called sand grain size, is measured according to the 

diameter of the individual grains of sediment (Prothero & Schwab, 2004). This 

diameter is typically expressed in Φ (“phi”) intervals instead of microns or 

millimeters.  (Anderson, 2008).  A phi unit or interval is calculated by taking the 

negative log of the diameter of the grain size in millimeters and one unit is 

equal to one grade on the Wentworth or “Udden-Wentworth” Scale (Appendix 

A) (Anderson, 2008).  

Analysis of Grain Size Data 

 The data obtained from grain-size analysis may be plotted and 

analyzed in different ways.  Both descriptive and statistical analyses play 

distinct and purposeful roles in assisting a researcher with describing both the 

qualitative and quantitative characteristics of grain size. 

Graphic Analysis of Grain Size Data 

Graphic presentations of grain size data use the grain size as the 

“abscissa” or horizontal scale and a measure of percentage frequency as the 

“ordinate” or vertical scale (Folk, 1981).  Several descriptive analyses are 

common measurements used to provide both pictorial and statistical 

parameters to the sand grain size.  (Folk, 1981).  There are four typical types 

of graphic grain-size data analyses: (1) a histogram; (2) a frequency curve; (3) 

cumulative arithmetic curve; and (4) a cumulative probability curve (Anderson, 

2008).  
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The histogram is one of the most commonly used graphic descriptions 

of grain-size data.   A histogram is a bar graph in which percentages 

representing each grain size (typically in a Φ measurement) are plotted into 

vertical columns.  (Folk, 1981). From this descriptive measurement, one can 

interpret general features of the sand grain-size, however the shape of the 

histogram can be greatly affected depending on which sieve intervals are 

chosen (Folk, 1981).  In other words, measuring a sand sample on different 

intervals of sieves will result in a different histogram (Folk, 1981). The tallest 

column from each historgram indicates the mode of the sample, or the most 

frequently occuring size.  

A cumulative arithmetic curve is another one of the most commonly 

used descriptive tools of grain-size data analysis.  This curve is typically S-

shaped and the slope of the central part represents the sorting of the sample. 

Unlike the histogram, the cumulative curve is independent of the sieves used.  

Although the cumulative curve is more difficult to interpret at a glance, the 

advantage to this particular curve is that statistical parameters can be 

assessed (Folk, 1981). In particular, the following parameters can be 

calculated:  

Graphic Mean (the average size category):   
M = Φ16 + Φ50 + Φ80 

3 
Inclusive Graphic Standard Deviation (a measure of sorting or variation 

in 
sizes):        
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D = Φ84 – Φ16 
4 

Kurtosis (the state of peakness or flatness of the statistical distribution):   
      

K = Φ95 – Φ5 
2.44(Φ75- Φ25) 

 
Inclusive Graphic Skewness (measure of whether the distribution is bell 
shaped or lacks symmetry): 

S = Φ84 + Φ16 – 2(Φ50)  + Φ95 + Φ5 -2(Φ50) 
          2(Φ84 – Φ16)   2(Φ95 – Φ5) 

 
These additional statistical calculations help to reconstruct overall 

characteristics of a particular sand population. 

Statistical Analysis of Grain Size Data 

Materials and Methods 

A total of 100 sand samples were collected over a two-year period from 

twelve different dunes sites approximately 19 miles southwest of Andrews, 

Texas, off of Highway 155 (Kermit Highway) (Table A.1). The dunes sites are 

located within a 10-mile radius of each of other. Sand was collected by a 

simple hand grab, collecting sand from the surface to approximately 4 inches 

subsurface.  Each sample was deposited into a Ziploc bag and numbered 

according to dune number and location (Table 1.1). Sand grain color and 

composition varied between sites (Figure 3.4).  
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The sand grain size was measured using five U.S. Standard Test 

Sieves (ASTM E-11 Specification) and a bottom pan to collect any remaining 

sediment particles that were smaller that the smallest sieve.  A standard 

method for grading sediments is the Wentworth (1922) logarithmic scale with 

each noted grade limit being twice as large as the next smaller grade unit 

(Appendix; Figure A-1).   

Twenty grams of each sand sample was poured from the plastic bag 

onto a plastic weigh boat atop a Scout Pro digital scale and measured to the 

nearest tenth of a gram. The sand was then transferred to the top of the five, 

stacked sieves, which were placed on an agitator set at approximately 25 rpm.  

The sieves were secured to the agitator and then the agitator was then run for 

approximately 30 seconds until almost all particles had filtered through the top 

(#50 sieve). 
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Figure 3.4. Sand samples from three different sites:  

SD2, SD5 and SD4. 
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Results 

 Most sand samples had a similar distribution of grain size with a 

majority of the samples falling within 180 to 300 µm grain size (Table 3.3).  

Sand from SD5 exhibited the highest percentage of finer sand with 14.8% in 

the 106-179 µm grain size.  Both SD4 and SD14, sites that have been 

characterized as “high impact sites,” displayed sand grain percentages that 

are similar to the other less developed sites.  These histograms indicate that 

the sand samples from each site primarily consist of medium (Φ size of 2.0) to 

fine sand (Φ size of 2.5) according to the Wentworth Chart (Appendix; Figures 

A.1, A.13 – A.20).  The mode or (most commonly occuring grain size) for sites 

SD2, SD4, SD5, SD6, SD7, and SD11 was fine sand (Φ size of 2.5) 

(Appendix; Figures A.13 - A.18), while the mode for SD12 and SD14 was 

medium sand (Φ size of 2.0) (Appendix; Figures A.19 – A.20). 

 Since all study sites were faily consistent with regard to initial mean 

calculations, a statistical analysis of SD2, as a represenative site, was 

performed using the Φ and certain percentages based on a cumulative curve 

with arithmetic scale (Figure 3.3 and Table 3.4). The calculated graphic mean 

was 2.1 and the inclusive graphic standard deviation was 2.1. The skewness 

of the curve was 0.49 and the kurtosis of the curve was a 1.78. 

 

 

 

 



Texas Tech University, Brie D. Sherwin, May 2014 

66 

Table 3.3. Sand grain size analysis for study sites. 

 
Site Mean % (Std.Dev.) 
 > 300 µm 250-300 

µm 
180-249 
µm 

106-179 µm <106 µm 

SD2 15.6 (.12) 29.1 (.11) 44.5 (.14) 9.9 (.2) 0.9 (.2) 
SD4 18.4 (.08) 34.6 (.08) 38.5 (.08) 7.7 (.06) 0.8 (.01) 
SD5 11.6 (.14) 20.9 (.13) 50.9 (.16) 14.8 (.11) 1.8 (.01) 
SD6 12.3 (.06) 41.1 (.06) 43.4 (.09) 3.0 (.01) 0.1 (0.0) 
SD7 2.4 (.01) 24.5 (.04) 60.8 (.06) 7.1 (.02) 5.3 (.03) 
SD11 7.1 (.07) 41.4 (.15) 46.3 (.16) 4.9 (.05) 0.3 (.01) 
SD12 2.9 (.03) 56.2 (.05) 38.9 (.05) 1.8 (.01) 0.2 (0.0) 
SD14 29.1 (.06) 39.4 (.02) 29.5 (.06) 1.8 (0.0) 0.1 (0.0) 
Ave. %  
(Std.Dev.) 

12.4  
(8.8) 

35.9  
(11.2) 

44.1  
(9.3) 

6.4  
(4.5) 

1.2  
(1.8) 
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Table 3.4. Sand Grain Size Scale and Conversion Table                                       
(ASTM E-11 Specification/USGS, 2013) 

U.S. Standard Sieve 
Mesh # 

Millimeters Microns Phi (Φ) Wentworth 
Class Size 

50 .30 300 1.75 Medium Sand 

60 .25 250 2.0 Medium 
Sand/Fine Sand 

80 .180 180 2.5 Fine Sand 

140 .106 106 3.25 Very Fine Sand 

270 0.053 53 4.25 Course Silt 
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Discussion 

 Overall, all sites were fairly similar in grain size distribution between 

medium grain sand and fine grain sand.  These similarities seem to be 

independent of perceived impact to the particular site, leading to the 

conclusion that the particle size in sampled areas cannot be correlated with 

development.   The statistical analysis from the cumulative curve of a 

representative site (SD2) provides some additional descriptive characteristics 

that can be used to further describe the sand at the study sites (Figure 3.5; 

Table 3.5).  In particular, the graphic mean was 2.1, again confirming that 

overall, the average grain size was slightly finer than medium grain size.  The 

inclusive graphic standard deviation 2.1 indicates that the soil tends toward 

being a well-graded soil or poorly sorted, meaning that the grain size is not 

one particular uniform grade.  The skewness was measured at .49, illustrating 

that the distribution of the sand grain tends more toward a coarse grain than a 

fine silt and the kurtosis of a 1.78 indicates a very leptokurtic or peaked curve 

with a concentration of sand particle size falling heavily in the categories of 

medium and fine grain sand.  

 A majority of these samples were collected within the dune habitats or 

areas that we predicted were prime habitat locations, and away from potential 

“edge habitats” which would likely contain a larger percentage of fine sand 

particles. Additional sampling in areas closer to oil and gas development 

would be useful in predicting whether sand particle size differs between ideal 

habitat and edge habitat areas created by habitat fragmentation. 
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Figure 3.5. SD2 – cumulative curve with arithmetic ordinate scale. 
 

 

 

 

 

 

 

 

 

 

 

 

0	  
10	  
20	  
30	  
40	  
50	  
60	  
70	  
80	  
90	  
100	  
110	  

1.75	  
Medium	  
Sand	  

2.0	  	  
Medium	  
Sand	  

2.5	  	  	  	  	  	  	  	  	  
Fine	  	  	  	  	  	  
Sand	  

3.25	  	  	  	  	  	  
Very	  Fine	  
Sand	  

4.25	  
Coarse	  	  	  	  	  	  
Silt	  

Av
er

ag
e 

C
um

ul
at

iv
e 

W
ei

gh
t P

er
ce

nt
  

(a
rit

hm
et

ic
 s

ca
le

) 

Φ Size  

Cumula?ve	  
Weight	  %	  



Texas Tech University, Brie D. Sherwin, May 2014 

70 

Table 3.5. SD2 - Φ representations at specified average cumulate 

percentages. 

Cum. %  Φ 
5 
 

1.75 

16 1.75 
 

50 
 

2.00 

84 
 

2.50 

95 
 

2.50 
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Conclusion 

Sand grain measurements and statistical indicators confirm that particle 

size from the sand samples is relatively consistent throughout the DSL habitat 

and is not fine enough to potentially inhibit biological functioning of the lizard 

within a contained dune habitat.  Sand grain distribution and particle size could 

potentially change depending on the amount of new development within the 

shinnery oak dune complexes.  Therefore, additional sampling would likely be 

useful in determining whether additional development fundamentally alters the 

ideal dune habitat. 
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Note: An similar version of this chapter is currently published in Animal Law 
Review, Vol. 20, No.2 (2014). 

 

CHAPTER IV 

LEGAL AND POLICY ANALYSIS 

THE LIZARD, THE SCIENTIST, & THE LAWMAKER:  
AN ANALYSIS OF THE TRENDING FIGHT OVER THE USE OF SCIENCE 
UNDER THE ENDANGERED SPECIES ACT AND HOW TO ADDRESS IT  

 
By 

Brie D. Sherwin* 

Recently in Texas, the Dunes Sagebrush Lizard—a tiny, little-known reptile living in 
the sparse brush and dunes of the oil and gas fields—sparked a heated discussion and 
criticism over the listing process under the Endangered Species Act. This six-year 
battle ended with the withdrawal of a proposed rule to list the lizard and resulted in 
numerous criticisms about the role and use of scientific data throughout the process. 
Under the Endangered Species Act, the U.S. Fish and Wildlife Service (FWS) is 
required to consider the best available scientific data when deciding whether to list a 
species. There is no direct legislative history explaining this standard, and much has 
been written about what it means. As scientists already know, existing scientific data 
on “stressors” in the environment is typically limited and inadequate. This data gap 
leads to uncertainty, which unquestionably leads to difficult decision-making by the 
regulatory agencies. The Endangered Species Act mandates that listing 
determinations be made “solely on the basis of the best scientific and commercial data 
available.” A review of past listing designations confirms that the FWS is not only 
utilizing sound science, but more often than not, is making sound decisions based on 
that science. However, as illustrated by the recent controversy surrounding the Dunes 
Sagebrush Lizard, many policymakers are still criticizing the use of science in 
decision-making processes and are pitting science against economy. Although there is 
an undeniable scientific uncertainty associated with regulatory decision-making, 
creating a more systematic, transparent application of science in the decision-making 
process will draw the argument away from satisfying the critics’ interpretation of the 
best available science.. Therefore, this Article will address the issues underpinning the 
concept of scientific uncertainty and categorize past decisions in order to assess 
whether risk assessment and subsequent decision-making have been made on more of 

                                                
* © Brie D. Sherwin 2014. Associate Professor of Legal Practice, Texas Tech University School of 
Law; Ph.D.,Texas Tech University, 2014; J.D., Texas Tech University School of Law, 2001. I am very 
grateful to Vickie Sutton, J.D., Ph.D., Catherine Christopher, J.D., and Natalie Tarenko, Ph.D. for their 
support and comments. I would also like to thank my research assistant, Katie Olson, for her fantastic 
work. 
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a qualitative basis instead of a quantitative basis. The first part of this Article will 
address the controversy surrounding the Dunes Sagebrush Lizard. Next, the Article 
will discuss the inherent process of science and how its terminology can be interpreted 
quite differently between parties involved in the listing process. Based upon these 
interpretations, criticisms about the statutory standard of acceptable scientific 
evidence will be addressed. Finally, this Article will also suggest that a well-defined 
“Weight of Evidence” approach will foster structured deliberations, hypothesis 
testing, and the necessary clarity and transparency that will benefit all parties 
involved. 
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I. INTRODUCTION 

For many years, the scientific community operated without a defined and 

transparent process for integrating qualitatively different types of data when reaching 

conclusions or answers to a specific hypothesis or phenomenon.1 Regulatory agencies 

and various scientific disciplines have adopted methods for developing, compiling, 

and analyzing scientific data when determining risk to the environment and human 

health. 

Some agencies assessing ecological risk have loosely used a weight-of-evidence 

(WoE) approach. More recently, the Environmental Protection Agency (EPA) has 

used a WoE approach in screening various contaminants, including endocrine 

disrupting chemicals (EDCs)—that is, those having the potential to interact with 

estrogen, androgen, and thyroid hormones.2 Although EDCs are ubiquitous and cause 

a vast array of non-descript symptoms, the EPA’s intention in creating a guidance 

document that utilizes a WoE was “to provide a transparent scientific approach for 

broadly evaluating . . . data . . . .”3 In that regard, the purpose of this analytical 

structure was to provide a clear statement of how the agency intended to evaluate the 

data so its methodology would be transparent to all stakeholders.4 

                                                
1 Igor Linkov et al., Weight-of-Evidence Evaluation in Environmental Assessment: Review of 
Qualitative and Quantitative Approaches, 407 Sci. Total Env. 5199, 5199 (2009).  
2 Christopher J. Borgert et al., Hypothesis-Driven Weight of Evidence Framework for Evaluating Data 
within the US EPA’s Endocrine Disruptor Screening Program, 61 Reg. Toxicology & Pharmacology 
185, 185 (2011). 
3 Id. (internal quotations omitted).  
4 Id. 
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The process of synthesizing heterogeneous information occurs just as often in the 

scientific world.5 Scientists utilize data quality assessment, peer review, and scientific 

literature review to form conclusions and formulate decisions used to advise 

regulatory agencies.6 Although there is a structure in place, this process of 

synthesizing information still requires judgment in light of complex problems that 

often pit environmental health against economic development.7 

The U.S. Fish & Wildlife Service (FWS) regularly encounters this complexity 

when it makes decisions regarding wildlife and habitat designations, often with 

incomplete data and competing interests. Under the Endangered Species Act (ESA), 

the FWS’s decision to list a species must be based solely on “the best scientific and 

commercial data available.”8 In making this determination, the agency shall consider 

any of the following factors: (1) “the present or threatened destruction, modification, 

or curtailment of its habitat or range”;9 (2) “overutilization for commercial, 

recreational, scientific, or educational purposes”;10 (3) “disease or predation”;11 (4) 

“the inadequacy of existing regulatory mechanisms”;12 or (5) “other natural or 

manmade factors affecting its continued existence.”13 These five factors were recently 

put through a proverbial gauntlet when the FWS proposed a rule to list the Dunes 

                                                
5 Linkov et al., supra n. 1, at 5199. 
6 Id. 
7 Id. 
8 16 U.S.C. § 1533(b)(1)(A) (2012). 
9 Id. at § 1533(a)(1)(A). 
10 Id. at § 1533(a)(1)(B). 
11 Id. at § 1533(a)(1)(C). 
12 Id. at § 1533(a)(1)(D). 
13 Id. at § 1533(a)(1)(E). 
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Sagebrush Lizard (DSL) as “endangered.”14 Lawmakers, policymakers, and private 

stakeholders were successful not only in delaying the process, but also in pushing the 

eventual withdrawal of the proposed rule by the FWS.15 The fight largely hinged upon 

the adequacy and interpretation of the scientific data in determining the risk posed by 

particular stressors (e.g., habitat destruction/modification, chemical exposures, 

etcetera).16  

Determining the status of a species such as the DSL is closely aligned with 

ecological risk assessment measures. Much like jurors or judges weighing the 

evidence to decide the fate of a defendant in court, scientists, in conjunction with 

regulatory agencies, must make determinations of risk or probabilities of future risk. 

In employing ecological risk assessment measures, scientists recognize that both 

consistency and transparency in analytical methods used in decision-making are 

important in strengthening conclusions about risk and resulting decisions.17 This 

recognition has resulted in a call for using new approaches in analyzing lines of 

evidence, both qualitatively and quantitatively.18 Regulatory agencies also face 

pressure from state officials who are unhappy with the scientific review process, 

arguing that the science needed to support the designation is lacking.19  

                                                
14 Endangered Status for Dunes Sagebrush Lizard, 75 Fed. Reg. 77801, 77804 (proposed Dec. 14, 
2010).  
15 Withdrawal of the Proposed Rule to List Dunes Sagebrush Lizard, 77 Fed. Reg. 36872, 36872 (June 
19, 2012). 
16 Taylor Kilroy, “Reptile Dysfunction”: How Can a Three-Inch Lizard Threaten to Shut Down the Oil 
and Gas Industry in the Permian Basin?, 7 Envtl. & Energy L. & Policy J. 87, 91 (2012). 
17 Linkov et al., supra n. 1, at 5200. 
18 Id. 
19 Melissa Gaskill, Nature, Lizard’s Future Hinges on Voluntary Measures, 
http://www.nature.com/news/lizard-s-future-hinges-on-voluntary-measures-1.10860 (June 21, 2012) 
(accessed).  
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Essentially, all parties seem to be calling for additional measures to ensure that the 

scientific data is analyzed with clarity, consistency, and transparency. This Article 

proposes analyzing the data with a formalized weighted approach that is consistent 

with using the “best scientific and commercial evidence available” to assess 

endangered or threatened species habitat designations under the ESA. Utilizing a 

modified WoE approach, it is possible to create a systematic and more transparent 

solution that allows regulatory agencies to carefully measure or weigh each line of 

evidence with some precision, regardless of the lack of scientific evidence. This 

weighing process does not attempt to change the current standard set forth in the ESA. 

Rather, it provides specific guidance as to how to weigh the evidence available to 

decision makers who must make determinations about the status of a species and its 

habitat. 

Therefore, this Article will review the recent decision by the FWS not to list the 

DSL as “endangered,” and will use this example as a platform for discussing different 

perceptions of science and the continual need for clarification and communication of 

these concepts to the public. Further, this Article will analyze past decisions based on 

the best scientific and commercial evidence available. Finally, this Article will 

propose a methodology based on the WoE standard that will allow for a more 

consistent and transparent analysis of scientific data and resulting determination of 

threatened or species status. 

II. THE DUNES SAGEBRUSH LIZARD 
The Dunes Sagebrush Lizard (DSL) (Sceloporus arenicolus) has arguably been 

one of the most controversial species involved in the recent battles over listing species 
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under the Endangered Species Act (ESA).20 This little lizard, native to the High Plains 

of New Mexico and Texas, has been of particular conservation concern because it is 

extremely particular about its habitat in the Permian Basin, which also happens to be 

in the same area where about one million barrels of oil and nearly four billion cubic 

feet of natural gas are produced each day.21 The habitat of the DSL occupies 

approximately 749,000 acres, or less than two percent of the 39.6 million acre Permian 

Basin. Why the concern? From the perspective of the state of Texas, it is because the 

lizards’ distribution happens to be in the middle of one of the largest oil and gas 

production areas in Texas. However, from a conservation perspective, these lizards do 

not have a home outside of this relatively small area of fragmented, sand dune 

structures.22  

In other words, these little creatures are “habitat specialists” because they can 

thrive only within a narrow range of conditions that exist within the shinnery oak 

dunes.23 This particularized habitat is dynamically interesting because the cover and 

occurrence of two- to three-foot tall shinnery oak trees stabilizes the fragmented sand 

dune fields. But, these trees are interspersed with developing oil and gas wells and 

access roads that are carved out for purposes of accessing the sites.24 Without the 

small shrub-like trees providing stability, the dune fields would essentially flatten, 

vastly changing the landscape.25 The undisturbed regions of the landscape are a 

                                                
20 Laura Peterson et al., Natural Resource “Conflicts” in the U.S. Southwest: A Story of Hype over 
Substance, 12 Sust. Dev. L. & Policy 32, 33 (2011).  
21 U. of Tex. Permian Basin, Ctr. for Energy & Econ. Diversification, Permian Basin Statistics, 
http://ceed.utpb.edu/energy-resources/petroleum-library/permian-basin-statistics/ (2012) (accessed). 
22 75 Fed. Reg. at 77803. 
23 Id.  
24 Id. at 77803–06 
25 Id. at 77803.  
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spatially dynamic system where flat areas called shinnery oak flats separate the large 

dune systems.26 Within the system, the lizards reside in deep, wind-hollowed 

depressions in the sand called blowouts.27 The lizards choose the blowout sites 

because of a predominance of medium-sized sand grains, as opposed to finer sands. 

This is because it is believed that the finer sand grains interfere with the lizards’ ability 

to breathe when burying themselves, for example, to avoid predators or to 

thermoregulate.28 It is feasible to also find the lizards in the shinnery oak flats that are 

adjacent to the dunes, as female lizards use these areas to find nesting sites.29  

The greatest threat to the lizard is the loss of this specialized habitat, due to a 

variety of factors, including activities associated with oil and gas development and 

herbicide use on the shinnery oak for range improvements.30 Because of these 

concerns, in 2010, the U.S. Fish & Wildlife Service (FWS) proposed listing the lizard, 

outlining scientific evidence supporting “immediate and significant threats due to oil 

and gas activities, and herbicide treatments” throughout its range.31 This proposal set 

off an interesting chain of events with an all-out “Texas style” showdown, pitting the 

economy against what was called “inadequate science.” 

                                                
26 U.S. Fish & Wildlife Serv., Species Profile for the Dunes Sagebrush Lizard (Sceloporus arenicolus), 
http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=C03J (updated Feb. 22, 2014) 
(accessed ) [hereinafter Dunes Sagebrush Lizard Profile]. 
27 77 Fed. Reg. at 36873. 
28 Id. 
29 Dunes Sagebrush Lizard Profile, supra n. 26.  
30 77 Fed. Reg. at 36887–88. 
31 75 Fed. Reg. at 77813. 
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A. The Chronology of Events 
Scientific literature first described the presence of the DSL in eastern New Mexico 

and western Texas in 1960, and officially recognized the DSL as a species in 1992.32 It 

was not until 2002, when the Center for Biological Diversity petitioned the FWS to 

list the species as endangered, followed by a lawsuit in 2004, that this lizard started 

getting increased attention from both scientists and policymakers.33 Following the 

district court’s ruling, the FWS found that the listing of the lizard was warranted but 

not crucial enough to be prioritized.34  

Eight years later, in 2010, the FWS proposed a new rule for listing the lizard.35 

The FWS was very clear that the primary purpose of its review was to determine 

whether or not to list the lizard as “endangered,” and not a decision on whether to 

designate its home as a critical habitat.36 The proposed rule referred to a relatively new 

population survey conducted in 2008, which indicated that lizards were absent from 

20% of the fifty-four sand dune sites that the agency initially surveyed in 1997.37 

Additional surveys in 2010 supported this proposition, showing that 24% of the 

historic sites that the FWS surveyed in 1997 no longer had lizards.38 The FWS voiced 

                                                
32 Id. at 77802. 
33 77 Fed. Reg. at 36872; 12-Month Findings on Resubmitted Petitions to List the Southern Idaho 
Ground Squirrel, Sand Dune Lizard, and Tahoe Yellow Cress, 69 Fed. Reg. 77167, 77168–73 (Dec. 27, 
2004).  
34 69 Fed. Reg. at 77167. 
35 75 Fed. Reg. at 77801. 
36 Press Release, U.S. Fish & Wildlife Serv., Fish and Wildlife Service Proposes Endangered Status for 
Dunes Sagebrush Lizard (Dec. 13, 2010) (available at 
http://www.fws.gov/southwest/es/Documents/NRDunessagebrushlizardlistingFinal12-13-10.pdf 
(accessed)). 
37 75 Fed. Reg. at 77804. Only fifty-four of the seventy-two historic sites were surveyed in 2008 due to 
poor weather conditions or access issues. Dunes sagebrush lizards were absent from eleven of the fifty-
four sites surveyed. Id. 
38 Id. Lizards were absent from seventeen of the seventy-two historic sites surveyed in 1997. Id. 
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additional concern over the spraying of tebuthiuron39 and the removal of shinnery oak 

habitat on some of the sites.40  

The FWS submitted this study and other scientific findings through an external 

peer review process, which began in December of 2010.41 Meanwhile, in Texas, some 

interesting things happened at the legislative level that arguably affected how the state 

handles endangered species issues. In 2011, soon after the proposed rule for the DSL 

was published in the Federal Register and late into a special session, Representative 

Warren Chisum (R-Texas) added an amendment into a “fiscal matters” bill that put the 

Texas State Comptroller (the state’s CFO or accountant) in charge of endangered 

species in Texas instead of the Texas Parks and Wildlife Department.42 Since this was 

not an independent bill, there was no hearing on the rationale behind the move,43 

although Chisum later commented that the oil and gas association pushed his 

amendment.44 “‘There was a group of us, the people from TXOGA, and we said we 

need to get this done,’ Chisum told The Texas Tribune. ‘That’s how it got started. Of 

course, we brought the comptroller in.’”45  

On November 30, 2011, Senators John Cornyn (R-Texas) and James M. Inhofe (R-

Oklahoma and Ranking Member of the Committee on Environment and Public 
                                                
39 Tebuthiuron is an herbicide used to remove shinnery oak for rangeland purposes. Id. at 77804, 77809. 
40 Id. at 77804. 
41 U.S. Fish & Wildlife Serv., Proposed Rule to List the Dunes Sagebrush Lizard (Sceloporus 
arenicolus) As Endangered throughout Its Range (Feb. 14, 2011) (available at 
http://www.fws.gov/southwest/science/pdfs/dslpeerreviewplan2.14.2011.pdf (accessed)) [hereinafter 
Proposed Rule to List DSL]. 
42 David Barer, StateImpact Texas, Comptroller’s Endangered Species Duties Could Go to Wildlife 
Department, http://stateimpact.npr.org/texas/2013/05/01/comptrollers-endangered-species-duties-could-
go-to-wildlife-department (May 1, 2013) (accessed).  
43 Id. 
44 Jay Root, Texas Tribune, Oil Lobbyists Oversee Protection of Threatened Lizard, 
http://www.texastribune.org/2013/04/24/oil-lobbyists-oversee-threatened-lizard-protection (Apr. 24, 
2013) (accessed). 
45 Id. 
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Works) also wrote a letter to the Secretary of the Interior, asking him to delay a final 

listing decision for six months due to a “significant level of dispute” between New 

Mexico State University’s and Texas Tech University’s scientific data relating to the 

biological health of the species.46  

 In December of 2011, the FWS announced a six-month extension for the DSL 

listing decision and reopened the comment period.47 The agency based its decision on 

“substantial disagreement regarding the sufficiency or accuracy of the available data 

relevant to the proposed listing rule, making it necessary to solicit additional 

information by reopening the comment period for 45 days.”48 During this time period, 

the Comptroller’s office developed and published a draft Texas Conservation Plan 

(TCP), a Candidate Conservation Agreement with Assurances (CCAA).49 The purpose 

of the voluntary agreement was to allow participants (e.g., oil and gas interests, 

ranchers, private landowners) “to enroll their property in the plan and through a 

recovery award program offset any disturbance to the species.”50  

Six months later, in June 2012, the FWS announced the following: 
                                                
46 Ltr. from U.S. Sen. John Cornyn & U.S. Sen. James M. Inhofe, Ranking Member, Comm. on Env. & 
Pub. Works, to the Hon. Ken Salazar, Sec. of the Int., Proposed Listing of the Dunes Sagebrush Lizard 
1 (Nov. 30, 2011) (available at 
http://www.cornyn.senate.gov/public/index.cfm?p=NewsReleases&ContentRecord_id=13d0c8bc-932e-
42d9-8887-34ab5dbc2681 (accessed)). Specifically, the letter cited to the August 10, 2011 peer review 
by New Mexico State University, which noted that among other conclusions: (1) The statement of a 
40% loss of lizard habitat was not scientifically defensible due to the methodology; and (2) specific 
habitat requirements for the DSL had not been quantified in the published scientific literature or agency 
reports. Id. The letter also cited to an October 21, 2011 review by Texas Tech University scientists, 
including among other items, that the lizard population research conducted in 2007 and 2009 
demonstrates that the DSL was not showing characteristics of an endangered species. Id. at 2.  
47 6-Month Extension of Final Determination for the Proposed Listing of the Dunes Sagebrush Lizard 
As Endangered, 76 Fed. Reg. 75858, 75858 (Dec. 5, 2011). 
48 Id.  
49 Texas Conservation Plan for the Dunes Sagebrush Lizard (Sceloporus arenicolus) 1, 4 (Sept. 27, 
2011) (available at http://www.fws.gov/southwest/es/documents/r2es/tx_cons_plan_dsl_20110927.pdf 
(accessed)).  
50 Tex. A&M U., Inst. of Renewable Nat. Resources, Implementing the Texas Conservation Plan for the 
Dunes Sagebrush Lizard (available at http://irnr.tamu.edu/media/392711/dsl.pdf (accessed)). 
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 As a result of unprecedented commitments to voluntary 
conservation agreements now in place in New Mexico and Texas 
that provide for the long-term conservation of the dunes 
sagebrush lizard, the U.S. Fish and Wildlife Service has 
determined that the species does not need to be listed under the 
Endangered Species Act.51  

 

Opponents of the decision not to list the DSL charge that the administration, anxious 

to avoid threats from both Congress and the oil industry during an election year, made 

a politically motivated decision.52Further, their criticisms extended to voluntary 

conservation agreements: “The difference between the ESA and voluntary 

conservation is the difference between a very good chance of recovery and a roll of the 

dice.”53 The comptroller contracted with Texas A&M University, but implementation 

of the TCP stalled when they realized they needed additional help with contacting 

landowners and oil companies.54 The Texas Oil & Gas Association (TXOGA) then 

approached the comptroller about temporarily setting up a nonprofit foundation to 

implement the TCP.55 Formed in February 2012, the foundation consisted of three 

registered TXOGA lobbyists who functioned as board members and hired a wildlife 

biologist to oversee its operations.56 The media reported that not everyone was happy 

with TXOGA’s participation in the implementation, particularly the smaller, 

                                                
51 Press Release, U.S. Dept. of the Int., Landmark Conservation Agreements Keep Dunes Sagebrush 
Lizard off the Endangered Species List in NM, TX (June 13, 2012) (available at 
http://www.fws.gov/southwest/es/DSL.html (accessed )) (emphasis added) [hereinafter Conservation 
Agreements Press Release]. 
52 Gaskill, supra n. 19. 
53 Id. (quoting Taylor McKinnon, Public-Lands Campaigns Director at the Center for Biological 
Diversity in Flagstaff, Arizona). 
54 Root, supra n. 44.  
55 Id. TXOGA represents multiple companies including Exxon and Chevron. Id. 
56 Id.  
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independent oil and gas corporations who were concerned about board members 

potentially setting drilling costs under the TCP.57  

Currently, TXOGA’s board is in transition—former state Representative Chisum, 

a current oil and gas lobbyist, along with a biochemist and a representative from the 

Texas Agricultural Land Trust, are set to replace the foundation’s current board.58 In 

response to concerns from local constituents, state Senator Kel Seliger (R-Amarillo) 

recently introduced legislation that seeks to return the oversight power to Texas Parks 

and Wildlife and create a fund for research.59  

Meanwhile, New Mexico had already instituted the types of conservation measures 

Texas was now pushing. As early as 1995, New Mexico afforded the dunes sagebrush 

lizard protection from “take,” not habitat destruction, under the state’s Wildlife 

Conservation Act. And in 2008, the state implemented voluntary conservation 

agreements with private landowners.60 As of 2010, six private landowners and four oil 

companies were enrolled in the agreement.61  

Despite the existence of these conservation measures, on November 22, 2011, 

Representative Steve Pearce (R-NM), as part of a bipartisan group—seventeen 

Republicans and one Democrat—wrote to Ken Salazar, Secretary of the Interior, 

asking the FWS not to list the lizard, and in the alternative, to delay its final decision 

                                                
57 Id. 
58 Id.  
59 Barer, supra n. 42. Ben Shepperd, President of the Permian Basin Petroleum Association, testified in 
support of the bill. Id.  
60 75 Fed. Reg. at 77811. New Mexico implemented both a candidate conservation agreement (CCA) 
and candidate conservation agreement with assurances (CCAA), which would allow private landowners 
and operators such as oil and gas companies and ranchers, to participate in conservation measures while 
maintaining economic interests. Id.  
61 Id. The Federal Register also notes that land interests of the owners and operators total approximately 
200,000 acres. Id.  
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by at least six months.62 Citing to the “growing body of evidence” and voluntary 

cooperative programs already in place in New Mexico, the group stated that a listing 

of the lizard would “kill these voluntary, cooperative programs that w[ould] save tax 

dollars in a time of budget cuts.”63 Further, the letter highlighted their primary concern 

that there was not enough available scientific information to support the premise that 

the species was declining.64 

The FWS has commented that “[t]he efficacy of the[se] agreements depends on 

sustained future participation by all entities with controlling interests on properties 

with suitable and occupied habitat for the dunes sagebrush lizard.”65 The FWS knows 

there are hundreds of oil and gas operators in these ranges and acknowledges that 

“participation throughout the majority of the dunes sagebrush lizard habitat would be 

necessary for the conservation of the species.”66 Currently, there are no local or state 

regulatory mechanisms to ensure conservation; rather, the only mechanism for the 

preservation of the lizard is once again, through voluntary enrollment in the 

conservation agreements.67 

The story here does not end with the conservation agreements or the FWS’s 

decision not to list the DSL. As of March 2013, the Center for Biological Diversity 

and the Defenders of Wildlife have filed notice that they will sue the federal 

government for relying on confidential voluntary habitat conservation agreements 

                                                
62 Ltr. from Rep. Steve Pearce et al., to the Hon. Ken Salazar, Sec. of the Int., Proposed Listing of the 
Dunes Sagebrush Lizard 1 (Nov. 22, 2011) (available at http://www.nmoga.org/wp-
content/uploads/2011/11/Signed-DSL-Extension-Letter-to-Salazar.pdf (accessed)).  
63 Id. 
64 Id. 
65 75 Fed. Reg. at 77811 (emphasis added).  
66 Id. 
67 Id.  
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concerning the DSL. These agreements were signed by property owners in Texas, but 

are held to be confidential—even from the government.68 

B. The Science & The Rhetoric  
Misuse and misunderstanding of science seems to be the basis of a trending fight 

against listing endangered species, particularly in the case of the dunes sagebrush 

lizard. When FWS first proposed listing the DSL as endangered, state policymakers 

voiced opposition, often stating that the science was lacking and, therefore, could not 

support such a designation.69 Yet scientists often approach this issue of scientific 

uncertainty with a different perspective. In the case of the DSL, Dr. Lee Fitzgerald, a 

prominent Texas A&M University researcher who has studied the DSL for over 

nineteen years, stated that “more is known about this species than many that are 

listed.”70 In fact, Fitzgerald received funding from Texas and the oil and gas industry 

to gather additional information on DSL locations, updating a 2007 survey he had 

conducted.71 This population survey included twenty-eight new, undocumented lizard 

locations that were on private land and had been inaccessible during his initial 

survey.72 Texas officials and Dr. Fitzgerald differed in their comments on the 

discovery of lizards in the private land locations. Dr. Fitzgerald commented: “We 

weren’t surprised where we found or didn’t find the lizard[.] . . . We identified suitable 

                                                
68 Rene Romo, Dune Lizard Object of Lawsuit, Albuquerque J. C1 (Mar. 15, 2013) (available at 
http://www.abqjournal.com/main/178476/news/dunes-lizard-object-of-lawsuit.html (accessed )). 
69 Gaskill, supra n. 19. 
70 Id. (internal quotations omitted).  
71 Id. (citing Nicole L. Smolensky & Lee A. Fitzgerald, Distance Sampling Underestimates Population 
Densities of Dune-Dwelling Lizards, 44 J. Herpetology 372 (2010)). 
72 Id. (citing Lee A. Fitzgerald et al., Final Report: The Range and Distribution of Sceloporus 
arenicolus in Texas: Results of Surveys Conducted 8–15 June 2011 (2011) (available at 
http://irnr.tamu.edu/media/285120/tx_dsl_final.pdf (accessed ))). 
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habitat, and if you go to those places, there’s a good chance you’ll find one.”73 The 

problem, Dr. Fitzgerald noted, is that human activity segments and causes the loss of 

DSL habitat.74 Texas officials, on the other hand, lauded the discovery of lizards on 

private lands as an “important step in developing their conservation plans.”75 The oil 

and gas industry seized on the findings, “dr[iving] home the point” that the lizard was 

not threatened by oil and gas production in the area.76  

However, decision-making under the Endangered Species Act does not rest on the 

opinion of one or even a few individuals. And so, in accordance with the Act, the FWS 

called for an independent, third-party review of the DSL listing proposal, including “a 

discussion of the scientific information reviewed.” .77 As in many other endangered 

species cases, the challenge in the DSL case centered on finding a consensus as to 

what the science showed. There is considerable variation in the interpretation of “best 

available science,” as well as how agencies and policymakers communicate this 

standard to the public.78 In fact, the Texas Comptroller echoed a familiar sentiment 

about this standard currently held by many policymakers in Texas in her February 

2013 op-ed piece in the Washington Times: 

For communities and private landowners, the Endangered 
Species Act can be the toughest environmental law to 
challenge successfully. For example, the act requires listing 
decisions to be based on “the best scientific and commercial 
data available.” Not adequate or even accurate data, mind you, 

                                                
73 Id. (internal quotations omitted). 
74 Id. 
75 Gaskill, supra n. 19. 
76 Id. (internal quotations omitted).  
77 Proposed Rule to List DSL, supra n. 41.  
78 See Kristin Carden, Bridging the Divide: The Role of Science in Species Conservation Law, 30 Harv. 
Envtl. L. Rev. 165, 234–35 (2006) (proposing a framework for applying the “best available science” by 
“integrat[ing] that scientific knowledge into our cultural framework, invit[ing] public participation in 
the planning process, and ultimately overcom[ing] public distrust of ecosystem management”). 
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just “the best available”—and listing supporters often are the 
only ones offering any data. Thus, the burden of doing 
research and collecting relevant data falls on those affected by 
a potential listing.79 
 

Therein lies the rub. Considerable disagreement exists among policymakers, agency 

officials, and scientists as to what scientific data falls under this standard and, more 

importantly, how it is reviewed. An examination of the scientific review, economic 

arguments, and the resulting listing determination of the DSL is illustrative of this 

disagreement.  

1. The Peer Review  
 In December 2010, the FWS announced that, according to its joint policy with 

NMFS, it would seek the expert opinions of at least three independent scientists to 

“peer review” the science behind the DSL proposal.80 The purpose of the review was 

“to ensure that [the] determination of status for this species [was] based on 

scientifically sound data, assumptions, and analyses.”81 Scientists from Auburn 

University, University of New Mexico, Duke University, Pennsylvania State 

University, and Texas A&M University provided reviews of the scientific literature on 

the DSL population during the public comment period.82 Below is a summary of the 

findings of the invited reviewers:83 

                                                
79 Susan Combs, Preserving Endangered Species the Texas Way, Wash. Times (Feb. 28, 2013) 
(available at http://www.washingtontimes.com/news/2013/feb/28/preserving-endangered-species-the-
texas-way/ (accessed )).  
80 75 Fed. Reg. at 77816. The scientists are typically specialists in the area of concern. For example, a 
reviewing scientist in this case had expertise in lizard ecology/conservation biology. U.S. Fish & 
Wildlife Serv., Dunes Sagebrush Lizard: Peer Review, 
http://www.fws.gov/southwest/es/DSL.html#peerreview (updated Nov. 13, 2013) (accessed ) 
[hereinafter DSL Peer Review].  
81 75 Fed. Reg. at 77816.  
82 DSL Peer Review, supra n. 81.  
83 Id. 



Texas Tech University, Brie D. Sherwin, May 2014 

90 

Reviewer Affiliation Adequate 
Science? 

Sound 
Science? 

Conclusion 

Troy L. Best, PhD 
Professor 84and 
Curator of Mammals 

Auburn Univ.  Yes Yes DSL should be 
listed. 

 
Lauren Chan, PhD85 
Biology Dept. 

 
Duke Univ. 

No 
comment 

No Comment No Comment 

 
Toby J. Hibbitts, PhD 
Curator of Amphibians 
and Reptiles86 

 
Texas A&M 
Univ. 

 
Did not 
disagree, 
but 
specific 
critiques 

 
Did not 
disagree, but 
specific 
critiques 

 
DSL should be 
listed. 

 
Travis R. Robbins, 
PhD87 Biology Dept. 

 
Pennsylvania 
State  Univ. 
 

 
Yes 

 
Yes 

 
DSL should be 
listed. 

Howard Snell, PhD 
Professor & Curator88 

Univ. of New 
Mexico 

Yes Yes DSL should be 
listed. 

                                                
84 Letter from Troy L. Best, PhD, Professor & Curator of Mammals, Auburn Univ., to Debra Hill, U.S. 
Fish & Wildlife Serv (Jan. 27, 20112), available at http://www.fws.gov/southwest/es/DSL.html. 
Specifically, Dr. Best commented: “I believe the assumptions and conclusions in the proposed rule are 
well supported. They are based upon reasonable interpretations and representations of the information 
produced by excellent scientific research. In my opinion, the dunes sagebrush lizard should be listed as 
endangered based upon the evidence presented in the proposed rule.” Id. 
85 E-mail from Lauren Chan, PhD, Dep’t of Biology, Duke Univ., to U.S. Fish & Wildlife Serv (Feb. 
14, 2011, 9:03 AM) (on file with author), available at http://www.fws.gov/southwest/es/DSL.html. Dr. 
Chan replied in an email stating that she had only one minor comment regarding the time of divergence 
between S. arencolus and S. graciosus.  Presumably, her response means that she agrees with the 
proposal with this one comment. 
86 Peer Review from Toby J. Hibbitts, PhD, Curator of Amphibians and Reptiles, Tex. A&M Univ., to 
U.S. Fish & Wildlife Serv (2011), available at 
http://www.fws.gov/southwest/es/Documents/R2ES/PeerReview/DSL_Listing_Review_by_Hibbitts.pd
f. Dr. Hibbits gives very specific critiques regarding some of the characterizations and the population 
sampling techniques in a few of the studies (i.e. timing of one population survey and habitat area). A 
follow up email from U.S. FWS to Dr. Hibbits on January 31, 2011 asked if he disagreed with the 
overall conclusion of listing.  He responded, “Nothing says that it shouldn’t be listed. Just some 
clarifications on some things.  I think a bunch of things I suggest would strengthen the listing package.” 
Id. 
87 Peer Review from Travis R. Robbins, PhD, Dep’t of Biology, Pa. State Univ., to U.S. Fish & Wildlife 
Serv., available at 
http://www.fws.gov/southwest/es/Documents/R2ES/PeerReview/DSL_Listing_Review_by_Robbins.pd
f. In his report, Dr. Robbins stated that, “The studies examining how habitat alteration affected Dunes 
Sagebrush Lizard densities were also based on sound scientific methodology and statistical analyses.” 
Additionally, he commented that, “He also commented that, “[t]hose factors regarded as threats – 
habitat alteration (Factor A), inadequate regulation (Factor D), and pollution (Factor E) – were 
supported by high quality data with minimal scientific uncertainty.” Id.  
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 The level of expertise among the reviewers and the consistency in their evaluations is 

noteworthy, as is that most of the reviewers agreed that the science warranted the 

proposed listing.  

2. More Scientific Data and Review 
  While FWS solicited peer reviews and extended the public commenting 

period, stakeholders and policymakers in Texas and New Mexico were conducting or 

commissioning additional scientific studies. This work was arguably part of an 

admirable effort to collect additional scientific data in order to fully assess the DSL 

population and potential stressors. In 2011, Dr. Fitzgerald’s lab conducted another 

Texas population distribution survey of DSL.89   

 The authors of the report noted that, historically, the DSL has a very limited 

range, “among the smallest of any North American lizard.”90 The researchers surveyed 

additional lands, and as a result, added twenty-eight localities to the contiguous habitat 

in Texas.91 Additionally, the researchers put forth multiple recommendations, which 

included: (1) better integration of population distribution data between Texas and New 

Mexico; (2) additional surveys in northern Winkler and Western Andrews counties if 

                                                                                                                                       
88 Letter from Howard Snell, PhD, Professor & Curator, Dep’t of Biology & Museum of Sw. Biology, 
Univ. of N.M., to Debra M. Hill, U.S. Fish &Wildlife Serv., available at 
http://www.fws.gov/southwest/es/Documents/R2ES/PeerReview/DSL_Listing_Review_by_Snell.pdf. 
Dr. Snell’s summary was as follows: “The proposed rule presents a scientifically supported conclusion 
that Sceloporus arenicolus is in danger of extinction, that a number of anthropogenic actions 
exacerbates the situation, and that existing regulatory mechanisms and actions have failed to reverse a 
pattern of declining populations. Listing this species as endangered is a necessary step that can improve 
the chances this species will persist.” Id. 
89 Lee A. Fitzgerald et al., Final Report: The Range and Distribution of Sceloporus arenicolus in Texas: 
Results of Surveys Conducted 8–15 June 2011 (2011) (available at 
http://irnr.tamu.edu/media/285120/tx_dsl_final.pdf (accessed)). 
90 Id. at 1. 
91 Id. at 13. 
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access to private lands becomes available; (3) “refinement of habitat occupancy maps 

as more information becomes available”; (4) selection of study sites with varying 

landscape distributions; and (5) additional surveys to test persistence of and 

connectivity among populations.92 

 During this time, Texas Tech University was also commissioned to study the 

effects of particular stressors on the DSL, including potential exposure to hydrogen 

sulfide; sand pH and sulfate content; sand grain size; and the presence of chemical 

residues, in particular, total petroleum hydrocarbons and tebuthiuron, in the 

environmental media.93 Overall, the study “found limited evidence for risks to DSL” 

and stressed the need for additional sampling and “data covering a more extensive 

temporal and spatial scale.”94 Texas Tech University researchers were also 

commissioned to conduct an independent review of the current literature mentioned in 

the FWS’s proposed rule.95 The report concluded:  

While the available data does not convincingly point to listing 
the DSL at this time, more information and better data could 
meet the criteria for listing the species in the future. 
Additionally, a more robust understanding of the species 
would facilitate and focus management efforts. Given that a 
primary concern regarding listing the DSL is the potential 
adverse economic impacts on energy and food production, a 
more comprehensive data set would allow fine tuning 

                                                
92 Id. at 14–16.  
93 Christopher J. Salice & Todd A. Anderson, Report: Summary of Research Findings Regarding 
Potential Risks to the Dunes Sagebrush Lizard 1–16 (unpublished rpt., Tex. Tech U. 2011) (available at 
http://texasahead.org/texasfirst/esa/task_force/priority/reference_docs/dsl/DSLReport_to_PBPA090111
.pdf(accessed)).  
94 Id. at 1. 
95 Christopher J. Salice et al., Review of the Relevant Factors That Are the Basis for the Proposed 
Listing of the Dunes Sagebrush Lizard As an Endangered Species 1–8 (unpublished rpt., Tex. Tech U. 
Oct. 21, 2011) (available at 
http://texasahead.org/texasfirst/esa/task_force/priority/reference_docs/dsl/TTUScienceReviewofDSLLis
tingFinal_102411.pdf (accessed)).  
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spatially-explicit management plans that could greatly reduce 
economic impacts.96 

 

 Meanwhile, in New Mexico, the Bureau of Land Management (BLM), the 

agency that controls 71% of the minerals within the New Mexico DSL range,97 

released its DSL survey report for the field season of 2011.98 According to the report, 

the BLM captured a total of fifty-three DSLs during the survey.99 The New Mexico 

BLM also observed that DSLs were present in the following areas: (1) in reclaimed 

areas (post oil and gas production); (2) in dunes areas experiencing a high level of oil 

and gas development; (3) in areas outside of the Texas A&M survey area; and (4) 

within the boundaries of units of shinnery oak and mesquite areas that were once 

treated with tebuthiuron.100 

 Although there was value in the additional collection of scientific data and 

review, the overall effect fueled dire predictions of economic disaster and a renewed 

sense of scientific uncertainty in the accuracy and completeness of DSL population 

counts.101 The FWS was then left with the complicated task of properly weighing the 

                                                
96 Id. at 6. 
97 Carol Leach, U.S. Fish & Wildlife Proposal to List the Dunes Sagebrush Lizard As 
an Endangered Species Threatens Energy Development in Southeast New Mexico (newsltr., Beatty & 
Wozniak, P.C. Jan. 2011) (available at 
http://www.bwenergylaw.com/News/documents/USFishandWildlifeProposaltoListtheDunesSagebrush
LizardasanEndangeredSpeciesThreatensEnergyDe.pdf (accessed)).  
98 Bureau of Land Mgt. Pecos Dist., Dunes Sagebrush Lizard (Sceloporus arenicolus) Survey Report 
Field Season 2011 (2011) (available at 
http://www.blm.gov/pgdata/etc/medialib/blm/nm/field_offices/roswell/docs.Par.7953.File.dat/2011%20
BLM%20DSL%20Report%20Final%20web.pdf (accessed)).  
99 Id. at 10. 
100 Id. at 9–10. 
101 See e.g. Susan Combs, Endangered Economy: A Case Study of the Dunes Sagebrush Lizard and the 
West Texas Oil and Gas Industry 2–4 (Publication No. 96-1709, Tex. Comptroller of Pub. Accounts 
Oct. 2012) (available at http://texasahead.org/texasfirst/species/pdf/96-1709_DSL.pdf (accessed)) 
(noting that “when the DSL was being considered for listing, the entire Texas economy was placed at 
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new data in conjunction with the initial peer-reviewed data. The most recent 

information tended to overshadow the entire body of evidence.102 The new 

information forced the agency to consider whether there was a change in the level of 

uncertainty associated with the body of evidence. Additionally, with the DSL, the 

FWS likely faced an unprecedented amount of interest and political pressure to 

properly adjudicate these varying scientific opinions. 

 BLM’s presentation of additional information raised questions regarding what 

the agency should consider when making determinations of whether to list a species. 

Should the agency consider dire predictions of economic consequences? Should the 

agency base its determination on new science backed by parties with economic 

interests? The ESA lays out a seemingly simple directive; however, review and 

decision-making during a listing process is complex and potentially more complicated 

than what lawmakers likely anticipated when drafting the ESA. 

C. Endangered Economy? 
 
 Congress amended the ESA in 1982 to specifically make the listing process an 

impartial and objective inquiry, free of any economic considerations and instead 

focusing on biological or scientific evidence.103 In doing this, Congress created what is 

now known as the “strictly science” mandate, noting that “economic considerations 

                                                                                                                                       
risk,” and that the DSL was not listed, due in part to “the effort of the oil and gas industry to obtain 
valid scientific data on the DSL”). 
102 See Conservation Agreements Press Release, supra n. 51 (noting that “[n]ew information provided 
by the BLM and Texas A&M University has enabled the Service to refine” and identify additional DSL 
habitat, and that Service biologists, after “careful analysis of the scientific data,” have determined that 
the DSL is no longer in danger of extinction).  
103 Michael J. Bean & Melanie J. Rowland, The Evolution of National Wildlife Law 206 (3d ed., Praeger 
Publishers 1997). 
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have no relevance to determinations regarding the status of species.”104  

After the announcement of the proposed DSL rule, opponents began shouting 

concerns that the listing would greatly impact the economy of the Southwest.105 In 

fact, the Texas Comptroller, the current state guardian of endangered species, 

published an online study titled Endangered Economy: A Case Study of the Dunes 

Sagebrush Lizard and the West Texas Oil and Gas Industry.106 Under the heading 

“Are Texas Jobs the Endangered Species?,” the publication stated that the DSL listing 

placed the entire Texas economy at risk—despite most of the state being hundreds of 

miles from the Permian Basin.107 Further, the publication estimated that $8 billion in 

annual investment would be lost, along with over 31,000 jobs.108 

  Proponents of the listing disagreed with this dire economic forecast. In 2011, 

the Center for Biological Diversity issued a report on the impact of a potential DSL 

listing on oil and gas activity and the economy in Texas.109 The Center argued that the 

listing would have little effect on the industry. Based on its mapping of the area, the 

DSL’s habitat exists on less than 2% of the 39.6 million acre Permian Basin.110 In the 

six west Texas counties included in this region, DSL habitat exists on 4.7% of private 

                                                
104 H.R. Rpt. 97-567 at 20 (May 17, 1982) (reprinted in 1982 U.S.C.C.A.N. 2807, 2820); see also Holly 
Doremus, Listing Decisions under the Endangered Species Act: Why Better Science Isn’t Always Better 
Policy, 75 Wash. U. L.Q. 1029, 1051 (1997) (reviewing federal agencies’ duty to limit listing 
evaluations to only scientific measures). 
105 See Peterson et al., supra n. 20, at 33–34 (explaining opponents’ economics-based arguments against 
listing of the DSL). 
106 Combs, supra n. 102.  
107 Id. at 2. 
108 Id. 
109 Jay C. Lininger et al., Impact of Dunes Sagebrush Lizard Protection on Oil and Gas Activity in West 
Texas (Ctr. for Biological Diversity Dec. 2011) (available at 
http://www.biologicaldiversity.org/species/reptiles/dunes_sagebrush_lizard/pdfs/Texas_DSL_habitat_re
port.pdf (accessed)). 
110 Id. at 3. 
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lands and 5% of state lands.111 In other words, only a small fraction of the land in 

question supported the DSL’s specialized habitat.112 Based on the Center’s analysis of 

Fitzgerald’s 2011 location and distribution data, the report concluded that “[e]ven if 

drilling were to cease everywhere in lizard habitat following an endangered listing, 

which is not likely, fossil fuel extraction would continue unabated on 95 percent of 

state lands and nearly 99 percent of all lands in the analysis area.”113   

Although the ESA is quite clear in its “strictly science” mandate, the DSL 

issue quickly declined into an economy versus environment debate with hundreds of 

media outlets publishing alarming forecasts to the public.114 Somehow, the law and the 

science got lost, or at the very least muddled, as the media presented articles to the 

public that captured the hype, but not the substance. This example is indicative of 

future public debates that will likely frame the issue as economy versus environment. 

Moving beyond this political argument, the fundamental disagreement still lies in the 

parties’ interpretation of the scientific basis for the listing decision. Although much of 

the disagreement can be attributed to the economic argument, misconception about the 

science underlying the decision presents the biggest hurdle.  

III. DIFFERING INTERPRETATIONS OF SCIENCE 
 

                                                
111 Id. at 4. 
112 See id. at 4–6 (noting that while the habitat considered was overinclusive,“[t]he limited area of dunes 
sagebrush lizard habitat makes ESA regulation unlikely to affect more than a small portion of oil and 
gas activity in west Texas”). 
113 Id. at 6. 
114 See Peterson et al., supra n. 20, at 32, 34 (describing how the oil and gas industry inundated local 
media with claims that environmentalists were determined to shut down the industry); but see Lininger 
et al., supra n. 109, at 1–2 (concluding that DSL listing would likely have little real effect on economic 
activity). 



Texas Tech University, Brie D. Sherwin, May 2014 

97 

 Often, federal agencies cannot wait for consistent scientific conclusions or 

scientific certainty before making decisions. This urgency creates the tension between 

law and science. Science is fundamentally different from the law in that, within the 

legal field, there is always an endpoint or finale associated with a court’s action.115 In 

contrast, scientists are not expected to come up with a definitive answer within a 

particular time frame.116 To scientists, the scientific process is focused on an 

incremental truth-seeking process rather than an end result.117 In other words, science 

is cumulative and progressive, continuously building on past experiments and 

results.118 

 The fundamental part of this progressive process is the formulation of a 

question.119 In addressing a question, scientists develop a hypothesis or a prediction 

about the outcome of what they expect to observe.120 Observations and data generated 

from an experiment are tested against the hypothesis, either proving or disproving the 

hypothesis.121 This process leads the scientific community to test and retest the 

hypothesis, challenging the “soundness” of the scientific theory.122 This quest 

represents the ongoing search for failure of the hypothesis.123 What gradually emerges 

                                                
115 Victoria Sutton, Law and Science: Cases and Materials 35 (Carolina Academic Press 2001) 
(excerpting D. Allan Bromley, Keynote Address, 1998 Annual Meeting of the American Bar 
Association (Toronto, Can. Aug. 2, 1998)). 
116 Id. at 35–36. 
117 Id. at 36. 
118 Id.  
119 See id. (describing the goal of science as “truth,” and therefore, when faced with a question, 
“scientists make observations or measurements, and on that basis develop an hypothesis that explains 
what they observe”).  
120 Id. 
121 Sutton, supra n. 118, at 26. 
122 Kenneth R. Foster & Peter W. Huber, Judging Science: Scientific Knowledge and the Federal Courts 
138 (1st paperback ed., MIT Press 1999). 
123 Id. (explaining that this process is also known as “falsification” in Karl Popper’s philosophy of 
science).  
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from unsuccessful attempts is reliability and validity of the science, all of which takes 

time.124  

A. Decision Science 
 What is science? A scientist would likely answer that “science is a process, a 

way of examining the natural world and discovering important truths about it.”125 The 

Supreme Court has acknowledged the concept that science is “a process for proposing 

and refining theoretical explanations about the world that are subject to further testing 

and refinement.”126 The scientific method best illustrates this process.127 While the 

scientific method is not easily explained, various views of scientists and philosophers 

have shaped its definition.128 While the scientific method emphasizes replication 

through careful experimental design to both test hypotheses and assess causality, many 

regulatory agencies must make decisions based on methods that favor expediency.129  

 Taking a scientific approach to prioritizing management strategies is known as 

“decision science” and is distinct from the “scientific method.”130 Regulatory agencies 

                                                
124 Id. at 138–39. Popper, in essence, provided a checklist of how scientists evaluate other scientists’ 
theories for reliability and validity: (1) by comparing various conclusions deducted from a theory 
against each other to check for internal consistency; (2) by investigating the logical form of a theory to 
determine whether it is “tautological” or has the character of a scientific theory; (3) by comparing the 
theory against others to determine whether it would constitute a scientific advancement should it 
survive the test; and (4) by empirically applying the conclusions derived from the theory. Id.  
125 David Goodstein, How Science Works, in Reference Manual on Scientific Evidence 67, 69 (2d ed., 
Fed. Jud. Ctr. 2000) (available at 
http://www.fjc.gov/public/pdf.nsf/lookup/sciman0d.pdf/$file/sciman0d.pdf (accessed)). 
126 Daubert v. Merrell Dow Pharms., Inc., 509 U.S. 579, 590 (1993) (quoting the Amici Curiae Br. of 
the Am. Assn. for the Advancement of Sci. et al. (emphasis in original, internal quotations omitted)). 
127 Goodstein, supra n. 128, at 69. 
128 Id. at 70. Sir Francis Bacon believed “that science proceeds through the collection of observations 
without prejudice,” while Karl Popper, as a “skeptical theorist,” understood the scientific method to be 
a process, known as falsification, by which a good scientist would come up with a hypothesis, then 
proceed to attack or disprove it. Id. 
129 Mark W. Schwartz et al., Perspectives on the Open Standards for the Practice of Conservation, 155 
Biological Conserv. 169, 175 (2012) (citing G.F. Wilhere, Adaptive Management in Habitat 
Conservation Plans, 16 Conserv. Biology 20 (2002)). 
130 Id. 
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employ both processes as they ask scientists to not only collect and analyze data, but 

also to assist agencies and stakeholders in developing and implementing conservation 

plans.131 This process of decision science emphasizes correlative responses (whether B 

is positively responding to A), as opposed to a hypothesis driven cause-and-effect 

approach as observed through the scientific method.132 This approach in implementing 

conservation management is understandable, as hypothesis testing at this stage is 

difficult due to relatively low sample sizes, lack of ability to replicate, and the 

potential for multiple causal influences on the results.133 This, of course, can lead to 

some amount of uncertainty, the perception of which can fuel disagreement about the 

extent to which agencies should employ conservation measures. 

B. Scientific Uncertainty 
  From a scientist’s point of view, “science never proves anything—in the 

manner that mathematics or other formal logical systems prove things—because 

science is fundamentally based on observations.”134 More importantly, uncertainties in 

the scientific world are not all the same.135 And even when conclusions and theories 

are regarded as “settled facts,” the basis of these settled facts still contains a likelihood 

of potential disproval, even if that likelihood is “vanishingly small.”136  

 Congress, agencies, and courts have acknowledged the unavoidable nature of 

scientific uncertainty. “In the conservation context . . . it makes more sense to rely 

upon professional judgments of scientists” as opposed to opinions of policymakers 
                                                
131 Id. 
132 Id. 
133 Id. 
134 America’s Climate Choices: Panel on Advancing the Sci. of Climate Change et al., Advancing the 
Science of Climate Change 21 (Natl. Academies Press 2010) (emphasis in original). 
135 Id. 
136 Id. at 21–22. 
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when it comes to the evaluation of available scientific data.137 Congress implicitly 

acknowledged this uncertainty by mandating reliance on “the best scientific and 

commercial data available.”138 Further, the FWS and the National Oceanic and 

Atmospheric Administration (NOAA), along with multiple courts, have recognized 

that scientific evidence supporting ESA listing determinations does not have to be 

conclusive.139  

 While quantification of uncertainty in terms of probabilities and confidence 

intervals is ideal, those involved in decision science recognize that quantification is 

not always possible when the problem is complex, new, or unique.140 That leaves 

scientists with the familiar and comfortable task of estimating uncertainty ranges in 

data with error bars or estimating the likelihood that the result was attributable to 

chance or due to the theory being tested.141 Scientific studies that refer to error or 

contemplate uncertainty generally have a different effect on non-scientists.142 

 The use of the word uncertainty in scientific studies leaves the public with an 

uneasy feeling “because for many people, ‘uncertainty’ means that little or nothing is 

known.”143 In contrast, to scientists, this term characterizes the preciseness or 

confidence behind the results.144 Although policymakers have historically voiced 

                                                
137 Carden, supra n. 79, at 175. 
138 16 U.S.C. § 1533(b)(1)(A).  
139 Doremus, supra n. 104, at 1075; see Carden, supra n. 79, at 190–91 (“Most importantly, the courts 
have held that this standard requires the wildlife agencies to use the best scientific data available, not 
the best scientific data possible.” (emphasis in original)). 
140 See e.g. Advancing the Science of Climate Change, supra n. 137, at 22 (discussing climate change 
research and noting that “precise quantification of uncertainty is not always possible due to the 
complexity or uniqueness of the system being studied”). 
141 Id. at 20–22. 
142 U. Cal. Museum of Paleontology, Understanding Science, Misconceptions about Science, 
http://undsci.berkeley.edu/teaching/misconceptions.php (accessed). 
143 Advancing the Science of Climate Change, supra n. 137, at 22. 
144 Id.  
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concerns about agency reliance on uncertain data, the agencies are quite accustomed to 

dealing with uncertain data and are given express deference by the Supreme Court to 

do so.145  

 Since the ESA mandates the use of what some might consider uncertain 

scientific data, stakeholders and policymakers often voice concerns about the 

regulatory agency possibly giving more weight to the data than it deserves or using the 

mere possibility of a threat to overprotect a species.146 

C. Science & Policymakers 
 

 Scientific evidence in terms of the law is typically categorized as either 

legitimate evidence or “junk science.”147 While scientists find comfort through 

employing the scientific method, judges, policymakers and the general public often do 

not experience this same comfort. The purity of the process is often lost through the 

reporting of results, statistical calculations, and the resulting legal and policy 

decisions.148 In fact, interpretations of scientific findings by the non-scientific 

                                                
145 See e.g. Nat. Resources Def. Council v. EPA, 16 F.3d 1395, 1400 (4th Cir. 1993) (applying a “highly 
deferential standard [of review,] which presumes the validity of the agency’s action”); Ethyl Corp. v. 
EPA, 541 F.2d 1, 34 (D.C. Cir. 1976) (employing a “highly deferential” standard of review in 
evaluating agency actions (citing Citizens to Preserve Overton Park v. Volpe, 401 U.S. 402, 415 
(1971))); S.W. Ctr. for Biological Diversity v. Norton, 2002 WL 1733618 at *9 (D.D.C. 2002) 
(“Another implication of [the] ‘best scientific data available’ requirement is that FWS must rely on even 
inconclusive or uncertain information if that is the best available at the time of the listing decision.”); 
Defenders of Wildlife v. Babbitt, 958 F. Supp. 670, 680 (D.D.C. 1997) (“Judicial and administrative 
interpretations of the ESA have consistently construed the statute’s ‘best available data’ standard as 
requiring far less than ‘conclusive evidence.’”); Carlton v. Babbitt, 900 F. Supp. 526, 529 (D.D.C. 
1995) (acknowledging the agency decision must be based on available data, not all possible data).  
146 See Carden, supra n. 79, at 201–02 (noting the ESA’s emphasis on science encourages “all sides in 
the . . . environmental debate” to manipulate the concept of science in order to advance their agendas). 
147 Foster & Huber, supra n. 122, at 17. 
148 See e.g. Fred Pearce, Yale Environment 360, Climategate: Anatomy of a Public Relations Disaster, 
http://e360.yale.edu/feature/climategate_anatomy_of_a_public_relations_disaster/2221/ (Dec. 10, 2009) 
(accessed) (describing how standard scientific terms and techniques used in climate studies were read in 
such a way as to undermine confidence in the scientific process underlying the studies); Robert 
Socolow, Bull. of the Atomic Scientists, Yes, Science Is Being Distorted. But, Much More Dangerous, 
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audience vary drastically because of frames of reference, personal ideas, and 

beliefs.149 Further, policymakers often believe that science provides the truth, equating 

that truth with an absolute, constant result, which does not exist.150 The basic nature of 

science is that there will always be uncertainty and the nature of the scientific method 

brings us closer to discovering the truth by falsifying some hypotheses.151  

 Policymakers must deal with uncertainty in a different way than scientists 

do.152 Since science plays a primary role in environmental policymaking, 

environmental scientists often advise policymakers and regulatory agencies because 

scientists’ expertise and presumed objectivity make them trustworthy advisors.153 

Moreover, public officials often feel an obligation to their constituents to balance what 

science suggests in terms of human and environmental protection with the needs of the 

economy.154 Continuing disagreement over the degree of economic risk associated 

with environmental problems often pits the public against scientific experts.155 From 

                                                                                                                                       
It Is Being Rejected, http://thebulletin.org/when-politicians-distort-science/yes-science-being-distorted-
much-more-dangerous-it-being-rejected (Oct. 20, 2011) (accessed) (describing the erosion of the 
scientific method “as a privileged way of knowing” in the face of political, cultural, and litigation 
concerns). 
149 P.J. Sullivan et al., Defining and Implementing Best Available Science for Fisheries and 
Environmental Science, Policy, and Management, 31 Fisheries 460, 460–61 (2006); James R. Weber & 
Charlotte Schell Word, The Communication Process As Evaluative Context: What Do Nonscientists 
Hear When Scientists Speak?, 51 BioScience 487, 488 (2001). 
150 See Sullivan et al., supra n. 149, at 460–61 (“Unfortunately, many policymakers, regulators, and 
judges have unrealistic expectations of science. They expect science to produce uncontested, value-free, 
universally applicable knowledge . . . .”). 
151 See Goodstein, supra n. 125, at 70 (describing falsification, the process of attacking the weakest 
point in a hypothesis). 
152 See generally Robert Costanza & Laura Cornwell, The 4P Approach to Dealing with Scientific 
Uncertainty, 34 Env. 12, 12–14 (Nov. 1992) (noting that scientists and policymakers hold “radically 
different expectations and modes of operation” vis-à-vis uncertainty: scientists tends to “[uncover] more 
uncertainty rather than . . . absolute precision,” while policymakers seek “unambiguous, defensible 
decisions”). 
153 Walter A. Rosenbaum, Environmental Politics and Policy 58 (7th ed., CQ Press 2008). 
154 Didier Schmitt, The Great Divide, The Scientist (Dec. 1, 2013) (available at http://www.the-
scientist.com/?articles.view/articleNo/38364/title/The-Great-Divide/ (accessed)). 
155 Rosenbaum, supra n. 157, at 60. 
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this sensitive and often contentious negotiation, the policymaker should ideally draft 

environmental policies that strike a delicate, but difficult balance between 

conservation and realistic implementation. However, with the mounting pressures of 

pleasing constituencies, this difficult task leaves policymakers to decide between a 

result that may be either scientifically or politically risky.156  

 Additionally, science and politics operate on different time scales.157 

Policymakers must contend with an election cycle, while scientists must contend with 

the pace of the experiments, with the timeline of the experiment dependent on the 

hypothesis under investigation.158 In fact, scientists are often more methodical and 

measured than policymakers, as they often have the luxury of time and funding for 

research without the pressure of public opinion.  

On a grander scale, scientific progress can also be measured in terms of major 

paradigm shifts.159 Thomas Kuhn observed that within a given paradigm, scientists 

move forward, making steady, incremental progress doing “normal science.”160 As 

time passes and contradictions accumulate, a “scientific revolution” occurs that 

shatters the old paradigm and replaces it with a new one.161 However, a much more 

exciting and dramatic theory, better known as a “crucial experiment,” provides an 

                                                
156 Id. 
157 Id. at 59; see e.g. Richard V. Pouyat & Margaret A. McGlinch, Student Author, A Legislative 
Solution to Acid Deposition, 1 Envtl. Sci. & Policy 249 (1998) (discussing the differences in advances 
in science and policy with regard to the 1990 Clean Air Act Amendments and the monitoring of sulfur 
dioxide and nitrogen oxides). 
158 Rosenbaum, supra n. 153, at 59; Pouyat & McGlinch, supra n. 157, at 251–52. 
159 Goodstein, supra n. 125, at 72. 
160 Id. 
161 Id. 
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opposing philosophy about the progression of science.162 For example, the germ 

theory of disease and the conclusion that light bends in a gravitational field both arose 

from crucial experiments that changed the course of science and history.163 The iconic 

nature and notoriety of such experiments support a contrasting view that a paradigm 

shift can occur based on a single experiment.164  

 Whether or not the idea of a crucial experiment actually exists in 

environmental science remains to be seen. A single experiment in environmental 

toxicology typically does not provide the causal link between toxic exposure and 

disease nor does it answer crucial ecological risk assessment questions.165 From a 

causation perspective, the courts, lawmakers, and administrative agencies typically 

require or depend on a number of experiments with statistical force when making 

decisions.166 The resulting conundrum deals with the question of how this evidence 

should be weighted and considered.  

 Often, lawmakers are left with the responsibility of managing a delicate 

balance between over-regulating and under-regulating based on ecological threats. 

These threats are identifiable regardless of the state of scientific support for the 

threats.167 Therefore, whether a paradigm shift occurs and science rapidly advances or 

                                                
162 Sheldon Krimsky, The Weight of Scientific Evidence in Policy and Law, 95 Am. J. Pub. Health S129, 
S129 (2005). A “crucial experiment,” also known as a determinative experiment, is one that crystallizes 
a new scientific consensus. Id. 
163 Id. 
164 Id.  
165 Id.  
166 Id. 
167 Richard J. Lazarus, The Making of Environmental Law 16–17 (U. of Chi. Press 2004). “For instance, 
industrial dischargers of water pollutants often complain that the federal Clean Water Act 
disproportionately targets their discharges for control, especially in light of the increasingly high 
percentage of water quality problems caused by contaminated runoff from agricultural activities, which 
are much less regulated.” Id. at 17. 
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relatively new science identifies a possible risk, policymakers are forced to make 

decisions despite the disparate paths created by temporal dynamics.168  

D.  Science & Society 
 Lacking an understanding of scientific knowledge, the public often has 

difficulty distinguishing the legitimate skepticism inherent in all sciences from the 

more radical skepticism that refuses to acknowledge any evidence tending to disprove 

a hypothesis.169 As a result of this flawed perception, it is difficult for policymakers to 

sustain broad public support for issues involving complex scientific concepts, and 

easier for a vocal partisan minority to create fear, sow confusion, and delay decision-

making by focusing on the uncertainty.170 Social science research has shown that 

experts and laypeople often interpret risk differently, with perceptions being 

dependent upon “how they value the outcomes at stake.”171 

 How one regards science and scientific uncertainty depends greatly on 

exposure and knowledge about a particular subject matter and on how the information 

was communicated to them.172 For example, a doctor may consider using a test to 

screen for cancer even though there is no convincing statistical evidence to support its 

use. Perhaps the doctor is exercising the precautionary principle or taking conservative 

measures to treat a patient in the face of uncertain evidence. Likewise, public officials 

must create environmental policies in the face of scientific uncertainty or continuing 
                                                
168 See e.g. Pouyat & McGlinch, supra n. 157, at 254 (proposing a legislative change to the Clean Air 
Act to further reduce sulfur dioxide in response to emerging scientific studies).  
169 Nick Pidgeon & Baruch Fischhoff, The Role of Social and Decision Sciences in 
Communicating Uncertain Climate Risks, 1 Nat. Climate Change 35, 35 (2011) (available at 
http://www.nature.com/nclimate/journal/v1/n1/full/nclimate1080.html?WT.ec_id=NCLIMATE-201104 
(accessed )). 
170 Id.  
171 Id. at 37. 
172 Id. at 36–37. 
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disagreement among experts and the public over the actual degree of risk associated 

with environmental stressors.173 Rosenbaum provides several illustrations of the 

difference in risk perception between an expert and the general public. For example, 

the public may assign the highest possible risk rating to a chemical waste disposal 

facility, whereas an expert may rank it much lower.174 In contrast, an expert could rate 

both “stratospheric ozone depletion and indoor radon” at a higher risk level than the 

public would.175 These comparisons illustrate differing perceptions of scientific 

uncertainty and degrees of risk between regulatory agencies and the public.176 These 

perceptions lead to “disparate views of ecological risk” and differing agendas or 

priorities when it comes to environmental regulation.177  

 Policymakers ultimately must make decisions, and therefore must choose 

between scientifically and politically risky decisions.178 Regardless of how scientists 

and policymakers decide these issues, both communities should strive to work 

together not only to communicate a clear, simplified version of the science to the 

public, but also to discount those on the fringe who seek to distort science in order to 

promote a political agenda. 

                                                
173 Rosenbaum, supra n. 153, at 60. 
174 Id. 
175 Id. 
176 Id.  
177 Id.  
178 Id. at 60–61. Consider “the decision in September 1997 by officials of the National Institute of 
Environmental Health Sciences (NIEHS) and the Minnesota Pollution Control Agency (MPCA) to 
announce to the public that samples of Minnesota surface water and groundwater had produced severe 
abnormalities in native frogs.” This hurried announcement provoked fierce criticism from scientific 
colleagues, particularly in the face of conflicting scientific evidence from the state’s own EPA research 
laboratory. Although officials explained they had no intention of “going public” until they had further 
interpreted the data, the media seized on the agency’s offer to provide bottled water to the public, 
making a public announcement unavoidable. Rosenbaum, supra n. 153, at 60–61.  
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E. Science & Agency Discretion 
 

 Courts afford considerable deference to agency decision-making because 

agencies are charged with implementing regulations through scientific or technical 

expertise.179 This deference is evident when an agency is reviewing scientific data 

through expert peer review.180 Moreover, even when credible opposing opinions exist 

on the nature of the scientific data, courts still defer to the agency. The Fifth Circuit 

has stated this much: “[W]here . . . the agency presents scientifically respectable 

conclusions which appellants are able to dispute with rival evidence of presumably 

equal dignity, we will not displace the administrative choice.”181  

 In 1984, when the Supreme Court first solidified the principle of deference to 

agency interpretations of statutory schemes, it commented:  

If Congress has explicitly left a gap for agency to fill, there is an express 
delegation of authority to the agency . . . . Such legislative regulations are 
given controlling weight unless they are arbitrary, capricious, or manifestly 
contrary to the statute. . . . In such a case, a court may not substitute its own 
construction of a statutory provision for a reasonable interpretation made by 
the administrator of the agency.182  

 
For over twenty-five years, courts have examined the “arbitrary and capricious 

standard” in the context of FWS actions under the ESA. In Bennett v. Spear, the 

Supreme Court specifically addressed the “best available scientific and commercial 

                                                
179 See e.g. Julie Lurman Joly et al., Recognizing When the “Best Scientific Data Available” Isn’t, 29 
Stan. Envtl. L.J. 247, 258 (2010) (discussing judicial review of administrative decisions under the 
Administrative Procedures Act and how a court’s deference to the agency is greatest when reviewing 
technical expertise). 
180 Id. at 258, 281; see e.g. Louisiana ex rel. Guste v. Verity, 853 F.2d 322, 329 (5th Cir. 1988) (stating 
that the court will show deference to the administrative decision supporting regulations on the shrimp 
industry designed to reduce sea turtle mortality). 
181 Louisiana ex rel. Guste, 853 F.2d at 329. 
182 Chevron U.S.A. Inc. v. Nat. Resources Def. Council, Inc., 467 U.S. 837, 843–44 (1984) (internal 
footnotes omitted).  
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data” directive,183 determining that “[t]he obvious purpose of the requirement . . . is to 

ensure that the ESA not be implemented haphazardly, on the basis of speculation or 

surmise.”184 

 Finally, disagreement with the FWS’s “ultimate findings or the studies 

underlying them does not automatically render its decision arbitrary and 

capricious.”185 In 2000, a Florida district court held that the FWS did not act arbitrarily 

and capriciously in issuing and failing to revoke an incidental take permit allowing a 

limited amount of beach driving and artificial lighting that arguably disturbed the 

nesting season of loggerhead turtles.186 The court commented that the FWS did, in 

fact, rely on the best available scientific and commercial data, which included a vast 

array of scientific data, literature, and public comments.187 

IV. AGENCY USE OF SCIENCE UNDER THE ENDANGERED 
SPECIES ACT 

 The Endangered Species Act (ESA) is the primary federal law that protects 

endangered and threatened animal and plant species.188 The regulatory structure of the 

ESA provides a comprehensive system that allows for protection of the ecosystems 

upon which endangered and threatened species depend.189 Through the ESA, the 

Secretary of the Interior has the power to promulgate regulations, which list species 
                                                
183 Bennett v. Spear, 520 U.S. 154, 176 (1997). 
184 Id. 
185 Loggerhead Turtle v. Co. Council of Volusia Co., 120 F. Supp. 2d 1005, 1023 (M.D. Fla. 2000). 
186 Id. at 1026. 
187 Id. at 1022–23. 
188 16 U.S.C. §§ 1531–1544; see Davina Kari Kaile, Student Author, Evolution of Wildlife Legislation 
in the United States: An Analysis of the Legal Efforts to Protect Endangered Species and the Prospects 
for the Future, 5 Geo. Intl. Envtl. L. Rev. 441, 441 (1993) (describing the ESA as the “landmark event” 
and “catalyst of the movement to protect endangered species”). 
189 See 16 U.S.C. § 1531(b) (communicating the purpose of the ESA); see also Gibbs v. Babbitt, 214 
F.3d 483, 486–87 (4th Cir. 2000) (applying the purpose and regulatory scheme established in the ESA 
to affirm regulatory protections for endangered red wolves). 
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that have become either “endangered” or “threatened.”190 A species is considered 

“endangered” when it is in “danger of extinction throughout all or a significant portion 

of its range,” while a species is “threatened” when it is “likely to become an 

endangered species within the foreseeable future.”191  

 Section 4 of the ESA authorizes two agencies, the U.S. Fish and Wildlife 

Service (FWS) and the National Marine Fisheries Service (NMFS), to identify and list 

these species,192 as well as to designate a critical habitat and develop a recovery plan 

for each species.193 After a species is listed, the FWS and NMFS are required to ensure 

that no future actions they take will jeopardize the continued existence of the 

species.194 Additionally, the agency must take specific steps to protect the species and 

its habitat, including creating and implementing a recovery plan for each listed 

species.195 

 Congress’s intent was somewhat obvious in the “language, history, and 

structure” of the ESA in that the balance tips in favor of an endangered species, 

affording it “the highest of priorities.”196 While this intent seems to indicate a 

favorable outcome for species that are threatened by human activities, the ESA 

requires that an agency’s listing decisions be made “solely on the best scientific and 

                                                
190 See 16 U.S.C. § 1533(a)(1) (listing the factors the Secretary will consider when determining whether 
a species is endangered or threatened); see also id. at § 1532(15) (vesting program responsibilities with 
the Secretary of Interior or the Secretary of Commerce); id. at § 1533(c) (describing the publication of a 
list in the Federal Register of species that the Secretary has identified as endangered or threatened). 
191 Id. at § 1532(6), (20).  
192 Id. at § 1533(a)(1), (c). 
193 Id. at § 1533(a)(3), (f).  
194 16 U.S.C. § 1536(a)(2). 
195 Id. at § 1533(f). 
196 Tenn. Valley Auth. v. Hill, 437 U.S. 153, 174 (1978). 
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commercial data available.”197 Congress first incorporated this phrase into the 1982 

ESA amendments.198 Similarly, National Standard 2 of the Magnuson–Stevens 

Fishery Conservation and Management Act directs that both “[c]onservation and 

management measures shall be based upon the best scientific information 

available.”199 The EPA also utilizes “the best available science” when implementing 

the Clean Water Act.200 So why did Congress find it necessary to limit the criteria 

upon which a regulatory agency makes its listing determination? According to 

Congress, the phrase was meant to prevent non-scientific considerations from 

significantly influencing listing decisions.201  

 Unfortunately, when Congress amended the ESA in 1982, it provided no 

guidance, either through a statutory definition or legislative history, as to what “best 

available scientific and commercial data” means.202 Central to the debate over the 

Dunes Sagebrush Lizard (DSL) is whether the scientific uncertainty necessitated 

additional studies to merit a listing decision by the FWS. However, the “best available 

                                                
197 16 U.S.C. § 1533(b)(1)(A). 
198 Doremus, supra n. 104, at 1055. 
199 50 C.F.R. § 600.315(a) (2012).  
200 Sullivan et al., supra n. 149, at 460. 
201 H.R. Rpt. 97-567 at 20; see Doremus, supra n. 101, at 1051 (reviewing federal agencies’ duty to 
limit listing evaluations to only scientific measures).  
202 Olivia Odom Green & Ahjond S. Garmestani, Adaptive Management to Protect Biodiversity: Best 
Available Science and the Endangered Species Act, 4 Diversity 164, 167–68 (2012); see also Defenders 
of Wildlife, 958 F. Supp. at 680 (noting that judicial and administrative interpretations of the ESA have 
relied on Congress’s intent to preventively protect species in construing the phrase “best available 
data”). As the court recognized, the legislative history “contains ample expressions of Congressional 
intent that preventive action to protect species be taken sooner rather than later.” Id.; see e.g. H.R. Rpt. 
93-412 at 5 (July 27, 1973) (“Sheer self-interest impels us to be cautious. The institutionalization of that 
caution lies at the heart of [the ESA].”); 119 Cong. Rec. 30167 (daily ed. Sept. 18, 1973) 
(Representative Don. H. Clausen remarked: “In the past, little action was taken until the situation 
became critical and the species was dangerously close to total extinction. This legislation provides us 
with the means for preventive action.”); id. (Representative Gilman remarked: “In approving this 
legislation, we will be giving authority for the inclusion of those species which . . . might be threatened 
by extinction in the near future. Such foresight will help avoid the regrettable plight of repairing 
damages already incurred. By heeding the warnings of possible extinction today, we will prevent 
tomorrow’s crisis.”).  
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science” standard does not require or obligate the FWS to conduct additional “studies 

to obtain missing data.”203 The best science, to many, means high quality science 

where scientists conduct studies using the scientific process.204 In an ideal world, the 

scientists would have both time and funding to perform these experiments, which in 

turn would strengthen the amount of scientific evidence available for agency review. 

However, both Congress and the courts have recognized that, more often than not, an 

agency will be faced with making a decision based on weak or inconclusive scientific 

data.205  

 Professor Holly Doremus notes two concerns that often arise when decision-

makers must rely on what can be considered incomplete or shaky data. First, decision-

makers may be fooled into giving more weight to the scientific data than they 

should.206 Second, “overzealous” regulators may use less than sound science to justify 

listing a species207 and, as a result, unnecessarily harm the economy.208 However, as 

Doremus notes, there are systematic safeguards that protect society from government 

                                                
203 U.S. Gen. Acctg. Off., Rpt. To Cong. Requesters, Endangered Species: Fish and Wildlife Service 
Uses Best Available Science to Make Listing Decisions, But Additional Guidance Needed for Critical 
Habitat Designations, GAO-03-803, 9 (Aug. 2003) (available at 
http://www.gao.gov/assets/240/239459.pdf (accessed)) [hereinafter GAO Rpt.]. 
204 Sullivan et al., supra n. 149, at 461. The authors note that the scientific process “typically includes 
the following elements”: (1) “[a] clear statement of objectives”; (2) a conceptual model used to 
characterize systems, state assumptions, make predictions, and test hypotheses; (3) “[a] good 
experimental design and a standardized method for collecting data”; (4) analysis and interpretation 
supported by “statistical rigor and sound logic”; (5) clear recordkeeping and documentation of the 
experiment; and (6) scientific peer review. Id. 
205 Doremus, supra n. 104, at 1075; see e.g. Defenders of Wildlife, 958 F. Supp. at 679 (“The statute 
contains no requirement that the evidence be conclusive in order for a species to be listed.”). 
206 Doremus, supra n. 104, at 1075. 
207 Id. 
208 “Overzealous” regulation could lead to an increase in the already high costs of listing and protecting 
endangered and threatened species, and therefore result in a negative impact on the economy. See 
generally Randy T. Simmons & Kimberly Frost, Accounting for Species: The True Costs of the 
Endangered Species Act (Prop. & Env. Research Ctr. 2004) (available at 
http://perc.org/sites/default/files/esa_costs.pdf (accessed)) (critiquing the reporting of federal 
expenditures for endangered species). 
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run amok. Inherent in the judicial review of agency decision-making is an 

acknowledgment of, and deference to, agency expertise in the ESA context because 

the agency is the group of scientific experts charged with making these decisions.209 

 By qualifying the best science as “available,” rather than the “best science 

possible,” the ESA substantially reduces the burden on agencies.210 As such, this 

standard can be interpreted as one that requires far less than “conclusive evidence.” 

The Ninth Circuit has expanded on this definition, stating that by requiring the listing 

of species based on the best available data, Congress intended to “give the benefit of 

the doubt to the species.”211 In fact, “requiring that agency decisions be made on the 

‘best scientific and commercial data available,’ rather than absolute scientific 

certainty, is in keeping with congressional intent in crafting the ESA.”212  

 According to some courts, the FWS maintains “that it need not, and must not, 

wait for conclusive evidence in order to list a species.”213 In Defenders of Wildlife v. 

Babbitt, the court provided several examples of the FWS’s position. In the decision to 

list the Northern Spotted Owl, the agency explained that because it had “used the best 

data available to prepare the proposed rule,” it was “not obligated to have data on all 

                                                
209 Doremus, supra n. 104, at 1075–76; see U.S. v. Guthrie, 50 F.3d 936, 946 (11th Cir. 1995) (stating 
that the court is “‘highly deferential’ to an agency’s consideration of the factors relevant to its 
decision”). 
210 See S.W. Ctr. for Biological Diversity v. Norton, 2002 WL 1733618 at *8 (citing Bldg. Indus. Assn. 
of Super. Cal. v. Norton, 247 F.3d 1241, 1246 (D.C. Cir. 2001)) (“In recognizing that scientific studies 
are often incomplete and open to challenge, the D.C. Circuit emphasized that § 1533(b)(1) requires 
FWS to utilize the ‘best scientific . . . data available,’ not the best scientific data possible.” (emphasis in 
original)); Doremus, supra n. 104, at 1075 (“By calling for reliance on the ‘best available’ scientific 
information, Congress explicitly recognized that in some circumstances the scientific evidence 
supporting listing determinations might be weak. Both the listing agencies and courts have recognized 
that the evidence supporting ESA listing determinations need not be conclusive.”).  
211 Defenders of Wildlife, 958 F. Supp. at 680 (quoting Conner v. Burford, 848 F.2d 1441, 1454 (9th 
Cir. 1988)). 
212 Id. at 679–80. 
213 Id. at 680. 
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aspects of a species’ biology prior to reaching a determination on listings.”214 In this 

case, the FWS concluded that “[t]o withdraw the proposal and conduct additional 

research would not improve the status of the [species] and would not be in keeping 

with the mandates of the Endangered Species Act.”215 “More recently, the FWS 

decided to list the California red-legged frog, even though many aspects of the 

species’ status were ‘not completely understood.’”216 It reasoned that the listing was 

important because “a significant delay in listing a species due to large, long-term 

biological or ecological research efforts could compromise the survival of the 

[species].”217 Both of these cases illustrate that it is not always feasible for the FWS to 

take a wait and see approach when everything is not perfectly understood because 

doing so could easily jeopardize a species arguably already at risk. 

 

V. CATEGORIZING BEST AVAILABLE SCIENCE ISSUES 
SURROUNDING LISTING DECISIONS 

 
 

 Seeking to avoid significant delay in listing species, the U.S. Fish and Wildlife 

Service (FWS) often faces scientific uncertainty, which can stem not only from 

inconclusive science, but also from experts with conflicting opinions. Much of the 

disagreement in the Dunes Sagebrush Lizard (DSL) case hinges upon adequate 

characterization of the current lizard population, its defined habitat, and whether man-

made activities such as oil and gas development and vehicular use within the habitat 

                                                
214 Id. (quoting 55 Fed. Reg. 26114, 26128 (June 26, 1990)). 
215 Id. (quoting 55 Fed. Reg. 26114, 26129 (June 26, 1990)). 
216 Id. (citing 61 Fed. Reg. 25813, 25817 (May 23, 1996)). 
217 61 Fed. Reg. 25813, 25817 (May 23, 1996). 



Texas Tech University, Brie D. Sherwin, May 2014 

114 

are actual “stressors.”218 The overall theme echoed by critics is that listing decisions 

are made when the science does not support the decision.219 

 The U.S. General Accounting Office (GAO)’s review of the Federal Register 

notices of species listings revealed that the most common sources of disagreements 

could be categorized into three distinct groups: “(1) whether the plants or animals 

under consideration qualified as a ‘species’ as defined by the [Endangered Species Act 

(ESA)], (2) the [population] status of the species, or (3) the degree of threat that the 

species [actually] faces.”220 Additionally, the GAO surveyed external expert peer 

reviewers enlisted to review the “best available science” and found that most of the 

FWS’s listing decisions were scientifically supported and that “few listing decisions 

on the basis of inadequate science” were overturned through judicial review.221 The 

numbers are quite telling, as well. In conducting this review, the GAO noted that the 

FWS received 143 peer-review responses for fifty-four of sixty-three listing decisions 

finalized between 1999 and 2002.222 In forty-eight of these decisions, the reviewers 

who “provid[ed] comments unanimously agreed with the [FWS’s] scientific 

conclusions or otherwise indicated support for the decision to list the species.”223 

These replies indicate that many of the comments regarding the inadequacy of the 

“best available science” are misplaced, according to a majority of external experts.224 

Rather, the focus could and should be placed on improving the analysis of the science 

                                                
218 See supra pt. II (discussing the controversy surrounding listing of the DSL).  
219 See supra pt. II(B) (discussing the arguments in opposition to the listing of the DSL).  
220 GAO Rpt., supra n. 209, at 58. 
221 Id. at 19.  
222 Id. at 21.  
223 Id. 
224 See id. at 19 (“Experts and others we spoke to generally agreed that most listed species probably 
deserved being listed under the current standard for best available scientific information.”). 



Texas Tech University, Brie D. Sherwin, May 2014 

115 

during the decision-making process and possible policy changes. The following 

examples illustrate some of the challenges faced by the FWS when making listing 

decisions. 

A. The Flat-Tailed Horned Lizard—The Need for Qualitative 
Assessment 

 In Defenders of Wildlife v. Norton, an environmental group successfully 

challenged the FWS’s decision not to list the Southwestern U.S. flat-tailed horned 

lizard in 2001.225 Initially, the FWS had concluded that regardless of the threat to the 

lizard on private lands, the lizard was already protected by a conservation agreement 

that covered public lands.226 Commenting that the ESA defines “endangered species” 

as being “in danger of extinction throughout all or a significant portion of its range,” 

the court criticized the Secretary’s assumption that a species was in danger of 

extinction in “a significant portion of its range” only if it was in danger of extinction 

everywhere.227 The court also criticized the Defenders of Wildlife’s quantitative 

approach to the phrase where it argued that a “projected loss of 82% of the lizard’s 

habitat” constituted a “significant portion of its range.”228 Equating the suggested 

quantitative approach with the Secretary’s faulty interpretation,229 the court 

commented that the legislative history indicated that Congress meant to broaden 

protection for species to include danger of extinction in “any portion of its range.”230  

                                                
225 Defenders of Wildlife v. Norton, 258 F.3d 1136, 1140 (9th Cir. 2001). 
226 Id.  
227 Id. at 1141–42. 
228 Id. at 1143. 
229 Id. at 1143. 
230 Id. at 1144 (emphasis in original). 
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 The court’s implicit acknowledgement of a need for a case-by-case 

determination by the FWS further justifies a qualitative versus quantitative 

assessment. Therefore, the issue remains as to whether a transparent, fluid, and 

consistent qualitative assessment mechanism can and should be used by the FWS.  

B. The Queen Charlotte Goshawk—Decision-Making & Future Actions 
 In 1994, the Southwest Center for Biological Diversity filed a petition asking 

that the Queen Charlotte Goshawk, a large but rarely seen subspecies of hawk, be 

listed as threatened or endangered under the ESA.231 In this case, the FWS found that 

based on the best available scientific evidence, a listing was not warranted because it 

was expecting that the U.S. Forest Service would provide land management options in 

the future to address conservation.232 Initially, the district court ruled that the Secretary 

could not rely on possible future actions as an excuse for not deciding whether the 

listing should occur.233 However, the primary dispute in the case was what to make of 

the best available scientific data, not over whether such data existed.234 Upon remand, 

the district court ruled that the data “simply was not good enough,” issuing an order to 

the FWS to conduct an additional population study.235 On appeal, the D.C. Circuit 

ruled that the ESA’s statutory language required that the Secretary “list a species as 

endangered or threatened . . . based solely on the best available data,” and that the 

Secretary had no obligation to conduct additional studies.236 The court further 

                                                
231 S.W. Ctr. for Biological Diversity v. Babbitt, 939 F. Supp. 49, 50 (D.D.C. 1996). 
232 Id. at 51. 
233 S.W. Ctr. for Biological Diversity v. Babbitt, 215 F.3d 58, 60 (D.C. Cir. 2000). 
234 Id. at 59. 
235 Id. 
236 Id. at 60. 
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commented that “[e]ven if the available scientific and commercial data were quite 

inconclusive, he may—indeed must—still rely on it at that stage.”237  

 With a mandate by lawmakers and the judiciary to make a decision based on 

the best available scientific data,238 the FWS must then take a fluid, somewhat 

qualitative approach to decision-making, weighing and analyzing the scientific 

evidence. Surveyed expert panels do not dispute the FWS’s use of the scientific 

evidence or even its decision-making.239 However, the lack of clarity as to the 

deliberation process for the final decision leaves open the possibility that rhetoric and 

political spin will create irrational, fear-based public opposition. A possible solution is 

an extension of the “Weight of Evidence” (WoE) approach already used by scientists 

in ecological risk management and adopted by a variety of agencies for decision-

making involving risk assessment.240 Most recently, WoE has also been used in the 

litigation context when scientific uncertainty clouds causation.241 Additionally, 

agencies can employ to communicate the risks and allay the public’s fears.  

                                                
237 Id. 
238 16 U.S.C. § 1533(b)(1)(A); see e.g. Trout Unlimited v. Lohn, 559 F.3d 946, 949 (9th Cir. 2009) 
(“The ultimate listing determinations must be based ‘solely on . . . the best scientific and commercial 
data available after conducting a review of the status of the species.’” (quoting 16 U.S.C. § 
1533(b)(1)(A)). 
239 GAO Rpt., supra n. 209, at 19. 
240 Ruth N. Hull & Stella Swanson, Sequential Analysis of Lines of Evidence—An Advanced Weight-of-
Evidence Approach for Ecological Risk Assessment, 2 Integrated Envtl. Assessment & Mgt. 302, 302 
(2006); see e.g. Officials Call for Research Agenda to Examine Weight-of-Evidence, 13 Risk Policy 
Rpt. Newsltr. (Dec. 12, 2006) (available at http://insideepa.com/Risk-Policy-Report/Risk-Policy-
Report-12/12/2006/officials-call-for-research-agenda-to-examine-weight-of-evidence/menu-id-
1098.html (accessed)) (discussing a government-mandated push for agencies to improve their use of a 
“weight-of-evidence” approach in decision making) [hereinafter Risk Policy Report].  
241 See Milward v. Acuity Specialty Prods. Group, Inc., 639 F.3d 11, 17 (1st Cir. 2011) (“This ‘weight 
of the evidence’ approach to making causal determinations involves a mode of logical reasoning often 
described as ‘inference to the best explanation,’ in which the conclusion is not guaranteed by the 
premises.” (internal footnote omitted)). 
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C. The Northern Spotted Owl—Habitat Protection & Economic Fears 
One of the challenges that ecologists often face when studying species populations 

is the lack of access to private lands.242 Like the DSL, many imperiled species occupy 

habitats that span both private and public lands. One such species, the Northern 

Spotted Owl, caused a considerable amount of controversy in 1991 when a federal 

judge stepped in and issued an injunction, banning new timber sales on 24 million 

acres of forest in Northern California, Oregon, and Washington.243 This owl, like the 

DSL, is somewhat of a habitat specialist, preferring to reside in old-growth forests that 

consist of large Douglas fir trees.244 Prior to 1978, logging had eliminated the majority 

of old-growth forests on private lands, so it was clear that any potential owl 

conservation would occur on federal timberlands.245 In 1981, the FWS concluded that 

the owl population was robust enough that it did not warrant protection under the 

ESA.246 Afterwards, leaders in Washington more than doubled timber production in 

the area up until the mid-1980’s, raising logging quotas and ensuring that they were 

met.247 In fact, there was even evidence of clear-cutting of trees on private land “in 

order to avoid logging restrictions designed to protect the northern spotted owl.”248 

                                                
242 Jodi Hilty & Adina M. Merenlender, Studying Biodiversity on Private Lands, 17 Conserv. Biology 
132, 132–33 (Feb. 2003). 
243 Peterson et al., supra n. 20, at 35; Ernie Niemi et al., The Sky Did NOT Fall: The Pacific Northwest’s 
Response to Logging Reductions i (ECONorthwest Apr. 1999) (available at 
http://pages.uoregon.edu/whitelaw/432/articles/SkyDidNotFallFull.pdf (accessed)). 
244 Niemi et al., supra n. 249, at 6. 
245 Id. 
246 Id. Although, the FWS did note that the owl’s dependence on the old growth forest made it 
extremely vulnerable. Id. at 6–7. 
247 Id. at 7. 
248 Jeffrey A. Michael, The Endangered Species Act and Private Landowner Incentives, Human 
Conflicts with Wildlife: Econ. Considerations 29, 32 (Aug. 1, 2000) (USDA Natl. Wildlife Research 
Ctr. Symposia) (available at 
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1002&context=nwrchumanconflicts 
(accessed)); see also Albert Gidari, The Endangered Species Act: Impact of Section 9 on Private 
Landowners, 24 Envtl. L. 419, 439 (1994) (recounting how a tree farmer in Washington state, to avoid 
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The FWS finally listed the owl as a threatened species in 1990.249 However, it failed to 

designate critical habitat, which led to the eventual judicial injunction.250 

Some predicted that as a result of the ruling, as many as 150,000 people would 

lose their jobs as a consequence of the owl’s protection.251 According to one report, 

some local restaurants had even started advertising “spotted owl soup” in support of 

the timber industry.252 And, although employment in the timber industry dropped 

22%, overall employment in the area rose 27%.253 The dire prediction did not 

materialize and further investigation revealed that the decline in the timber industry 

was due to a steady decrease in employment in the industry that started well before the 

listing.254  

As recent as 2008, a nonpartisan panel of scientific experts convened to reassess 

current threats and evaluate a draft recovery plan.255 The panel concluded that the 

previously identified major threats, including loss of habitat to harvest and fire, as well 

as competition from the Barred Owl, still existed.256 Citing to the “weight of the 

                                                                                                                                       
coming under the purview of the ESA, preemptively cut down trees to avoid creating “old-growth forest 
characteristics” that would attract northern spotted owls).  
249 55 Fed. Reg. 26114 (June 26, 1990). 
250 Niemi et al., supra n. 249, at 8. 
251 Id. at i. 
252 Susan Combs, Tex. Comptroller Pub. Accounts, Keeping Texas First: Tracking the Economic 
Impact of Federal Action on Endangered Species, Case History: The Northern Spotted Owl, 
http://www.texasahead.org/texasfirst/news_impact/case_studies.php (accessed) [hereinafter Northern 
Spotted Owl Case History]. 
253 Niemi et al., supra n. 249, at i. 
254 Id. at iii. 
255 Steven P. Courtney et al., Scientific Review of the Draft Northern Spotted Owl 
Recovery Plan and Reviewer Comments, i (Sustainable Ecosystems Inst. Apr. 2008) (available at 
http://www.fws.gov/pacific/ecoservices/endangered/recovery/documents/NSODPR_Final_Report_Apri
l-2.pdf (accessed)). 
256 Id.  
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evidence” espoused in this report, the FWS supported the continued listing of the 

owl.257  

On one of its associated websites, Texas First, the Texas comptroller refers to the 

listing of the Northern Spotted Owl as “one of the most controversial issues in the 

history of the Endangered Species Act.”258 Further, the comptroller states: “The 

sacrifices made by the logging industry, however, did not stop the decline in the 

northern spotted owl population.”259 While it is true that the Northwest experienced a 

decline in the logging industry, the FWS, in its Revised Recovery Plan, still refers to 

the previous decline in habitat as one of the ongoing threats.260 Often, a threat to a 

species is not one-dimensional and is rarely attributable to one particular factor. The 

collective consideration of ongoing threats and the implementation of a weighted 

approach could provide further transparency and clarity of the evaluation process. 

VI. THE WEIGHT OF SCIENTIFIC EVIDENCE—THE NEXT 
STEP 

The Endangered Species Act (ESA)’s best available science standard has been 

subject to many reviews and critiques since its passage. Although the U.S. General 

Accounting Office (GAO) has reported that peer reviewers were satisfied with the 

implementation of the standard,261 a review of the case law suggests consistent public 

                                                
257 Id. at 10. 
258 Northern Spotted Owl Case History, supra n. 258. 
259 Id. 
260 See U.S. Fish & Wildlife Serv., Revised Recovery Plan for the Northern Spotted Owl (Strix 
occidentalis caurina), vi, 15 (June 28, 2011) (available at 
http://www.fws.gov/arcata/es/birds/nso/documents/USFWS2011RevisedRecoveryPlanNorthernSpotted
Owl.pdf. (accessed)) (explaining that historical timber management practices used in the Pacific 
Northwest—including clearcuts, shelterwoods, and heavy commercial thinning—“converted spotted 
owl habitat to non-habitat”). 
261 GAO Rpt., supra n. 200, at 3. 
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dissatisfaction over the regulatory agencies’ use of science in their decision-making.262 

The focus should shift from the best science standard to creating a more defined 

decision-making process for weighing and implementing the best available science.  

Regulatory science has used the “Weight of Evidence” (WoE) approach in both 

regulatory rules and decisions.263 The WoE approach is a method that weighs and 

considers all the scientific evidence relevant to the evaluation of a causal 

hypothesis.264 It is often used in ecological risk assessment when the lack of 

quantitative evidence (e.g., numerical data with statistical significance) forces the 

focus on qualitative evidence.265 

Unlike the “best available science” standard, however, very little time has been 

spent on interpreting the meaning of the WoE standard.266 Yet this standard is 

emerging as a workable standard not only in the regulatory field, but also in litigation 

where scientific experts, legal professionals, and juries are left to grapple with 

incomplete science.267 As previously discussed, science rarely provides definitive 

answers regarding the threat of extinction, which necessitates an ecological risk 

                                                
262 See e.g. Ecology Ctr., Inc. v. U.S. Forest Serv., 451 F.3d 1183, 1188 (10th Cir. 2006) (evaluating the 
plaintiff’s contention that the Forest Service failed to rely on the Reynolds Report, which met the “best 
available science” standard); San Luis & Delta-Mendota Water Auth. v. Salazar, 760 F. Supp. 2d. 855, 
881 (E.D. Cal. 2010) (addressing plaintiff’s claim that the FWS violated the ESA’s “best available 
science” requirement by failing to employ a quantitative life-cycle model). 
263 Krimsky, supra n. 162, at S129. 
264 Id.; see also Charles Menzie et al., Special Report of the Massachusetts Weight-of-Evidence 
Workgroup: A Weight-of-Evidence Approach for Evaluating Ecological Risks, 2 Human & Ecological 
Risk Assessment 277, 278 (1996) (describing “a weight-of-evidence evaluation procedure for 
integrating the results of multiple measurements in ecological risk assessments”). 
265 Linkov et al., supra n. 1, at 5199. 
266 Katherine Renshaw, Leaving the Fox to Guard the Henhouse: Bringing Accountability to 
Consultation under the Endangered Species Act, 32 Colum. J. Envtl. L. 161, 167 (2007); see generally 
Milward, 639 F.3d at 23 (upholding a WoE approach for the first time in a toxic tort litigation context in 
2011 and demonstrating the lower court’s “mistake in its understanding of the weight of the evidence”). 
267 See id. at 17–18 (“The fact that the role of judgment in the weight of the evidence approach is more 
readily apparent than it is in other methodologies does not mean that the approach is any less 
scientific.”).  
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assessment based on the available studies. In other words, the idea of one 

determinative experiment that results in an answer to causation essentially functions as 

an urban legend both in the scientific and legal fields—it simply does not exist.268  

Civil and criminal courts have recognized this concept in considering the facts 

presented and weighing the evidence according to a particular standard of proof.269 

Therefore, the weight of the evidence in favor of the proposition must be “more 

probably true than false.”270 Whether the standard of proof is by a “preponderance of 

the evidence” or “beyond a reasonable doubt,” many legal, scientific, and 

mathematical theorists have pondered the standard in terms of probabilities.271 In a 

civil case, probabilities are expressed in mathematical terms as 50% or .5 (the 

preponderance threshold).272 In the context of toxic tort litigation, probabilities are 

sometimes evaluated by causation factors,273 or even in terms of the numbers and 

types of scientific studies required to quantify risk and prove causation.274 Although 

these probabilities are meant to guide decision-makers in assessing various types of 

evidence in a court of law, imposing hyper-specific requirements of statistical proof in 

science can be burdensome and unrealistic. The First Circuit recently acknowledged 

this concept in upholding an expert’s WoE approach in a benzene exposure case where 

the expert testified that multiple lines of evidence supported causation.275  

                                                
268 Linkov et al., supra n. 1, at 5203. 
269 Vern R. Walker, Preponderance, Probability and Warranted Factfinding, 62 Brook. L. Rev. 1075, 
1080 (1996). 
270 Id. at 1076; see e.g. McCormick on Evidence 574–75 (John William Strong et al. eds., 4th ed., West 
1992) (explaining the burden of persuasion in civil cases generally). 
271 Walker, supra n. 269, at 1076.  
272 Id. 
273 Merrell Dow Pharms., Inc. v. Havner, 953 S.W.2d 706, 714–16 (Tex. 1997). 
274 See id. at 716 (discussing different quantitative risk of injury standards in toxic tort cases). 
275 Milward, 639 F.3d at 19, 23. 
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The WoE approach, when employed in a risk assessment analysis, can be subject 

to a number of interpretations and methods, often leading to a muddled or rather 

opaque outcome that can create more questions than answers.276 Although all WoE 

methods include both qualitative and quantitative considerations, they differ with 

respect to the amount of qualitative data available.277  

 

A. The Use of WoE by Regulatory Agencies 
 
 In 2010, the Environmental Protection Agency (EPA) “released its draft 

‘Weight-of-Evidence Guidance Document: Evaluating Results of EDSP Tier 1 

Screening to Identify Candidate Chemicals for Tier 2 Testing,’” which the agency 

would use to determine whether certain chemicals had the potential to interact with 

hormonal components of the endocrine system.278 So, why use this approach when 

evaluating a critical component of human health? The EPA stated that the intent 

behind the guidance was “to provide a transparent scientific approach for broadly 

evaluating Tier 1 screening data to determine if additional Tier 2 testing is 

necessary.”279 The guidance was a step in the right direction towards clarifying a 

                                                
276 Linkov et al., supra n. 1, at 5203. 
277 Id. at 5201. Linkov lists the WoE methods in order of increasing quantification: (1) Listing Evidence 
(the presentation of individual lines of evidence without an attempt to integrate them); (2) Best 
Professional Judgment (the qualitative integration of these lines of evidence); (3) Causal Criteria (a 
criteria-based methodology for determining cause and effect relationships); (4) Logic (the use of 
qualitative logic models to evaluate individual lines of evidence that “either refute, discount, or 
corroborate one or more possible causes”); (5) Scoring (a simple quantitative method of “weighting or 
ranking” the multiple lines of evidence); (6) Indexing (integrating multiple lines of evidence into a 
single determinative measure with the use of empirical models); and (7) Quantification (the use of 
formal analysis and statistical models to integrate multiple lines of evidence). 
278 Borgert et al., supra n. 2, at 185. 
279 Id. (internal quotations omitted). 
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complex, multi-tiered process, providing experts with a base for additional suggestions 

to the WoE approach.280  

 There has also been a call for other regulatory agencies, such as the Food and 

Drug Administration (FDA), to implement a similar approach when determining the 

sufficiency of scientific data.281 Similarly, the FDA also uses “the weight of evidence 

concept when communicating issues of causation” with regard to a health claim about 

a food or the toxicity of a regulated product.282 This approach to evaluating causation 

issues associated with human health has also recently transitioned into a litigation 

context where a typical Daubert evaluation was untenable due to the lack of available 

epidemiological evidence.283 

 

B. WoE in Toxic Tort Litigation 
 
 Recently, the regulatory trend of adopting a WoE approach in decision-making 

found its way into litigation. In 2011, the First Circuit became the first court to use this 

approach when assessing causality in the toxic tort litigation context.284 Prior to 

Milward, plaintiffs often faced the daunting task of proving causation in cases lacking 

                                                
280 See id. (stating that some may view the guidance as “providing a desired degree of flexibility for 
accommodating expert judgments within the effluvium of regulatory analyses and decision-making 
under uncertainty”). 
281 See Joseph W. Cormier, Advancing FDA’s Regulatory Science Through Weight of Evidence 
Evaluations, 28 J. Contemp. Health L. & Policy 1, 1–3 (2011) (noting that the FDA is “striving to be 
more ‘science-led’” (emphasis in original)).  
282 Id. at 13; see also U.S. Food & Drug Administration, Ctr. for Veterinary Med., Veterinary Medicine 
Advisory Committee Briefing Packet: AquAdvantage Salmon (Sept. 10, 2010) (available at 
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/VeterinaryMedicin
eAdvisoryCommittee/UCM224762.pdf (accessed)) (detailing the order of deference the FDA gives to 
sources in WoE evaluations). 
283 See Milward, 639 F.3d at 24–26 (holding that the district court erred in finding the “lack of statistical 
significance as a crucial flaw”). 
284 See id. at 17–18 (finding that expert’s use of a “weight of the evidence” approach was valid). 
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particularized studies concretely concluding that causation existed, even though the 

“weight of the evidence” suggested otherwise.285  

 In Milward, the plaintiff and his wife brought a negligence claim against 

chemical companies, alleging that his workplace exposure to benzene-containing 

chemicals was the cause of his rare form of leukemia.286 The district court ruled that 

the testimony on general causation, offered by plaintiff’s expert witness, was 

inadmissible under Federal Rule of Evidence 702 because it lacked “sufficient 

demonstrated scientific reliability.”287 The First Circuit reversed the district court 

decision, holding that the expert’s testimony was admissible.288 The expert based his 

opinion “on a ‘weight of the evidence’ methodology in which he considered five lines 

of evidence drawn from the peer-reviewed scientific literature on leukemia and 

benzene.”289 The First Circuit agreed with this approach, stating that this methodology 

was both sound and reliable under Daubert.290 The court further commented that a 

trial court cannot treat lack of statistical significance as a crucial flaw in the unique 

situation where there is a lack epidemiological evidence due to the rarity of the type of 

leukemia and the difficulties of data collection.291  

 Thus, the judiciary has observed that the presence of scientific uncertainty due 

to the lack of a specific type of data or even conflicting opinions does not discount the 

                                                
285 See id. at 24–26 (explaining the district court’s holding that plaintiffs’ expert failed to prove 
causation due to a lack of particularized studies, even though “weight of the evidence” was in the 
expert’s favor).  
286 Id. at 13. 
287 Id. 
288 Id. at 14. 
289 Milward, 639 F.3d at 16. 
290 Id. at 20. 
291 Id. at 24. 
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body or the weight of evidence observed in the literature.292 Federal agencies also 

recognize this general concept,293 however there are still difficulties with the nature of 

the WoE methodology, particularly in instituting a structured methodology and with 

communicating to lawmakers and the general public. 

C. WoE in Climate Science 
 
 Since the early 1990s, scientists have faced the major challenge of explaining 

the risks and uncertainties of climate science to non-scientists.294 Over the past two 

decades, climate science has slowly moved toward more directly confronting 

uncertainty and adopting risk-based evaluations of potential impacts largely through a 

WoE approach.295 Over the years, the language in the reports on climate science has 

become more refined. Facing significant public criticism, the Intergovernmental Panel 

on Climate Change (IPCC) has recognized that communicating scientific uncertainty 

to the public is very much tied to the descriptive terms used in its Assessment 

Reports.296 The IPCC sequence of key findings reported over the past thirteen years 

illustrates this concept.297  

                                                
292 See id. at 25 (noting how “Dr. Smith explained that his citation to epidemiological data was meant to 
challenge the theory that benzene exposure could not cause [leukemia], and to highlight that the limited 
data available was consistent with the conclusions that he had reached on the basis of other bodies of 
evidence,” and that the lower court “not only misconstrued the concept of biological plausibility . . . but 
also . . . the concept’s role in Dr. Smith’s analysis”). 
293 Risk Policy Rpt., supra n. 246.   
294 Pidgeon & Fischhoff, supra n. 169, at 35.  
295 Id. at 37. 
296 See id. (noting that “lay observers can get an exaggerated sense of scientific uncertainty” and that the 
“first three IPCC assessments avoided formal expressions of uncertainty”).  
297 See e.g. Intergovernmental Panel on Climate Change, Publications and Data, 
https://www.ipcc.ch/publications_and_data/publications_and_data_reports.shtml#1 (accessed) (online 
repository of IPCC climate change reports from 1990 to the most recent report from 2013). 
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 “The first three IPCC assessments avoided formal expressions of uncertainty,” 

using future-based predictions instead.298 The first assessment report, completed in 

1990, was the IPCC’s initial attempt at categorizing and communicating its findings, 

providing a broad overview of the uncertainties and evidence for global warming.299 

Five years later, the second assessment report continued to refine uncertainty, 

concluding that “the balance of evidence suggests . . . a discernible human influence 

on global climate.”300 In 2001, the third assessment further refined these findings, 

concluding that “[i]n the light of new evidence and taking into account the remaining 

uncertainties, most of the observed warming over the last 50 years is likely to have 

been due to the increase in greenhouse gas concentrations.”301  

 The approach of the IPCC changed with the fourth report. Building on the 

growing scientific consensus on global warming, the fourth assessment, issued in 

2007, strengthened both the specificity and certainty of its language.302  The existence 

of climate change is unequivocal:  

The observed widespread warming of the atmosphere and ocean, 
together with ice mass loss, support the conclusion that it is extremely 
unlikely that global climate change of the past 50 years can be 
explained without external forcing and very likely that it is not due to 
known natural causes alone.303  

                                                
298 Pidgeon & Fischhoff, supra n. 169, at 37. 
299 Intergovernmental Panel on Climate Change, Climate Change: The IPCC Scientific Assessment (J.T. 
Houghton et al. eds., Cambridge U. Press 1990) (available at 
http://www.ipcc.ch/ipccreports/far/wg_I/ipcc_far_wg_I_full_report.pdf (accessed )). 
300 Intergovernmental Panel on Climate Change, IPCC Second Assessment: Climate Change 1995 22 
(IPCC 1995) (available at http://www.ipcc.ch/pdf/climate-changes-1995/ipcc-2nd-assessment/2nd-
assessment-en.pdf (accessed)) (emphasis added).  
301 Intergovernmental Panel on Climate Change, Climate Change 2001: Synthesis Report 51 (Robert T. 
Watson et al. eds., Cambridge U. Press 2001) (available at 
http://www.grida.no/publications/other/ipcc_tar/?src=/climate/ipcc_tar/ (accessed)).  
302 Intergovernmental Panel on Climate Change, Climate Change 2007: Synthesis Report 72 (Rajendra 
K. Pachauri et al. eds., IPCC 2008) (available at http://www.ipcc.ch/pdf/assessment-
report/ar4/syr/ar4_syr.pdf (accessed)).  
303 Id. at 39 (emphasis in original). 
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This assessment differs from earlier assessments in that it specifically assigned 

likelihoods while utilizing a weight of evidence approach.304  

 The IPCC used verbal qualifiers as a communication tool to convey the 

conclusions of the consensus, based on the weight of the evidence.305 In other words, 

the scientists of the IPCC focused on how to better communicate science to non-

scientists. Although there is arguably some progress made here with the concrete and 

descriptive nature of the language, the question of whether it was successful in its 

message is still largely unanswered.306 

D. Creating a Workable WoE Methodology for Decision-Making under 
the ESA 

 
 Although the term “weight of evidence” has been used in ecological risk 

assessment by scientists, “there is no consensus on its definition or how it should be 

applied.”307 And when agencies apply this concept in utilizing scientific evidence to 

make regulatory decisions, it is even more necessary to create a workable structure 

that would provide transparency and consistency.308 Since regulatory agencies are 

often dealing with inconclusive science—such as less than perfect Dunes Sagebrush 

Lizard (DSL) population studies—this approach seems ideal, particularly because it is 

often applied when there is no single study that “is conclusive in demonstrating a 

                                                
304 Pidgeon & Fischhoff, supra n. 169, at 37. 
305 Id. 
306 See id. (suggesting that empirical research is needed to determine whether the IPCC has successfully 
communicated its message).  
307 Krimsky, supra n. 162, at S131. 
308 See e.g. Borgert et al., supra n. 2, at 186 (advocating for a hypothesis-driven “weight of evidence” 
framework that incorporates documentation and transparency); Risk Policy Rpt., supra n. 246 (detailing 
calls from government officials for a new research agenda to clarify how federal agencies use scientific 
data under the “weight of evidence” approach in making regulatory decisions). 
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cause-effect relationship.”309 While the WoE approach is mentioned often in 

regulatory literature, a defined methodology is rarely explained, leaving open an 

inference of subjectivity and bias.310 The EPA has noted in using this approach that 

“no single ‘weighing factor’ determines the overall weight” and that “factors are not 

scored numerically”;311 however, the implementation of WoE could be enhanced if 

criteria for weighing the evidence were established at the outset of the process.312  

 Thus, there is a need not only to define the WoE terminology, but also to 

develop a categorical framework that will establish step-by-step clarity and 

transparency in the decision-making process.313 Scientists recently introduced one 

such method as a “hypothesis-driven weight of evidence” framework for evaluating 

scientific data within the EPA’s Endocrine Disruptor Screening Program.314 The 

proposed method includes seven steps or categories for implementing the WoE 

methodology, including quantitative measurement based on each endpoint.315 This 

approach can be modified to adjust for lack of quantitative data and better 

accommodate the FWS’s “best available science” evaluation process. This 

modification would include the following steps: (1) develop a specific hypothesis to 

be evaluated; (2) systemically search and review available data relevant to each 

hypothesis; (3) “evaluate the primary validity and reliability of each study”; (4) 

develop weightings for each type of endpoint or factor “with respect to its sensitivity 

                                                
309 Krimsky, supra n. 162, at S131. 
310 See id. (noting that “[w]ithout an explication of how evidence is ‘weighed,’” the scientific reasoning 
supporting a WoE claim escapes scrutiny, casting doubt on the results). 
311 Id. at S133. 
312 Id. at S132. 
313 Borgert et al., supra n. 2, at 186. 
314 Id. at 185. 
315 See id. at 186 (proposing a seven step hypothesis-driven “weight of evidence” framework that is 
used as a precursor to the modified five step framework above). 
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and specificity for testing the hypothesis”; and (5) “develop an overall WoE 

determination as to whether each hypothesis is supported or rejected,” and the strength 

of each, “based on the overall WoE weightings.”316 This process hinges upon the 

development of a hypothesis, a traditional method used in the scientific process, which 

is arguably essential to a deliberative process that involves risk assessment. Evidence 

of a risk or potential stressor in the context of a particular species has little to no 

significance unless agencies form and evaluate a hypothesis against the data or 

evidence.317 This explicit structure could afford the FWS an opportunity to provide 

more substance to its application of the best available science, and allow for proper 

consideration of contradictory data, improving accountability and consistency.318  

 For example, in the case of the DSL—as in the case of many endangered 

species—the FWS has reiterated that habitat modification or destruction is one of the 

primary threats in its consideration of a possible listing.319 Therefore, it would make 

sense to weigh this particular factor accordingly against each hypothesis and then 

examine what the weight of evidence suggests. For example, even if there is a lack of 

definitive evidence to suggest that habitat modification is responsible for the decline in 

the DSL population, decision-makers should ask what the weight of evidence 

suggests, seeking to determine if there are various studies or lines of evidence that 

                                                
316 Id. 
317 Patrick Donnelly et al., PowerPoint, Application of the Endangered Species Act’s Best Available 
Standard slide 5 (242d ACS Natl. Meeting & Exposition Aug. 28–Sept. 1, 2011) (available at 
http://www.agrodiv.org/documents/denver11/Endangered%20Species%20Act%20and%20Regulation/
AGRO153_Donnelly.Patrick.pdf (accessed)). 
318 Id. at slide 9. 
319 See Peterson et al., supra n. 20, at 33 (discussing destruction of habitat as a factor leading to the ESA 
listing of the lesser prairie chicken and the proposed listing of the dunes sagebrush lizard). 
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support the decision for the listing. Further, the evaluation process mentioned above 

could be published in the Federal Register. 

 Much like a preponderance of evidence standard used in the courtroom, this 

weighing allows for decision-making when faced with a lack of evidence or 

conflicting expert opinions. This particular application of the best available scientific 

evidence could lead to a more solid conclusion even in the face of uncertainty. And, in 

the cases like the DSL, this methodology provides additional transparency and clarity 

in the process when agencies like the FWS are faced with accusations of making 

decisions based on unsound science. By adopting this approach in its decision-making 

process, regulatory agencies can continue to bridge the gap between the science, law, 

and policy. 

VII. CONCLUSION 
In the face of scientific uncertainty, federal agencies like the U.S. Fish and 

Wildlife Service (FWS) are facing increasing challenges to decisions made in species 

listings under the Endangered Species Act (ESA) where population data is either 

absent or incomplete. Courts have reiterated that statutory interpretation of the ESA 

dictates that decisions be made “solely on the best scientific and commercial data 

available.”320 New competing views, pitting the economy against “shaky science” 

supporting the listing of endangered species such as the dunes sagebrush lizard, have 

pressured agencies to allow for outside interests to shape the evaluation process. In 

order to calm the chaos and better communicate the scientific process to both 

                                                
320 See e.g. Trout Unlimited, 559 F.3d at 949 (“The ultimate listing determinations must be based ‘solely 
on . . . the best scientific and commercial data available after conducting a review of the status of the 
species.’” (quoting 16 U.S.C. § 1533(b)(1)(A)). 
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policymakers and the public, the implementation of a categorical “weight of evidence” 

process in analyzing the scientific data will allow the FWS to battle the semantics of 

“scientific uncertainty” and allow the focus to remain on an appropriate weighted 

analysis of the available scientific data. 
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CHAPTER V 

CONCLUSION 

 A common theme that runs through the legal and scientific analysis of 

the DSL and its habitat is scientific uncertainty. During the time that the FWS 

was considering whether to list the DSL as “endangered,” it fielded many 

comments about the state of the science.  In particular, the FWS responded to 

requests about the amount and quality of the scientific literature available for 

review.  This commonality of uncertainty between both disciplines can lead to 

indecision rather than active efforts to employ policies that promote 

conservation. The Endangered Species Act was specifically written to provide 

decision-makers with a certain amount of flexibility in evaluating scientific 

information when making a decision about species preservation. The intent of 

Congress in drafting the ESA was to allow for decision-making as it relates 

solely to species conservation and not economic considerations.  It is possible, 

however, to provide balance between the two interests by employing voluntary 

conservation plans that are not only precise and reasonable for participants, 

but also require accountability of the participants and states employing them.  

Therefore, the proposal of a “weight of evidence” approach as a way to define 

the quality and quantity of available scientific information could satisfy those 

who demand an additional standard for the peer review of scientific data while 

allowing the flexibility that the statute demands. 
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The conclusions drawn from the scientific data in this dissertation 

provide further clarification on actual stressors which could affect the DSL.  

Preliminary data suggest that chemical stressors are localized and therefore, a 

relatively minor concern.  What is more concerning is continued habitat 

modification through well pad and road development and shinnery oak 

removal from the dunes complex.  The methods proposed in the habitat 

modification chapter could be employed in the future to develop a continuing 

quantification of actual habitat modification.  Additional sand grain size 

analysis and quantification using ArcGIS are both measures that could be 

utilized in future habitat modification quantification involving an arid climate.  

This quantification could certainly be helpful in assessing the effectiveness of 

the voluntary conservation plans employed by both New Mexico and Texas.  

Additionally, a continued assessment of habitat fragmentation may be 

particularly important in light of the fact that surveys have demonstrated the 

difficulty of accurately quantifying DSL populations.  

It is our hope that the DSL serves as a reminder that reptile populations 

should not be ignored or overlooked when scientists consider the effects of 

environmental pollution to an ecosystem.  Each species has value and plays a 

critical and important role in its ecosystem.  With that in mind, both the 

scientific and legal communities should work together to formulate effective 

and feasible conservation efforts to protect species like the DSL. 
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Figure A.1. Wentworth Grain Size Chart.   
(USGS OPEN FILE REPORT 2006-1195) 
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Figure A.2. Results of H2S monitoring (Site SD4) during a 14-day period in 
August 2011. H2S measurements were logged at 60-second intervals. 
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Figure A.3. Results of H2S monitoring (Site SD4) during a 14-day period in 
January 2012. H2S measurements were logged at 60-second intervals. 
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Figure A.4. Results of H2S monitoring (Site SD4) during a 14-day period in 
February 2012. H2S measurements were logged at 60-second intervals. 
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Figure A.5. Results of H2S monitoring (Site SD4) during a 14-day period in 
April 2012. H2S measurements were logged at 60-second intervals. 
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Figure A.6. Results of H2S monitoring (Site SD4) during a 14-day period in 
May 2012. H2S measurements were logged at 60-second intervals. 
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Figure A.7. pH measurements of samples from SD 2, 4, 5, 6, 7, 11, 12 and 14. 
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Figure A.8. Percentage survival of crickets at 5 ppm  

MgSO4 (control) in sand.  
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Figure A.9. Percentage survival of crickets at 15 ppm  

MgSO4 in sand.  
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Figure A.10. Percentage survival of crickets at 30 ppm 
MgSO4 in sand. 
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Figure A.11. Percentage survival of crickets at 60 ppm 
MgSO4 in sand. 
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Figure A.12. Percentage survival of crickets at 120 ppm 
MgSO4 in sand. 
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Figure A.13. Histogram of distribution of sand grain size 
at SD2 (“low impact site”). 
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Figure A.14. Histogram of distribution of sand grain size 
at SD4 (“high impact site”). 
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Figure A.15. Histogram of distribution of sand grain size 
at SD5 (“medium impact site”). 
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Figure A.16. Histogram of distribution of sand grain size 
at SD6 (“low impact site”). 
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Figure A.17. Histogram of distribution of sand grain size 
at SD7 (“medium impact site”). 
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Figure A.18. Histogram of distribution of sand grain size 
at SD11 (“medium impact site”). 
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Figure A.19. Histogram of distribution of sand grain size 
at SD12 (“medium impact site”). 
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Figure A.20. Histogram of distribution of sand grain size 

at SD14 (“high impact site”). 
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Table A.1.  Total number of sand samples collected from study sites in  
Andrews County, Texas between 2011-2012. 

 
Site Oil & Gas Activity                 

(Visual Assessment) 
# Sand Samples 

SD2 Low 20 

SD4 High 13 

SD5 Medium 34 

SD6 Low 7 

SD7 Medium 3 

SD11 Medium 11 

SD12 Medium 8 

SD14 High 4 

TOTAL #  100 
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Table A.2. Sand chemistry data for SD2. 
 
Site Location Sulfate 

(ug/g)321 
pH (1:2) Tebuthiuron 

(ug/g)322 
TPH 

(ug/g)
323 

SD2 1 3.7 6.99 <MDL J 
 2 5.3 7.08 <MDL <MDL 
 3 11.6 6.76 <MDL <MDL 
 4 4.0 6.70 <MDL <MDL 
 5 4.4 7.15 <MDL <MDL 
 6 10.3 6.89 <MDL <MDL 
 7 0.6 8.20 0.00 0.60 
 8 0.5 8.45 0.00 0.30 
 9 0.8 8.62 0.00 0.90 
 10 0.2 8.20 0.00 0.20 
 11 0.1 8.04 0.00 0.10 
 12 0.1 8.80 0.00 0.30 
 13 0.1 8.96 0.00 0.60 
 14 0.0 8.57 0.00 0.10 
 15 0.0 8.7 0.00 67.8 
 16 1.0 8.79 0.00 0.20 
 17 0.0 8.82 0.00 0.10 
 18 0.2 8.9 0.00 0.00 
 19 0.1 8.68 0.00 0.00 
 20 0.0 8.51 0.00 0.10 
Ave.  2.15 8.09 0.00 5.09 
Std.Dev.  3.46 .82 0.00 18.05 

 

 

 

 

 

 

 

                                                
321 Concentration in sand. MDL = 0.5 µg/g 
322 Concentration in sand. MDL = 1.0 µg/g 
323 Concentration in sand. MDL = 1.0 µg/g 
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Table A.3. Sand chemistry data for SD4. 
 
Site Location Sulfate 

(ug/g)324 
pH (1:2) Tebuthiuron 

(ug/g)325 
TPH 

(ug/g)
326 

SD4 1 3.20 7.30 <MDL <MDL 
 2 0.70 7.34 <MDL <MDL 
 3 4.30 7.14 <MDL <MDL 
 4 15.6 7.50 <MDL <MDL 
 5 4.50 7.20 <MDL <MDL 
 6 3.70 7.71 <MDL <MDL 
 7 13.70 7.63 <MDL <MDL 
 8 16.10 7.54 <MDL <MDL 
 9 6.10 7.44 <MDL <MDL 
 10 1.20 8.24 0.00 5.70 
 11 0.50 8.34 0.00 48.40 
 12 0.70 8.39 0.00 3.10 
 13 1.10 8.09 0.00 84.80 
Ave.  5.49 7.68 0.00 35.50 
Std. Dev.  5.79 0.44 0.00 38.88 

 

 

 

 

 

 

 

 

 

 

                                                
324 Concentration in sand. MDL = 0.5 µg/g 
325 Concentration in sand. MDL = 1.0 µg/g 
326 Concentration in sand. MDL = 1.0 µg/g 
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Table A.4. Sand chemistry data for SD5. 
 
Site Location Sulfate 

(ug/g)327 
pH (1:2) Tebuthiuron 

(ug/g)328 
TPH 

(ug/g)
329 

SD5 1 6.40 7.35 <MDL <MDL 
 2 9.50 7.41 <MDL <MDL 
 3 0.00 7.43 <MDL <MDL 
 4 2.09 7.67 <MDL <MDL 
 5 0.00 7.44 <MDL <MDL 
 6 0.35 7.46 <MDL <MDL 
 7 0.43 7.48 <MDL <MDL 
 8 1.32 7.31 <MDL <MDL 
 9 1.20 7.52 <MDL <MDL 
 10 1.30 7.42 <MDL <MDL 
 11 1.06 7.29 <MDL <MDL 
 12 3.10 8.13 <MDL <MDL 
 13 3.00 8.15 <MDL <MDL 
 14 1.40 7.80 <MDL <MDL 
 15 0.00 8.08 <MDL <MDL 
 16 0.00 7.75 <MDL <MDL 
 17 0.80 7.97 3.70 0.00 
 18 1.70 8.55 0.00 <MDL 
 19 0.40 8.67 19.60 0.00 
 20 0.40 8.50 0.00 0.00 
 21 0.30 8.39 0.00 <MDL 
 22 0.60 8.85 0.00 1.60 
 23 123.6 7.77 0.00 130.70 
 24 0.20 8.89 0.00 87.60 
 25 1.20 8.63 0.00 188.10 
 26 3.30 8.46 0.00 88.30 
 27 0.40 8.48 0.00 98.70 
 28 0.70 8.52 0.00 13.10 
 29 0.30 8.55 0.00 21.10 
Ave.  5.69 7.99 1.79 45.02 
Std. Dev.  22.77 0.53 5.45 61.97 

 
  

                                                
327 Concentration in sand. MDL = 0.5 µg/g 
328 Concentration in sand. MDL = 1.0 µg/g 
329 Concentration in sand. MDL = 1.0 µg/g 



Texas Tech University, Brie D. Sherwin, May 2014 

165 

Table A.5. Sand chemistry data for SD5 control. 

 

Site Location Sulfate 
(ug/g)330 

pH (1:2) Tebuthiuron 
(ug/g)331 

TPH 
(ug/g)

332 
SD5C Det. 32.50 8.70 0.00 0.00 
 1C 14.40 8.56 0.00 0.00 
 2C 15.10 8.74 0.00 0.00 
 3C 14.70 8.76 0.00 <MDL 
 4C 15.70 8.62 0.00 0.00 
Ave.  18.48 8.68 0.00 <MDL 
Std. Dev.  7.85 0.08 0.00 0.00 

 
  

                                                
330 Concentration in sand. MDL = 0.5 µg/g 
331 Concentration in sand. MDL = 1.0 µg/g 
332 Concentration in sand. MDL = 1.0 µg/g 
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Table A.6. Sand chemistry data for SD6. 
 
Site Location Sulfate 

(ug/g)333 
pH (1:2) Tebuthiuron 

(ug/g)334 
TPH 

(ug/g)335 
SD6 1 1.50 8.35 <MDL <MDL 
 2 0.00 7.57 <MDL <MDL 
 3 6.30 8.30 <MDL <MDL 
 4 0.00 7.22 <MDL <MDL 
 5 10.10 8.18 <MDL <MDL 
 6 0.00 7.60 <MDL <MDL 
 7 0.00 8.05 <MDL <MDL 
Ave.  2.56 7.90   
Std. Dev.  4.05 0.43   

 

 

 

 

 

 

 

 

 

 

 

 

 
  

                                                
333 Concentration in sand. MDL = 0.5 µg/g 
334 Concentration in sand. MDL = 1.0 µg/g 
335 Concentration in sand. MDL = 1.0 µg/g 
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Table A.7. Sand chemistry data for SD7. 
 
Site Location Sulfate 

(ug/g)336 
pH (1:2) Tebuthiuron 

(ug/g)337 
TPH 

(ug/g)338 
SD7 1 0.00 7.72 <MDL <MDL 
 2 0.00 7.67 <MDL <MDL 
 3 0.00 7.73 <MDL <MDL 
Ave.  0.00 7.71   
Std. Dev.  0.00 0.03   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
336 Concentration in sand. MDL = 0.5 µg/g 
337 Concentration in sand. MDL = 1.0 µg/g 
338 Concentration in sand. MDL = 1.0 µg/g 
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Table A.8. Sand chemistry data for SD11. 
 
Site Location Sulfate 

(ug/g)339 
pH (1:2) Tebuthiuron 

(ug/g)340 
TPH 

(ug/g)341 
SD11 1 15.50 7.37 <MDL <MDL 
 2 12.20 7.39 <MDL <MDL 
 3 7.60 7.26 <MDL <MDL 
 4 23.50 7.60 <MDL <MDL 
 5 3.90 7.53 <MDL <MDL 
 6 0.30 9.20 0.00 19.20 
 7 0.60 9.18 0.00 289.60 
 8 0.40 9.50 0.00 248.90 
 9 0.90 9.20 0.00 193.90 
 10 0.50 9.17 0.00 172.50 
 11 0.60 9.09 0.00 64.20 
Ave.  6.00 8.41  164.72 
Std. Dev.  7.88 0.95  104.76 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
339 Concentration in sand. MDL = 0.5 µg/g 
340 Concentration in sand. MDL = 1.0 µg/g 
341 Concentration in sand. MDL = 1.0 µg/g 
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Table A.9. Sand chemistry data for SD12. 
 
Site Location Sulfate 

(ug/g)342 
pH (1:2) Tebuthiuron 

(ug/g)343 
TPH 

(ug/g)344 
SD12 1 9.80 7.99 <MDL <MDL 
 2 5.40 7.76 <MDL <MDL 
 3 12.40 7.65 <MDL <MDL 
 4 14.80 7.79 <MDL <MDL 
 5 4.60 7.83 <MDL <MDL 
 6 1.80 7.96 <MDL <MDL 
 7 15.70 7.94 <MDL <MDL 
 8 16.80 8.05 <MDL <MDL 
Ave.  10.16 7.87   
Std. Dev.  5.67 0.14   

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
342 Concentration in sand. MDL = 0.5 µg/g 
343 Concentration in sand. MDL = 1.0 µg/g 
344 Concentration in sand. MDL = 1.0 µg/g 
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Table A.10. Sand chemistry data for SD14. 
 
Site Location Sulfate 

(ug/g)345 
pH (1:2) Tebuthiuron 

(ug/g)346 
TPH 

(ug/g)347 
SD14 1 4.60 7.84 <MDL <MDL 
 2 7.90 7.59 <MDL <MDL 
 4 4.60 7.64 <MDL <MDL 
 5 9.50 7.58 <MDL <MDL 
Ave.  6.65 7.66   
Std. Dev.  2.46 0.12   

 

 
  

                                                
345 Concentration in sand. MDL = 0.5 µg/g 
346 Concentration in sand. MDL = 1.0 µg/g 
347 Concentration in sand. MDL = 1.0 µg/g 
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Table A.11. Tebuthiuron residues in study site vegetation and total petroleum 
hydrocarbon (TPH) residues in study site invertebrate food items.  

 
Site Location Tebuthiuron348 in 

Vegetation 
TPH349 in Food Items 

SD2 1 <MDL 0.4 
 2 <MDL 12.0 
 3 <MDL  
 4 <MDL  
 5 <MDL  
 6   

 
SD4 1 <MDL  
 2 <MDL 20.0 
 3 <MDL  
 5 

 
<MDL  

SD5 1 <MDL  
 2 

 
<MDL 53.0 

SD11 5 
 

<MDL 4.7 

SD12 1 <MDL 4.5 
 5 <MDL 1.4 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                
348 Concentration in vegetation: MDL = 10.0 µg/g 
349 Concentration in food item: MDL  = 0.5 µg/g 
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Table A.12. Survival of crickets in 5 ppm* MgSO4 
spiked sand over time.  

 
Hours % Survival Cricket Survival 

  Live Dead Escaped 
0 100 15 0 0 

24 100 11 0 4 
48 100 11 0 4 
72 91 10 1 4 
96 73 8 3 4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* 5 ppm is the control. 
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Table A.13. Survival of crickets in 15 ppm MgSO4 
spiked sand over time  

 
Hours % Survival Cricket Survival 

  Live Dead Escaped 
0 100 15 0 0 

24 82 9 2 4 
48 82 9 2 4 
72 67 6 3 6 
96 67 6 3 6 
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Table A.14. Survival of crickets in 30 ppm MgSO4  
spiked sand over time.  

 
Hours % Survival Cricket Survival 

  Live Dead Escaped 
0 100 15 0 0 

24 92 11 1 3 
48 90 9 1 5 
72 80 8 2 5 
96 70 7 3 5 
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Table A.15. Survival of crickets in 60 ppm MgSO4 
spiked sand over time.  

 
Hours % Survival Cricket Survival 

  Live Dead Escaped 
0 100 15 0 0 

24 100 12 0 3 
48 100 12 0 3 
72 92 11 1 3 
96 75 9 3 3 
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Table A.16. Survival of crickets in 120 ppm MgSO4 
spiked sand over time.  

 
Hours % Survival Cricket Survival 

  Live Dead Escaped 
0 100 15 0 0 

24 100 12 0 3 
48 100 10 0 5 
72 100 10 0 5 
96 50 5 5 5 
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