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The DSL does not exist as a single, panmictic population, but instead as a metapopulation5 
(Verboom and Apeldom 1990; Verboom et al. 1991), which is important for understanding the 
species’ status. While considerable attention is paid to direct destruction of the species’ preferred 
habitat—shinnery oak dune blowouts—destruction of general habitat in the interstitial areas, 
such as shinnery oak flats, is a significant problem because it likely inhibits connectivity among 
preferred habitat patches (see, e.g., Painter 2004). We are not aware of any current estimates of 
the destruction or modification of interstitial habitats that enable connectivity, but reviews of 
aerial imagery in the DSL’s range in New Mexico and Texas illustrate a significant challenge 
(Figure 14). The details of the threat of habitat fragmentation and impacts on DSL connectivity 
are discussed in THREATS ANALYSIS: FACTOR A. 
 

 
Figure 14. Connectivity among the dunes sagebrush lizard’s preferred habitats (shinnery oak dunes, green) is 
reduced or lost when habitat between patches is modified or destroyed, as seen here with oil and gas wells and 
associated roads in the southern portion of the species' range in New Mexico. Habitats separating preferred 
shinnery oak dune blowout patches need to be conserved to allow dispersal of dunes sagebrush lizards among the 

                                                 
5 A metapopulation is a collection of spatially discrete subpopulations that are connected to each other by the 
dispersal movements of individual animals (Levins 1970; Hanski 1991). Subpopulations in patches with all 
necessary resources are more likely to persist because these sites are more likely to have population growth rates Ó 
1. Larger subpopulations have a lower probability of extinction from stochastic events (Gilpin and Soule 1986). 
Similarly, patches with insufficient resources to meet the needs of the species cause an increased possibility of 
extinction. Patches that are near occupied patches are more likely to be recolonized after their resident subpopulation 
goes extinct (Hanski 1982; Gotelli 1991; Fahrig and Merriam 1985). Isolated subpopulations are at greater risk from 
inbreeding, genetic drift, and founder effects. The movement of individuals between occupied patches and 
unoccupied patches is important for maintaining the overall persistence of the metapopulation through colonization-
extinction dynamics and ensuring gene flow among subpopulations. For a metapopulation to persist, the rate of 
patches being colonized must exceed the rate of subpopulations going extinct (Levins 1970). 
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patches, which is essential for resilience and redundancy of the species. The purple outline shows the lizard’s range 
as of 2008, when the CCA/As were established in New Mexico. 
 

Significant DSL habitat loss is likely to continue in the immediate and foreseeable future, 
especially in Texas. Assuming a conservative advance of 585 acres per year of oil and gas wells 
above 13 wells/mi2, plus the expansion of 15 sand mines at 12.2 acres/month/mine in prime 
habitat, the direct losses of DSL habitat may top 2,781 acres annually. If existing and new sand 
mines were to expand as quickly as the Fairmount-Santrol mine (36.7 acres/month) then the 
estimate may be closer to 7,191 acres annually in the highest quality habitat. And if the oil and 
gas industry were to return to higher development rates seen prior to 2009, the negative effects 
on the lizard and its habitat would be even worse. Because fragmentation is such a significant 
threat to the DSL, these direct habitat losses are magnified by the indirect effects of 
disconnecting populations and increased edge effects (see Habitat requirements, THREATS 
ANALYSIS: Factor A). When combined with the threats posed by invasive species, climate 
change, and contaminants associated with oil and gas operations, there is substantial evidence 
that the DSL in the Monahans Sandhills of Texas are in danger of extinction or are likely to 
become endangered in the foreseeable future. 
 
Direct habitat loss in parts of the lizard’s range in New Mexico appears to be substantially 
reduced because of the CCA/As (see Figure 7). However, losses that are in compliance with the 
CCA/As in connecting habitats (e.g., shinnery oak flats) will likely continue fragmenting DSL 
habitat in the southern portion of the Mescalero Sandhills, further imperiling the species. In the 
northern portion of the New Mexico range, the threats of invasive species, climate change, and 
contaminants all constitute unchecked threats to the DSL’s habitat and the lizards themselves. 
The time horizon to extinction in New Mexico is clearly longer than in Texas, but extinction is a 
foreseeable outcome if threats are not controlled.  
 
Together, Factors A, D, and E have and will continue to imperil the DSL across its range in New 
Mexico and Texas, individually and in combination. Further, these factors have and will continue 
to cause the conservation status of the DSL to decline as the resilience, redundancy, and 
representation are reduced or lost. 

THREE RS: RESILIENCE, REDUNDANCY, AND REPRESENTATION 

The Service has adopted the conservation framework in which a species’ conservation status is 
evaluated in terms of its resilience, redundancy, and representation (“three Rs”; Shaffer and Stein 
2000). Listing and delisting decisions are informed by an analysis of whether a species has or 
will have sufficient: 
 

 Resilience to withstand and recover from systemic shocks that threaten populations; 
 Redundancy to ensure that “backup” populations exist so that local population losses or 

declines are not catastrophic to the species; and 
 Representation of intrinsic (e.g., genetic diversity) and extrinsic characteristics (e.g., 

across ecosystems). 
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If an ESA-listed species lacks resilience, redundancy, or representation then it cannot be 
considered conserved and therefore must remain listed. Conversely, if a non-listed species lacks 
one of the three Rs or is likely to lose one element in the imminent or foreseeable future, then it 
must be listed. In a recent Species Status Assessment that underpins the proposed threatened 
listing of Panama City Crayfish (US Fish and Wildlife Service 2018a), the Service characterized 
the importance of the three Rs (US Fish and Wildlife Service 2017): 
 

Together…the 3Rs comprise the key characteristics that contribute to a species’ 
ability to sustain multiple distinct populations in the wild over time (i.e., 
viability). Using the principles of the 3Rs, we characterized both the species’ 
current viability and forecasted its future viability over a range of plausible future 
scenarios. 

 
The conservation status of DSL has been declining over the past 30 years in terms of the three 
Rs, and is likely to further deteriorate in coming decades. Most importantly, in Texas the sand 
mining in the DSL’s core habitat and the extensive oil and gas development could cause the loss 
of the species from the Monahans Sandhills in the near future. This will constitute the complete 
loss of representation of populations with a unique evolutionary history and unique genetic 
content, as well as the loss of representation of the species from a key geological feature and 
geographic area. 

RESILIENCE 

The High Plains of eastern New Mexico and West Texas are known for their extremes, with 
temperatures and precipitation that vary widely within and between years (see, e.g., habitat 
descriptions in Degenhart et al. 1996). Species like the DSL evolved to cope with this variation: 
populations possess an emergent property of resilience to allow persistence when, for example, a 
year of very low precipitation results in a year of very low or no reproductive output. Greater 
resiliency is related to factors such as a greater number of populations (lower risk of any single 
loss affecting the whole species; e.g., Hanksi 1998); broader geographic extent of populations 
(lower risk that all populations will be affected by any single event; e.g., Purvis et al. 2000); and 
certain life history characteristics (e.g., sufficiently long lifespan to bridge poor periods or 
harmful events). Critically, the loss of resilience has a feed-forward non-linearity: smaller and 
fewer, less-connected populations accentuate the losses that arise from these characters. 
 
The DSL was resilient over the thousands of years since the Mescalero and Monahans sandhills 
formed, but human activity in recent decades across its range has degraded the natural resiliency 
of the species. The loss of each additional subpopulation through direct destruction, and the 
widespread isolation of subpopulations as connectivity is lost through interstitial habitat 
destruction, systematically reduces resiliency (Hanski 1998, Minor and Urban 2008). Under a 
“range of plausible future scenarios,” losses are likely to continue across the DSL’s range 
because of continued habitat destruction, invasive species, climate change and other factors. 
Because of the inadequacies of the TCP (see THREATS ANALYSIS: FACTOR D, below), the 
loss of resilience will be faster, and the consequence more immediate, in Texas. 
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REDUNDANCY 

Most of the same factors that affect resilience—the number and spatial extent of populations, and 
the connectivity among populations—are also directly related to redundancy. With fewer 
subpopulations, there are simply fewer sources for colonists to recover other subpopulations that 
are lost. When the spatial extent of subpopulations is reduced, colonists are more likely to have 
to travel farther to recover other lost subpopulations. And when connectivity among 
subpopulations is reduced, colonists are less likely to arrive at patches that have lost populations. 
For the same reasons discussed for resilience, each of these characteristics is likely to decline 
across the range of the DSL, under a range of plausible future scenarios. 

REPRESENTATION 

The DSL exists as a metapopulation in shinnery oak sand dunes patches spread across two states 
and two geologic formations. For the species to be conserved it must be represented across this 
range, with representation in both the Mescalero Sandhills of New Mexico and the Monahans 
Sandhills of Texas (Figure 2). Losing the lizard from either of these formations would constitute 
a fundamental loss of representation for the species and for these ecosystems. As detailed above 
(see Population structure / genetics), the DSL populations in the Mescalero and Monahans 
sandhills have different evolutionary histories. The Mescalero DSLs in particular harbor a set of 
unique and widely diverged alleles that will be lost if the Texas populations are not protected. 
The accelerating habitat loss in Texas, as detailed in THREATS ANALYSIS, indicates that the 
likelihood of losing essential representation is high. Under a range of plausible future scenarios, 
the risk of reducing the DSL to a small and incomplete portion—and failing conservation of the 
species—is very high unless there is intervention. 
 
The importance of the Texas populations to the three Rs and, hence to conserving the species, is 
further evident from internal Service documents. One of the most telling evidence comes from a 
January 4-6, 2012 meeting of the Service’s New Mexico Ecological Services Field Office (U.S. 
Fish and Wildlife Service 2012c). Relevant notes from the meeting include the following:  

 
If we lose all of the TX populations would the species go extinct? Group (off the cuff) 
says not. But in contrast, on the recovery side of the decision, we can’t let 30+% of 
acreage go. 

 … 
Distribution of the landscape- disjunct nature is negative element because of gene flow 
etc., but on the other hand, it may be really important to keep two areas that are disjunct. 
Also, Manahan [sic] State Park is relatively protected area in TX. The habitat between the 
TX and NM populations is good enough to warrant surveys but as far as we know it’s not 
occupied. From the recovery perspective, we wouldn’t write off TX. If lost we lost the 
TX population, and reduce the threats in NM, someone could make the argument that we 
delist the species. We want appropriate representation from both states but we have to be 
able to articulate why. 

 … 
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SQ: Why does TX matter, or does it, now since it didn’t matter 3 years ago? There was so 
little information that we dismissed TX. From a restoration approach we would forget 
TX.  
There’s information now that wasn’t available at the time of writing the proposed rule 
that says there are lizards in TX so it matters to the discussion.  
AA: TX is important because it exists. Four populations are better than three plus TX is 
geographically distinct, there are positive and negative aspects to its being disjunct, and 
there’s genetic diversity produced in its patchiness. 

 … 
The TX population contributes to the 3Rs in some way and the loss of this population 
increases the risk of extinction of the whole species.  

 … 
TX Plan: It’s legally defensible to say that we need TX because of conservation biology 
principles. We need some portion of the range in TX with conservation measures to feel 
comfortable.   

 
These and other remarks from the Service make clear that the New Mexico populations alone are 
not enough to adequately conserve the species because the Texas populations contribute 
meaningfully to the species’ resilience, redundancy, and representation.  
 

REQUEST	FOR	CRITICAL	HABITAT	DESIGNATION	

The petitioners request the designation of critical habitat for the DSL concurrent with its listing. 
Habitat loss across the species’ range, but especially across many parts of the Monahans 
Sandhills in Texas, has been the single biggest cause of the species decline. It is closely 
associated with a dynamic feature of the landscape—shinnery dunes blowouts—that moves over 
time, and therefore, all areas within its range are potential habitat and important for its long-term 
survival. Special attention should be given to areas that may be unoccupied but are either sand 
sources or corridors for lizard dispersal. Because of the imperiled status of the DSL, its small 
range, and specific habitat requirements, the Service should designate all potential, suitable, and 
occupied habitat, including suitable sources of sand and corridors for the movement of wind-
blown sand, as critical habitat. 
 

CONCLUSION	

The DSL is threatened or endangered by the past and continuing effects of habitat destruction, 
inadequate laws and regulations, invasive plants and animals, climate change, and contaminants. 
The effects of these threats were, in fact, exacerbated as a result of the withdrawal of the 
proposed rule to list this imperiled species. Despite the Service’s analysis in its 2012 withdrawal 
finding, the TCP did not eliminate or adequately reduce the threats or improve the status of the 
DSL. In fact, sand mining is now occurring in the species’ habitat and is not covered or even 
described in the TCP. Despite the efforts described in the TCP and the New Mexico CCA/As, 
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habitat fragmentation and destruction is ongoing and, in combination with the threats from 
invasive species and climate change, imperils the species. The Center for Biological Diversity 
and Defenders of Wildlife petition the Service to list the DSL as a threatened or endangered 
species to ensure its long-term persistence and designate critical habitat. 
 
Sincerely, 
 

      
Christopher D. Nagano     Jacob Malcom 
Senior Scientist      Senior Endangered Species Analyst 
Endangered Species Program     Center for Conservation Innovation 
Center for Biological Diversity    Defenders of Wildlife  
P.O. Box 1134       1130 17th Street NW 
Portland, Oregon 97211     Washington, D.C. 20036 
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Appendix A. Effect of the New Mexico dunes sagebrush lizard (and Lesser Prairie Chicken) 
CCA/A on oil and gas well approvals 

Jacob Malcom and Matthew Moskwik, Defenders of Wildlife 
06 April 2018 

The dunes sagebrush lizard (Sceloporus arenicolus) is an imperiled species that is restricted to shinnery 
oak sand dune habitats in southeastern New Mexico and West Texas. This region is also a hotspot 
of oil and gas development, which is a major threat to the species. Here we evaluate the 
effectiveness of voluntary conservation agreements for the lizard in New Mexico and Texas. We 
show that the Candidate Conservation Agreement and CCA with Assurances (hereafter, CCA/As) 
in New Mexico, which contain strong avoidance mechanisms, are associated with a steep decline in 
oil and gas well approval in the lizard's New Mexico range. In contrast, the Texas Conservation Plan 
(TCP), which does not include avoidance, is not associated with any decline of oil and gas well 
approval in the lizard's Texas range. These results show that the voluntary agreements alone are 
insufficient to conserve the lizard in both states to ensure genetic and geographic representation. 

Objective, hypothesis, and predictions 

Our objective was to test whether voluntary conservation agreements for the dunes sagebrush lizard 
(DSL) in New Mexico and Texas have been effective at reducing oil and gas activity in the species’ 
habitat. We hypothesized that the New Mexico CCA/As, which have strong avoidance 
requirements, produced a noticeable reduction of new oil and gas wells in DSL habitat, but that the 
TCP did not produce such a reduction because it lacks avoidance requirements. Our predictions 
were: 

1. The rate of new well approval through time is approximately the same inside and outside of 
DSL habitat before the CCA/As (2009) and before the TCP (2012); 

2. The rate of new well approval in New Mexico is lower inside of DSL habitat than outside of 
DSL habitat after the CCA/As were adopted; and  

3. The rate of new well approval in Texas is not different inside and outside of DSL habitat 
after the TCP was adopted. 

Methods 

Well approval data for both New Mexico and Texas are the respective states' oil and gas well 
records, which we downloaded from Texas Driling.com and the New Mexico Oil Conservation 
Division on 03 April 2018. We defined the DSL’s range in New Mexico as the boundaries 
recognized in 2008 at the time of CCA/A development and adoption. We defined the DSL’s range 
in Texas as the boundaries of the 'Hibbetts map' of suitable habitat (from low to very high quality) 
produced by researchers at Texas A&M in 2011. 'Outside' the DSL's range in Texas comprised a 
five-county region where the lizard is found, but outside the 'Hibbetts map' suitable habitat regions. 
In New Mexico, 'outside' is defined as within the Permian basin, but outside the delineated species 
range. We then tallied the number of wells approved each year since 1990 inside and outside of DSL 
habitat. We fit separate linear models to estimate trends in/out of habitat and before/after well 
approvals. 



Results 

The well data supported our predictions. We observed the rate of new well approval rate declined 
rapidly within DSL habitat but remain unchanged outside of DSL habitat after the adoption of the 
CCA/As in New Mexico (Figure A1): 

 

Figure A1. The New Mexcio CCA/As, which have strong avoidance requirements, result in a rapid decline of new well approvals in dunes sagebrush lizard 
habitat after their adoption in 2008. 

In contrast, the rate of new well approval rate was no different inside versus outside of DSL habitat 
after the adoption of the TCP in Texas (Figure A2): 



 

Figure A2. The TCP, which lacks strong avoidance requirements, has no apparent effect on new well approvals in dunes sagebrush lizard habitat after in 
2012. 

Discussion 

The DSL’s conservation requires protecting its remaining habitat in both New Mexico and Texas: if 
the species is lost from either state than fundamental representation—both in terms of unique 
genetic contributions and geographical distribution—will be lost. Our analyses indicate that the 
CCA/As in New Mexico have reduced one of the most significant threats to the species and its 
habitat, oil and gas development. The number of new well approvals in New Mexico is not zero 
since the CCA/As, but it is feasible that those new approvals are primarily occurring outside of 
suitable DSL habitat, despite occurring within the its range. 

In contrast to New Mexico, our results show that the TCP has had no effect on the rate of new well 
approval inside of DSL habitat in Texas. This is expected because the TCP does not require 
avoidance of DSL habitat loss. Had the State of Texas incorporated strong avoidance requirements 
into the TCP, then our analysis may have shown that voluntary conservation efforts were sufficient 
to protect the DSL. 



 

 

Appendix B: Stratification in the dunes sagebrush lizard’s range in Texas 

Matthew Moskwik and Jacob Malcom, Defenders of Wildlife 
03 May 2018 

The dunes sagebrush lizard (Sceloporus arenicolus; DSL) is an imperiled species that is restricted to 
shinnery oak sand dune habitats in southeastern New Mexico and West Texas. This region is also a 
hotspot for oil and gas development, which is a primary threat to the species and its habitat. In 2012, 
a voluntary conservation agreement, the Texas Conservation Plan (TCP), was created to avoid listing 
the DSL under the Endangered Species Act. Unfortunately, the TCP does not account for multiple 
owners with rights that overlap the same surface acre, such that owners of subsurface rights (e.g., 
mineral rights) can still harm habitat on the surface even if the surface owner has enrolled in the 
TCP. This problem is termed ‘stratification’. Here we illustrate a generic approach to estimate the 
area possibly subject to stratification around the DSL’s range in Texas. Oil and gas well data suggest 
that over 50% of the DSL’s range in Texas could be compromised by stratification. This amount is 
similar, but lower than an estimate from the Texas Comptroller of Public Accounts.  

Objective and challenges 
Our objective was to estimate the area affected by oil and gas well stratification in DSL habitat in 
Texas. There are two challenges to achieving this objective. First, TCP enrollment data are protected 
by Texas law, so we cannot determine the enrollees. Second, parcel ownership and leasing data are 
unavailable for most of the area, so we cannot match well owners to land owners/lessees.  

To obtain an estimate of the rate of single- versus multi-owner lands we make two simplifying 
assumptions. First, we assume that oil and gas well data should only show a single well owner for 
unstratified parcels. Second, we assume that overlaying a 1-mile grid on the landscape is sufficient 
for an initial estimate of stratification, because ownership and leases often follow section boundaries. 
If stratification is not an issue, then we should see very few cases of multiple well owners within a 
single block.  

Methods 
We downloaded Texas Railroad Commission oil and gas well data from www.texas-drilling.com on 
03 April 2018. Using a random starting point, we created a 1-mile grid across the five counties of the 
DSL’s range in Texas using ArcGIS, then assigned each oil and gas well to a single grid cell (i.e., 
parcel). We used R to count the number of unique well operators in each grid cell, and then counted 
the number of single- and multi-operator cells across the area. We then mapped the single- and 
multiple-operator grid cells using ArcGIS and clipped it to the DSL habitat polygons to obtain a 
more precise estimate of within-habitat stratification. 

Results 
The oil and gas well data indicate that stratification across the DSL’s range is likely extensive (Figure 
1). Based on well ownership data and the random 1mi2 grid, 79% of blocks in this part of Texas 



 

 

have >1 well operator and may be stratified; 76% of blocks with >1 operator overlap DSL habitat. 
Clipping the DSL habitat polygon to the stratified blocks provides a refined estimate of 51% 
stratification of the lizard’s range (Table 1).   

 
Figure 1. Over half of the DSL’s range in Texas are likely to have stratified ownership 

(salmon cells). 76% of cells that intersect the DSL’s range have multiple well operators; 

79% of cells overall have multiple operators. 

 



 

 

 

 

Table 1. The frequency of number of well owners per pseudo-parcel (1mi2) across the five 
counties of the DSL’s range in Texas. 

# owners Outside DSL habitat Inside DSL habitat Total

1 789 53  842

2 831 50  881

3 667 45  712

4 503 22  525

5 361 17  378

6 248 15  263

7 157 9  166

8 101 3  104

9 59 5  64

10 32 2  34

11 13 0  13

12 8 0  8

13 8 0  8

14 4 0  4

15 1 0  1

16 3 0  3

17 1 0  1

     

Strat. rate 0.792 0.760  0.790

 

Discussion 
The TCP does not account for the stratification of ownership of surface vs. subsurface rights. This 
means that even if 100% of surface owners in the range of the DSL enroll in the TCP, subsurface 
owners can still modify or destroy the species’ habitat on the surface. The full extent of the 
stratification problem is not known and cannot be derived by outside parties because of data 
availability restrictions. Here we estimated the extent of stratification using available oil and gas well 
data and two simplifying assumptions. Our results indicate that over half of DSL habitat in Texas 
may be susceptible to stratification and therefore are not fully protected under the TCP. 



 

 

These results are an approximation, and we are aware of certain shortcomings in the data and 
assumptions. First, the results indicate limited stratification in some of the DSL core habitat in 
Texas. This may be an artifact of few wells being drilled on large sand dune blowouts, which are 
associated with DSL habitat. If no wells were present, we could not infer ownership and 
stratification. Second, detailed enrollment and parcel data could change this estimate of stratification. 
We assumed 1 mi2 parcels for our analysis but if the average parcel is larger, than stratification may 
increase substantially.  Conversely, if the average parcel is smaller, than the stratification estimate 
should drop. Absent access to the necessary parcel and lease data, we believe these are the best 
available estimates of stratification in Texas. 


