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Submitted this 20th day of September, 2021
Pursuant to Section 4(b) of the Endangered Species Act (“ESA”), 16 U.S.C. § 1533(b); Section 553(e) of
the Administrative Procedure Act, 5 U.S.C. § 553(e); and 50 C.F.R. § 424.14(a), the Petitioners hereby
petition the Secretary of the Interior, through the United States Fish and Wildlife Service (“USFWS,”
“Service”), to protect the Pedernales River springs salamander (Eurycea sp. 1) as a threatened or
endangered species under the ESA. Petitioners also request that critical habitat be designated for the
Pedernales River springs salamander concurrently with the species being listed, pursuant to 16 U.S.C. §
1533(a)(3)(A) and 50 C.F.R. § 424.12.
USFWS has jurisdiction over this petition. This petition sets in motion a specific process, placing definite
response requirements on the Service. Specifically, the Service must issue an initial finding as to whether
the petition “presents substantial scientific or commercial information indicating that the petitioned
action may be warranted” (16 U.S.C. § 1533(b)(3)(A)). USFWS must make this initial finding “[t]o the
maximum extent practicable, within 90 days after receiving the petition.”
We further petition USFWS to use its authority to promulgate an emergency listing rule for the
Pedernales River springs salamander pursuant to section 4(b)(7) of the ESA, 16 U.S.C. § 1533(b)(7);
section 553(e) of the Administrative Procedure Act, 5 U.S.C. § 553(e); and 50 C.F.R. § 424.20. As detailed
in this petition, the majority of the Pedernales River springs salamander population faces a significant
and immediate risk to its well-being necessitating emergency listing.
In accordance with 50 C.F.R. § 424.14(b), Petitioners have notified the State of Texas their intent to file a
petition addressing species occurring within those States at least 30 days prior to submission of this
petition. Copies of notification letters and email receipt confirmation are included below:
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SUMMARY:
The range of the Pedernales River springs salamander is limited to approximately 10 locations
within an 32 square mile (83 km2) area at the junction of Hays, Travis, and Blanco Counties, Texas. All of
its known range is threatened by degraded water quantity and quality and other effects of urbanization.
Species Information
We, the petitioners, present sufficient, reliable information related to the taxonomic status of
the Pedernales River springs salamander. The Pedernales River springs salamander meets the definition
of a “species” under the Act. This salamander was first found by Paul Chippindale and David Hillis in
1989 in two small springs contributing to the Pedernales River in the western corner of Travis County
where RR 3238 crosses the river at Hammetts Crossing (Chippindale et al. 1994, Chippindale et al. 2000).
Chippindale et al. 2000 described evidence of species status for the Pedernales population as
“particularly strong”, stating that “these salamanders possess unique combinations of allozyme and
sequence character states and almost certainly represent a distinct species; we expect to formally
describe them as such pending completion of additional molecular and morphological studies.” The
morphological description for this species remains unpublished at the submission of this petition;
however, this description is not necessary to demonstrate the clear taxonomic designation of the
Pedernales River springs salamander. The genetic distinctiveness of this species has not been refuted
since its discovery, while Eurycea species boundaries have since been further refined (Hillis et al. 2001,
Chippindale & Price 2005, Bendik et al. 2013, Devitt et al. 2019, Corbin 2020). Further, the
morphological similarities among Eurycea species have confounded previous species delimitation
efforts, with many of the species currently recognized through genetic studies being once considered
conspecific based on morphology alone (Chippindale 2000, Chippindale et al. 2000, Hillis et al. 2001,
Wiens et al. 2003). Devitt et al. (2019) assessed population structure, phylogeny, and distribution of
multiple Eurycea species across the Edwards-Trinity Aquifer of west-central Texas through analyses of
genome-wide DNA, producing an accurate delineation of species boundaries that are critical for U.S.
Endangered Species Act listing decisions (O’Brien and Mayr 1991) and preventing the extinction of rare,
cryptic, species (Daugherty et al. 1990). Species status for the Pedernales River springs salamander is
only further supported in this recent taxonomic analysis where the species is referred to as Eurycea sp. 1
(Devitt et al. 2019). These definitive and widely respected results have had significant implications on
the status of the many central Texas Eurycea species, including the federally threatened Georgetown
and Salado salamanders whose proposed critical habitat designations are currently undergoing revision
(USFWS 2020).
The Pedernales River Springs salamander (Eurycea sp. 1) has an extremely limited range of
approximately 10 known locations, distributed among the Texas counties of Hays, Travis, and Blanco,
the majority of which are within a 0.5 square mile area (1.3 km2) (Figure 1). Specimens from five
locations have been genetically grouped with the Pedernales River springs salamander (Eurycea sp. 1):
Hammett’s Crossing Spring #2 (-98.1375, 30. 33972; Chippindale et al. 1994, Chippindale et al. 2000,
Bendik et al. 2013, Devitt et al. 2019), Martin Spring (-98.13759, 30.34151; Devitt et al. 2019), Red’s
Spring (-98.144073, 30.331131; Corbin 2020), Maples Cave (-98.25896, 30.34026; Devitt et al. 2019) and
Hope Springs (30.307167, -98.518917; Corbin 2020). Five locations are within the immediate geographic
vicinity and are presumed to be grouped with Eurycea sp. 1 following genetic sequencing (Bendik 2021
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pers. comm.): Reimers Ranch Spring #1 (30.3644925, -98.1257958, AGG 2177, awaiting accession with
UT Arlington), Climbers Canyon Spring (30.3631368, -98.1229983, AGG 2176, awaiting accession with UT
Arlington), Little Elder Springs (-98.139966, 30.33512, TNHC 114809), Bunkhouse Springs (30.331609, 98.139522, Welch 2021 pers. comm.), and Winkler Ranch Windmill Well (30.342667, -98.282590, AGG
2164-2165, awaiting accession with UT Arlington, abbreviated “Windmill Well” in Figure 1).

Figure 1. The 10 known locations for the Pedernales River springs salamander, distributed among the counties of
Hays, Travis, and Blanco within a 32 square mile area (83 km2). At this scale, Little Elder and Bunkhouse Springs
appear at the same point due to their close proximity.

The 15 delineated Eurycea species of central Texas are found in oligotrophic environments of
springs, spring-fed streams, and water-bearing karst formations of the Edwards Aquifer and its
catchment area in the Edwards-Trinity (Plateau) and Trinity (Hill Country) aquifers (Devitt et al. 2019).
The Pedernales River springs salamander is geographically separated from other central Texas Eurycea
(Chippindale et al. 1994, Chippindale et al. 2000, Devitt et al. 2019). Figure 2 depicts the distribution of
Eurycea included in recent taxonomic analysis across the Edwards-Trinity aquifer system of west-central
Texas.
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Figure 2. Maps of species assignments and populations sampled by Devitt et al. 2019. The Pedernales River
springs salamander is designated as Eurycea sp. 1 and geographically separated from other central Texas Eurycea.
Reprinted from Devitt et al. 2019.

The Pedernales River springs salamander is a neotenic, plethodontid member of the genus
Eurycea (Devitt et al. 2019). Neotenic salamanders do not metamorphose into a terrestrial form, but
retain external gills after reproductive maturity, confining them to strictly aquatic habitats throughout
their lives (Chippindale et al. 2000). Chippindale et al. (2000) reported that the melanophores are
widely separated, giving these salamanders a light yellowish-gold appearance and that they appear to
mature at a very small size. Species-specific studies are limited in Eurycea; however, their diets are
presumed to be similar (USFWS 2020). Known prey consists of small aquatic invertebrates such as
amphipods, copepods, isopods, snails, planarians, and insect larvae (COA 2001, Diaz 2010, Gillespie
2013, Diaz & BronsonWarren 2018). Eggs in Eurycea are rarely seen in surface habitat, and it is likely
they deposit their eggs underground (Moon et al. 2021, Bendik 2017, O’Donnell et al. 2006, Dries et al.
2013).
Threats Presentation
We, the petitioners, present substantial evidence that the Pedernales River springs salamander
is experiencing severe threat levels across its range, resulting in severe population-level impacts. The
Service may find a species warrants listing based upon any of the following factors: A. The present or
threatened destruction, modification, or curtailment of its habitat or range; B. Overutilization for
commercial, recreational, scientific, or educational purposes; C. Disease or predation; D. The inadequacy
of existing regulatory mechanisms; or E. Other natural or manmade factors affecting its continued
existence (50 C.F.R. § 424.11). The Pedernales River springs salamander is immediately threatened with
extinction across all or a significant portion of its range due to the above factors. This critically imperiled
species (NatureServe 2021) warrants the highest priority of the U.S. Fish and Wildlife Service (USFWS,
the Service) as it appears to be in danger of extinction now and needs immediate listing action in order
to prevent extinction.
Observational and experimental studies for the Pedernales River springs salamander are limited;
however, the Service has used references for studies conducted on similarly related species of Eurycea
in determinations of rules and designations for other listed Eurycea species where species-specific
information was lacking. We, the petitioners, follow the example set forth by the Service, using
information relevant to other Eurycea species in presenting threats to the Pedernales River springs
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salamander due to “(1) A clear systematic (evolutionary) relationship (for example, members of the
Family Plethodontidae); (2) shared life-history attributes (for example, the lack of metamorphosis into a
terrestrial form); (3) similar morphology and physiology (for example, the lack of lungs for respiration
and sensitivity to environmental conditions); (4) similar prey (for example, small invertebrate species);
and (5) similar habitat and ecological requirements (for example, dependence on aquatic habitat in or
near springs with a rocky or gravel substrate)” (USFWS 2020).
A. Present or Threatened Destruction, Modification, or Curtailment of the Species’ Habitat or Range
We present that the Pedernales River springs salamander has an extremely limited range and
the majority of known habitat is already degraded or in eminent danger due to increasing urbanization.
Degradation of habitat, in the form of reduced water quality and quantity and disturbance of spring sites
(physical modification of surface habitat) is the primary threat to other federally listed Central Texas
Eurycea species (USFWS 2013a). The Service will find the threats presented here analogous to threats to
other Eurycea species in their files.
Limited Range
The Pedernales River springs salamander has an extremely limited range. There are
approximately ten known locations distributed in springs along the Pedernales River as it flows through
the counties of Blanco, Hays, and Travis (Figure 1). The majority of the known range (7 of the 10
locations) of the Pedernales River springs salamander is clustered within a 0.5 square mile area (1.3 km2)
at the juncture of southwestern Travis and northern Hays Counties (Figure 3). These salamanders are
observed to occur in very low numbers at the surface (Datri 2021 pers. comm.). Small populations are
more vulnerable to extinction from demographic and environmental stochasticity (Sabo et al. 2002).
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Figure 3. The majority of the Pedernales River springs salamander’s range (7 of the 10 known locations) is
clustered within a 0.5 square mile area (1.3 km2) at the juncture of southwestern Travis and northern Hays
Counties. Two of these locations are within the immediate vicinity of RR 3238 (located 12 m and 34 m from the
road pavement).
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Water Quantity Degradation
Aquifer drawdown and the subsequent loss of springflow has resulted in habitat loss and
fragmentation for groundwater species that has been compounded by reduced water quality from
urban development (RECON et al. 2012, National Research Council 2015, NASEM 2017, Bendik et al.
2014). As a result, 13 groundwater-dependent species endemic to the Edwards, Edwards-Trinity and
Trinity aquifers are listed as threatened or endangered under the US Endangered Species Act (USFWS
1980, 1997, 2013a, 2014). Seven of these listed species are Central Texas Eurycea salamanders (Devitt
et al. 2019).
Because the Pedernales River springs salamander is entirely aquatic and breathes through
external gills, the availability of an adequate supply of clean water is extremely important to its longterm conservation (USFWS 2013a). Water quantity decreases and spring flow declines are considered
threats to Eurycea salamanders (Corn et al. 2003, Bowles et al. 2006) and previous Service documents
have implicated reduced spring flow as a threat to other listed Eurycea salamanders (USFWS 2005,
USFWS 2013b, USFWS 2014). The strictly aquatic Pedernales River springs salamander is found in
oligotrophic environments of springs, spring-fed streams, and water-bearing karst formation within the
rapidly developing Travis, Hays, and Blanco counties. Most locations occur in waters of the Cretaceous
age Trinity Aquifer; however, Hope Springs issues from the Paleozoic age Riley Formation and Maples
Cave issues from the Paleozoic age Marble Falls Aquifer. These aquifers are generally carbonate aquifers
consisting of limestone and dolomite.
Groundwater/surface water interactions between the Trinity Aquifer and overlying surface
streams are complex, with many streams alternating back and forth between gaining and losing flow
along different reaches (Hunt et al. 2017, Wierman et al. 2017a, Zappitello 2016). Hydraulic connection
of groundwater has been shown to occur between the Cretaceous Trinity Aquifer and the Paleozoic
aquifers (Wierman 2017b). A dye trace study in the vicinity of Maples Cave illustrates the gain/loss
characteristics of the Marble Falls and Pedernales River (Wierman 2017c). The seven Pedernales River
springs salamander locations that are clustered at the juncture of southwestern Travis and northern
Hays Counties occur in springs emanating from the Cow Creek unit of the Middle Trinity Aquifer (Texas
Water Development Board 2016). The most dense population may occur in the Cow Creek due to
geologic conditions: these locations are the furthest downstream, so theoretically they should have the
most stable water level (i.e. the Pedernales River periodically runs dry in the more upstream reaches);
they’re found in the thickest limestone unit along the Pedernales River, so the salamanders may have
more room to move vertically as the water level fluctuates; the greater number and density of springs
downstream compared to the upstream locations (Croskrey 2021 pers. comm.). Regardless, the springs
emanating from the Cow Creek unit of the Middle Trinity Aquifer at the juncture of southwestern Travis
and northern Hays Counties provide vital habitat for the overwhelming majority of this salamander’s
known populations.
The Trinity aquifer region includes some of the fastest-growing counties and metropolitan areas
in the United States (US Census Bureau 2020a, 2020b). Groundwater withdrawal from domestic and
public supply wells is common in the Trinity Aquifer, especially where communities do not have access
to surface water resources, and has resulted in major declines in water table, well yields, and baseflow
to springs and streams (Asworth 1983, Bluntzer 1992). Groundwater yields are about 250 times less
than average yields in the adjacent Edwards Aquifer. Increased pumping demand is predicted in coming
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decades due to rapid growth in the Hill Country. Numerical model simulations predict that this
increased pumping will result in significant drawdowns in Trinity Aquifer levels (Mace et al. 2000). The
U.S. Geological Survey together with the U.S. Fish and Wildlife Service investigated the potential impacts
of groundwater pumping on known Eurycea spring localities located in the Middle Trinity using Mace et
al.’s (2000) numerical groundwater availability model. Projected water levels for both average recharge
conditions and drought-of- record conditions show drawdown at all 19 springs identified as Eurycea
habitat in the Middle Trinity. Under average recharge conditions projected for 2050, water table levels
at 15 of 19 springs are predicted to decline by more than 3 m. Under drought-of-record conditions,
water levels at 12 of 19 springs are projected to decline by more than 15 m (Heitmuller and Reece
2006).
The most recent hydrogeologic assessment shows that water levels in portions of the Middle
Trinity Aquifer have been significantly lowered by hundreds of feet since 1978. Historic Middle Trinity
wells located less than 10 miles (16 km) to the east of the majority of known Pedernales River spring
salamander locations have become unusable as supply wells. Water-level changes in the Middle Trinity
Aquifer in this area are estimated to have dropped greater than 225 feet (69 m) between 1978 and
2018. Due to continued drawdown over time, portions of the Middle Trinity Aquifer can be described as
experiencing depletion (“equivalent to groundwater mining”) (Hunt et al. 2020).
The majority of the known locations for the Pedernales River springs salamander are found in
the immediate vicinity of or directly on the Mirasol Springs property scheduled for development (Figure
4, Appendix A). This development is expected to increase the number of visitors in the project area by 1
million per year (Miller 2021 pers. comm.). Further groundwater use is scheduled for a 70 room
boutique hotel, 36 cottages, operations center, 4 acre farm and orchard, equestrian facility, University
of Texas Field Station, and 55 new houses, in addition to several existing large houses (Mirasol Springs
2021). At least seven wells have already been installed on the Mirasol Springs property between 2016
and 2019 even though the development is scheduled to “break ground” in early 2022 (Texas Water
Development Board 2021). Immediately east of the Mirasol development, an 84 unit RV park is being
built. Groundwater use at all of these facilities will be pumped from the Middle Trinity Aquifer, the
source of spring flow and salamander habitat.
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Figure 4. Five of the ten known locations for the Pedernales River springs salamander are located in the immediate
vicinity of or directly within the scheduled Mirasol Springs development. L = Martin Spring, H2 = Hammett’s
Crossing Spring #2, E = Little Elder Spring, B = Bunkhouse Springs, A = Red’s Spring. Adapted from
https://mirasolsprings.com/vision/. Accessed June 24, 2021. A landscape view of this figure can be found in
Appendix A.

Adequate water quantity levels for the Pedernales River springs salamander are not only
threatened by aquifer drawdown but river drawdown. Recent studies indicate significant recharge to
the Middle Trinity occurs from losing streams, such as the Blanco River, Cypress Creek, and Onion Creek
(Smith et al. 2015, Hunt et al. 2017, Smith et al. 2018). Given the potential connections between
groundwater and surface streams such as the Pedernales River, maintaining base flows in the
Pedernales River could be important for maintaining base flows in the springs where the Pedernales
River springs salamander is found. A pump has been installed in the Pedernales River at 30.331524, 98.164955 within the range of the Pedernales River springs salamander for the purpose of creating an
artificial 2 acre (8,094 m2) recreational lake at Mirasol Lodge LLC (Figure 5). Just another 2 km
downstream, another pump has been approved to supply water to the Mirasol Springs development for
the amount of 108 acre feet per year of Pedernales River waters (Lower Colorado River Authority 2020,
Appendix C). The location of the approved intake will be placed within 400 meters of 3 of the 10 known
locations for the Pedernales River springs salamander (Figure 6).
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Figure 5. Location of an intake pump to supply water to an artificial 2 acre recreational lake at Mirasol Lodge LLC
from the Pedernales River within the range of the Pedernales River springs salamander. Maintaining Pedernales
River baseflows may be important in maintaining spring baseflows where the Pedernales River springs salamander
is found.
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Figure 6. Placement of the raw water intake structure for the Mirasol Springs development within 400 meters of 3
of the 10 known locations for the Pedernales River springs salamander. Maintaining Pedernales River baseflows
may be important in maintaining spring baseflows where the Pedernales River springs salamander is found.
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“Regional climate models that predict increased air temperature (Hayhoe 2014, Jiang and Yang
2012), together with hydrologic models that project decreased springflow (Heitmuller and Reece 2006,
Stamm et al. 2014, Loáiciga et al. 2000), predict that Edwards–Trinity Eurycea salamander populations
and other codistributed groundwater-dependent species are highly vulnerable to extinction within the
next century” (Devitt et al. 2019). Major aquifer drawdown has been documented in the vicinity of the
range of the Pedernales River springs salamander. Urbanization is scheduled to drastically increase in
the immediate vicinity of five of the ten known locations for this salamander. Water quantity
degradation presents a severe level threat across the Pedernales River springs salamander range that
will result in severe population-level impacts.

Water Quality Degradation and Physical Modification of Surface Habitat
The Service uses studies in closely related Eurycea species to identify physiological habitat
parameters for federally listed salamanders when species-specific studies are unavailable (USFWS 2020,
2013b). It is reasonable to presume the Pedernales River springs salamander’s habitat parameters are
similar to other listed Eurycea: its survival, growth, and reproduction will be most successful when
water quality is unaltered from natural aquifer conditions.
Urbanization is one of the most significant sources of water quality degradation that can affect
the future survival of central Texas salamanders (Bowles et al. 2006, Chippindale & Price 2005, USFWS
2013b). Aquatic life is sensitive to even low levels of urbanization, and the negative effects of
urbanization on aquatic invertebrates (Moore and Palmer 2005, Cuffney et al. 2011) and salamanders
(Price et al. 2006) is well established. Amphibians have experienced declines or extirpation in urban
areas, exhibiting low survival (Barrett et al. 2010; Price et al. 2012b), occupancy (Price et al. 2011),
abundance (Riley et al. 2005), and species richness (Rubbo and Kiesecker 2005, Barrett and Guyer 2008,
Scheffers and Paszkowski 2012). Multiple species of stream salamanders have shown decreased
abundance with increasing urbanization in watersheds across the U.S. including Georgia (Oser and Shure
1972), North Carolina (Price et al. 2006, Willson and Dorcas 2003, Miller et al. 2007), Maryland and
Virginia (Grant et al. 2009), and central Texas (Bendik et al. 2014). The changes associated with
urbanization often have drastic negative effects on salamanders at the population level (Bank et al.
2006; Price et al. 2012a). These effects of urbanization in stream-dwelling salamanders are consistent
with the findings in a federally threatened, central Texas Eurycea species, the Jollyville Plateau
salamander. Bowles et al. (2006) documented significantly fewer Jollyville Plateau salamanders
occurring at developed sites compared to undeveloped sites. Bendik et al. (2014) expanded on this
work, showing a strong negative effect of development on Jollyville Plateau salamander densities from
17 sites over a 4 year period and a negative correlation between counts and increasing development
over a 15 year period.
There are numerous possible mechanistic links between urbanization and stream-dwelling
salamander declines. The increase in impervious cover that increases with development changes stream
hydrologic function and in-stream habitat and delivers high contaminant loads to the detriment of
aquatic ecosystems (Walsh et al. 2005, Chadwick et al. 2006, Booth & Jackson 1997). The increase in
roads, rooftops, sidewalks, patios, paved surfaces, and compacted soils that increase with urbanization
prevent water from filtering into the soil and result in storm flows of more frequent and greater
20

magnitude (Arnold and Gibbons 1996, Schueler 2000, Poff et al. 2006). These flashy flows have been
shown to flush Eurycea cirrigera larvae from their preferred habitat and result in low survival (Barrett et
al. 2010). Bendik et al. (2014) found lower abundance of small juvenile Jollyville Plateau salamanders in
highly developed catchments, indicating either a reduction in reproduction or lower juvenile-specific
survival rates. Juvenile Jollyville Plateau salamanders could be more susceptible to mortality from flood
events, as in E. cirrigera; or, they could be more sensitive to pollutants compared to adults. In water
bodies throughout the U.S., urbanization is a major contributor of contaminant loading (Booth and
Jackson 1997; Chadwick et al. 2006). Contaminants not only enter water bodies from changes to stream
morphology, hydrologic regime, and sedimentation: storms drains, irrigation run-off, and leaking water
supply lines, sewer lines, and detention ponds provide artificial baseflow to groundwater catchments
(Sharp 2010) and are a significant source of baseflow to streams in Austin, Texas where Jollyville Plateau
salamanders are found (Christian et al. 2011). Chemical pollutants harmful to amphibians including
heavy metals (Linder and Grillitsch 2000), pesticides (Howe et al. 1998, Larson et al 1998, Hayes 2000),
and organic compounds (Bryer et al. 2006) were documented at Bendik et al. study sites (Bendik et al.
2014, City of Austin 2001). It has since been documented that exposure to xenobiotics results in the
accumulation of contaminants in Northern Edwards Eurycea spp. salamander tissues and a reduction in
the diversity of aquatic invertebrates that occupy springs (salamander prey). Diaz et al. (2020) found a
positive correlation between the level of impervious cover present and the contaminants detected in
salamander tissues and surface water, observed significant differences in water quality and
contaminants detected in composite salamander tissue samples between urban developed and nondeveloped sites, and decreasing aquatic invertebrate diversity with increasing impervious cover. These
closely related, federally listed Eurycea species “might be both directly affected by the toxicity of
impaired waters and indirectly affected by the subsequent loss of prey diversity and reduced forage
success as dietary organisms succumb to the acute and chronic effects of xenobiotics” (Diaz et al. 2020).
Urbanization is associated with changes to the sedimentation regime of streams (Walsh et al.
2005). Land use change results in anthropogenically induced increases in fine sediment deposition that
can have far reaching impacts to lotic environments (Wood & Armitage 1997). Sediment is a mixture of
silt, sand, clay, and organic debris that occurs within water bodies either as suspended sediments or
deposited sediment layers (Menzer and Nelson 1980). Sediments suspended in water can smother or
clog gill structures in aquatic organisms thereby affecting respiratory processes (USFWS 2005).
Interstitial spaces are habitat features for stream-dwelling salamanders that can be filled with sediments
(Martin et al. 2012, Welsh & Ollivier 1998). When these spaces are filled with fine sediment or become
compacted, the amount of available foraging habitat and protective cover is reduced (Welsh and Ollivier
1998). Unobstructed interstitial space is critical to salamander habitat because it provides hiding space
from predators and habitat for macroinvertebrate prey (Bendik 2011). Excess sediment is a pollutant in
the Barton Springs ecosystem (USFWS 2005). Endangered Barton Springs salamander abundance was
negatively associated with sediment cover, and this effect was most pronounced for juveniles (Dries &
Colucci 2018, Bendik and Dries 2018).
Spring water quality and quantity and other Eurycea salamander habitat components, such as
substrate and interstitial spaces, can be affected by various forms of disturbance (e.g. feral hogs,
livestock, and human visitation) (USFWS 2013a). Frequent human visitation resulted in disturbed
vegetation, vandalism, and the destruction of travertine deposits by foot traffic in Jollyville Plateau
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salamander habitat in the Bull Creek watershed (City of Austin 2001). Bowles et al. (2006) found dead
Jollyville Plateau salamanders evidently crushed under rocks from foot traffic at developed sites. The
Service recommends that actions be implemented to protect salamander habitats from disturbance
(Dries et al. 2013, USFWS 2013a).
The environmental impacts of urbanization can affect the physiology of individual salamanders.
Environmental conditions are associated with altered physiological health in amphibians (Homan et al.
2003, Janin et al 2011, 2012, Chambers et al. 2013, Gabor et al 2018). The accuracy of occurrence or
count data depends heavily on detection probabilities, and these time-lagged response measures may
obscure the current population status (Ewers and Didham 2006, Piha et al. 2007). Physiological
indicators such as body condition and hormone status can provide integrative information on sub-lethal
impacts of habitat degradation on individuals before population declines can be quantified (Homan et
al. 2003). Body condition and level of stress hormone are significantly altered by habitat availability and
fragmentation at fine spatial scales in common toads (Bufo bufo) (Janin et al. 2011). Water-borne
corticosterone release rates and ranavirus infection load were greater in larval salamanders from
agricultural wetlands compared to reference wetlands (Davis et al. 2020). Jollyville Plateau salamanders
in disturbed habitats have greater stress levels than those in undisturbed habitats, as determined by
measurements of water-borne stress hormones in urbanized and undisturbed streams (Gabor et al.
2018). Elevated stress hormones may have direct effects on Jollyville Plateau salamanders such as
affecting mating behavior, antipredator behavior, or acting as an immunosuppressant or otherwise
decreasing survival or reproduction in individuals. These factors may partially account for the decrease
in abundance of salamanders in streams within disturbed environments (Bendik et al. 2014; Bowles et
al. 2006).
In addition to the threats detailed above, there are other threats to Eurycea salamanders closely
related to the Pedernales River springs salamander that the Service considers ongoing and expected to
increase with increasing activities associated with urbanization in central Texas: hazardous material
spills, underground storage tanks, highways, energy pipelines, water and sewage lines, swimming pools,
construction activities, quarries, contaminants and pollutants (e.g. PAHs, pesticides, nutrients), changes
in water chemistry, climate change and drought (USFWS 2020, 2013b).

Impacts to Individual Locations
The majority of Pedernales River springs salamander known habitat is degraded, found in
urbanized areas, and/or found in areas scheduled for development.
Numerous large tracts of land along the RR 3238 corridor are rapidly being subdivided. Two
sites (Martin Spring and Hammett’s Crossing Spring #2) are within the immediate vicinity of RR 3238
(located 12 m and 34 m from the road pavement, respectively) and subject to impervious cover, road
runoff, pollution, trash, and trespassing (Figure 3).
Reimers Ranch Spring #1 and Climbers Canyon Spring are located on Travis County’s Milton
Reimers Ranch Park. There is no protection from the effects of human visitation at Climbers Canyon
Spring. It is located in Climbers Canyon, a heavily visited access point to hikers and rock climbers. Dogs,
both on and off leash, are common. The foot trail enters adjacent to the primary spring, crossing the
outflow multiple times, and this site is degraded. Reimers Ranch Spring #1 is generally protected by its
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lack of accessibility as it is off-trail and mostly hidden by brush and deep grass (Fushille 2021 pers.
comm.).
Martin Spring is located on a small tract of the Balcones Canyonlands Preserve at Hammett’s
Crossing (where RR 3238 crosses the Pedernales River). The only public access to the Pedernales River
in this area is through Milton Reimers Ranch Park, which is frequently closed due to overcrowding
(Travis County Parks 2021). Hammett’s Crossing is an inviting access point subject to human foot traffic
and illegal dumping. Illegal access through this preserve tract is well documented. The proximity to a
sharp bend on the road’s descent into the river canyon, above the spring, makes this spot potentially
subject to a roll over and/or spill as over-sized commercial trucks often attempt to cross at Hammett’s
Crossing. It is not unusual for these vehicles to get stuck on this bend, “jack-knife”, and/or roll over
(Fushille 2021 pers. comm.). In addition, Martin spring was historically degraded by the construction of
a spring catchment box (Figure 7). This impoundment has degraded the natural stream morphology and
hydrology, creating a pool with accumulated sediment and detritus (also see section C. Disease or
Predation regarding the relationship between artificial lentic conditions and parasitism).
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Figure 7. Martin spring. This spring is located 12 meters from RR 3238. A trail formed by trespassers leads to it. It
has been historically degraded with the construction of a spring catchment box. July 2021.

Hammett’s Spring #2 is located 34 meters from the pavement of RR 3238 and just across RR
3238 from Martin Spring. Access to this site is via a driveway on RR 3238 that is frequently used for
parking by trespassers at Hammett’s Crossing (Figure 8). The site is subject to road runoff, trash, and
foot traffic (Figure 9). Hammett’s Spring #2 has degradation from a historical impoundment, a possible
cistern (Figure 10). This site is on the Mirasol Springs property scheduled for development.
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Figure 8. Driveway leading to Hammett’s Crossing Spring #2. This area is frequently used by trespassers at
Hammett’s Crossing. July 2021.

Figure 9. Trash at Hammett’s Crossing Spring #2. April 2020.
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Figure 10. Historical modification to Hammett’s Crossing Spring #2. This spring is located 34 meters from RR 3238
pavement and subject to frequent human visitation. April 2020.

Three locations (Hammett’s Crossing Spring #2, Little Elder Spring, and Bunkhouse Springs) are
located directly on the scheduled Mirasol Springs development property (Figures 4 and 11). The
developer anticipates this project bringing 1 million people per year to the project area (Miller 2021
pers. comm.). Little Elder Spring and Bunkhouse Springs are located in an ephemeral stream channel
that contributes to the Pedernales River. This channel has been historically modified immediately
upstream of Bunkhouse Springs (Figure 12). The stream channel crosses what is currently a private road
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approximately 80 meters upstream of Little Elder and Bunkhouse Springs. This road is shown as a main
road in the Mirasol Springs development plans (Mirasol 2021, Figure 11).
The development also plans a commercial farm, orchard, and poultry coop within this same
stream watershed and within 30 meters of the two known salamander locations. Construction on these
amenities has begun despite the development being scheduled to “break ground” in early 2022 (Figure
13). A historical well at Bunkhouse Springs is being used to irrigate the farm and orchard (Welch 2021
pers. comm.). Bunkhouse Springs is further degraded by multiple, large impoundments forming a series
of pools (Figure 14). The spring run at Little Elder was historically modified, creating a pool immediately
upstream of known salamander habitat (Figure 15, Datri 2020). These modifications have degraded the
natural stream morphology and hydrology, creating lentic conditions with accumulated sediment and
detritus (Datri 2021 pers. comm.). A treehouse and public trail are scheduled to be built within the
immediate vicinity of Little Elder and Bunkhouse springs, leaving these sites subject to the effects of
construction and frequent human visitation (Figure 11). These two spring groups occupied by
salamanders are also immediately downstream of a “fishing pond” scheduled to be located in an
ephemeral stream that contributes to Elder Canyon. The pond water will be pumped from the
Pedernales River and used as storage for the water supply for the development (Lower Colorado River
Authority 2020, also see Figure 6 in Water Quantity Degradation). In addition to water quantity
degradation, the salamanders at Bunkhouse and Little Elder springs are threatened by changes to water
chemistry, stream hydrology, flow, sedimentation regimes, and pollutants as well as changes to
predator and parasite populations. Zebra mussels have been identified in the Colorado River basin
(TPWD 2017) and may also pose a threat.
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Figure 11. A portion of the scheduled development with known Pedernales River salamander locations
superimposed. Two of the ten known sites (Bunkhouse Springs and Little Elder Spring) are located in a small
watershed subject to urbanization as part of the Mirasol Springs development. A treehouse and public trail are
within the immediate vicinity of these two locations. Additionally, Bunkhouse and Little Elder Springs are
immediately downstream of a pond scheduled to be located in an ephemeral stream that contributes to Elder
Canyon. The pond water will be pumped from the Pedernales River and used as storage for the water supply for
the development. Adapted from https://mirasolsprings.com/vision/. Accessed June 24, 2021. A landscape view of
this figure can be found in Appendix B.
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Figure 12. Historical modification to the ephemeral stream morphology above Bunkhouse Springs. April 2020.
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Figure 13. Poultry coop in immediate proximity to Bunkhouse Springs. July 2021.
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Figure 14. This photo was taken from atop the largest impoundment in a series at Bunkhouse Springs. Note the
lentic conditions in the pool formed by this impoundment. April 2020.

31

Figure 15. Historical modification to stream morphology at Little Elder Spring has created lentic conditions. April
2020.

Red’s Spring is located on a mostly undeveloped private property that runs along one half of the
downstream portion of Roy Creek to its confluence with the Pedernales River. The spring habitat is
degraded due to modification for water diversion: the property owners use Red’s Spring as the water
source for a vacation home. The spring orifice was historically dug out to create a basin for a spring box
constructed of treated lumber with a cast iron “cover”. This artificially deepened area at the orifice has
an accumulation of detritus. The first five meters of stream channel were dug to insert a pipe covered in
mesh that captures the majority of spring flow at the spring box (Figure 16). The property owners dig
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out the spring orifice 1-2 times per year to remove roots and detritus from the pipe and orifice area
(Datri 2021 pers. comm.). The Mirasol Springs development area surrounds the majority of the
currently undeveloped Roy Creek watershed, leaving Red’s Spring vulnerable to further water quantity
and quality degradation resulting from urbanization as well as increased human foot traffic from
trespassing.

Figure 16. Red’s Spring is degraded due to modfication for water diversion.

May-July 2021
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A salamander with signs of stress (pale white, lesions, and missing digits) covered with
amphipods (Hyallella spp.) was observed at the privately owned Hope Springs, possibly due to recent
habitat modification by the landowners as described by Norris (2009).
Urbanization is a significant source of water quality degradation affecting the future survival of
central Texas Eurycea salamanders. In its listing decisions for other Central Texas Eurycea, the Service
considered urbanization to be an ongoing threat of high impact expected to increase with expanding
future development within the salamanders’ range (USFWS 2013b, USFWS 2014). The majority of
Pedernales River springs salamander habitat is degraded, in urbanized areas and/or in areas scheduled
for development. Water quality and localized habitat degradation presents a severe level threat across
the majority of the Pedernales River springs salamander range that will result in severe population-level
impacts.
B. Overutilization for Commercial, Recreational, Scientific, or Educational Purposes
Three hundred sixty-three federally listed salamanders were stolen from the San Marcos
National Fish Hatchery and Technology Center in 2016 (USFWS 2017). It has been speculated that these
individuals were stolen for private collection or sell on the black market (Statesmen 2018). This case
indicates that there is interest in the collection of central Texas Eurycea salamanders. Overutilization
may pose a threat to the Pedernales River springs salamander due to its very small number of known
locations and small numbers of individuals found at the surface at those locations.
C. Disease or Predation
In addition to the water quality and quantity threats that landscape changes can cause to
Eurycea salamanders discussed in section A., here we present how emerging disease can threaten
Eurycea salamanders and how landscape changes can create and/or exacerbate threats from predation
and disease.
A pond is scheduled to be constructed immediately upstream of two of the ten known
Pedernales River springs salamander-occupied springs, Little Elder and Bunkhouse Springs (Mirasol
Springs 2021, Figure 11). The developer advertises that this “fishing pond” will attract migrating birds
(Mirasol Springs 2021). A commercially sized farm, orchard, and chicken coop have been constructed in
the watershed, within 75 meters of these two salamander locations since 2018.
Central Texas Eurycea salamanders share similar predators, which include carnivorous
freshwater fish (such as Centrarchidae), crawfish, and large aquatic insects (Pierce and Wall 2011,
Bowles et al. 2006, Cole 1995, Owen et al. 2016, Owen & Devitt 2016). Jollyville Plateau salamander
numbers have been negatively correlated to the abundance of centrarchid fish (City of Austin 2001).
Austin blind and Jollyville Plateau salamanders have been observed retreating into gravel substrate after
cover was moved, suggesting these salamanders display antipredation behavior (Bowles et al. 2006).
San Marcos salamanders (Eurycea nana) have the ability to recognize and show significantly reduced
activity (antipredator response) to the chemical cues of introduced and native centrarchid fish predators
(Epp and Gabor 2008, Davis et al. 2012, USFWS 2013b). Introduced fish predators can decrease
survivorship, reduce metamorph size and rate, and alter habitat and foraging behaviors in some
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amphibians (Kats & Ferrer 2003). Eurycea troglodytes may have been extirpated from the type locality,
the Valdina Farms Sinkhole, due to human-induced flooding and introduction of surface predators (Veni
and Associates 1987, Chippindale et al. 2000, Chippindale & Price 2005).
Land-use changes drastically alter the distribution and abundance of wildlife (Sala 2000, Hooper
et al 2005), which in turn, influences host-parasite relationships (McMichael 2004, Macdonald and
Laurenson 2006). Anthropogenic landscape modifications, particularly those associated with
agriculture, have been shown to influence the prevalence and diversity of digenetic trematode
infections in aquatic amphibians (Johnson and Chase 2004, Koprivnikar et al. 2007, Gray et al. 2007,
McKenzie 2007). Trematodes use birds and snails as intermediate hosts. Trematode infections are
especially rare in species that inhabit headwater springs; however, Bonnett et al. (2011) documented
two new host records for parasitic trematodes in salamanders that typically inhabit headwater springs:
after construction of a human-made pond interrupted a native spring-fed stream, they documented the
presence of trematodes in stream-dwelling salamanders downstream from the pond. They
hypothesized that the human-made pond that partially impounded the natural spring changed the
ecological situation by bringing lentic habitats and their associated host-parasite fauna (planorbid snails
and Clinostomum sp.) in close contact with novel hosts, an otherwise lotic salamander species.
Trematodes have been documented in Jollyville Plateau salamanders (McAllister et al. 2018), Salado
salamanders (McAllister et al. 2021), and Barton Springs salamanders (Chamberlain and O’Donnell
2002).
Amphibians can be more susceptible to pathogens due to environmental changes from
contaminants, even if the contaminants themselves do not directly impact amphibians. Contaminants
can change the system to favor pathogens and increase infection rates: Johnson et al. (2007) found that
trematode infections were increased in amphibians through eutrophication of systems via nutrient
runoff. Contaminants can alter the environment through changes in abiotic conditions or physical
structure, or in the biotic community that could alter host-pathogen systems. For example, if
contaminants can alter the abundance of microscopic aquatic predators that feed on infective stages of
trematode parasites or Bd (Batrachochytrium dendrobatidis) zoospores, they could influence infection
prevalence and disease dynamics (Schmeller et al. 2014). Indirect effects of contaminant exposure can
increase disease risk by increasing the abundances of intermediate hosts of pathogens in the
environment (Halstead et al. 2014, Rumschlag et al. 2019). These interactions can be complex with
outcomes mediated by host species, host and pathogen quality, and environmental properties.
Environment and stress are associated with altered immune defenses in amphibians (RollinsSmith 2017, Bletz et al. 2017, Jani and Briggs 2018, Varela et al. 2018). Jollyville Plateau salamanders in
disturbed habitats have greater stress levels than those in undisturbed habitats, as determined by
measurements of water-borne stress hormones in urbanized and undisturbed streams (Gabor et al.
2018). Elevated stress hormones may have direct effects on Jollyville Plateau salamanders such as
acting as an immunosuppressant. This factor may partially account for the decrease in abundance of
salamanders in streams within disturbed environments (Bendik et al. 2014; Bowles et al. 2006).
The emerging infectious disease, chytridiomycosis, brought on by infection with the fungal
pathogens, Batrachochytrium dendrobatidis (Bd) and Batrachochytrium salamandrivorans (Bsal), is
causing substantial concern (Martel et al. 2013, 2014; Gray et al. 2015, Kolby & Daszak 2016). Bsal is
one threat to amphibians likely to spread by human actions (Yuan et al. 2018), similar to the global
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spread of Bd (O’Hanlon et al. 2018). Chytridiomycosis has been documented in Jollyville Plateau
salamanders (O’Donnell et al. 2006, Gaertner et al. 2009) and Austin blind salamanders in captivity
(Chamberlain 2011 pers. comm. as cited by USFWS 2013b). The potential for the introduction of
virulent pathogens such as Bsal and members of the iridovirus family of viruses may exist (Gluesenkamp
et al. 2018). Salamanders already stressed due to environmental degradation may be more susceptible
to Bd infection (Fonner et al. 2017). Spotted salamanders do not appear susceptible to chytridiomycosis
caused by Bsal, but may suffer sublethal growth reduction upon exposure to this pathogen early after
metamorphosis (Barnhart et al. 2020). If the salamanders were exposed continually to a pathogen, they
may suffer chronic stress, which could then impair the immune system. In the wild, stress from
pathogen exposure can be compounded by other natural stressors (metamorphosis, breeding,
competition, parasites, climate change, etc.), and immunoredistribution of resources at the expense of
growth may present a significant sublethal impact (Barnhart et al. 2020).

D. Inadequacy of Existing Regulatory Mechanisms
The availability of an adequate supply of clean water is extremely important to the long-term
conservation of closely related, listed Eurycea species; unfortunately, many of the regulatory
mechanisms currently in place within the range of these salamanders were not developed with the
protection and conservation of aquatic salamanders or the prey base in mind (USFWS 2013a).
Data indicate that water quality and water quantity degradation continue to occur despite the existence
of existing regulatory mechanisms. The same inadequacy of existing regulatory mechanisms described
by the Service in listing other Central Texas Eurycea salamanders persists (USFWS 2013b, 2014), and the
regulatory environment for the Pedernales River Springs salamander is arguably worse. “The US
Endangered Species Act has been used to bring state regulation to unrestricted groundwater
withdrawals in the Edwards Aquifer, where listed species are found. However, the Trinity and EdwardsTrinity (Plateau) aquifers harbor additional species with similarly small ranges that currently receive no
protection from regulatory programs designed to prevent groundwater depletion” (Devitt et al. 2019).
Further, its locations are outside of incorporated areas and their associated local ordinances (such as the
City of Austin). In 2020, the Waters of the United States rule eliminated protections for intermittent and
ephemeral streams, wetlands, and other small bodies of water that feed larger ones under the Clean
Water Act. The ephemeral stream above Bunkhouse and Little Elder Springs is part of the project area
of the Mirasol Springs development.
“….state law in Texas treats surface water and groundwater as separate resources (despite their
functional interdependence), with groundwater considered private property (Houston & Texas Central
Railroad Co. v. East 1904). Under this so-called rule of capture law, there is no enforceable legal
mandate at the state or local level to maintain minimum aquifer levels (and hence springflow and
stream baseflow) needed by endangered species (Wells 2014). Without joint management of surface
and subsurface waters as a single common-pool resource, the aquifers, springs, and streams of the
Edwards-Trinity and the regional ecosystems they sustain will become increasingly threatened” (Devitt
et al. 2019). The locations of the Pedernales River springs salamander lie at the junction of three
different Groundwater Conservation District (GCD) jurisdictions (Blanco-Pedernales GCD, Hays-Trinity
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GCD, and Southwestern Travis County GCD, Figure 17). All three have independent jurisdiction over the
same Trinity Aquifer and can each create their own water management rules. Theoretically there
should be some coordination between the 3 GCDs since they are all within Groundwater Management
Area 9, but this is not guaranteed, and it is not uncommon for GCDs to have conflict (Puig-Williams
2016). Additionally, the Southwestern Travis County GCD, whose boundaries are coincident with the
Hunt et al. (2020) findings of water-level declines of 225 feet referenced above (see Water Quantity
Degradation), was only very recently established (2019) with fledgling program rules that didn’t take
effect until October 2020.
The Hays Trinity Groundwater Conservation District (HTGCD) has limited authority and resources
to monitor and restrict groundwater pumping from aquifer sources of Pedernales River springs
salamander habitat originating within Hays County. The HTGCD is prohibited from regulating wells used
for domestic use by a single private residential household and incapable of producing more than 25,000
gallons per day. The HTGCD is also prohibited from regulating wells used for “conventional farming and
ranching activities, including such intensive operations as aquaculture, livestock feedlots, or poultry
operations” (Texas Special District and Local Laws Code Chapter 8843).
The Southwest Travis County Groundwater Conservation District, created in 2017, has similarly
limited authority to regulate pumping of groundwater in western Travis County. Domestic wells
incapable of pumping more than 10,000 gallons per day of water are exempt from any regulation as are
wells producing water for livestock or poultry limited to less than 25,000 gallons per day of production
(Texas Special District and Local Laws Code Chapter 8871). The Southwest Travis County Groundwater
Conservation District’s recent establishment, and its very limited financial resources, also restricts its
ability to monitor and take action to reduce to groundwater pumping that reduces spring flows to
Pedernales River springs salamander-supporting springs.
The Blanco-Pedernales Groundwater Conservation District is subject to similar limits on its
authority to regulate groundwater pumping within Blanco County and protect spring flows that the
Pedernales River Springs salamander depends on for survival, as set out in Chapter 36 of the Texas
Water Code.
Considering the limited legal authority of these three districts, and given the rapid population
growth in the Austin metro-region, the recent and planned further subdivision and development of land
in the immediate vicinity of the salamander’s habitat, and the increasing drilling of new water wells and
production of groundwater from new and existing wells for exempt domestic and agricultural purposes,
the Pedernales River Springs salamander’s spring habitat faces immediate and near-term dewatering.
There is no protection provided for the Pedernales River springs salamander given by Texas
State Law. The species is not listed on the Texas State List of Species of Greatest Conservation Need
(TPWD 2012), and even if it were State threatened and endangered species laws do not contain
protective provisions for habitat (USFWS 2013a).
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Figure 17. The Pedernales River springs salamander’s range is across three groundwater districts within
Groundwater Management Area 9.

A portion of sites (those in Travis Co.) are covered by the LCRA Highland Lakes Watershed
Ordinance. However, some activities are exempt from the water quality requirements contained in the
highland Lakes Watershed Ordinance (Lower Colorado River Authority 2005).
The Balcones Canyonlands Preserve system (BCP) offers some water quality benefits to a single
site, Martin Spring, through preservation of open spaces over its recharge zones (USFWS 1996).
However, sites occupied by the federally threatened Jollyville Plateau salamander within the BCP were
affected by changes in land use and subsequent water quality degradation occurring in portions of
contributing watersheds outside of the preserved tracts. Specifically, the preserved tracts within the
BCP did not appear to be effective at reducing nutrient levels at some salamander sites (City of Austin
1999). In addition, Eurycea salamanders are not covered species under the section 10(a)(1)(B) permit
under which the preserves were established (USFWS 1996).
In the absence of policies that reduce contaminant release, strategies exist that can diminish the
likelihood of exposure or the concentration to which systems are exposed (e.g., Smith and Sutherland
2014) which influences the direct and indirect consequences experienced by organisms. Terrestrial
buffers around aquatic habitats absorb nutrient and chemical contamination in runoff, and slow the rate
of movement, which can reduce exposure risk. Policy that requires adequate habitat to surround
aquatic environments could have a number of benefits including improved water quality and potentially
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flood control, which would benefit amphibians and a host of other taxa, including humans; however,
buffer characteristics will vary across systems and are difficult to standardize (Kuglerova et al. 2014;
Luke et al. 2019) with more known about riparian buffers than pond buffers. Terrestrial amphibians and
terrestrial life stages are also vulnerable to contaminants (James & Semlitsch 2011, Bruhl et al. 2011,
2013), and could benefit from terrestrial buffers.
The success of recovery for listed species is dependent upon the accurate recognition and
protection of the full range of habitats necessary for species survival. The U.S. Fish and Wildlife Service
has posited the creation of 300-m buffers around springs to protect critical habitat for federally
endangered or threatened salamanders (USFWS 2013b). Bendik et al. (2016) showed that the Jollyville
Plateau salamander occupies a wide range of headwater stream habitats, dramatically expanding the
area this salamander may occupy compared to their limited critical habitat designations. Critical habitat
based only on known localities in poorly searched areas may vastly underestimate species presence and
actual habitat use, thus limiting the potential for recovery (Bendik et al. 2016). Further, the results of
Diaz et al. (2020) suggest that a more catchment-wide approach is warranted, one that affords greater
protection on a landscape scale because of the unknown flow paths of a karst system (Diaz et al. 2020).
“Critical habitat should represent an acknowledgement of the habitat necessary for species recovery,
rather than a smattering of disjunct areas based on occurrence records as is currently the case for E.
tonkawae and related species” (Bendik et al. 2016).
“We can find no compelling reason to obviate the words of Gunnar Brune, who said, ‘The story of Texas’
springs is largely a story of the past. In the not very distant future most of Texas’ springs will exist only in
a legend of a glorious past…destroyed by pollution and overpopulation’ (Brune 1981).” (Chippindale and
Price 2005).

E. Other Natural or Manmade Factors Affecting the Species’ Continued Existence
As presented under Factor A, the Pedernales River springs salamander has a very limited
distribution of just 10 known locations within a 32 square mile area. The majority of known locations (7
of the 10) are clustered within a 0.5 square mile area (1.3 km2) at the juncture of southwestern Travis
and northern Hays Counties (Figure 3). These salamanders are observed to occur in very low numbers
at the surface (Datri 2021 pers. comm.). Small populations are more vulnerable to extinction from
demographic and environmental stochasticity (Sabo et al. 2002).
This species is likely very sensitive to water quality and quantity degradation as shown in closely
related, federally listed Eurycea salamanders. Because of their porous skin, the development of their
eggs and larvae in water, their position in the food web, and their dependence on freshwater,
amphibians are sensitive to contaminants (Shoemaker & Nagy 1977). Amphibians are sensitive to many
pollutants including heavy metals, insecticides, particularly cyclodienes (endosulfan, endrin, toxaphene,
and dieldrin) and certain organophosphates (parathion, malathion), nitrite, salts, and petroleum
hydrocarbons (USFWS 2002). Amphibians can be exposed to waterborne and airborne pollutants in
their breeding and foraging habitats. The crustaceans, amphipods in particular, on which the Jollyville
Plateau Salamander feeds are especially sensitive to water pollution. These toxic effects from pollutants
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can either be lethal or sub lethal with such outcomes as morphological and developmental aberrations,
lowered reproduction and survival, and changes in behavior. Being fully aquatic, the salamander is
unable to escape the sources of pollution in the water surrounding it and in its prey items (Phipps et al.
1995; Burton and Ingerscoll 1994; USFWS 2002).

Conclusion
We, the petitioners, have presented substantial evidence that the Pedernales River springs
salamander is a taxonomically distinct species with a highly limited distribution that is experiencing
severe threat levels due to water quality and quantity degradation from growing urbanization across a
majority of its range where existing regulatory mechanisms are inadequate. The Pedernales River
springs salamander warrants the highest priority of U.S. Fish and Wildlife Service as it appears to be in
danger of extinction now and needs immediate listing action in order to prevent extinction due to at
least four of the factors in 50 C.F.R. § 424.11, any of which should be adequate to designate it as
endangered.

“The answer to ‘How much is a species worth?’ is ‘What kind of a world do you want to live in’”
(Chippindale and Price 2005).
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Appendix A. Landscape view of Figure 4. Five of the ten known locations for the Pedernales River
springs salamander are located in the immediate vicinity of or directly within the scheduled Mirasol
Springs development. L = Martin Spring, H2 = Hammett’s Crossing Spring #2, E = Little Elder Spring, B =
Bunkhouse Springs, A = Red’s Spring. Adapted from https://mirasolsprings.com/vision/. Accessed June
24, 2021.
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Appendix B. Landscape view of Figure 11. A portion of the scheduled development with known Pedernales River
salamander locations superimposed. A treehouse and public trail are within the immediate vicinity of Bunkhouse
and Little Elder Springs locations. Additionally, these two salamander locations are immediately downstream of a
pond scheduled to be located in an ephemeral stream that contributes to Elder Canyon. The pond water will be
pumped from the Pedernales River and used as storage for the water supply for the development. Adapted from
https://mirasolsprings.com/vision/. Accessed June 24, 2021.
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Appendix C. Firm water contract between Lower Colorado River Authority and Clancy Utility
Holdings, LLC
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