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Purpose and Disclaimer

This document presents the U.S. Fish and Wildlife Service (USFWS) plan for the conservation
of southern Edwards Aquifer springs and associated aquatic ecosystem species. The recovery
plan is the second part of the USFWS’s 3-part recovery planning framework and includes the
statutorily required elements pursuant to section 4(f) of the Endangered Species Act (ESA). This
recovery plan is informed by the first part of the framework, a Species Biological Report (SBR)
(USFWS 20244, entire). The SBR report delivers foundational science for informing decisions
related to the ESA and includes an analysis of the best available scientific and commercial
information regarding a species’ life history, biology, and current and future conditions that
characterizes the species’ viability (i.e., ability to sustain populations in the wild over time) and
extinction risk. We have also prepared a Recovery Implementation Strategy (RIS), the third part
of the framework (USFWS 2024b, entire). The RIS is an easily updateable operational plan that
is separate and complementary to the recovery plan that details the on-the-ground recovery
activities needed to complete the recovery actions contained in the recovery plan.

Recovery plans describe the envisioned recovered state for a listed species (when it should no
longer meet the ESA definitions of a threatened species or endangered species) and include a
recovery strategy, recovery criteria, recovery actions, and the estimates of time and cost needed
to achieve recovery. Plans are published by the USFWS and are often prepared with the
assistance of recovery teams, contractors, State agencies, and others. Recovery plans do not
necessarily represent the views, official positions, or approval of any individuals or agencies
involved in plan formulation, other than the USFWS. They represent the official position of the
USFWS only after they have been signed by the Regional Director as approved. Recovery plans
are guiding and planning documents only; identification of an action to be implemented by any
public or private party does not create a legal obligation beyond existing legal requirements.
Nothing in this plan should be construed as a commitment or requirement that any Federal
agency obligate or pay funds in any one fiscal year in excess of appropriations made by Congress
for that fiscal year in contravention of the Anti-Deficiency Act, 31 U.S.C. 1341, or any other law
or regulation.
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1.0 Introduction

This Recovery Plan describes criteria for determining when the southern Edwards Aquifer
springs and associated aquatic ecosystem species should be considered for delisting, lists site-
specific actions that will be necessary to meet those criteria, and estimates the time and cost to
achieve recovery. Additionally, a brief summary of information on the species’ biology and
status are included, along with a brief discussion of factors limiting their populations. A detailed
discussion of these and other topics pertinent to the recovery of the southern Edwards Aquifer
springs and associated aquatic ecosystem species can be found in the Species Biological Report
(SBR) (USFWS 20244, entire). Detailed on-the-ground activities implementing recovery actions
can be found in the Recovery Implementation Strategy (RIS). The RIS and SBR are finalized
separately from the Recovery Plan and will be updated on a routine basis. This document
presents the USFWS plan for the conservation and recovery of the ESA-listed species of the
southern Edwards Aquifer springs and associated aquatic ecosystems.

The southern Edwards Aquifer springs and associated aquatic ecosystem species are the Comal
Springs dryopid beetle (Stygoparnus comalensis), Comal Springs riffle beetle (Heterelmis
comalensis), fountain darter (Etheostoma fonticola), Peck’s cave amphipod (Stygobromus pecki),
San Marcos salamander (Eurycea nana), Texas blind salamander (Eurycea rathbuni), and Texas
wild-rice (Zizania texana). All these species are endangered except for the San Marcos
salamander, which is threatened. These species were listed under the ESA in 1975 (Texas blind
salamander and fountain darter, 40 FR 44412), 1978 (Texas wild-rice, 43 FR 17910), 1980 (San
Marcos salamander, 45 FR 47355), and 1997 (Comal Springs dryopid beetle, Comal Springs
riffle beetle, and Peck’s cave amphipod, 62 FR 66295). Changes to the species since the 1996
revision of the recovery plan include the removal of the San Marcos gambusia (Gambusia
georgei) due to extinction (88 FR 71644) and the addition of the three invertebrate species (the
beetles and amphipod) that were listed in 1997.

The species included in this Recovery Plan are all aquatic and depend on adequate groundwater
and/or springflows in the southern segment of the Edwards Aquifer in Comal and Hays counties,
Texas (see the SBR for hydrology information (USFWS 2024a, Section 1.1)). Receiving water
from the Edwards Aquifer, Comal and San Marcos springs are the largest springs in Texas and
host the only known populations of some species included in this plan. A few species have
distributions that extend downstream in the Comal River and the upper San Marcos River. These
are spring-dependent rivers, reliant on groundwater from the Edwards Aquifer, with relatively
constant temperature and water chemistry. Genetically distinct populations of the Comal Springs
dryopid beetle are found at Fern Bank Springs (Fries et al. 2004, pp. 9, 14-15; Gibson et al. 2008,
pp. 76-77) and the Peck’s Cave amphipod at Hueco Springs (Holsinger 1967, entire; Barr 1993,
entire; Fries et al. 2004, p. 5; Gibson et al. 2008, pp.76-81; Ethridge et al. 2013, entire). Fern
Bank Springs and Hueco Springs are two more springs that receive water from the Edwards
Aquifer.

The location and habitat requirements of each species vary (Section 1.1.1 Management Units,
below). The SBR (USFWS 2024a, Sections 1.2-1.8) provides additional background information
on these species. The Texas blind salamander occurs in the subsurface of the Edwards Aquifer in
the San Marcos area, including some caves and wells (Uhlenhuth 1921, p. 87; Russell 1976, pp.
1-4; Longley 1978, pp. 12-18; Chippindale 2009, pp. 8-11). This salamander is also expelled
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from springs in Spring Lake (receiving groundwater from the Edwards Aquifer). The San
Marcos salamander is found at the headwaters of the San Marcos River and in Spring Lake
(Tupa and Davis 1976, p. 191; Nelson 1993, pp. 19-20; Diaz et al. 2015, p. 317) and relies on
interstitial spaces and vegetation for habitat (Diaz et al. 2015, pp. 307, 316).

The fountain darter and Texas wild-rice occur further downstream from the springs than the
other species, with both species historically occurring throughout the upper San Marcos River
(Jordan and Gilbert 1886, pp. 21-23 USFWS 2019, entire, BIO-WEST, Inc. 2023, p. 27). Texas
wild-rice relies on cool, clear springwater for photosynthesis and establishes better in gravel and
sand substrates overlying Crawford black silt and clay (Vaughan 1986, p. 17; Poole and Bowles
1999, entire; Saunders et al. 2001, p. 24). The fountain darter relies on submerged aquatic
vegetation for habitat (Dowden 1968, pp.19-20; Phillips et al. 2011, entire; Edwards and Bonner
2022, entire). The fountain darter also occurs throughout the Comal River (Hubbs and Strawn
1957, p. 38; Schenck and Whiteside 1976, pp. 700-702).

The Comal Springs dryopid beetle occurs in springs, associated streams, and saturated
subterranean pore spaces, including wells and springs at Landa Lake (an impoundment of the
Comal River), in the New Braunfels, San Marcos, and Wimberley, Texas areas, all within the
Edwards Aquifer (Barr and Spangler 1992, p. 41; Barr 1993, pp. 31, 53-55; BIO-WEST, Inc.
2004, p. 34; Fries et al. 2004, pp. 9, 14-15; Gibson et al. 2008, pp. 76-77; Kosnicki and Julius
2019a, p. 3). Peck’s cave amphipod occurs in springs, associated streams, and saturated
subterranean pore spaces in the New Braunfels area, including Panther Canyon Well (Holsinger
1967, p. 119; Barr 1993, pp. 56-57; Fries et al. 2004, pp. 5, 14; Gibson et al. 2008, pp.76-81).
Comal Springs riffle beetle occurs immediately inside of or adjacent to springs, seeps, and
upwellings where plant roots are inundated or otherwise influenced by aquifer water in the New
Braunfels and San Marcos, Texas areas and is also found near Landa Lake spring openings
(Bosse et al. 1988, entire; Barr 1993, pp. 31, 44; BIO-WEST, Inc. 2005, p. 51; 2006, p. 39;
Gibson et al. 2008, p. 79; Nowlin and Worsham, 2015, p. 12).

Primary threats to the seven species are the loss of groundwater and/or springflows and decreases
in suitable habitat due to drawdown of the Edwards Aquifer (see SBR, USFWS 2024a, Section
2.1.1). These species are also sensitive to declines in water quality (see SBR, USFWS 2024a,
Section 2.1.2). Metropolitan areas and smaller municipalities along the eastern extent of the
southern segment of the Edwards Aquifer are experiencing rapid human population growth and
urban development that is expected to affect groundwater quality and quantity (see SBR,
USFWS 20244, Sections 2.1.1 and 2.1.2). Climate change-driven aridity combined with
withdrawal of groundwater could lead to decreased springflows (see SBR, USFWS 202443,
Section 2.5). Additional threats that could decrease water quantity and quality include hazardous
spills, direct or indirect habitat destruction through alterations of natural flow regimes, habitat
disturbance or habitat modification by humans (e.g., recreational activities, dam building,
concrete filling, excavation, bank stabilization, and control of aquatic vegetation), and nonnative
species (see SBR, USFWS 20244, Section 2.1). The fountain darter, San Marcos salamander, and
Texas blind salamander are also subject to diseases and parasites that may affect their population
resiliency (see SBR, USFWS 20244, Section 2.3). These threats have necessitated the use of
captive propagation efforts to ensure the long-term survival of these seven species until threats
are abated. The SBR (USFWS 2024a, Section 2.0) further describes the threats to these species.



1.1 Recovery Strategy

The recovery strategy provides a concise overview of the envisioned recovered state for the
southern Edwards Aquifer springs and associated aquatic ecosystems species, describes the
USFWS’s chosen approach to achieve it, and includes the rationale for why the approach was
chosen. Specifically, the recovery strategy articulates how the plan’s statutory elements
(recovery criteria, recovery actions, and estimates of time and cost) will work together to achieve
the southern Edwards Aquifer springs and associated aquatic ecosystems species’ recovery.

Each species in this plan has naturally low redundancy of one to three populations in its
historical range, as described in the SBR (USFWS 20244, Section 1.0). Redundancy is the ability
of the species to withstand catastrophic events. The species also have naturally low
representation from occurring exclusively in ecosystems in the Edwards Aquifer. Each of these
species is dependent on water and environmental conditions specific to the Edwards Aquifer.
Representation is the ability of the species to adapt to both near-term and long-term changes in
its physical and biological environment. Therefore, the USFWS does not think that there are
actions we can take to increase natural redundancy and representation of these species, although
captive refugia populations can increase redundancy. The primary focus of the criteria is
improving the resiliency (i.e., having self-sustaining viable populations) of existing populations
and reducing anthropogenic, or human-caused, threats. Long-term viability would require that
the threats to these species be ameliorated or actively managed to levels that ensure resilient
populations. Habitat would be restored and conserved such that sufficient habitat quantity and
quality is maintained to support the long-term survival of each species. The overall recovery
strategy involves preserving, restoring, and managing species’ aquatic habitats, along with the
water resources necessary to support resilient populations and the ecosystems on which they
depend. Based on the current status and description of threats provided in the SBR (USFWS
2024a, entire), the strategy will involve:

Protecting and restoring the spring and spring-fed ecosystems throughout each species’ range
from ongoing threats. These threats include losses in water quality and water quantity, nonnative
species, disease and parasites, and habitat disturbance, both now and into the future. Efforts to
ensure population resiliency and reduce exposure to stressors will include:

1) Monitoring population resiliency, ongoing effects of threats to resiliency, and
effectiveness of conservation management actions;

2) Using captive refugia to increase redundancy and protect against catastrophic events; and

3) Collaborating with partners and engaging with the public to achieve conservation goals in
balance with community needs.

1.1.1 Management Units

The range of these species has been classified into four management units (Table 1; Figures 1-5).
These geographically distinct management units are not regulatory in nature; the boundaries of
these management units do not identify individual properties that require protection but are
described solely to facilitate recovery and management decisions. Management Units do not
represent distinct population segments. The Management Units represent both the potential
extent of habitat within the species’ ranges and the biologically distinct areas where recovery



actions (Section 2.0) should take place that will eliminate or ameliorate threats. Management
Units are individually necessary to conserve genetic distinctiveness, demographic robustness,
important life history stages, or other features necessary for the long-term sustainability of the
species. All Management Units where a species is present must be recovered to achieve recovery
of that species.

Comal Ecosystem Management Unit

The Comal Ecosystem Management Unit includes multiple springs that together are called
Comal Springs, as well as associated spring runs, Landa Lake, the Comal River, Panther Canyon
well, and saturated subterranean pore spaces in designated critical habitat (78 FR 63100) (Figure
2). See the SBR for more details on the hydrology of and threats to this ecosystem, and on the
habitat distribution of individual species within the management unit (USFWS 2024a, entire).

San Marcos Ecosystem Management Unit

The San Marcos Ecosystem Management Unit includes multiple springs that together are called
San Marcos Springs, Spring Lake, the upper San Marcos River from the headwaters until the
confluence with the Blanco River, subsurface habitat including private caves and wells that
intersect the Edwards Aquifer in the San Marcos area, and Sessom Springs (Figure 3). See the
SBR for more details on the hydrology of and threats to this ecosystem, and on the habitat
distribution of individual species within the management unit (USFWS 2024a, entire).

Hueco Ecosystem Management Unit

The Hueco Ecosystem Management Unit includes multiple springs that together are called
Hueco Springs, including downstream upwellings and side seeps (also referred to as satellite
springs), and saturated subterranean pore spaces in designated critical habitat (78 FR 63100)
(Figure 4). See the SBR for more details on the hydrology of and threats to this ecosystem, and
on the habitat distribution of individual species within the management unit (USFWS 20244,
entire).

Fern Bank Ecosystem Management Unit

The Fern Bank Ecosystem Management Unit includes multiple springs that together are called
Fern Bank Springs and saturated subterranean pore spaces in designated critical habitat (78 FR
63100) (Figure 5). However, additional features on the site, such as the cave and cave stream, are
not included because the species within this Recovery Plan are not known to inhabit these areas
(78 FR 63100). See the SBR for more details on the hydrology of and threats to this ecosystem,
and on the habitat distribution of individual species within the management unit (USFWS 2024a,
entire).



Table 1. Management unit occupancy for each species from the southern Edwards Aquifer
springs and associated aquatic ecosystems.

Species

Management Unit Occupancy

Comal Springs dryopid beetle

San Marcos, Comal, and Fern Bank Ecosystems

Comal Springs riffle beetle

San Marcos and Comal Ecosystems

Fountain darter

San Marcos and Comal Ecosystems

Peck’s cave amphipod

Comal and Hueco Ecosystems

San Marcos salamander

San Marcos Ecosystem

Texas blind salamander

San Marcos Ecosystem

Texas wild-rice

San Marcos Ecosystem
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2.0 Criteria

Recovery criteria are statutorily required objective, measurable descriptions of a recovered state
for threatened and endangered species, as described in 4(f)(1)(b)(ii) of the ESA. Recovery
criteria describe the conditions of resiliency, redundancy, representation, and threat abatement
that indicate when southern Edwards Aquifer springs and associated aquatic ecosystem species
may no longer meet the ESA definitions of an endangered species or threatened species.
Recovery criteria present our best estimate of a species’ recovered condition at the time of
recovery plan development. Changes in available information, technologies, and our
understanding of the species over time might mean that the recovered state envisioned by the
recovery criteria differs from our assessment in a later status determination.

All the species included in this plan, except for the San Marcos salamander, are currently
endangered species; accordingly, this Recovery Plan includes both downlisting and delisting
criteria. While the downlisting criteria do not apply to the San Marcos salamander, this species
will also benefit from progress on the downlisting criteria. The species addressed in this recovery
plan may be considered for downlisting and delisting when the following criteria have been met.
Downlisting and delisting criteria are subject to revision as additional information becomes
available about the species’ biology and threats. Justifications for the criteria are below in
Section 2.3.
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2.1 Downlisting Criteria

The following are objective, measurable criteria, which, when met, would result in a
determination that the Comal Springs dryopid beetle, Comal Springs riffle beetle, fountain
darter, Peck’s cave amphipod, Texas blind salamander, and Texas wild-rice could be considered
for reclassification as threatened species. The San Marcos salamander is currently a threatened
species; therefore, the downlisting criteria do not apply to this species. A detailed analysis of
threats and summary of the threats to the seven southern Edwards Aquifer springs and associated
ecosystem species is further described in the SBR (USFWS 20244, entire).

1.

2.

All populations of each species, in all management units where the species is present,
maintain sufficient resiliency for 18 consecutive years.

For surface species (fountain darter, Comal Springs riffle beetle, and Texas wild-rice),
sufficient resiliency will be achieved when:

a. Populations do not trend toward a decline and do return to the cumulative mean after
short-term fluctuations;

b. Populations do not fluctuate below the cumulative mean of non-drought years
(defined as the mean of previous years that Comal or San Marcos springs did not
decrease below 100 cubic feet per second) by more than 10% in a given year;

c. Populations do not decline from the cumulative mean of non-drought years more than
25% during drought years when Comal or San Marcos springs decreases below 100
cubic feet per second; and

d. Populations do not decline from the cumulative mean of non-drought years more than
50% during a repeat of the drought of record (defined here as a three-year period
when aquifer recharge was at its lowest recorded level of 397,800 acre-feet total for
1954-1956).

Methods used for animal species (fountain darter, Comal Springs riffle beetle) should
estimate population size (based on, e.g., capture-recapture, depletion) rather than using
counts of individuals as a surrogate to estimate population.

For subsurface species (Comal Springs dryopid beetle, Peck’s cave amphipod, and Texas
blind salamander), sufficient resiliency is achieved when: surface species have also achieved
sufficient resiliency, subsurface species are observed biannually from known spring outflows
during nondrought conditions, and subsurface species are observed in accessible subsurface
habitat (e.g., caves, wells) during all springflows when wet.

All species: Habitat is restored and maintained within each management unit in the areas
described below (see the SBR for additional information on habitat within each management
unit; USFWS 20244, Section 1.0). The habitat restoration should achieve a level that supports
resilient populations as described in Downlisting Criterion 1. This initiative should include
restoration of terrestrial riparian areas aimed at minimizing runoff into adjacent aquatic
habitat for the benefit of all species, while also providing suitable habitat and food resources
for the Comal Springs dryopid beetle, Peck’s cave amphipod, and Comal Springs riffle
beetle. The habitat restoration may occur with existing hydromorphological modifications.
However, if there are any additional hydromorphological modifications, they should support
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a more natural ecosystem condition (e.g., impoundment removal, dechannelization, natural
substrate) instead of leading to a more unnatural ecosystem. While it is expected that habitat
may change during droughts and floods (e.g., siltation during low flows, loss of substrate or
vegetation), the habitat management plan described in Downlisting Criterion 3 should restore
habitat in the locations described here. After completion, the habitat restoration should be
maintained for at least 18 years.

Comal Ecosystem:

Comal Springs dryopid beetle: Spring runs 1 through 5 and 7, western shoreline, and
spring island. These areas maintain the primary constituent elements that were
identified in the rule designating critical habitat (78 FR 63100). Panther Canyon well
remains undisturbed.

Comal Springs riffle beetle: Spring runs 1 through 3, western shoreline, and spring
island. These areas maintain the primary constituent elements that were identified in
the rule designating critical habitat (78 FR 63100).

Fountain darter: At least 100,000 square meters (10 hectares [24.7 acres]) of native
submerged aquatic vegetation when flows are above 100 cubic feet per second (cfs)
(2.8 cubic meters per second [m?/s]), with a diversity of species that are demonstrated
to provide fountain darter habitat (see SBR, USFWS 2024a, Section 1.5.3).
Vegetation should be distributed through Landa Lake, spring runs, and the old and
new channel.

Peck’s cave amphipod: Spring runs 1 through 4 and 7, western shoreline, and spring
island. These areas maintain the primary constituent elements that were identified in
the rule designating critical habitat (78 FR 63100). Panther Canyon well remains
undisturbed.

San Marcos Ecosystem:

Comal Springs dryopid beetle: Sessom Springs area. This area maintains the primary
constituent elements that were identified in the rule designating critical habitat (78 FR
63100).

Comal Springs riffle beetle: Hotel area (see Figure 3). This area maintains the
primary constituent elements that were identified in the rule designating critical
habitat (78 FR 63100).

Fountain darter: At least 40,000 square meters (4 hectares [9.9 acres]) of native
submerged aquatic vegetation in the Upper San Marcos River (not including Spring
Lake) when flows are above 2.3 m®/s (80 cfs), with a diversity of native species that
are demonstrated to provide fountain darter habitat (see SBR, USFWS 20244, Section
1.5.3). This amount of vegetation is in addition to any Texas wild-rice in the river.
Abundant vegetation also continues to exist in Spring Lake for fountain darters.
Vegetation should be distributed through Spring Lake and the Upper San Marcos
River until the confluence with the Blanco River, with the expectation that vegetation
density will be higher in the upstream reaches. This number does not include the
Martindale area. Additional research will be needed to evaluate the possible fountain
darter habitat in the Martindale area.
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e Texas blind salamander: Cave habitat remains unmodified and undisturbed.

e Texas wild-rice: At least 20,000 square meters (2 hectares [4.9 acres]) of Texas wild-
rice is maintained in the upper San Marcos River, including areas that are shallow
enough to allow for natural seeding. Texas wild-rice should be distributed through the
Upper San Marcos River to the City of San Marcos wastewater treatment plant
outfall.

Hueco Ecosystem:

e Peck’s cave amphipod: Designated surface critical habitat maintains the primary
constituent elements that were identified in the rule designating critical habitat (78 FR
63100). If this site becomes accessible, habitat should be evaluated to assess the
potential need for additional restoration and management.

Fern Bank Ecosystem:

e Comal Springs dryopid beetle: Designated surface critical habitat maintains the
primary constituent elements that were identified in the rule designating critical
habitat (78 FR 63100). If this site becomes accessible, habitat should be evaluated to
assess the potential need for additional restoration and management.

3. All species: There is a habitat management plan that is fully implemented and focuses on
habitat restoration and reducing habitat degradation for all waters and lands associated with
management units to ensure that habitat continues to sustain resilient populations of each
species. The habitat management plan should address how habitat will be managed when the
needs of different listed species conflict, along with management of threats to habitat,
including recreation, runoff, drought, floods, and harmful non-native species. The habitat
management plan will be fully implemented in all management units for the species for at
least 18 years.

4. All species: The daily average discharge during the 18-year period in the Comal River
exceeds 6.4 m®/s (225 cfs) including the drought of record, and the minimum daily average
flow is not less than 0.9 m%/s (30 cfs). In the San Marcos River, the daily average discharge
during the 18-year period exceeds 140 cfs (4 m%/s) including the drought of record, and the
minimum daily average flow is not less than 1.3 m%/s (45 cfs). The duration of minimum
daily average flows in both rivers must not exceed six months and is followed by three
months of 2.3 m%/s (80 cfs) or greater to ensure adequate habitat and water quality.
Achievement of this criterion will be measured using continuous monitoring data from
streamflow gages at Comal and San Marcos springs (USGS 08168710 and 08170000) for a
minimum of 18 years.

Hueco Springs is located close to Comal Springs and Hueco Springs shows a similar flow
pattern to Comal Springs during droughts based on U.S. Geological Survey gages (Hueco
Springs gage 0816800 and Comal Springs gage 08168710). Therefore, Comal Springs will be
used as a surrogate for the Hueco Springs flows needed. For Fern Bank Springs, more
information will need to be gathered to evaluate the water quantity that is adequate for
recovery. A groundwater management plan or equivalent conservation agreement should
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6.

ensure adequate water quantity that is fully implemented for a minimum of 18 years. It is
possible that future habitat restoration or management may be able to reduce the flows
necessary to maintain adequate habitat, in which case these flow thresholds should be
reevaluated.

All species: Water gquality consistently meets or exceeds established Environmental
Protection Agency (EPA) numeric criteria for protection of aquatic life throughout the areas
where the species are present (EPA 2022, unpaginated). Water temperature in surface habitat
does not exceed 25°C (77°F) near springs (areas within spring runs, Spring Lake, the main
spring outlets at Sessom, Landa Lake, Spring Island, Panther Canyon well, Hueco Springs,
and Fern Bank Springs), other surface habitat does not exceed this temperature at least 50%
of the days per year at the substrate, and downstream surface habitat at the substrate does not
exceed 27°C (81°F). Conductivity is 560-650 microsiemens per centimeter in the San Marcos
Management Unit and 560-610 microsiemens per centimeter in the Comal Management Unit
during conditions that do not contain surface runoff from rainfall. Turbidity is generally less
than 1.0 in spring water and habitat. Measurements should only be considered during
baseflow conditions that do not contain surface runoff. Areas of very shallow habitat during
drought conditions should not be considered for this criterion. This criterion will be achieved
when these standards are met throughout the species habitat within each management unit, as
described in Criterion 2, above, during quarterly sampling for 18 years. For Fern Bank and
Hueco springs, more information will need to be gathered to evaluate the expected
conductivity, turbidity, pH, and temperature at these springs. Research may also be needed to
evaluate species-specific groundwater quality needs if there is a concern that the EPA
numeric criteria for aquatic life may not adequately address water quality needs.

All species: A self-sustaining refugia population in captivity is capable of maintaining at
least 90% of the genetic diversity from the wild for 10 years without collections, as
determined by population genetic modeling and a population with lambda of 0.95 or greater.
This captive population may be used for population reintroduction and augmentations, or
emergency refugia in case of catastrophic loss in the wild. This minimum target captive
population size should be 500 individuals unless new science indicates that another number
IS more appropriate for these goals. If research compromises individuals for these goals,
those individuals should not be included as part of the refugia population. There should be
refugia populations for every species population in the San Marcos Ecosystem, and for every
management unit for the three invertebrate species (Table 1).

Fountain darter and Texas blind salamander: Disease and parasites do not negatively affect
the resiliency of (defined as no more than 20% of individuals sampled) any wild population
for 10 years.
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2.2 Delisting Criteria

A delisting decision will involve evaluating the five statutory factors (i.e., threats), which were
also evaluated when the species were listed, as specified in section 4(a)(1) of the ESA. The
following delisting criteria address the threats in the listing rule and reflect our best assessment
of what needs to be achieved based on our current understanding of the species and its
environment. Circumstances can change in unpredictable ways, so it is not a requirement for
delisting that all criteria be met. For example, a species may be able to tolerate one ongoing
threat if another is eliminated or reduced. Conversely, all criteria could be met but delisting may
not be warranted should, for example, a catastrophic event or new threat arise. Recovery of the
southern Edwards Aquifer springs and associated aquatic ecosystem species will require entirely
self-sustaining populations made possible by a reduction of threats within the known range. The
interim goal is long-term stability of the species. Justifications for the criteria are found in
Section 2.3.

The following are objective, measurable criteria which, when met, could result in a
determination that the Comal Springs dryopid beetle, Comal Springs riffle beetle, fountain
darter, Peck’s cave amphipod, San Marcos salamander, Texas blind salamander, and Texas wild-
rice be removed from the Threatened and Endangered species list:

1. All species: All populations maintain resiliency for 45 consecutive years and are expected to
maintain resiliency in the future. Populations will be considered resilient when they meet the
definition described in Downlisting Criterion 1 above. For the San Marcos salamander, the
criterion for surface species should be followed.

2. All species: Habitat can sustain resilient populations and is restored as described above in
Downlisting Criterion 2, maintained for at least 45 years, and anticipated to remain restored
in perpetuity due to the actions of the habitat management plan described in Downlisting
Criterion 3. Habitat for the San Marcos salamander is not included in Downlisting Criterion 2
and should meet the criteria provided for all species, as well the following for the San
Marcos ecosystem: Approximately 6000 square meters (0.6 hectares [1.5 acres]) of
unembedded cobble and gravel substrate with low macrophyte cover is maintained through
Spring Lake and the upper 50 meters (164 feet) of the river when flows are above 2.3 m®/s
(80 cfs) and maintain at least 3000 square meters (0.3 hectares [0.7 acres]) of unembedded
substrate when flows are below 2.3 m®/s (80 cfs). Surface habitat should connect to a
groundwater source, such as a spring.

3. All species: Future habitat degradation is prevented through a habitat management plan as
described above in Downlisting Criterion 3. The habitat management plan will be fully
implemented for at least 45 years and anticipated to continue in perpetuity.

4. All species: The flows in Downlisting Criterion 4 are achieved for 45 years. Flows are
expected to continue in perpetuity through actions of a fully implemented water management
plan.
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5. All species: Groundwater quality in Downlisting Criterion 5 is achieved for 45 years and
there is no indication that water quality is degrading over time, as determined by increasing
trends in nutrients, conductivity, or contaminants.

6. All species: Captive populations continue to be maintained as described in Downlisting
Criterion 6. This will continue until the five years of post-delisting monitoring is completed.

7. Fountain darter, San Marcos salamander, Texas blind salamander: Disease and parasites do
not affect the resiliency of any wild population for 45 years as defined in Downlisting
Criterion 7 and are not anticipated to for the foreseeable future.

2.3 Justification for Criteria

Justification for timeframe to downlisting and delisting: Drought can affect the success of most
of the criteria. Therefore, multiple droughts should occur prior to downlisting and delisting the
species to ensure that the criteria continue to be met in these conditions. These timeframes were
established by evaluating the amount of time between droughts at Comal Springs. Comal Springs
was used because it has more data available than Hueco Springs and Fern Bank Springs. While
data exists for San Marcos Springs, this spring has decreased below 2.83 m?/s (100 cfs) more
frequently than has Comal Springs. Therefore, using the amount of time between droughts at
Comal Springs is a more protective estimate that focuses on more severe droughts.

Severe droughts will provide better information for how the species habitat and water quality
respond to low flows than less severe droughts, as severe droughts have more negative effects to
the species. Since 1950, the median amount of time between droughts that caused flows to
decrease below 2.83 m?/s (100 cfs) at Comal Springs was nine years, with a range of 5-18 years.
Thus, for most of the criteria (downlisting criteria 1-5 and delisting criteria 1-5), 18 years was
established as the minimum amount of time to downlist the species once all the downlisting
criteria have been met; this timeframe will usually include two droughts, with at least one
drought, that bring(s) Comal Springs below 2.83 m®/s (100 cfs). To delist species, a timeframe of
45 years was used because this is the median amount of time for five droughts to occur that
previously decreased Comal Springs flows below 2.83 m®/s (100 cfs). This timeframe will ensure
that species resiliency and the recovery criteria are assessed through multiple severe droughts
prior to delisting. Table 2 has a list of droughts for the Comal Springs ecosystem. If droughts of
the magnitude considered here occur sooner than the time estimates for downlisting and
delisting, and if the species remains resilient during these droughts, then it may be possible to
delist the species sooner than the times estimated.

Justification for resilient populations: The existence of resilient populations allows a species to
better withstand and recover from environmental variability and stochastic perturbations relative
to populations that are not resilient. Because there is natural low redundancy (i.e., few
populations) for each of these species, it is important that all populations are resilient to reduce
the extinction risk and improve the species’ long-term viability. Species viability is further
discussed in the SBR (USFWS 2024a, Section 3.0). For animal species, it is important to use
methods that estimate population size rather than counts, because habitat conditions may affect
the ability to detect individual animals and affect count data. However, the Comal Springs riffle
beetle currently lacks an established methodology for accurate population size estimation.
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Further investigation is required to address these complexities and enhance the accuracy of
population assessments for this species. For subsurface populations that cannot be easily
quantified by monitoring, it is unlikely that accurate population estimates can be obtained.
However, surface populations of other species may be used as surrogates because all the species
within this plan share the primary threats of water quantity and water quality. It is expected that
Fern Bank and Hueco springs will not flow during extreme droughts, preventing counts at these
times. Subsurface species at Fern Bank and Hueco springs are expected to persist in the
subsurface, and counts may continue once springflows return. Drought of record conditions are
expected to negatively affect the species, but these events are rare. If the frequency of droughts
comparable to the drought of record increases, then additional measures may be needed for
species recovery.

Justification for habitat and habitat management: Resilient populations are dependent on the
quality and quantity of habitat present in the management units. The habitat used by each species
is described further in the SBR (USFWS 20244, Section 1). The amount and areas of habitat
included are areas where the species are already known to occur and in amounts that are already
demonstrated to be possible from previous studies. The habitat at Comal and San Marcos
Management Units requires ongoing management due to recreational activities, non-native
species, runoff, and habitat modifications that have altered the ecosystem. The invertebrate
species use the riparian zone as a foraging area and shelter (see SBR, USFWS 2024a, Sections
1.2.3, 1.3.3, and 1.4.3). Maintenance of riparian vegetation is important to these species’
persistence. These habitat management plans will also need to balance the conflicting habitat
needs of different species when habitat overlaps (e.g., fountain darter and Texas wild-rice
habitat) to ensure adequate habitat for each species. Although subsurface habitat may not require
the same type of management as surface habitat, caves and wells hosting these species still need
protection from human activities and impacts (e.g., vandalism and contamination due to surface
run-off). Habitat disturbance and non-native species are further discussed as threats to these
species in the SBR (2024a, Sections 2.1.3 and 2.1.4). Habitat at Hueco and Fern Bank
Management Units are under private ownership, and knowledge is limited on which restoration
activities may be needed, but some examples that may be needed include channel restoration,
recreation control, vegetation restoration, and sediment removal. Habitat management plans put
in place at the Hueco and Fern Bank Management Units would improve security regarding
maintaining species redundancy and genetic diversity and would potentially improve habitat
conditions if promoted through partnerships.

For fountain darters, the amount of total vegetation for the Comal River and Upper San Marcos
River (excluding Spring Lake) aligns with estimates from the 1990s (Linam 1993, p. 12; Linam
et al. 1993, p. 345). For the Upper San Marcos River, this was extrapolated from the proportion
of transects without vegetation (561/1812) for a river of 102,000 square meters (10.2 hectares
[25.2 acres]) to estimate approximately 70,420 square meters (70.4 hectares [174 acres]) of
vegetation in the 1990s. However, the amount of Texas wild-rice was lower in this study and will
need to be balanced with needs for the fountain darter. It is also expected that vegetation will
naturally fluctuate and will not always occur at the maximum possible amount. While the
amount of vegetation in Spring Lake is not quantified, it is plentiful and should not require
management unless there are major ecosystem changes. In 2022, fountain darters were found in
the Martindale area (see SBR, USFWS 2024a, Sections 1.5.2). Research is needed to understand
the extent of habitat in the area and its possible importance for fountain darter recovery.
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For San Marcos salamanders, 6,000 square meters (0.6 hectares [1.5 acres]) of habitat aligns with
what was found by previous studies (Diaz et al. 2015, p. 317). Although this is a small portion of
the designated critical habitat, Spring Lake is larger than the area would be naturally because of
the impoundment, and it is unlikely that the impoundment increases salamander habitat. It is
important for surface habitat to connect to the subsurface habitat to allow salamanders to move
between the surface and subsurface. Surface connectivity between springs should also be
included when feasible.

Justification for water quantity and water management plan: Natural spring and subsurface
groundwater flows capable of supporting resilient populations are critical to the survival of these
species. The species included in this plan are dependent on groundwater from the aquifer.
Groundwater pumping, in concert with climate change-driven aridity (i.e., increased drought
conditions), will continue to be a threat to these species into the future. Groundwater pumping
along with decreased aquifer recharge could lead to declines in aquifer levels and declines or
cessation of spring flows necessary for each species. Water quantity is further discussed as a
threat to these species in the SBR (USFWS 2024a, Section 2.1.1). By working with groundwater
conservation districts and other partners to establish a groundwater management plan, a
mechanism can be established that will protect adequate flows for these species. During drought,
measures are established to ensure that flows and/or subsurface habitat do not drop below critical
levels, ensuring that populations continue to persist. However, surface habitat is still affected by
low flows. Low flows increase sedimentation, algae, the effects of recreation, and habitat that
becomes unwetted, so it is important that flows do not remain low for extended periods of time.
It is possible that future work may determine that habitat management may be able to mitigate
for some of these effects. Hueco Springs is expected to experience extended dry periods, and
subsurface water levels must be adequate for the invertebrate populations to persist. To ensure
flows during all foreseeable conditions, these measures need to account for a drought of record
and future rainfall scenarios affected by climate change. Tracer tests and a contamination event
suggest a potential regional groundwater connection between Hueco Springs and Comal springs,
though further testing is needed (Ogden et al. 1986, pp. 122-126; Gibson et al. 2008, p. 75).
Hueco Springs shows a pattern similar to Comal Springs during droughts based on U.S.
Geological Survey gages (Hueco Springs gage 0816800 and Comal Springs gage 08168710).
Therefore, we are using Comal Springs as a surrogate for Hueco Springs. Fern Bank Springs
does not have a gage to measure flows. Research will need to further evaluate what water
quantity is adequate to achieve recovery at Fern Bank and Hueco springs. Currently there is little
information to evaluate what water quantity is necessary at Fern Bank and Hueco springs and
where water from Fern Bank Springs originates.

Justification for water quality: Adequate water quality is critical to the survival of these species.
No alternative sites exist for these species to occupy (i.e., the species naturally have low
redundancy). It is critical that groundwater, spring water, and surface water of an adequate
quality be maintained to enable persistence of these species. Water quality is further discussed as
a threat to these species in the SBR (2024a, Section 2.1.2). EPA numeric criteria are used
because specific thresholds are not known for several of these species. Conductivity,
temperature, and turbidity are known to affect the listed species. Increased conductivity is
associated with decreased abundance of some Texas Eurycea species and is associated with
increased contaminants and impervious cover (Bowles et al. 2006, pp. 115-118). Texas wild-rice
requires clean and clear water with low turbidity (Poole and Bowles 1999, entire). Turbidity also
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has been shown to decrease prey items consumed by fountain darters in lab experiments
(Swanbrow Becker et al. 2016, entire) and impairs the ability of fountain darters to detect and
respond to predators in lab experiments (Swanbrow Becker and Gabor 2012, p. 117).
Temperature and conductivity have historically been relatively constant in the groundwater
(EAA 2022, pp. 27-28), and changes in temperature may not be tolerated by these species. Low
springflows during droughts increase fluctuations in surface water temperature. Temperature
likely affects the ability of Peck’s cave amphipod to reach maturity (Kosnicki and Julius 2019b,
p. 19). The rate of growth was lower in other central Texas Eurycea salamanders when they were
exposed to higher temperatures (Crow et al. 2016, p. 331). Fountain darter reproduction is
negatively impacted above 24°C (75.2°F), with almost no reproduction above 26°C (78.8°F)
(McDonald et al. 2007, pp. 311, 314-316). While fountain darters should be able to persist for
short periods with warmer temperatures, periods of lower temperatures throughout fountain
darter habitat are important for recruitment. Because the characteristics of rainwater are different
than groundwater and spring water, measurements taken during periods of runoff from rain will
not be representative of typical water quality.

Justification for captive populations: Until threats to these species are ameliorated, extirpations
or extinctions from the wild are possible due to stochastic or catastrophic events. Maintaining
captive refugia of sufficient size to reestablish wild populations helps ensure that reintroduction
after extirpation is possible. Maintaining genetic diversity for an extended period of time without
collections from the wild is important in case reintroduction could not occur quickly after
extirpation. Because the number of individuals needed to maintain genetic diversity long-term
without collections from the wild has not been evaluated, 500 individuals was used based on
population management studies (Franklin 1980, entire; Lande and Barrowclough 1987, entire)
for the captive refugia until more specific information is available for how many individuals are
needed. There are many reasons immediate reintroduction may not be possible, including
ongoing threats in the wild or insufficient understanding and evaluation of the species or habitat
needs to inform a successful reintroduction. Once threats to the species are ameliorated and post-
delisting monitoring is completed, captive populations would no longer be required.

For the three invertebrate species, each population exhibits a high degree of genetic structure,
with no evidence of contemporary gene flow, and significant differentiation between
management units (see SBR, USFWS 2024a, Section 1.2.1, 1.3.2, and 1.4.2). Representatives
from each management unit should be maintained in captivity separately to safeguard genetic
diversity (i.e., evolutionarily significant units). The fountain darter population in the Comal
River is derived from the San Marcos River and would not need separate representation in the
refugia (see SBR, USFWS 2024a, Section 1.5.2).

Justification for disease and parasites: Population resiliency is further degraded by the presence
of diseases within a habitat. Habitat management plans will need to be updated to respond
accordingly to changes in severity and diversity of disease threats. Currently, salamanders may
contract microsporidia and chytrid (Batrachochytrium dendrobatidis). There is a potential future
threat of another chytrid, B. salamandrivorans, that could impact salamanders. Fountain darters
may be infected by nonnative gill parasites and large-mouth bass virus. Disease and parasites are
further discussed as a threat to these species in the SBR (USFWS 2024a, Section 2.3). Research
targeting unknown or novel pathogens will improve treatment procedures and prevent future
population declines.
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Table 2. Droughts resulting in monthly mean flows below 2.83 m®/s (100 cfs) at Comal Springs.

Dates Duration of Low Flows Minimum Monthly Flow
(months) (m3/s [cfs])
08/1954-03/1957 23 0 (0)
07/1967-08/1967 2 2.23 (78.7)
05/1984-09/1984 5 0.93 (32.8)
07/1989-10/1989 4 2.14 (75.4)
07/1996-08/1996 2 2.59 (91.5)
08/2014-10/2014 3 2.09 (73.9)
10/2022-10/2023 5 1.82(64.3)
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Table 3. Downlisting and delisting criteria by species. The San Marcos salamander is threatened and does not have downlisting

criteria.
Comal Comal Fountain Peck’s cave San Marcos Texas blind Texas wild-
. Springs Springs darter amphipod salamander salamander rice
Criteria . -
riffle beetle dryopid

beetle
Downlisting 1-6 X X X X X X
Downlisting 7 X X
Delisting 1-6 X X X X X X X
Delisting 7 X X X




3.0 Recovery Actions

Recovery actions are the statutorily required, site-specific management actions needed to achieve
recovery criteria, as described in section 4(f)(1)(B)(i) of the ESA. The USFWS assigns recovery
action priority numbers (1-3) to rank recovery actions. The assignment of priorities does not
imply that some recovery actions are of low importance, but instead implies that lower priority
items may be deferred while higher priority items are being implemented. Recovery action
priority numbers are based on the following:

Priorities for recovery actions are assigned using the following guidelines:

Priority 1: An action that must be taken to prevent extinction or to prevent the species from
declining irreversibly in the foreseeable future.

Priority 2: An action that must be taken to prevent a substantial decline in species
population/habitat quality or some other substantial negative effect short of extinction.

Priority 3: All other actions necessary to meet the recovery objectives. The assignment of
these priorities does not imply that some recovery actions are of low importance, but instead
implies that lower priority items may be deferred while higher priority items are being
implemented.

Implementation of the recovery actions will involve participation from State and Federal
agencies, non-federal landowners, non-governmental organizations, academia, and the public.
The on-the-ground activities or specific tasks associated with each action will be included in a
separate RIS (USFWS 2024b, entire). The RIS is intended to be an adaptable operational plan
stepped down from the recovery actions. We intend to update specific activities in the RIS with
our conservation partners to design tasks that are feasible and effective and take our partners’
interests and abilities into consideration.

As stated in the Disclaimer, Recovery Plans are advisory documents, not regulatory documents.
A recovery plan does not commit any entity to implementing the recommended strategies or
actions contained within it for a particular species, but rather provides guidance for ameliorating
threats (Table 4) and implementing proactive conservation measures, as well as providing
context for implementation of other sections of the ESA, such as section 7(a)(2) consultations on
Federal agency actions, development of Habitat Conservation Plans, or the establishment of
experimental populations under section 10(j).

Recovery Action 1. Ensure Adequate Water Quantity and Quality within the Southern Edwards
Aquifer and Management Units. Priority 1.

This action will include the protection of groundwater quantity and quality that would improve
or protect habitat quality for each of the management units. Conservation water management
agreements, groundwater management plans, or equivalent, will be developed, implemented, and
fulfilled to ensure adequate surface and groundwater to maintain springflow and water quality at
each of the management units. Evaluate if additional land in the recharge and contributing zone
should be protected to maintain groundwater quality. Watershed protection plans that include
stormwater treatment, wastewater discharges, and hazardous spill prevention and response
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should also be implemented to protect water quality. Monitoring should evaluate the
effectiveness of different water quality and quantity protections.

Recovery Action 2. Protect and Restore Habitat in Waters and on Lands Within and Adjacent to
the Management Units. Priority 1.

Habitat within the management units, including springs, caves, subsurface habitat, streams, and
riparian zones, should be restored and protected for each species. Adequate buffers of natural
vegetation should be maintained around the aquatic habitats to support and maintain ecological
integrity. Protections may include, but are not limited to, land management activities, ordinances,
land acquisition from willing sellers, long-term conservation agreements, and habitat
management plans. The plans should address and plan to resolve threats to habitat including
local development, runoff, recreation, habitat modification and destruction, and non-native
species.

Recovery Action 3: Establish and Implement Captive Refugia Populations with a Captive
Population Management Plan and Reintroduction Plan. Priority 1 for San Marcos salamander,
Texas blind salamander, Texas wild-rice; Priority 2 for Comal Springs riffle beetle, Comal
Springs dryopid beetle, Peck’s cave amphipod, fountain darter.

Until the threats to these species are ameliorated, extinction from the wild is possible due to
stochastic or catastrophic events. Populations of these species should be maintained in captive
refugia as a means of preventing extinction in case of such events. The captive management plan
and reintroduction plan should account for situations in which species cannot be reintroduced
immediately, and where several reintroduction attempts may be necessary. This will likely
require genetic management and captive propagation of each species. Development of these
plans will require determining the needs of the species in captivity, financial resources to support
the efforts, plans for emergency collections during catastrophic events, and the steps needed for
reintroduction in case of extirpation from the wild. Research may also be needed to test
techniques for captive population management and reintroduction.

Recovery Action 4: Promote Edwards Aquifer Species Conservation and Recovery through
Outreach, Education, and Cooperation. Priority 3.

Proactive outreach and education will be achieved by management agencies and partners to the
local communities through events, workshops, and social media. Outreach efforts should use
strategies to seek out broad participation, including by those who may not pursue conservation-
focused events. Incentives and education should be offered to private landowners, land
managers, and businesses to encourage active cooperation needed to aid the recovery of these
species. Working with landowners adjacent to habitat and near contributing streams should be
prioritized.

Recovery Action 5: Establish and Implement Effective Disease and Parasite Protocols. Priority
2.

This recovery action is specific to the fountain darter, San Marcos salamander, and Texas blind
salamander. Effective protocols to control and eliminate diseases and parasites that affect
population resiliency should be created and implemented. An array of protocols may be
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necessary for captive refugia compared to wild populations. Monitoring of diseases and parasites
will be necessary to assess whether protocols are effective. This recovery action is rated Priority
2 because diseases and parasites are currently not primary threats to population resiliency. This
action should be considered as Priority 1 if the effects of diseases or parasites increase and
degrade population resiliency.

Recovery Action 6. Monitor Progress Toward Criteria within the Management Units: Priority 3.

This action would implement formal monitoring plans that provide information needed to
evaluate species status and trends. Monitoring will further facilitate the assessment of climate
change impacts on species and their habitats as well as efficacy of habitat restoration efforts.
Specific associated activities will be described in the RIS. Monitoring should continue for five
years after delisting, as required by the 1988 amendments to the ESA.

Table 4. Needs and threats to address for Edwards Aquifer species, recovery actions that will
address threats, and the criteria to which the actions contribute. Endangered Species Act (ESA)
listing factor abbreviations described below are habitat loss and degradation (A), disease or
predation (C), inadequacy of existing regulatory mechanisms (D), and other natural or manmade
factors affecting the species continued existence (E). The listing factor for the over-utilization of
the species for commercial, recreational, scientific, or educational purposes (B) is not currently a
threat to these species and is not included in the table.

ESA . .

Threat or Need Listing DOWDI'SFmg DeI_lstlr_lg Recoyery

Criteria Criteria Action

Factor

Water Quantity A D, E 4 4 1,4,6
Water Quality A D, E 5 5 1,4,6
Habitat Quality ADE 2,3 2,3 1,2,4,6
Captive Refugia/ Redundancy n/a 6 6 3
Disease and Parasites C 7 7 56
Resiliency n/a 1 1 1,2,4,5,6
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4.0 Time and Cost Estimates

Estimates of time and cost, as defined in section 4(f)(1)(B)(iii) of the ESA, must reflect, to the
maximum extent practicable, the total amount of time and costs it will take to achieve the
recovery (delisting) of the Edwards Aquifer springs and associated aquatic ecosystems species.
The cost estimates provided do not account for possible future inflation.

Estimated costs include only project-specific contract, staff, or operations costs in excess of base
budgets. They do not include budgeted amounts that support ongoing agency staff
responsibilities. This recovery plan does not commit the USFWS or any partners to carry out a
particular recovery action or expend the estimated funds.

We expect the status of these species to improve in such a way that we may downlist to
threatened status in approximately 33-38 years (Table 5), following the adoption of this recovery
plan, and cost approximately $313,275,000. This estimate excludes specific costs for the San
Marcos salamander, a threatened species. Where possible, species-specific costs have been
deducted. However, in cases where only aggregate costs for captive refugia management and
monitoring were provided, these costs have been distributed equally among the species.

We estimate that the full implementation of the Recovery Actions would improve the status of
the Edwards Aquifer springs and associated aquatic ecosystems such that species could be
delisted within 60-65 years (Table 5), following the adoption of this recovery plan, for a total of
approximately $533,265,000 (including $313,275,000 to downlisting plus an additional
$219,990,000; Table 6). This time estimate includes up to 20 years to complete the Recovery
Actions that are not ongoing until recovery, and 45 years for the Recovery Criteria to be met
after the Recovery Actions are completed. These timeframes are based on expectation of full
funding without delay, implementation of the Recovery Actions and RIS, high degree of success
in executed actions, and full cooperation of partners.

While most recovery actions are anticipated to take the same amount of time for each species,
Recovery Actions 2 and 3 will vary by species. While Recovery Action 2 could be complete
within 10 years if initiated immediately, Fern Bank and Hueco springs are privately owned and
are not immediately accessible to implement Recovery Action 2. Therefore, we assume these
sites could be accessed within 10 years if outreach and cooperation with private landowners is
successful. This delay extends the time of recovery for two of the three invertebrate species (i.e.,
Comal Springs dryopid beetle and Peck’s cave amphipod) to 65 years, while the other species
could be recovered after 60 years.

Recovery Action 3 also varies by species based on the current status of captive breeding for the
species. There is more work that is needed for successfully creating self-sustaining populations
of the Comal Springs riffle beetle, Comal Springs dryopid beetle, and Peck’s cave amphipod
than there is for the other species. Thus, the time estimate for completing this action is 15 years
for the invertebrates and 10 years for other species. However, this does not change the overall
timeline to recovery because the captive refugia will continue to function until 5 years post
delisting.
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The cost estimates are further broken down through comparisons of ongoing and new costs
(Table 7) and by Management Unit (Table 8). Ongoing costs encompass existing financial
commitments allocated through established partnerships or funding arrangements, contributing to
ongoing species recovery efforts through ongoing projects or initiatives. In contrast, new costs
include expenses required for implementing recovery actions or initiating new projects not
covered by existing funding. These expenditures would expand or enhance species recovery
efforts beyond current initiatives, representing financial resources needed for future endeavors.
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Table 5. Estimated time necessary to complete recovery actions and achieve delisting.

6. Monitor Progress Toward
Criteria within the
Management Units

years post-
delisting

Time to Implementation
Recovery Action Complete . Total Time
: Time Needed
Action
1. Ensure Adequate Water 15 years 18 years 60 years
Quantity and Quality within downlisting, 45
the Southern Edwards years delisting
Aquifer and Management
Units
2. Protect and Restore Habitat | 10-20 years, 18 years 55-65 years
in Waters and on Lands varies by downlisting, 45
Within and Adjacent to the | species years delisting
Management Units
3. Establish and Implement 10-15 years, 10 years Does not affect
Captive Refugia varies by downlisting, recovery timeline,
Populations with a Captive | species continue until 5 continue until 5 years
Population Management years post- post delisting
Plan and Reintroduction delisting
Plan
4. Promote Edwards Aquifer | Ongoinguntil | n/a n/a
Species Conservation and gellstmg and
oes not affect
Recovqry through Outree}ch, the overall
Education, and Cooperation | timeline
5. Establish and Implement 15 years 10 years 60 years
Effective Disease and downlisting,
Parasite Protocols for continue until
(Fountain Darter and delisting
Salamanders)
Ongoing Continue until 5 | Does not affect

recovery timeline,
continue until 5 years
post-delisting

Total Time to Recovery

60-65 years

33




Table 6. Estimated cost for recovery actions necessary to move towards recovery of the Southern
Edwards Aquifer springs and associated aquatic ecosystems species. Each action likely includes
costs that could not be reasonably estimated at this time. Costs are based on 60-65 years to
achieve recovery.

Recovery Actions Estimated Cost

1. Ensure Adequate Water Quantity and
Quality within the Southern Edwards
Aquifer and Management Units

$306,632,000

2. Protect and Restore Habitat in Waters and
on Lands Within and Adjacent to the
Management Units

$60,421,000

3. Establish and Implement Captive Refugia
Populations with a Captive Population $57,861,000
Management Plan and Reintroduction
Plan

4. Promote Edwards Aquifer Species
Conservation and Recovery through
Outreach, Education, and Cooperation

$37,050,000

5. Establish and Implement Effective $2,873,000
Disease and Parasite Protocols

6. Monitor Progress Toward Criteria within | $68,428,000
the Management Units

Total estimated cost of recovery actions | $533,265,000
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Table 7. Estimated costs for recovery actions, differentiating between ongoing costs and new
costs. Costs are based on 60-65 years to achieve recovery.

Recovery Actions Ongoing Cost New Cost

. Ensure Adequate Water Quantity and
Quality within the Southern Edwards
Aquifer and Management Units

$302,707,000

$3,925,000

. Protect and Restore Habitat in Waters and
on Lands Within and Adjacent to the
Management Units

$57,098,000

$3,323,000

Establish and Implement Captive Refugia
Populations with a Captive Population
Management Plan and Reintroduction
Plan

$55,980,000

$1,881,000

Promote Edwards Aquifer Species
Conservation and Recovery through
Outreach, Education, and Cooperation

$37,050,000

$0

Establish and Implement Effective
Disease and Parasite Protocols

$2,873,000

$0

Monitor Progress Toward Criteria within
the Management Units

$68,428,000

$0

Total estimated costs

$524,136,000

$9,129,000
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Table 8. Estimated costs for recovery actions, separated by management unit, where applicable. Costs are based on 60-65 years to

achieve recovery.

actions by management unit

Comal San Marcos | Fern Bank Hueco
All
. Ecosystem Ecosystem Ecosystem Ecosystem
Recovery Actions Management
Units Management Mapagement Ma_nagement I\/Ia_nagement
Unit Unit Unit Unit
1. Ensure Adequate Water Quantity and
Quality within the Southern Edwards | $306,414,000 | $0 $193,000 $25,000 $0
Aquifer and Management Units
2. Protect and Restore Habitat in Waters
and on Lands Within and Adjacentto | $0 $15,579,000 | $41,619,000 | $1,764,000 $1,460,000
the Management Units
3. Establish and Implement a Captive
Population Management Plan and $57,861,000 | $0 $0 $0 $0
Reintroduction Plan
4. Promote Edwards Aquifer Species
Conservation and Recovery through $37,050,000 | $0 $0 $0 $0
Outreach, Education, and Cooperation
5. Establish and Implement Effective
Disease and Parasite Protocols %0 $1,686,000 $1,186,000 30 $0
6. Monitor Progress Toward Criteria
within the Management Units $0 $27,708,000 | $27,708,000 | $6,506,000 $6,506,000
Total estimated cost of recovery | ¢4 395 0y | $44,974,000 | $70,706,000 | $8,294,000 | $7,966,000

36




5.0 Literature Cited

Barr, C.B. 1993. Survey for two Edwards Aquifer invertebrates: Comal Springs dryopid beetle
Stygoparnus comalensis Barr and Spangler (Coleoptera: Dryopidae) and Peck’s cave
amphipod Stygobromus pecki Holsinger (Amphipoda: Crangonyctidae), 70 pp.

Barr, C., and P.J. Spangler. 1992. A new genus and species of stygobiontic dryopid beetle,
Stygoparnus comalensis (Coleoptera: Dryopidae), from Comal Springs, Texas.
Proceedings of the Biological Society of Washington 105(1):40-54.

BIO-WEST, Inc. 2004. Comprehensive and critical period monitoring program to evaluate the
effects of variable flow on biological resources in the Comal Springs/River aquatic
ecosystem. Final 2003 Annual Report. Edwards Aquifer Authority, 40 pp.

BIO-WEST, Inc. 2005. Comprehensive and critical period monitoring program to evaluate the
effects of variable flow on biological resources in the Comal Springs/River aquatic
ecosystem. Final 2004 Annual Report. Edwards Aquifer Authority, 70 pp.

BIO-WEST, Inc. 2006. Comprehensive and critical period monitoring program to evaluate the
effects of variable flow on biological resources in the Comal Springs/River aquatic
ecosystem. Final 2005 Annual Report. Edwards Aquifer Authority, 42 pp.

BIO-WEST, Inc. 2023. Biological Monitoring Program San Marcos Springs/River Aquatic
Ecosystem Annual Report. Prepared for Edwards Aquifer Authority, 57 pp.

Bosse, L.S., D.W. Tuff, and H.P. Brown. 1988. A new species of Heterelmis from Texas
(Coleoptera: EImidae). Southwestern Naturalist 33:199-203.

Bowles, B.D., M.S. Sanders, and R.S. Hansen. 2006. Ecology of the Jollyville Plateau
salamander (Eurycea tonkawae: Plethodontidae) with an assessment of the potential
effects of urbanization. Hydrobiologia:553-111-120.

Chippindale, P.T. 2009. Population genetic analysis of the Texas blind salamander, Eurycea
rathbuni. Final report to the Texas Parks and Wildlife Department, Grant no. TX-E-
78 R. 26 pp.

Crow, J.C., M.R.J. Forstner, K.G. Ostrand, J.R. Tomasso. 2016. The role of survival and growth
of the Barton Springs salamander (Eurycea sosorum). Herpetological Conservation and
Biology 11(2):328-334.

Diaz, P.H., J.N. Fries, T.H. Bonner, M.L. Alexander, and W.H. Nowlin. 2015. Mesohabitat
associations of the threatened San Marcos salamander (Eurycea nana) across its
geographic range. Aguatic Conservation: Marine and Freshwater Ecosystems 25:307—
321.

Dowden, D.L. 1968. Population dynamics of the San Marcos salamander, Eurycea nana. M.A.
Thesis, Southwest Texas State University, 44 pp.

37



EAA (Edwards Aquifer Authority). 2022. 2022 EARIP HCP annual expanded water quality
report, 56 pp.

Edwards, C.R. and T.H. Bonner. 2022. Vegetation associations of the endangered fountain darter
Etheostoma fonticola. Endangered Species Research 47:1-13.

EPA (U.S. Environmental Protection Agency). 2022. National recommended water quality
criteria - Aquatic life criteria table. Available at: https://www.epa.gov/wgc/national-
recommended-water-quality-criteria-aquatic-life-criteria-table (August 16, 2023).

Ethridge, J.Z., J.R. Gibson, and C.C. Nice. 2013. Cryptic diversity within and amongst spring-
associated Stygobromus amphipods (Amphipoda: Crangonyctidae): Stygobromus
Amphipod Cryptic Diversity. Zoological Journal of the Linnean Society 167(2):227-242.

Franklin, I.R. 1980. Evolutionary changes in small populations. In Soulé, M.E., and B.A. Wilcox
(Eds.). Conservation Biology: an Evolutionary-Ecological Perspective. pp. 135-149,
Sinauer Associates, Sunderland, MA. 395 pp.

Fries, J.N., J.R. Gibson, and T.L. Arsuffi. 2004. Edwards Aquifer spring invertebrate survey and
captive maintenance of two species. San Marcos National Fish Hatchery and Technology
Center and Texas State University. 23 pp.

Gibson, J.R., S.J. Harden, and J. Fries. 2008. Survey and distribution of invertebrates from
selected springs of the Edwards Aquifer in Comal and Hays Counties, Texas.
Southwestern Naturalist 53:74-84.

Holsinger, J.R. 1967. Systematics, speciation, and distribution of the subterranean amphipod
genus Stygonectes (Gammaridae). Bulletin of the United States National Museum, 259:
1-176.

Hubbs, C. and K. Strawn. 1957. Relative variability of hybrids between the darters Etheostoma
spectabile and Percina caprodes. Evolution 11:1-10.

Jordan, D.S. and C.H. Gilbert. 1886. List of fishes collected in Arkansas, Indian Territory, and
Texas, in September 1884, with notes and descriptions. Proc. U.S. Nat. Mus. 9:1-25.

Kosnicki, E., and E. Julius. 2019a. Life-history aspects of the Comal Springs dryopid beetle
(Stygoparnus comalensis) and notes on life-history aspects of the Comal Springs riffle
beetle (Heterelmis comalensis). BIO-WEST, Inc. Prepared for the Edwards Aquifer
Authority. 61 pp.

Kosnicki, E., and E.P. Julius. 2019b. Life-history aspects of Stygobromus pecki. BIO-WEST,
Inc. and San Marcos Aquatic Resources Center Prepared for the Edwards Aquifer
Authority. 24 pp.

Lande, R. and G. Barrowclough. 1987. Effective population size, genetic variation, and their use

in population management. In: Soulé, M.E. (Eds.) Viable Populations for Conservation,
pp. 87-124. Cambridge University Press, MA, 189 pp.

38



Linam, L.A. 1993. A reassessment of the distribution, habitat preference, and population size
estimate of the fountain darter (Etheostoma fonticola) in the San Marcos River, Texas. In
Conservation of the Upper San Marcos and Comal Ecosystems, Section 6 report, Texas
Parks and Wildlife Department, 13 pp.

Linam, G.W, K.B. Mayes, and K.S. Saunders. 1993. A habitat utilization and population site
estimate of fountain darters (Etheostoma fonticola) in the Comal River, Texas. Texas
Journal of Science, 45(5):341-348.

Longley, G. 1978. Status of the Typhlomolge (= Eurycea) rathbuni, Texas blind salamander.
U.S. Fish and Wildlife Service Endangered Species Report, 52 pp.

McDonald, D.L., T.H. Bonner, E.L. Oborny, Jr., and T.M. Brandt. 2007. Effects of fluctuating
temperatures and gill parasites on reproduction of the fountain darter, Etheostoma
fonticola. Journal of Freshwater Ecology 22(2):311-318.

Nelson, J. 1993. Population size, distribution, and life history of Eurycea nana in the San Marcos
River. M.S. Thesis, Southwest Texas State University, 43 pp.

Nowlin, W.H., and M.L.D. Worsham. 2015. Comal Springs riffle beetle habitat connectivity
study. San Marcos, Texas. Texas State University and BIO-WEST, Inc. prepared for the
Edwards Aquifer Authority, 76 pp.

Ogden, A.E., R.A. Quick, and S.R. Rothermel. 1986. Hydrochemistry of the Comal, Hueco, and
San Marcos Springs, Edwards Aquifer, Texas. Pages 115-130 In The Balcones
Escarpment: Geology, hydrology, ecology and social development in central Texas.
Proceedings of the Geological Society of America. Geological Society of America. San
Antonio, Texas. 204 pp.

Phillips, C.T., M.L. Alexander, and A.M. Gonzales. 2011. Use of macrophytes for egg
deposition by the endangered fountain darter. Transactions of the American Fisheries
Society 140(5):1,392-1,397.

Poole, J.M. and D.E. Bowles. 1999. Habitat characterization of Texas wild-rice (Zizania texana
Hitchcock), an endangered aquatic macrophyte from the San Marcos River, TX, USA.
Aquatic Conservation: Marine Freshwater Ecosystems 9:291-301

Russell, B. 1976. Distribution of troglobitic salamanders in the San Marcos area, Hays County,
Texas. Texas Association for Biological Investigations of Troglobitic Eurycea (BITE)
Report 7601, 35 pp.

Saunders, K.S., K.B. Mayes, T.A. Jurgensen, J.F. Trungale, L.J. Kleinsasser, K. Aziz, J.R.
Fields, and R.E. Moss. 2001. An evaluation of spring flows to support the upper San
Marcos River spring ecosystem, Hays County, Texas. Texas Parks and Wildlife
Department — River Studies Report No. 16, 33 pp.

Schenck, J.R., and B.G. Whiteside. 1976. Distribution, habitat preference and population size
estimate of Etheostoma fonticola. Copeia 1976(4): 697—703.

39



Swanbrow Becker, L.J. and C.R. Gabor. 2012. Effects of turbidity and visual vs. chemical cues

on anti-predator response in the endangered fountain darter (Etheostoma fonticola).
Ethology 118:994-1,000.

Swanbrow Becker, L.J., E.M. Brooks, C.R. Gabor, and K.G. Ostrand. 2016. Effects of turbidity
on foraging behavior in the endangered fountain darter (Etheostoma fonticola). American
Midland Naturalist 175:55-63.

Tupa, D.D. and W.K. Davis. 1976. Population dynamics of the San Marcos salamander, Eurycea
nana Bishop. Texas J. Sci. 32:179-195.

USFWS (U.S. Fish and Wildlife Service). 2019. Summary report for 2019 Texas wild-rice
survey, 3 pp.

USFWS (U.S. Fish and Wildlife Service). 2024a. Species biological report for the southern
Edwards Aquifer springs and associated aquatic ecosystems. U.S. Fish and Wildlife
Service, Southwest Region, Albuquerque, New Mexico. 117 pp.

USFWS (U.S. Fish and Wildlife Service). 2024b. Recovery implementation strategy for the
southern Edwards Aquifer springs and associated aquatic ecosystems. U.S. Fish and
Wildlife Service, Southwest Region, Albuguerque, New Mexico. 13 pp.

Uhlenhuth, E. 1921. Observations on the Distribution and habits of the blind Texan cave
salamander, Typhlomolge rathbuni. Biological Bulletin, 40(2):73-104.

Vaughan, Jr., J.E. 1986. Population and autecological assessment of Zizania texana Hitchc.

(Poaceae) in the San Marcos River. M. S. Thesis, Southwest Texas State University- San
Marcos, Texas. 52 pp.

40



	Structure Bookmarks
	Draft Recovery Plan for the Southern Edwards Aquifer Springs and Associated Aquatic Ecosystems, Second Revision 
	Draft Recovery Plan for the Southern Edwards Aquifer Springs and Associated Aquatic Ecosystems, Second Revision 
	Fountain darter (Etheostoma fonticola), Peck’s cave amphipod (Stygobromus pecki),  Comal Springs riffle beetle (Heterelmis comalensis), Texas wild-rice (Zizania texana),  San Marcos salamander (Eurycea nana), Texas blind salamander (Eurycea rathbuni),  and Comal Springs dryopid beetle (Stygoparnus comalensis) 
	Revision History Original Version: 1985 First Revision: 1996 
	 
	Figure
	U.S. Fish and Wildlife Service Southwest Region Albuquerque, NM 
	  
	Purpose and Disclaimer 
	This document presents the U.S. Fish and Wildlife Service (USFWS) plan for the conservation of southern Edwards Aquifer springs and associated aquatic ecosystem species. The recovery plan is the second part of the USFWS’s 3-part recovery planning framework and includes the statutorily required elements pursuant to section  of the Endangered Species Act (ESA). This recovery plan is informed by the first part of the framework, a Species Biological Report (SBR) (USFWS 2024a, entire). The SBR report delivers fo
	4(f)
	4(f)


	Recovery plans describe the envisioned recovered state for a listed species (when it should no longer meet the ESA definitions of a threatened species or endangered species) and include a recovery strategy, recovery criteria, recovery actions, and the estimates of time and cost needed to achieve recovery. Plans are published by the USFWS and are often prepared with the assistance of recovery teams, contractors, State agencies, and others. Recovery plans do not necessarily represent the views, official posit
	Acknowledgements 
	We dedicate a special thanks to former fish and wildlife biologist, Pat Connor (USFWS, Austin Ecological Services Field Office) for gathering source material used to inform the revision of this recovery plan. 
	We are grateful to the people who have contributed their expertise, perspectives, and dedication to these species’ recovery efforts over the last four decades. In particular, we would like to express our gratitude to the previous Recovery Team members, the Permittees and staff of the Edwards Aquifer Recovery Implementation Plan - Habitat Conservation Plan, the local communities within the recovery area, and the general public.  
	In addition to the people identified above, the following USFWS staff reviewed and provided comments on previous drafts of this plan: Katie Bockrath, Ph.D., Justin Crow, Randy Gibson, Chris Hathcock, and Desiree Moore, Ph.D. (San Marcos Aquatic Resources Center); Pete Diaz (Texas Fish and Wildlife Conservation Office); Karen Myers, Christina Williams, and Michael 
	Warriner (Austin Ecological Services Field Office); Beth Forbus, Angela Anders, Ph.D., Brian Small, and Gary Pandolfi (Southwest Regional Office). 
	Cover page images courtesy of Kristin Simanek (USFWS) and John and Kendra Abbott (Abbott Nature Photography). 
	Lead Authors 
	Donelle Robinson, Ph.D. (USFWS, Headquarters Office) and Amelia Hunter (USFWS, Southwest Regional Office).  
	Recommended Citation and Electronic Availability 
	U.S. Fish and Wildlife Service. 2024. Draft Recovery Plan for the Southern Edwards Aquifer Springs and Associated Aquatic Ecosystems, Second Revision. U.S. Fish and Wildlife Service, Southwest Region, Albuquerque, New Mexico, USA. 40 pp. 
	An electronic copy of the Draft Recovery Plan will be made available at the USFWS Environmental Conservation Online System (ECOS): 
	•
	•
	•
	;  
	 ECOS species profile webpage for Comal Springs dryopid beetle
	 ECOS species profile webpage for Comal Springs dryopid beetle



	•
	•
	; 
	 ECOS species profile webpage for Comal Springs riffle beetle
	 ECOS species profile webpage for Comal Springs riffle beetle



	•
	•
	; 
	 ECOS species profile webpage for fountain darter
	 ECOS species profile webpage for fountain darter



	•
	•
	;  
	 ECOS species profile webpage for Peck’s cave amphipod
	 ECOS species profile webpage for Peck’s cave amphipod



	•
	•
	;  
	 ECOS species profile webpage for San Marcos salamander
	 ECOS species profile webpage for San Marcos salamander



	•
	•
	; and 
	 ECOS species profile webpage for Texas blind salamander
	 ECOS species profile webpage for Texas blind salamander



	•
	•
	 
	 ECOS species profile webpage for Texas wild-rice
	 ECOS species profile webpage for Texas wild-rice




	  
	Table of Contents 
	Table of Contents 
	1.0 Introduction ............................................................................................................................... 6
	1.0 Introduction ............................................................................................................................... 6
	1.0 Introduction ............................................................................................................................... 6

	 

	1.1 Recovery Strategy ................................................................................................................. 8
	1.1 Recovery Strategy ................................................................................................................. 8
	1.1 Recovery Strategy ................................................................................................................. 8

	 

	1.1.1 Management Units ......................................................................................................... 8
	1.1.1 Management Units ......................................................................................................... 8
	1.1.1 Management Units ......................................................................................................... 8

	 

	2.0 Criteria .................................................................................................................................... 16
	2.0 Criteria .................................................................................................................................... 16
	2.0 Criteria .................................................................................................................................... 16

	 

	2.1 Downlisting Criteria............................................................................................................ 17
	2.1 Downlisting Criteria............................................................................................................ 17
	2.1 Downlisting Criteria............................................................................................................ 17

	 

	2.2 Delisting Criteria ................................................................................................................. 21
	2.2 Delisting Criteria ................................................................................................................. 21
	2.2 Delisting Criteria ................................................................................................................. 21

	 

	2.3 Justification for Criteria ...................................................................................................... 22
	2.3 Justification for Criteria ...................................................................................................... 22
	2.3 Justification for Criteria ...................................................................................................... 22

	 

	3.0 Recovery Actions .................................................................................................................... 28
	3.0 Recovery Actions .................................................................................................................... 28
	3.0 Recovery Actions .................................................................................................................... 28

	 

	4.0 Time and Cost Estimates ........................................................................................................ 31
	4.0 Time and Cost Estimates ........................................................................................................ 31
	4.0 Time and Cost Estimates ........................................................................................................ 31

	 

	5.0 Literature Cited ....................................................................................................................... 37
	5.0 Literature Cited ....................................................................................................................... 37
	5.0 Literature Cited ....................................................................................................................... 37

	 

	 
	List of Figures 
	Figure 1. The four management units (Comal, San Marcos, Hueco, and Fern Bank ecosystems) for the southern Edwards Aquifer springs and associated aquatic ecosystems species in Comal and Hays counties, Texas. ............................................................................................................. 11
	Figure 1. The four management units (Comal, San Marcos, Hueco, and Fern Bank ecosystems) for the southern Edwards Aquifer springs and associated aquatic ecosystems species in Comal and Hays counties, Texas. ............................................................................................................. 11
	Figure 1. The four management units (Comal, San Marcos, Hueco, and Fern Bank ecosystems) for the southern Edwards Aquifer springs and associated aquatic ecosystems species in Comal and Hays counties, Texas. ............................................................................................................. 11

	 

	Figure 2. Map of the Comal Ecosystem Management Unit showing the Comal Springs ecosystem, the Comal River, and designated critical habitat surrounding Landa Lake in Comal County, Texas. Numbers on map indicate spring run locations referenced in this Recovery Plan........................................................................................................................................................ 12
	Figure 2. Map of the Comal Ecosystem Management Unit showing the Comal Springs ecosystem, the Comal River, and designated critical habitat surrounding Landa Lake in Comal County, Texas. Numbers on map indicate spring run locations referenced in this Recovery Plan........................................................................................................................................................ 12
	Figure 2. Map of the Comal Ecosystem Management Unit showing the Comal Springs ecosystem, the Comal River, and designated critical habitat surrounding Landa Lake in Comal County, Texas. Numbers on map indicate spring run locations referenced in this Recovery Plan........................................................................................................................................................ 12

	 

	Figure 3. Map of the San Marcos Ecosystem Management Unit. The dotted outline encompasses subsurface habitat including private caves and wells that intersect the Edwards Aquifer in the San Marcos area. ........................................................................................................................... 13
	Figure 3. Map of the San Marcos Ecosystem Management Unit. The dotted outline encompasses subsurface habitat including private caves and wells that intersect the Edwards Aquifer in the San Marcos area. ........................................................................................................................... 13
	Figure 3. Map of the San Marcos Ecosystem Management Unit. The dotted outline encompasses subsurface habitat including private caves and wells that intersect the Edwards Aquifer in the San Marcos area. ........................................................................................................................... 13

	 

	Figure 4. Map of the Hueco Ecosystem Management Unit showing the two major spring outlets at Hueco Springs and designated critical habitat adjacent to the Guadalupe River in Comal County, Texas. .............................................................................................................................. 14
	Figure 4. Map of the Hueco Ecosystem Management Unit showing the two major spring outlets at Hueco Springs and designated critical habitat adjacent to the Guadalupe River in Comal County, Texas. .............................................................................................................................. 14
	Figure 4. Map of the Hueco Ecosystem Management Unit showing the two major spring outlets at Hueco Springs and designated critical habitat adjacent to the Guadalupe River in Comal County, Texas. .............................................................................................................................. 14

	 

	Figure 5. Map of the Fern Bank Ecosystem Management Unit showing the main spring outlet of Fern Bank Springs and subsurface designated critical habitat adjacent to the Blanco River in Hays County, Texas. ..................................................................................................................... 15
	Figure 5. Map of the Fern Bank Ecosystem Management Unit showing the main spring outlet of Fern Bank Springs and subsurface designated critical habitat adjacent to the Blanco River in Hays County, Texas. ..................................................................................................................... 15
	Figure 5. Map of the Fern Bank Ecosystem Management Unit showing the main spring outlet of Fern Bank Springs and subsurface designated critical habitat adjacent to the Blanco River in Hays County, Texas. ..................................................................................................................... 15

	 

	List of Tables 
	Table 1. Management unit occupancy for each species from the southern Edwards Aquifer springs and associated aquatic ecosystems. .................................................................................. 10
	Table 1. Management unit occupancy for each species from the southern Edwards Aquifer springs and associated aquatic ecosystems. .................................................................................. 10
	Table 1. Management unit occupancy for each species from the southern Edwards Aquifer springs and associated aquatic ecosystems. .................................................................................. 10

	 

	Table 2. Droughts resulting in monthly mean flows below 2.83 m3/s (100 cfs) at Comal Springs........................................................................................................................................................ 26
	Table 2. Droughts resulting in monthly mean flows below 2.83 m3/s (100 cfs) at Comal Springs........................................................................................................................................................ 26
	Table 2. Droughts resulting in monthly mean flows below 2.83 m3/s (100 cfs) at Comal Springs........................................................................................................................................................ 26

	 

	Table 3. Downlisting and delisting criteria by species. The San Marcos salamander is threatened and does not have downlisting criteria.......................................................................................... 27
	Table 3. Downlisting and delisting criteria by species. The San Marcos salamander is threatened and does not have downlisting criteria.......................................................................................... 27
	Table 3. Downlisting and delisting criteria by species. The San Marcos salamander is threatened and does not have downlisting criteria.......................................................................................... 27

	 

	Table 4. Needs and threats to address for Edwards Aquifer species, recovery actions that will address threats, and the criteria to which the actions contribute. Endangered Species Act (ESA) 
	Table 4. Needs and threats to address for Edwards Aquifer species, recovery actions that will address threats, and the criteria to which the actions contribute. Endangered Species Act (ESA) 
	Table 4. Needs and threats to address for Edwards Aquifer species, recovery actions that will address threats, and the criteria to which the actions contribute. Endangered Species Act (ESA) 



	listing factor abbreviations described below are habitat loss and degradation (A), disease or predation (C), inadequacy of existing regulatory mechanisms (D), and other natural or manmade factors affecting the species continued existence (E). The listing factor for the over-utilization of the species for commercial, recreational, scientific, or educational purposes (B) is not currently a threat to these species and is not included in the table. ...............................................................
	listing factor abbreviations described below are habitat loss and degradation (A), disease or predation (C), inadequacy of existing regulatory mechanisms (D), and other natural or manmade factors affecting the species continued existence (E). The listing factor for the over-utilization of the species for commercial, recreational, scientific, or educational purposes (B) is not currently a threat to these species and is not included in the table. ...............................................................
	listing factor abbreviations described below are habitat loss and degradation (A), disease or predation (C), inadequacy of existing regulatory mechanisms (D), and other natural or manmade factors affecting the species continued existence (E). The listing factor for the over-utilization of the species for commercial, recreational, scientific, or educational purposes (B) is not currently a threat to these species and is not included in the table. ...............................................................
	listing factor abbreviations described below are habitat loss and degradation (A), disease or predation (C), inadequacy of existing regulatory mechanisms (D), and other natural or manmade factors affecting the species continued existence (E). The listing factor for the over-utilization of the species for commercial, recreational, scientific, or educational purposes (B) is not currently a threat to these species and is not included in the table. ...............................................................

	 

	Table 5. Estimated time necessary to complete recovery actions and achieve delisting. ............. 33
	Table 5. Estimated time necessary to complete recovery actions and achieve delisting. ............. 33
	Table 5. Estimated time necessary to complete recovery actions and achieve delisting. ............. 33

	 

	Table 6. Estimated cost for recovery actions necessary to move towards recovery of the Southern Edwards Aquifer springs and associated aquatic ecosystems species. Each action likely includes costs that could not be reasonably estimated at this time. Costs are based on 60-65 years to achieve recovery. .......................................................................................................................... 34
	Table 6. Estimated cost for recovery actions necessary to move towards recovery of the Southern Edwards Aquifer springs and associated aquatic ecosystems species. Each action likely includes costs that could not be reasonably estimated at this time. Costs are based on 60-65 years to achieve recovery. .......................................................................................................................... 34
	Table 6. Estimated cost for recovery actions necessary to move towards recovery of the Southern Edwards Aquifer springs and associated aquatic ecosystems species. Each action likely includes costs that could not be reasonably estimated at this time. Costs are based on 60-65 years to achieve recovery. .......................................................................................................................... 34

	 

	Table 7. Estimated costs for recovery actions, differentiating between ongoing costs and new costs. Costs are based on 60-65 years to achieve recovery. .......................................................... 35
	Table 7. Estimated costs for recovery actions, differentiating between ongoing costs and new costs. Costs are based on 60-65 years to achieve recovery. .......................................................... 35
	Table 7. Estimated costs for recovery actions, differentiating between ongoing costs and new costs. Costs are based on 60-65 years to achieve recovery. .......................................................... 35

	 

	Table 8. Estimated costs for recovery actions, separated by management unit, where applicable. Costs are based on 60-65 years to achieve recovery. .................................................................... 36
	Table 8. Estimated costs for recovery actions, separated by management unit, where applicable. Costs are based on 60-65 years to achieve recovery. .................................................................... 36
	Table 8. Estimated costs for recovery actions, separated by management unit, where applicable. Costs are based on 60-65 years to achieve recovery. .................................................................... 36

	 

	  

	1.0 Introduction 
	This Recovery Plan describes criteria for determining when the southern Edwards Aquifer springs and associated aquatic ecosystem species should be considered for delisting, lists site-specific actions that will be necessary to meet those criteria, and estimates the time and cost to achieve recovery. Additionally, a brief summary of information on the species’ biology and status are included, along with a brief discussion of factors limiting their populations. A detailed discussion of these and other topics 
	The southern Edwards Aquifer springs and associated aquatic ecosystem species are the Comal Springs dryopid beetle (Stygoparnus comalensis), Comal Springs riffle beetle (Heterelmis comalensis), fountain darter (Etheostoma fonticola), Peck’s cave amphipod (Stygobromus pecki), San Marcos salamander (Eurycea nana), Texas blind salamander (Eurycea rathbuni), and Texas wild-rice (Zizania texana). All these species are endangered except for the San Marcos salamander, which is threatened. These species were listed
	The species included in this Recovery Plan are all aquatic and depend on adequate groundwater and/or springflows in the southern segment of the Edwards Aquifer in Comal and Hays counties, Texas (see the SBR for hydrology information (USFWS 2024a, Section 1.1)). Receiving water from the Edwards Aquifer, Comal and San Marcos springs are the largest springs in Texas and host the only known populations of some species included in this plan. A few species have distributions that extend downstream in the Comal Ri
	The location and habitat requirements of each species vary (Section 1.1.1 Management Units, below). The SBR (USFWS 2024a, Sections 1.2-1.8) provides additional background information on these species. The Texas blind salamander occurs in the subsurface of the Edwards Aquifer in the San Marcos area, including some caves and wells (Uhlenhuth 1921, p. 87; Russell 1976, pp. 1-4; Longley 1978, pp. 12-18; Chippindale 2009, pp. 8-11). This salamander is also expelled 
	from springs in Spring Lake (receiving groundwater from the Edwards Aquifer). The San Marcos salamander is found at the headwaters of the San Marcos River and in Spring Lake (Tupa and Davis 1976, p. 191; Nelson 1993, pp. 19-20; Diaz et al. 2015, p. 317) and relies on interstitial spaces and vegetation for habitat (Diaz et al. 2015, pp. 307, 316).  
	The fountain darter and Texas wild-rice occur further downstream from the springs than the other species, with both species historically occurring throughout the upper San Marcos River (Jordan and Gilbert 1886, pp. 21-23 USFWS 2019, entire, BIO-WEST, Inc. 2023, p. 27). Texas wild-rice relies on cool, clear springwater for photosynthesis and establishes better in gravel and sand substrates overlying Crawford black silt and clay (Vaughan 1986, p. 17; Poole and Bowles 1999, entire; Saunders et al. 2001, p. 24)
	The Comal Springs dryopid beetle occurs in springs, associated streams, and saturated subterranean pore spaces, including wells and springs at Landa Lake (an impoundment of the Comal River), in the New Braunfels, San Marcos, and Wimberley, Texas areas, all within the Edwards Aquifer (Barr and Spangler 1992, p. 41; Barr 1993, pp. 31, 53-55; BIO-WEST, Inc. 2004, p. 34; Fries et al. 2004, pp. 9, 14-15; Gibson et al. 2008, pp. 76-77; Kosnicki and Julius 2019a, p. 3). Peck’s cave amphipod occurs in springs, asso
	Primary threats to the seven species are the loss of groundwater and/or springflows and decreases in suitable habitat due to drawdown of the Edwards Aquifer (see SBR, USFWS 2024a, Section 2.1.1). These species are also sensitive to declines in water quality (see SBR, USFWS 2024a, Section 2.1.2). Metropolitan areas and smaller municipalities along the eastern extent of the southern segment of the Edwards Aquifer are experiencing rapid human population growth and urban development that is expected to affect g
	1.1 Recovery Strategy 
	The recovery strategy provides a concise overview of the envisioned recovered state for the southern Edwards Aquifer springs and associated aquatic ecosystems species, describes the USFWS’s chosen approach to achieve it, and includes the rationale for why the approach was chosen. Specifically, the recovery strategy articulates how the plan’s statutory elements (recovery criteria, recovery actions, and estimates of time and cost) will work together to achieve the southern Edwards Aquifer springs and associat
	Each species in this plan has naturally low redundancy of one to three populations in its historical range, as described in the SBR (USFWS 2024a, Section 1.0). Redundancy is the ability of the species to withstand catastrophic events. The species also have naturally low representation from occurring exclusively in ecosystems in the Edwards Aquifer. Each of these species is dependent on water and environmental conditions specific to the Edwards Aquifer. Representation is the ability of the species to adapt t
	Protecting and restoring the spring and spring-fed ecosystems throughout each species’ range from ongoing threats. These threats include losses in water quality and water quantity, nonnative species, disease and parasites, and habitat disturbance, both now and into the future. Efforts to ensure population resiliency and reduce exposure to stressors will include: 
	1)
	1)
	1)
	 Monitoring population resiliency, ongoing effects of threats to resiliency, and effectiveness of conservation management actions; 

	2)
	2)
	 Using captive refugia to increase redundancy and protect against catastrophic events; and 

	3)
	3)
	 Collaborating with partners and engaging with the public to achieve conservation goals in balance with community needs. 


	1.1.1 Management Units 
	The range of these species has been classified into four management units (Table 1; Figures 1-5). These geographically distinct management units are not regulatory in nature; the boundaries of these management units do not identify individual properties that require protection but are described solely to facilitate recovery and management decisions. Management Units do not represent distinct population segments. The Management Units represent both the potential extent of habitat within the species’ ranges a
	actions (Section 2.0) should take place that will eliminate or ameliorate threats. Management Units are individually necessary to conserve genetic distinctiveness, demographic robustness, important life history stages, or other features necessary for the long-term sustainability of the species. All Management Units where a species is present must be recovered to achieve recovery of that species. 
	Comal Ecosystem Management Unit 
	The Comal Ecosystem Management Unit includes multiple springs that together are called Comal Springs, as well as associated spring runs, Landa Lake, the Comal River, Panther Canyon well, and saturated subterranean pore spaces in designated critical habitat (78 FR 63100) (Figure 2). See the SBR for more details on the hydrology of and threats to this ecosystem, and on the habitat distribution of individual species within the management unit (USFWS 2024a, entire). 
	San Marcos Ecosystem Management Unit 
	The San Marcos Ecosystem Management Unit includes multiple springs that together are called San Marcos Springs, Spring Lake, the upper San Marcos River from the headwaters until the confluence with the Blanco River, subsurface habitat including private caves and wells that intersect the Edwards Aquifer in the San Marcos area, and Sessom Springs (Figure 3). See the SBR for more details on the hydrology of and threats to this ecosystem, and on the habitat distribution of individual species within the manageme
	Hueco Ecosystem Management Unit 
	The Hueco Ecosystem Management Unit includes multiple springs that together are called Hueco Springs, including downstream upwellings and side seeps (also referred to as satellite springs), and saturated subterranean pore spaces in designated critical habitat (78 FR 63100) (Figure 4). See the SBR for more details on the hydrology of and threats to this ecosystem, and on the habitat distribution of individual species within the management unit (USFWS 2024a, entire). 
	Fern Bank Ecosystem Management Unit 
	The Fern Bank Ecosystem Management Unit includes multiple springs that together are called Fern Bank Springs and saturated subterranean pore spaces in designated critical habitat (78 FR 63100) (Figure 5). However, additional features on the site, such as the cave and cave stream, are not included because the species within this Recovery Plan are not known to inhabit these areas (78 FR 63100). See the SBR for more details on the hydrology of and threats to this ecosystem, and on the habitat distribution of i
	Table 1. Management unit occupancy for each species from the southern Edwards Aquifer springs and associated aquatic ecosystems. 
	Species 
	Species 
	Species 
	Species 
	Species 

	Management Unit Occupancy 
	Management Unit Occupancy 



	Comal Springs dryopid beetle 
	Comal Springs dryopid beetle 
	Comal Springs dryopid beetle 
	Comal Springs dryopid beetle 

	San Marcos, Comal, and Fern Bank Ecosystems 
	San Marcos, Comal, and Fern Bank Ecosystems 


	Comal Springs riffle beetle 
	Comal Springs riffle beetle 
	Comal Springs riffle beetle 

	San Marcos and Comal Ecosystems  
	San Marcos and Comal Ecosystems  


	Fountain darter 
	Fountain darter 
	Fountain darter 

	San Marcos and Comal Ecosystems 
	San Marcos and Comal Ecosystems 


	Peck’s cave amphipod 
	Peck’s cave amphipod 
	Peck’s cave amphipod 

	Comal and Hueco Ecosystems 
	Comal and Hueco Ecosystems 


	San Marcos salamander 
	San Marcos salamander 
	San Marcos salamander 

	San Marcos Ecosystem 
	San Marcos Ecosystem 


	Texas blind salamander 
	Texas blind salamander 
	Texas blind salamander 

	San Marcos Ecosystem 
	San Marcos Ecosystem 


	Texas wild-rice 
	Texas wild-rice 
	Texas wild-rice 

	San Marcos Ecosystem 
	San Marcos Ecosystem 




	 
	Figure
	Figure 1. The four management units (Comal, San Marcos, Hueco, and Fern Bank ecosystems) for the southern Edwards Aquifer springs and associated aquatic ecosystems species in Comal and Hays counties, Texas. 
	 
	Figure
	Figure 2. Map of the Comal Ecosystem Management Unit showing the Comal Springs ecosystem, the Comal River, and designated critical habitat surrounding Landa Lake in Comal County, Texas. Numbers on map indicate spring run locations referenced in this Recovery Plan. 
	 
	Figure
	Figure 3. Map of the San Marcos Ecosystem Management Unit. The dotted outline encompasses subsurface habitat including private caves and wells that intersect the Edwards Aquifer in the San Marcos area. 
	 
	Figure
	Figure 4. Map of the Hueco Ecosystem Management Unit showing the two major spring outlets at Hueco Springs and designated critical habitat adjacent to the Guadalupe River in Comal County, Texas. 
	 
	Figure
	Figure 5. Map of the Fern Bank Ecosystem Management Unit showing the main spring outlet of Fern Bank Springs and subsurface designated critical habitat adjacent to the Blanco River in Hays County, Texas. 
	  
	2.0 Criteria 
	Recovery criteria are statutorily required objective, measurable descriptions of a recovered state for threatened and endangered species, as described in 4(f)(1)(b)(ii) of the ESA. Recovery criteria describe the conditions of resiliency, redundancy, representation, and threat abatement that indicate when southern Edwards Aquifer springs and associated aquatic ecosystem species may no longer meet the ESA definitions of an endangered species or threatened species. Recovery criteria present our best estimate o
	All the species included in this plan, except for the San Marcos salamander, are currently endangered species; accordingly, this Recovery Plan includes both downlisting and delisting criteria. While the downlisting criteria do not apply to the San Marcos salamander, this species will also benefit from progress on the downlisting criteria. The species addressed in this recovery plan may be considered for downlisting and delisting when the following criteria have been met. Downlisting and delisting criteria a
	  
	2.1 Downlisting Criteria 
	The following are objective, measurable criteria, which, when met, would result in a determination that the Comal Springs dryopid beetle, Comal Springs riffle beetle, fountain darter, Peck’s cave amphipod, Texas blind salamander, and Texas wild-rice could be considered for reclassification as threatened species. The San Marcos salamander is currently a threatened species; therefore, the downlisting criteria do not apply to this species. A detailed analysis of threats and summary of the threats to the seven 
	1.
	1.
	1.
	 All populations of each species, in all management units where the species is present, maintain sufficient resiliency for 18 consecutive years.  


	For surface species (fountain darter, Comal Springs riffle beetle, and Texas wild-rice), sufficient resiliency will be achieved when:  
	a.
	a.
	a.
	 Populations do not trend toward a decline and do return to the cumulative mean after short-term fluctuations; 

	b.
	b.
	 Populations do not fluctuate below the cumulative mean of non-drought years (defined as the mean of previous years that Comal or San Marcos springs did not decrease below 100 cubic feet per second) by more than 10% in a given year; 

	c.
	c.
	 Populations do not decline from the cumulative mean of non-drought years more than 25% during drought years when Comal or San Marcos springs decreases below 100 cubic feet per second; and  

	d.
	d.
	 Populations do not decline from the cumulative mean of non-drought years more than 50% during a repeat of the drought of record (defined here as a three-year period when aquifer recharge was at its lowest recorded level of 397,800 acre-feet total for 1954-1956). 


	Methods used for animal species (fountain darter, Comal Springs riffle beetle) should estimate population size (based on, e.g., capture-recapture, depletion) rather than using counts of individuals as a surrogate to estimate population. 
	For subsurface species (Comal Springs dryopid beetle, Peck’s cave amphipod, and Texas blind salamander), sufficient resiliency is achieved when: surface species have also achieved sufficient resiliency, subsurface species are observed biannually from known spring outflows during nondrought conditions, and subsurface species are observed in accessible subsurface habitat (e.g., caves, wells) during all springflows when wet. 
	2.
	2.
	2.
	 All species: Habitat is restored and maintained within each management unit in the areas described below (see the SBR for additional information on habitat within each management unit; USFWS 2024a, Section 1.0). The habitat restoration should achieve a level that supports resilient populations as described in Downlisting Criterion 1. This initiative should include restoration of terrestrial riparian areas aimed at minimizing runoff into adjacent aquatic habitat for the benefit of all species, while also pr


	a more natural 
	a more natural 
	a more natural 
	ecosystem condition (e.g., impoundment removal, dechannelization, natural substrate) instead of leading to a more unnatural ecosystem. While it is expected that habitat may change during droughts and floods (e.g., siltation during low flows, loss of substrate or vegetation), the habitat management plan described in Downlisting Criterion 3 should restore habitat in the locations described here. After completion, the habitat restoration should be maintained for at least 18 years.  


	Comal Ecosystem: 
	•
	•
	•
	 Comal Springs dryopid beetle: Spring runs 1 through 5 and 7, western shoreline, and spring island. These areas maintain the primary constituent elements that were identified in the rule designating critical habitat (78 FR 63100). Panther Canyon well remains undisturbed. 

	•
	•
	 Comal Springs riffle beetle: Spring runs 1 through 3, western shoreline, and spring island. These areas maintain the primary constituent elements that were identified in the rule designating critical habitat (78 FR 63100). 

	•
	•
	 Fountain darter: At least 100,000 square meters (10 hectares [24.7 acres]) of native submerged aquatic vegetation when flows are above 100 cubic feet per second (cfs) (2.8 cubic meters per second [m3/s]), with a diversity of species that are demonstrated to provide fountain darter habitat (see SBR, USFWS 2024a, Section 1.5.3). Vegetation should be distributed through Landa Lake, spring runs, and the old and new channel.  

	•
	•
	 Peck’s cave amphipod: Spring runs 1 through 4 and 7, western shoreline, and spring island. These areas maintain the primary constituent elements that were identified in the rule designating critical habitat (78 FR 63100). Panther Canyon well remains undisturbed. 


	San Marcos Ecosystem:  
	•
	•
	•
	 Comal Springs dryopid beetle: Sessom Springs area. This area maintains the primary constituent elements that were identified in the rule designating critical habitat (78 FR 63100). 

	•
	•
	 Comal Springs riffle beetle: Hotel area (see Figure 3). This area maintains the primary constituent elements that were identified in the rule designating critical habitat (78 FR 63100). 

	•
	•
	 Fountain darter: At least 40,000 square meters (4 hectares [9.9 acres]) of native submerged aquatic vegetation in the Upper San Marcos River (not including Spring Lake) when flows are above 2.3 m3/s (80 cfs), with a diversity of native species that are demonstrated to provide fountain darter habitat (see SBR, USFWS 2024a, Section 1.5.3). This amount of vegetation is in addition to any Texas wild-rice in the river. Abundant vegetation also continues to exist in Spring Lake for fountain darters. Vegetation s


	•
	•
	•
	 Texas blind salamander: Cave habitat remains unmodified and undisturbed. 

	•
	•
	 Texas wild-rice: At least 20,000 square meters (2 hectares [4.9 acres]) of Texas wild-rice is maintained in the upper San Marcos River, including areas that are shallow enough to allow for natural seeding. Texas wild-rice should be distributed through the Upper San Marcos River to the City of San Marcos wastewater treatment plant outfall. 


	Hueco Ecosystem: 
	•
	•
	•
	 Peck’s cave amphipod: Designated surface critical habitat maintains the primary constituent elements that were identified in the rule designating critical habitat (78 FR 63100). If this site becomes accessible, habitat should be evaluated to assess the potential need for additional restoration and management.  


	Fern Bank Ecosystem: 
	•
	•
	•
	 Comal Springs dryopid beetle: Designated surface critical habitat maintains the primary constituent elements that were identified in the rule designating critical habitat (78 FR 63100). If this site becomes accessible, habitat should be evaluated to assess the potential need for additional restoration and management. 

	3.
	3.
	 All species: There is a habitat management plan that is fully implemented and focuses on habitat restoration and reducing habitat degradation for all waters and lands associated with management units to ensure that habitat continues to sustain resilient populations of each species. The habitat management plan should address how habitat will be managed when the needs of different listed species conflict, along with management of threats to habitat, including recreation, runoff, drought, floods, and harmful 

	4.
	4.
	 All species: The daily average discharge during the 18-year period in the Comal River exceeds 6.4 m3/s (225 cfs) including the drought of record, and the minimum daily average flow is not less than 0.9 m3/s (30 cfs). In the San Marcos River, the daily average discharge during the 18-year period exceeds 140 cfs (4 m3/s) including the drought of record, and the minimum daily average flow is not less than 1.3 m3/s (45 cfs). The duration of minimum daily average flows in both rivers must not exceed six months 


	 
	Hueco Springs is located close to Comal Springs and Hueco Springs shows a similar flow pattern to Comal Springs during droughts based on U.S. Geological Survey gages (Hueco Springs gage 0816800 and Comal Springs gage 08168710). Therefore, Comal Springs will be used as a surrogate for the Hueco Springs flows needed. For Fern Bank Springs, more information will need to be gathered to evaluate the water quantity that is adequate for recovery. A groundwater management plan or equivalent conservation agreement s
	ensure adequate water quantity that is fully implemented for a minimum of 18 years. It is possible that future habitat restoration or management may be able to reduce the flows necessary to maintain adequate habitat, in which case these flow thresholds should be reevaluated. 
	5.
	5.
	5.
	 All species: Water quality consistently meets or exceeds established Environmental Protection Agency (EPA) numeric criteria for protection of aquatic life throughout the areas where the species are present (EPA 2022, unpaginated). Water temperature in surface habitat does not exceed 25°C (77°F) near springs (areas within spring runs, Spring Lake, the main spring outlets at Sessom, Landa Lake, Spring Island, Panther Canyon well, Hueco Springs, and Fern Bank Springs), other surface habitat does not exceed th

	6.
	6.
	 All species: A self-sustaining refugia population in captivity is capable of maintaining at least 90% of the genetic diversity from the wild for 10 years without collections, as determined by population genetic modeling and a population with lambda of 0.95 or greater. This captive population may be used for population reintroduction and augmentations, or emergency refugia in case of catastrophic loss in the wild. This minimum target captive population size should be 500 individuals unless new science indic

	7.
	7.
	 Fountain darter and Texas blind salamander: Disease and parasites do not negatively affect the resiliency of (defined as no more than 20% of individuals sampled) any wild population for 10 years. 


	  
	2.2 Delisting Criteria 
	A delisting decision will involve evaluating the five statutory factors (i.e., threats), which were also evaluated when the species were listed, as specified in section 4(a)(1) of the ESA. The following delisting criteria address the threats in the listing rule and reflect our best assessment of what needs to be achieved based on our current understanding of the species and its environment. Circumstances can change in unpredictable ways, so it is not a requirement for delisting that all criteria be met. For
	The following are objective, measurable criteria which, when met, could result in a determination that the Comal Springs dryopid beetle, Comal Springs riffle beetle, fountain darter, Peck’s cave amphipod, San Marcos salamander, Texas blind salamander, and Texas wild-rice be removed from the Threatened and Endangered species list: 
	1.
	1.
	1.
	 All species: All populations maintain resiliency for 45 consecutive years and are expected to maintain resiliency in the future. Populations will be considered resilient when they meet the definition described in Downlisting Criterion 1 above. For the San Marcos salamander, the criterion for surface species should be followed. 

	2.
	2.
	 All species: Habitat can sustain resilient populations and is restored as described above in Downlisting Criterion 2, maintained for at least 45 years, and anticipated to remain restored in perpetuity due to the actions of the habitat management plan described in Downlisting Criterion 3. Habitat for the San Marcos salamander is not included in Downlisting Criterion 2 and should meet the criteria provided for all species, as well the following for the San Marcos ecosystem: Approximately 6000 square meters (

	3.
	3.
	 All species: Future habitat degradation is prevented through a habitat management plan as described above in Downlisting Criterion 3. The habitat management plan will be fully implemented for at least 45 years and anticipated to continue in perpetuity. 

	4.
	4.
	 All species: The flows in Downlisting Criterion 4 are achieved for 45 years. Flows are expected to continue in perpetuity through actions of a fully implemented water management plan. 


	5.
	5.
	5.
	 All species: Groundwater quality in Downlisting Criterion 5 is achieved for 45 years and there is no indication that water quality is degrading over time, as determined by increasing trends in nutrients, conductivity, or contaminants. 

	6.
	6.
	 All species: Captive populations continue to be maintained as described in Downlisting Criterion 6. This will continue until the five years of post-delisting monitoring is completed. 

	7.
	7.
	 Fountain darter, San Marcos salamander, Texas blind salamander: Disease and parasites do not affect the resiliency of any wild population for 45 years as defined in Downlisting Criterion 7 and are not anticipated to for the foreseeable future. 


	2.3 Justification for Criteria 
	Justification for timeframe to downlisting and delisting: Drought can affect the success of most of the criteria. Therefore, multiple droughts should occur prior to downlisting and delisting the species to ensure that the criteria continue to be met in these conditions. These timeframes were established by evaluating the amount of time between droughts at Comal Springs. Comal Springs was used because it has more data available than Hueco Springs and Fern Bank Springs. While data exists for San Marcos Spring
	Severe droughts will provide better information for how the species habitat and water quality respond to low flows than less severe droughts, as severe droughts have more negative effects to the species. Since 1950, the median amount of time between droughts that caused flows to decrease below 2.83 m3/s (100 cfs) at Comal Springs was nine years, with a range of 5-18 years. Thus, for most of the criteria (downlisting criteria 1-5 and delisting criteria 1-5), 18 years was established as the minimum amount of 
	Justification for resilient populations: The existence of resilient populations allows a species to better withstand and recover from environmental variability and stochastic perturbations relative to populations that are not resilient. Because there is natural low redundancy (i.e., few populations) for each of these species, it is important that all populations are resilient to reduce the extinction risk and improve the species’ long-term viability. Species viability is further discussed in the SBR (USFWS 
	Further investigation is required to address these complexities and enhance the accuracy of population assessments for this species. For subsurface populations that cannot be easily quantified by monitoring, it is unlikely that accurate population estimates can be obtained. However, surface populations of other species may be used as surrogates because all the species within this plan share the primary threats of water quantity and water quality. It is expected that Fern Bank and Hueco springs will not flow
	Justification for habitat and habitat management: Resilient populations are dependent on the quality and quantity of habitat present in the management units. The habitat used by each species is described further in the SBR (USFWS 2024a, Section 1). The amount and areas of habitat included are areas where the species are already known to occur and in amounts that are already demonstrated to be possible from previous studies. The habitat at Comal and San Marcos Management Units requires ongoing management due
	For fountain darters, the amount of total vegetation for the Comal River and Upper San Marcos River (excluding Spring Lake) aligns with estimates from the 1990s (Linam 1993, p. 12; Linam et al. 1993, p. 345). For the Upper San Marcos River, this was extrapolated from the proportion of transects without vegetation (561/1812) for a river of 102,000 square meters (10.2 hectares [25.2 acres]) to estimate approximately 70,420 square meters (70.4 hectares [174 acres]) of vegetation in the 1990s. However, the amou
	For San Marcos salamanders, 6,000 square meters (0.6 hectares [1.5 acres]) of habitat aligns with what was found by previous studies (Diaz et al. 2015, p. 317). Although this is a small portion of the designated critical habitat, Spring Lake is larger than the area would be naturally because of the impoundment, and it is unlikely that the impoundment increases salamander habitat. It is important for surface habitat to connect to the subsurface habitat to allow salamanders to move between the surface and sub
	Justification for water quantity and water management plan: Natural spring and subsurface groundwater flows capable of supporting resilient populations are critical to the survival of these species. The species included in this plan are dependent on groundwater from the aquifer. Groundwater pumping, in concert with climate change-driven aridity (i.e., increased drought conditions), will continue to be a threat to these species into the future. Groundwater pumping along with decreased aquifer recharge could 
	Justification for water quality: Adequate water quality is critical to the survival of these species. No alternative sites exist for these species to occupy (i.e., the species naturally have low redundancy). It is critical that groundwater, spring water, and surface water of an adequate quality be maintained to enable persistence of these species. Water quality is further discussed as a threat to these species in the SBR (2024a, Section 2.1.2). EPA numeric criteria are used because specific thresholds are n
	has been shown to decrease prey items consumed by fountain darters in lab experiments (Swanbrow Becker et al. 2016, entire) and impairs the ability of fountain darters to detect and respond to predators in lab experiments (Swanbrow Becker and Gabor 2012, p. 117). Temperature and conductivity have historically been relatively constant in the groundwater (EAA 2022, pp. 27-28), and changes in temperature may not be tolerated by these species. Low springflows during droughts increase fluctuations in surface wat
	Justification for captive populations: Until threats to these species are ameliorated, extirpations or extinctions from the wild are possible due to stochastic or catastrophic events. Maintaining captive refugia of sufficient size to reestablish wild populations helps ensure that reintroduction after extirpation is possible. Maintaining genetic diversity for an extended period of time without collections from the wild is important in case reintroduction could not occur quickly after extirpation. Because the
	For the three invertebrate species, each population exhibits a high degree of genetic structure, with no evidence of contemporary gene flow, and significant differentiation between management units (see SBR, USFWS 2024a, Section 1.2.1, 1.3.2, and 1.4.2). Representatives from each management unit should be maintained in captivity separately to safeguard genetic diversity (i.e., evolutionarily significant units). The fountain darter population in the Comal River is derived from the San Marcos River and would 
	Justification for disease and parasites: Population resiliency is further degraded by the presence of diseases within a habitat. Habitat management plans will need to be updated to respond accordingly to changes in severity and diversity of disease threats. Currently, salamanders may contract microsporidia and chytrid (Batrachochytrium dendrobatidis). There is a potential future threat of another chytrid, B. salamandrivorans, that could impact salamanders. Fountain darters may be infected by nonnative gill 
	Table 2. Droughts resulting in monthly mean flows below 2.83 m3/s (100 cfs) at Comal Springs. 
	Dates 
	Dates 
	Dates 
	Dates 
	Dates 

	Duration of Low Flows (months) 
	Duration of Low Flows (months) 

	Minimum Monthly Flow (m3/s [cfs]) 
	Minimum Monthly Flow (m3/s [cfs]) 



	08/1954-03/1957 
	08/1954-03/1957 
	08/1954-03/1957 
	08/1954-03/1957 

	23 
	23 

	0 (0) 
	0 (0) 


	07/1967-08/1967 
	07/1967-08/1967 
	07/1967-08/1967 

	2 
	2 

	2.23 (78.7) 
	2.23 (78.7) 


	05/1984-09/1984 
	05/1984-09/1984 
	05/1984-09/1984 

	5 
	5 

	0.93 (32.8) 
	0.93 (32.8) 


	07/1989-10/1989 
	07/1989-10/1989 
	07/1989-10/1989 

	4 
	4 

	2.14 (75.4) 
	2.14 (75.4) 


	07/1996-08/1996 
	07/1996-08/1996 
	07/1996-08/1996 

	2 
	2 

	2.59 (91.5) 
	2.59 (91.5) 


	08/2014-10/2014 
	08/2014-10/2014 
	08/2014-10/2014 

	3 
	3 

	2.09 (73.9) 
	2.09 (73.9) 


	10/2022-10/2023 
	10/2022-10/2023 
	10/2022-10/2023 

	5 
	5 

	1.82(64.3) 
	1.82(64.3) 




	Table 3. Downlisting and delisting criteria by species. The San Marcos salamander is threatened and does not have downlisting criteria. 
	Criteria 
	Criteria 
	Criteria 
	Criteria 
	Criteria 

	Comal Springs riffle beetle 
	Comal Springs riffle beetle 

	Comal Springs dryopid beetle 
	Comal Springs dryopid beetle 

	Fountain darter 
	Fountain darter 

	Peck’s cave amphipod 
	Peck’s cave amphipod 

	San Marcos salamander 
	San Marcos salamander 

	Texas blind salamander 
	Texas blind salamander 

	Texas wild-rice 
	Texas wild-rice 



	Downlisting 1-6 
	Downlisting 1-6 
	Downlisting 1-6 
	Downlisting 1-6 

	X 
	X 

	X 
	X 

	X 
	X 

	X 
	X 

	 
	 

	X 
	X 

	X 
	X 


	Downlisting 7 
	Downlisting 7 
	Downlisting 7 

	 
	 

	 
	 

	X 
	X 

	 
	 

	 
	 

	X 
	X 

	 
	 


	Delisting 1-6 
	Delisting 1-6 
	Delisting 1-6 

	X 
	X 

	X 
	X 

	X 
	X 

	X 
	X 

	X 
	X 

	X 
	X 

	X 
	X 


	Delisting 7 
	Delisting 7 
	Delisting 7 

	 
	 

	 
	 

	X 
	X 

	 
	 

	X 
	X 

	X 
	X 

	 
	 




	3.0 Recovery Actions 
	Recovery actions are the statutorily required, site-specific management actions needed to achieve recovery criteria, as described in section 4(f)(1)(B)(i) of the ESA. The USFWS assigns recovery action priority numbers (1-3) to rank recovery actions. The assignment of priorities does not imply that some recovery actions are of low importance, but instead implies that lower priority items may be deferred while higher priority items are being implemented. Recovery action priority numbers are based on the follo
	Priorities for recovery actions are assigned using the following guidelines:  
	Priority 1: An action that must be taken to prevent extinction or to prevent the species from declining irreversibly in the foreseeable future.  
	Priority 2: An action that must be taken to prevent a substantial decline in species population/habitat quality or some other substantial negative effect short of extinction.  
	Priority 3: All other actions necessary to meet the recovery objectives. The assignment of these priorities does not imply that some recovery actions are of low importance, but instead implies that lower priority items may be deferred while higher priority items are being implemented. 
	Implementation of the recovery actions will involve participation from State and Federal agencies, non-federal landowners, non-governmental organizations, academia, and the public. The on-the-ground activities or specific tasks associated with each action will be included in a separate RIS (USFWS 2024b, entire). The RIS is intended to be an adaptable operational plan stepped down from the recovery actions. We intend to update specific activities in the RIS with our conservation partners to design tasks that
	As stated in the Disclaimer, Recovery Plans are advisory documents, not regulatory documents. A recovery plan does not commit any entity to implementing the recommended strategies or actions contained within it for a particular species, but rather provides guidance for ameliorating threats (Table 4) and implementing proactive conservation measures, as well as providing context for implementation of other sections of the ESA, such as section 7(a)(2) consultations on Federal agency actions, development of Hab
	Recovery Action 1. Ensure Adequate Water Quantity and Quality within the Southern Edwards Aquifer and Management Units. Priority 1.  
	This action will include the protection of groundwater quantity and quality that would improve or protect habitat quality for each of the management units. Conservation water management agreements, groundwater management plans, or equivalent, will be developed, implemented, and fulfilled to ensure adequate surface and groundwater to maintain springflow and water quality at each of the management units. Evaluate if additional land in the recharge and contributing zone should be protected to maintain groundwa
	should also be implemented to protect water quality. Monitoring should evaluate the effectiveness of different water quality and quantity protections.  
	Recovery Action 2. Protect and Restore Habitat in Waters and on Lands Within and Adjacent to the Management Units. Priority 1. 
	Habitat within the management units, including springs, caves, subsurface habitat, streams, and riparian zones, should be restored and protected for each species. Adequate buffers of natural vegetation should be maintained around the aquatic habitats to support and maintain ecological integrity. Protections may include, but are not limited to, land management activities, ordinances, land acquisition from willing sellers, long-term conservation agreements, and habitat management plans. The plans should addre
	Recovery Action 3: Establish and Implement Captive Refugia Populations with a Captive Population Management Plan and Reintroduction Plan. Priority 1 for San Marcos salamander, Texas blind salamander, Texas wild-rice; Priority 2 for Comal Springs riffle beetle, Comal Springs dryopid beetle, Peck’s cave amphipod, fountain darter.  
	Until the threats to these species are ameliorated, extinction from the wild is possible due to stochastic or catastrophic events. Populations of these species should be maintained in captive refugia as a means of preventing extinction in case of such events. The captive management plan and reintroduction plan should account for situations in which species cannot be reintroduced immediately, and where several reintroduction attempts may be necessary. This will likely require genetic management and captive p
	Recovery Action 4: Promote Edwards Aquifer Species Conservation and Recovery through Outreach, Education, and Cooperation. Priority 3. 
	Proactive outreach and education will be achieved by management agencies and partners to the local communities through events, workshops, and social media. Outreach efforts should use strategies to seek out broad participation, including by those who may not pursue conservation-focused events. Incentives and education should be offered to private landowners, land managers, and businesses to encourage active cooperation needed to aid the recovery of these species. Working with landowners adjacent to habitat 
	Recovery Action 5: Establish and Implement Effective Disease and Parasite Protocols. Priority 2. 
	This recovery action is specific to the fountain darter, San Marcos salamander, and Texas blind salamander. Effective protocols to control and eliminate diseases and parasites that affect population resiliency should be created and implemented. An array of protocols may be 
	necessary for captive refugia compared to wild populations. Monitoring of diseases and parasites will be necessary to assess whether protocols are effective. This recovery action is rated Priority 2 because diseases and parasites are currently not primary threats to population resiliency. This action should be considered as Priority 1 if the effects of diseases or parasites increase and degrade population resiliency.  
	Recovery Action 6. Monitor Progress Toward Criteria within the Management Units: Priority 3. 
	This action would implement formal monitoring plans that provide information needed to evaluate species status and trends. Monitoring will further facilitate the assessment of climate change impacts on species and their habitats as well as efficacy of habitat restoration efforts. Specific associated activities will be described in the RIS. Monitoring should continue for five years after delisting, as required by the 1988 amendments to the ESA.  
	Table 4. Needs and threats to address for Edwards Aquifer species, recovery actions that will address threats, and the criteria to which the actions contribute. Endangered Species Act (ESA) listing factor abbreviations described below are habitat loss and degradation (A), disease or predation (C), inadequacy of existing regulatory mechanisms (D), and other natural or manmade factors affecting the species continued existence (E). The listing factor for the over-utilization of the species for commercial, recr
	Threat or Need 
	Threat or Need 
	Threat or Need 
	Threat or Need 
	Threat or Need 

	ESA Listing Factor 
	ESA Listing Factor 

	Downlisting Criteria 
	Downlisting Criteria 

	Delisting Criteria 
	Delisting Criteria 

	Recovery Action 
	Recovery Action 



	Water Quantity 
	Water Quantity 
	Water Quantity 
	Water Quantity 

	A, D, E 
	A, D, E 

	4 
	4 

	4 
	4 

	1, 4, 6 
	1, 4, 6 


	Water Quality 
	Water Quality 
	Water Quality 

	A, D, E 
	A, D, E 

	5 
	5 

	5 
	5 

	1, 4, 6 
	1, 4, 6 


	Habitat Quality 
	Habitat Quality 
	Habitat Quality 

	A, D, E 
	A, D, E 

	2, 3 
	2, 3 

	2, 3 
	2, 3 

	1, 2, 4, 6 
	1, 2, 4, 6 


	Captive Refugia/ Redundancy 
	Captive Refugia/ Redundancy 
	Captive Refugia/ Redundancy 

	n/a 
	n/a 

	6 
	6 

	6 
	6 

	3 
	3 


	Disease and Parasites 
	Disease and Parasites 
	Disease and Parasites 

	C 
	C 

	7 
	7 

	7 
	7 

	5, 6 
	5, 6 


	Resiliency 
	Resiliency 
	Resiliency 

	n/a 
	n/a 

	1 
	1 

	1 
	1 

	1, 2, 4, 5, 6 
	1, 2, 4, 5, 6 




	 
	4.0 Time and Cost Estimates 
	Estimates of time and cost, as defined in section  of the ESA, must reflect, to the maximum extent practicable, the total amount of time and costs it will take to achieve the recovery (delisting) of the Edwards Aquifer springs and associated aquatic ecosystems species. The cost estimates provided do not account for possible future inflation.  
	4(f)(1)(B)(iii)
	4(f)(1)(B)(iii)


	Estimated costs include only project-specific contract, staff, or operations costs in excess of base budgets. They do not include budgeted amounts that support ongoing agency staff responsibilities. This recovery plan does not commit the USFWS or any partners to carry out a particular recovery action or expend the estimated funds. 
	We expect the status of these species to improve in such a way that we may downlist to threatened status in approximately 33-38 years (Table 5), following the adoption of this recovery plan, and cost approximately $313,275,000. This estimate excludes specific costs for the San Marcos salamander, a threatened species. Where possible, species-specific costs have been deducted. However, in cases where only aggregate costs for captive refugia management and monitoring were provided, these costs have been distri
	We estimate that the full implementation of the Recovery Actions would improve the status of the Edwards Aquifer springs and associated aquatic ecosystems such that species could be delisted within 60-65 years (Table 5), following the adoption of this recovery plan, for a total of approximately $533,265,000 (including $313,275,000 to downlisting plus an additional $219,990,000; Table 6). This time estimate includes up to 20 years to complete the Recovery Actions that are not ongoing until recovery, and 45 y
	While most recovery actions are anticipated to take the same amount of time for each species, Recovery Actions 2 and 3 will vary by species. While Recovery Action 2 could be complete within 10 years if initiated immediately, Fern Bank and Hueco springs are privately owned and are not immediately accessible to implement Recovery Action 2. Therefore, we assume these sites could be accessed within 10 years if outreach and cooperation with private landowners is successful. This delay extends the time of recover
	Recovery Action 3 also varies by species based on the current status of captive breeding for the species. There is more work that is needed for successfully creating self-sustaining populations of the Comal Springs riffle beetle, Comal Springs dryopid beetle, and Peck’s cave amphipod than there is for the other species. Thus, the time estimate for completing this action is 15 years for the invertebrates and 10 years for other species. However, this does not change the overall timeline to recovery because th
	The cost estimates are further broken down through comparisons of ongoing and new costs (Table 7) and by Management Unit (Table 8). Ongoing costs encompass existing financial commitments allocated through established partnerships or funding arrangements, contributing to ongoing species recovery efforts through ongoing projects or initiatives. In contrast, new costs include expenses required for implementing recovery actions or initiating new projects not covered by existing funding. These expenditures would
	Table 5. Estimated time necessary to complete recovery actions and achieve delisting.  
	Recovery Action 
	Recovery Action 
	Recovery Action 
	Recovery Action 
	Recovery Action 

	Time to Complete Action 
	Time to Complete Action 

	Implementation Time Needed 
	Implementation Time Needed 

	Total Time 
	Total Time 



	1.
	1.
	1.
	1.
	1.
	1.
	 Ensure Adequate Water Quantity and Quality within the Southern Edwards Aquifer and Management Units 



	15 years 
	15 years 

	18 years downlisting, 45 years delisting 
	18 years downlisting, 45 years delisting 

	60 years 
	60 years 


	2.
	2.
	2.
	2.
	2.
	 Protect and Restore Habitat in Waters and on Lands Within and Adjacent to the Management Units 



	10-20 years, varies by species 
	10-20 years, varies by species 

	18 years downlisting, 45 years delisting 
	18 years downlisting, 45 years delisting 

	55-65 years 
	55-65 years 


	3.
	3.
	3.
	3.
	3.
	 Establish and Implement Captive Refugia Populations with a Captive Population Management Plan and Reintroduction Plan 



	10-15 years, varies by species 
	10-15 years, varies by species 

	10 years downlisting, continue until 5 years post-delisting 
	10 years downlisting, continue until 5 years post-delisting 

	Does not affect recovery timeline, continue until 5 years post delisting 
	Does not affect recovery timeline, continue until 5 years post delisting 


	4.
	4.
	4.
	4.
	4.
	 Promote Edwards Aquifer Species Conservation and Recovery through Outreach, Education, and Cooperation 



	Ongoing until delisting and does not affect the overall timeline 
	Ongoing until delisting and does not affect the overall timeline 

	n/a 
	n/a 

	n/a 
	n/a 


	5.
	5.
	5.
	5.
	5.
	 Establish and Implement Effective Disease and Parasite Protocols for (Fountain Darter and Salamanders) 



	15 years 
	15 years 

	10 years downlisting, continue until delisting 
	10 years downlisting, continue until delisting 

	60 years 
	60 years 


	6.
	6.
	6.
	6.
	6.
	 Monitor Progress Toward Criteria within the Management Units 



	Ongoing 
	Ongoing 

	Continue until 5 years post-delisting 
	Continue until 5 years post-delisting 

	Does not affect recovery timeline, continue until 5 years post-delisting 
	Does not affect recovery timeline, continue until 5 years post-delisting 


	Total Time to Recovery  
	Total Time to Recovery  
	Total Time to Recovery  

	 
	 

	 
	 

	60-65 years 
	60-65 years 




	Table 6. Estimated cost for recovery actions necessary to move towards recovery of the Southern Edwards Aquifer springs and associated aquatic ecosystems species. Each action likely includes costs that could not be reasonably estimated at this time. Costs are based on 60-65 years to achieve recovery. 
	Recovery Actions 
	Recovery Actions 
	Recovery Actions 
	Recovery Actions 
	Recovery Actions 

	Estimated Cost 
	Estimated Cost 



	1.
	1.
	1.
	1.
	1.
	1.
	 Ensure Adequate Water Quantity and Quality within the Southern Edwards Aquifer and Management Units 



	$306,632,000 
	$306,632,000 


	2.
	2.
	2.
	2.
	2.
	 Protect and Restore Habitat in Waters and on Lands Within and Adjacent to the Management Units 



	$60,421,000 
	$60,421,000 


	3.
	3.
	3.
	3.
	3.
	 Establish and Implement Captive Refugia Populations with a Captive Population Management Plan and Reintroduction Plan 



	$57,861,000 
	$57,861,000 


	4.
	4.
	4.
	4.
	4.
	 Promote Edwards Aquifer Species Conservation and Recovery through Outreach, Education, and Cooperation 



	$37,050,000 
	$37,050,000 


	5.
	5.
	5.
	5.
	5.
	 Establish and Implement Effective Disease and Parasite Protocols 



	$2,873,000 
	$2,873,000 


	6.
	6.
	6.
	6.
	6.
	 Monitor Progress Toward Criteria within the Management Units 



	$68,428,000 
	$68,428,000 


	Total estimated cost of recovery actions  
	Total estimated cost of recovery actions  
	Total estimated cost of recovery actions  

	$533,265,000 
	$533,265,000 




	  
	Table 7. Estimated costs for recovery actions, differentiating between ongoing costs and new costs. Costs are based on 60-65 years to achieve recovery. 
	Recovery Actions 
	Recovery Actions 
	Recovery Actions 
	Recovery Actions 
	Recovery Actions 

	Ongoing Cost 
	Ongoing Cost 

	New Cost 
	New Cost 



	1.
	1.
	1.
	1.
	1.
	1.
	 Ensure Adequate Water Quantity and Quality within the Southern Edwards Aquifer and Management Units 



	$302,707,000 
	$302,707,000 

	$3,925,000 
	$3,925,000 


	2.
	2.
	2.
	2.
	2.
	 Protect and Restore Habitat in Waters and on Lands Within and Adjacent to the Management Units 



	$57,098,000 
	$57,098,000 

	$3,323,000 
	$3,323,000 


	3.
	3.
	3.
	3.
	3.
	 Establish and Implement Captive Refugia Populations with a Captive Population Management Plan and Reintroduction Plan 



	$55,980,000 
	$55,980,000 

	$1,881,000 
	$1,881,000 


	4.
	4.
	4.
	4.
	4.
	 Promote Edwards Aquifer Species Conservation and Recovery through Outreach, Education, and Cooperation 



	$37,050,000 
	$37,050,000 

	$0 
	$0 


	5.
	5.
	5.
	5.
	5.
	 Establish and Implement Effective Disease and Parasite Protocols 



	$2,873,000 
	$2,873,000 

	$0 
	$0 


	6.
	6.
	6.
	6.
	6.
	 Monitor Progress Toward Criteria within the Management Units 



	$68,428,000 
	$68,428,000 

	$0 
	$0 


	Total estimated costs 
	Total estimated costs 
	Total estimated costs 

	$524,136,000 
	$524,136,000 

	$9,129,000 
	$9,129,000 




	Table 8. Estimated costs for recovery actions, separated by management unit, where applicable. Costs are based on 60-65 years to achieve recovery. 
	Recovery Actions 
	Recovery Actions 
	Recovery Actions 
	Recovery Actions 
	Recovery Actions 

	All Management Units 
	All Management Units 

	Comal Ecosystem Management Unit 
	Comal Ecosystem Management Unit 

	San Marcos Ecosystem Management Unit 
	San Marcos Ecosystem Management Unit 

	Fern Bank Ecosystem Management Unit 
	Fern Bank Ecosystem Management Unit 

	Hueco Ecosystem Management Unit 
	Hueco Ecosystem Management Unit 



	1.
	1.
	1.
	1.
	1.
	1.
	 Ensure Adequate Water Quantity and Quality within the Southern Edwards Aquifer and Management Units 



	$306,414,000 
	$306,414,000 

	$0 
	$0 

	$193,000 
	$193,000 

	$25,000 
	$25,000 

	$0 
	$0 


	2.
	2.
	2.
	2.
	2.
	 Protect and Restore Habitat in Waters and on Lands Within and Adjacent to the Management Units 



	$0 
	$0 

	$15,579,000 
	$15,579,000 

	$41,619,000 
	$41,619,000 

	$1,764,000 
	$1,764,000 

	$1,460,000 
	$1,460,000 


	3.
	3.
	3.
	3.
	3.
	 Establish and Implement a Captive Population Management Plan and Reintroduction Plan 



	$57,861,000 
	$57,861,000 

	$0 
	$0 

	$0 
	$0 

	$0 
	$0 

	$0 
	$0 


	4.
	4.
	4.
	4.
	4.
	 Promote Edwards Aquifer Species Conservation and Recovery through Outreach, Education, and Cooperation 



	$37,050,000 
	$37,050,000 

	$0 
	$0 

	$0 
	$0 

	$0 
	$0 

	$0 
	$0 


	5.
	5.
	5.
	5.
	5.
	 Establish and Implement Effective Disease and Parasite Protocols 



	$0 
	$0 

	$1,686,000 
	$1,686,000 

	$1,186,000 
	$1,186,000 

	$0 
	$0 

	$0 
	$0 


	6.
	6.
	6.
	6.
	6.
	 Monitor Progress Toward Criteria within the Management Units 



	$0 
	$0 

	$27,708,000 
	$27,708,000 

	$27,708,000 
	$27,708,000 

	$6,506,000 
	$6,506,000 

	$6,506,000 
	$6,506,000 


	Total estimated cost of recovery actions by management unit 
	Total estimated cost of recovery actions by management unit 
	Total estimated cost of recovery actions by management unit 

	$401,325,000  
	$401,325,000  

	$44,974,000 
	$44,974,000 

	$70,706,000 
	$70,706,000 

	$8,294,000 
	$8,294,000 

	$7,966,000 
	$7,966,000 
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