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5-YEAR REVIEW

Comal Springs riffle beetle (Heterelmis comalensis) 

1.0 GENERAL INFORMATION 

1.1 Reviewers: 

Lead Regional or Headquarters Office:  

Vanessa Burge, Recovery Biologist, Southwest Regional Office, Albuquerque, New 

Mexico, vanessa_burge@fws.gov 

Lead Field Office: 

Amelia Hunter, Fish and Wildlife Biologist, Austin Ecological Services Field Office, 

Austin, Texas, amelia_hunter@fws.gov  

Cooperating Field Office(s): 

Not Applicable 

Cooperating Regional Office(s): 

Not Applicable 

1.2  Purpose of 5-Year Reviews: 

The U.S. Fish and Wildlife Service (Service or USFWS) is required by section 4(c)(2) of the 

Endangered Species ESA (ESA) to conduct a status review of each listed species once every 

5 years.  The purpose of a 5-year review is to evaluate whether or not the species’ status has 

changed since it was listed (or since the most recent 5-year review).  Based on the 5-year 

review, we recommend whether the species should be removed from the list of endangered 

and threatened species, be changed in status from endangered to threatened, or be changed 

in status from threatened to endangered.  Our original listing as endangered or threatened is 

based on the species’ status considering the five threat factors described in section 4(a)(1) of 

the ESA.  These same five factors are considered in any subsequent reclassification or 

delisting decisions.  In the 5-year review, we consider the best available scientific and 

commercial data on the species and focus on new information available since the species 

was listed or last reviewed.  If we recommend a change in listing status based on the results 

of the 5-year review, we must propose to do so through a separate rule-making process 

including public review and comment. 

1.3 Methodology used to complete the review: 

The Service conducts status reviews of species on the List of Endangered and Threatened 

Wildlife and Plants (50 CFR 17.12) as required by section 4(c)(2)(A) of the ESA (16 U.S.C. 

1531 et seq.). The Service provides notice of status reviews via the Federal Register and 

requests new information on the status of the species (e.g., life history, habitat conditions, 

and threats). Data for this status review were solicited from interested parties through a 

Federal Register notice announcing this review on May 5, 2021 (86 FR 23976). The Austin 
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Ecological Services Field Office conducted this review and considered both new and 

previously existing information from federal and state agencies, municipal and county 

governments, non-governmental organizations, academia, and the public. The primary 

sources of information used in this analysis was the final rule listing the Comal Springs 

riffle beetle as endangered (62 FR 66295), revised critical habitat ruling for the Comal 

Springs riffle beetle (78 FR 63100), research published in scientific journals, and 

unpublished reports and data.  

1.4 Background:  

1.4.1 FR Notice citation announcing initiation of this review: 

86 FR 23976 May 5, 2021 

1.4.2  Listing history: 

Original Listing 

FR notice: 62 FR 66295 

Date listed: December 18, 1997 

Entity listed: Comal Springs riffle beetle (Heterelmis comalensis) 

Classification: Endangered 

Revised Listing, if applicable 

FR notice: Not Applicable 

Date listed: Not Applicable 

Entity listed: Not Applicable 

Classification: Not Applicable 

1.4.3 Associated Rulemakings: 

The original designation of critical habitat, contained in the final rule, was published on 

July 17, 2007 (72 FR 39248). Critical habitat for Comal Springs riffle beetle was 

revised on November 22, 2013, in areas of occupied, spring-related aquatic habitat with 

designations for surface critical habitat but without additional subsurface designations 

(78 FR 63100). Springs, associated streams, and underground spaces immediately 

inside of or adjacent to springs, seeps, and upwellings are the primary components of 

the physical or biological features essential to the conservation of this species (50 CFR 

17.95; 78 FR 63123). 

1.4.4 Review History: 

Not Applicable 

1.4.5 Species’ Recovery Priority Number at start of 5-year review: 

2C 



 

3 

 

1.4.6 Recovery Plan or Outline  

Name of plan or outline: Not Applicable 

Date issued: Not Applicable 

Dates of previous plans/amendment or outline, if applicable: Not Applicable 

2.0 REVIEW ANALYSIS 

Section 4 of the ESA (16 U.S.C. 1533) and its implementing regulations (50 CFR part 424) 

set forth the procedures for determining whether a species meets the definition of 

“endangered species” or “threatened species.”  The ESA defines an “endangered species” as 

a species that is “in danger of extinction throughout all or a significant portion of its range,” 

and a “threatened species” as a species that is “likely to become an endangered species 

within the foreseeable future throughout all or a significant portion of its range.”  The ESA 

requires that we determine whether a species meets the definition of "endangered species" or 

"threatened species" due to any of the five factors described below.  

Section 4(a) of the Act describes five factors that may lead to endangered or threatened 

status for a species.  These include: A) the present or threatened destruction, modification, 

or curtailment of its habitat or range; B) overutilization for commercial, recreational, 

scientific, or educational purposes; C) disease or predation; D) the inadequacy of existing 

regulatory mechanisms; or E) other natural or manmade factors affecting its continued 

existence. 

The identification of any threat(s) does not necessarily mean that the species meets the 

statutory definition of an “endangered species” or a “threatened species.”  In assessing 

whether a species meets either definition, we must evaluate all identified threats by 

considering the expected response of the species, and the effects of the threats—in light of 

those actions and conditions that will ameliorate the threats—on an individual, population, 

and species level.  We evaluate each threat and its expected effects on the species, then 

analyze the cumulative effect of all of the threats on the species as a whole.  We also 

consider the cumulative effect of the threats in light of those actions and conditions that will 

have positive effects on the species—such as any existing regulatory mechanisms or 

conservation efforts.  The Service recommends whether the species meets the definition of 

an “endangered species” or a “threatened species” only after conducting this cumulative 

analysis and describing the expected effect on the species now and in the foreseeable future. 

2.1 Distinct Population Segment (DPS) policy (1996): 

This is an invertebrate and DPS policy is not applicable. 

2.2 Updated Information and Current Species Status  

2.2.1 Biology and Habitat  

2.2.1.1 New information on the species’ biology and life history: 



 

4 

 

Background 

On the whole, riffle beetles are most associated with flowing water that has 

shallow riffles or rapids (Brown 1987, p. 253). The Comal Springs riffle beetle 

was first collected in 1976 at Comal Springs in Comal County, Texas and later 

discovered at San Marcos Springs in Hays County, Texas (Bosse et al. 1988, pp. 

201-202; Barr 1993, pp. 31, 44; Gibson et al. 2008, p. 79). This species 

currently does not have a final recovery plan and this is the species’ first 5-year 

review since listing in 1997. 

Biology 

Adult Comal Springs riffle beetles, which were first described in 1988, exhibit a 

reddish-brown coloration, possess eyes, and vary in length from 1.7-2.48 

millimeters (0.07-0.09 inch) (Bosse et al. 1988, pp. 199, 202; Worsham and 

Julius 2017, p. 28). They respire through a plastron, facilitated by small, 

hydrophilic hairs that diffuse oxygen from the water into the body (Bosse et al. 

1988, p. 199; Yee and Kehl 2015, pp. 1011, 1030). The hind wings of Comal 

Springs riffle beetles are short and non-functional, a subterranean characteristic 

that renders this species incapable of flight (Bosse et al. 1988, p. 201; Bowles et 

al. 2003, p. 379). Unlike other animals adapted to subterranean environments, 

Comal Springs riffle beetles do not possess additional features such as reduced 

or lack of eyes and pigmentation (Cooke et al. 2015, p. 117).  

The larvae of Comal Springs riffle beetles are characterized by their elongated 

bodies, retractable heads, feature dorsal spines and a more flattened head 

capsule shape. These aquatic larvae develop anal gills used to retrieve oxygen 

from water (Brown 1987, p. 261). The pupae of Comal Springs riffle beetles are 

pale in color and possess setae that facilitate oxygen intake into the body. It is 

unknown whether the hydrophobic setae play a role in facilitating respiration 

underwater, possibly similar to the plastron observed in adult beetles (Huston 

and Gibson 2015, pp. 522-523). 

Comal Springs riffle beetles are detritivores, feeding on organic matter sourced 

from terrestrial coarse and particulate materials scraped off substrates of 

microbial origin, including fungi and bacteria, as well as periphyton. This 

feeding behavior remains consistent irrespective of the canopy cover (Brown 

1987, p. 262; Nowlin et al. 2017, pp. 16-18, 21, 27). A co-occurring listed 

species, the Comal Springs dryopid beetle (Stygoparnus comalensis), derives 

most of its food from the same organic matter sources but has a niche overlap of 

less than or equal to 1 percent with the riffle beetle at Comal Springs (Nair et al. 

2021, p. 244).  
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Life History 

Surveys of Comal Springs riffle beetles indicate they have asynchronous 

generations, likely due to the consistent water quality at occupied springs 

(Bowles et al. 2003, p. 376; BIO-WEST, Inc. 2006, p. 39). Other elmid beetles 

with stable environmental conditions can affect emergence timings and 

oviposition based on changes in water velocity or temperature and food 

availability (Passos et al. 2003, p. 34). There are no known indicators or 

mechanisms for emergence of the Comal Springs riffle beetle.  

Female adult Comal Springs riffle beetles reproduce multiple times annually 

with up to 121 larvae produced in their lifetime (Kosnicki 2022, p. 2). In an egg 

deposition study, treatments with biofilm poly-cotton cloth as the substrate 

contributed to the most eggs hatching into viable larvae, suggesting the biofilms 

produced on the cotton cloth may be an important nutritional requirement for 

egg development (Worsham and Julius 2017, p. 12). Additionally, hatching 

success depends on the nutritional quality females received in captivity 

(Worsham and Julius 2017, p. 14). 

Eggs have translucent shells facilitating damage-free observation of 

development (Worsham and Julius 2017, p. 11). Egg development and 

incubation occur for 21-25 days until hatching, which is longer than other riffle 

beetle species (e.g., 5-15 days) (Brown 1987, p. 254; Worsham and Julius 2017, 

p. 16). There is no evidence of diapause (i.e., period when development is 

delayed during unfavorable environmental conditions) during the incubation 

period either in captivity or in the wild (Bowles et al. 2003, p. 37; Worsham and 

Julius 2018, p. 3). Egg development starts with globular bodies like early cells 

of a zygote (i.e., 3 days), to more cell division and smaller cells developing (i.e., 

7 days), to tissue differentiation with an embryo visible and budding appendage 

(i.e., 14-18 days), to a full developed larvae observable inside the egg with a 

faint red eye (i.e., 21 days) and hatching from the egg after 25 days (Worsham 

and Julius 2017, p. 15).  

Larvae undergo six molts for a total of seven instars, reaching the final instar at 

12 weeks (Cooke 2012, p. 28; Worsham and Julius 2017, p. 17). Similar to the 

adults, Comal Springs riffle beetle larvae feed on allochthonous material and 

acquire nutrients from associated microbial communities, particularly bacteria 

(Nair et al. 2021, p. 245). In captivity, larvae have been observed to persist in 

the final instar phase for over four months before pupating, possibly to 

assimilate nutrients necessary for the pupation process, due to inadequate 

habitat conditions, or because of food quality issues (Worsham and Julius 2017, 

pp. 17, 24). Notably, temperature variations within the range of 19-25 degrees 

Celsius (°C) (66-77 degrees Fahrenheit [°F]) were not found to significantly 

affect larval survival (Worsham and Julius 2017, p. 20).  
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The Comal Springs riffle beetle exhibits an extended period of larval 

development, leading to the emergence of delicate pupae, thus highlighting the 

complexity of its metamorphic process. The process of eclosion (i.e., hatching), 

during which larvae develop into pupae, takes approximately one month 

(Worsham and Julius 2017, p. 24). However, a more recent study provides 

detailed insights into the larval development, indicating that pupation occurs 38 

weeks (8.8 months) post-hatching, with more than half of that duration spent in 

the 7th instar (Worsham and Julius 2018, p. 5).  

Pupae for this species are capable of eclosing both underwater and right below 

the waterline possibly due to trapped air in their pupal case (Cooke 2012, p. 38; 

Huston and Gibson 2015, p. 523). Unfortunately, they are susceptible to 

damage, causing them to lose their hydrophobic qualities (Huston and Gibson 

2015, p. 522). Following eclosion, adult individuals are initially light yellow in 

color (i.e., teneral) and gradually darken to an orange-brown, typical of mature 

adults. During this early stage of adulthood, the internal abdominal structure for 

determining sex is challenging to discern. 

Adults in captivity have been reported to live up to a year with an average 

generation time of two years, although further research is needed (Bowles et al. 

2003, p. 376; Worsham and Julius 2017, p. 24). The gut microbiome of captive 

adults, which is influenced by various factors, including a different and more 

diverse bacterial community than that of their wild counterparts, may be 

attributed to human contact, varying sources of water with differing 

geochemical concentrations within the aquifer, or locations within the aquifer 

between the two source counties. These factors could potentially alter the 

microbial community. Additionally, biofilm shedding from well water pipes at 

captive facilities may play a role (Mays et al. 2021, pp. 3, 9). 

2.2.1.2 Abundance, population trends (e.g. increasing, decreasing, stable), 

demographic features (e.g., age structure, sex ratio, birth rate, seed set, 

germination rate, age at mortality, mortality rate, etc.), or demographic 

trends: 

Little is known about limiting factors that may impact the abundance and 

distribution of the Comal Springs riffle beetle. Current abundance estimates 

only include samples collected at the surface. 

Abundance of Comal Springs riffle beetles did not correlate significantly with 

water depth, current velocity, and distance downstream from the primary spring 

outlets (Bowles et al. 2003, pp. 370-371). Typical water depth in occupied 

habitat is 2-10 centimeters (cm) (1-4 inches (in)), but the beetle has been found 

in slightly deeper areas within the spring runs and around the spring upwellings 

at the impoundments (Bosse et al. 1988, p. 202; BIO-WEST, Inc. 2007, p. 23). 

A mark-recapture study retrieved < 1 percent of the 100 beetles marked, 
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suggesting the population in the sampling area (western shoreline of Landa 

Lake) is large (Huston et al. 2015, p. 797). 

Larval and adult Comal Springs riffle beetle populations at Comal Springs may 

reach their greatest densities (i.e., about five per square meter) in late fall 

through winter, but all life stages can be found throughout the year, suggesting 

multiple broods in a season with overlapping generations (Bowles et al. 2003, p. 

396). Biomonitoring of all benthic macroinvertebrates in the Comal Springs 

system occurs biannually, during spring and fall, and was initially established in 

2000 using driftnets. Targeted sampling of spring orifices, employing poly-

cotton cloth traps, commenced in 2003 (BIO-WEST, Inc. 2003, pp. 37-41; BIO-

WEST, Inc. 2004, p. 38). This particular species has been consistently collected 

within the Comal Springs system since 2003 (BIO-WEST, Inc. 2007, p. 39). 

Notably, larvae of this species are captured in lower numbers during 

biomonitoring using the poly-cotton cloth method, suggesting potential 

differences in habitat preference or a sampling bias where the biofilms produced 

on the cloth are not preferred by this life stage (BIO-WEST, Inc. 2005, p. 65). It 

is important to consider these nuances in sampling methods, especially when 

interpreting biomonitoring data for different life stages. Additionally, there are 

no population estimates available for this species, and caution is advised against 

utilizing the numbers of beetles retrieved with this cloth method to estimate 

population trends due to the associated high error rate and large natural 

variability of the Comal Springs population (Huston et al. 2015, p. 796-797; 

EARIP HCP 2020, p. 4-108–4-109). 

San Marcos Springs, another ecosystem where the Comal Springs riffle beetle is 

present with an established population, lacks comprehensive monitoring data for 

its springflow and is not included in the Edwards Aquifer Recovery 

Implementation Program (EARIP) Habitat Conservation Plan (HCP). 

Unfortunately, the absence of such data makes it challenging to determine the 

current status of the habitat. The uncertainty surrounding the springflow data for 

San Marcos Springs emphasizes the need for further investigation to assess and 

safeguard the habitat of the Comal Springs riffle beetle in this particular 

ecosystem. 

2.2.1.3 Genetics, genetic variation, or trends in genetic variation (e.g., loss 

of genetic variation, genetic drift, inbreeding, etc.): 

Although the Comal Springs riffle beetle is a genetically distinct species, the 

species is most closely related to but divergent from H. glabra; a species 

capable of flight associated with rivers and streams (Gonzales 2008, pp. 24-25). 

Bosse et al. (1988, p. 202) speculated that the Comal Springs riffle beetle likely 

evolved from an isolated population of H. glabra, which was substantiated by 

Gonzales (2008, p. 38). 
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Three populations of the Comal Springs riffle beetle had high genetic variation: 

two at Comal Springs (Spring Island and western shoreline of Landa Lake) and 

San Marcos Springs (Gonzales 2008, p. 32). This isolation is due to the lack of 

recent gene flow, but historically they had a common ancestral population 

(Gonzales 2008, p. 32).  

Recent genetics suggests an even greater degree of isolation among populations 

(W. Coleman, unpublished data). The spring runs and backwater spring 

populations have dried up during drought periods and genetic bottlenecks were 

apparent (Gonzales 2008, p. 34). Dye tracing studies show a different water 

source for each of the three high-variance populations and informs the 

experienced bottlenecks during extensive drought periods (LBG-Guyton and 

Associates et al. 2004, pp. B-24, B-30; Johnson and Schindel 2008, pp. 12, 49, 

59; Musgrove and Crow 2012, pp. 80, 86-87). 

2.2.1.4 Taxonomic classification or changes in nomenclature: 

Elmidae (Insecta: Coleoptera) is a family of true aquatic beetles distributed 

worldwide except for Antarctica with approximately 146 genera (Yee and Kehl 

2015, p. 1030). There are 35 riffle beetle species in Texas, with four species in 

the genus Heterelmis (Nair et al. 2019, p. 1076; Barr 2021, p. 93). 

2.2.1.5 Spatial distribution, trends in spatial distribution (e.g. increasingly 

fragmented, increased numbers of corridors, pollinator availability, etc.), or 

historic range (e.g. corrections to the historical range, change in 

distribution of the species’ within its historic range, etc.): 

Comal Springs riffle beetle are an epigean (i.e., surface-dwelling), groundwater 

obligate invertebrate known from two major spring systems: Comal Springs at 

the spring outlets and Landa Lake (Comal County, Texas) and San Marcos 

Springs at a few headwater springs of Spring Lake (Hays County, Texas) (Bosse 

et al. 1988, entire; Barr 1993, pp. 31, 44; Gibson et al. 2008, p. 79). 

Due to their flightless nature, these beetles have low dispersal abilities, limiting 

them to crawling or drifting downstream to habitats with adequate food 

resources and within their preferred physicochemical range. Their highest 

abundance is within 20 cm (8 in) from a spring outlet, and they are absent at a 1-

meter (m) (3 feet (ft)) distance when sampling the surface with cotton cloth 

traps (Cooke et al. 2015, pp. 114, 117-118; Huston et al. 2015, p. 797; Worsham 

and Julius 2017, p. 6). Specific springflow requirements and the extent of 

subterranean habitat usage by this species remain unknown; therefore, habitat 

management relies on maintaining historical conditions within the natural 

habitat for the species (LBG-Guyton and Associates et al. 2004, pp. C-4–C-5). 

Comal Springs riffle beetle are also found in deeper habitats where diffuse 

springflows are present (BIO-WEST, Inc. 2005, p. 51; 2006, p. 39). Within 
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these more lentic habitats, the beetles exhibit higher movement rates compared 

to a site at Comal Spring Run 3, suggesting their ability to seek more suitable 

microhabitat conditions despite their inability to disperse via flight (BIO-WEST, 

Inc. 2006, p. 39). 

Previously, it was believed that the existence of this species at Comal Spring 

Run 4 was unlikely due to the lentic conditions and the dominance of a silt 

substrate (Bowles et al., 2003, p. 376). No specimens were identified in multiple 

surveys until 2020, when a few were collected by Texas State University 

(Nowlin and Worsham, 2015, p. 12; Nowlin, 2022, pers. comm.). Subsequent 

surveys of Comal Spring Run 4 did not reveal any further instances of this 

species, indicating that the finding in 2020 may be a one-time occurrence 

(Gibson, unpublished data). 

2.2.1.6 Habitat or ecosystem conditions (e.g., amount, distribution, and 

suitability of the habitat or ecosystem): 

Comal Springs riffle beetles inhabit gravel and cobble-dominated substrates 

with aquatic vegetation and submerged wood present (Brown 1972, p. 57; 

Bowles et al. 2003, p. 372). They are best captured within or around spring 

orifices, even at shallow water depths (Bowles et al. 2003, pp. 367, 373; Gibson 

et al. 2008, p. 77; Cooke et al. 2015, p. 117). Comal Springs riffle beetles, being 

ectothermic, exhibit a stenothermal adaption, preferring temperatures between 

22.5-25.5°Celsisu (°C) (72.5-78°Fahrenheit (°F)) (Huey and Kingslover 1989, 

p. 131; Nair et al. 2023, pp. 2, 6). This preference restricts them primarily to 

these spring outlets because of a narrow tolerance to short-term temperature 

fluctuations (Nair et al. 2023, p. 6). In addition to their temperature preferences, 

these beetles are observed to avoid low concentrations of carbon dioxide and 

prefer dark spaces (Cooke et al. 2015, p. 115). 

Continuous groundwater flows in San Marcos Springs result in nearly constant 

temperatures (2021 average: 22°C [72°F]) (Musgrove and Crow 2012, p. 47; 

Edwards Aquifer Authority 2022a, pp. 15–16). The flowing spring waters at San 

Marcos Springs at Spring Lake are clear with varying levels of dissolved 

oxygen, dependent on amount and source of discharge (less than 40 to 63 

percent saturated, 2-7 milligram per liter [mg/L]) and few detections 

contaminants, such as of personal care products and pharmaceuticals (Tupa and 

Davis 1976, p. 182; Groeger et al. 1997, pp. 285-286; Nowlin and Schwartz 

2012, pp. 65-67; EAA 2015, pp. 58-59). San Marcos Springs receives primarily 

regional recharge, but can be influenced by minor amounts of local recharge 

sources and/or saline groundwater for short periods, with water quality 

representative of shallow groundwater and no seasonality (Ogden et al. 1986, p. 

120; LBG-Guyton Associates et al. 2004, p. B-43; Johnson and Schindel 2008, 

p. 60; Musgrove and Crow 2012, pp. 47, 80, 89; Nowlin and Schwartz 2012, p. 

56).  



 

10 

 

The water temperature remains relatively stable at both the spring runs and 

Landa Lake at Comal Springs, measuring 20.7°C (69.3°F) and 23.9°C (75°F), 

respectively (BIO-WEST, Inc. 2021, p. 18). The spring runs maintain specific 

conductivity (579-587 micro siemens/centimeter (μS/cm)), and dissolved 

oxygen (5.1-5.2 mg/L), with few detections of contaminants, such as personal 

care products and pharmaceuticals (BIO-WEST, Inc. 2021, p. 18; EAA 2013, p. 

62; EAA 2018, p. 5; EAA 2021a, pp. 27-36, 45-47).  

Despite the general groundwater quality at Comal Springs, there has been a 

noticeable trend since the 1970s. While total dissolved solids and conductivity 

have been on the rise, they are currently stabilizing. Conversely, nitrates have 

doubled, with a median concentration of 2 mg/L, since the 1970s (Musgrove et 

al. 2016, pp. 462, 465, 467; EPA 2023a, unpaginated). These shifts in water 

quality within both streams and groundwater align with the escalation of 

impervious cover across the watershed (Kaushal et al. 2005, p. 13518; Baker et 

al. 2019, pp. 6494–6495; Castaño-Sánchez et al. 2020, p. 6). These alterations in 

water quality parameters may serve as a long-term indicator of the urbanization 

that has already transpired in the recharge zone. 

2.2.1.7 Other: 

The Comal Springs riffle beetle occurs in a limited range at a small number of 

localities with little or no ability to disperse between or beyond these localities. 

These characteristics make them susceptible to local extirpation and extinction 

(McKinney 1997 p. 499; Bowles et al. 2003 p. 380; O’Grady et al. 2004 p. 514). 

It is speculated that the riffle beetle may be able to retreat into spring openings 

or burrow down to the hyporheos (groundwater zone below the stream channel) 

during times of drought (Bowles et al. 2003 p. 359).  

A severe drought or water contamination event could eliminate many or all the 

existing populations (Bowles et al. 2003 p. 380). Having a high number of 

individuals at a site provides no protection against extinction due to stochastic 

events. Dispersal beyond their extant range is unlikely, given the isolated nature 

of the spring headwater system dynamics and aquifer hydraulic connectivity that 

limit movement of individuals.  

The areas inhabited by individuals of the species can be protected through 

localized conservation measures (e.g., intact riparian zones, springflow 

protection measures); however, the groundwater that provides water quality and 

quantity for the species can originate a significant distance from these habitats, 

and efforts that protect or conserve groundwater may be variable in their success 

and implementation. Even with the most effective management and recovery 

plans in place, the species remains vulnerable to devastating stochastic events 

such as floods or droughts that could eliminate the species. 

2.2.1.8 Conservation Measures: 
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Water Quantity 

The Edwards Aquifer Authority (EAA) is charged with protecting terrestrial and 

aquatic life, domestic and municipal water supplies, the operation of existing 

industries, and the economic development of the entire Edwards Aquifer 

(Chapter 626, Laws of the 73rd Texas Legislature, 1993). Aquifer management 

since these rules were implemented has been successful at controlling 

groundwater withdrawals to maintain springflows. By EAA estimates, Comal 

Springs would have likely ceased flowing during the 2014 drought period 

without current regulations (EAA 2015, p. 62). Currently, these regulations have 

been effective in managing the Edwards Aquifer and reducing the risk of 

substantial declines in spring flows at Comal and San Marcos springs. 

Another important conservation measure is implementation of the City of San 

Antonio’s Edwards Aquifer Protection Program (Stone and Schindel 2002, pp. 

38-39; City of San Antonio 2023, pp. 3, 6). In 2000, the voters of San Antonio 

passed Proposition 3, a $65 million sales tax initiative, to fund the acquisition 

(i.e., fee-simple and conservation easements) of open space to protect the 

contributing and recharge zones of the aquifer in Bexar County (Romero 2018, 

p. 2). Protection of open space has the potential to reduce the impacts of 

development (e.g., run-off form impervious cover, fertilizer applications, and 

wastewater) on maintain aquifer recharge (Reilly and Carter 2018, pp. 3-2, 3-6; 

Romero 2018, pp. 5-6). That program was re-approved in 2005, 2010, and 2015 

with additional funds to acquire open space (Reilly and Carter 2018, pp. 1-3–1-

5). The effort was later expanded to acquire lands in Medina and Uvalde 

counties that contain larger portions of the contributing and recharge zones 

(Romero 2018, pp. 5-6, 8). The dedicated sales tax expired in 2021 with 97,124 

hectares (240,000 acres) acquired under the Edwards Aquifer Protection 

Program (Siglo Group 2022, pp. 51-52). The City of San Antonio recently 

approved an alternative funding stream to support land acquisitions through the 

commitment of $100 million over ten years (City of San Antonio 2023, pp. 3, 

6).  

Water Quality 

There are several laws and regulations to protect water quality that apply to the 

Edwards Aquifer. The Federal Safe Drinking Water Act of 1974, as amended, 

regulates pollution and sedimentation of public drinking water sources, 

including the Edwards Aquifer. This legislation mandates enforcement of 

drinking water standards established by the Environmental Protection Agency. 

The Texas Commission on Environmental Quality (TCEQ) is responsible for 

enforcement of these standards in Texas. Under the authority of the Texas 

Administrative Code (TAC) (30 TAC § 213), the TCEQ regulates activities 

having the potential for polluting the Edwards Aquifer and hydrologically 

connected surface streams through the Edwards Aquifer Protection Program or 

“Edwards Rules.” The Edwards Rules require several water-quality protection 
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measures for new development occurring in the recharge zone and portions of 

the contributing zone of the Edwards Aquifer. The TCEQ also prohibits 

facilities such as municipal solid waste landfills and waste disposal wells from 

being built in the recharge or transition zones.  

Discharge from non-point residential or agricultural sources is one of the 

primary sources of pollution in the Edwards Aquifer. Texas has an extensive 

program for the management and protection of water that operates under State 

statutes and the Federal Clean Water Act. The Program includes regulatory 

programs such as the following: Texas Pollutant Discharge Elimination System, 

Texas Surface Water Quality Standards, and Total Maximum Daily Load 

Program (under Section 303(d) of the Clean Water Act). 

The TCEQ’s Texas Pollutant Discharge Elimination System program regulates 

discharges of pollutants to Texas surface water. Through the Pollutant 

Discharge Elimination System program, the TCEQ authorizes the discharge of 

stormwater and non-stormwater to surface waters in Texas associated with 

storm sewer systems and construction sites, which must meet the requirements 

of the Edwards Rules. 

A watershed protection plan was accepted in 2018 by TCEQ for the Dry Comal 

Creek and Comal River Watershed by the City of New Braunfels. Dry Comal 

Creek has not met state water quality standard for bacteria, and the watershed 

protection plan is intended to address and reduce the elevated bacteria levels 

through management (TCEQ 2020, p. 1). Another watershed protection plan for 

the Upper San Marcos River was approved in 2018 by TCEQ. The watershed 

protection plan addresses the impairment of the Upper San Marcos River due to 

elevated total dissolved solids, and proactively addresses bacteria, nutrients, 

sediment, and future growth scenarios for the watershed (TCEQ 2018, p. 1). 

The EAA has additional regulations (EAA rule 713) that apply to the recharge 

zone and five miles upgradient of the recharge zone. Much of the contributing 

zone occurs outside of the EAA jurisdiction (EARIP HCP 2020, pp. 1-4-1-5) 

and is not subject to these regulations. New development in the Edwards 

Aquifer recharge, transition, or contributing zones is reviewed by the TCEQ 

Edwards Aquifer Protection Program (30 TAC § 213.1). For the contributing 

zone, the rule covers activities that disturb more than two hectares (ha) (five 

acres (ac)) in Medina, Bexar, Comal, Kinney, Uvalde, Hays, Travis, and 

Williamson counties (30 TAC § 213.20). The contributing zone in Bandera, 

Kerr, and Kendall counties does not have additional protections under either 

program.  

Several other entities also have measures to protect groundwater from 

contamination including the EAA’s Aboveground Storage Tank Program, 

Agricultural Secondary Containment Assistance Program, and Abandoned Well 

Program among others (EAA 2022, entire). The San Antonio Water System 
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implements several water quality protection measures including development 

regulations (i.e., Aquifer Quality Protection Ordinance No. 81491) for 

properties over the contributing and recharge zones, review of building permits 

and master development plans, regulation of underground storage tanks, 

commercial/industrial compliance, and an abandoned well program (San 

Antonio Water System 2022, unpaginated). 

In addition to these state and federal regulations, a significant number of local 

regulations to protect water quality were implemented by the City of San 

Marcos, City of New Braunfels, EAA, and Texas State University as part of the 

EARIP HCP (EARIP HCP; see sub-section below). Texas Water Code (Chapter 

36) allows groundwater districts, but not cities, to regulate groundwater, 

including groundwater quality. However, cities can regulate pollution at the 

surface that ultimately impacts groundwater quality. 

Habitat Conservation Plan 

The EARIP HCP was finalized in 2013, amended in 2020, and covers incidental 

take of listed species at Comal and San Marcos Springs for groundwater 

withdrawal, recreation, and other activities through 2028 (EARIP HCP 2020, 

entire). Permittees to the plan include the EAA, City of San Antonio acting 

through the San Antonio Water System, City of New Braunfels, City of San 

Marcos, and Texas State University (National Research Council 2015, pp. 25–

26). The EARIP HCP includes activities to minimize and mitigate impacts and 

contribute to the recovery of the eleven Covered Species and addresses a variety 

of aquifer management issues, including ensuring springflow during a repeat of 

the Drought of Record (Payne et al. 2019, p. 200; EARIP HCP 2020, pp. 4-57–

4-59, 4-62–4-66). Long-term commitments to protect listed species in the 

Edwards Aquifer beyond the HCP and the term of its associated section 

10(a)(1)(b) permit are not currently in place.  

The current EARIP HCP biological goals that center on management, flow-

related, and population objectives for the Comal Springs riffle beetle (EARIP 

HCP 2020, p. 4-11–4-16). The Comal Springs/River management objectives are 

“Not exceed a 10 percent deviation (daily average) from historically recorded 

water quality conditions (long-term average) in the Edwards Aquifer as 

measured issuing from the spring openings at Comal Springs” and to restore 

riparian habitat adjacent to spring openings to reduce sedimentation after rain 

events. Additionally, maintain specific median beetle population densities (as 

measured by numbers per lure) at three locations within the Comal Springs 

ecosystem. These biological goals do not include the Comal Springs riffle beetle 

population at San Marcos Springs. 

A captive refugia and associated research is funded by the EARIP HCP through 

a contract (Contract # 16-822-HCP) with the Service’s San Marcos Aquatic 

Resource Center and Uvalde National Fish Hatchery (EARIP HCP 2020, p. 5-
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3). The contract was established to protect species left vulnerable to extirpation 

throughout a significant portion of their range due to a limited geographic 

distribution of the population and will preserve the capacity for these species to 

be re-established in the event of the loss of population due to a catastrophic 

event, such as the unexpected loss of springflow or a chemical spill. Research 

activities expand knowledge on habitat requirements, biology, life histories, and 

effective reintroduction techniques for the species. 

2.2.2 Five-Factor Analysis (threats, conservation measures, and regulatory 

mechanisms): 

2.2.2.1 Present or threatened destruction, modification or curtailment of 

its habitat or range: 

Water Quantity 

A primary threat to the habitat of the Comal Springs riffle beetle is the potential 

loss of springflows and reduced water quantity underground brought on by 

groundwater withdrawals from the southern segment of the Edwards Aquifer. 

Springflows at Comal and San Marcos springs ecosystems are tied inseparably 

to water usage for the southern segment of the Edwards Aquifer. Groundwater 

pumping to meet municipal, industrial, and irrigation uses, is a widely 

recognized threat to the persistence of subsurface and surface groundwater-

dependent ecosystems (Danielopol et al. 2003, pp. 109-112; Eamus et al. 2016, 

pp. 317, 333-335; Mammola et al. 2019, pp. 645-646). Removal of groundwater 

from an aquifer leads to water level decline, especially if discharge of 

groundwater significantly exceeds recharge (Theis 1940, pp. 278-280; Alley et 

al. 2002, pp. 1,986; Foster and Chilton 2003, pp. 1,961-1,962). Declining 

aquifer levels can result in springflow decline or failure, loss of stream and 

creek base-flow, and/or drying of water-filled caverns (Springer and Stevens 

2009, pp. 9-10; Eamus et al. 2016, pp. 316-318, 333-335). 

If not replenished through recharge, groundwater discharged through wells and 

springs is removed from aquifer storage (i.e., total amount of water in aquifer), 

and with absent or much reduced recharge, persistent groundwater removal 

would initially lead to decline and/or cessation in springflows (Lindgren et al. 

2004, p. 41). Like other karst aquifers, water levels of the Edwards Aquifer 

fluctuate with recharge (i.e., distribution, amount, and intensity of rainfall) and 

discharge (i.e., wells or springs) (Petitt and George 1956, p. 49; Buszka 1987, 

pp. 24-27; Maclay 1995, pp. 48, 52; Worthington et al. 2003, p. 4; Lindgren et 

al. 2004 pp. 40-41, 45). Prolonged dry periods result in declines in aquifer, but 

water levels rebound rapidly with return of precipitation (Petitt and George 

1956, p. 49). Groundwater pumping has exceeded recharge multiple times with 

water levels rebounding with increased rainfall (Petitt and George 1956, p. 49). 

The longest period was the Drought of Record (a three-year period when aquifer 

recharge was at its lowest recorded level) during the mid-1950s (Arnow 1959, 
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pp. 27-29). At one point, Comal Springs stopped flowing from June 13 through 

November 3, 1956, during the Drought of Record (Puente 1976, p. 22; Barr 

1993, p. 61). 

In the early 1990s, federal litigation (i.e., Sierra Club vs. Secretary of the 

Interior [No. MO-91-CA-069] United States District Court for the Western 

District of Texas) resulted in the creation of the EAA in 1993 by the State of 

Texas to manage groundwater withdrawals (i.e., by nonexempt wells) from the 

southern segment and limit Edwards Aquifer pumping authorized through 

permits (National Research Council 2015, pp. 24-26; Hardberger 2019, pp. 193-

194; Payne et al. 2019, p. 199). During the 2007 legislative session, the Texas 

Legislature increased the annual maximum amount of pumping that could be 

authorized by permits to 705,551 megaliters (ML) (572,000 acre-feet (af)) and 

directed the EAA to adopt and enforce a "Critical Period Management" plan 

establishing targeted withdrawal reductions during times of drought to achieve 

the water, species, and species habitat conservation goals established in the 

agency's enabling legislation (80th Texas Legislature, 2007, Senate Bill 3). 

Aquifer management since these rules were implemented have been successful 

at reducing groundwater withdrawals, but currently do not account for future 

droughts that may be worse than the Drought of Record. The Stage V Critical 

Period Management that currently exists is also tied to the Edwards Aquifer 

Recovery Implementation Program Habitat Conservation Plan (EARIP HCP) 

but could be subject to change after species recovery. 

Springflows have been protected at Comal and San Marcos springs during 

recent droughts in the 2000s and 2010s because of groundwater pumping 

restrictions from the EAA during periods of drought. During the 2008-2009 

drought, springflows remained at sufficient levels to maintain resiliency for the 

EARIP HCP’s Covered Species (above 2.3 cubic meters per second (m3/s) [80 

cubic feet per second (cfs)]) (USGS station 08169000). By EAA estimates, 

Comal Springs likely would have gone dry during the 2014 drought without the 

enforcement of Critical Period Management (EAA 2015, pp. 1, 62).  

While a repeat Drought of Record has not occurred, modeling indicates that the 

Critical Period Management plan during Phase II of the EARIP HCP will 

maintain springflows above 0.85 m3/s (30 cfs) at Comal Springs and above 1.3 

m3/s (45 cfs) at San Marcos Springs during a Drought of Record. However, the 

plan is currently unable to return springflows at either spring system to 2.3 m3/s 

(80 cfs) within six months (EARIP HCP 2020, pp. 4-58, 4-66). Future droughts 

may also be more severe than the Drought of Record, and current aquifer 

management does not account for this. 

Groundwater will continue to be a source of water in the future as urban 

populations increase. Predicted water demands for the four counties within the 

San Antonio pool (i.e., Hays, Comal, Bexar, Medina) are projected to increase 

by 48 percent in the year 2070, surpassing the capacity of existing supplies 
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(Texas Water Development Board 2021, p. A-2–A-3). Strategies identified by 

the State of Texas and Groundwater Conservation Districts for these counties 

are contingent on funding and infrastructure availability (Texas Water 

Development Board 2021, entire). 

The springflows required to support resilient populations are species-specific 

and contingent on habitat use and requirements. According to the biological 

opinion (USFWS 2013, p. 129) associated with the EARIP HCP, the issuance of 

the Incidental Take Permit for the EARIP HCP is not likely to jeopardize the 

continued existence of the Comal Springs riffle beetle or adversely modify its 

critical habitat. Modeled springflows during Phase II project Comal Spring 

flows to remain at approximately 1.4 m3/s (50 cfs) during a repeat Drought of 

Record, surpassing the springflows during the Drought of Record when it 

ceased for four months in 1956 (USFWS 2013, pp. 32, 91, 103-108). 

Springflows crucial for the survival of the Comal Springs riffle beetle were not 

considered in the 1995 recovery plan or quantitative delisting criteria. The 

springflows influencing the Comal Springs riffle beetle and its habitat may vary 

from those affecting other surface species. For instance, at 0.9 m3/s (30 cfs) at 

spring runs 2 and 3 of Comal Springs do not provide surface habitat for 

invertebrates (EAHCP 2020, pp. 4-97–4-98). The USFWS determined that 0.9 

m3/s (30 cfs) during a repeat Drought of Record is not likely to jeopardize the 

Comal Springs riffle beetle (USFWS 2013, p. 129).  

Water sources such as seeps along the western shoreline of Landa Lake and 

upwellings near Spring Island, are expected to persistently offer habitat support 

during low-flow conditions within the Comal Springs ecosystem (USFWS 2013, 

p. 100). San Marcos Springs at Spring Lake, unlike historical droughts and the 

Drought of Record, has maintained its flow throughout recorded history (Nace 

and Pluhowski 1965, pp. 81–87; Ogden et al. 1986, pp. 117–118; LBG-Guyton 

Associates et al. 2004, p. B45; USFWS 2013, pp. 104-105).  

The Comal Springs riffle beetle, despite enduring the severe drought of the mid-

1950s without being extirpated, likely suffered adverse effects from unregulated 

aquifer pumping, given its aquatic nature. Evidence suggests that despite 

surviving the drought without being extirpated, the Comal Springs population 

was likely impacted by the prolonged absence of water at the surface during that 

period (Arnow 1959, pp. 27-29; Barr 1993, pp. 61-62). It is reasonable to expect 

that individuals could have been stranded and possibly extirpated due to 

receding groundwater levels. The negative impact on the beetle could have been 

further exacerbated if adults were confined to the vicinity of spring openings 

due to potential terrestrial requirements of the immature stages and a narrow 

tolerance in water quality (Barr 1993, pp. 61-62; Cooke 2012, p. 41). 

Moreover, there is uncertainty regarding the riffle beetle's ability to escape 

unfavorable conditions resulting from catastrophic drought in their habitat. 
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Studies suggest that the species might attempt to follow the water into the 

aquifer as drying occurs, but their adaptability to surviving extended periods of 

drying or stagnation, especially in the absence of a water management plan 

accommodating their needs, remains questionable (Cooke 2012, p. 30; Nair et 

al. 2023, p. 6). The current water management plan for the Edwards Aquifer 

plays a crucial role in the survival of the Comal Springs riffle beetle by ensuring 

consistent springflow. If this management were to cease, leading to longer 

periods of drying, the species would face detrimental consequences, as it is not 

well-equipped to endure extended periods of aridity, exposure to high 

temperatures (median lethal temperature at 27°C [81°F] for the Comal Springs 

riffle beetle), or stagnation (Cooke et al. 2015, pp. 119-120; Nair et al. 2023, pp. 

4-6). 

Water Quality 

Water quality at Comal and San Marcos springs ecosystems where the Comal 

Springs riffle beetle is found are influenced by groundwater and surface water. 

These two spring ecosystems depend on groundwater flow from the southern 

segment of the Edwards Aquifer. This segment of the aquifer is fed by many 

stream systems that enter the aquifer through recharge features. The Edwards 

Aquifer is vulnerable to contamination because the limestone and carbonate 

rocks are highly permeable and exposed at the surface in the recharge zone 

(Clark 2000, pp. 1-2, 8-9; Burri et al. 2019, p. 150). Contaminants, commonly 

linked to urban and suburban activities such as residential and commercial 

development, industrial operations, transportation infrastructure, and waste 

disposal, tend to accumulate in higher concentrations within the shallow areas of 

recharge zones, especially in regions characterized by urban land uses (Wilson 

2011, pp. 1-2; Lin and Gong 2016, pp. 384-385; Opsahl et al. 2018, p. 58). 

Abandoned groundwater wells are a source of potential contamination from 

shallow groundwater into subsurface habitat and affect water quality at the 

springs. Shallower wells (< 300 m [< 984 ft]) are less likely than deeper wells to 

intercept older groundwater that received cumulative, diluted inputs of 

pollutants across the aquifer and therefore are more likely to intercept 

anthropogenic contaminants coming directly from the surface than deeper wells 

(Musgrove et al. 2014, pp. 69, 73). The EAA funds a needs-based abandoned 

well closure assistance program to assist well owners with proper well plugging 

in cooperation with San Antonio Water System to locate and plug abandoned 

wells (EAA 2021b, pp. 50-53). Likewise, former oil wells require maintenance 

decades after plugging (cement plugs in a steel pipe) and can blowout 

underground and break free under artesian pressure if not properly maintained 

(Gold 2022, entire).  

Oil and gas transmission pipelines are another potential source of hazardous 

material spills on the contributing and recharge zones of the aquifer. The 

“development and production of oil, gas, or a geothermal resource within the 
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jurisdiction of the Texas Railroad Commission” are not considered regulated 

activities “having the potential for polluting the Edwards Aquifer and 

hydrologically connected surface water in order to protect existing and potential 

uses of groundwater and maintain Texas Surface Water Quality Standards” 

(Texas Natural Resource Conservation Commission 1996, p. 1). Consequently, 

the construction and maintenance of these pipelines are not subject to guidance 

mitigating impacts to karst features such as voids, and development of these 

pipelines are not subject to the Edwards Aquifer rules (Texas Natural Resource 

Conservation Commission 1996, entire). 

Nitrogen is highly soluble and a threat to groundwater quality and a stressor to 

groundwater-dependent taxa (Castaño-Sánchez et al. 2020, pp. 6, 11; Banerjee 

et al. 2023, pp. 3–6). Panther Canyon well (State well number 6823302), 

recorded nitrate (2 mg/L) present in 2003 (Texas Water Development Board 

2023, unpaginated). Nitrate concentrations over 1 mg/L are indicative of 

anthropogenic inputs, which have been recorded historically at Comal Springs 

and have doubled over the last 70 years (median concentration 2 mg/L) 

(Dubrovsky et al. 2010, p. 79; Musgrove et al. 2016, pp. 462, 465, 467; 

Castaño-Sánchez et al. 2020, p. 6). These changes in water quality in streams 

and groundwater correspond with increases in impervious cover over a 

watershed (Kaushal et al. 2005, p. 13,518; Baker et al. 2019, pp. 6494–6495; 

Castaño-Sánchez et al. 2020, p, 6). These water quality parameter changes may 

be a long-term indication of urbanization that has already occurred across the 

recharge zone. 

Nitrates and orthophosphate consistently emerge from Spring Run 1 at Comal 

Springs, and are typically present at low concentrations (2 mg/L) (U.S. 

Geological Survey 2023, unpaginated). The current drought has significantly 

decreased flow, and thus dilution of contaminants are slowed at Comal Springs; 

recent data resulted in 3 mg/L of nitrate measured at Spring Run 2 at Comal 

Springs (West 2023, unpaginated). While safe for humans, it is unknown what 

effect these elevated nutrients will have over time within the aquifer food web 

and if conditions would become more favorable for surface species to colonize 

further underground (Notenboom et al. 1994, pp. 482–484, 490; Opsahl et al. 

2018, p. 3).  

Riffle beetles, including the Comal Springs riffle beetle, generally thrive in 

highly oxygenated water near saturation, and any contamination that poses a 

threat to diminish this water quality could have adverse effects on their survival 

(Elliott 2008, pp. 198-199). Despite the environmental tolerances of the Comal 

Springs riffle beetle being unknown, hindering quantitative assessments of 

stressors on its populations, other riffle beetle species worldwide are recognized 

as indicators of good water quality and are sensitive to contamination (Brown 

1972, p. 53; USFWS 2019, p. 16; Sotomayor et al. 2023, p. 1). 
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Volatile organic compounds have been detected at one spring ecosystem and 

generally these events are rare (Johnson and Schindel 2014, p. 21). There is one 

documented diesel spill (i.e., naphthalene) that occurred in 2000 at Spring Run 7 

at Comal Springs (Ogden et al. 1986, p. 126; Gibson et al. 2008, p. 75). It is 

unknown what effect this had on the subterranean community.  

Although water quality in the Edwards Aquifer is generally good, several 

studies have detected contaminants in groundwater from the southern segment 

including nitrates, herbicides, pesticides, and polycyclic aromatic hydrocarbons, 

among many others (Fahlquist and Ardis, 2004 pp. 7-8, 10; Johnson et al. 2009, 

pp. 10-13, 23-26, 31-35; Musgrove et al. 2014, pp. 67, 69-71; Opsahl et al. 

2018, p. 58; Opsahl et al. 2020, pp. 17-30). For example, contaminants have 

exceeded public drinking water standards in springwater and surface water 

recharging the aquifer, including antimony, arsenic, lead, lithium, and 

tetrachloroethene (Johnson et al. 2009, p. 45). However, groundwater 

contamination has not been shown to be widespread or with large numbers of 

substances present in concentrations that exceed drinking water standards (Bush 

et al. 2000, pp. 1-2, 14-21; Fahlquist and Ardis 2004, pp. 7-8, 10; Johnson et al. 

2009, 44, 47; Opsahl et al. 2018, p. 58; Opsahl et al. 2020, pp. 17-30; EARIP 

HCP 2020, pp. 3-40-3-42). 

Some of the sources of water quality degradation include impervious cover and 

stormwater runoff, construction activities, recharge from irrigation return flow 

(i.e., water that is not lost from evapotranspiration on laws or to stream runoff), 

wastewater discharge, transportation infrastructure, and hazardous materials 

spills resulting from development within the watersheds that contribute 

groundwater flows to spring habitats (van der Kamp 1995, pp. 11-15; Cantonati 

et al. 2012, entire; Passarello et al. 2012, pp. 29–34; Lapworth et al. 2012, 

entire). Land-use changes, particularly increases in impervious cover, are known 

stressors to aquatic systems and are difficult to predict, model, and remediate 

(Sharp 2010, p. 3; Coles et al. 2012, p. 65). Future development in the recharge 

and contributing zones are likely to decrease water quality because of the 

increased risk of contamination entering the aquifer.  

Forested land with limited human disturbances contributes to high-quality 

recharge (Dudley and Stolten, 2003, pp. 11, 58; Shah et al. 2022, p. 120, 396), 

while rural and exurban land uses contribute to groundwater contamination from 

leaking sewage, refuse dumping, and dead, decaying livestock (Sui et al. 2015, 

p. 21; Katz 2019, p. 565; EARIP HCP 2020, pp. 5-43). Septic systems are a 

likely source of nutrients (EARIP HCP 2020, p. 5-43; Sui et al. 2015, p. 21). 

Once a source of pollution enters groundwater, it can be difficult if not 

impossible to track, intercept, and remediate because of karst conduit 

complexity (Humphreys 2011, p. 297). Since water quality in the Edwards 

Aquifer is generally good, this indicates that local sources of water pollution can 

disproportionately affect water quality in portions of the aquifer. 
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Urban and agricultural land uses dominate the artesian zone in the southern 

segment. Low- to high-density urban development occurs across much of the 

former, while agriculture dominates the latter county. Land use across the 

southern segment of the Edwards Aquifer plays a major role in groundwater and 

surface water quality. The presence of agriculture, residential and commercial 

developments, industrial facilities, military installations, and transportation 

infrastructure are correlated with increased presence of many contaminants 

(Bush et al. 2000, pp. 6-9; Fahlquist and Ardis 2004, p. 7; Johnson et al. 2009, 

p. 46; Wilson 2011, pp. 1-2; Musgrove et al. 2014, pp. 69-71; Opsahl et al. 

2018, p. 58; Opsahl et al. 2020, pp. 17-30). 

To examine projected land-use changes in the urban centers intersecting 

Edwards Aquifer groundwater, we used the U.S. Environmental Protection 

Agency’s (EPA 2019, unpaginated) Integrated Climate and Land-Use Scenarios. 

These outputs produce spatially explicit projections of population and land-use 

that are based on the Intergovernmental Panel on Climate Change’s Special 

Report on Emissions Scenarios. The combination of SSP5-RCP8.5 illustrates a 

higher population growth and higher emissions, and a faster rate of human 

population growth consistent with the Texas Demographic Center population 

projections for Bexar County and the San Antonio-New Braunfels Metropolitan 

Area (EPA 2017, pp. 34-35, 46; Texas Demographic Center 2022, unpaginated). 

Within the Edwards Aquifer artesian, recharge, and contributing zones (543,498 

has [1,343,014 ac]), developed land-use classes are projected to grow from 21 

percent in 2020 to 27 percent developed by 2050. When examining delineated 

areas at a finer scale around Comal and San Marcos springs using the Integrated 

Climate and Land-Use Scenarios, the area around Comal Springs is projected to 

increase in development from 66 percent to 82 percent developed and the San 

Marcos Springs area is projected to increase from 44 percent to 65 percent 

developed by 2050. These areas may be important to assess more immediate 

impacts from groundwater contamination.  

Based on the Integrated Climate and Land-Use Scenario results, projections of 

developed land-uses and population growth will continue to expand outward 

outside of the major metropolitan areas, San Antonio and Austin, Texas. Over 

time, these alterations have the potential to affect recharge rates, leading to 

deteriorating groundwater quality as a result of heightened runoff from 

impervious surfaces in suburban and urban areas or septic systems that are 

poorly managed and prone to leakage in exurban areas (Berube et al. 2006, pp. 

10, 38; Barkfield 2022, p. 2).  

The U.S. Census Bureau (2020, unpaginated) ranked several of the counties in 

the recharge and contributing zones of Comal and San Marcos springs (adjacent 

to Sessom Springs in Hays County, Texas) among the fastest growing in the 

United States from April 2010 to July 2019: Hays County was the second 

fasting growing county with a 46.5 percent population increase, Comal County 

the fourth fastest growing county with a 43.9 percent population increase, and 
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Kendall County the fifth fastest growing county with a 42.1 percent population 

increase. Since 2000, these three counties have doubled in population and have 

seen substantial associated development. Projections indicate that the human 

population of Bexar, Comal, Hays, and Kendall counties will continue to 

increase substantially over the next three decades. 

Conversion of natural habitat to urban, suburban, and exurban development is 

likely to accompany this population growth. Under a high human population 

growth scenario, land use projections suggest that large areas west and north of 

Bexar County will be converted to increasingly more urbanized land-use classes 

by 2100 (EPA 2019, unpaginated). Much of the exurban and suburban 

development is postulated to occur outside of municipal boundaries in 

unincorporated areas of counties where land use regulations (e.g., restrictions on 

impervious cover) are non-existent (Siglo Group 2022, pp. 13-14). Run-off from 

existing and expanded impervious cover in sensitive areas of the aquifer could 

affect groundwater quality over time. New contaminant sources are expected to 

be added to the region as increased human populations and expanded 

development continues; many existing contaminant sources will persist. 

A review of research studies found that impacts to aquatic species are seen with 

impervious cover of 10 percent or more (Center for Watershed Protection 2003, 

p. 97). Although the studies were focused on stream systems, we assume that 

shallow groundwater habitats would have similar impacts because shallow 

groundwater ultimately flows into streams through discharge features. While 

physical parameters may be different (e.g., higher oxygen, lower temperatures, 

higher conductivity) in the shallow groundwater, pollutants entering both 

systems would be the same.  

The EAA does not have explicit impervious cover limits in the recharge zone, 

with the intent that structural best management practices will protect water 

quality (Greater Edwards Aquifer Alliance 2010, p. 3). The TCEQ shares 

responsibility in protecting the Edwards Aquifer through impervious cover 

limits through a construction permit review process for development proposals 

of more than 20 percent impervious cover that includes structural best 

management practices (30 TAC § 213).  

Hays County also limits impervious cover to 15 percent within conservation 

lands on the recharge zone confined and limits impervious cover to 20 percent 

outside of the recharge zone (Hays County 2017, p. 204). Lastly, Hays County 

limits commercial property within the recharge zone not exceed 35 percent 

impervious cover or 65 percent if outside of the recharge zone (Hays County 

2017, p. 207). Comal County has goals to minimize impervious cover within the 

city of New Braunfels to limits of 26 percent per parcel (Design Workshop, Inc. 

2012, pp. 4–5). 
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While the efforts to implement such limits are intended to help ameliorate at 

least some water quality impacts, these percentages are nonetheless higher than 

10 percent, and each project approval does not account for the cumulative 

impact of combined impervious cover amounts within each county. Likewise, 

most lands over the contributing zone are not managed with land use regulations 

(e.g., impervious cover restrictions) (Siglo Group 2022, pp. 13–14). 

Habitat Disturbance- Flooding 

Surface habitat modification can occur as the result of flooding. Flash flooding 

is common throughout the Edwards Plateau (Woodruff and Wilding 2008, pp. 

614-616). However, channel modification and the elimination of riparian zones 

can increase the severity of flooding (Schoof 1980, p. 697). Depending on the 

severity of floods, they can either deposit or increase suspended sediment loads 

over species habitat or scour substrate and vegetation from species habitat under 

high velocities (Griffin 2006, pp. 57-58, 61, 64; BIO-WEST, Inc. 2016, p. 26; 

BIO-WEST, Inc. 2019b, pp. 14, 17; Schwartz et al. 2020, pp. 12). It is possible 

that species may also be washed away in floods, though this has not been 

studied for the Comal Springs riffle beetle. Record flooding occurred in the San 

Marcos River in 2015 and scoured large amounts of aquatic vegetation (BIO-

WEST, Inc. 2016, p. vi, 48). Floods have deposited finer sediments (e.g., silt) 

over invertebrate surface habitat at Comal and San Marcos springs, reducing 

springflow and quality of habitat (BIO-WEST, Inc. 2002, p. 11; Gibson 2022, 

pers. comm.).  

2.2.2.2 Overutilization for commercial, recreational, scientific, or 

educational purposes: 

Comal Springs riffle beetle specimens are collected for scientific study and two 

refugia populations. Such collections have not been documented to negatively 

impact total wild population numbers. At present, this species is not recognized 

for their commercial worth, and there is no evidence of overexploitation, 

making overutilization insignificant as a threat. 

2.2.2.3 Disease or predation: 

Fungal bodies have been observed growing outside of live riffle beetle joints, 

but not in Comal Springs riffle beetles (Gibson 2022, pers. comm.). Fungi have 

not been observed on living Comal Springs riffle beetles, but benign fungal 

parasites on Dryops species have been documented (Brown 1987, p. 266). 

Filamentous fungi have been documented on deceased wild and captive Comal 

Springs riffle beetle larvae and adults, but whether the fungi were the cause of 

the mortality or occurred post-mortem is uncertain (Worsham and Gibson 2022, 

pers. comm.). 
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Obligate ectoprotozoans are found around the mouth and faces of wild Comal 

Springs riffle beetles which decrease in number over time in captivity where 

access to wild, living food resources are not provided. It is uncertain what extent 

of parasitism has on this species, but the protozoans are likely receiving 

shredded food from the beetles and are benign (Brown 1987, pp. 266, 269). 

The amount of predation that occurs in the wild has not been examined for this 

species. Blind, fragile subterranean species such as the Comal Springs riffle 

beetle may be more susceptible to predation once the species enter surface 

waters (Brown 1987, p. 263; Barr 1993, pp. 63-64). Fishes compete for prey 

expelled from the aquifer at discharge features (e.g., spring openings). 

Researchers have seen Mexican tetras (Astyanax mexicanus), sunfish (Lepomis 

sp.), and mosquitofish (Gambusia sp.) congregating at spring openings waiting 

for the driftnet to be removed and consuming the bycatch, including 

subterranean invertebrates (BIO-WEST, Inc. 2003, p. 42). Macroinvertebrates 

such as the Comal Springs riffle beetle are a part of the food chain, and it is 

assumed any number of individuals removed from the listed macroinvertebrate 

populations through typical levels of predation are likely to be negligible. 

2.2.2.4 Inadequacy of existing regulatory mechanisms: 

Under this factor, we examine the stressors identified within the other factors as 

ameliorated or exacerbated by any existing regulatory mechanisms or 

conservation efforts. Section 4(b)(1)(A) of the ESA requires that the Service 

consider “those efforts, if any, being made by any State or foreign nation, or any 

political subdivision of a State or foreign nation, to protect such species…” In 

relation to Factor D under the ESA, we interpret this language to require the 

Service to consider relevant Federal, State, and Tribal laws, regulations, and 

other such binding legal mechanisms that may ameliorate or exacerbate any of 

the threats we describe in threat analyses under the other four factors or 

otherwise enhance the species’ conservation. Our consideration of these 

mechanisms is described in detail within each of the threats or stressors to the 

Comal Springs riffle beetle (see discussion under the other Factors). Much of 

the information under Section 2.2.2.1 should also be considered as relevant here 

because it is often the inadequacy of existing regulations that contributes to 

habitat loss and degradation for this species. 

The recharge and contributing zones to the Edwards Aquifer continue to 

experience rapid human population growth and conversion of natural habitat to 

developed land-use types, which continues to threaten water quality. Much of 

the contributing zone is not under the same regulations to protect water quality 

as the recharge zone, even though much of the water that recharges the aquifer 

originates in the contributing zone. Regulatory mechanisms that protect water in 

the Edwards Aquifer are crucial to the future survival of the Comal Springs 

riffle beetle. Federal, State, and local laws and regulations have improved water 

quality and quantity protection but could be insufficient to prevent ongoing 
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impacts to the species and their habitats from water quality degradation, 

reduction in water quantity, and surface disturbance of spring sites, and are 

unlikely to prevent further impacts to the species in the future. Knowledge of 

the source, accumulation, and transport of these compounds in the aquifer are 

lacking and investigations into their effects on the habitat quality are necessary 

for the recovery of the Comal Springs riffle beetle and for sustainable use of the 

aquifer (Danielopol et al. 2004, pp. 187-188; Opsahl et al. 2018, p. 2). 

Under Texas Parks and Wildlife Code (Chapter 68) and TAC (31 TAC § 

65.171-65.176), the Texas Parks and Wildlife Department is authorized to add 

species to the agency’s List of State Threatened and Endangered Nongame 

Species and List of State Endangered, Threatened, and Protected Native Plants. 

The Comal Springs riffle beetle is also state listed. The Texas Parks and 

Wildlife Department prohibits the taking, possession, transportation, or sale of 

any animal species that are state listed as threatened or endangered. No 

protections are provided for habitat required by species.  

While the EAA was granted regulatory authority by the Texas Legislature, there 

have been several legal challenges to the EAA permitting program. For 

example, in court cases Edwards Aquifer Authority v. Day (2012, Supreme 

Court of Texas No. 08-0964) and Edwards Aquifer Authority v. Bragg (2013, 

Court of Appeals of Texas No. 04-11-00018-CV), courts awarded landowners 

compensation for groundwater permits that were denied by the EAA due to lack 

of historical usage. The ruling for Edwards Aquifer Authority v. Day by the 

Texas Supreme Court argued that there was no reason to treat groundwater 

differently than oil and gas and recognized groundwater as real property. In both 

cases, landowners owned the land prior to enactment of new groundwater 

pumping regulations. There remains a lack of clarity with Texas groundwater 

law that results in ongoing legal challenges regarding groundwater regulation, 

and these could impact the EAA’s ability to regulate the aquifer in the future. 

The EAA manages and issues permits for groundwater withdrawals within the 

Edwards Aquifer through conservation and drought management. The EAA’s 

jurisdiction is limited to the Edwards Aquifer in Uvalde, Medina, Bexar, and 

portions of Comal, Guadalupe, Hays, and Caldwell counties. The contributing 

zone in Bandera, Kerr, and Kendall counties do not have additional protections 

under either program. Thus, the EAA’s water quality regulations do not protect 

most of the contributing zone, which may ultimately reduce the water quality of 

the Edwards Aquifer. 

As described above, TCEQ regulates activities that have the potential to pollute 

the Edwards Aquifer and hydrologically connected surface streams under the 

same Edwards Aquifer Protection Program or “Edwards Rules” and for the 

same counties. This means areas of the contributing zone do not have additional 

protections that could affect the amount and quality of recharge that enters the 
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Edwards Aquifer, resulting in lower water quality protection for the aquifer and 

the Comal or San Marcos ecosystems.  

Likewise, this agency does not address development or other land use, 

impervious cover limitations, some nonpoint source pollution, or application of 

fertilizers and pesticides over the recharge zone (30 TAC § 213.31). Changes to 

how surface water and the Trinity Aquifer are managed are likely to change the 

amount that can be sustainably pumped from the Edwards Aquifer during 

drought conditions. For example, the Hays-Trinity Groundwater Conservation 

District also manages groundwater that influences the water at the San Marcos 

Springs ecosystem. 

2.2.2.5 Other natural or manmade factors affecting its continued 

existence: 

Global climate change is already affecting many regions’ biodiversity, with 

stressors driven by increasing temperatures and extreme climatic events and will 

continue to in the near-term (Intergovernmental Panel on Climate Change 2023, 

pp. 5, 15). Over the last 115 years, the global averaged surface air temperature 

has increased by 1.0°C (1.8°F) with recent decades being the warmest in 1,500 

years (Vose et al. 2017, pp. 186, 188). With the highly karstic permeability of 

the Edwards Aquifer, climate change and variability strongly influence this 

vulnerable aquifer that relies heavily on rainfall for recharge (Mace and Wade 

2008, p. 659; Taylor et al. 2013, p. 312; Ding and McCarl 2019, p. 11; Nielsen‐

Gammon et al. 2020, p. 9). The Fourth U.S. National Climate Assessment (U.S. 

Global Change Research Program 2018, pp. 1,002-1,003) presents the Edwards 

Aquifer as a case study in vulnerability to climate change, citing the shallow 

karst aquifer as especially sensitive to climate change, and the regional 

population growth and development as exacerbating the effects of decreased 

water supply during droughts. While average rainfall is not projected to change 

significantly in central Texas, the distribution of precipitation is anticipated to 

change with more extreme droughts and extreme rain events (Geos Institute 

2016, pp. 14-15). 

Increasing temperatures will also create drier conditions due to increased 

evapotranspiration (Loáiciga and Schofield 2019, p. 224). Extreme droughts in 

Texas are more likely than they were 40-50 years ago (Rupp et al. 2012, p. 

1,054; Nielsen-Gammon et al. 2020, entire). A recent study predicts 

megadroughts in Texas, more severe than have been seen for the past thousand 

years, that will occur before 2100 (Nielsen‐Gammon et al. 2020, entire). 

Droughts worse than the Drought of Record occurred since the 1600s and are 

not uncommon in the region (Mauldin 2003, entire; Cleaveland et al. 2011, 

entire). It is not possible to ensure that there will be adequate flow to these 

springs without planning for more extreme droughts than the Drought of Record 

(Loáiciga and Schofield 2019, p. 236; Mace 2019, p. 212). The sustainable 

water yield for the Edwards Aquifer will decrease in a dry climate (EARIP HCP 
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2020, pp. 3-12, 3-31, 3-43; Loáiciga and Schofield 2019, pp. 223, 235-236) 

while human demand for groundwater will increase (EARIP HCP 2020, pp. 3-

10–3-11), making it more challenging to balance groundwater use for human 

needs and ecosystem function. In 2010, Texas set a record for lowest rainfall 

with similar conditions persisting until 2013 (Nielsen-Gammon 2012, p. 59; 

National Research Council 2015, p. 168). Heavy rainfall leading to floods may 

also become more common from extreme precipitation events and may result in 

increased habitat disturbance due to movement of materials and scouring.  

Average air temperature in Texas has risen 1.5°C (2.7°F) since the early 1900s 

(National Oceanic and Atmospheric Administration 2022, unpaginated). Future 

air temperature changes will depend on the amount of future greenhouse gas 

emissions (U.S. Global Change Research Program 2018, p. 995). Based on 

current projections of greenhouse gas emissions, air temperature is projected to 

increase 2.0-2.8°C (3.6-5.1°F) by 2050, and 2.4–4.7°C (4.4–8.4°F) by 2100 for 

the southern Great Plains (U.S. Global Change Research Program 2018, p. 995). 

Projections by Sharif (2018, p. 4) predict a greater rise in air temperature by 

2100, 2.7-5.6°C (5-10°F). Studies have not explicitly addressed groundwater 

temperature increases for the Edwards Aquifer. Based on other research into 

changes in groundwater temperature, it is reasonable to expect that groundwater 

temperature will increase as air temperature increases, with a possible lag in 

groundwater temperature increase (Mahler and Bourgeais 2013, p. 295). 

Groundwater temperature also increases with urbanization and vegetation 

removal (Benz et al. 2017, entire). This could further increase groundwater 

temperatures as more development occurs. Groundwater temperature typically 

increases with depth due to geothermal heat flow, although this also varies 

locally with other variables such as vertical groundwater flow (Bense and 

Kurylyk 2017, pp. 1, 8). This suggests that deeper water would not provide a 

long-term buffer to increasing temperatures.  

Surface water temperature will also increase during warm months. Data from 

the EAA indicates greater temperature fluctuations downstream from the 

springs due to increased exposure time to ambient temperatures and runoff from 

rain events (BIO-WEST, Inc. 2019a, p. 20; BIO-WEST, Inc. 2019b, p. 16). Low 

spring discharge is also a mechanism that increases the water’s exposure time to 

ambient temperature. Thus, both future droughts and increased ambient 

temperature are likely to increase the surface water temperature. Thus, both 

future droughts and increased ambient temperature are likely to increase the 

surface water temperature. Continuous temperature data for the springs began in 

2000, and groundwater temperature at Comal and San Marcos springs are 

relatively constant (BIO-WEST, Inc. 2019b, p. 16). Continuous water 

temperature monitoring in the Comal River should indicate whether water 

temperatures rise in the future.  

Comal Springs riffle beetles are ectothermic macroinvertebrates with a limited 

thermal tolerance and a confined habitat centered around freshwater springs 
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originating from the aquifer (Cooke et al. 2015, pp. 114, 117-118; Huston et al. 

2015, p. 797; Worsham and Julius 2017, p. 6; Nair et al. 2023, entire). Due to 

the reduction of functioning wings for rapid dispersal, these beetles encounter 

difficulties when exposed to short periods of elevated temperatures (~ 3°C 

increase [5.4°F]). Such temperature spikes can adversely affect their metabolic 

response, overall longevity, and their ability to migrate to habitats with more 

favorable and less stressful conditions (Bosse et al. 1988, p. 201; Bowles et al. 

2003, p. 379; Nair et al. 2023, p. 6). 

Groundwater-dependent species with similar thermal tolerances and adaptive 

traits are constrained by their inability to migrate and face challenges relocating 

due to specific habitat requirements (Kløve et al. 2014, p. 263; Castaño-Sánchez 

et al. 2020, p. 7; Simčič and Sket 2021, entire; Becher et al. 2022, pp. 4–5). 

Some groundwater-dependent species would likely be incapable of adapting to 

modified temperatures in the medium to long-term and less capable, due to 

restricted dispersal capabilities, to flee rising temperature conditions than more 

generalist surface species (Culver and Pipan 2009, pp. 207–208; Taylor et al. 

2013, pp. 324–325; Mammola et al. 2019, p. 646). Moreover, de-watered voids 

may emerge, prompting speculation that the species will attempt to follow the 

receding water into the aquifer, presumably seeking preferable water quality 

conditions (Cooke 2012, p. 30; Nair et al. 2023, p. 6). The potential for these 

riffle beetles to escape unfavorable conditions resulting from catastrophic 

drought in their habitat is uncertain. Nonetheless, considering the known 

challenges faced by this stenothermal, groundwater-dependent species in terms 

of migration and adapting to modified temperatures, it seems unlikely that the 

Comal Springs riffle beetle possesses a high degree of adaptability.  

An assessment by U.S. Geological Survey evaluated the projected future 

vulnerability through 2050 of the Comal Springs riffle beetle and rated it as 

moderately vulnerable to climate change (Stamm et al. 2015, pp. 1, 40, 42, 47). 

Moderately vulnerable is defined as “abundance and/or range extent within 

geographical area assessed likely to decrease by 2050.” While the rate of water 

temperature change in their habitat remains unknown, its potential impacts on 

water quality are significant. Increased water temperature can lead to the 

alteration of contaminant mobilization, changes in recharge rates, stimulation of 

metabolic processes, and disruption of biogeochemical processes such as the 

carbon or nitrogen cycle (Kløve et al. 2014 p. 263; Castaño-Sánchez et al. 2020 

p. 7; Simčič and Sket 2021 entire; Becher et al. 2022 pp. 4–5). These 

mechanisms collectively contribute to a decline in water quality, affecting both 

subsurface and surface environments.  

Therefore, the adaptive capacity ectothermic animals have to environmental 

changes is presumed to be low. For ectothermic macroinvertebrates, 

vulnerability to climate change depends on thermal sensitivity and the speed at 

which their buffered environment undergoes alterations (Pallarés et al. 2021, p. 

487; Delić et al. 2022, p. 2). This will require more research globally to fully 
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understand vulnerability of these aquifer ecosystems and their subterranean 

communities (Mammola et al. 2019, pp. 646–647; Hose et al. 2022, entire). 

2.3  Synthesis 

There are currently two genetically isolated populations of the Comal Springs riffle beetle in 

Texas. Demographic data, captive refugia research, and the five-factor threats analysis 

(Section 2.2.2) are collectively not indicative of the need for a change in listing status 

recommendation for the Comal Springs riffle beetle. Comal Springs riffle beetle populations 

rely on continuous management and protective measures to preserve habitat, prevent silt 

accumulation, manage groundwater pumping for optimal springflow, supply terrestrial 

organic matter for the food web, and maintain sufficient water availability and quality for 

overall ecosystem health. In conclusion, it is our recommendation that a change in 

classification is not warranted at this time. 

3.0 RESULTS 

3.1 Recommended Classification: 

No change is needed 

3.2 New Recovery Priority Number (indicate if no change; see 48 FR 43098): 

No Change Recommended; see 48 FR 43098, September 21, 1983 & 48 FR 51985, 

November 15, 1983 - Correction) 

Brief Rationale: 

Primary stressors to Comal Springs riffle beetle populations are the loss of springflows and 

decreases in subsurface habitat due to drawdown of the Edwards Aquifer and reductions in 

water quality from development and land-use changes. Research suggests that 

contamination of groundwater has not been historically widespread, is at relatively low 

concentrations currently, and the subterranean ecosystems do not exhibit significant signs of 

degradation (Hutchins 2018, pp. 481–482). Current conservation, flow protection, and water 

quantity optimization measures in place have been effective in meeting biological objectives 

for EARIP HCP Covered Species, including the Comal Springs riffle beetle (National 

Research Council 2018, p. 109). Given projected human population increases, associated 

expansion of exurban, suburban, and urban development and climate change-induced 

droughts for south-central Texas, the impact on groundwater habitat quality and aquifer 

recharge into the future remains uncertain (Loáiciga and Schofield 2019, p. 224; National 

Oceanic and Atmospheric Administration 2022, unpaginated). The sustainable water output 

for the Edwards Aquifer could decrease in a dry climate while human demand for 

groundwater would increase, making it more challenging to balance groundwater use for 

human needs and ecosystem function, and thus, the EARIP HCP’s Comal Springs riffle 

beetle’s viability (Loáiciga and Schofield 2019, pp. 223, 235–236; EARIP HCP 2020, pp. 3-

10–3-11, 3-12, 3-31, 3-43; Nielsen‐Gammon et al. 2020, pp. 9–10).  
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In terms of viability, the Comal Springs riffle beetle occupies a restricted range of two 

genetically distinct populations as a narrow endemic species only occurring in groundwater-

dependent spring ecosystems supplied by the Edwards Aquifer and are highly susceptible to 

extinction from perturbations that would affect water quantity and quality in the Edwards 

Aquifer and ongoing management is needed to maintain resiliency. Further, the absence of 

data to inform how these threats directly impact Comal Springs riffle beetle populations 

precludes a more detailed assessment of these impacts. Thus, our analysis does not warrant a 

change in recommended classification or recovery priority number. Therefore, we 

recommend the Comal Springs riffle beetle retain its classification as endangered due to its 

conservation-reliant status. 

3.3 Listing and Reclassification Priority Number, if reclassification is recommended 

(see 48 FR 43098): 

Reclassification (from Threatened to Endangered) Priority Number:  

Reclassification (from Endangered to Threatened) Priority Number:  

Delisting (Removal from list regardless of current classification) Priority Number:  

Brief Rationale: 

Not applicable 

4.0 RECOMMENDATIONS FOR FUTURE ACTIONS 

• Incorporate habitat-centered biological goals and objectives during EARIP HCP renewal 

process to promote protection of suitable habitat quality and quantity and species 

resiliency. 

• Continue water quantity and quality monitoring at accessible spring and well sites within 

and the areas that recharge the occupied spring ecosystems for habitat quality. 

• While there is a general understanding habitat quality decreases as silt accumulates and 

reduces springflow and water quality, the absence of quantitative studies linking 

variations in silt-free habitat to Comal Springs riffle beetle population estimates adds 

complexity, highlighting the need for research to understand the direct and indirect 

impacts of sedimentation on habitat suitability and food resources (National Research 

Council 2018, p. 46). 

• Currently, there is a lack of sufficient biological and habitat data for the San Marcos 

Springs population. It is recommended that status surveys of the San Marcos ecosystem 

in Hays County, Texas are conducted to assess the health and status of this Comal 

Springs riffle beetle population. Texas State University’s Meadows Center for Water and 

the Environment, responsible for overseeing Spring Lake which houses a genetically 

distinct population of the species, plays a pivotal role in their conservation efforts. The 

recent decrease in flow from Hotel Spring during the summer of 2023 underscores the 

vulnerability of this beetle population, which heavily depends on consistent, high-quality 

spring flow at San Marcos Springs (BIO-WEST, Inc. 2023, pp. vii, 15; Nair et al. 2023, 

p. 6). Collaboration with the Meadows Center for Water and The Environment and the 

EAA is essential to addressing these challenges which would improve our knowledge 
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regarding current population resiliency and the assurance of redundancy of this 

genetically distinct population into the future. 

• Conduct research to reduce sources of nitrate into the Comal Springs ecosystem through 

coordination with agencies, public education, and other non-governmental organizations. 

• Establish conservation easements or fund land purchases within the contributing and 

recharge zones of the Edwards Aquifer for the benefit of the Comal Springs riffle beetle 

and to ensure adequate springflow is sustained through droughts. Additionally, a site-

prioritization tool could be developed to support decision making about strategic land 

acquisitions. 

• To the extent possible, reduce increases in impervious surfaces or clearing of forest 

within the recharge areas supporting the species. 

• Continue captive propagation research:  

o Conduct ongoing research to enhance captive propagation techniques. 

o Implementing a targeted microbial management strategy in captivity, informed by 

comprehensive microbiome analyses, to mitigate potential disruptions caused by 

factors described in Mays et al. (2021, pp. 3, 9), such as human contact and 

biofilm shedding from well water pipes. This proactive measure is essential for 

ensuring the resilience and sustainability of the captive populations over the long 

term. 

o Develop the capacity to produce offspring on-demand, anticipating standard 

operating procedures to inform action for potential catastrophic events or 

extirpation in the wild. 

o Formulate a comprehensive reintroduction plan based on research findings, 

ensuring the ability to replenish populations as needed. 
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