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Groundwater-dependent species are among the least-known compo-
nents of global biodiversity, as well as some of the most vulnerable
because of rapid groundwater depletion at regional and global scales.
The karstic Edwards–Trinity aquifer system of west-central Texas is
one of the most species-rich groundwater systems in the world, rep-
resented by dozens of endemic groundwater-obligate species with
narrow, naturally fragmented distributions. Here, we examine how
geomorphological and hydrogeological processes have driven popu-
lation divergence and speciation in a radiation of salamanders (Eurycea)
endemic to the Edwards–Trinity system using phylogenetic and
population genetic analysis of genome-wide DNA sequence data.
Results revealed complex patterns of isolation and reconnection
driven by surface and subsurface hydrology, resulting in both
adaptive and nonadaptive population divergence and speciation.
Our results uncover cryptic species diversity and refine the borders
of several threatened and endangered species. The US Endangered
Species Act has been used to bring state regulation to unrestricted
groundwater withdrawals in the Edwards (Balcones Fault Zone)
Aquifer, where listed species are found. However, the Trinity and
Edwards–Trinity (Plateau) aquifers harbor additional species with
similarly small ranges that currently receive no protection from reg-
ulatory programs designed to prevent groundwater depletion.
Based on regional climate models that predict increased air temper-
ature, together with hydrologic models that project decreased spring-
flow, we conclude that Edwards–Trinity salamanders and other
codistributed groundwater-dependent organisms are highly vul-
nerable to extinction within the next century.

endangered species | groundwater depletion | multispecies coalescent |
phylogeography | species tree

Groundwater is the largest source of liquid freshwater on
Earth, providing drinking water for billions of people (1)

and irrigation for most of the world’s agriculture (2), while at the
same time sustaining aquatic and terrestrial ecosystem function
(3–5). Although groundwater was once a seemingly limitless re-
source that made possible the “green revolution” and expanded
the global food supply (6–8), groundwater depletion has become
an intensifying global problem (9–13). Aquifer overdraft threatens
water and food security (14–16), as well as natural capital and
economic welfare (17, 18). Groundwater-dependent ecosystems
provide essential services (5), including water purification (19),
biodegradation (20, 21), and nutrient cycling (22, 23). The
groundwater-obligate organisms (stygobionts) underpinning these
ecosystem services are among the least-known components of
global biodiversity (24, 25), as well as some of the most vulnerable
to extinction (see, e.g., refs. 26–28). They are particularly vul-
nerable because most have small distributions (25, 29) and are
adapted to a narrow set of environmental conditions (3, 4, 30).
The actual or functional extinction of narrowly endemic stygo-
bionts may reverberate through ecological networks via com-
plex interactions among species (see, e.g., refs. 31 and 32). In the
worst case, extinction may result in the impaired functioning of
groundwater-dependent aquatic and terrestrial ecosystems,

resulting in the deterioration of water quality (see, e.g., refs.
33–35).
The karstic Edwards–Trinity aquifer system (36) of west-central

Texas (Fig. 1) is one of the most species-rich groundwater en-
vironments in the world, represented by dozens of endemic
species with small, naturally fragmented distributions (37–43).
Groundwater is especially valuable for municipal, irrigation, and
recreational use in this semiarid region, owing to low rainfall,
frequent droughts, and little permanent surface water (44, 45).
Groundwater development since the 1950s (46), combined with
more recent, rapid residential development (47), has resulted in
intensive pumping, decreased well yields, local water table de-
clines, and diminished baseflow to springs and streams (48–51).
Aquifer drawdown and the resulting reduction or cessation of
springflow has resulted in habitat loss and fragmentation for
groundwater species, compounded by reduced water quality from
urban development (52–55). As a result, 13 groundwater-dependent
species endemic to the Edwards Aquifer are listed as threatened or

Significance

Groundwater ecosystems deliver services that are vital to hu-
man well-being and environmental quality. Overexploitation
of groundwater threatens biodiversity and ecosystem stability
worldwide, underscoring the need to discover, describe, and
sustain groundwater-dependent species before they are lost.
Here we present a phylogenomic analysis of a salamander ra-
diation endemic to the karstic Edwards–Trinity aquifer system
of west-central Texas. This intensively used resource sustains
narrow-range endemic groundwater species that are endan-
gered with extinction due to aquifer overdraft. The federal
Endangered Species Act has been used as a tool to bring reg-
ulation to groundwater withdrawal, but existing state law that
treats groundwater as private property undermines conserva-
tion. Without ecologically relevant policies for sustainable use,
unchecked groundwater depletion will likely result in species
extinction and ecosystem degradation.
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Nissen et al. (2018) New occurrence records 
for stygobiontic invertebrates from the 
Edwards and Trinity aquifers in west-central 
Texas, USA. Subterranean Biology 28: 1-13. 
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2012), even though some of the most diverse groundwater 
communities identified (Sarbu et al. 1996, Pohlman et al. 
1997, Por 2007) are supported by chemolithoautotrophic 
production at rates comparable to those reported for 
epigean habitats with complex food webs and trophic 
specialists (Porter et al. 2009), including boreal forests 
and grasslands (Cramer et al. 2001), lakes (Sabo et al. 
2009), and oceanic pelagic zones (Saba et al. 2011). 
Groundwater food web studies report chemolithoauto-
trophy in habitats ranging from small cave systems with 
drainage areas < 10 km2 (Sarbu et al. 2000) to the Yucatán 
Peninsula (Pohlman et al. 1997), which underlies an area 
> 165 000 km2 (Bauer- Gottwein et al. 2011). 
Chemolithoautotrophy has also been demonstrated for 
deep aquifers in basalt, granite, and non- carbonate sedi-
mentary rocks (Amend and Teske 2005), although micro-  
and meiofauna and invertebrate species diversity, food 
web dynamics, and trophic structures of these systems are 
practically unknown (Johns et al. 2015). Hypothetically, 
chemolithoautotrophy in groundwater systems may 

control biological and trophic diversity in otherwise 
 species- poor and simple food webs because chemolitho-
autotrophic OM is a temporally constant resource largely 
decoupled from surface processes. However, our under-
standing of how chemolithoautotrophic production 
affects the evolution and maintenance of complex trophic 
structure in groundwater ecosystems remains poor.

In this study, we evaluated the relative importance of 
chemolithoautotrophy among subterranean food webs 
located in the Edwards Aquifer of  central Texas, USA 
(Fig. 1). The Edwards Aquifer is a large, complex karst 
aquifer that contains one of  the most diverse stygobiont 
(obligate subterranean aquatic animals) communities 
(Fig. 2) in the world (Longley 1981). Hutchins and 
Schwartz (2013) and Hutchins et al. (2014) illustrate 
that food chain length in the Edwards Aquifer is the 
longest yet reported from any groundwater system on 
Earth, containing secondary and potentially higher- 
level consumers with morphologic adaptations for pre-
dation. Moreover, prior research indicates that both 

FIG. 2. Images of several Edwards Aquifer stygofauna species found at the artesian well, Comal Springs, and/or Ezell’s Cave in 
Central Texas. (A) Texas blind salamander (Eurycea rathbuni; Plethodon), (B) Artesia subterranea (Amphipoda), (C) Parabogidiella 
americana (Amphipoda), (D) Cirolanides texensis (Isopoda), (E) Tethysbaena texana (Thermosbaenacea), (F) domed cavesnail 
(Phreatodrobia nugax; Gastropoda), (G) Peck’s cave amphipod (Stygobromus pecki; Amphipoda), (H) Texas troglobitic water slater 
(Lirceolus smithii; Isopoda), and (I) the Texas cave diving beetle (Haideoporus texanus; Coleoptera). Photo credits: panels (A), (B), 
(E), (F), and (I) by B.F. Schwartz; panels (C) and (G) by B.T. Hutchins; panel (D) by J. Butler; panel (H) by J.R. Gibson (United 
States Fish and Wildlife Service).

Hutchins et al. (2016) Ecology



“Why should we care? What difference does it make if some 
species are extinguished? ... Only in the last moment of human 
history has the delusion arisen that people can flourish apart from 
the rest of the living world . . . ” (E. O. Wilson, The Diversity of Life)


