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Editorial on the Research Topic

The effects of environmental change on anchialine ecosystems
Anchialine ecosystems comprise interconnected groundwater habitats at the land-sea

aquatic continuum within karstic and volcanic geological settings. Here, crevicular and

cavernous environments are flooded by the subterranean estuary, the region of coastal

aquifers where seawater and terrestrial-borne freshwaters mix (Moore, 1999), creating

globally dispersed habitats for characteristic aquatic fauna with subterranean adaptations

(Bishop et al., 2015; van Hengstum et al., 2019). These cave-adapted organisms are

primarily invertebrates, often endemic, with metabolic, physiologic, and morphologic

adaptations that allow them to thrive in dark and energy-limited environments.

Historically, these habitats have been considered particularly stable environments (e.g.,

Sket, 1996). However, there is growing evidence that the functioning of anchialine

ecosystems is greatly influenced by external meteorological, hydrological, and oceanic

conditions that closely link them with adjacent terrestrial and marine habitats (e.g.,

Brankovits et al., 2018; Tamalavage et al., 2018). For all these reasons, anchialine

ecosystems may be more susceptible to short- and long-term effects of environmental

change than previously thought.

Organic matter availability is pivotal to the functioning of freshwater, estuarine, or

marine habitats, because it regulates microbial community structure and dissolved

oxygen concentrations in the water column and the sediments (e.g., Howarth et al.,

2011). Anchialine ecosystems are typically oligotrophic environments with low dissolved

oxygen content and, therefore, they can easily transition into anoxic eutrophic habitats

when organic matter inputs increase from either terrestrial or marine sources (e.g., at

sinkholes, cenotes, or other cave openings) (Pohlman, 2011). The inputs, composition,

and bioavailability of organic matter are sensitive to changes in nearby surface habitats,

human activities and pressures, tidal fluctuations, seasonal changes in precipitation, and
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extreme weather events, such as hurricanes and tropical storms

(e.g., Brankovits et al., 2021).

This Research Topic was established with the aim to bring

together the most recent outcomes and advances from a variety

of scientific disciplines that link spatial and temporal changes in

the environment to biogeochemical, ecological, and

physiological changes at different biological scales in

anchialine ecosystems, from microbes and macrofauna to

habitat level. We have received contributions from disciplines

spanning paleoecology, microbiology, biogeochemistry, and

ecophysiology from four geographical regions around the

world (Australia, Bermuda, The Bahamas, and the Yucatan

Peninsula). Specifically, these studies aimed at characterizing

the limits of physiological adaptations of cave-adapted

crustaceans, the drivers of organic matter inputs over time,

and how organic matter availability regulates microbial

community structure and meiofauna assemblages (Figure 1).

These contributions expand our understanding of anchialine
Frontiers in Marine Science 02
ecosystem functioning and enable better predictions of future

ecological changes within these coastal aquifer habitats.

Cresswell and van Hengstum (2022) evaluated links between

changes in environmental factors and benthic foraminiferal

assemblages in Bermuda using sediment cores that are the

best-preserved stratigraphic succession currently known from

an underwater cave. In addition to marked changes in salinity

due to the vertical and horizontal migration of the mixing zone

with sea-level fluctuations, the source of organic carbon was an

important factor shaping the assemblages of benthic meiofauna

over the last 10,000 years. In another study from The Bahamas,

Risley et al. (2022) showed that microbial community structure

is influenced by the origin of organic carbon at the time of

deposition, linking changes in terrestrial vegetation on the

surface and microbial sedimentary processes in the subsurface

over the past 2,000 years. Beyond the sediments, the stratified

water column is also inhabited by a consortium of microbes that

regulate organic matter transformation. Using cell population
FIGURE 1

Conceptual model of organic matter (OM) inputs and transformation in a coastal cave environment flooded by fresh and saline groundwaters, a
typical anchialine ecosystem. The inputs and consumption of OM affects the concentrations of dissolved oxygen, particulate organic matter
(POM), dissolved organic matter (DOM), and methane (CH4) in the water column. The salinity and chemical gradients create a set of habitats in
this environment. Studies submitted to this Research Topic include investigations of (A) the physiological adaptations of cave-adapted
crustaceans (Chávez-Solıś et al., 2022), (B) microbial assemblages in the stratified water column (Elbourne et al., 2022), and the effects of
sedimentary OM deposition over time on (C) meiofaunal assemblages (Cresswell and van Hengstum, 2022) and (D) microbial communities
(Risley et al., 2022).
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counts and 16S rRNA amplicon analyses, Elbourne et al. (2022)

characterized the microbial communities along physicochemical

gradients and depth profiles in the stratified water column of the

Bundera Sinkhole, Australia. Although the high level of

taxonomic novelty made it difficult to attribute metabolic

functions to many of the key microbial players, potential

chemolithotrophic processes, including sulfur-, ammonia-, and

nitrite-oxidation, were supported by the study. This work

highlights the effects of increased organic matter loading on

microbially-mediated elemental cycling and their influence on

shaping habitat variability in anchialine ecosystems. The

observed salinity and dissolved oxygen gradients create

heterogeneous habitats that affect physiological adaptations

within macrofauna species and populations. Through a set of

physiological and metabolic parameters, Chávez-Solıś et al

(2022) showed that closely related cave-shrimp species from

the genus Typhlatya in the Yucatan Peninsula have different

metabolic capacities that are in correspondence with the salinity

they inhabit. This work has implications for understanding the

evolutionary history of this cave-restricted genus and for the

conservation efforts of anchialine ecosystems.

Collectively, the above contributions highlight how the

interplay of environmental factors such as salinity, organic

matter loading, and dissolved oxygen content control habitat

variability and ecosystem functioning in anchialine ecosystems.

Future studies should investigate direct linkages between

microbes, biogeochemical processes, and trophic webs,

considering the role of macrofauna in these processes. Focus is

also needed on a more comprehensive identification of microbial

assemblages; investigate regional and sub-regional drivers on the

observed biogeochemical processes and differences between

ecosystem models from different geographical regions. The use

of modern molecular technologies would aid identifying such

mechanisms and help shed light on evolutionary and adaptive

processes. A conservation approach integrating physiology,
Frontiers in Marine Science 03
niche width, and global environmental change projections for

cave-restricted species and their habitats is paramount for the

protection of anchialine ecosystems.
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