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Editorial on the Research Topic 
Threatened aquatic gems: freshwater springs and groundwater-dependent ecosystems


Groundwater constitutes the Earth’s largest liquid freshwater reserve (Stephens et al., 2020). Although awareness is growing that human water demands threaten finite groundwater resources worldwide (Bierkens and Wada, 2019), there remains a dearth of information on how those water demands impact terrestrial and aquatic groundwater-dependent ecosystems (GDEs), including springs. Groundwater withdrawals have reduced inputs to GDEs even in high rainfall areas (Work, 2020), but the threat of groundwater extraction on GDE persistence and condition is especially acute in arid zones where globally, groundwater extraction already exceeds recharge (Aeschback-Hertig and Gleeson, 2012). Worldwide, springs often contain high endemism and can be biodiversity hotspots that contribute to regional biodiversity disproportionate to their size, so ecological consequences of groundwater extraction are potentially severe (Davis et al., 2017).
The Research Topic “Threatened Aquatic Gems: Freshwater Springs and Groundwater-dependent Ecosystems” advances our knowledge of the critical role that GDEs play in maintaining biodiversity, and highlights research and conservation strategies needed to protect GDEs, especially in a warming climate.
Arid-zone springs have been called “precious jewels of the desert”, a reflection of their vulnerability and ecologic importance (Box et al., 2008). The arid spring ecosystems investigated by Fensham et al. in Australia, the southwestern US and Mexico exemplify this vulnerability, as they harbor some of the highest documented concentrations of endemic species in the world. The high endemism of these systems highlights the importance of stability and permanence over evolutionary timescales (up to 47 MYA, Murphy et al., 2015) in producing and maintaining biodiversity. To preserve these biodiversity hotspots will require recognition of their importance and the specific land and water uses that affect their persistence.
Globally, climate change will significantly stress GDE health, in part due to groundwater recharge reductions in regions with annual rainfall declines (Wu et al., 2020; Schenk and Stevens, 2022). An investigation of Copepoda from karst springs in Italy by Cerasoli et al. revealed high diversity within and between springs. They suggested the preservation of copepod diversity may require conservation of entire spring complexes, given the variability in assemblages between microhabitats along multiple spatial, temporal and environmental axes. Predicted decreases in groundwater recharge with climate change could negatively impact microhabitats and therefore faunal diversity. Preservation of meiofauna diversity in these spring systems will require innovative conservation strategies that recognize the high species turnover within and between springs and the importance of unique microhabitats.
Similarly, the Mojave and Sonoran deserts support high biodiversity in a diverse array of GDEs. Using ecological and hydrological characteristics, Love et al. found little commonality across desert springs. Instead, they argued that each spring represented a unique ecosystem and therefore spring conservation should not rely on mitigation and re-creation of these irreplaceable sites. Worldwide, the endemism, ecosystem services and aquatic biodiversity of GDEs are not easily replaced or substituted, a theme that has recurred in past literature (e.g., Cantonati et al., 2020) and in this Research Topic.
Groundwater extraction in Australia has doubled in the past 40 years (Cook et al., 2022), yet how groundwater extraction affects GDEs is poorly understood, particularly in areas of Australia away from population centres (e.g., Brim Box et al., 2022). To fill this information gap Davis et al. sampled fish populations in an area of northern Australia undergoing development of multiple and large-scale groundwater-intensive industries. The highest freshwater fish richness occurred at sites with flow augmented by groundwater discharge. Therefore, industrial groundwater abstraction could reduce fish assemblage diversity in rivers, often not recognized as GDEs, through reduced baseflows and loss of aquatic refugia during dry seasons.
Global groundwater depletion has been well documented (e.g., Famiglietti, 2014; Thomas and Famiglietti, 2019), but the ecological implications of depletion have not, especially for terrestrial GDEs (e.g., groundwater-dependent vegetation). By analysing groundwater level trends in monitoring wells in Oregon and Nevada, Saito et al. showed that almost half of springs and 25% of phreatophyte communities were in areas with declining groundwater levels. Going forward, monitoring spring discharge and phreatophyte community condition will be imperative to understand the impacts of groundwater level declines on an array of ecosystem types.
The ecosystem services provided by both terrestrial and aquatic GDEs in California were explored in Howard et al. They concluded that GDEs provide significant benefits to people through three critical ecosystems services - pollination, water quality and carbon sequestration. In California, over 30% of California’s pollinator-dependent crops may benefit from GDEs, and total carbon storage of GDEs was equivalent to 790 million tons, twice the annual emissions from California. As elsewhere, domestic, agricultural and industrial groundwater overuse is in direct conflict with protection of these systems and the ecosystem services they provide.
Protection of GDEs from climate change and continued groundwater extraction will require data, particularly for ecosystems that historically have been poorly represented in monitoring programs (Jungens et al., 2016). Thousands of springs are dotted across the US and, like other regions of the world, often harbor endemic plants and animals. By analysing the US national dataset of spring resources, the US Geological Survey National Water Information System, Work, 2020 found that the database was out of date with many springs sampled once and over 50 years ago. Time series of discharge data available for only 126 springs suggested that discharge has decreased for half of these springs. Work concluded that springs rank relatively low on the conservation priority scale of the US, despite their importance in landscapes, and called for a concerted national effort to more broadly monitor and protect US GDEs.
Threats of climate change and continued/expanding global groundwater extraction are likely to continue to increase for GDEs. To address these threats, Beasley-Hall et al. recommended improved biodiversity assessment and monitoring of South Australia’s springs fed by waters of the iconic Great Artesian Basin, along with enhanced legal protection and coordinated management among the many stakeholders responsible for both land and water conservation. If followed, their recommendations, as well as those presented by other contributions to this Research Topic and insights from the broader literature (e.g., Cantonati et al., 2020; Cartwright et al., 2020; Rossini et al., 2020) could ensure that the unique flora and fauna found in GDEs globally are protected in the face of ever-increasing threats.
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