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Freshwater ecosystems are among the most threatened environments on Earth, despite
being indispensable for biodiversity conservation and human well-being [1–3]. Occupying
only a tiny fraction of the planet’s surface, inland waters sustain disproportionately high
levels of biological diversity while simultaneously facing accelerating pressures from habi-
tat degradation, pollution, hydrological alteration, invasive species, overexploitation, and
climate change [1,2]. Within these ecosystems, freshwater mollusks, including gastropods
and bivalves, represent one of the most imperiled faunal groups globally [4,5]. Yet, despite
their ecological importance and alarming conservation status, freshwater mollusks remain
comparatively understudied when contrasted with other aquatic organisms [5,6].

Freshwater mollusks play a crucial role in ecosystem functioning by contributing to
water purification, nutrient retention, sediment regulation, contaminant sequestration, habi-
tat engineering, and aquatic food web dynamics [7–9]. Despite their ecological importance,
the environmental, economic, and societal value of these organisms remains insufficiently
recognized in freshwater management and conservation policies [5,6,8,9]. Due to their high
sensitivity to environmental disturbances, freshwater mollusks also represent valuable
bioindicators and sentinel organisms, widely applicable in biomonitoring, ecotoxicological
assessments, restoration evaluations, and long-term ecological surveillance [10,11]. Con-
sequently, they offer considerable potential for improving environmental diagnostics and
evidence-based management of aquatic ecosystems [11,12].

From a broader socio-ecological perspective, freshwater mollusks occupy a critical
position at the intersection of biodiversity conservation, ecosystem services, water security,
environmental governance, and human well-being [6,9]. Their decline reflects broader
processes of freshwater ecosystem degradation with important ecological, economic, and
public health implications [1,3]. Moreover, freshwater mollusks are increasingly rele-
vant within the One Health and Planetary Health frameworks due to their links with
parasite transmission, contaminant dynamics, ecosystem functioning, and water quality
regulation [13,14]. As global environmental change accelerates in the Anthropocene, these
organisms will likely become even more important for freshwater conservation, ecological
restoration, and sustainable water resource management [3,9].

Research methodologies in freshwater malacology have advanced substantially in re-
cent years. Advances in environmental DNA (eDNA), metabarcoding, metagenomics, and
molecular phylogenetics are increasingly enabling non-invasive biodiversity assessments,
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early detection of invasive or endangered species, and large-scale ecological monitoring
across multiple spatial and temporal scales [15–17]. These approaches are substantially
improving taxonomic resolution and expanding our capacity to investigate cryptic diversity,
population structure, and species distributions [15,16]. In this context, the development
of Essential Biodiversity Variables (EBVs) and global biodiversity data infrastructures is
expected to play a central role in standardizing biodiversity monitoring and enabling
large-scale ecological synthesis [18]. Freshwater mollusks are also particularly well suited
for interdisciplinary socio-ecological research given their central roles in ecosystem engi-
neering, nutrient cycling, contaminant accumulation, water filtration, and host–parasite
interactions [6,8].

This Special Issue of Diversity, “Advances in Freshwater Mollusk Research”, brings
together a diverse collection of studies that collectively highlight the breadth, complex-
ity, and urgency of contemporary freshwater mollusk research. The contributions span
multiple continents, taxonomic groups, methodological approaches, and ecological con-
texts, reflecting both the growing sophistication of the field and the persistent gaps in our
understanding of freshwater molluscan diversity, ecology, evolution, and conservation.

A central theme emerging from this Special Issue is the remarkable heterogeneity,
often hidden or insufficiently documented, of freshwater mollusks. Several studies empha-
size the importance of taxonomy, phylogenetics, and molecular tools in revealing cryptic
biodiversity and clarifying evolutionary relationships. Pan et al. [19] provide a detailed
characterization of the complete mitochondrial genome of Bellamya limnophila, contributing
valuable genomic resources for the family Viviparidae and improving phylogenetic resolu-
tion among closely related taxa. Their work illustrates the increasing role of mitochondrial
genomics in resolving systematic questions and understanding evolutionary patterns in
freshwater gastropods.

Similarly, Schilling et al. [20] demonstrate how integrative approaches combining
molecular phylogenetics and morphology can uncover previously unrecognized species di-
versity within morphologically challenging groups. Their discovery of cryptic biodiversity
within Pleurobema and Pleuronaia underscores the possibility that freshwater mollusk di-
versity remains substantially underestimated in many regions. Complementing this work,
Olivera-Hyde et al. [21] quantitatively assess morphological variation among difficult-to-
identify unionid mussels and develop morphology-based identification keys. Together,
these studies highlight both the strengths and limitations of traditional morphology and
reinforce the necessity of combining molecular and phenotypic data for accurate species
identification, especially for conservation-relevant taxa.

Biogeography and species distributions also feature prominently throughout this
Special Issue. Egg et al. [22] investigate environmental niche differentiation and paleo-
colonization dynamics of Unio crassus and Unio nanus, revealing contrasting ecological
requirements and glacial histories that shaped present-day distributions. Their use of
species distribution models across geological timescales illustrates how historical climate
fluctuations continue to influence current biodiversity patterns and genetic structure. In a
complementary regional synthesis, von Proschwitz [23] presents a comprehensive overview
of the freshwater snail fauna of Sweden, discussing zoogeographic patterns, habitat pref-
erences, and conservation status, with emphasis on threatened species. Such large-scale
biogeographical analyses are fundamental for understanding range limits, vulnerability,
and future responses to environmental change.

Another major contribution of this Special Issue lies in advancing knowledge of
freshwater mollusk ecology and community dynamics. Nahok et al. [24] provide the first
quantitative assessment of molluscan assemblages in the upper Chi River Basin in Thailand,
identifying clear longitudinal zonation patterns associated with physicochemical habitat
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variables such as flow velocity, dissolved oxygen, and total dissolved solids. Their findings
reinforce the importance of environmental gradients in structuring freshwater communi-
ties and establish valuable baseline data for one of Southeast Asia’s most biodiverse but
understudied river systems.

Ecological interactions and ecosystem functioning emerge as equally important themes.
Gustafsson et al. [25] examine host suitability for the endangered freshwater pearl mus-
sel Margaritifera margaritifera, demonstrating that multiple trout strains can successfully
support glochidia development. Their study has direct implications for restoration and
reintroduction programs, emphasizing the need to evaluate host compatibility before im-
plementing conservation actions. At a broader ecosystem scale, Archambault et al. [26]
quantify contaminant sequestration by unionid mussel assemblages across several North
American watersheds. Their work highlights freshwater mussels as providers of essential
ecosystem services, particularly in maintaining water quality through contaminant accu-
mulation and filtration processes. By framing contaminant sequestration as a measurable
ecological function, this study contributes to a growing recognition of freshwater mussels
as ecosystem engineers whose decline may have cascading ecological consequences.

The Special Issue also addresses emerging environmental threats and anthropogenic
stressors. Parra et al. [27] investigate the effects of microplastics, cadmium, and their
mixtures on biochemical biomarkers in Corbicula fluminea, revealing complex organ-specific
physiological responses involving oxidative stress, metabolic disruption, and neurotoxicity.
This study contributes to the expanding literature on multiple-stressor interactions in
freshwater systems and highlights the importance of understanding contaminant synergies
rather than considering pollutants in isolation. Likewise, Pandolfo et al. [28] assess thermal
threats to freshwater mussels under changing climatic conditions, demonstrating that many
populations already experience temperatures approaching or exceeding physiological
tolerance thresholds. Their findings emphasize the vulnerability of freshwater mussels to
climate-driven thermal alteration while also identifying substrate buffering effects that may
provide partial refuge under extreme conditions.

Invasive species dynamics and ecosystem transformation are another recurring con-
cern. Albrecht et al. [29] document the remarkable turnover in molluscan fauna in Lake
Naivasha, Kenya, where native and invasive species now coexist in a profoundly altered
ecosystem shaped by biological invasions, hydrological changes, and human activities. The
dominance of globally invasive taxa alongside medically important native snail species
illustrates the interconnectedness of biodiversity conservation, ecosystem management,
and public health within the One Health framework. Similarly, Coelho et al. [30] provide
an updated inventory of freshwater mollusks in Lake Pampulha, Brazil, documenting inva-
sive species and parasite–host interactions in an urban artificial lake subjected to intense
anthropogenic influence. Their study underscores the importance of long-term monitoring
in human-modified aquatic systems.

Collectively, the articles in this Special Issue reveal several important trends in con-
temporary freshwater mollusk research. First, integrative and interdisciplinary approaches
are becoming increasingly essential. Molecular genetics, ecological modeling, physiological
biomarkers, environmental monitoring, and quantitative community analyses are now
routinely combined to address complex ecological and conservation questions. Second,
there is growing recognition that freshwater mollusks provide critical ecosystem services
whose ecological and socio-economic value has historically been underestimated. Third,
the studies consistently demonstrate that anthropogenic pressures, including pollution,
invasive species, habitat modification, hydrological alteration, and climate change, are
interacting in multifaceted ways that threaten freshwater mollusk persistence worldwide.
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Despite recent advances, important knowledge gaps and methodological limitations
remain. Compared to other aquatic taxonomic groups, advances in the population and
community ecology of freshwater mollusks have progressed more slowly, limiting the
development of robust ecological frameworks for biodiversity monitoring, conservation
planning, and ecosystem management. Long-term ecological datasets remain scarce in
many regions, particularly in tropical and subtropical systems, while the integration of ad-
vanced environmental data-management infrastructures into malacological research is still
limited. Future progress in freshwater malacology will increasingly depend on the integra-
tion of emerging computational, technological, and interdisciplinary approaches [16,31,32].
Artificial intelligence (AI), machine learning, and computational ecology are expected to
play growing roles in automated taxonomy, ecological forecasting, species distribution
modeling, and the analysis of cumulative multi-stressor impacts [31–33]. Likewise, re-
mote sensing, GIS-based spatial analyses, drone-assisted habitat mapping, and real-time
environmental monitoring systems may substantially improve our understanding of habi-
tat dynamics, landscape connectivity, invasion processes, and conservation prioritization
across multiple spatial scales. The expansion of interoperable biodiversity databases, open-
science frameworks, and cloud-based environmental platforms will also be essential for
fostering collaboration, reproducibility, long-term monitoring, and large-scale comparative
analyses [16,18,31]. Future research directions should therefore prioritize several key areas.
Expanded biodiversity surveys integrating molecular methods are urgently needed to
improve taxonomic resolution and conservation assessments [15,16]. Long-term moni-
toring programs should be strengthened to evaluate population trajectories, ecosystem
changes, and climate-related impacts. Greater attention should be devoted to functional
ecology and ecosystem services to better quantify the ecological roles of freshwater mol-
lusks in nutrient cycling, contaminant sequestration, sediment dynamics, and food web
interactions. Research integrating conservation biology with socio-economic and public
health dimensions will also become increasingly important, particularly in regions where
freshwater mollusks intersect with fisheries, water security, invasive species management,
and disease transmission.

At the same time, the incorporation of AI-driven methodologies into malacological and
environmental research will require rigorous validation, transparent analytical frameworks,
expert supervision, and careful consideration of reproducibility, data quality, and ethical
implications [33]. Importantly, emerging digital and computational approaches should
complement rather than replace classical taxonomic, ecological, and field-based expertise,
which remain fundamental for the interpretation and validation of biological data.

Future advances in the field will also depend on strengthening interdisciplinary edu-
cation, professional training, and public engagement in malacology. Integrating molecular,
ecological, computational, and environmental management approaches into academic
training programs represents an important priority for the next generation of researchers.
Increasing societal awareness of the ecological and applied importance of freshwater mol-
lusks will likewise be essential to improve scientific visibility, conservation relevance, and
long-term support for this highly threatened faunal group.

In conclusion, this Special Issue demonstrates that freshwater mollusk research is enter-
ing a period of rapid development characterized by methodological innovation, increasing
interdisciplinarity, and growing conservation relevance. The studies presented here not
only expand our understanding of freshwater mollusk biodiversity, ecology, and evolution
but also emphasize the urgency of protecting these highly threatened organisms and the
ecosystems they inhabit. We hope this collection stimulates further research, fosters new
collaborations, and contributes to more effective conservation and management strategies
for freshwater mollusks worldwide.
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Overall, the present Special Issue highlights both the remarkable advances and the
persistent challenges in contemporary freshwater mollusk research. The studies presented
here demonstrate the field’s growing methodological sophistication, interdisciplinarity, and
relevance in conservation while also emphasizing the urgent need to protect freshwater mol-
lusks and the ecosystems they inhabit. Despite their ecological and sociological importance,
freshwater mollusks remain comparatively understudied and underfunded worldwide. We
hope that this Special Issue contributes to strengthening research efforts, fostering new col-
laborations, and promoting the broader integration of freshwater mollusks into biodiversity
conservation, ecosystem management, and global environmental-change research.

Conflicts of Interest: The authors declare no conflicts of interest.
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