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The evolution of ecological risk assessment (ERA) for
contaminants has been a topic that has continued to

evolve over the past 30 years, but it is important to ask
ourselves whether it remains up to date. Initially, the process
focused on sub-individual end points; ERA has since expanded
to encompass landscape-level analyses. After focusing entirely
on single substances, we now recognize the reality of exposure
to contaminant mixtures. Assessment techniques have
progressed from a simplistic risk quotient method to more
sophisticated probabilistic approaches as the library of
chemical monitoring and toxicity test data has expanded.
The probabilistic approaches, where they can be applied, have
reduced uncertainty, yet the link to real outcomes in the field is
rarely established.1

Traditional ERA approaches rely heavily on laboratory-
derived exposure and toxicity data for a limited number of
individual species, while study of the complex interactions
present in natural ecosystems remains rare. These interactions

include species−species and species−multiple stressor dynam-
ics (as well as compensating factors), population-level
processes such as density dependence and recovery, and
ecosystem-level feedback. The outcome for wildlife from the
interactions of multiple contaminants in the environment,
along with various abiotic and biotic factors, is not taken into
account by traditional methods. Consequently, existing
methods fail to capture the full spectrum of ecological risks
and threats at the ecosystem level, potentially compromising
ecosystem security and functional continuity. Conversely, the
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traditional approaches may overestimate risks due to not taking
into account animal behavior or compensating factors.

Trait-based approaches offer a promising new direction for
stress response and risk assessment at the community scale.2

Introducing ecological characteristics theory within community
ecology into ecological risk assessment, based on toxicity data,
may more accurately predict the impact on ecosystems and
their functions. By considering impacts on individual
organisms to broader community dynamics, these approaches
can enhance the mechanistic understanding and diagnostic
capabilities of ERA. Future developments may involve
combining functional traits of sensitive taxa with real
environmental stressors to establish trait-based response
indicators for specific contaminants. This could facilitate the
construction of community-level safety thresholds for more
environmentally relevant ecological risk assessments. While
some progress has been made in this area, many significant
challenges remain, particularly in developing comprehensive
taxonomic trait databases for regions outside Europe and
North America and in establishing robust mechanistic
relationships between traits and stressors.3

The implementation of more realistic ERA necessitates the
integration of multiple disciplines and cutting-edge technolo-
gies. Advancements in analytical chemistry and molecular
biology offer novel tools for assessing ecological risk with
unprecedented precision. Environmental DNA (eDNA)
technology based on high-throughput sequencing demon-
strates significant potential for rapid and efficient biodiversity
monitoring.4 Trait-based approaches enhance our under-
standing of the responses of species to environmental stressors,
and when combined with trait databases, they provide valuable
insights into sensitive taxa and associated traits. eDNA
approaches provide efficient tools for evaluating the effects of
chemical pollutants on (1) the occurrences and population of
wildlife, (2) communities, and (3) the function of an
ecosystem in the field.4 The application of eDNA technology
can improve the relevance and immediacy of laboratory
toxicological assessment and provide strong scientific support
for ecosystem management and protection.

While nontargeted screening techniques can detect a
broader spectrum of contaminants, their qualitative or
semiquantitative nature limits direct application in quantitative

ERA. Combining nontargeted screening with targeted
quantitative analysis of numerous chemicals provides a more
comprehensive understanding of contaminant mixtures and
their potential effects. In addition to applying toxicity data to
assess the environmental impact of pollutants, we can establish
a nonlinear relationship between the contaminant concen-
tration and organism traits, accounting for the combined
effects of other biological or abiotic stressors. The integration
of quantitative chemical analysis and eDNA data may
accelerate the convergence of predictive risk assessment and
biomonitoring, potentially enabling more accurate assessments
of contaminant impacts on biodiversity, community structure,
and ecosystem function. Nevertheless, establishing quantitative
relationships between contaminant concentrations and changes
in species biodiversity remains challenging and requires
continued research efforts. Advanced mathematical modeling
and machine learning techniques offer promising avenues for
predicting higher-level ecological responses using readily
available underlying data, such as individual-level and
molecular-level information. The synergistic utilization of
these advanced technologies from analytical chemistry and
ecology, coupled with machine learning approaches, could
catalyze a paradigm shift in the reliability of comprehensive
ecosystem assessment and management.5

In conclusion, “trait-based community-level risk assessment”
represents a promising paradigm for future ERA (Figure 1). By
incorporating the traits of sensitive taxa and considering
multiple biological and abiotic factors, this approach can
enhance the mechanistic understanding and diagnostic
capabilities of ERA. The integration of trait-based ERA with
quantitative chemical analysis and eDNA technology offers
new perspectives for ERA at the ecosystem level. While
challenges remain in developing comprehensive trait databases
and establishing robust mechanistic relationships between
traits and stressors, continued research in this direction could
lead to community-level ecological risk thresholds that more
accurately reflect real environmental conditions. This holistic
approach has the potential to provide a more sound basis for
aquatic ecosystem protection and environmental management,
effectively bridging the gap between laboratory predictions and
ecosystem reality.

Figure 1. Trait-based ecological risk assessment framework for natural ecosystems.
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