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Marine ecosystems are under increasing pressure from human activities & climate
change, making effective monitoring more important than ever. Among the available
tools, macrobenthic indicator species st& out as practical & reliable options for assessing
environmental conditions in coastal & offshore waters. This review looks at what these
organisms are, why they matter ecologically, & how they can be used in real-world
monitoring programs. We cover the main taxonomic groups involved, including
mollusks, crustaceans, annelids, echinoderms, & demersal fish, & discuss their specific
roles in environmental assessment. Macrobenthic organisms work well as bioindicators
for several reasons. They don't move around much, they live long enough to show
cumulative effects, they respond clearly to environmental changes, & they build up
pollutants in their tissues over time. These traits make them useful for judging habitat
quality, tracking ecosystem health, & spotting potential problems before they get worse.
Methods like IndVal, AMBI, & M-AMBI have helped make benthic assessments more
reliable by adding quantitative rigor to what used to be mostly descriptive work. The
literature shows that different groups serve different purposes. Polychaetas like Capitella
capitata & Heteromastus filiformis are well known as signs of organic enrichment &
sediment contamination. Filter-feeding bivalves are good for long-term heavy metal
monitoring because they concentrate contaminants in their tissues. Amphipods respond
quickly to sediment toxicity, while echinoderm larvae are sensitive to various stressors.
Demersal fish add another layer by accumulating pollutants at higher positions in the food
web. What makes this review different is that it brings together ecological perspectives
on macrobenthic indicators while also pointing out how newer biotechnological tools
could improve species identification & monitoring accuracy. Putting together regional
databases of these species would make future work easier & help build more effective
conservation strategies. The review also highlights that while these methods are widely
used, there's still room for improvement in how species are selected & how results are
interpreted across different regions.

Cite this article: Abbasi, A., & Loghmani, M. (2026). The Role of Macrobenthic Indicator Species as Bioindicators for

QIOX

Assessing Marine Ecosystem Health.. Strategies of Engineering Sciences and Sustainable Systems
Management, 1(1),41-59. https://doi.org/10.22034/jsesm.2026.252593

Publisher: Iranian Scientific Association of Waste Engineering and Management.
DOI: https://doi.org/10.22034/jsesm.2026.252593




Strategies of Engineering Sciences & Sustainable Systems Management, Vol. 1, No. 1, Winter 2026 42

Introduction

Marine ecosystems are increasingly exposed to a wide range of anthropogenic pressures,
including coastal development, industrial pollution, eutrophication, overfishing, habitat
degradation, & climate change. These stressors have altered the structure & functioning of
benthic habitats & have intensified the need for reliable environmental monitoring tools.
Coastal & offshore marine environments provide essential ecosystem services, including
nutrient cycling, carbon sequestration, food provision, & shoreline protection, all of which are
critical for human well-being & economic development. However, the growing intensity &
frequency of human activities in marine environments have led to unprecedented rates of
biodiversity loss, habitat fragmentation, & ecosystem dysfunction, prompting urgent calls for
effective monitoring & management strategies.

Among the available biological indicators, macrobenthic organisms have received
considerable attention due to their ecological importance, relatively sedentary lifestyle, broad
distribution, & high sensitivity to environmental disturbances. Benthic communities inhabit the
seafloor & are directly exposed to contaminants, organic enrichment, & physical disturbances
that accumulate in sediments. Their limited mobility prevents them from avoiding unfavorable
conditions, making them reliable indicators of local environmental quality. Additionally,
macrobenthic organisms exhibit a wide range of life-history traits, feeding strategies, &
physiological tolerances, allowing them to reflect ecological conditions across different spatial
& temporal scales. Benthic communities are also relatively easy to sample using st&ard grab
or corer techniques, & their taxonomic identification is well-established for most major groups,
facilitating st&ardized monitoring programs worldwide.

Macrobenthic indicator species can provide valuable information about ecosystem health by
reflecting both short-term & long-term ecological changes. The presence, absence, abundance,
& diversity of benthic species respond to variations in sediment characteristics, organic matter
loading, oxygen availability, & contaminant concentrations. Opportunistic species often
proliferate under disturbed conditions, while sensitive species decline or disappear, resulting in
predictable shifts in community composition that can be quantified using ecological indices.
This capacity to integrate ecological stressors over time makes macrobenthic indicators
particularly valuable for assessing cumulative impacts & tracking recovery trajectories
following management interventions.

The present review aimed to investigate the concept of macrobenthic indicator species,
examine their ecological significance, identify major taxonomic groups used in marine
environmental assessment, & evaluate their applications in monitoring marine ecosystem
quality. Furthermore, this study highlights the advantages, limitations, & future prospects of
using macrobenthic indicators in environmental management & conservation programs.

Method

This study was conducted as a comprehensive review of scientific literature related to
macrobenthic indicator species & their applications in marine environmental monitoring. A
systematic literature search was performed using major scientific databases, including Google
Scholar, Scopus, Web of Science, & ResearchGate, to ensure broad coverage of peer-reviewed
publications. The literature search was performed using keywords such as “indicator species,”
“macrobenthos,” “marine ecosystem monitoring,” ‘“ecological indicators,” & “benthic
community structure.” Boolean operators were used to combine search terms & refine the
results. The search was limited to English-language publications, & no specific time restrictions
were applied to capture both foundational studies & recent advances. Studies were selected
based on scientific quality, relevance to the research topic, publication in peer-reviewed
journals, & contribution to ecological assessment & environmental monitoring. Preference was
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given to studies that provided quantitative data, validated methodologies, & practical
applications in different marine regions.

Information extracted from the selected studies was categorized & analyzed to identify
common patterns, methodological approaches, major findings, & existing challenges. Particular
attention was given to the ecological responses of macrobenthic communities to environmental
stressors, the development of indicator-species methodologies, & the application of ecological
indices such as Indicator Value Analysis (IndVal), AZTI Marine Biotic Index (AMBI), &
Multivariate AMBI (M-AMBI). The extracted data were synthesized to develop a
comprehensive overview of the current state of knowledge, identify methodological strengths
& weaknesses, & propose directions for future research. The review also considered the
geographic distribution of studies to assess the regional applicability of different indicator
approaches & identify areas where knowledge is limited.

Results

The reviewed studies demonstrate that various macrobenthic groups, including polychaetes,
mollusks, crustaceans, echinoderms, cnidarians, & demersal fishes, serve as effective indicators
of environmental quality in marine ecosystems. Polychaete worms, particularly opportunistic
species such as Capitella capitata & Heteromastus filiformis, are widely recognized as
indicators of organic enrichment, sediment contamination, & hypoxic conditions. These species
are often among the first to colonize disturbed sediments & can rapidly proliferate under high
organic loading, making them sensitive indicators of eutrophication & wastewater discharge.
Mollusks, especially filter-feeding bivalves, are capable of accumulating heavy metals & other
pollutants, making them valuable biomonitors for long-term contamination assessment. Their
sedentary nature & feeding behavior result in direct exposure to sediment-associated
contaminants, allowing them to reflect bioavailable pollutant concentrations in the
environment. Amphipod crustaceans are sensitive to sediment toxicity & organic pollution,
whereas echinoderms exhibit strong responses to environmental stress during their larval stages
& can indicate habitat deterioration. Demersal fish also contribute to environmental monitoring
through the bioaccumulation of contaminants within higher trophic levels, providing an
integrated measure of ecosystem-level contamination.

The findings further reveal that macrobenthic communities are strongly influenced by
environmental variables such as sediment grain size, organic matter content, dissolved oxygen
concentration, salinity, water depth, & hydrodynamic conditions. The loss of sensitive taxa &
the proliferation of tolerant species lead to simplified community structures & reduced
functional diversity, which can impair ecosystem functioning & resilience.

The review also highlights the growing application of quantitative methods for identifying
indicator species. Approaches such as IndVal combine species abundance & frequency of
occurrence to determine species-environment relationships & improve ecological assessments.
Similarly, AMBI & M-AMBI have become widely used tools for evaluating ecological status
based on benthic community composition. These indices assign species to ecological groups
based on their sensitivity to disturbance & enable the classification of sites into quality classes
ranging from undisturbed to heavily impacted.

Conclusions

The review confirms that macrobenthic indicators offer a practical & scientifically robust
approach to marine environmental monitoring. Their ecological relevance, cost-effectiveness,
& ability to integrate environmental conditions over time make them invaluable for detecting
& quantifying anthropogenic impacts. However, successful implementation requires careful
consideration of indicator selection, methodological stardization, & regional calibration. The
development of comprehensive databases & continuous refinement of ecological indices will
further strengthen the utility of macrobenthic indicators in environmental management.
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Macrobenthic indicator species represent powerful & cost-effective tools for assessing
marine environmental quality & ecosystem health. Their sensitivity to environmental changes,
limited mobility, long life span, & capacity to integrate ecological conditions over time make
them particularly suitable for monitoring anthropogenic impacts & climate-related
disturbances. The use of indicator species can facilitate habitat assessment, early detection of
environmental degradation, ecological risk evaluation, & the development of conservation
strategies. However, improving the reliability of biological assessments requires careful species
selection, incorporation of local ecological knowledge, long-term monitoring programs, & the
application of advanced analytical & biotechnological techniques. The development of
comprehensive regional & global databases for macrobenthic indicator species, together with
the refinement of ecological indices, will significantly enhance future marine monitoring efforts
& support sustainable management of marine ecosystems in the face of increasing
environmental challenges. Future research should focus on integrating molecular & traditional
taxonomic approaches to improve species.
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Table 1. Summary of research studies on the use of macrobenthic species & communities as biological indicators

in environmental assessment & monitoring of marine & coastal ecosystems.
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