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100 years of ICES journal of marine science  
Reading the past to shape the future: Insights from 100 years of ICES Journal of Marine Science 
(Szymon Smoliński, National Marine Fisheries Research Institute in Gdynia, Poland) 
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Plenary Keynote: Does seasonality matter? Unravelling the seasonality of the biological 
carbon pump and consequences for carbon sequestration in the ocean 
 
Does seasonality matter? Unravelling the seasonality of the biological carbon pump and its 
consequences for carbon sequestration in the ocean 
 
The biological carbon pump (BCP) comprises a suite of intertwined physical, ecological and 
biogeochemical processes that collectively transport billions of tonnes of carbon annually from 
the surface into the deep ocean. This process starts with photosynthesised particulate organic 
carbon (POC) sinking from the surface ocean (upper ~100m) into the mesopelagic zone, where it 
is progressively remineralised. As this downward flux of POC is attenuated, only a small fraction 
ultimately reaches the bathypelagic depths (below ~1,000 m), where it can remain isolated from 
the atmosphere for hundreds of years. 
 
Despite some significant progress made in the field over the past 50 years, several open 
questions and uncertainties remain about the BCP functioning and its impacts. A major one is 
related to the efficiency of the aforementioned POC transfer, which is considered an important 
factor in regulating the air-sea CO₂ balance. Although this POC transfer efficiency is known to vary 
geographically across the ocean, the reasons behind this variability are still uncertain, with 
different studies reporting contrasting results. Central to these attempts to explain spatial 
variability is that they assume that the POC flux attenuation is temporally steady, despite growing 
evidence that it varies substantially across seasons. This poses a question - does this seasonal 
variability matter? 
 
Answering to this question, this keynote will focus on the emerging importance of seasonality in 
shaping the biological carbon pump. Drawing on new observational analyses and modelling 
results, Fransisco will show how seasonal variations in carbon attenuation fundamentally 
reorganise global patterns of deep-ocean carbon transfer. In particular, the keynote will 
demonstrate that seasonal variability alone can explain regional differences in the efficiency of 
carbon transfer, providing a unifying mechanism behind previously conflicting interpretations, 
and offering fresh insights into the BCP's role in long-term carbon storage and climate regulation. 
Fransisco will then discuss some of the caveats and future directions for this study, as well as the 
implications for the BCP in a changing climate. 
 
In addition to presenting the scientific advances and a brief historical and methodological 
perspective, Fransisco will reflect on how his own rather unconventional career path has shaped 
the way he approaches problems that bridge ecology, biogeochemistry, climate, and modelling. 
Fransisco will also discuss the essential role of professional and learned societies and 
community-led organisations, including ICES Strategic Initiative on Integration of Early Career 
Scientists (SIIECS), in his development as a researcher, collaborator, and member of the ocean 
science community. 
 



 
 

 
 



 
 
 
Theme session B: Ecosystem-based management & fisheries management 
Paul spencer 
 
Rapidly changing ocean conditions in the north Pacific have prompted development of stock 
assessment models and management procedures that account for non-stationary trends in 
stock productivity and impacts on shifting fishing rate and biomass reference points. For eastern 
Bering Sea walleye pollock (Gadus chalcogrammus), recruitment and stock productivity are 
linked to temperature through effects on prey availability, with reduced productivity and lower 
optimal harvest rates expected under warmer conditions. However, environmental-recruitment 
relationships often have high variability, and some stocks may exhibit productivity shifts without 
clear correlations to available environmental indicators. To address this uncertainty, we 
developed a suite of harvest control rules (HCRs) for Alaska stocks, including approaches that 
explicitly incorporate climate covariates and others that adapt to changing productivity without 
direct environmental linkages. Simulation testing under projected future conditions indicated 
that climate-enhanced HCRs produced similar yields as the current static HCR, while 
maintaining higher biomass levels and reducing the frequency of fishery closures (triggered when 
biomass falls below 50% of the reference point). Although reference points are re-estimated as 
new data becomes available and thus have some inherent time variation, the application of 
stationary assessment models to non-stationary stocks may underestimate shifts in productivity. 
Additionally, we compared climate-enhanced HCRs and adaptive HCRs that respond to updated 
estimates of current stock productivity without an explicit link to climate. Either form of adaptive 
HCR can improve alignment between management advice and evolving productivity for eastern 
Bering Sea walleye pollock, while stabilizing fishery performance under changing ocean 
conditions. 
 



 
 
 
Evaluating the relative performance of using random effects versus environmental 
covariates in single-species stock assessment models 
Melissa Karp 
 
Environmental-driven shifts in fish population dynamics have challenged the reliability of 
stationarity assumptions in traditional single-species stock assessment models. A key debate in 
fisheries science revolves around the relative utility of using random effects versus explicit 
environmental indicators to account for this variability. Relying solely on random effects and 
process error adjustments may "mask" the underlying biological and environmental drivers of 
stock condition. Thus there is a critical need to determine when environmental covariates should 
be explicitly modeled versus when random effects are sufficient for providing robust 
management advice. This study uses a simulation-estimation approach to evaluate the 
effectiveness of different modeling strategies for incorporating environmental variability within 
the single-species stock assessments. Our objectives are twofold: (1) compare the accuracy and 
predictive performance of models using random effects versus explicit environmental covariates, 
and (2) evaluate parameter identifiability when both random effects and environmental 
covariates are included in the model. We use two R packages {ecosystemdata} and 
{ecosystemom} to generate simulated observations from an ecosystem operating model (OM; 
Ecopath with Ecosim), which explicitly includes environmental drivers of recruitment for a focal 
fish stock. We then fit single-species stock assessment models for our focal stock based on 
generated input data and “true” biological information from the ecosystem OMs. We fit four 
estimation models using the NOAA Fisheries Integrated Modeling System (FIMS), a next-
generation, community built, stock assessment platform, that differ in their structural 
assumptions around how recruitment is modeled: (1) random effects only, (2) environmental 
covariate (traditional regression approach), (3) environmental linkages informed by a dynamics 
structural equation model, and (4) null model (average recruitment assumption). Model 



performance is evaluated based on the Relative Error (RE) in key management quantities—
spawning stock biomass (SSB), fishing mortality (F), and recruitment—in addition to diagnostics 
for retrospective bias (Mohn’s Rho) and prediction skill (Mean Absolute Scaled Error, MASE). This 
simulation study is ongoing and the presentation will focus on experimental design and 
preliminary findings from pilot runs. This goal of this research is to provide information to guide 
the incorporation of ecosystem linkages into FIMS, ensuring that the next generation of 
management advice is both ecologically grounded and statistically robust. 
 

 
 

 
 
Quantifying Food-Web Dynamics to support fisheries management advice 
Benjamin Planque 
 
Effective ecosystem-based management relies on understanding and quantifying species 
interactions that can affect fisheries management and conservation goals. This presentation 
introduces a food-web assessment model that reconstructs the dynamics of fish, marine 
mammals, and fisheries in the Norwegian and Barents Seas over recent decades, based on 
available data and expert knowledge. The outputs of the assessment are time-series of biomass, 



feeding interactions, and catches, with known levels of uncertainty. These are used to address 
key assessment and management questions: 
-       How did natural mortality of commercial fish stocks change in the last decades? 
-       Can multiple fisheries management and marine mammal conservation goals be achieved 
simultaneously? 
-       Do changes in marine mammal biomass impact fish stocks? By how much? 
Results show that natural (predation) mortalities, though very uncertain, have varied in recent 
decades sometimes far from the rates commonly assumed in stock assessment models. The 
results also indicate that today’s management and conservation goals can, in principle, all be 
met at the same time. Finally, the results highlight that marine mammals have had a much 
stronger, and also more uncertain, impact on fish than vice versa. 
These results have direct implications for setting quotas, balancing conservation objectives, and 
managing multispecies trade-offs. They can be used to supports integrated ecosystem 
assessments and to evaluate multiple management objectives simultaneously, help identify 
where goals align, where they conflict, and what trade-offs are involved. For decision-makers this 
approach offers a practical and transparent tool to include ecological considerations in 
management design. 
 

 
 



 
 

 
 



 
 

 
 



 
 

 
 



 
 
Integrating Dynamic Energy Budget theory into a population dynamics model to explore 
energetic demands of a declining marine mammal, the northern fur seal (Callorhinus 
ursinus), under climate change. 
Anna Sulc  
 
Marine ecosystems globally are changing rapidly and experiencing unprecedented 
environmental conditions which result in the alteration of their dynamics. These rapid changes 
lead to a wide scale of impacts on marine food webs ranging from changes in abundance and 
productivity of a population to the modification of trophic interactions. However, most fisheries 
stock assessments do not account for these dynamics and still consider a single-species 
approach. To provide more reliable fisheries management advice, models must consider 
predator-prey interactions to better assess tradeoffs between fisheries yield and ecosystem 
resilience to ensure sustainable management going forward. CEATTLE, a climate-enhanced 
multispecies stock assessment model, considers predator-prey dynamics between different 
species of groundfish but omits interactions with other predators, such as marine mammals, in 
the ecosystem.  
The northern fur seal (NFS) (Callorhinus ursinus) is a top predator in the Eastern Bering Sea (EBS) 
marine ecosystem playing an important ecological and economical role through consumption of 
large amounts of commercially valuable Walleye Pollock (Gadus chalcogrammus). The NFS is 
also culturally important, as they are harvested by local native communities for subsistence and 
tradition. Local populations have experienced ongoing declines since the mid 1990s that are 
hypothesized to be driven by food availability, specifically for lactating females whose ability to 
find food during an energetically intense time period is a strong driver of offspring growth and 
survival. 
Here we develop a Dynamic Energy Budget (DEB) model for NFS, a bioenergetic theory that 
captures how an individual acquires and uses energy and essential nutrients for life processes 
such as development, growth, maintenance, and reproduction across its entire life cycle via 



reservoirs and fluxes. The DEB framework supports exploration of growth under optimal 
conditions as well as the consequences of food limitation on development and survival. Given 
the importance of pup growth and survival for NFS, we focus on gestation and lactation dynamics 
while accounting for species-specific traits such as size dimorphism, molt, and seasonal weight 
gain. This individual-level model is coupled with an age-structured population dynamics 
framework and forced with projected food availability from CEATTLE across a range of climate 
scenarios through 2100. We use this integrated framework to evaluate how shifting prey 
availability may affect mother-pup dynamics and long-term population trajectories, and to 
quantify the potential for conflict between NFS predation demand and pollock fishery removals. 
By embedding a bioenergetic predator model directly within a stock assessment context, this 
work contributes towards efforts to implement ecosystem based fisheries management in the 
EBS and provides a template for incorporating marine mammal trophic dynamics into fisheries 
decision-making more broadly. 
 

 
 

 
 



 
 
Causal models as a scientific framework for next-generation ecosystem and climate-linked 
stock assessments 
Jim Thorson 
 
Rapid changes in marine ecosystems highlight the need to account for time-varying productivity 
in stock assessment models used to support fisheries management. Common approaches 
incorporate annual variation or regress processes such as recruitment, natural mortality, or 
growth on environmental variables. While the latter represents a step towards biological realism, 
it often fails to account for interactions among variables and may yield biased inferences when 
key drivers are correlated or unmeasured. We introduce a novel framework, Structural Causal 
Enhanced Stock Assessment Modelling (SCEAM), which integrates a Dynamic Structural 
Equation Model (DSEM) into a state-space stock assessment. SCEAM encompasses and extends 
the full range of existing time-varying approaches within a single framework, enabling direct 
comparison among them. We applied SCEAM to walleye pollock in the Gulf of Alaska to improve 
recruitment forecasting, comparing three causal models of increasing complexity to recruitment 
modelled as random deviations around a mean, a first order autoregressive process, or regressed 
on a single variable. We found that a causal model with intermediate complexity best balanced 
fit, parsimony, and predictive skill. This configuration reduced unexplained variance of 
recruitment by 69% and improved one-year-ahead forecasts. Key variables included juvenile 
body condition and juvenile and larval catch rates. Our study represents the first application of a 
structural causal model embedded within a fisheries population model. SCEAM offers a unified, 
hypothesis-driven approach to integrating multiple non-independent variables. We therefore 
propose that SCEAM can serve as a general scientific and statistical framework for building next-
generation ecosystem- and climate-linked fisheries stock assessment models. 
 



 
 

 
 



 
 

 
 



 
 
Assessing the Effects of Size-Selective Fishing on Population Structure and Community 
Dynamics in the Northern Humboldt Current Ecosystem Using an Individual-Based 
Ecosystem Model 
Juliane Niewar 
 
Fishing pressure not only reduces the population size of target species but also alters their 
demographic structure, often resulting in juvenilized populations as a consequence of size-
selective fishing practices. However, the ecosystem responses to fishing strategies that employ 
different catch size regulations are still poorly understood. The Northern Humboldt Current 
System (NHCS) is a highly productive fishing region, relying predominantly on its anchoveta 
(Engraulis ringens) fishery. The fishery of the fast-growing Humboldt Squid (Dosidicus gigas) has 
increased notably in recent years. In contrast, the slow-growing hake (Merluccius gayi) has been 
overexploited for decades, exhibiting a juvenile-biased demographic structure. 
In this study, we employed the multispecies, individual-based model OSMOSE to assess the 
impacts of different minimum catch size regulations for anchoveta, hake, and Humboldt squid 
on their demographic structure and on the community dynamics of the NHCS. 
We observed an increased stock size and a more mature demographic structure for anchoveta 
and hake in fishing scenarios restricted by larger catch sizes relative to current ones. These 
alterations in population structure also affected the community composition of the NHCS 
through trophic propagation. Our results emphasize the important position of anchoveta in the 
NHCS food web, as its biomass was negatively associated with the biomass of its predation 
competitors, such as squat lobster (Pleuroncodes monodon) and jack mackerel (Trachurus 
murphyi). In contrast, varying the minimum catch size of the fast-growing Humboldt squid neither 
altered its population structure nor affected the community composition. 
Our findings suggest that adjusting catch size regulations can be an effective mechanism to 
ensure sustainable fishing, particularly for depleted fish stocks with slow life histories, such as 
hake. Moreover, fishing strategies that benefit the anchoveta stock may result in a decrease in 



other commercially important species, such as jack mackerel. These insights can contribute to 
the development of ecosystem-based management strategies for fish stocks by improving our 
understanding of how target species and the community in the NHCS respond to size-selective 
fishing scenarios. 
 

 
 

 
 



 
 

 
 



 
 

 
 



Ecosystem dynamics shape effective population size response to fishing: implications for 
single-species advice 
Marine Beneat 
 
Single-species fisheries advice is usually based on abundance- or biomass-based indicators, yet 
these may not fully capture changes in population resilience under exploitation. In particular, 
effective population size (Ne) reflects the rate of genetic diversity loss, and thus the erosion of 
adaptive potential, whereas census population size (N) tracks demographic decline. The ratio 
Ne/N can therefore indicate whether genetic diversity is being lost more slowly or more rapidly 
than abundance. This distinction is important for risk interpretation in stock assessment and 
forecasting contexts, but it is usually examined in mono-specific models that omit ecological 
interactions. 
Previous mono-specific models predict a decline in Ne with increasing fishing mortality due to 
reduced recruitment, but an increase in Ne/N as abundance declines faster than genetic diversity. 
However, population dynamics can be driven by ecological processes such as competition and 
predation, which are occluded in mono-specific models. We used OSMOSE, a spatially explicit, 
size-based multispecies individual-based model, to simulate harvested fish populations under 
contrasting fishing pressures and quantify responses in Ne (estimated from life-history traits), N, 
and Ne/N. In this framework, emergent trophic interactions generate time-varying natural 
mortality and reproductive conditions through predation, competition, and environmentally 
constrained bioenergetics, resulting in less predictable life-history variation and Ne/N ranges than 
those observed in monospecific model populations. 
Our results challenge the expectation of a consistently positive linear relationship between Ne/N 
and fishing mortality. Instead, they show that genetic diversity loss and abundance decline 
under  exploitation are species-specific, potentially compromising sustainability beyond what 
abundance-based indicators alone would suggest. To interpret these patterns, we investigated 
the links between fishing mortality, natural mortalities, fecundity, generation length, variance in 
reproductive success and Ne, thereby improving our understanding of Ne and Ne/N dynamics. For 
single-species applications, we sought indicators to distinguish between species that lose 
genetic diversity faster from species that primarily experience abundance decline. Overall, our 
findings suggest that robust single-species advice would benefit from accounting for ecosystem 
dynamics when evaluating relative losses in genetic diversity and recovery potential in 
abundance and genetic diversity, as neglecting these processes may misrepresent stock 
resilience to exploitation. 
 

 
 



 
 
Integrating predation mortality into Pacific hake assessment 
Raquel Ruiz Diaz 
 
Pacific hake (Merluccius productus) is the largest commercial fishery on the U.S. West Coast and 
a keystone species in the California Current ecosystem. Current stock assessments, conducted 
annually under the Pacific hake/Whiting treaty, rely on catch-at-age single-species models that 
assume time-invariant natural mortality, potentially biasing population estimates. Here, we 
address this gap by applying the multispecies model CEATTLE (Climate-Enhanced Age-based 
model with Temperature-specific Trophic Linkages and Energetics) to explicitly quantify 
predation mortality for Pacific hake. We expanded CEATTLE to incorporate predators with diet-
limited information (lacking prey-at-age data) and partition natural mortality into predation from 
key predators and residual sources (e.g., disease, senescence), producing more robust, age- and 
time-varying mortality estimates. Our model includes predation by Arrowtooth flounder 
(Atheresthes stomias), Sablefish (Anoplopoma fimbria), California sea lions (Zalophus 
californianus), and hake cannibalism. Cannibalism emerged as the dominant source of predation 
mortality, but predation from other included predators was also relevant, particularly for age-1 
and age-2 hake. Accounting for predation modified population estimates and revealed increased 
competition for age-2 hake between the fishery and predators, especially sea lions. CEATTLE 
outputs can be directly compared with single-species assessments and used to derive 
multispecies biological reference points. By explicitly quantifying predation mortality, our 
approach provides a more realistic representation of ecosystem dynamics and fisheries 
interactions. This work demonstrates that multispecies assessments are not only feasible but 
also operationally relevant, offering actionable insights that can guide management decisions, 
improve stock sustainability, and support ecosystem-based fisheries management strategies. 
 



 
 

 
 



 
 

 
 



 
 
Considering Ecosystem Risk in the Management of New England Fisheries 
Maxwell Grezlik 
 
The New England Fishery Management Council (NEFMC) has approved and begun 
implementation of a Risk Policy Framework as a step toward Ecosystem-Based Fisheries 
Management. The framework is designed to incorporate ecosystem considerations into single-
species management advice by explicitly accounting for environmental, ecological, and 
socioeconomic risk factors when setting Acceptable Biological Catch (ABC). 
We present the development of climate- and ecosystem-informed indicators to support this 
framework, focusing on species-specific thermal habitat suitability as a measurable risk factor. 
Thermal tolerance ranges were derived from long-term bottom trawl survey observations and a 
comprehensive literature review . These tolerance estimates were paired with temperatures from 
an ocean reanalysis product to quantify temporal changes in realized thermal habitat for 
managed stocks. 
For each species, we developed indicators that track the proportion of the stock’s distribution 
occurring within, approaching, or exceeding thermal thresholds annually and seasonally. These 
indicators provide a standardized and transparent method to evaluate exposure to warming and 
potential shifts in productivity or distribution. By translating environmental change into stock-
specific risk metrics, the approach allows climate signals to be considered in managers 
evaluation of risk alongside traditional assessment outputs. 
Within the NEFMC Risk Policy Framework, a formal pathway exists for integrating environmental 
variability and long-term change into single-species management decisions. This integration 
occurs without replacing the existing assessment process, as adjustments to ABC control rules 
are made when risk is elevated. 
Our work demonstrates a scalable and operational model for integrating climate and ecosystem 
risk into routine fisheries management while maintaining the structure of single-species 
assessment frameworks. This approach is transferable to other management bodies. 



 

 
 

 
 
Fisher’s experience with the 100 mm T90 mesh selective device in the Celtic Sea: high 
voluntary adoption in the monkfish and ray fisheries versus low uptake in the gadoid 
fisheries. 
Marianne Robert 
 
Reducing unwanted catches remains a key challenge for most European demersal trawl fisheries 
to improve fishing practices and ensure long-term yield. In the Celtic Sea, a recent assessment 



of the absolute selectivity of the standard 100-mm diamond mesh codend and extension 
highlighted limited intra- and interspecific size selectivity. Several research programmes have 
investigated alternative gear configurations to enhance selectivity in the region. This study reports 
on the voluntary implementation of a 100-mm T90 mesh extension and codend as a bycatch 
reduction device (BRD) after scientific trials conducted under commercial conditions on twin 
trawlers. We demonstrated a marked reduction in catches of pelagic and schooling species, 
notably boarfish, for which these fisheries have strict quota restrictions. Owing to its low cost and 
ease of implementation, the device was rapidly and voluntarily adopted by vessels targeting 
monkfish and rays. A 2022 industry survey indicated that 13 vessels had implemented this gear 
modification. However, the 100-mm T90 configuration proved overly selective for roundfish 
species such as whiting and haddock, thereby constraining its uptake across other demersal 
trawl segments. Nevertheless, the mechanical characteristics of T90 mesh indicate potential to 
enhance multispecies selectivity, particularly for species subject to high discard rates, including 
gurnard and lesser-spotted dogfish. Experimental evidence suggests that reducing T90 mesh size 
to 80 mm may better align L50 values with the commercial sizes of gadoids. Indeed, successful 
voluntary uptake of an 80-mm T90 configuration has been documented on four vessels targeting 
finfish in the North Bay of Biscay. In the Celtic Sea, however, regulatory constraints currently 
hinder the implementation of an 80-mm T90 configuration. A shift towards a results-based 
management approach, rather than strict minimum mesh size regulation, could facilitate further 
testing of such BRDs in whitefish fisheries and promote the broader uptake of effective selectivity 
measures in the Celtic Sea. 
 

 
 

 
 



 
 

 
 



 
 

 
 



 
 

 
 
 
 
 



From Co-creation to Field Results: Lessons from the LIFE CIBBRiNA Bycatch Mitigation Case 
Studies  
Martin Pastoors 
 
The LIFE CIBBRiNA project (2023–2029) implements bycatch mitigation trials across eight case 
studies covering gillnet, longline, pelagic trawl, and bottom trawl fisheries in thirteen European 
countries, focussed on endangered, threatened, and protected (ETP) species including marine 
mammals, sharks, rays and skates, seabirds and marine turtles. 
Bycatch monitoring and mitigation technologies that are tested include pearl nets to avoid 
bycatch of cetaceans in gillnet fisheries, acoustic and electromagnetic deterrent devices of 
various types in both passive and active gears, bird scaring lines in UK longline fisheries, escape 
panels in pelagic trawl fisheries. Monitoring of the trials takes place with observers, remote 
electronic monitoring and self-reporting in different fisheries. Results are mixed but instructive: 
pearl nets show promise for reducing harbour porpoise bycatch in gillnet fisheries; bird scaring 
lines and offal disposal reduce seabird interactions under certain conditions in longline fisheries; 
and pinger trials reveal important context-dependent results, including potential ‘dinner bell’ 
effects for seals and bottlenose dolphins. A recurring challenge, for example in one of the gillnet 
case studies, is that mitigation trials can be conducted across hundreds of fishing sets without 
recording a single bycatch event either with or without the mitigation measure being deployed.  
CIBBRiNA's co-creation model, in which fishers are active partners rather than research subjects, 
consistently underpins the trial design. Trust, transparency around data use, and timely feedback 
to participants are preconditions for sustained engagement, not afterthoughts. The co-creation 
model also lead to the raising of depredation of target species by e.g. bottlenose dolphins as a 
cross-cutting issue across multiple case studies. Addressing depredation concerns alongside 
conservation objectives has proven an important entry point for engaging the fishing industry, 
turning a shared problem into a shared motivation for participating in trials. 
These lessons speak directly to the PESTEL framework (Political, Economic, Social, 
Technological, Environmental, Legal) that this session adopts to examine how innovation 
translates into real-world adoption: bycatch reduction technologies cannot be evaluated in 
isolation from the broader context in which they are deployed. 
 

 
 



 
 

 
 



 
 
Turning bycatch mitigation into practice: adaptive co-design in a bird-scaring line trial 
Emily Roebuck 
 
Bycatch remains a significant threat to sensitive marine species, including seabirds, cetaceans 
and elasmobranchs, despite the availability of bycatch reduction technologies (BRTs). Although 
many BRTs have demonstrated technical effectiveness, uptake within fisheries is often limited by 
operational, economic, social and governance challenges. Clean Catch seeks to address this 
implementation gap through a fishermen-led, co-designed approach to bycatch monitoring and 
mitigation in a North Sea trawl fishery, centred on a trial of bird-scaring lines (BSLs) to reduce 
seabird interactions and bycatch. 
Vessel owners and skippers were involved from the outset, helping shape trial objectives and 
methods to ensure they reflected real fishing practices. Monitoring approaches were co-
developed to balance scientific robustness with practicality at sea, combining remote electronic 
monitoring (REM) with skipper self-reporting to document seabird interactions with fishing gear, 
particularly warp cables, alongside observations of other sensitive species bycatch. Periodic 
questionnaires capture participant motivations, concerns and experiences throughout the trial, 
allowing the approach to evolve through an adaptive co-design process that brings together 
industry knowledge with physical and social science evidence. 
Following an initial three-month baseline monitoring phase, bird-scaring lines were introduced 
using configurations developed jointly with participating skippers and vessel owners. Information 
gathered throughout the trial, including insights from observer trips, was shared with participants 
in an accessible and appropriate format, supporting informed decisions about trial progression 
and providing clarity around roles, expectations and data use. Rather than viewing 
implementation as a fixed endpoint, Clean Catch adopts an adaptive learning approach based 
on ongoing communication, knowledge exchange and adjustments informed by participant 
feedback to maintain engagement and operational feasibility. 



This trial shows how a co-designed approach, supported by ongoing communication, structured 
feedback and shared decision-making, can help address persistent barriers to BRT uptake by 
aligning mitigation measures with industry motivations and working practices. The approach 
offers transferable lessons for translating bycatch mitigation technologies from trials into 
practical, scalable solutions that support ecosystem-based fisheries management. 
 

 
 

 
 



 
 
The development and implementation of a tunnel Excluder in small-meshed North Sea trawl 
fisheries 
Claus Sparrevohn 
 
A challenge often encountered in small-meshed trawling for forage fish is bycatch of adult and 
juvenile non-target species. To mitigate this, top-down regulation with multiple regulatory and 
technical measures has been implemented for many of the fisheries taken place in the Norths 
Sea, but with varying success. 
A bottom-up driven process where fishers and trawl manufacturers started developing an 
Excluder tunnel was started in 2015. The project setup was such that most of the development 
of the gear and testing lay within the responsibility of the fishery and net manufacturers, while the 
scientific proofs of concept and documentation was done by DTU Aqua. The tunnel Excluder has 
proven successful and is now being used voluntary by most of the vessels in North Sea fisheries 
for Norway pout (Trisopterus esmarkii), sandeel (Ammodytes spp.) and sprat (Sprattus sprattus). 
The journey from ideas to final implementation in EU legislation and broad acceptance within the 
fishery has not been without bumps. In this presentation we tell the story focusing on aspects 
fundamental for the successful implementation of the gear, such as target species efficiency, 
motivation within the fishery and a bottom-up industry driven process with a strong consortium. 
 



 
 

 
 

 
 



 
 

 
 



 
 

 
 



Bridging the Implementation Gap: Best Practices to Promote the Uptake of Selectivity 
Measures in EU Fisheries 
Laurence Fauconnet 
 
The implementation of the EU Landing Obligation (LO) created a strong incentive to improve 
selectivity in EU fisheries. To assess progress and remaining challenges, an overview of the 
current state of play in selectivity developments in the wake of the LO was requested by the 
European Parliament, along with the identification of best practices from projects that have 
successfully improved selectivity and could be replicated across Member States. The review of 
existing selectivity measures and recent research revealed a clear pattern: while extensive 
experimental and technical work has been conducted over the past decade to test gear 
modifications and other selectivity measures, their uptake in commercial fisheries has often 
lagged behind. This implementation gap highlights persistent technical, economic, and social 
barriers. Best practices were identified through a literature review and an analysis of EU and 
national initiatives. The most consistent driver of successful uptake was close collaboration with 
fishers, grounded in trust, transparency, and long-term engagement. Bottom-up initiatives proved 
particularly effective in fostering ownership and innovation, provided that appropriate incentives 
were in place. While financial incentives can support adoption, enhancing the public image and 
recognition of fishers engaging in selective practices also emerged as a powerful lever. 
Successful initiatives typically developed solutions tailored to local fisheries and operational 
realities, emphasizing practicality and “fisher-friendly” designs. Striking the right balance 
between simplicity and technical sophistication was also key to promoting adoption. Strategic 
testing pathways - screening promising measures, conducting rigorous validation under 
commercial conditions, and ensuring wide and accessible communication of results -helped 
accelerate both regulatory acceptance and industry uptake. Finally, advancing knowledge on 
species behaviour, gear-species interactions, and ecosystem processes, combined with 
international data sharing and integrated evaluation frameworks, strengthened the evidence 
base for effective selectivity improvements. These findings highlight that technological 
innovation alone is insufficient: overcoming barriers to implementation requires co-
development, targeted incentives, effective communication, and integration of ecological, 
technical, and socio-economic dimensions. 
 

 
 



 
 

 
 
Impacts of spatial distribution shifts and selectivity changes on CPUE-based management 
procedures: implications from simulation 
Toshihide Kitakado 
 
Catch per unit effort (CPUE) is a key input in stock assessment and management procedure (MP) 
frameworks, where it is used either to fit assessment models or directly inform management 



actions such as total allowable catch. CPUE standardization aims to extract temporal trends in 
exploitable abundance by removing bias due to vessel characteristics, gear configuration, 
targeting practices, and spatial distribution. However, climate-driven shifts in species 
distribution and differences in spatial usage among life stages may alter availability to the fishery 
and effective selectivity, thereby affecting the relationship between CPUE and exploitable 
abundance. 
This study evaluates the impact of spatial distribution shifts on MP performance using a simple 
age-structured simulation model with multiple spatial areas and multiple age classes under a 
stock–recruitment relationship. CPUE is assumed to be available only from primary fishing areas. 
Two scenarios were examined: one with constant spatial distribution and another with gradual 
distributional shifts that alter spatial availability and age-specific selectivity over time. Several 
management runs were compared, including cases using naïve CPUE, availability-corrected 
CPUE accounting for spatial distribution, and updated reference points consistent with the 
underlying selectivity. 
The results show that naïve CPUE increasingly overestimates stock status when spatial 
distribution shifts alter selectivity, leading to persistent depletion below target levels. Correcting 
CPUE for changes in spatial availability improves performance but remains insufficient when 
reference points are not updated consistently with the altered selectivity. Stock recovery is 
achieved only when both CPUE and reference points are adjusted in a consistent manner. 
These findings demonstrate that unaccounted changes in spatial availability and selectivity can 
substantially reduce the robustness of CPUE-based MPs. The results highlight the importance of 
incorporating spatial dynamics and age-specific availability into CPUE analysis and MP design. 
Approaches such as age- or size-specific CPUE indices and improved validation procedures may 
help ensure robust MP performance under changing environmental conditions. 
 

 
 

 



 

 
 

 
 



 
 
 
The SPoRC stock assessment package: A generalized next-generation platform to assess 
spatial, age, and sex-structured populations 
Matt Cheng 
 
Fisheries managers increasingly rely on stock assessment models to provide sustainable 
management advice, which must balance complex and competing objectives. Although 
assessment models necessitate simplifying assumptions, there is increasing recognition to 
improve the integration of realistic biological and fishery dynamics. While ongoing and future 
development of increasingly complex stock assessments requires increased capacity (i.e., time, 
training, and personnel), there are concerns that the growing demand for assessment advice 
cannot be adequately fulfilled under current resources. To address these needs, we present the 
Stochastic Population over Regional Components (SPoRC) model, a modern integrated analysis 
platform that is generalized, modular, and developed in a user-friendly programming language (R 
with Template Model Builder, RTMB). Development of SPoRC emphasized consideration of age, 
sex, and spatial dynamics at the outset, while ensuring the ability to integrate diverse data 
sources (e.g., catch, abundance indices, age/length compositions, and tagging). Moreover, state-
space specification of time-varying processes through random effects and robust simulation 
capabilities were primary design features. Here, we highlight SPoRC’s utility in cohesively 
implementing single-and multi-region applications, its ability to estimate time-varying processes 
as random effects, and the potential to conduct closed-loop simulations for evaluating the 
robustness of management procedures. By developing a generalized assessment platform in a 
user-friendly R package, we suggest that SPoRC reduces barriers to implementation of next-
generation stock assessment models and facilitates team-based model development, which will 
ultimately help improve the capacity to implement stock assessments globally. 
 



 
 

 
 
Bycatch and Mortality of Three Prohibited Shark Species in the Northeast U.S. 
Lindsay Graff 
 
Incidental capture in non-target fisheries can result in mortality of prohibited shark species. This 
risk is of particular concern for long-lived, low-productivity sharks. In the U.S. Northwest 
Atlantic, dusky (Carcharhinus obscurus), sand tiger (Carcharias taurus), and white (Carcharodon 
carcharias) sharks have been prohibited from retention for more than two decades, 
yet incidental interactions persist in various recreational and commercial 
fisheries. Using National Marine Fisheries Service at-sea observer data from 1993–2024, 
we estimated annual bycatch in gillnet and trawl fisheries and evaluated predictors of at-vessel 
mortality. Annual bycatch and mortality were estimated by scaling observer-recorded 



interactions to commercial fishing effort reported in Vessel Trip Report records (1996–2024) 
within spatial strata where interactions were documented, providing  baseline 
estimates. Gillnets accounted for 72% of observed interactions. Mean annual expanded bycatch 
(mean number of individual sharks ± SD across years) in gillnet fisheries was 128 ± 127 dusky, 
20 ± 14 sand tiger, and 4 ± 3 white sharks, compared to 85 ± 73 dusky, 45 ± 37 sand tiger, and 
4 ± 3 white sharks in trawl fisheries. Mean annual at-vessel mortality was higher in gillnets (72 ± 
85 dusky, 5 ± 5 sand tiger, 3 ± 3 white sharks) than in trawls (34 ± 38, 3 ± 3, and 1 ± 1 sharks, 
respectively), with anchored sink gillnets producing the highest mortality rates. Species-specific 
predictive models indicated higher mortality rate with increasing shark size and consistently 
higher at-vessel mortality rate in gillnets than in trawls. Expanded bycatch and at-vessel mortality 
generally declined over the time series for dusky and sand tiger sharks, whereas no consistent 
temporal trend was evident for white sharks. Spatial analyses identified clusters of incidental 
capture in the Mid-Atlantic Bight and Southern New England that overlapped extensively with 
juvenile essential fish habitat. Together, these results establish a multi-decadal empirical 
baseline for prohibited shark bycatch and at-vessel mortality in non-target fisheries, highlighting 
gear-specific risk and repeated interactions with juvenile life stages. These findings are directly 
relevant for stock assessment and for informing bycatch mitigation and monitoring of rare 
prohibited species across fisheries. 
 

 
 

 



Methodological development for calculating uncertainty in the estimation of fishing 
discards 
Joel Morales Chavez 
 
One of the basic quantitative inputs in the process of scientific advice to the management of 
fisheries resources is the total catch by stock, as this allows for inferences about population 
losses due to fishing mortality, which in exploited marine stocks often far exceeds natural 
mortality. Commercial catches consist of landings and discards, both of which must be reported 
under current European regulations. However, due to known challenges in compliance with 
discard reporting by the industry, this figure is often estimated from scientific data obtained 
through on-board sampling programs. Nevertheless, these programs are usually based on 
complex multi-stage designs that pose a challenge when calculating the uncertainty of discard 
estimates, despite the critical impact that such mortality levels can have on the juvenile fractions 
of exploited populations, a concern widely acknowledged in fisheries science. 
In this study, we have set out to evaluate the estimation of discards by species and the associated 
variance using two methodological approaches. First, we use statistical formulas based on the 
multi-stage sampling design commonly used in on-board sampling programs, where the primary 
sampling unit is the vessel, the secondary sampling unit is the fishing trip, and the tertiary 
sampling unit is the fishing operation. Second, we apply bootstrap resampling techniques. Both 
procedures are tested on the same simulated dataset derived from real data from monitored 
European fisheries. 
With this analytical framework, we aim to provide fisheries discard data submitters with a 
detailed methodological basis easily applicable to each specific case, addressing current 
difficulties in consistently quantifying discard variance. The ultimate goal is to improve the 
management advisory process, encouraging national fisheries data officers to transmit discard 
variance values. Thus, each national discard estimate can be weighted proportionally to its 
associated uncertainty in the assessment model and provide more accurate predictions of 
harvest control rules. 
 

 
 
How valuable is a dolphin? Evidence from the French Bay of Biscay closure 
Francois-Charles Wolff 
 
This paper provides a comprehensive economic and conservation evaluation of a large-scale 
spatio-temporal fishing closure implemented in the Bay of Biscay in 2024 and 2025 to reduce 
incidental bycatch of common dolphins. Mandated under judicial and regulatory pressure 
following scientific advice, the policy represents one of the most extensive fishery closures ever 
adopted in European waters for marine mammal protection. We exploit this intervention as a 
natural experiment to quantify both its economic costs to the fishing sector and its benefits in 
terms of avoided cetacean mortality. 



Our analysis combines highly granular transaction-level data from all French fish auction markets 
over the period 2016–2025 with detailed records of dolphin strandings along the French Atlantic 
coastline. To identify causal effects, we implement imputation-based difference-in-differences 
estimators that accommodate strong heterogeneity across markets, unbalanced panels, and 
unobserved time-varying confounders. This approach allows us to construct credible 
counterfactual outcomes for affected markets and to assess pre-treatment dynamics and 
placebo effects. 
We find that the closure reduced daily auction sales in treated markets by approximately 36,000-
41,000 euros per market during the one-month closure window. After accounting for auction days 
lost due to insufficient supply and applying sector-specific value-added multipliers, the resulting 
annual economic cost is estimated to range between 18.7 million euros and 21.2 million euros. 
In parallel, a spatial difference-in-differences analysis of dolphin strandings indicates a 
statistically significant reduction in strandings south of the closure boundary relative to northern 
control areas. Translating strandings into at-sea mortalities using empirically grounded carcass 
buoyancy estimates suggests that the closure plausibly prevented around 625 common dolphin 
deaths per year under central assumptions, with substantial uncertainty bounds. 
Combining these estimates yields a cost-effectiveness measure of roughly 30,000 euros per 
dolphin life saved, with lower values under more favorable assumptions regarding mortality 
reduction. While interpretation is complicated by uncertainty in stranding-to-mortality 
conversion and the presence of concurrent mitigation measures, the results offer a rare 
transaction-level benchmark for evaluating trade-offs between fisheries livelihoods and marine 
mammal conservation. More broadly, the paper illustrates how integrating administrative market 
data with ecological indicators and modern causal inference methods can inform the design, 
comparison, and targeting of bycatch mitigation policies. 
 

 



 
 

 
 
 



Many Branching Paths: The multitude of ways we use ecosystem information in fisheries 
management 
Chris Kelble 
 
There has been an established scientific understanding of the need to implement Ecosystem 
Based Fisheries Management (EBFM) for decades. Among the most compelling rationales for 
EBFM is that our oceans are changing in ways that are affecting  the productivity and distributions 
of many important fishery species. Thus, we need to incorporate ecosystem information in the 
scientific advice we are providing to fisheries management. Over the past 2 decades there have 
been numerous attempts to include environmental information in the fisheries management 
decision-making process and progress towards EBFM has been substantial. This includes 
multiple case studies where ecosystem information was critical to informing management 
decisions that prevented overfishing. However, ecosystem information is not comprehensively or 
routinely incorporated into our scientific advice for the majority of our fisheries.  
  
In the USA, we have attempted to incorporate ecosystem information into fisheries management 
advice via a variety of pathways ranging from direct inclusion in stock assessment models to 
presenting ecosystem status reports that set the context for fisheries management decision-
making. A recent review of stock assessment models in the USA from 2003-2023 found that just 
over 2% had an assessment parameter directly linked to an ecosystem factor. Ecosystem 
information has also been incorporated into the fisheries management advice process via 
ecosystem status reports (indicator assessment of the overall ecosystem condition), ecosystem 
and socioeconomic profiles (a synthesis report of stock-specific ecosystem indicator trends), 
risk tables (evaluate unanticipated ecosystem and environmental impacts on the stock), risk 
assessments (quantify the probability of undesirable events along with their consequences), and 
dynamic ocean management tools (use satellite data and species distribution models to predict 
bycatch potential). In this talk, we will review the various pathways for ecosystem information to 
be incorporated into the scientific advice provided to the fisheries management community and 
suggest some ways forward to increase the uptake of ecosystem information into fisheries 
management. 
 

 
 



 
 

 
 

 



 
 
Incorporating ecosystem indicators into a single stock assessment framework: a case study 
using anadromous Dolly Varden 
Xinhua Zhu 
 
A warming climate in the western Canadian Arctic has affected river discharge, which provides 
important habitat for anadromous salmonids. Strong seasonal variations in weather and 
hydroclimatic conditions have been identified as environmental drivers of the timing of seasonal 
migrations of anadromous fish populations. 
Subsistence fisheries in the western Canadian Arctic rely on stocks of anadromous Arctic Char 
and Dolly Varden to ensure food security and transmit cultural practices. In response to a decline 
in the abundance of anadromous Dolly Varden in the Rat River, Northwest Territories, an annual 
fisheries-dependent community-based monitoring program was initiated in 1995. Experienced 
Gwich’in harvesters implemented this program to collect fisheries data, including catch-effort 
and biological information, during the upstream migration (late-July to mid-September). 
Additionally, several qualitative categorical variables regarding water level, debris, and water 
clarity were recorded to track the temporal changes in the environmental conditions and link 
them to the relative abundance index of migrating Dolly Varden. The assessment of temporal 
changes in weather and hydrometric indicators may contribute to a better understanding of 
impacts on the seasonal migration timing and population dynamics, although the qualitative 
environmental information is difficult to directly apply to quantitative stock assessment. 
To incorporate the ecosystem indicators recorded by the harvesters into a stock assessment, our 
EAFM approach was to i) establish scenario-based causal models linking catch-per-unit-effort of 
Dolly Varden with the qualitative and quantitative ecosystem indicators, ii) estimate population 
dynamics parameters using a Bayesian state-space surplus production model, and iii) develop 
fisheries reference points delineating the historical and current stock status of the population 
among scenarios. The modelling indicated that the stock is currently in a healthy state. The 
outcomes will promote an integrated assessment plan for the stock that incorporates 
environmental considerations.   
 



 
 

 
 
Furrows and benthos: linking acoustic trawling signatures to macrofauna 
Mayya Gogina 
 
Seafloor disturbance by demersal fishing is a major anthropogenic pressure on marine benthic 
ecosystems, yet natural environmental gradients and temporal variability mask or interact with 
fishing effects, and quantifying its ecological impact remains challenging. It requires both precise 
disturbance metrics and explicit consideration of temporal alignment and environmental 
variability. 
We combine multi-year hydroacoustic mapping with macrozoobenthos sampling to disentangle 
the ecological signal of bottom trawling fishing from background environmental variability in the 
Fehmarn Belt (southern Baltic Sea), including muddy habitat plots in marine protected area (MPA) 
and adjacent reference area. This fine-scale study integrates six years (2020–2025) of multibeam 
echosounder (MBES) hydroacoustic surveys and biological sampling, combining the derived 



trawling-induced seafloor furrow volume (Trawling Index TI) with macrofauna (MZB) abundance, 
biomass, diversity, and functional traits metrics. 
The analysis demonstrates that benthic macrofaunal communities respond nonlinearly to 
cumulative trawling pressure, with stronger impacts on total abundance than biomass. Variance-
partitioning models incorporating environmental drivers showed that the unique contribution of 
TI to changes of these community-level variables was generally negligible to modest. It was 
slightly higher for bioturbation and bioirrigation potential indices. In line with previous studies, 
Margalef’s richness emerged as the most sensitive diversity metric, showing a consistent 
statistically significant negative relationship with TI. In contrast, environmental variability, factors 
such as sediment grain size, salinity, and organic content, explain more variance in macrofauna 
than trawling in this naturally dynamic system. 
 

 
 

 



 

 
 

 
 
 
 



Fauna-biogeochemistry relationships under bottom trawling 
Amrei Gruender 
 
Sediment biogeochemistry can be influenced by bottom trawling directly, through resuspending 
and mixing the sediment, or indirectly, by depleting vulnerable fauna. Faunal activity can be an 
important driver of biogeochemical processes. Biodepositors and bioturbators locally enhance 
organic matter input, mechanically rework the sediment, and increase oxygen availability around 
ventilated burrows. Studies on bottom trawling have so far focused on the direct impacts on 
fauna or on sediment biogeochemistry. In this study, impacts on biogeochemistry as mediated 
through faunal composition change is addressed. Case studies are analysed to identify 
relationships between sediment biogeochemistry and the trait composition of benthic 
macroinvertebrates over a gradient of trawling pressures. Organic carbon and pore water 
nutrients were explained in the framework of statistical modelling in surface and subsurface 
depth slices and as fluxes across the sediment-water interface. Relevant environmental factors 
(like sediment type), fishing pressure, and biomass of functional groups were tested as 
explanatory variables. Species were assigned to functional groups by combined expression of 
trait modalities biodeposition, bioirrigation, sediment reworking, and upward conveying. The 
influence of environment and fishing pressure on the distribution of functional groups was 
investigated through multivariate analysis. This study aims to establish quantifiable fauna-
biogeochemistry relationships and assess the impact of faunal composition change induced by 
chronic trawling on nutrient cycling and carbon mineralisation. 
 
 

 
 
 

 



 

 
 

 
 



 
 

 
 



 
 
Risk factors determining the vulnerability of sediment organic carbon to remineralisation in 
response to physical disturbance. 
Samuel Rastrick 
 
The conversion of organic carbon (OC) stored in the seabed to inorganic carbon dissolved in the 
water column can be affected by mobile bottom fishing and other marine industry. However, 
some effects of bottom disturbance will tend to increase OC remineralisation, while others will 
have the opposite effect. Published estimates of OC remineralisation associated with bottom 
fishing also vary widely, reflecting the great uncertainty and the many assumptions and 
simplifications associated with such calculations. The vulnerability of sediment OC to 
remineralisation in response to physical disturbance is dependent on the complex interactions 
between local sediment (e.g. grain size, OC content, lability and source), local environmental 
conditions (e.g. temperature) and hydrodynamics (e.g. turbulence, currents), local biological 
communities (e.g. production and bioturbation), local benthic fishing methods (e.g. gear 
penetration depth, Swept area, Intensity / history) and climate change (e.g. warming, 
deoxygenation). Here we discuss work from the ICES FISHCARBON workshops, reviewing local 
drivers of OC accumulation and remineralisation to develop a list of risk factors that can be used 
by managers to assess the local vulnerability of sediment OC to remineralisation in response to 
physical disturbance. 
 

 
 



 
 

 
 



 
 

 
 



 
 

 
 



 
 

 
 



 
 

 
 



 
 

 
 



 
 

 
 



 
 

 
 



 
 

 
 



 
 
Assessing the vulnerability of marine sedimentary Organic Carbon to anthropogenic 
pressure in Scotland’s coastal waters. 
James Johnson 
 
Coastal and shelf sediments store vast quantities of Organic Carbon (OC), supporting benthic 
ecosystems and wider climate regulation. Recent research has identified these sediments as 
carbon burial hotspots, a valuable function of marine habitats. However, stored OC is becoming 
increasingly exposed to anthropogenic disturbance as human interactions with benthic 
sediments have intensified. Whilst the impacts of physical disturbance (e.g., bottom trawling) on 
benthic ecosystems have been widely studied, little is known about the vulnerability of 
sedimentary OC under increased anthropogenic pressure. Bottom trawling resuspends 
sedimentary OC, removing it from long-term storage in the seabed. When disturbed, these 
sediments are vulnerable to remineralisation, causing previously stored carbon to be reemitted 
as carbon dioxide (CO2). At a global scale, these potentially avoidable greenhouse gas emissions 
are likely to be enhancing global warming. 
This study assesses the vulnerability of marine sedimentary OC to the pressures of bottom 
trawling in Scotland’s coastal waters, with focus on the Firth of Clyde.  This area has a rich 
trawling history which has led to the demise of white fish stocks and transition to 
predominantly Nephrops fisheries. Since Nephrops habit in muddy sediments which store 
greater quantities of labile OC, this study examines how carbon is ‘lost’ when resuspended. Using 
seabed samples collected from the Clyde, biogeochemical analysis is run in phase one of the 
study. From the sample set, an incubation experiment is devised in phase two, whereby samples 
are resuspended, mimicking the effects of disturbance and repeat disturbance on sedimentary 
OC. The experiment is guided by current fishing pressure using Vessel Monitoring Systems (VMS) 
and multibeam bathymetric data. This study evaluates benthic ecosystem functioning in a post-
trawled environment in order to determine the vulnerability of the Clyde seabed to future 
disturbance. 
Understanding the long-term impacts of bottom trawling in the Firth of Clyde is critical in defining 
the vulnerability of sedimentary OC to mineralisation. By quantifying the effects of physical 
disturbance, this study utilises the scientific base necessary to inform the management and 
protection of the Clyde seabed. The decisions made in future research and policy planning are 
central to mitigating further ecological impacts in the Clyde, serving as an example which could 
be applied across British waters. 
 



 
 

 
 

 



 

 
 

 
 



 
 

 
 



Ecological trajectories after 30 years of marine aggregates extraction: recovery or regime 
Shift? 
Robert Alexandre 
 
Marine aggregate extraction alters both the physical and biological characteristics of the seabed. 
Impacts occur directly, through sediment removal and destruction of benthic organisms, and 
indirectly, via changes in hydrodynamics caused by seabed deepening or the dispersion of turbid 
plumes during dredging. Beyond quantifying the initial disturbance, assessing the ecosystem’s 
capacity for recovery is essential to understand the medium- and long-term persistence of 
extraction effects. 
This study examines early recovery processes following the cessation of intensive dredging at a 
French extraction site. Located in the outer Loire estuary (Bay of Biscay), the 8.2 km² Le Pilier 
concession was exploited for 30 years and closed in 2017. Approximately 40 million m³ of coarse 
sand were removed, creating a depression up to 8 m below the natural seabed. 
A three-year survey (2020–2022) conducted within the RESISTE project, complemented by a 2017 
regulatory survey, was used to analyse ecological trajectories of (i) sediment characteristics, (ii) 
macrobenthic species composition, and (iii) biological trait structure. 
Five years after dredging ceased, the ecological state of the former extraction site remains 
markedly different from adjacent undisturbed areas. In the most exploited south-western sector, 
the deep pit likely traps fine particles from the Loire plume, leading to the temporary development 
of an Abra alba muddy habitat contrasting with surrounding sandy habitats dominated by Spisula 
solida. Species composition followed a diverging trajectory, increasingly differing from reference 
sites, while functional composition paradoxically appeared more similar. This suggests that the 
pit has shifted into a new ecological regime with its own dynamics, making full recovery sensu 
Holling (1973) unlikely. 
On the pit slope, sediments remain dominated by mobile sands. Here, species composition 
converged toward reference conditions within five years, although functional differences persist. 
The presence of sand dunes near the western boundary of the concession may explain these 
discrepancies: cross-shore sediment transport from the continental shelf is trapped, generating 
large sand inputs and dune formation that migrates along the slope. Biological recovery in this 
area appears constrained by persistent sediment alterations and modified sediment dynamics 
induced by extraction, even after operations have ceased. Further monitoring will be required to 
confirm whether these trends persist over the longer term. 
 

 
 



 
 
 
Assessing the compatibility of static gear fishing with biogenic reef conservation in a 
partially protected MPA 
Leo Clarke 
 
Marine protected areas (MPAs) are a widely used tool in an ecosystem-based approach to 
fisheries and marine conservation management, although many are only partially protected. MPA 
management typically excludes bottom-towed mobile fishing gears and allows the continued use 
of static gears. These are generally considered to be relatively benign and are expanding. Yet the 
impacts of static gears to seabed habitats remain understudied and our understanding of their 
impacts is limited to few studies on temperate rocky reefs, which suggest potential impacts to 
sensitive taxa through gear movement. 
We used a novel application of accelerometry and acoustic telemetry to assess the magnitude 
and drivers of pot movement in a common whelk fishery operating on biogenic horse mussel 
(Modiolus modiolus) reef. Pot movement was primarily driven by current speed, which strongly 
influenced the area of seabed covered by a single pot in a typical 24 h fishing period, particularly 
in current speeds above ~ 0.5 m/s. 
A control-impact study revealed immediate localised depletion of the soft coral Alcyonium 
digitatum, squat lobsters, hermit crabs, the brittle star Ophiothrix fragilis, and overall abundance, 
within the footprint of pot contact with the seabed. We found no similar trend in species densities 
in relation to chronic potting effort at the reef scale, however, although taxonomic richness and 
overall abundance were lower in areas of higher potting densities. 
Our results indicate that environmental factors strongly influence the movement of static whelk 
fishing gear and that this movement may result in localised depletions of sensitive reef epifauna 
within the potting footprint. However, we found no detectable impacts of the fishery at the reef 
scale. 
 



 
 

 
 
 

 
 



 
 

 
 



 
 

 
 



 
 

 
 



 
 

 
 
 



Shifts in Biodiversity in Response to Mussel Bottom Culture in the Wadden Sea 
Lotte Bouwman 
 
Wild mussels are key ecosystem engineers, forming complex biogenic habitats that support 
diverse marine communities. Although mussel culture plots share many structural similarities 
with natural mussel beds, the extent to which mussel aquaculture influences biodiversity 
remains largely unknown. Dutch mussel culture, occurring in the Western Wadden Sea and 
Oosterschelde Estuary, covers 11,500 ha of designated plots alongside wild bivalve beds of 
similar scale. During the 2021 optimisation of mussel plots, we conducted a unique before-and-
after study across six newly designated blocks. A longitudinal sampling campaign monitored 
changes in infauna and epifauna, providing insights into the facilitative role of mussel plots for 
(associated) macrozoobenthos. Here, we present findings on benthic community development 
on the newly established plots. Using biodiversity indices and functional trait approaches, we 
examine community structure, ecological functioning, and temporal dynamics. This large-scale 
monitoring illuminates ecological succession and species establishment, offering guidance for 
sustainable management of aquaculture impacts in Dutch waters. 
 

 
 

 



 

 
 
Methodological and operational approaches to assess the cumulative effects of human 
activities at sea 
Simon POLICE 
 
The English Channel–North Sea (ECNS) facade is one of the most anthropized maritime zones in 
the world, with diverse human activities such as fishing, marine aggregate extraction, submarine 
cables, port dredging, disposal of dredged materials, and recently offshore wind farms. This 
growth of uses raises the question of cumulative effects as several drivers of change can interact 
with each other with concomitant impacts on ecosystem functioning. 
The concept of cumulative effects, linked to the accumulation of multiple drivers of change, is 
used in many scientific fields and was introduced in ecology in North America in the 1990s. 
European scientists took up the topic later, particularly in connection with the European Marine 
Strategy Framework Directive and the recognition of the need for an integrated, ecosystem-based 
approach. In France, article R122-5 of the Environmental Code specifies that Environmental 
Impact Assessment (EIA) studies must address the “cumulation of impacts with other existing or 
approved projects”. Within the context of this legislative framework, all project leaders subject to 
EIA face the shared challenge of developing a shared methodology to build the “cumulative 
effects” chapter of EIA studies. On the ECNS facade, marine project leaders have combined their 
knowledge and expertise with the Universities of Caen, Rouen and Le Havre within the Scientific 
Interest Group “Cumulative Effects at Sea” (GIS ECUME), a public-private consortium,  with the 
development of a methodology for cumulative effect assessment being one of the group’s core 
research lines 
This study aims to develop an operational methodology for industrial actors, to assess 
cumulative effects of human activities in coastal environments. Its first focus consists of 
mapping the maximum extent of physical effects (e.g. morphology and seabed substrate 
modification, hydrodynamic change, turbidity, …) of each activity using EIA data. It subsequently 

https://gis-ecume.fr/etude-sociologique-sur-les-perceptions-et-les-controverses-chez-les-parties-prenantes-des-activites-humaines-menees-en-mer-dans-la-facade-manche-est-mer-du-nord-rapport-final/


aims to visualize and identify benthic habitats at stake in the eastern part of the Seine Bay using 
benthic habitats maps and sensitivity matrices (MarESA and MNHN) adapted to local 
environmental conditions. Overlaying maps of cumulative effects on the physical environment 
with the spatially distributed sensitivity levels of habitats allows for the qualification and 
quantification of cumulative effects at the project scale. An application is proposed in the Seine 
Bay where marine aggregate extraction, disposal of dredged materials, submarine cables and 
offshore wind farms take place. 
 

 
 

 
 



 
 
A trait-based modelling assessment of bottom fishing impacts and functional recovery in 
European shelf-sea benthic ecosystems 
Marija Sciberras 
 
Growing awareness of the environmental impacts of bottom fishing has led to increasing demand 
for comprehensive assessments of its spatial extent and ecological consequences. We applied 
the Benthic Fishing Impact Assessment Tool (Bfiat), a deterministic trait-based modelling 
framework, to quantify how fishing intensity, sediment type, and species life-history traits interact 
to shape benthic community state and ecosystem functioning. Using macrofaunal data from 234 
stations across seven European shelf-sea case studies, characterized by different fishing 
intensity and habitat type, we predicted the Relative Benthic State (RBS) and recovery trajectories 
of benthic communities. Response was assessed  across key functional groups (suspension and 
deposit feeders) and processes, namely bioturbation and bioirrigation, which play central roles 
in regulating sediment organic matter cycling. Impacts varied strongly among case-studies and 
habitats. The most degraded benthic states (RBS < 0.75) occurred in locations exposed to high 
fishing intensity (mean SAR 7–14 yr⁻¹) and communities dominated by surface-dwelling or 
shallow-burrowing (0-5 cm). In contrast, communities dominated by early-maturing or deep-
burrowing species exhibited greater resistance and faster recovery, even under moderate fishing 
pressure. Functional declines mirrored structural changes, with suspension feeders and 
bioturbation potential showing marked reductions in heavily fished muddy areas, indicating 
impaired sediment mixing and bentho-pelagic coupling. There are also potential, but yet 
undetermined implications for nutrient cycling and carbon storage. Recovery times ranged from 
3–4 years in lightly impacted systems to 6–8 years in heavily disturbed muddy habitats, with 
recovery in sand generally faster and less sensitive to fishing intensity. This study demonstrates 
how functional indicators can be incorporated alongside structural metrics to provide a more 
comprehensive assessment of faunal seabed condition and supports habitat-specific, risk-
based management of demersal fisheries. 
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Can species distribution models reliably estimate the effects of bottom trawling on benthic 
species distributions? 
Martin Marzloff 
 
Characterising the structure and the distribution of seafloor invertebrate species communities is 
key to understanding benthic marine ecosystems functioning across continental shelves. 
Moreover, disentangling the effects of environmental drivers and bottom trawling on benthic 
communities is critical to predict changes in ecosystem structure and functioning under future 
scenarios; and to implement effective ecosystem-based management of bottom trawl fisheries. 
Here, using species distribution models to relate presence/absence of 71 non-rare benthic 
macrofauna species (sampled across the Bay of Biscay and Celtic Sea over 15 years of fisheries-
independent surveys) to a range of environmental covariates (e.g. bottom temperature, sediment 
types) as well as to proxies of bottom fishing effort, our objectives are two-fold: (i) to investigate 
the relative effects of climate and trawling intensity on the distribution of macroinvertebrate 
species; and, (ii) to quantify species-specific effects of bottom trawling using model projections 
under no-fishing scenarios.  
 
Modelled species distributions help characterise how the six distinct benthic community types 
across the continental shelf are driven by large-scale environmental gradients. Despite relatively 
low contributions of trawling intensities to modelled species distributions, projections under no-
fishing scenarios indicate that trawling can impact realised species range sizes in different 
species-specific manners (both in terms of sign, i.e. positive or negative, and magnitude of 
effects). However, discrepancies between expert knowledge about species-specific vulnerability 
to trawling and model projections reveal that, for certain species, modelled species-trawling 
relationships confuses the causal effects of trawling on species distribution on the one hand, and 
spurious effects related to targeted fishing on main commercial fishing grounds, on the other 
hand. For instance, most of the commercial species (e.g. Nephrops norvegicus) display positive 
estimated trawling-species relationships, which highlight how targeting of commercial species 
can induce spurious non-causal relationships. Similarly, we found that such spurious effects 
(positive relationships to bottom trawling) hold for most non-commercial taxa that share similar 
habitats with N. norvegicus. Overall, our study provides novel insights regarding large-scale 
drivers of benthic community structure in the NE Atlantic continental shelf. Importantly, our 
results also call for caution when applying scenario-based approaches using species distribution 
models. 
 

 
 



 
 

 



 
 

 



 
 

 



 
 
 
Beyond mean responses: using segmented quantile regression to identify trawling pressure 
thresholds in benthic ecosystems 
Sandrine Vaz 
 
Identifying pressure thresholds beyond which marine benthic ecosystems experience rapid 
degradation is a central challenge for ecosystem-based management. Such thresholds provide 
operational reference points to inform spatial planning, fisheries management and conservation 
actions. However, detecting them statistically remains difficult due to high variability in 
ecological data, incomplete coverage of pressure gradients, and the widespread reliance on 
central tendency approaches (mean or median) that may obscure ecologically relevant 
responses. Indeed, unmeasured factors may act as the actual limiting constraints, generating 
unequal variation in the biological response variable through interactions with measured factors. 
Here, we explore the potential of segmented quantile regression as a tool to identify pressure 
thresholds in benthic ecosystems. Unlike conventional segmented regression methods that 
focus on central responses and assume homoscedasticity, quantile regression allows the 
examination of different parts of the response distribution. In particular, upper quantiles can 
better reveal the effect of limiting factors when a given pressure is the active constraint, and 
where degradation signals may emerge earlier or more clearly than in central trends. 
We apply this approach to data collected during scientific trawl surveys to examine the response 
of benthic megafauna to bottom-trawling pressure, proxied by swept area ratio (SAR). By 
combining segmented regression with quantile regression across multiple upper quantiles, we 
identify breakpoints in various ecological indicators that indicate shifts from weak to strong 
pressure–state relationships. Bootstrapping procedures are used to estimate confidence 
intervals around breakpoint locations, allowing explicit characterization of uncertainty in 
threshold estimates. Our results demonstrate that segmented quantile regression can detect 
pressure thresholds that remain undetected when focusing on central responses alone, and that 



different quantiles may reveal alternative but ecologically meaningful thresholds. This approach 
provides a robust and transparent framework for identifying management-relevant pressure 
limits and contributes to improving the assessment and management of human impacts on 
marine benthic ecosystem functioning. 
 
 

 
 

 
 



 
 

 
 
 



Integrating benthic structural and functional indicators into a spatial status/sensitivity map 
to assess and manage bottom trawling in the Southern North Sea. 
Gert Van Hoey 
 
Europe’s coastal and continental shelf sediments are increasingly impacted by human 
disturbances, with mobile bottom-contacting fishing among the dominant pressures. Bottom 
trawling not only causes extensive physical abrasion but also has significant ecological impacts, 
reducing benthic biomass, diversity and size structure, and altering functional composition. The 
severity of these effects varies across habitats and gear types. Consequently, assessing the 
ecological status and sensitivity of the seafloor has become a central objective of several EU 
policies, including the EU Action Plan:  Protecting and restoring marine ecosystems for 
sustainable and resilient fisheries, the EU Biodiversity Strategy, and the Marine Strategy 
Framework Directive.  
The Belgian Sea fishery relies heavily on bottom trawling for sole, plaice and shrimp, making the 
sustainable use of their fishing grounds a key priority to ensure a viable future. Several benthic 
indicators have been developed to assess seafloor status and sensitivity under trawling 
pressure. Earlier assessments often relied on single indicators, with the risk of overlooking 
important ecosystem functions. More recent multi-indicator approaches, such as those 
proposed in the ICES WKBENTH3 report, address this limitation but introduce new challenges, 
as different indicators may identify different habitats as sensitive or respond unequally to 
trawling pressure. Integrating these indicators into a single, coherent assessment 
therefore remains difficult.    
In this contribution, we develop and test and integrative framework to compare and combine 
multiple structural and functional benthic indicators (FBIAT, SOS, Margalef richness, and the 
ICES FBIT RBS model). This framework is applied across the Southern North Sea region with the 
aim of generating a spatially explicit benthic state and/or sensitivity map for the Belgian fishing 
grounds, based on an integrated indicator score.   
This map can be used by policy makers for fisheries management and is also made available to 
Belgian fishers via the existing onboard platform VISTOOLS, which will enable voluntary 
adjustments in fishing behavior. VISTOOLS output feeds directly into the VALDUVIS sustainability 
assessment, where reducing fishing activities in high-state or sensitive areas can improve a 
vessel’s sustainability score, which is visible to consumers.  By translating indicator-based 
assessments into an operational management tool, this work contributes to more sustainable 
and ecosystem-aware Belgian demersal fisheries.  
 

 
 



 
 

 



 
 

 



 
 

 
 
 



Assessing bottom-trawling impacts on benthic communities using sensitivity indicators 
Natalia Montero 
 
Bottom-contact fishing can cause substantial physical disturbances on the seabed, frequently 
resulting in the structural degradation of habitats and the loss of key taxa. The magnitude of these 
impacts is determined by multiple factors, including the type of fishing gear employed, seabed 
characteristics, and the frequency and intensity of fishing effort. Furthermore, the capacity of 
benthic communities to recover after trawling operations depends on the intrinsic vulnerability 
of the resident species, which is largely governed by specific biological traits. Consequently, 
robust assessments of trawling impacts require the integration of spatial and temporal fishing 
activity data, seabed geomorphological characteristics and community-level biological 
information. 
Between 2022 and 2025, seven sampling campaigns were conducted on the Basque continental 
shelf (SE Bay of Biscay) to evaluate the impact of bottom trawling on benthic habitats. Sampling 
stations were distributed to encompass a broad range of depths, seabed characteristics, fishing 
intensities (derived from Vessel Monitoring System (VMS) data merged with logbook records1), 
and regulatory contexts (i.e., stations located within partial or total fishing closure areas or 
subject to varying degrees of fishing pressure). Biological and environmental characterization 
involved 75 beam trawls for megabenthic epifauna and 69 sediment grab samples for 
macrobenthic infauna, grain size analysis and organic matter content determination. Community 
metrics, including density, species richness and biomass of both epifaunal and infaunal 
organisms were examined, and stations were classified through taxonomic similarity analyses. 
Additionally, the Benthos Sensitivity Index to Trawling Operations (BESITO)2 and the Sentinels of 
Seabed (SoS)3 indicator were applied to assess trawling impacts on megabenthic communities. 
Results indicate that macrobenthic community composition is primarily shaped by 
environmental variables, with fishing effort playing a secondary role. In contrast, while total 
megabenthic biomass showed no clear spatial correlation with fishing intensity, community 
structure shifted significantly along the fishing-pressure gradient. Accordingly, high intensity 
trawling areas were dominated by opportunistic and tolerant taxa, whereas the abundance of 
sensitive megabenthic organisms decreased consistently with increasing fishing effort. 
These findings provide valuable insights for assessing seabed integrity and determining the 
environmental status of benthic habitats subjected to bottom-contact fishing. Moreover, this 
research offers a solid empirical foundation for the development of targeted management 
strategies aimed at mitigating the ecological impacts of bottom-trawling activities. 
 

 



 

 
 

 
 



Introducing MUMARINEX: A multivariate generalist index for assessing anthropogenic 
impacts and recovery in marine ecosystems 
Nathan Chauvel 
 
Marine ecosystems worldwide are increasingly exposed to a growing range of human pressures. 
To quantify their impacts and to monitor ecosystem recovery, numerous ecological indices have 
been developed over recent decades. Despite their diversity, most existing indices remain 
constrained by context-specific limitations, either in terms of the types of pressures they can 
reliably assess, or by the habitats and biological communities to which they can be applied. Here, 
we introduce a new multivariate indicator designed to be applicable across a broad range of 
pressures and marine habitats: the Multivariate Marine Recovery IndEX (MUMARINEX). This index 
is based on the assumption that the ecological status of marine communities can be described 
through the combination of three complementary components: conservation of species (or 
taxonomic) richness, preservation of community structure, and the absence of shifts in 
dominance patterns. To evaluate the performance of MUMARINEX, we compared it with two 
generalist deviation-based indices (the General Purpose Biotic Index, GPBI, and the Ecological 
Quality Assessment, EQA), as well as with the widely used M-AMBI. All four indices were applied 
to multiple case studies encompassing diverse marine habitats and anthropogenic pressures. 
Across all case studies, MUMARINEX consistently exhibited responses aligned with impact 
intensity and proved sensitive to intermediate recovery stages. Importantly, MUMARINEX was 
also able to account for situations where moderate disturbance led to local increases in diversity, 
in line with the Intermediate Disturbance Hypothesis, patterns that are often poorly captured by 
conventional indices assuming systematic diversity loss under anthropogenic pressure. These 
results highlight several unique strengths of MUMARINEX, including its continuous response 
directly proportional to both disturbance intensity and recovery degree, its ability to disentangle 
the ecological components driving degradation (loss of richness, structural changes, dominance 
shifts, or their combination), and its capacity to identify the taxa most affected by anthropogenic 
pressures, features not directly provided by most commonly used indices. Moreover, owing to its 
simple underlying assumptions, MUMARINEX is readily applicable by both scientists and 
environmental managers, with computation facilitated through an R package or an user-friendly 
online interface. Taken together, its flexibility, interpretability, and broad applicability make 
MUMARINEX a promising tool for future marine monitoring programs and impact assessments 
worldwide. 
 

 
 



 
 
Assessing the impacts of fishing pressure on Tyrrhenian Sea benthic ecosystems: a 
comparative analysis of the RBS and SoS indicators to support the Italian assessment of 
Good Environmental Status 
Bianca di Lorenzo 
 
Fishing activities conducted by means of bottom trawling represent one of the most significant 
anthropogenic pressures affecting Italian marine waters. Despite the substantial national efforts 
undertaken through the implementation of the Marine Strategy Framework Directive (MSFD), in 
situ measurements have so far not been sufficient to enable the application of the Relative 
Benthic Status (RBS) indicator in the Tyrrhenian Sea. 
Recently, the Italian Ministry of Agriculture, Food Sovereignty and Forests (MASAF) has made 
publicly available the extensive long-term dataset of the MEDITS program (International bottom 
trawl survey in the Mediterranean). Although MEDITS in situ surveys conducted in Italian waters 
are primarily designed to assess demersal fish stocks and benthic ecosystems in support of 
sustainable fisheries management and European environmental policies, the data they provide 
can be effectively exploited within the MSFD Descriptor 6 (seafloor integrity) assessment 
framework. 
Taking advantage of this extensive dataset, we applied both the RBS and the Sentinel of the 
Seabed (SoS) indicators to evaluate the impacts of fishing activities on Tyrrhenian Sea broad 
benthic habitat types (BBHTs). The analysis integrates biological data derived from Italian MSFD 
monitoring programs and MEDITS surveys (covering 2200 sampling stations), 12 Broad Benthic 
Habitat Types (EUSeMap, 2023), and a depth range of 700 m, together with fishing pressure data 
based exclusively on Vessel Monitoring System (VMS) information, spanning the period 2015–
2023. 
Results from the RBS and SoS indicators are compared across habitat types, focusing on the 
distribution of indicator values, their variability along the depth gradient, and their sensitivity to 



spatial and temporal patterns of fishing pressure, thereby highlighting differences in benthic 
status among Tyrrhenian BBHTs. 
 

 
 

 
 



 
 
Implementation of cumulative effects risk analysis in marine protected areas: 4 case 
studies 
Frédéric Quemmerais 
 
Maritime human activities are numerous and overlap in space and time. These activities 
contribute to generating physical, chemical and biological pressures that interact with marine 
ecosystems, particularly with benthic habitats. 
Since 2017, France has been developing a comprehensive and coordinated approach to all public 
policies applicable to maritime and coastal areas, with the aim of ensuring their integrated 
management, both in terms of activities and protection. This framework highlights methods that 
consider the socio-ecosystem in its entirety, and recommend that impact studies carried out to 
assess the compatibility of activities with ecological conservation objectives should consider the 
marine ecosystems and the different economic sectors involved. These recommendations apply 
to all projects subject to environmental assessment and to Marine Protected Areas (MPAs).  
The cumulative effects assessment provides a conceptual and methodological framework that 
can helps to address these challenges by allowing us to assess the relative contributions of each 
of the activities and pressures using an intersectoral approach, thus enabling us to identify and 
prioritize the most appropriate management levers. 
However, the implementation of this approach at the national, regional, and MPAs levels faces 
scientific and technical challenges in developing robust and operational tools, and remains 
highly variable and dependent on the technical and human resources available to move from 
theory to practice. 
I will present four examples of Cumulative Effects Assessments in French MPAs from recent years 
(2023-ongoing). Using the same methodology and tool (Carpediem), we evaluated the 
cumulative effects of human driven physical pressures on benthic habitats. 
Two studies were conducted as part of the integrated Life Marha project (LIFE 16 IPE/FR001) and 
concern the Special Areas of Conservation of the Natura 2000 network in the Seine estuary 



(English Channel) and the Loire estuary (Bay of Biscay). One study has been underway since 2024 
with the Marine Natural Park Estuaires picards et de la mer d'Opale, located in the English 
Channel. One study is being conducted since 2025 with the Marine Natural Park Cap Corse et 
Agriate located in the Mediterranean sea and funded by the European Interreg project Talassa 
(Italy-France). All these studies were conducted by the French Office for Biodiversity and carried 
out in close collaboration with the MPAs managers. 
This aims to present the different MPAs management issues and needs, the common 
methodological framework applied, some specific developments that had been carried out, the 
main results that could inform MPAs managers, the challenges of working with MPAs managers, 
progress made in implementing this approach, as well as its limitations and constraints. 
 

 
 

 
 



 
 

 
 
 



A bio-economic modelling framework for evaluating the effects of spatial closures on 
benthic communities and fisheries 
Pierre-Yves Hernvann 
 
Regulating mobile bottom-contacting gears (hereafter ‘bottom trawling’) epitomizes the 
challenge of balancing marine conservation and resource exploitation, calling for operational 
decision-support tools. 
Building on recent advances in monitoring and mapping the relative state of benthic 
communities, the ICES working group on Fisheries Benthic Impact and Trade-offs of ICES 
(WGFBIT) proposed areas of spatial restrictions on bottom trawling (MPAs) based on a pragmatic 
strategy that preserves core fishing grounds by closing the least impacted areas first until a target 
proportion of the surface area of each habitat is closed to bottom trawling. Although innovative 
and promising, such an approach does not assess the direct and indirect effects of MPAs on 
exploited resources, fisheries viability, and cannot account for counter-effects induced by fleet 
dynamics. 
We developed a simulation approach to move beyond MPAs identification and, using the Bay of 
Biscay as a case study, assess their performance and their consequences on the entire socio-
ecosystem. To do so we used the bio-economic multi-species ISIS-Fish model, which simulates 
stocks’ dynamics and technical interactions among the 48 demersal fleets of the BoB mixed 
fishery and represents fleet responses to management through adaptation of fishing strategies. 
Our approach consisted of (i) representing MPA under alternative coverage levels, (ii) predicting 
fleet responses under different assumptions regarding the redistribution of fishing effort in space 
and among métiers, (iii) assessing the MPA performance in terms of benthic communities’ status, 
(iv) quantifying the socio-economic consequences for fleets and the entire fishery, and (v) 
predicting indirect effects on main exploited stocks under alternative non-spatial management 
measures. 
WGBIT strategy to define MPAs appears effective in protecting benthic communities, particularly 
when more than 30% of habitat surface area is closed, while limiting the proportion of fishing 
effort lost or redistributed. However, its effectiveness varies among habitats, suggesting differing 
sensitivities to spatial redistribution of effort. Changes in fleet economic viability reflect MPA-
induced shifts in resource accessibility, catchability and target species driven by adaptive fishing 
strategies. In most configurations, negative impacts are associated with limited diversification 
within fishing strategies and strong dependence on specific fishing areas. Nevertheless, winners 
and loosers differ across scenarios combinations, underscoring the sensitivity of outcomes to 
fishing effort redistribution assumptions and the cascading effects of fleet responses through 
technical interactions (e.g. choke species dynamics).  
 

 



 

 

 
 



 
 

 
 



 
 
Taking stock of seabed carbon storage and sequestration (Blue Carbon) – future implications 
for impact, recovery and management interventions 
Ruth Parker 
 
The subtidal seabed sedimentary habitats in the UK’s English waters contain between 80 and 100 
Mt of organic carbon (OC) and so have a significant climate change mitigation potential (as Blue 
Carbon).  
However, much of this organic carbon stock is under pressure and risk of degradation from 
physical disturbances by various human activities. Management of human activities, including 
protection or restoration of seabed areas containing OC, may therefore provide a significant 
Nature-based Solution (NbS) to climate change itself.  
We present a case study focused in English waters to highlight key considerations for seabed OC 
management:  
- ·       Organic carbon storage and burial across the shelf: what drives variability, and what 

is the role of OC composition, source and reactivity? What are the trade-offs with 
biodiversity or nature recovery? 

- ·       Present pressures on seabed carbon: Where is OC storage under pressure and risk? 
By how much? What is the potential impact? 

- ·       Policy and management: How can this evidence base inform spatial management 
interventions and measures, including protection and recovery measures which promote 
the potential of the seabed climate change regulation service? How does this interact 
with biodiversity, food or energy security sectors? 

Within each element, insights into the developing evidence base, confidence level and remaining 
knowledge gaps and priorities will be presented as well as recommendations for future inclusion 
of carbon considerations within integrated seabed management approaches.  
 



 
 

 



 
 

 



 
 

 
 
 



What Counts as Restoration on Working Fishing Grounds? From concepts to practical 
management. 
Mark Dickey-Collas 
 
Binding commitments on ecosystem restoration are now impacting the practical reality that most 
marine space is used, managed, and socially contested. In fished seascapes, “degradation” and 
“restoration” are often invoked without an agreed reference, without operational limits, and 
without a conceptual understanding of restoration in productive systems. 
This contribution synthesises recent conceptual developments around fisheries and restoration 
into a framework for “restoring fished seascapes”. It proposes a shared logic for ecological 
condition in systems that are both productive and changing, distinguishing productivity and 
ecosystem change from degradation. It translates that logic into operational recovery 
benchmarks and indicators that can be tracked using existing fisheries and marine data streams. 
It recommends a co-development approach for agreeing thresholds, decision rules, and review 
cycles, so that restoration planning recognises fishers’ stewardship options, avoids simply 
displacing pressure, and clarifies how management responses escalate when risk remains high. 
The output is a practical concept-to-management pathway: a small set of condition classes, a 
decision tree for “what counts”, and a minimum monitoring package linked to management 
triggers. It is intended to support socially legitimate, ecologically sound transitions where 
restoration objectives and sustainable fisheries management are treated as interdependent, not 
competing, goals. 
 

 
 



 
 
From habitat to harvest: practical restoration measures and reporting evidence that work 
for fisheries 
Eirini Glyki 
 
Binding commitments are moving marine restoration from ambition to delivery. GBF Target 2 and 
the EU Nature Restoration Regulation (NRR) both require substantial progress by 2030, while 
raising questions for fished systems: how to distinguish change of productive ecosystems from 
degradation, and how to define “restored” in working seascapes. 
This contribution will synthesise the expected outcomes of the April 2026 workshop “From 
Habitat to Harvest: restoration that works for fishers”. The workshop was designed to position 
fisheries as active contributors to habitat restoration and to clarify how fisheries management 
can support NRR implementation through practical, workable measures. It focused on 
productive fishing grounds, mixed-use areas and working seascapes. Participants were fishers, 
nature restoration planners and researchers thus provide a broad spectrum of views and 
experiences. 
The presentation will distil the workshop-level findings, resulting in a transferable set of insights 
on opportunities and constraints to deliver and provide evidence of restoration where fishing 
continues. 
 



 
 

 
 
Clarifying Marine Restoration Pathways: Disentangling MPAs, Nature-based Solutions, 
Hybrid Approaches and Grey Infrastructure 
Louise C. Flensborg 
 
Marine and coastal ecosystems are facing accelerating biodiversity loss and declining ecological 
condition due to climate change, overexploitation, pollution, habitat conversion, and expanding 
coastal infrastructure. The scale of degradation demands ambitious and coherent restoration 
efforts. In response, a range of approaches has emerged, including Marine Protected Areas 
(MPAs), Nature-based Solutions (NbS), Nature-Inclusive Design (NID), hybrid solutions 



combining ecological and engineered elements, and conventional grey infrastructure. Although 
often grouped under shared sustainability narratives, these interventions differ significantly in 
objectives, mechanisms, spatial scale, and conservation ambition. Clear distinctions are 
essential to ensure that actions contribute to genuine ecosystem recovery rather than simply 
mitigating impacts. 
The EU-funded TRANSEATION project examines how these restoration and protection measures 
are conceptualized and implemented, synthesizing evidence from 113 peer-reviewed studies. 
The analysis reveals substantial terminological ambiguity particularly where NbS are conflated 
with MPAs, NID, hybrid coastal solutions, and wide variation in restoration scale and monitoring 
approaches. This lack of conceptual clarity and standardized assessment limits comparability 
weakens evidence-based decision-making, and obscures whether interventions are sufficient to 
improve ecological status at meaningful scales. 
By disentangling these approaches and mapping their scale and intent, the project highlights the 
urgent need for harmonized definitions, evaluation criteria, and science-based guidance to align 
marine restoration efforts. 
 

 
 

 
 



 
 
A sea full of measures: EU conservation goals for benthic habitats will require wide-ranging 
spatial measures 
W. Nikolaus Probst 
 
The use of marine space by human activities is continuously increasing, resulting in a 
competition between human use and spatial measures for marine conservation. The EU Marine 
Strategy Framework Directive (MSFD) and the Nature Restoration Law (NRL) are two important 
legal means to implement ambitious spatial conservation targets for benthic habitats within the 
waters of EU member states. This study analysis how the targets of MSFD and NRL are currently 
met in the German waters of the North Sea and which areas the full implementation of both 
legislations might require. The current spatial conservation measures, which ban demersal 
trawling within certain zones of designated marine protected areas (MPA), are not sufficient to 
reach the targets of the MSFD and NRL. Extending the exclusion of demersal trawling to the entire 
area of the MPAs would increase the average coverage for all habitat types/groups from 19 % to 
73 % except for offshore sand and mud habitats. These could be further protected, when 
including areas for offshore wind farms, where trawling is also banned. However, to date it is 
unclear, if and how these (or other human use) areas could be included legally into spatial 
conservation regimes. Hence a debate on how to better combine human activities with spatial 
conservation targets is urgently needed to allow for the achievement of the ambitious MSFD and 
NRL targets in marine waters of EU member states. 
 



 
 

 
 



 
 

 



 
 
Empirical estimates of recovery after cessation of disturbance for benthic invertebrates 
Jan Geert Hiddink 
 
Recovery of benthic invertebrate communities following disturbance is a key process governing 
the resilience of seabed ecosystems exposed to human pressures such as bottom trawling, 
aggregate dredging, and emerging activities including seabed mining. Quantifying and predicting 
recovery rates is essential for conservation planning and for balancing exploitation with the 
protection of vulnerable habitats. However, robust predictors of recovery remain limited. 
Here, empirical time-series data were collated from published studies to evaluate the drivers of 
passive recovery in marine macrobenthic invertebrates after events or interventions that 
substantially depleted abundance or biomass, or created newly available substrate. Studies 
were included across all substrate types, spanning recovery after cessation of disturbance as 
well as colonisation following the introduction of new substrates, and covering both individual 
species and whole communities. Abundance and biomass trajectories were extracted and 
logistic population growth curves were fitted to estimate the logistic recovery parameter r. 
Recovery rates were highly variable across taxa and settings, but clear environmental patterns 
emerged. Average recovery rates were significantly higher on sediment compared with hard 
substrates. Recovery rate decreased with increasing depth and with the spatial scale of the 
disturbance. Biomass recovered more slowly than abundance, indicating that functional 
recovery may lag behind numerical recolonisation. 
These results demonstrate that recovery rates can be quantitatively estimated from time-series 
data and strongly structured by environmental context. Slower recovery on hard substrates, in 
deeper waters, and after larger disturbances provides a basis for improving predictive 
frameworks for habitat and species recovery. Linking recovery rates to life-history constraints 
such as maximum lifespan allows advancement of mechanistic prediction of seabed resilience 
under anthropogenic pressure. 
 



 
 

 
 

 
 



 
 

 



 
 

 



 
 
AI is a tool, not a sledgehammer – the challenges of universally applying AI and how to 
improve data transparency 
Georgina Vickery 
 
AI in fisheries monitoring is often presented as an immediate solution for improving efficiency 
and expanding data extraction from underwater video surveys. However, effective AI deployment 
depends on data quality and relevance to the task. Video from towed or drift cameras, remotely 
operated vehicles (ROVs) or other equipment existed long before AI, with many time series 
spanning decades. Therefore these data-rich video transects were optimised for manual 
processing, resulting in increased biases and uncertainties when coercing AI to extract additional 
information from these data sources. 
  
This talk explores solutions to retrospectively applying AI to existing data, with discussion on 
current obstacles to the routine use of AI. The king crab stock assessment by the Institute of 
Marine Research in Norway was used as case study, whereby AI was applied to forward facing 
video to extract counts of additional taxa and crab carapace lengths. To address the issues 
emerging from this processing and facilitate automation of routine surveys, AI models to process 
acoustic data and imagery from autonomous underwater vehicles (AUVs) were developed. This 
increase in AI-derived data highlighted the challenge of integrating these species counts and 
lengths into existing database structures for wider use. Recommendations to facilitate data 
transparency include developing a systematic identifier, similar to a gear code. As a minimum, 
this identifier should incorporate model specifications, including detection confidence and 
evaluation metrics. This would increase interoperability of AI-derived data and facilitate dataset 
integration. 
  
A final overlooked limitation is the range in methods used to calculate the area surveyed by 
underwater observation platforms, with the chosen method strongly impacting final density 



estimates. A standardised approach is presented in Vickery et al., 2026, which uniquely includes 
the associated uncertainty. Although not specific to AI, this step is fundamental to integrating AI-
derived outputs into stock assessment frameworks. 
 

 
 

 
 
From AIS pings to behaviour: Practical challenges for marine AI 
Hjalti Danielsson 
 
As machine learning is explored for fisheries monitoring, practical challenges emerge during 
system implementation. We share lessons from developing a Data Analysis Engine (DAE) to 
model vessel behaviour from AIS, VMS and sometimes catch data, with the goal of detecting 
potentially IUU-related activity. 



In an initial prototype phase using AIS data from multiple fleet types within the Icelandic EEZ, two 
broad challenges became apparent: how to represent vessel behaviour from AIS transmissions, 
and how to model that behaviour once represented. 
AIS data are irregular in timing and cadence, may contain missing fields, and can arrive out of 
order. Fixed window segmentation initially produced segments with too little information for 
trajectory features, or segments mixing distinct behaviours. We therefore adopted adaptive 
windowing to preserve sufficient context while maintaining temporal coherence. 
More fundamentally, segmentation required explicit domain assumptions. Translating position 
reports into behavioural units meant, for example, deciding when a vessel had genuinely changed 
course rather than momentarily deviated. This required cumulative bearing-change thresholds 
and rule-based constraints. Segmentation has proven not a mere neutral preprocessing step but 
a modelling decision that shapes which patterns can later be detected. 
Once represented, behaviour modelling posed its own challenges. Single-algorithm clustering 
produced excessive "noise" clusters or failed to capture nuance. A multi-stage strategy emerged 
as a response to observed behaviour in the data: density-based clustering separated structured 
transit from less structured fishing activity, and Gaussian mixture modelling refined sub-phases 
within those behaviours. 
Finally, we observed differences between offline development and real-time use. Offline, 
irregular data can be examined and interpolated in detail. In real-time, however, decisions must 
be made more quickly and often with less contextual information available at that moment. While 
correction and imputation remain possible, the constraints are narrower, requiring clearer 
thresholds and more cautious decision rules as we move from analytical development to live 
system use. 
Our experience highlights three insights: (1) representation and segmentation choices can 
influence performance as much as algorithm selection; (2) in our case, unsupervised modelling 
required combining methods to capture different types of behaviour; and (3) AIS-based systems 
demand domain-informed iteration due to irregular transmissions and context-dependent 
behavioural definitions. By sharing these lessons, we aim to support more transparent and 
context-aware marine AI development. 
 

 
 

 



 
 
Where Science Meets Experience: Local Ecological Knowledge through modular interviews, 
in Small-Scale Fisheries of Southwest Portugal 
Carina Duarte 
 
In Portugal, 90% of the fishing fleet corresponds to small-scale vessels (<12 meters). 
Nonetheless, data scarcity and absence of proper fishing effort estimates increase Small-Scale 
Fisheries’ (SSF) vulnerability to ocean grabbing (appropriation of maritime space and control of 
its resources). In this study we developed a semi-structured modular interview (16 modules, 174 
questions ~1hour interview per fisher) to analyze fishers’ Local Ecological Knowledge (LEK) to: (i) 
map fishing grounds and biodiversity, (ii) assess socioeconomic challenges, (iii) determine fishing 
patterns under pressures, and (iv) explore science-fishing community collaboration for adaptive 
management. Data was collected across two fishing ports in southwest Portugal (Setúbal and 
Costa da Caparica) through 31 interviews, assembling information on 1) fishers demographics, 
2-4) vessel, species and gear characteristics, 5) fishing grounds, 6-7) economical aspects, 8-10) 
problems affecting SSF, 11) spatial conflicts, 12-13) climate change perception, 14-15) solutions 
and 16) participatory mapping. Fisher's average age was 53.2 years, and in 93% fishing was a 
family tradition whereas 94% rely exclusively on fishing. Fishers using trammel nets (58%) 
primarily targeted sole (31%) and cuttlefish (29%), while gillnet fishers (32%) aimed for surmullet 
(42%) and mullet (33%). Major challenges include low first sale price (84%) and crew shortages 
(87%). In 90% of the interviews, the main spatial conflict involved recreational fishing (90%) and 
the bivalve dredge fishery operating in the same fishing grounds (80%). Regarding climate change, 
fishers perceived an increase of sea temperature (64%) as their primary environmental concern. 
The community interviewed considered it important to cooperate with scientists, namely through 
involvement in projects (96%) and indicated the need to access scientific results (76%). Our 
approach allows us to collect essential data for sustainable SSF management, enhancing 
resilience and providing adaptive governance in the context of environmental and socioeconomic 
pressures, adaptable to other areas and fleets. 
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