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Multispecies fisheries occur throughout the world, yet they are usually regulated with tools designed for
one species at a time. That mismatch can produce large amounts of discarded catch: boats keep
fishing the complex even after some species can no longer be kept. Effort-based management can help
prevent this problem by limiting fishing itself rather than only what may be landed afterward.

This study (https://doi.org/10.1371/journal.pone.0355048) by Jie Cao and colleagues at North
Carolina State University (USA), the National Marine Fisheries Service (USA), and the National Oceanic
and Atmospheric Administration (USA) used a simulation model to test several time- and space-based
effort controls in the snapper-grouper fishery of the U.S. South Atlantic.

Six species that dominate commercial and recreational catch were used to stand in for the broader
complex. Each management option was scored on spawning biomass, commercial and recreational
landings, commercial and recreational discards and economic measures for both sectors. Results were
examined for individual species and for the group as a whole.

Some controls outperformed others, but none was best for every species and both fleets. The preferred
approach depends on what managers value most – including conservation gains such as higher
spawning biomass, harvest goals such as more landings and fewer discards, or economic results –and
on how they weigh the tradeoffs among those aims. The study model is intended to make those
tradeoffs clearer to identify.

A recent study used a simulation to test time- and area-based effort

controls in the U.S. South Atlantic snapper-grouper fishery,

represented by six species important to both commercial and

recreational fleets. Each option was scored on spawning biomass,

landings, discards and economic results, for individual species and for

the group. Photo of vermillion snappers (Rhomboplites aurorubens) –

one of the species considered – from NOAA Photo Library (CC BY 2.0,

https://creativecommons.org/licenses/by/2.0, via Wikimedia

Commons).
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(https://info.globalseafood.org/get-certified)

Relevance of research findings to the industry
The findings of this study are useful to the snapper-grouper industry because they score management
options in terms of what happens to landings, dead discards, stock size and money in both the
commercial and recreational sectors.

Fig. 1: Mean percent change across the six focal species in spawning

biomass, recreational landings, commercial landings, recreational

dead discards, and commercial dead discards under each

management scenario. Values are relative to status quo equilibrium

conditions. Colors indicate the direction and magnitude of change,

with blue representing decreases and orange representing increases.

The color scale is capped at −100 percent and +200 percent; cells

labeled “>200” exceeded the upper plotting limit. For spawning

biomass and landings, positive values indicate increases. For dead

discards, negative values indicate reductions in discard mortality.

Adapted from the original.
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Commercial fishing in this complex already runs under limited entry, while private recreational fishing
does not, and the study model addresses this. If recreational effort is reduced or cut, and commercial
effort is left alone, spawning biomass often rises and commercial landings and surplus can improve,
but recreational landings fall, which is an allocation issue. The discard finding is the one closest to the
current debate at the South Atlantic Fishery Management Council (SAFMC
(https://www.fisheries.noaa.gov/management-plan/south-atlantic-snapper-grouper-fishery-
management-plan)), part of their Snapper-Grouper Fishery Management Plan. Bag limits, size limits,
and short seasons allow some boats on the water, and effort limits take time or bottom away.

Locations are also relevant and can matter more than a single coast-wide season. Closing the northern
or middle fishing regions did more for biomass than closing the south region, because fish and fishing
are not spread evenly, and a box on a map that looks the same on paper is a different fishery by latitude
and depth. The results suggest rotating large closures while leaving small open spots on artificial or
chosen natural reefs, as a way to keep some access and still get spillover. However, this only works if
managers know where boats go when a box shuts, something the model only partly tests.

The simulation does not take the place of Southeast Data, Assessment, and Review (SEDAR
(https://www.fisheries.noaa.gov/atlantic-highly-migratory-species/southeast-data-assessment-and-
review-and-atlantic-highly)) assessments, and it does not settle who should get what share of the
catch. What it adds is a way for industry and the Council to discuss and evaluate the choices the model
actually scored: building spawning biomass against keeping trips on the water, commercial landings
against recreational fish in the box, and a larger short-term harvest against cutting dead discards.
Those are the same tradeoffs that ran through every scenario – including effort cuts, full retention, and
spatial closures alike –and why no single rule produced positive results for every species and both
sectors.

Fig. 2: Illustrative scenario scores calculated under four weighting

schemes: conservation, discard reduction, harvest and equal

weighting. Scores were based on biological and fishery metrics:

spawning biomass, recreational landings, commercial landings,

recreational dead discards, and commercial dead discards. For

discard metrics, lower dead discards were treated as higher

performance. The weights assigned to each metric are shown within
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Perspectives
Managing mixed-species fisheries is complex because single-species rules ignore shared effort and the
fact that boats keep fishing after some species close. This study used a simulation model to test time-
and space-based effort controls for the U.S. Atlantic snapper-grouper complex and to map tradeoffs
among biomass, landings, discards, and economic results. None of the 16 scenarios raised spawning
biomass, raised landings, cut dead discards, and improved economics for every species and both
sectors at once. Broad effort cuts and some fixed closures usually grew biomass and reduced dead
discards, but they often cut landings.

Results for the various species differed: gag groupers, red porgies and red snappers responded more to
effort and regional closures, and black sea bass showed the largest recreational landing and value
gains under full retention. Life history and how spawning biomass was defined help explain those
gaps.

Spatial closures were not interchangeable: northern and middle closures did more than a southern one,
and recreational-only closures shifted benefits toward the commercial sector. Rotating large, closed
areas, with small open “marine exploitable areas” on selected reefs, is one way to keep some access
while seeking spillover.

Overall, the study model offers a way to weigh the tradeoffs that result from managing a mixed-species
fishery through effort controls rather than catch limits alone. Which option looks best depends on what
managers and stakeholders choose to emphasize. Future work on the snapper-grouper complex could
take this framework further and combine those priorities into a formal management strategy
evaluation. That next step would still have to balance competing aims: rebuilding spawning biomass,
protecting harvest, cutting discards, and keeping economic outcomes reasonably stable across fleets
and species. The authors conclude that the findings of this study are meant to help move management
in that direction.

How bycatch species have changed in abundance in
France’s eastern Atlantic tropical tuna purse-seine fishery

each panel. Bar colors indicate scenario families. Adapted from the

original.
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Epipelagic fisheries exploit the sunlit top of the ocean, roughly the upper 200m, and capture animals
that swim in that layer rather than on the bottom: tunas, billfish, mahi-mahi, some sharks and rays, and
the small fish that gather under floating objects. The gears used are purse seines, longlines, trolling, and
pole-and-line, not trawls that scrape the seabed. These are major fisheries but their scale, diverse life
histories, and high variability make abundance hard to observe. Fishery data usually cover target tunas,
not bycatch, and estimating how bycatch species change over time in tropical tuna fisheries is difficult:
data are sparse, and many of the animals are rarely caught.

A study (https://doi.org/10.1016/j.fishres.2026.107777) by Clara Lerebourg and colleagues at Univ
Montpellier, Ifremer (France), Institut Cavanilles de Biodiversitat i Biologia Evolutiva (Spain), and
Université de Montpellier (France) used observer records from French tropical tuna purse-seine vessels
in the east-central Atlantic from 2013 to 2022 to build standardized abundance indices and describe
trends for 16 principal bycatch taxa, including sharks, rays, billfishes, and sea turtles.

For most of the 16 species studied, the standardized series is stable or declining over the decade, but
there were three taxa found to be increasing, including silky sharks (Carcharhinus falciformis), devil
rays (Mobula spp.) and olive ridley turtles (Lepidochelys olivacea). The authors treat those increases as
standardized catch rates and not as proven recoveries.

This study presents the first standardized abundance indices covering

several bycatch species taken in eastern Atlantic tuna purse-seine

fisheries. These series provide ecological risk assessments with a

usable baseline and could support ecosystem indicators used by the

International Commission for the Conservation of Atlantic Tunas

(ICCAT) and other tuna Regional Fisheries Management

Organizations (RFMOs). Photo of a silky shark (Carcharhinus

falciformis) and several rainbow runners (Elagatis bipinnulata) – two

of the bycatch species considered in this study – by Marc Taquet, CC

BY 4.0, https://creativecommons.org/licenses/by/4.0, via Wikimedia

Commons).
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Results also show that catchability data can increase if sets move into preferred habitats, if observers
become better at identifying the animal, or if handling and retention rules change what is recorded. The
converse is also true for the declines: a falling index can be a smaller population, a shift away from that
species’ habitat, or both.

As reported by the authors, to their knowledge, these are the most extensive concurrent, fleet-specific,
fishery-dependent abundance series yet produced for pelagic bycatch taken on drifting fish aggregating
devices (FADs) in the tropical Atlantic. These series are suitable inputs for stock assessments,
ecological risk assessments and subsequent work on bycatch mitigation.

Relevance of the findings to the industry
For the French tropical purse-seine fleet, and by extension other EU vessels in the same trade, the study
is relevant because it converts existing observer coverage into standardized, species-specific relative
abundance. Drifting-FAD sets remain the principal source of skipjack catch. Obligations to ICCAT, eco-
labeling schemes and bycatch action plans require a rate that is independent of raw catch-per-unit-of-
effort, CPUE.

Heterogeneity among taxa is very relevant for adequate stock management. An increase in
standardized silky shark or Mobula rays’ CPUE on FADs does not imply the same process, or the same
intervention, as a decline in scalloped hammerhead or cottonmouth jack. Meaning that mitigation
efforts designed for one group cannot be assumed to adequately transfer to another group.

The analysis also demonstrates the inadequacy of unstandardized logbook rates as a basis for
scientific or regulatory inference. Fleet composition and FAD use changed over 2013–2022; those
changes can generate spurious trends unless they are modeled. The converse limitation can be stated
with the same emphasis: the index remains conditional on catchability. And an increase may reflect
local density, a redistribution of sets into preferred habitat, or improved observer detection.

Fig. 3: Graphical summary of this study. Adapted from the original.
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Combined with independent information, the data series in this study provide some information, but
French Atlantic purse seiners are not the tropical Atlantic fishery as a whole, so the authors indicate that
transfer of these results to fishing seiner from other nations or in different ocean basins requires a
parallel standardization and not a just simple extrapolation.

Perspectives
This study provides the first standardized, multi-species abundance indices for bycatch taken with tuna
purse seines in the eastern Atlantic. The resulting data series shows that species associated with
drifting FADs do not move together, and that after spatial, temporal and operational effects were
removed from the data, it shows that different taxonomic groups diverged. A few vulnerable species
had modest rises in standardized catch per unit effort, and also showed that several fish species and
critically endangered hammerheads declined sharply.

These indices begin to fill a long-standing gap for taxa that are seldom assessed and may stand in,
cautiously, for wider population change. The analysis also underlines the need for continuous observer
coverage and for models that can carry zero-heavy bycatch counts if the ecological effects of the
fishery are to be judged. Some of the directions are compatible with recent mitigation, but fishery-
dependent CPUE cannot prove cause.

Fig. 4: Slope as percentage of the mean in the abundance index,

indicating yearly increases or decreases for each bycatch species. In

yellow are the species between −2 and 2 percent in the ‘stable’

category, whereas green indicates species increasing at more than 2

percent of mean abundance per year and orange indicates species

that are decreasing at more than 2 percent of mean abundance per

year. Where applicable, species names on the vertical axis are

preceded by their IUCN red list category (VU=vulnerable;

EN=endangered; CR=critically endangered). Adapted from the

original.
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Overall, the study concludes that these standardized series are a practical base for ecological risk
assessment and for ecosystem indicators under the International Commission for the Conservation of
Atlantic Tunas (ICCAT) and other tuna Regional Fisheries Management Organization (RFMOs).

Advancing stock assessments of benthopelagic fishes
through broadband acoustic techniques

Dependable data on the size of a fish stock are required before it can be harvested sustainably. Stock
assessments need reliable data on fish abundance and trends. Several commonly used fisheries
models combine recruitment, distribution, movement, and mortality, but the data that feed them can be
difficult to obtain. Fish stocks are patchy, and the animals can migrate and fluctuate. Trawl and gillnet
surveys are expensive, kill fish, cover little ground, and are biased by how well the gear catches each
species. As a result, many commercial fish stocks lack a solid assessment, but fisheries acoustics can
help fill part of the data gap.

In a study (https://doi.org/10.1016/j.fishres.2026.107847)by Giacomo Gardella and colleagues at the
Greenland Institute of Natural Resources, (Greenland) and the Technical University of Denmark
(Denmark), the authors apply a refined version of an established broadband acoustic protocol to the

A study from Denmark provides a framework for the collection,

processing, and analysis of acoustic data and can serve as the

starting point for official guidance, and support plans to bring echo-

counting into routine assessment of benthopelagic fish stocks. Photo

of Atlantic cod (Gadus morhua) by August Linnman from Stockholm,

Sweden, a.k.a Alinnman (talk · contribs; CC BY-SA 2.0,

https://creativecommons.org/licenses/by-sa/2.0, via Wikimedia

Commons).
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local inshore spawning stock in the Nuuk system (WISCNuuk, the fjord complex around Greenland’s
capital, Nuuk, on the southwest coast). The fjord is a fair test bed: it is confined, species-poor in pelagic
fishes (cod, capelin, redfish), and the cod are often unschooled at night.

The research compared echo-counting with echo-integration and with a state-space assessment model
(SAM; a computer model that estimates how many fish are in a stock and how hard they are being
fished) of the same stock. This effort is a full approach for estimating the total abundance of Atlantic
cod (Gadus morhua), a benthopelagic (fish that live both near the seafloor and up in the water above it,
not attached to the bottom and not only in open water) species with echo-counting and current acoustic
gear.

Active acoustics is a relatively low-cost, low-impact technology used to measure animals in the water
column and produce fine-scale maps in space and time. Newer broadband echosounders resolve range
much more sharply than older continuous-wave systems, so individual fish can be detected and
counted, something conventional acoustics could not do. That makes it possible to apply echo-
counting to benthopelagic stocks. What has been missing to date are agreed methods, so echo-
counting surveys have not yet entered formal assessments.

The results of the three approaches tested in this research came out close to one another. So, based on
these findings, the recommendation of the study is to count where single targets can be resolved and to
integrate only in the dense patches. The protocol then maps where the cod are in the fjord and sets out
how data should be collected, processed, and analyzed if echo-counting is to be incorporated into the
International Council for the Exploration of the Sea (ICES (https://www.ices.dk/)) fish stock process.

Overall, the results show that broadband echosounders can pick out single fish, which makes echo-
counting practical, and that echo-counting provides about 12 percent more cod than integration and 6.3
percent more than SAM.
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Relevance of research findings to the industry
For those involved in fish surveys and assessments, or that fish for benthopelagic stocks, the results of
this study indicate that acoustics are not a tool only for pelagic fish stocks. Where fish are spread out, a
calibrated broadband system can produce an absolute number instead of only a relative index, and it
can do it with far less lethal sampling than a trawl grid.

This is very relevant for inshore and fjord fisheries, for stocks that hug the bottom by day and rise at
night, and for places where a full trawl survey is too costly or too destructive. Greenland’s inshore cod is
the example used in this research, but the same approach can be applied to other gadoids (cods, hakes
sand related species) and reef-associated species for which assessments still mostly depend on nets.
Survey vessels already carry the type of gear used in this study (EK80-class gear), and the extra cost is
in protocol and processing with equipment typically on board already.

Results do not support suspending trawling, because species of similar size still look alike on an
echogram, and the authors state that they still require ground truthing with line fishing, video or a
limited trawl. What changes is how much extractive sampling is needed once the acoustic method is
stable. Echo-counting also returns a length signal without bringing every fish on deck, which is useful
for size-based recommendations and actions, and for avoiding areas with small-sized fish.

Direct acoustic-versus-model checks are still rare, and agreement in a small, well-mixed fjord does not
automatically transfers directly to an open-shelf stock with mixed species and a wide dead zone. But it
does show that the numbers are real, which is the first requirement before a time series should be
allowed into an assessment.

Perspectives
In this study, authors report that echo-counting worked well in the Nuuk fjords and is straightforward to
run there, so they argue that it should become the basis of the local cod assessment. Fishing accounts
for more than 95 percent of Greenland’s export earnings, and cod is a main target, inshore and offshore,
along most of the coast. An acoustic survey would cost less in people and ship time than the present
gillnet work used.

Fig. 5: Flow diagram illustrating the procedure for processing the

acoustic data, conducting or echo-integration and echo-counting to

estimate the fish density in each box of 0.05 degrees latitude and 0.1

degrees longitude and 10 m depth, splitting it into cod and redfish

densities, derive a weighted total number of cod in the fjord, and finally

split the cod numbers among the various cod stocks to obtain the size

of the stock studied. Adapted from the original.

“Responsible Seafood Innovation Award finalist: How blue-violet LED lights could help longline
fisheries reduce bycatch (https://www.globalseafood.org/advocate/responsible-seafood-innovation-
award-finalist-how-blue-violet-led-lights-could-help-longline-fisheries-reduce-bycatch/)”
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Timing would also improve. A March survey can share the vessel with the daytime capelin survey and
deliver numbers before the April ICES NWWG meeting. The April ICES Report of the North Western
Working Group (NWWG
(https://www.ices.dk/sites/pub/CM%20Doccuments/2005/ACFM/ACFM2105.pdf)) is the working
group’s annual assessment document for fish stocks around Greenland, Iceland, and the Faroe Islands
– including West Greenland inshore and offshore cod, haddock, saithe, Greenland halibut, redfish and
Icelandic herring and capelin. The NWWG report updates recruitment, biomass, spawning stock and
fishing mortality and is the scientific basis ICES later uses for catch advice to managers. That is why
authors of this study recommend a March acoustic survey: so a same-year abundance figure can enter
this April meeting instead of last year’s gillnet survey.

This approach works for cod and can also work for other species; for example, beaked redfish are also
benthopelagic and just as visible on the echograms. The cod-redfish split can be reversed to estimate
redfish; also, the protocol discussed in this study can be applied to other species and areas with similar
conditions.
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