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Preface

This is the final report for the project “An easier and faster evaluation of fishing gear designs to
avoid cod catches in mixed species fisheries (UnCod)” with grant no 33113-1-20-170 funded by
the EU, the European Maritime and Fisheries Fund (EMFF), and the Ministry of Foreign Affairs'
fisheries development program “Fisheries, nature and environment 2020” under the focus area
“Marine innovation”.

The objective of the project was to develop an easier and faster framework to compare gear de-
signs that can be used to reduce unwanted catches of cod (Gadus morhua) in mixed species
trawl fisheries. The UnCod Framework builds on existing selectivity data, stock assessment
data and newly developed statistical approaches and allows scientists, fishers and fisheries
managers to assess the performance of multiple gear designs, in terms of multi-species catch
profile. Moreover, the project aimed at developing interactive advice tools that enable stakehold-
ers to explore the results of the Predictive Framework and visualize in a more accessible way
the multispecies catch efficiency of fishing gears, under multiple catch scenarios.

The project was conducted during the period 10-06-2020 to 31-10-2023 by DTU Aqua, in collab-
oration with DFPO, which was consulted to identify the most relevant and urgent case-study
fisheries as well as select gear modifications tested outside Denmark that could be of relevance
to Danish fisheries in need of reducing cod catches. This report has not been reviewed or com-
mented on by DFPO.

This report summarizes the key methods used and provides examples of the results to show-
case the value and usability of the key project’s output. Full detailed results are currently pend-
ing publication and are therefore not included to prevent copyright issue.

All published project reports from DTU Aqua can be downloaded in electronic form at DTU
Aqua's website www.aqua.dtu.dk/Publications. Original texts and illustrations from this report
must be reproduced for non-commercial purposes subject to clear source disclosure.
Inquiries regarding this work can be made to:

Valentina Melli, DTU Aqua
Email: vmel@aqua.dtu.dk

Hirtshals, October 2025

Valentina Melli
Project Leader

The project is funded by:


http://www.aqua.dtu.dk/Publications
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Summary

The project UnCod set up to develop a predictive Framework that would allow a systematic, fast
and cost-efficient comparison among fishing gear designs. This allows us to identify optimal
gear designs that can ensure sustainable use of marine resources and at the same time main-
tain the profitability of fishing, benefiting the fisheries administration, both nationally and interna-
tionally, who will thus have an informed basis when choosing which tools to implement in the
legislation. While establishing the Framework, the project UnCod focused on gear design that
could reduce cod (Gadus morhua) catches in multi-species fisheries.

To achieve the project’s goals, we reviewed 30 years of published and grey literature on gear
development related to reducing cod catches in trawl fisheries and established a data library of
successful gear modifications, categorized by type of modification, objective relative to cod,
complexity, cost and relevance to Danish fisheries, among others.

Two case-studies fisheries were used to demonstrate the potential of the UnCod Framework:
the mixed species fishery in the Baltic Sea, targeting flatfish and cod, the latter having only by-
catch quota in recent years; and the Nephrops (Nephrops norvegicus) directed fishery in Katte-
gat, which gains additional value from catches of demersal fish but where cod can easily be-
come a choke species. For both case studies, raw data regarding the size-selectivity of all legal
gear options were obtained building on the international network of the ICES-FAO WGFTFB. In
addition, modified gears of interest to be considered for future implementation were identified in
collaboration with DFPO. To enable a simultaneous comparison of multiple gears and assess
their relative catch performance for cod and the main target species, we established a Predic-
tive Framework, which uses absolute selectivity data of each gear and apply them to different
population scenarios to estimate Fishing Gears Indicators of catch performance, such as the
percentage of cod retained, below and above Minimum Conservation Reference Sizes. Moreo-
ver, we expanded the set of Fishing Gears Indicators available, to reflect multi-species manage-
ment tools, such as the de minimis exemption to discard. This novel de minimis indicator ex-
presses how likely it is for a given gear design to maintain bycatch catches below a target
threshold (e.g. 10%) of the catch landed.

The UnCod Framework resolved the transparency and reproducibility issues previously limiting
the adoption of Fishing Gears Indicators for decision-making purposes and was recognized as a
valuable tool by stakeholders such as Regional Groups (e.g. BALTFISH), Teenketanken Hav,
and Fiskeristyrelsen. The Framework was embedded in interactive web apps, developed using
the R package “shiny”, one for each case-study fishery, and released with open-access on the
DTU server https://ono.dtuaqua.dk/.

Finally, through collaboration with the EHFF project ECOMAN we used the data collected in Un-

Cod to explore the consequences of gear choice at the stock level, considering alternative sce-
narios where part of or the entire fleet shifts to a gear design that minimize cod catches.
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1. Introduction

Cod stocks in EU waters (North Sea, Baltic Sea, eastern English Channel, Skagerrak and Kat-
tegat) are in poor conditions, with a decrease in spawning biomass and a recruitment level that
did not improve since 1998. The situation is particularly critical in Kattegat and the Eastern Bal-
tic Sea where ICES has continuously recommended a zero-catch quota since 2019 and call for
action to adopt stricter measures to preserve the stocks (ICES, 2019 a, b, c). Although the
abundance of cod is decreasing in several areas, its persistence and feature as bycatch in de-
mersal multi-species fisheries has made cod a critical risk for choking fisheries (Mortensen et
al., 2018), which threatens the economic viability of several fisheries, both within and outside
Denmark.

Under the regulatory framework of the EU multiannual management plan (MAP) for cod and the
EU landing obligation (European Union, 2013), all fisheries that catch cod, either as target or
bycatch species, are required to reduce or avoid completely such catches. For Danish fisheries,
the main issue is decoupling cod catches from those of Norway lobster (Nephrops norvegicus),
plaice (Pleuronectes platessa), sole (Solea solea), and other whitefish in mixed demersal-trawl
fisheries. One of the main management tools used to reduce or avoid catches of cod is through
technical means, i.e. the development of fishing gears that allow unwanted species and/or sizes
to escape. The ever-increasing need to avoid catching cod has resulted in over 30 years of gear
development of cod-selective fishing gears, each resulting in different degrees of reduction.
Several of these gears have been introduced into legislation as alternatives for fishers to
choose among. Unfortunately, it is currently not possible, for either scientists, fishers or fisheries
managers, to compare the efficiency of the different gears as these were typically documented
in comparison to only one of the legislated alternatives, not to each of them. For example, the
legal options for the Kattegat Nephrops fishery include the SELTRA box with a 270 mm dia-
mond mesh panel, the SELTRA box with a 180 mm square mesh panel, the SELTRA300 (which
has the 300 mm mesh panel in closer proximity to the codline), and the Swedish grid. Moreover,
other devices can be adopted by fishers on a voluntary basis, such as stimulators aimed at in-
creasing cod escape through the large mesh panel. Currently, there is no way for fishers to
compare these designs and determine what consequences they would have on their income.
Moreover, it is complex and time-consuming for scientists and fisheries managers to consider
newly developed gears for implementation when these cannot be compared to the already leg-
islated ones. This lack of comparability prevents the identification of optimal gear designs
among those developed, and/or are implemented, to best achieve the management objectives
and/or suit the fishers’ quota compositions.

The project UnCod addressed this problem by developing a Predictive Framework that allows
stakeholders to compare multiple gear designs, increasing the transparency and speed of the
decision-making process when establishing technical gear regulations to achieve environmental
and economic objectives.

An easier and faster evaluation of gear designs to avoid cod catches in mixed species fisheries 7



2. Review of gear modifications to reduce cod

The first step of the project UnCod was to conduct an extensive literature review of gear de-
signs that showed potential in either improving size-selectivity or minimizing catches of cod. The
review focused on empirical experiments done at sea to quantify the length-based catch effi-
ciency of the modifications. This resulted in 142 documented selectivity trials. The studies span
multiple ICES areas (notably 4a and adjacent divisions) and covered a variety of métiers, pri-
marily demersal trawls (TR1, TR2). The data originated from both published and grey literature
and captured diverse approaches, ranging from simple codend alterations to large-scale gear
redesigns. Gears modifications with beam trawls or seines were excluded due to low represen-
tation and/or relevance. Moreover, the review was restricted to literature in English.

The trials were first categorized based on the key objective relative to cod (Fig. 1): maximum
cod reduction (49%)—aimed at minimizing bycatch of all sizes of cod; size selection (44%)—to
enhance escapement of undersized cod; and species separation (6%)—aimed at separating
into different compartments cod and other valuable target species such as Nephrops or flatfish,
to then either improve the size-selection of each, or release cod. Studies focusing on maximum
reduction of cod catches were concentrated in the latest years, reflecting the deterioration of
cod stocks and shift in management goals.

Objective Related to Cod (Frequency)

Number of Trials
N w ey w
o o o o

=
o
T

o
None

Max reduction
Size selection
Species separationf

Objective Category

Figure 1. Number of studies in the literature review that aimed at either avoiding all catches of cod
(Max reduction), minimize undersized cod (Size selection) or separate cod from other species while
fishing (Species separation).

Each modification tested was then characterized based on the position within the trawl (Table 1)
and the type of design change (Fig. 2). Most trawl gear modification trials focused on the exten-
sion and codend sections — areas close to the catch accumulation zone (Melli et al., 2023) and
smaller in size.
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Table 1. Summary of the number of studies in the literature review for each of the main four sections
of a trawl (Melli et al., 2020). Multiple sections=studies that involved multiple modifications in several
sections of the trawl.

Trawl Section Total Designs Tested
Extension 65
Codend 46
Body 18
Anterior 8
Multiple sections 5

Escape panels (n=46) and grids (n=27) were the most frequently modifications tested. Other no-
table configurations include inclined panels (n=10), divided codends (n=9), T90 meshes (n=7),
and trawl body mesh size adjustments (n=7). A smaller number of trials examined anterior mod-
ifications such as headline height, raised footrope, scaring lines, and topless trawls.
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Figure 2. Number of studies in the literature review for each type of modification tested. DM and SM
refer to adjustments in mesh size of diamond and square mesh codends, respectively.

Operational feasibility, cost of the modification and complexity of the design (which have impli-
cations for scalability and control purposes) were qualitatively assessed in collaboration with the
Danish Fish Producers Organization (DFPO). Most modifications were rated medium (51%) or
low (42%) in cost; high-cost designs (8%) were typically those involving complex grids or
changes in extensive parts of the trawl. Complexity was scored generally low, with 63% of the
modifications considered compatible with current operations. Only 11% of the modifications
were deemed highly complex, typically due to the number of specific elements in the design or
to the need for non-standard control procedures (e.g. material or tension testing). In terms of
applicability across Danish fleets and fisheries, the results were distributed evenly across low
(52), medium (40), and high (50) relevance, suggesting broad interest but variable direct ap-
plicability. In particular, 47% of the designs was considered of interest for the Kattegat
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Nephrops fishery (TR2), where most fish bycatch has low value; 39% was deemed of interest
for the Skagerrak Nephrops fishery (TR2), which includes valuable bycatch of both roundfish
and flatfish species, and 60% for the flatfish fisheries in the Baltic Sea (TR1).

Finally, data availability for cod, target and valuable bycatch species was assessed. Length-
based data, which are required for comparisons of gear efficiency across studies, were availa-
ble for cod and other commercially important demersal species (Table 2). Typically, only the
main target species and few other valuable species, like haddock, plaice, Nephrops, and whit-
ing, were documented aside from cod, despite most studies being conducted in multi-species
fisheries. This is a result of the short nature of gear selectivity trials, which limit depiction of vari-
ability in catch composition, as well as experimental constraints (e.g. time required to length-
measure the catch; experimental approach used).

Table 2. Summary of the number of studies in the literature review containing length-based data for
each species listed.

Species No. of studies
(Common name) (out of 142 studies)
Cod 138
Haddock 82
Plaice 62
Nephrops 53
Whiting 51
Lemon sole 23
Witch flounder 15
Pollock 15
Hake 14
Arctic cod 9
Dab 7
Monkfish 6
Other 19

This literature review revealed an abundance of gear designs that show great potential for re-
ducing or even minimizing cod catches, and that are recognized as of interest by the industry
itself (i.,e. DFPO). Yet only few of these designs are in use or even known to stakeholders.

A key issue has to do with the experimental method used at the time of the trial: catch compari-
son methods (Wileman et al., 1996) were dominant (n=68), due to their ability to directly show-
case the relative improvement with respect to a baseline gear (typically one legal gear). How-
ever, this approach can strongly limit comparability across studies and re-usability of the data.

An easier and faster evaluation of gear designs to avoid cod catches in mixed species fisheries 10



3. Catch Performance Indicators Framework

Even though length-based selectivity curves are the main scientific method to study and predict
the catch performance of a fishing gear, they are not particularly intuitive to stakeholders. For
this reason, an increasing number of studies have started to include Indicators of Catch Perfor-
mance, which can convey the consequences of adopting a gear design in a specific fishery, with
respect to specific management objectives. These typically express in percentage how much of
a given species is caught in a gear, with respect to a given population fished or relative to an-
other gear (e.g. Larsen et al., 2018; Herrmann et al., 2020). However, as highlighted in the pre-
vious chapter, multi-gears comparisons are often essential to stakeholders for efficient and fast
decision-making.

Therefore, UnCod established a Predictive Framework that combines novel statistical tools,
gear selectivity data and stock assessment population data to compare multiple gear designs in
terms of single-species objective (i.e. reduction of cod catches) and multispecies objectives (i.e.
highest possible economic value of catch, excess bycatch levels).

The Framework sparked international interest and led to the creation of an expert Topic Group
within the ICES-FAO Working Group on Fisheries Technologies and Fish Behaviour (FTFB),
which ran for 3 years (2023-2025) during the three annual meetings in India, Canada and ltaly
(final report: ICES, 2025).

3.1 Single-species catch efficiency

Single-species Indicators of Catch Performance are useful tools to assess the economic perfor-
mance of a given gear, as they allow to explore the usage and value of the annual Total Allowa-
ble Catches (TACs), the loss of target catch with respect to the population fished and the risk of
choking, i.e. running out of quota for one species. These indicators are typically calculated
based on the number of individuals retained, as these are the data collected during selectivity
trials, but can be easily converted to weight or even value by using known Length-Weight rela-
tionships (e.g. Melli et al., 2020) and, when relevant, market size categories (ICES, 2025). For
each species, three Catch Performance Indicators would usually be included: % undersized, %
commercial sizes, and % total retained.

Most studies would simply use the size structure of the species population encountered during
the trial to estimate these indicators. However, this prevents comparison across studies and can
be extremely mis-leading for stakeholders. Moreover, it often limits the number of gears that can
be compared, it doesn’t necessarily reflect the current structure of the population, or account for
differences in population structures across areas.

The UnCod project developed a Framework to avoid these issues and improve the transpar-
ency and reproducibility of gears comparison using Catch Performance Indicators.
The following steps were followed:

1) Establish for which gears there are absolute selectivity data (i.e. data collected under a
known population structure) or that were collected in catch comparison experiments but
for which the baseline gear has known absolute selectivity. In the latter case, relative

An easier and faster evaluation of gear designs to avoid cod catches in mixed species fisheries 11



selectivity of the new gear was converted to absolute, following the methodology de-
scribed in Melli et al. (2020).

2) Extract most recent population structure for the species and fishing area of interest from
fishery-independent surveys combined and publicly available in ICES DATRAS.

3) Apply each gear absolute selectivity to the population structure and estimate the Catch
Performance Indicators.

The figure below (Fig. 3) shows an example of output and of how the Framework can be used
for decision-making. In this case the performance of the same gear in retaining cod in three dif-
ferent areas of the Baltic Sea is compared. The plot on the right shows the size structure of the
cod population in that area (light grey; source: ICES DATRAS; year 2021). The blue, black and
red values are the percentages retained by that gear of commercial, total and undersized cod,
respectively. The approach reveals that the gear has overall low retention of cod in SD24 and
25-26, where most cod in the population are below the MCRS, but leads to substantial bycatch
of cod in area SD22 where larger cod are available to capture.

Population structure
Cod |
0.75 !
0.50 i
72]] |
0.25 H
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Figure 3. Example of use of single-species indicators, following the UnCod Framework that bases
population structures on the data available in ICES DATRAS. Blue indicates commercial sizes, red
undersized and black total numbers of cod retained (in percentage).

Further uses and interpretations of single-species Catch Performance Indicators will be illus-
trated in chapter 4, where the UnCod Framework was demonstrated for selected case-studies.

3.2 Multi-species catch efficiency

Traditional single-species Catch Performance Indicators are an effective way to summarize the
performance of a given fishing gear with respect to management tools such as TAC. However,
in a management system that is turning more and more towards multi-species fisheries man-
agement, single species indicators cannot answer questions such as “which gear provides a ra-
tio of bycatch to target catch that complies with the de minimis exemption to discard?”. This ex-
emption allows vessels to discard regulated species under the Landing Obligation, given that
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their weight or number of individuals do not exceed a threshold with respect to the total target
catch (Catchpole et al., 2021).

To address these multi-species management tools, UnCod developed a new Indicator that com-
bines population structures from fishery-independent surveys with the length-based absolute
selectivity rates, to simulate realistic multi-species catch compositions for different gear designs.
By running the simulation 10000 times, we were able to quantify and compare across gears the
risk of exceeding bycatch limits that would trigger area closures or revoke discard exemptions
(Fig. 4). To demonstrate the new indicator, we used as a case-study the demersal trawl fishery
in the Baltic Sea, which is a relatively simple multi-species fishery with three species of interest:
plaice and flounder (Platichthys flesus) as target species, and cod as unwanted bycatch. In this
fishery, a discard exemption is in place stating that catches of cod should not exceed 10% of
the commercial catch of plaice and flounder combined. Eight gear designs were compared, in-
cluding the two legislated codends at the time (T90 120 mm and BACOMA 120 mm) and alter-
native designs developed by the Thinen Institute in Germany (e.g. ROOFLESS; Santos et al.,
2022). Multiple fishing areas and years were considered in terms of population structures to bet-
ter understand the effect of variability in population structures on the fishing performance of the
different gears.

Eelectivity data
ifferent gears and species

Random sampling
with replacement

Double bootstrap routine

Different gears and species

[ampled selectivity
iterations

Per iteration

Figure 4. Schematic illustration the pipeline used to estimate the multi-species Indicator, which can
be used to assess the performance of fishing gears with respect to management tools such as the
de minimis exemption.

The results of this novel multi-species Indicator and the additional decision-making value it pro-
vides with respect to single-species Indicators are illustrated below in the Baltic Sea case-study.
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4. Case-study fisheries

The UnCod Indicators Framework was demonstrated in two case-study fisheries where a reduc-
tion of cod is required, leading to the identification of optimal gear designs among those availa-
ble.

The two case-studies were recommended by DFPO based on the urgency of the issue:

1) the mixed species fishery in the Baltic Sea, targeting flatfish and cod, the latter having
only bycatch quota in the last years.

2) the Nephrops-directed fishery in Kattegat, which gains additional value from catches of
flatfish and roundfish species but can be easily choked by cod.

For both case studies, raw data regarding the size-selectivity of all legal gear options were ob-
tained during the literature review and using international collaborations within the ICES-FAO
WGFTFB.

4.1 Baltic Sea flatfish fishery
Two legal codends were allowed in the Baltic Sea fishery at the time of the project:

1) The Bacoma codend (Madsen et al., 2021): a codend constructed of diamond meshes
with 105 mm nominal mesh opening and with a square mesh escape panel, made of
knotless netting with 120mm nominal mesh opening, mounted in the upper rear part of
the codend to keep the meshes open during towing.

2) A two-panels T90 codend (i.e. meshes rotated by 90° with respect to the standard ori-
entation) with 125 mm nominal mesh opening (Stepputtis et al., 2020).

Two new codends were assessed for potential replacement into the legislation:

3) A fully square mesh codend made of knotless braided single twine netting of 125 mm
nominal mesh opening (SMC_125; Madsen et al., 2021).

4) A two-panels 125 mm T90 codend with the addition of lastridge ropes in the selvedges
(shortening ropes) to force the meshes of the codend to stabilize the opening of the T90
meshes during towing. (T90_125_Ir; Stepputtis et al., 2020).

Finally, an additional escape window named “ROOFLESS” (Santos et al., 2022) was considered
in combination with each of the four codends described above.

Figures 5 and 6 show how the single-species Indicators of the UnCod Framework were used to
assess if and in which area of the Baltic Sea, the alternative gears offered improvements in
catch composition by reducing cod bycatch while maintaining target catches of plaice. These
Indicators can be used in absolute terms (% retained out of the population fished) or relative to
the legal gears, to showcase more easily the difference in performance that a change in gear
would offer.

The results revealed that, with the population structures in 2021, a simple change in codend to

the SMC_125 or T90_125_Ir was sufficient to minimize cod bycatch in SD24, and 25-26 but the
addition of the ROFLESS (to any codend, including the legal ones) was required for SD22.
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Absolute indicators: % of individuals or weight retained / total available
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Figure 5. Absolute Catch Performance Indicators estimated with the UnCod Framework based on
the population structures of cod and plaice extracted from DATRAS in 2021, for each area. In red

the legal codends (at the time), in blue the alternative codends and in yellow the combinations of
ROOFLESS and the four codends.
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Figure 6. Relative Catch Performance Indicators estimated with the UnCod Framework based on
the population structures of cod and plaice extracted from DATRAS in 2021, for each area. Top
row shows the comparison of performance relative to the Bacoma codend, bottom row relative to
the T90 codend.

This Baltic Sea flatfish fishery operates under a de minimis exception to discard, which requires
cod bycatch to be below 10% of the target flatfish catches. When applying the UnCod multi-spe-
cies Catch Performance Indicator and considering fluctuations in populations structure and

abundance by including multiple years (2015-2021), we further showed that for some areas and
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years, maintaining cod bycatch below the 10% threshold would be almost impossible when fish-
ing with the legislated gears (Fig. 7). On the other hand, the use of ROOFLESS in conjunction
with a T90 125 mm codend and shortened lastridge ropes showed a consistently better catch
composition. This approach allows stakeholders to assess the consistency in catch perfor-
mance of the gears across years, which should be considered as an additional factor when de-
ciding on the gears to use/enforce into legislation to prevent frequent changes in gear configura-
tion.
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Figure 7. The UnCod multi-species Indicator shows the percentage of times where cod catch was
lower than 10% of target species landings. Gears 1 to 8 follow the order described above, with Gear
1 and 2 being the legal codends (Bacoma and T90). The three areas are SD22, 24 and 25-26, respec-
tively.

4.2 Kattegat Nephrops fishery
The Kattegat Nephrops fishery has seen substantial changes of technical gears regulations
over the past decade, with currently five gears recognized as legal options:

1) The SELTRA180: a 90 mm diamond mesh codend with a 3m-long, 180 mm square
mesh panel placed at 4 to 7 m from the codline.

2) The SELTRA270K: a 90 mm diamond mesh codend with a 3m-long, 270 mm diamond
mesh panel placed at 4 to 7 m from the codline and a joining ratio of 1:4 (mesh panel to
meshes codend; Krag et al., 2016).

3) The SELTRA300_4to7: a 90 mm diamond mesh codend with a 3m-long, 300 mm
square mesh panel placed at 4 to 7 m from the codline (Melli et al., 2023).

4) A modified SELTRA300 (GSF_SELTRA300): a 90 mm diamond mesh codend with a
3m-long, 300 mm square mesh panel placed at 4 to 7 m from the codline, and a small
grid with scaring floats placed at the back end of the escape panel to obstruct fish pas-
sage and facilitate escape (Savina et al., 2022).

5) The Swedish Grid (SWE_GRID): a 70 mm square mesh codend with a Swedish Grid
with 35 mm bar space (Valentinsson and Ulmestrand, 2008).

Despite some of these gears having been used for over a decade, the amount of scientific
knowledge available was strikingly low. The selectivity of all five gears was documented for
Nephrops and cod, but only for four of the legal gears we could find data on plaice, a non-negli-
gible part of the economy of this fishery, and information for other species was other unavailable
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or inconsistent (i.e. available for only one legal gear). This is partly a consequence of the re-
sources needed for such experimental investigation, which limit them to a short trial period (typi-
cally a week) and thus cause them to focus on the key species driving the legislative and eco-
nomic objectives. Moreover, for two of the legal options the only selectivity data available were
collected using catch comparison methods, meaning that the gear was tested directly against
one legal option, either current (Seltra270; Savina et al., 2022) or outdated (Seltra120; Valen-
tinsson and Ulmestrand, 2008). In these cases, we used the known absolute selectivity of the
Seltra270 and Seltra120, respectively, to infer the absolute selectivity of the desired legal gear
by using the methodology described in Melli et al. (2020). However, this was only possible be-
cause the absolute selectivity of the Seltra270 and 120 was available for the same species and
under similar population structures. If not, any comparison between these legal options and the
others would be precluded without further experimental trials. Finally, several of the data
sources were unpublished, as they were collected to answer national advice requests.

Figure 8 shows that albeit all five options are legal, they do not have the same catch perfor-
mance.
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Figure 8. Radar chart showing the percentage of individuals retained for Nephrops (NEP), cod
(COD) and plaice (PLE), divided by size group (undersized, commercial and total, respectively) for
the five legal gears in the Kattegat Nephrops fishery.

To further increase the speed of the decision-making process based on the UnCod Predictive
Framework, in this case-study fishery we moved away from using annual data extracted from
DATRAS and used simulated population structures instead, for each of the three species availa-
ble. Even though these are not necessarily reflecting the current population structures, they of-
fer a transparent and even playing field for multi-gears comparison. Moreover, by altering the
descriptive parameters of each population it is possible to explore multiple scenarios and in-
clude projections of natural variations to assess the consistency in performance of all gears.
This feature was embedded in the Shiny Apps (see next chapter) allowing for a dynamic and in-
stantaneous exploration of legal and alternative gears performance for the fishery and can be
performed independently by stakeholders without the need to use sophisticated software for
analyses.
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5. Shiny Apps

To enable stakeholders to use the UnCod Framework in a standardized, scientifically-sound
and stakeholders-friendly manner, we designed and developed Webb apps for each case-study
fishery using the package “shiny” in R. This package provides an elegant and powerful web
framework for building web applications and has been used as a platform for several data visu-
alization websites. Furthermore, shiny Apps also provide the possibility for interactive interface
with the users of the application. In the context of decision-making regarding technical gears
regulations, this feature allows users of the App to explore different sets of gear designs and de-
cide, based on their needs, which gear/s will fit them best (Fig. 9).

Kattegat TR2 fishery = ‘:7;..:;“#::‘:.‘.‘& s

B wzinpanal

W nformatio

Set selectivity parameters:

ength at 50% retention {Ly,) Add name of codend:

Relative frequency

Figure 9. Screenshot of the Webb App developed for the Nephrops-directed case-study fishery in
Kattegat.

Given a specific case-study fishery, the App features pre-stored absolute selectivity curves and
associated uncertainty (95% Confidence Intervals) for all legal gears, selected based on best
scientific quality and number of species represented. Data sources and description are provided
in the “information tab”, thus increasing transparency and highlighting the limitations in data
availability for some gears.

The bottom left panel of the App allows to upload the selectivity of alternative gears of interest,
following two options: i) upload the general selection parameters (L50 and SR) of the selection
curve, with Confidence Intervals, typically reported in scientific literature (e.g. Bréi¢ et al., 2018);
and ii) upload modelled selection curves, with 95% Confidence Intervals, which is the preferred
option in case of more complex gear modifications for which the selection curve cannot be eas-
ily described by few selection parameters. The selectivity of alternative gears is not saved in the
App, ensuring that scientists and stakeholders can use it without fear of IPR issues.

For each gear selected, both legal and alternative, the App then estimates the relevant Catch
Performance Indicators, based on the selectivity information and the default population scenario
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(Fig. 10). The bottom right a control panel in the App allows to adjust the population scenario by
specifying the number of cohorts (length modes) and mean length in the population for each
species available. Once the user defines a new population scenario, the App automatically re-
calculate the indicators for all gears selected.
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Figure 10. Screenshot of the control panel of Webb App that allows to control the structure of the
cod population.

We chose to visualize the Indicators with a Radar plot, which is a visualization tool crafted for
plotting multivariate data on a two-dimensional graph. In this representation, each variable is ex-
pressed on axes originating from a common point. Each axis corresponds to a distinct dimen-
sion, enabling a quick and simultaneous comparison of multiple variables. It is particularly useful
for displaying performance metrics, as it highlights strengths and weaknesses by showing each
variable’s value in an easily comprehensible and comparable form (Saary, 2008).
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6. Collaboration with project ECOMAN

Reusing gear selectivity data to forecast outcomes for mixed fisheries in the
North Sea
UnCod report section written by Mollie E. Brooks

In recent decades, management strategy evaluations (MSEs) and stock forecasting have be-
come a key method for evaluating fisheries harvesting strategies. Via computer simulations, sci-
entists can evaluate the probable consequences of any given fishing strategy and present infor-
mation on probable development of the stock and fisheries under different scenarios to manag-
ers and stakeholders. Such simulations have therefore been a critical part of improving the sci-
entific basis underpinning fisheries management.

Data is often collected on potential changes in stock exploitation via gear selectivity experi-
mental sea trials, but this knowledge is rarely included in MSEs and forecasts, and conse-
quently the gear selectivity data is underutilized. For modifications to become policy, it is more
meaningful if scientists quantify expected outcomes such as sustainable catches, choke occur-
rence, and profits at some higher level such as stock or economic region.

We reused data from previously published catch-comparison experiments that tested the effects
of a Swedish grid in TR2 gear (Valentinsson and Ulmestrand, 2008) and a bottom escape panel
in TR1 gear (Fraser and Angus, 2019). This experimental data covered multiple species af-
fected by the gear changes, namely, cod, haddock, plaice, and whiting. We continued the devel-
opment of our free open source software (selfisher) in the statistical computing environment R
so that we could estimate catch comparison curves that could be utilized by another R package
(Brooks et al., 2022; R Core Team 2025). For each species separately, we fit splines of varying
degrees to model the catch comparison rate and then used BIC to choose the most parsimoni-
ous model.

Then we converted estimated length-based relative selectivity to age-based relative selectivity
via age-length keys. Then we used the R package FLBEIA to forecast mixed fisheries in the
North Sea under different hypothetical exploitation scenarios (Kihn et al., 2023). The dynamics
that we modeled in FLBEIA included stock recovery, and economic outcomes under the conse-
quences of cod being a choke species. We simulated scenarios where only Denmark adopted
the new gear or where all metiérs in mixed fishery adopted the new gear.

Overall, we found that cod biomass could increase greatly if the gear were widely adopted (Fig.
11).
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Figure 11. Forecasted cod biomass at different scenario of gear change in the North Sea.

This work was made possible because international research groups were willing to share their
sea trial data with us. In the future, it would be easier for this type of analysis to be repeated if
data were shared openly and in a format that is easy to read into standard statistical computing
programs, such as R. That would help our community of researchers work towards fulfilling the
open data directive of the European Commission which lays down the legal framework that pub-
licly funded data should be reusable (European Parliament and Council, 2019).

This work supported the development and dissemination of free and open software. By develop-
ing this open software (selfisher, Brooks et al., 2022), we facilitate the progress of the research
field of fisheries gear technology towards fulfilling the European Union’s open science policy
which promotes providing immediate and unrestricted open access to research data, models,
algorithms, software, protocols, and all other research outputs (European Commission, n.d.).
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