Building Knowledge on Squids: A
Developing Resource for Dutch Fisheries

Author(s) Thomas Brunell, Lennert van de Poll, Geert Hoekstra2, Mariana Domingues1, Allard van Mensl1,
Jasper Bleijenbergl and Lobke Jurriusl

1: Wageningen Marine Research

2: Wageningen Economic Research

This reserch project was carried out by Wageningen Marine Research and subsidized by the Ministry of
Agriculture, Fisheries, Food Security and Nature for the purposes of Policy Support Research Theme
Voedselproductie (project no. BO-43-119.01-083).

Wageningen Marine Research Report C021/25
IJmuiden, April 2025

WAGENINGEN

UNIVERSITY & RESEARCH




Keywords: Loligo vulgaris, Loligo forbesii, flyshoot, English Channel, fisheries management,
market dynamics, depletion models.

Client:

Ministerie van Landbouw, visserij, Voedselzekerheid en Natuur
DG Natuur & Visserij

Postbus 20401

2500 EK Den Haag

BO project (BO-43-119.01-083)
Projectnumber: 4318100489

This report can be downloaded for free from https://doi.org/10.18174/691260
Wageningen Marine Research provides no printed copies of reports

Wageningen Marine Research is ISO 9001:2015 certified.

Photo cover: Bram Couperus

© Wageningen Marine Research

Wageningen Marine Research, an institute within Wageningen Marine Research accepts no liability for consequential damage, nor
the legal entity Stichting Wageningen Research (a for damage resulting from applications of the results of work or other data
foundation under Dutch private law) represented obtained from Wageningen Marine Research. Client indemnifies Wageningen

by Drs.ir. M.T. van Manen, Director Operations Marine Research from claims of third parties in connection with this application.

All rights reserved. No part of this publication may be reproduced and / or
KvK nr. 09098104, published, photocopied or used in any other way without the written permission
WMR BTW nr. NL 8113.83.696.B16. of the publisher or author.
Code BIC/SWIFT address: RABONL2U
IBAN code: NL 73 RABO 0373599285

A_4_3_2 V35 (2024)

2 van 89 | Wageningen Marine Research report C021/25


https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.18174%2F691260&data=05%7C02%7Csecretariaat.marine-research%40wur.nl%7C5854af6a3070437000a008dd782e6a10%7C27d137e5761f4dc1af88d26430abb18f%7C0%7C0%7C638798862913270499%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=d%2BH1haKSVifVcSb1A9Gb8pruvZhsdQjYhEGl%2B4Dsy5U%3D&reserved=0

Contents

[y

Summary

Introduction
Stock structure, life cycle, ecology and environmental drivers of squid in the
North Sea and adjacent areas

2.1 Distribution

2.2 Population structure

2.3 Spawning, egg distribution, recruitment and growth
2.4  Ecology

2.5 Environmental Impacts and Climate Change

2.6  Conclusion

Squid distribution in the North Sea and eastern English channel; an exploration
of available data from scientific surveys

3.1 Introduction
3.2 Methods

3.2.1 Survey data

3.2.2 Catch data and abundance estimation

3.2.3 Analysis of survey abundance distribution

3.2.4 Analysis of survey catches per unit effort (CPUE)

3.3 Results

3.3.1 L. forbesii
3.3.2 L. vulgaris

3.4 Discussion

3.4.1 Changes in distribution of Loligo species based on the DATRAS data
3.4.2 Data limitations and survey constraints
3.4.3 Future directions

Recent trends and current state of the Dutch squid fisheries

4.1 Methods

4.1.1 Fleet Composition

4.1.2 Temporal and Spatial Patterns of Landings
4.1.3 Spatial Distribution Analysis

4.1.4 Identifying Target Species and Fishing Effort
4.1.5 Seasonal Trends in Landings per unit effort

4.2 Results

4.2.1 Fleet Composition

4.2.2 Temporal and Spatial Patterns of Landings
4.2.3 Spatial Distribution

4.2.4 Identifying Target Species and Fishing Effort
4.2.5 Gear use

4.2.6 LPUE

4.2.7 Depletion models

4.3 Discussion

4.3.1 LPUE Analysis: Species Ratio and Recruitment Waves

3 van 89 | Wageningen Marine Research report C021/25

10
10
10
11
12
13

14

15
15
15

15
15
15
16

17

17
21

23

23
24
24
25

25

25
26
26
26
26

27

27
28
29
31
33
35
37

40

40



5 Bycatch and discards
5.1 Landings of bycatch species in the squid fisheries
5.2 Squid as bycatch species
5.3 Discards in Dutch squid Fisheries
5.3.1 Introduction
5.3.2 Bottom Otter Trawl Fisheries
5.3.3 Flyshoot (SSC) Fisheries
5.4 Identifying selectivity devices: Whiting case study
5.5 Proposal on comparative research trials
6 Market dynamics
6.1 Introduction
6.2 Methodology
6.3  Successful market introduction
6.4  Value chain of squid from catch to consumption
6.5 Dutch production and imports of squid
6.6  Most important export markets for squid from the Netherlands
6.7  Main squid producing countries in Europe (including UK)
7 Regulations and management
7.1  Regulations and legislation relevant to squid and the Dutch squid fishery
7.1.1 Introduction
7.1.2 Regulatory framework
7.1.3 Discussion and developments
7.1.4 Conclusion
7.2  Some examples of management strategies applied to squid fisheries around the
world
7.2.1 Management of squid fisheries in the Falkland Islands
7.2.2 Market squid (Doryteuthis opalescens) in California
7.2.3 Management of squid fisheries in the Northwest Atlantic (US)
7.2.4 Southern Gould’s Squid (Nototodarus gouldi) Jig Fishery Harvest Strategy in
Australia
8 Synthesis and discussion

References

4.3.2 Start Time and Fishery Efficiency

4.3.3 Life History of Squid and the Effect of Semelparity on LPUE Trends
4.3.4 Environmental Factors and Their Influence on Squid Recruitment
4.3.5 Refining the Method for Identifying Squid-Targeting Trips

Quality Assurance

Justification

Annex 1 maps of the survey catches in weight for squids

41
41
41
41
43

43
45
46

46
46
46

47
48
49
49
49
50
50
52
53
54
56
56

56
56
57
60

66

66
67
68

69
70
74
77
78

79

Annex 2 overview of potential whiting reduction devices that could be applied to OTB
and SSC squid targeting fisheries, according to expert judgment.

4 van 89 | Wageningen Marine Research report C021/25



Summary

The Dutch squid fishery has grown rapidly since 2019, making the Netherlands the second-largest EU
contributor to squid landings. Historically absent from these fisheries, the Dutch fleet, initially the flyshooters
and, more recently, the otter trawlers and beam trawlers, has increasingly targeting squid during winter. This
shift is likely driven by the high profitability of this new fishery, the need for the fleets to diversify their activity,
and the absence of quota restrictions of squid, coupled with a rising squid abundance in the North Sea.

Given the increasing importance of this fishery in the Netherlands, there is a need to develop a good knowledge
basis on these species and the fishery they sustain. This study examines the recent development and current
state of Dutch squid fisheries, characterising the shift of the part of the demersal fleet to squid fishing. Catch
rates, bycatch species composition, and the importance of squid as bycatch in other fisheries are also
quantified. The study also explores changes in squid distribution using scientific survey data and examines
market dynamics, as two potential factors influencing the developments in the fishery. A literature review
synthesizes the available knowledge on squid biology, ecology, and their role in the food chain. Finally, this
work reviews the regulations in place in the EU and the UK that apply to squid fisheries and provides an
overview of global strategies for managing squid stocks.

The literature review gathered useful information on the unique biology and ecology for these species. Both
the veined squid (Loligo forbesii) and the European squid (Loligo vulgaris) have a widespread distribution over
the European waters. They are highly mobile and undertake migrations from offshore foraging grounds to
inshore spawning habitats. Spawning and nursery grounds of the L. forbesii are located primarily in the
northern areas (from West Ireland, Scotland and northern North sea) while, for L. vulgaris , they are mainly
located between the Celtic Sea, English Channel, and southern North Sea.

The literature review also confirmed that both species have extended their distribution range into the North
Sea: southwards into the southern North Sea for L. forbesii, which was historically only abundant in the
northern and central North Sea, and northwards, towards the central North Sea for L. vulgaris, which is typically
more abundant in the Celtic Sea and English Channel. These changes presumably occurred as winter water
temperatures increased in the southern North Sea. The analysis of scientific survey data conducted in this
study confirm this, indicating an overall increase of L. forbesii in the central and southern North Sea, and an
increase of L. vulgaris in the southern North Sea.

Both species have a short life-cycle, with a longevity just over one year, and are characterized by an extremely
fast growth and semelparity (death of all individuals after reproduction). This implies that the fishery exploits
each year a single year-class, and the yields are strongly driven by recruitment strength. Biological processes
such as recruitment are strongly linked to the environmental conditions, and are therefore very variable. It is
believed that each species have one main recruitment event per year, although other Loligo species are known
to have successive recruitment “waves” or even two separate recruitment seasons in a year (e.g. Doryteuthis
gahi in the Falklands). The review of management approaches implemented worldwide showed that the
traditional fisheries management approach (steering the fisheries so the stock remains close to target biomass
levels compatible with MSY) does not work for such short-lived stocks for which escapement strategies are
generally used (to ensure that enough individuals are left alive at the end of each fishing season). Such
management approaches require regular in-year monitoring to the stock, with biomass assessed using
depletion model based on near real-time catch information.

Analyses of the fisheries logbook confirmed the rapid development in the fishery. Targeting of squid in the
winter months (November to March) by the flyshooters appears to have been stable over the period studied
(2018 to 2024). Mainly conducted in the eastern English Channel, this fishery increased slightly in the southern
North Sea. The targeting of squid with bottom otter trawl has strongly increased since 2018, and the landings
from this gear now represent half of the yields of the flyshoot fishery. The vessels fishing squids with bottom
otter trawl mainly operate in the southern North Sea, where their fishing grounds overlap with those of the
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flyshooters. Different types of vessels target squid with bottom otter trawl : pure bottom trawlers that
increasingly target squid, and beam trawlers that have installed net rolls to be able to also operate bottom
otter trawl in alternance with their traditional beam trawl. This adaptation of beam trawlers to be able to
operate bottom otter trawl might have been encouraged by the boom of the squid fishery, as several beam
trawlers were found in this study to have done this transition at once in 2023 to immediately start targeting
squid. This illustrates the interest for squid as a new target species for the beam trawler fleet, as it faces many
challenges with its traditional fishing practices.

The fishing activity targeting squids generates a significant amount of by-catch, especially for the flyshooters
fleet. Next to squid, these vessels also have significant landings of striped red mullet and cuttlefish (two non-
quota species with high commercial value), mackerel and horse mackerel (both valuable pelagic species), and
the less valuable gurnard and whiting. The squid typically represents one third of the catches. For the bottom
otter trawl, the proportion of squid is higher (around 50%) and the less abundant bycatch is mainly composed
of pelagics (mackerel and horse mackerel) and whiting, representing a less valuable complement to the squid
landings than for the flyshooters. Smaller quantities of squid are also caught as by-catch in the beam trawl
fishery, while targeting flatfish in the southern North Sea, and by the pelagic freezer trawlers during their blue
whiting and North Sea herring fisheries. The discards from the squid fisheries are not yet fully quantified, but
the first observations indicated that discarding of whiting, herring, striped red mullet and flatfish occur in these
fisheries.

The increasing focus on squid was also made possible by the well-organized post-harvest chain in the
Netherlands. As the fishery developed, Dutch fish processors and seafood wholesalers have taken the initiative
to promote this fish product. It was successfully presented as a new Dutch seafood product, next to the
traditional flatfish, to the Italian, Spanish and French markets, creating an immediate demand for this product.
An important part of the landings occur in foreign harbors (mainly Boulogne-sur-Mer and Ostend) but the squid
is transported to the Netherlands to be sold, either in the auction or by contract, to Dutch fish processors and
seafood wholesales. Half of the Dutch production is then sold as fresh product to the hospitality industry in
Belgium and France. The second half of the production is sold frozen, to southern Europe countries. While the
volume exported increased strongly (almost 6-fold since 2016), the price also raised, indicating a steady
demand for this product.

The Dutch squid fishery operates under unique regulatory conditions, having to do with the definition of
directed fishing, mandatory minimum mesh sizes and applicable authorisation schemes. Which regulations
apply to certain fisheries mainly depends on their target species, fishing area and vessel type, but also bycatch
species. Squid is not regulated by quota, meaning that EU catch quota, the landing obligation (LO), or national
quota (“contingenten”), are not applicable to these species. There are also no minimum reference conservation
size (MRCS) nor marketing standards in place. Furthermore, squid is not part of the multiannual plan for the
North Sea demersal fisheries (MAP). Currently, no authorisations are granted specifically for the directed
fishery for squid in the Netherlands. Caution should however be given to which regulations apply to squid or
to the Dutch squid fisheries (e.g. via vessel type used, target area, bycatch species). An authorization
requirement under the MAP (Vismachtiging meerjarenplan Noordzee , VMN) is not solely determined by its
target species but also by its bycatch composition. Moreover, the most important bycatch species in squid
fisheries are subject to regulations, including the LO. A common thread is therefore the consideration that a
clear definition for ‘targeted’ or ‘directed’ fishing (‘gerichte visserij’) lacks in legislation and regulations. This
report has shown that several complex jurisdictional areas of discussion remain, given the regulatory nuances
and interpretations underlying them. At this moment, directed fishing for squid is in principle allowed with a
mesh size of at least 40mm, but in practice, a minimum mesh size of 80 mm is most commonly applied in the
Dutch squid fishery. Recently both national and international requests have been submitted to increase the
minimum mesh size of directed squid fisheries to 80 mm to enable more sustainable fishing practices. The
amendment will likely be integrated in regulations in 2025. Similar developments are seen in UK regulation,
where option for directed squid fishing with a minimum mesh size of 40 mm was removed for all towed gears
leading to an increase of minimum mesh size to 80 mm. Recently, it was again increased to 100m for demersal;
seine.

The present study also conducted an overview of potential selectivity devices to reduce the by-catch of whiting
in trawl fisheries. The most promising device is a square mesh panel positioned on the top part of the net.
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However, the efficiency of such a device for the squid fishery (i.e. reducing whiting by-catch without reducing
the squid catches) remains to be tested.
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1 Introduction

Squid, together with cuttlefish or octopuses, belong to the phylogenetic class of the Cephalopods. In the North
Sea and English Channel, several squid species are documented, predominantly from the families
Ommastrephidae (short-finned squids) and Loliginidae (long-finned squids). Ommastrephid squids are typically
oceanic and pelagic, making them less susceptible to demersal fishing gears commonly used in North Sea
fisheries. Conversely, loliginid squids are more demersal, inhabit relatively shallow waters, and are more likely
to be caught as bycatch or in targeted demersal fisheries (van der Kooij, Engelhard & Righton, 2016). The
region marks the distributional boundary for several loliginid species, including the commercially important
veined squid (Loligo forbesii). While L. forbesii has an extensive range across the eastern Atlantic from 20° to
60° N, it reaches its northern limit in Irish and British waters (van der Kooij et al., 2016). The European squid
(Loligo vulgaris) is also present in the English Channel and southern North Sea. The European common squid
(Alloteuthis subulata)—though abundant—is less commercially valuable due to its smaller size (van der Kooij
et al., 2016). The landings in the demersal fisheries conducted in the North Sea and English Channel are
dominated by the two main Loligo species, L. forbesii and L. vulgaris (ICES, 2023). Therefore, this report
focusses only on these two species.

Significant squid fisheries have been conducted in the English Channel and the North Sea for many years,
primarily by the UK and France. Although the Dutch fleet was historically not involved in these fisheries, it has
increasingly targeted squid in recent years, with landings showing a marked increase since 2019. The
Netherlands has now become the second largest contributor to squid landings among EU member states (ICES,
2024). An increasing number of demersal fishing vessels from the Netherlands are switching periodically from
traditional target species (flat fish, shrimps or Nephrops) to actively targeting squid in winter. Vessels targeting
squids are primarily flyshooters and bottom otter trawlers, but also more recently beam trawlers.

The main reasons for the development of the Dutch squid fishery still need to be clarified, but they are likely
linked to the current profitability of the fishery on squid, combined with the need for part of the Dutch demersal
fleet (the beam trawlers) to diversify their list of target species. In addition, apart from some restrictions on
access, the fishery is currently not limited by quota restrictions and therefore vessels can join the fishery even
though they have no historical rights. Changes in the squid distribution and increasing abundances in the North
Sea have also been suggested as potential factors driving this development.

Squid fisheries in the English Channel and Southern North Sea are conducted both in the European Union and
in the United Kingdom Exclusive Economic Zones (EEZs), and the management of these fisheries falls under
the authority of these two parties. Although vessels fishing for squid are subject to a number of technical
measures and restrictions on access, there is currently no specific management measure implemented by the
EU and UK to explicitly limit the impact of the exploitation on squid. However, if the political context changes,
there might be a will from one or both of these parties to start imposing more limitations to these fisheries.
Even though, due to the annual life cycle of squid, these fisheries are primarily recruitment driven, defining
management measures may also be a necessity to ensure the biological and economic sustainability of the
fishery. Squids are known to show quick fluctuations in abundances, which means that not having mechanisms
to adjust effort or catches may lead to risk of overexploitation , especially in the current context of growing
fishing effort.

Given the increasing importance of this fishery in the Netherlands, and the possible future development of
management measures, there is a need to develop a good knowledge basis on these species and the fishery
they sustain. While squids are included in the Dutch market sampling program only since 2024 (under Statutory
Research Tasks), there is ample information on squid landings in the past years in the logbook data. This data
needs to be analyzed to provide a first overview of the Dutch squid fisheries, describing the recent changes in
the fleet targeting squid (number of vessels, types of gear used), and the spatial and seasonal dynamics of
the fishery. Likewise, although these species have not been the focus of many scientific research projects in
the Netherlands, there is a rich scientific literature on squids both in European waters and worldwide. There is
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therefore a need to gather this existing knowledge and build an expertise on squid. Developing this knowledge
base is a first necessary step for the Netherlands to be able to effectively participate in future work on squid,
both on the scientific and management side.

This study describes, based on sources of information and data readily available, the recent development and
current state of the Dutch squid fisheries. It first analyses which segments of the Dutch demersal fleet have
been switching to squid fishing (number and types of vessels), and what is the associated fishing strategy
(type of targeting behavior, seasonality of this new activity). The interannual trends, seasonality and spatial
distribution in the effort and landings are presented, and the dynamics of the catch rates (in landing per unit
efforts) are shown. A first exploration of the suitability of this data for stock assessment is also presented. The
species composition and proportion of bycatch species in the squid fisheries are also described for the different
fishing techniques, and the importance of squid as bycatch in other Dutch fisheries is also quantified. Scientific
survey data is analyzed to explore possible recent changes in the squid spatial distribution. An analysis of
market dynamics is also conducted to understand any recent changes with regard to squid that may have been
an explanation of the trend in the fishery. A literature review is also conducted to synthesize the existing
knowledge on squid biology (species composition, growth, reproduction, demographic traits) and ecology (role
in the food chain, sensitivity to environmental drivers). Finally, current regulations applied in the EU and
neighboring countries are listed and an overview of the different management strategies applied worldwide to
manage squid stocks is presented.
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2 Stock structure, life cycle, ecology and
environmental drivers of squid in the North
Sea and adjacent areas

2.1 Distribution

The two Loligo species have similar distribution ranges, stretching from Northwest Africa to the Northern Shelf
of the European continent (Laptikhovsky et al., 2022). L. vulgaris extends its range northward to the areas
north of Ireland and Scotland, the Kattegat, and possibly southern Norway, while L. forbesii reaches slightly
farther north, extending to the Orkney Islands and central Norway (Laptikhovsky et al., 2022).

The distribution of the two Loligo species in the North Sea and adjacent areas has expanded significantly over
recent decades (van der Kooij, Engelhard & Righton, 2016). In the early 1980s, they were primarily recorded
in the northwestern (L. forbesii) and southernmost (L. vulgaris) regions of the North Sea. However, they are
now almost ubiquitously present throughout the North Sea.

2.2 Population structure

Knowledge on population structure for the two Loligo species remains limited, making it a critical area for
research in the management of commercial fisheries (Royer et al., 2002). There are currently no stocks defined
by ICES (ICES, 2023).

For L. forbesii, genetic studies showed a high genetic homogeneity across the northeast Atlantic, with only the
samples from the Rockall bank being found genetically different from the rest (Sheerin et al, 2022). Statolith*
shape analyses indicate that clusters can be identified, possibility indicating that individuals originating from a
particular nursery ground tend to remain together as a separate ecological group over the first part of their
life cycle (Sheerin et al, 2022). L. forbesii has variable spawning seasons throughout the Northeast Atlantic,
including in Scottish waters, the Celtic Sea, the English Channel, the Faroe Bank, and the North Sea. Bobowski
et al. (2024) noted that while statolith shapes differed significantly among most areas, there was a relatively
high misclassification rate for samples from the Celtic Sea. Moreover, statolith shapes did not differ significantly
between samples from the Celtic Sea and the North Sea, suggesting a connectivity between these two regions
likely facilitated by migration. The existence of multiple groups of L. forbesii within the North Sea is further
supported by differences in size classes and breeding populations. Previous research identified two distinct
breeding populations in the North Sea (Pierce et al., 2005) and noted two size-groups that suggested separate
spawning areas—one associated with the English Channel and another in the northern regions. However, recent
findings by Laptikhovsky et al. (2022) did not find evidence of spawning activity of L. forbesii in the English
Channel, implying that the southern spawning area is more likely the Celtic Sea. In summary, evidence points
to the seasonal presence of L. forbesii from two distinct sub-populations in the North Sea: individuals
originating from the Celtic Sea and native North Sea spawners (with a potential contribution from the West of
Scotland spawners, Bobowski et al., 2024). The slightly higher misclassification rates within the North Sea
during the first quarter of the year suggest a greater mixture of stocks during this period compared to the third
quarter. While it is currently challenging to quantify the exact composition of these clusters, the findings
underscore the complexity of L. forbesii population dynamics in the region.

No pan-Europan study of population structure of L. vulgaris could be found in this literature review.

! Statoliths are hard calcareous structures in cephalopods, part of the organ responsible for detection of linear and angular
acceleration. Like otoliths in fish, they can provide information on the age of the individual, and their shape is influenced by the
conditions in which the individuals growth and therefore often varies among different stocks
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2.3 Spawning, egg distribution, recruitment and growth

Spawning behavior and egg distribution

Both L. forbesii and L. vulgaris are annual, semelparous species, meaning they spawn only once in their
lifetime. They migrate from offshore feeding grounds to inshore spawning habitats, depositing eggs on various
types of substrates in relatively shallow waters where fishing activities like dredging and beam trawling can
occur (Laptikhovsky et al., 2021). Due to their mobility, identifying spawning areas based solely on the
presence of mature females can be misleading; therefore, the presence of egg masses provides a more
accurate indication of spawning locations, although species-level identification of these egg masses remains
challenging (Laptikhovsky et al., 2022).

Spawning of L. forbesii and L. vulgaris mainly occurs in two main areas in the northwestern European waters
- a northern area for L. forbesii and southern area for L. vulgaris - although egg distribution also overlap to
some extend for the two species. The northern grounds encompass waters around Ireland, northern England,
Scotland, and western Norway, predominantly utilized by L. forbesii. Spawning season for this species covers
the months December to June with peak spawning occurring in the winter months, although mature individuals
are sometimes observed year-round. L. forbesii generally spawns in deeper waters ranging from 10 to 150
meters, occasionally reaching depths up to 700 meters in warmer regions. The spawning and nursery grounds
are likely influenced by the Shelf Edge Current, which flows along the shelf edge from Brittany to northern
Scotland and continues toward the North Sea (Laptikhovsky et al., 2022).

The southern spawning grounds extend from the eastern shallow regions of the Celtic Sea and the Bristol
Channel to the waters off the Netherlands and Germany. These areas are mainly utilized by L. vulgaris,
although L. forbesii reproduction is also possible in certain locations (Laptikhovsky et al., 2022). L. vulgaris
typically reproduces between November and April in the English Channel, peaking in February and March. In
the southern North Sea, spawning occurs later, from April to August. This species lays eggs at depths between
2 and 120 meters, predominantly in waters shallower than 50 meters.

Egg characteristics and development

Females of both species exhibit extended spawning periods, intermittently laying several egg batches. Their
egg masses consist of numerous finger-like capsules or "strings," which are individually attached to substrates.
Females often add eggs to existing masses, resulting in capsules at different embryonic stages due to staggered
deposition times (Laptikhovsky et al., 2021). Large egg masses of L. vulgaris in the English Channel can contain
up to approximately 42 000 eggs.

Recent studies have confirmed that the eggs and embryos of L. vulgaris are smaller than those of L. forbesii,
allowing for species identification once the developmental stage is known (Laptikhovsky et al., 2021). In the
western English Channel, spawning of L. vulgaris occurs in late winter and concludes by April, as mature
females are no longer observed afterward. Conversely, recent evidence of L. forbesii spawning in this area is
limited, suggesting possible shifts in spawning locations due to environmental changes.

Recruitment patterns and growth

The nursery grounds of both species generally coincide with their spawning areas, with no evidence of early
juveniles outside regions where egg masses are observed (Laptikhovsky et al., 2022). These areas are
influenced by oceanic currents and water temperature, facilitating the eastward and northward expansion of
spawning activities following the coldest part of the year.

Recruitment patterns differ between the two species. Sampling of squid landings from the English channel
indicates that L. forbesii recruits appear in June and peak in July, while L. vulgaris begins to appear from
September onward, with recruits comprising over 80% of sampled individuals by November (Marcout et al.,
2024). Spawning occurs approximately seven months before the recruitment of a new cohort, aligning with
the time when individuals reach their largest sizes, suggesting that females are ready to lay eggs shortly before
dying.

Growth studies have utilized methods such as statolith increment analysis to estimate age and growth rates.
In L. vulgaris, individuals with mantle? lengths ranging from 59 to 520 millimeters corresponded to ages

2 The mantel is the muscular part of the body that protects internal organs
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between 51 and 543 days, with males estimated to have a lifespan of up to 17 months and females up to 14
months (Lishchenko et al., 2021). For L. forbesii, similar analyses suggested lifespans of up to 18 months for
males and 16.5 months for females (Lishchenko et al., 2021). These estimates are somewhat higher than
those based solely on statolith readings, indicating potential variations in growth rates.

Further studies by Challier, Pierce, and Robin (2006) aimed to deepen the understanding of L. forbesii's life
cycle in the English Channel and Scottish waters, focusing on age at recruitment and individual growth
variability. Their findings revealed that although recruitment in the English Channel begins when squids are
about 6-7 months old, the majority (95%) were actually between 8 and 10 months old. In Scottish waters,
recruits were slightly older, with smaller individuals aged 7-8 months and others between 8 and 11 months.
This suggests that L. forbesii may have a one-year life cycle with rapid growth during the adult phase or that
its maximum lifespan exceeds one year.

High interannual fluctuations in L. forbesii recruitment have been observed, with strong recruitment in 1993-
1994 and poor recruitment in 1998 (Challier et al., 2006). This variability may partly reflect density-dependent
mechanisms affecting early life stages: when egg and juvenile abundance is high, competition can slow growth
and potentially increase mortality, thereby limiting how large final recruitment can become. Conversely, lower
densities may allow faster individual growth and higher survival among juveniles, which can help buffer against
low recruitment. However, if fishing pressure excessively reduces the overall stock, the diminished spawning
population may undermine future recruitment despite faster growth of the remaining individuals. In addition,
environmental factors (e.g., temperature, prey availability) appear to play a strong role in shaping local
population dynamics—L. forbesii in the English Channel and Scottish waters show marked differences in growth
and morphology, despite little to no genetic differentiation (Challier et al., 2006).

2.4 Ecology

Squids are a vital component of marine ecosystems, serving both as predators and prey. As short-lived and
fast-growing cephalopods, they feed on a variety of pelagic and demersal fishes, other cephalopods, and
crustaceans, while also being a key food source for many apex predators (van der Kooij, Engelhard & Righton,
2016).

L. forbesii exhibits a diverse diet that evolves with age. Younger individuals primarily consume crustaceans,
while larger squids shift their preference towards fish, including species from the Ammodytidae (sandeel),
Clupeidae, Gadidae, and Gobiidae families (Oesterwind & Piatkowski, 2023). Additionally, larger individuals
exhibit cannibalistic behavior more frequently, which may be linked to food scarcity or high population densities
(Wangvoralak, Hastie & Pierce, 2011). Given their relatively high numbers, L. forbesii has the potential to exert
considerable predation pressure on various fish species, some of which are commercially valuable (Oesterwind
& Piatkowski, 2023).

L. vulgaris has a diet comparable to L. forbesii. In both the North Sea and Spanish waters, smaller L. vulgaris
feed more on crustaceans, whereas larger individuals consume more fish. Notably, sprat (Sprattus sprattus)
appears most frequently in their stomachs. Although L. vulgaris is less abundant in the North Sea, its local
impact on commercially important fish species could become significant if its population increases (Oesterwind
& Piatkowski, 2023).

The increasing biomass of various cephalopod species in the North Sea suggests that their ecological impact is
growing (van der Kooij, Engelhard & Righton, 2016). Larger squids have become more prominent predators of
fish, potentially influencing the dynamics of commercially targeted populations. Continued monitoring and
research into the trophic ecology of North Sea cephalopods are essential for assessing their role in the
ecosystem. Such knowledge is crucial for implementing ecosystem-based fisheries management strategies in
the future (Oesterwind & Piatkowski, 2023).
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2.5 Environmental Impacts and Climate Change

Squid populations in the North Sea and adjacent areas are highly sensitive to environmental conditions due to
their short lifespans and rapid growth rates (van der Kooij, Engelhard & Righton, 2016). Traditional methods
of population estimation are often unsuitable for managing these species, as their annual stock sizes depend
almost entirely on recruitment success, which is strongly influenced by environmental factors. Consequently,
squid abundance can fluctuate significantly from year to year, emphasizing the need for a deeper understanding
of how environmental variables affect their populations to ensure sustainable fishery management (Marcout et
al., 2024).

Environmental factors play a crucial role during the pre-recruitment period, impacting adult fecundity, egg
quality, hatching success, and the growth and mortality rates of paralarvae and juveniles (Marcout et al.,
2024). Among these factors, bottom temperature has been identified as the most significant influence on the
recruitment of both L. vulgaris and L. forbesii, explaining 20% and 9.62% of the variance in recruitment,
respectively (Marcout et al., 2024). Warmer bottom temperatures positively affect L. vulgaris recruitment by
accelerating the development of paralarvae and juveniles, effectively shortening the duration of the egg phase.
In contrast, increased bottom temperatures negatively impact L. forbesii recruitment, likely because this
species spawns in deeper, cooler waters — often under 150 meters but sometimes reaching depths of 300-
700 meters (Marcout et al., 2024). This negative effect aligns with findings that L. forbesii hatching size
decreases as temperatures rise (Gowland et al., 2002).

Salinity during the pre-recruitment period also influences recruitment, contributing 7.68% for L. forbesii and
3.5% for L. vulgaris (Marcout et al., 2024). High salinity levels exceeding 34 PSU negatively affect L. forbesii
recruitment but have a positive effect on L. vulgaris. Laboratory studies have shown that salinity below 34 PSU
can lead to embryonic mortality in L. vulgaris at early developmental stages, indicating a preference for higher
salinity conditions for successful reproduction (Marcout et al., 2024).

Additionally, primary production appears to have a negative effect on recruitment for both species during the
pre-recruitment period, explaining 6.3% for L. forbesii and 5.1% for L. vulgaris to the variance in recruitment
(Marcout et al., 2024). The reasons behind this negative relationship are not fully understood and warrant
further investigation.

Under the scenario of global warming, these environmental influences suggest differing futures for the two
species. L. vulgaris may experience increased recruitment due to rising temperatures and salinity levels,
leading to shorter paralarvae stages and faster growth and maturity at smaller sizes and younger ages (Marcout
et al., 2024; Oesterwind et al., 2022). This could favor rapid population turnover and expansion for L. vulgaris.
Conversely, L. forbesii is likely to be negatively impacted by climate change, with rising temperatures and
salinity contributing to decreased recruitment. This is consistent with observations of declining proportions of
L. forbesii in fishery landings at the Port-en-Bessin market and a reduction in its distribution range within the
English Channel (Marcout et al., 2024; Oesterwind et al., 2022).

Squid populations have exhibited significant changes in distribution and abundance, likely influenced by climate
change. L. forbesii, the most widely distributed species in the northeast Atlantic, has expanded from the
northwestern and southern parts of the North Sea to occupy nearly the entire North Sea over recent decades
(van der Kooij et al., 2016). This expansion correlates strongly with climatic variables, particularly the Atlantic
Multidecadal Oscillation®* (AMO) and annual sea surface temperatures (SSTs) in the North Sea. Interestingly,
L. forbesii has exhibited a predominantly southward expansion into the North Sea, from northern parts of the
North Sea. While this may seem counterintuitive given its preference for warmer temperatures, it aligns with
the winter temperature gradient in the North Sea, where shallow southern areas become colder than the deeper
northern regions. Severe winter conditions may have previously made southern areas unsuitable for this
species, but warming temperatures have facilitated its spread. Similar patterns have been observed in other
warm-water-associated fish species in the North Sea. L. vulgaris, although less abundant is found exclusively
in the southern part of the North Sea (van der Kooij et al., 2016).

3 natural climate cycle of sea surface temperature fluctuations in the North Atlantic Ocean, occurring over periods of about 30-80
years
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2.6 Conclusion

Squids in the North Sea and adjacent waters have become increasingly important both ecologically and
commercially. Their unique life history traits—short lifespans, semelparity, and rapid growth—result in highly
variable population dynamics, posing challenges for traditional management approaches (Marcout et al., 2024).
Literature indicates that population structure of key species such as L. forbesii is more complex than previously
understood, with evidence suggesting distinct stocks and potential connectivity between regions (Bobowski et
al., 2024).

Despite significant advancements in our understanding of squid biology and ecology, notable knowledge gaps
persist. For L. vulgaris, there is limited recent information on trophic relationships outside the Mediterranean,
and a better understanding of their migration routes and seasonality is needed, particularly in the context of
global warming. Similarly, for L. forbesii, gaps in knowledge of distribution and abundance remain, especially
in areas and times not covered by scientific surveys (Lishchenko et al., 2021). Furthermore, little is known
about their migration patterns.

Climate change impacts on squid species require further investigation. Detailed distribution data, including
depth preferences, are necessary to understand potential shifts due to global warming, which could have
significant ecosystem-level consequences, particularly on trophic interactions. Ongoing monitoring of
reproductive status at the species level in overlapping regions is essential, as shifting distributions may lead
to competitive interactions among species (Marcout et al., 2024).
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3 Squid distribution in the North Sea and
eastern English channel; an exploration of
available data from scientific surveys

3.1 Introduction

This section analyses the information available on both L. forbesii and L. vulgaris from scientific surveys
conducted in the North Sea and eastern English Channel. Abundance indices are calculated for each survey to
look at the change in abundance over time. Synthetic indicators of the distribution of the species in each survey
(e.g. centre of gravity) are calculated to describe the changes in distribution.

3.2 Methods

3.2.1 Survey data

The data for the relevant surveys was extracted from the ICES Database of Trawl Surveys (DATRAS) over the
period from 1985 to 2023.

The surveys that have been used are listed in table 3.1. The Dutch Sole Net Survey (SNS) and the Demersal
Young Fish Survey (DYFS) are both inshore beam trawl surveys, conducted along the Dutch and German coats,
and targeting primarily young flatfish. The offshore Beam Trawl Surveys (BTS), also mainly targets flatfish
species and covers the entire North Sea. The North Sea International Bottom Trawl Survey (NS-IBTS) and the
French Channel Groundfish Survey (FR-CGFS) use a bottom trawl with larger vertical opening and target
demersal fish species in general.

Table 3.1: Species or species groups and associated surveys (1985 - 2023).

English name Scientific name Survey (Quarter)
Veined squid Loligo forbesii BTS (Q3); SNS (Q3); DYFS (Q3); FR-CGFS (Q4); NS-IBTS (Q1 & Q3)
European squid Loligo vulgaris BTS (Q3); SNS (Q3); DYFS (Q3 & Q4); FR-CGFS (Q4); NS-IBTS (Q1 & Q3)

3.2.2 Catch data and abundance estimation

The DATRAS database provides survey catches per trawling station per species or at higher taxonomic level
when individuals are not identified at the species level. For stations with positive catches, information on the
total number of individuals caught per haul is available. For many commercial fish species, the number of
individuals caught per length group is available. This allows for the transformation of numbers at length to
biomass at length using empirical length-weight relationships based on the available data. An aggregation
across lengths would consequently allow for an estimate of the biomass caught per haul. However, this
approach was not suitable here as information about the length composition for squid was often missing.
Instead subsequent calculations are based on the number of individuals caught per haul.

3.2.3 Analysis of survey abundance distribution

To visualize the spatial distribution of the population based on estimated numbers per haul, the occurrence
and magnitude of catches are mapped for each species, survey, and year. These visualizations display catch
locations along with a calculated centre of gravity (CoG) to represent the central tendency of the catch spatial
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distribution. The CoG is determined by computing, separately for the latitude and longitude, the mean of the
coordinates of each station weighted by the corresponding catches of L. forbesii or L. vulgaris.

Additionally, ellipses based on the spatial variance of the data are overlaid to indicate a 95% confidence around
the CoG.

To arrive at these ellipses, a parametric approach is taken. First the variance for each principal axis is
calculated as follows:

Y((1atitude; —CoGqr )? + catchy )
¥ catch;

Varyq: =

(3)

Y((longitude;—CoGgn )* * catch; )
Varon = 4
lon . catch; ( ]

Secondly the covariance between the two axes is calculated (equation 5), to arrive at a covariance matrix M
(equation 6).

Y((latitude;— CoGq; )=(longitude;— CoGigp ) * catch; )

COVIat‘Ion = ¥ catch; (5)
Vara COViat 1on

M= [ : ] 6

COViation  Varion (©)

Through eigen decomposition this covariance matrix, eigenvalues and eigenvectors are obtained. The
eigenvalues represent the magnitude of variance along each axis in 2D space, and the eigenvectors describe
the direction of that variance.

To reflect the 95% confidence region around the CoG, these eigenvalues are scaled by the critical value
informed by the chi-squared distribution with two degrees of freedom (for latitude and longitude).

. . 0.5
S—Elg—va{ma}ar = (EIg_Va{ma}ar * .1’95) (7)

S_Eig Valmmer = (Eig—va"mmor * X‘)S)o‘s (8)

The last step is to calculate the ellipse representing the 95% confidence region around the CoG.

Since the eigenvectors provide the direction of variability, they need to be aligned with the geographic axes If
the greatest variability (major axis) is found along the latitude direction, the parametric equations for longitude
and latitude at angle 6 (ranging from 0 to 2n) are:

lon; = CoGon + S_Eig_Valng; * cos(0) * Eig_Vec,y, + S_Eig_Valy, *sin(8) = Eig_Vecq; 9
lat; = CoGqe +S_Eig Valy,j * cos(0) * Eig Vecq + S_Eig_Valyy, * sin(8) = Eig_Vecy, (10)

3.2.4 Analysis of survey catches per unit effort (CPUE)

To investigate the temporal dynamics of survey catches two approaches can be considered.

The simpler of the two approaches calculates the annual mean of the catch per unit of effort (CPUE) over all
stations for each survey and species. This method is similar to what is implemented by the ICES WGCEPH
(ICES, 2023).

The more sophisticated approach involves applying a statistical model. The advantage of this approach is that
it can include covariates related to survey operations (such as vessel and gear) and geographical position and
bathymetry. This allows for a standardisation of the CPUE and processes abundance indices which are not
biased by the small variations that can occur in the survey design. Modelling approaches also allow to combine
the information from different surveys in a single index. Trials were conducted to test the implementation of a
delta-lognormal GAM model (Berg et al., 2014), the most common approach currently used within ICES.
However, no acceptable fit of the model to the data could be achieved, likely due to the high patchiness in the
catches of the two Loligo species in the surveys. Consequently, the model-based approach was not pursued
further, and the simpler averaging method, similar to WGCEPH, was used for the analysis.
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3.3 Results

3.3.1 L. forbesii
Coastal surveys (DYFS, SNS)

L. forbesii occurred rarely in the catches of the two coastal surveys, DYFS and SNS (it was caught only in three
hauls since 1985). A single individual was caught in 2012 and in 2013 in division 4b and an 83 individuals were
caught in one haul in 2020 in 4c. These catches all occurred during the DYFS, and no individuals were ever
caught in the SNS.

Offshore surveys (BTS, NS-IBTS, FR-CGFS)

For the offshore surveys, the frequency of occurrence and the mean catch per hour of L. forbesii have increased
over the last decade (figure 3.1). This increase is particularly clear in the NS-IBTS-Q3 in the southern and
central North Sea (divisions IVb and IVc, figure 3.1) and in the Skagerrak (IIIa20). During that same time of
the year, the occurrence of L. forbesii also increased in the beam trawl survey (BTS) in the northern North Sea
(division Iva), but with lower catches than in the bottom trawl survey. Abundance of L. forbesii also increased
in the first quarter of the year (NS-IBTS Q1), mainly in the northern North Sea. The abundance also increased
in the eastern English channel in quarter 4.
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Figure 3.1: L. forbesii in offshore surveys : (A) average catch per hours of per survey and ICES
division (forth root transformed to improve comparability) and (B) percentage hauls with presence.
BTS : beam trawl survey ; FR-CGFS : French Channel groundfish survey ; NS-IBTS : North Sea
internation bottom trawl survey. The number in the survey name refers to the quarter in which the
survey is carried out.

NS-IBTS Q1
During the NS-IBTS-Q1 survey in the early 2000’s, L. forbesii was sporadically reported and therefore the
position of the centre of gravity was very variable (figure 3.2). Catches of L. forbesii during those years

occurred primarily in the central North Sea and in the Skagerrak. In 2007, the species was caught in greater
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numbers along the northernmost parts of the North Sea. This happened again along that same area during the
surveys of 2009 and 2011. Between 2012 and 2014, there were lower catches and during 2015 and 2016 no
catches are reported for this species in the NS-IBTS Q1. Between 2017 and 2019, larger amounts of L. forbesii
were caught in a wider area, including the northern central North Sea. Since 2020, high quantities are caught
in the northern North Sea and catches have increased in the central North Sea.

During the first quarter of the year, L. forbesii seems to have the CoG of the stock primarily in the northern
North sea (division 4a). It has occasionally occurred more southernly, spanning parts of the central North Sea,
especially in recent years. Data suggest also that L. forbesii sporadically occurred in the English channel, but
never in considerable quantities.
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Figure 3.2: Distribution of catches of L. forbesii in the NS-IBTS Q1 (1982-2023). The red crosshair depicts
the Centre of gravity (CoG) of the catches, and the encircling blue ellipses reflect the 95% uncertainty
boundary of the CoG. Catch locations are visible as tiny dots and the radius of these dots reflects the
magnitude of the catch number at that location. The colors of the dots refer to the country that made the
observations. The pie-diagram in each facet presents the percentage of zero hauls.

NS-IBTS Q3

During the NS-IBTS Q3 survey, catches of L. forbesii were first reported in 1999, in the Skagerrak. Similar
catches were reported again in 2001 and 2002. After a period without any reported catches in the NS-IBTS-
Q3 survey, new catches occurred again in 2013 also in the Skagerrak. In 2016, catches of L. forbesii occurred
along the northeastern British coast and in subsequent years, catches were reported throughout the North
Sea. Catches in the Skagerrak peaked in 2018, with 2964 individuals caught across 14 hauls. In 2019, catches
in the northern North Sea reached 3151 individuals across 13 hauls, while catches in central North Sea peaked
at 3457 individuals across 50 hauls. Additionally, from 2016 to 2023, there was a marked increase in the
number of positive hauls and CPUE in southern North Sea.

The CoG of the L. forbesii catches in the NS-IBTS-Q3 primarily lies in the central North Sea (figure 3.3).
However, in the last five years, the CoG has shifted southwards toward the southern North Sea, reflecting a
broader distribution. This shift is further supported by trends observed in the survey catches in weight (Annex
1).

18 van 89 | Wageningen Marine Research report C021/25



2
b
Bl
E
el
3
2
&
H
2
b

k3
i
=
=
i
"k
E:d
I

a5 50 52 54 sh 58 B0 B2 43 o0 52 54 S 5B

+ GB
* SE
+ DE

48 50 52 54 56 58 60 62 4B S0 52 54

48 50 52 o4 56 58
om0 52 o4 h6 8
48 50 52 94 56 8

n. 7 ' : - : i '

Figure 3.3: Distribution of catches of L. forbesii in the NS-IBTS Q3 (1982-2023). The red crosshair
depicts the Centre of gravity (CoG) of the catches, and the encircling blue ellipses reflect the 95%
uncertainty boundary of the CoG. Catch locations are visible as tiny dots and the radius of these dots
reflects the magnitude of the catch nhumber at that location. The colors of the dots refer to the country
that made the observations. The pie-diagram in each facet presents the percentage of zero hauls.

BTS surveys in Q3

L. forbesii has consistently been caught in the BTS surveys since the second half of the 2000’s. It was first
reported in 1990 when 2 individuals were caught in a single haul in the eastern English Channel. The next
catches happened in 2004 and 2005 with low quantities caught in the eastern English Channel and the southern
North Sea. Since 2008, L. forbesii is caught over a wider distribution. Catch humbers have been mostly low
but consistent, with slightly higher catches since 2019 in the southern and central North Sea.

The distribution of catches in the BTS surveys do not display a particular trend in the CoG and the uncertainty
around it is wide, stretching from the Dutch coast to the eastern Scotland (figure 3.4).
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Figure 3.4: Distribution of catches of L. forbesii in the BTS Q3 surveys (1982-2023). The red crosshair
depicts the Centre of gravity (CoG) of the catches, and the encircling blue ellipses reflect the 95%
uncertainty boundary of the CoG. Catch locations are visible as tiny dots and the radius of these dots
reflects the magnitude of the catch number at that location. The colors of the dots refer to the country
that made the observations. The pie-diagram in each facet presents the percentage of zero hauls.

FR-CGFS Q4

The first record of L. forbesii in the FR-CGFS in Q4 survey in DATRAS occurred in 2014. The FR-CGFS has
almost exclusively stations in the eastern channel and occasionally fishes in the southern North Sea. Catches
for this species have solely occurred in division 7d. Since 2014 the number of positive hauls and overall catch
numbers in the survey area has remained stable.

Since this survey solely covers the eastern English channel area a figure displaying the distribution is not

insightful and is therefore not shown. The CoG has not shifted throughout the years when catches were
registered.
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3.3.2 L. vulgaris
Coastal surveys (DYFS, SNS)

Positive catches of L. vulgaris occurred only sporadically in the coastal surveys (figure 3.5). Small catches are
registered in the DYFS survey in 2003 and in 2015 (southern North Sea division 4c¢) but catches become much
more frequent in the southern North Sea after 2020. Similarly, L. vulgaris has been absent from the SNS Q3
survey until higher occurrences were recorded after 2017 (central North Sea) and 2018 (southern North Sea).
There is hardly any report of L. vulgaris in the SNS survey.

Overall, the species has not occurred often in the data of these coastal surveys and the spatial distribution of
the catches in these surveys was not investigated.
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Figure 3.5: L. vulgaris in coastal surveys (1983-2023) : (A) average catch per hours of per survey and
ICES division (forth root transformed to improve comparability) and (B) percentage hauls with presence
of European squid. DYFS : demersal young fish survey ; SNS: sole net survey. The number in the survey|
name refers to the quarter.

Offshore surveys (BTS, NS-IBTS, FR-CGFS)

For the offshore surveys, there are very few reported catch of L. vulgaris before the mid 2000’s. The highest
occurrences are recorded in the French CGFS Q4 survey, in which the species is caught in almost all the stations
after 2003 in the eastern Channel and in the most recent years in the southern North Sea. In Q1 the NS-IBTS
has also reported high percentages of positive catches in division 7d, where it has been sampling stations since
2007 and consistently observes the highest CPUE in this area. Over the last decade, catches in division 4b and
4c have also shown an increase, but abundances remain lower than in the more southern areas (figure 3.6).
During Q3, the species only rarely caught, especially in the BTS surveys.
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Figure 3.6: European squid (L. vulgaris) in offshore surveys : (A) average catch per hours of per
survey and ICES area (forth-root transformed to improve comparability) and (B) percentage hauls
with presence of European squid. BTS : beam trawl surveys ; FR-CGFS : French Channel groundfish
survey ; NS-IBTS : North Sea internation bottom trawl survey. The number in the survey name refers
to the quarter.

NS-IBTS Q1

There are few records of L. vulgaris in the NS-ITBS Q1 before 2002. After this date, the distribution of the
species was predominantly centred on the southern North Sea, with a period between 2009 and 2014 when it
moved to the eastern English Channel (figure 3.7).

NS-IBTS Q3 and BTS surveys in Q3

L. vulgaris occurs more rarely in the NS-IBTS Q3 survey and predominantly in the southern North Sea. There
is no clear spatial pattern in the distribution of the catches of L. vulgaris in this survey and large shifts are
observed in the position of the centre of gravity which reflects the scarcity of the data (not shown). The
situation is similar for the BTS Q3 surveys, with an even lower occurrence of L. vulgaris in these surveys.

FR-CGFS Q4

Catches of L. vulgaris in the FR-CGFS in Q4 survey started in 2014. Since 2014, L. vulgaris is present in almost
all stations. Catches for this survey in covering the eastern English Channel are much higher than in other
quarters and other areas by other surveys. Since this survey solely covers the eastern English channel area,
and catches have been fairly stable since 2014, the CoG has not shifted throughout the years when catches
were reported (not shown).
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Figure 3.7: Distribution of catches of L. vulgaris in the NS-IBTS surveys in quarter 1 (1982-2023). The
red crosshair depicts the Centre of gravity (CoG) of the catches, and the encircling blue ellipses reflect
the 95% uncertainty boundary of the CoG. Catch locations are visible as tiny dots and the radius of these
dots reflects the magnitude of the catch humber at that location. The colors of the dots refer to the country
that made the observations. The pie-diagram in each facet presents the percentage of zero hauls.

3.4 Discussion

3.4.1 Changes in distribution of Loligo species based on the DATRAS data

The investigation into the data from coastal and offshore surveys provides valuable insights into the seasonal
dynamics and distribution of the two Loligo species in the eastern English Channel and the North Sea.
Surveys indicate an increase of L. forbesii in the North Sea since the mid-2010s. This species appears to be
mainly distributed in the northern North Sea in Q1 and more abundant in the central and southern North Sea
in Q3 with a strong increase in occurrence in the southern North Sea in the recent years. It is also quite
frequent in the eastern Channel in Q4, in slightly lower abundances than in the North Sea.

L. vulgaris is on the other end very abundant in the eastern English Channel, both in Q4 and in Q1. Its
abundance seems to have increased in the North Sea, mainly in the southern part, in Q1, but it remains rare
in the northern North Sea. Its abundance is low in the Q3 surveys.

Overall these conclusions are in line with the information found in the literature review presented above that

indicates that both species increased their abundance in the southern North Sea (from the Channel for L.
vulgaris, and from the more northern parts of the North Sea for L. forbesii).
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3.4.2 Data limitations and survey constraints

The data used extracted from the DATRAS database might have several limitations and the conclusions from
these analysis should be treated with caution.

There are for instance questions about the taxonomic level at which the catches of squid in the survey are
reported. Some countries do report their catches both at species level (L. forbesiii and L. vulgaris) but also at
the genus level (Loligo). Records reported at the genus level were not used in the analyses presented here.
The level at which catches are reported may also have changed over time, but it is difficult to get a clear
overview of these changes in reporting practices. Likewise, although DATRAS data can be extracted as far back
as the early 1990’s, it is unclear if all the countries started reporting the catches of squid in their surveys from
this date onwards, or if they started at a later date, and if so how this varied between countries. For example,
some countries have not consistently reported catch in weight data meaning that the distribution patterns
based on catch in weight represent only a partial view of the species' distribution. Similarly, there is no record
of both L. forbesii and L. vulgaris in the survey covering the eastern English channel before 2014, while these
two species have been commercially fished in this area for decades.

While according to the survey data, recent years have seen an increase in the occurrence of squid species in
the North Sea, it remains currently unclear to what extend this increase reflects a true population expansion
or is primarily an artifact of improvements in data collection and reporting.

A large international effort would be required to harmonise the data. This would require to contact the national
data submitters to ask them how squids survey data has been submitted over time, which is a far too large
undertaking for the present project. This should be undertaken in a larger project.

WGCEPH (ICES, 2024) has established protocols for data collection, and currently only reports on the responses
to their data call. This allows for cautious inferences about trends, but it limits the broader insights that can
be drawn from the available data.

3.4.3 Future directions

The bottom trawl surveys (NS-IBTS and FR-CGFS) appear to have a good catchability for the two Loligo species,
and although questions on the historical data available in DATRAS need to be addressed first, they can provide
suitable information on the changes in abundance of L. forbesii and L. vulgaris in the English Channel and in
the North Sea.

The CGFS is conducted in October, which broadly corresponds to the start of the fishing season in the English
channel. This survey can therefore provide a quantification of the abundance of squid at the start of the fishing
season, which can be a useful information for stock assessment tools, and can also be used to set catch limits.
The timing of the NS-IBTS surveys is either too early (summer) or to too late (first quarter), to give early
indication on the initial squid abundance. Early information on the size of the recruitment in the North Sea
could be derived from the catch rate in the commercial fleet at the start of the season, or, more ambitiously,
by developing an industry survey to measure the incoming recruitment (as it is done in the Falklands, see
chapter 7).
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4 Recent trends and current state of the
Dutch squid fisheries

4.1 Methods

4.1.1 Fleet Composition

To describe the Dutch fleet segments involved in squid landings, logbook data from the Dutch fleet spanning
January 2018 to July 2024 was analyzed. Logbooks provide daily records of landings composition, gear type,
vessel characteristics (e.g., dimensions, engine power, mesh size), and fishing locations in ICES quadrants.
Data cleaning was performed by removing duplicate entries, invalid trips (e.g., overlapping trips, arrival before
departure), and trips commencing before January of the recorded year. For most years, this lead to the removal
of less than 1% of the trips.

The main squid species of commercial interest to the Dutch fleet are L. vulgaris (European squid, 3-alpha code
SQR) and L. forbesii (veined squid, 3-alpha code SQF). However, fishers have historically been using the code
"SQS" for “squids” (while it in reality corresponds to the sevenstar flying squid, Martialia hyadesi, a non-native
species). More recently, under the instruction of the Rijksdienst voor Ondernemend Nederland (RVO), most
landings have been ascribed to L. vulgaris (SQR), while part of the catch is L. forbesii. Fishers however not do
sort the catch of the two species or don’t even distinguish them, and which in principles corresponds to the
code “SQZ"” (Loliginidae).

Consequently, the analyses reported species codes as recorded in logbooks, with caution advised in
interpretation. Table 4.1 details the 3-alpha codes, corresponding species, and usage observations.

Table 4.1 : 3-alpha code used for the main squid species or species groups in the Dutch fisheries

3-Alpha code English name Scientific name Comment
. . . = Commonly landed, but not distinguished
SQF Veined squid Loligo forbesii .
from L. vulgaris, code not used
SQR European squid Loligo vulgaris
SQC Common squids nei* Loligo spp Not used
SQE European flying squid Todarodes sagittatus
SQI Northern shortfin squid  Illex illecebrosus
SQM Broadtail shortfin squid Illex coindetii
Code used historically by fishers for
sQs “squids”, although this code formally
corresponds to the Sevenstar flying squid,
a nonnative species.
. . . Loliginidae,
SQU Various squids nei .
Ommastrephidae
SQz Inshore squids nei Loliginidae Not used

*nei = not elsewhere identified
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4.1.2 Temporal and Spatial Patterns of Landings

To investigate annual, monthly, and spatial patterns of squid landings, reported landings for each fishing gear
type were aggregated by year, month, and 3-alpha code. Spatial patterns were analyzed using ICES divisions,
derived from logbook-recorded ICES rectangles. For rectangles spanning over two divisions, landings were
assigned to the division containing the majority of recorded catches (e.g., 7.d-e assigned to 7.d). The number
of vessels per gear reporting squid landings exceeding 100 kg was calculated to understand fleet engagement
in squid fisheries.

4.1.3 Spatial Distribution Analysis

Spatial data from Vessel Monitoring System (VMS) records were combined with logbook data to study the
geographic distribution of squid fisheries. Since 2012, all Dutch vessels longer than 12 meters are required to
carry VMS, which records vessel ID, geographic coordinates, speed, and heading at 30-120-minute intervals.
VMS data were cleaned following Hintzen et al. (2013), removing invalid coordinates, pings in harbor, pings
on land, duplicates, and speeds exceeding 20 knots. Fishing activity was identified based on vessel speed and
behavior.

Logbook landings were linked to fishing activity inferred from VMS, enabling the analysis of fishing intensity
on finer spatial scales. Details on VMS-logbook linkage methodology are available in Hintzen et al. (2013).

4.1.4 Identifying Target Species and Fishing Effort

To identify fishing trips targeting squid, trips where squid (all 3-alpha codes combined) accounted for the
largest share of landing value (in euros) were classified as squid-targeting. Landings composition for squid-
targeting trips was derived from logbook records, with landed species grouped into categories (e.g. flatfish,
mullets, gurnards, clupeids). Landings-per-unit-effort (LPUE) was calculated by dividing squid landings by
fishing effort (in days), which was derived from the sum of time intervals between fishing pings in VMS data.

4.1.5 Seasonal Trends in Landings per unit effort

Seasonal trends in landings-per-unit-effort (LPUE) were analyzed for trips identified as targeting squid to
understand the temporal dynamics of squid fisheries during the peak fishing season (November to March).
These trends provide insights into the exploitation patterns of the two main fleet segments targeting squid:
vessels equipped with bottom otter trawls (OTB) and flyshoot nets (or demersal seine, SSC). LPUE was
calculated as the weight of squid landed per unit of fishing effort, with effort derived from the sum of intervals
between VMS pings identified as fishing activity.

To evaluate how LPUEs develop over the season, depletion models were applied. Depletion models are used to
determine how the removal of individuals from a population affects the relative abundance of fish remaining
in the population, which can be used to estimate the size of the initial (*virgin’) population (Hilborn & Walters,
1992). Here, we used the Leslie method of depletion modelling (Leslie & Davis, 1939). This approach examines
the relationship between LPUE and cumulative catch, estimating two key parameters: the catchability
coefficient (q) and the initial population size (No). The catchability coefficient reflects the efficiency of the
fishing process, while No provides an estimate of the abundance of the exploitable population at the start of
the season. The LPUE information that can currently be derived from the logbooks is in kg per hour, and is
therefore indicative of the exploitable biomass of the stock. Deriving LPUE in humber of squids per hour is
currently not possible, for lack of individual length or weight measurements taken on the landings. Therefore,
the regression was performed between the LPUE in weight, and the cumulated catch in weight. Although this
does not fully adhere to the formalism of a depletion model, this gives a first idea of the applicability of such
models in the case of squid in the eastern Channel and southern North Sea. Also, given the open population
structure of squid and evidence of recruitment occurring throughout the season rather than at a single time,
depletion modeling serves as an exploratory tool. The assumptions underlying depletion models—closed
populations with no immigration, emigration, natural mortality, or recruitment—may not fully align with the
biology of L. vulgaris and L. forbesii. However, these models offer valuable preliminary insights into population
dynamics.

Analyses were conducted separately for each gear type and ICES division to explore spatial and temporal
variations in catch trends, using the FSA package (version 0.9.5.) in R (Ogle, 2016).
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4.2 Results

4.2.1 Fleet Composition

Monthly squid landings by the Dutch fleet segments exhibited clear patterns from 2018 to 2024. Flyshoot
vessels (SSC) consistently reported the highest landings between November and February, with peaks
exceeding 300 tonnes per month (Figure 4.1). These landings displayed strong seasonal trends, nearly
disappearing in summer. Landings by SSC were primarily recorded under the code SQR (L. vulgaris), with
minimal use of SQS (generic code used for squids) until 2024.

Bottom otter trawl (OTB) showed a pronounced increase in squid landings over time. From negligible landings
in 2018-2019, landings from this gear reached a peak of over 175 tonnes per month in January 2024, reflecting
their growing focus on squid fisheries. OTB’s squid fishing season was shorter than SSC’s, generally ending by
February or March. SQS landings are reported in smaller amounts, but the bulk of landings is reported as SQR.
Beam trawlers (TBB) reported lower landings, with a peak at approximately 35 tonnes per month in January
2024, again mostly reported as SQR but with some SQS occurring throughout the studied period, and landings
of SQE (European flying squid) being reported in 2019-2020.

Squid landings by pelagic trawlers (OTM) were sporadic, primarily occurring in spring (April-May), with notable
contributions in 2022 (roughly 30 tonnes per month). Squid landings were mainly reported as SQR, with more
landings of SQU (Various squids nei) and SQM (Broadtail shortfin squid) since 2021.

Minor landings by other gears, such as quadrig trawlers (QUA) and paired bottom otter trawls (OTT), were also

recorded.
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Figure 4.1. Monthly landings of squids per species and fishing gear in the Dutch fleet between the
second half of 2018 and the first half of 2024. Note the different y-axis scales.
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4.2.2 Temporal and Spatial Patterns of Landings

Temporal patterns of squid landings were consistent across gear types, with clear peaks in winter months
(November-February, Figure 4.2). Flyshoot vessels recorded the longest squid-targeting seasons, beginning
in October-November and ending in March-April. OTB seasons generally began later and ended earlier,
reflecting shorter targeting windows (Figure 4.2). Seasonal patterns for TBB and OTM were less pronounced,
with squid landings spread over several months.

Spatially, SSC vessels predominantly targeted squid in the eastern English Channel (7.d) but showed increasing
landings in the southern North Sea (4.c) in recent years (Figure 4.2). OTB landings were concentrated in the
southern North Sea, with occasional catches in the central North Sea (4.b) and minimal activity in the eastern
Channel (7.d). Bycatch by the TBB mainly occurs in the southern North Sea, with limited landings in the central
North Sea during summer and fall of 2019-2021. Pelagic trawlers (OTM) operated in more distant waters, with
landings west of Scotland (6.a) and near the Faroe Islands (5.b).
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Figure 4.2: Monthly landings of squids per ICES division and fishing gear in the Dutch fleet between
the second half of 2018 and the first half of 2024. Note the different y-axis scales.

Number of vessels reporting squid landings

The number of vessels landing squid (with a threshold of minimum 100kg/month) per month exhibited strong
seasonal fluctuations for SSC and a steady increase for OTB (Figure 4.3). For SSC, nearly all vessels
(approximately 20) reported squid landings during winter months, but just 1 to 2 vessels report of squid in
summer. The number of vessels using OTB reporting squid landings (same threshold of minimum
100kg/month) increased significantly, from around 5 vessels in 2020 to 19 out of 21 active vessels by January
2024. Almost all vessels using OTB in the winter 2023-2024 reported squid.

A low percentage of the beam trawlers had landings of squid higher than 100kg/month, however given the
large total number of the TBB fleet, this represented up to 20 vessels in certain months. Pelagic trawlers
sporadically landed squid over 100kg per month. However, given the very large tonnages landed by the large
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pelagic freezer trawlers, this represents a negligeable part of their catch compared to the pelagic fish species
they target.
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Figure 4.3: Total number of active vessels and nhumber of vessels reporting >100kg of squid
landings per month, divided by fishing gear.

4.2.3 Spatial Distribution

The spatial distribution of squid landings revealed distinct hotspots for the d