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1 Introduction

Understanding the stock structure of a species is an essential requirement for stock assessment and to
achieve an optimal management of the resource (Cadrin, 2020). Despite this requisite is widely
acknowledged, inconsistencies between the stock structure of the biological populations and the units

used for assessment and management are frequent (Kerr et al. 2017).

Most stock assessment models assume that the resource is a single population and inappropriate
assumptions of the stock structure, assuming more or less conservative parameters, might lead the stock
to be under- or over-fished. Punt et al. (2020) indicates that novel assessment models, in which space is
explicitly represented in the population dynamics, present a better representation of the spatial structure
for the stocks that do not fulfill the assumption of single stock. On the other hand, the definition of the
fishery management units involves other considerations such as fishery exploitation patterns and
administrative and jurisdictional interests. A general recommendation is that management units should
ensure the matching of biologically relevant processes and management measures (Reiss et al. 2009).
Accordingly, a good definition of the stocks being exploited, their spatial distribution and biological

characteristics are required.

The current stock assessment of European hake, Merluccius merluccius, assumes the occurrence of two
stocks, the northern and southern stock, with the boundary located at the Canyon of Cape Breton (Table
1). For white and black anglerfish, Lophius piscatorius and L. budegassa, three stocks are considered:
the northern and southern stocks of the Southern Shelf, which are separated by the Canyon of Cape
Breton, and a third stock for both species of anglerfish combined at the Northern Shelf. Six stocks of
megrims (Lepidorhombus spp) are assessed by ICES: megrims in ICES divisions 4a and 6a, megrims in
ICES division 6b; megrim (L. whiffiagonis) in division’s 7b-k and 8abd and in divisions 8c and 9a; and
four-spot megrim (L. boscii) in divisions 7b-k and 8abd and in divisions 8c and 9a. Since 2017, ICES
assesses sardine, Sardina pilchardus, as three stocks: sardine in Subarea 7 and the two stocks

separated by Cape Breton Canyon, sardine in divisions 8a,b and 8d and sardine in divisions 8c and 9a.
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Defining the stock structure of a species subject to exploitation is a complex task that requires an
interdisciplinary approach. Genetic and non-genetic evidence are required to define the stock structure of
a species. The aim of this study is to update the current knowledge about the stock structure of hake,
megrim, anglerfishes, and sardine in the North East Atlantic. The results of different genetic and non-
genetic stock identification studies are jointly analysed providing a synthesis of the definition of the stock
structure for each species. Likewise, the uncertainties and the needs of further studies for defining the

stock structure for each species are identified.

2 Methods

We reviewed the scientific articles and technical reports providing information about spatial structure and

stock identification of the five species along the Northeast Atlantic (Figure 1).

Table 1. Stocks used for assessment and Management units for the species included in the study.

Species ICES current stocks ICES advice TAC - Management Units TAC 2021
2021 (t) (t)
Lepidorhombus whiffiagonis  Lepidorhombus spp. 4a6a 7300 Lepidorhombus spp. - Subarea 4 +Div 2a 731 *
Lepidorhombus boscii Lepidorhombus spp. 6b ?512 Lepidorhombus spp. - Subareas 6,12,14 +Div 5b 1476 *
L. whiffiagonis 7b-k8abd 19184 Lepidorhombus spp - Subarea 7 4683 *
L. boscii 7b-k8abd np Lepidorhombus spp - Divisions 8abde 448 *
L. whiffiagonis 8c9a 468 | < pidorhombus spp - 8¢, 9 and 10; UW CECAF 34.1.1
L. boscii 8c9a 1690
Lophius piscatorius Lophius spp. 463a 17645 Lophiidae - Subarea 4 +Div 2a 3522 *
Lophius budegassa Lophiidae- Norwegian waters Subarea 4 425 *
Lophiidae - Subareas 6,12,14 +Div 5b 1993 *
L. piscatorius 78abd 34579 Lophiidae - Subarea 7 15885 *
L. budegassa 78abd 15551 Lophiidae - Divisions 8abde 2252 *
L. piscatorius 8ca 1872 ) ohiidae - 8c, 9 and 10; UW CECAF 34.1.1
L. budegassa 8c9a 1800
Merluccius merluccius M. merluccius Sub 4,6,7 Div 3a, 8a-b, 8d 98657 M.merluccius - Subarea 4 +Div 2a 3940 *
M.merluccius- Div 3a 3403 *
M.merluccius - Subareas 6,7,12,14 +Div 5b 63325 *
M.merluccius - Divisions 8abde 8206 *
M. merluccius 8c9a 7825 M.merluccius - 8c, 9 and 10; UW CECAF 34.1.1 8517
Sardina pilchardus S. pilchardus in Subarea 7 (southern Celtic Seas and the English Channel) na S. pilchardus in Subarea 7 No official TAC
S. pilchardus in divisions 8.a—b and 8.d (Bay of Biscay) 27858 S. pilchardus in divisions 8.a—b and 8.d No official TAC
S. pilchardus in divisions 8.c and 9.a (Cantabrian Sea and Atlantic Iberian waters) 10871 S. pilchardus in divisions 8.c and 9.a No official TAC

na: not available; np: not provided; * brexit pending
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Figure 1. Map representing the location of stock identification studies available for hake, megrim,
anglerfishes and sardine.

Lophius piscatorius Bpe. L Lophius budegassa

Tagging

Northeast Atlantle West coast Scotland Genetic, mDNA-
N.studles hes

N1 Scotfand and Ireland Genetic, mtDNA Genetic.
N.studies Genetic, SNPs allazymes (5)

ol el Lepidorhombus whiffiagonis

=z

Tagging
| Body morphometry

Merluccius merluccius Sardina pilchardus

m‘ | | e —

Nstudies
Genetic, microsats (115+(8),
ienetic, EPIC-PCR polymophism
morphometry

3 Results

3.1. Lepidorhombus whiffiagonis

The genus Lepidorhombus is represented in eastern Atlantic waters by two species, megrim (L.
whiffiagonis) and four-spot megrim (L. boscii). Six stocks of megrims are assessed by ICES: megrim in
ICES divisions 4a and 6a, megrim in ICES division 6b, megrim in divisions 7b-k and 8abd, four-spot
megrim in divisions 7b-k and 8abd, megrim in divisions 8c and 9a and four-spot megrim in divisions 8c
and 9a (Figures 2, 3).

The stocks of Lepidorhombus whiffiagonis in 7b-k and 8abd and in 8c9a are analytically assessed in the
ICES working group for the Bay of Biscay and the Iberian Waters Ecoregion (WGBIE). The other
assessed species of Genus Lepidorhombus in these areas is L. boscii. There is a common TAC for both
species of megrim (L. whiffiagonis and L. boscii), so the joint status of the two species should be taken

into consideration when formulating management advice.

During an ICES Benchmark for L. whiffiagonis in 2014 (ICES, 2014a), it was suggested that 8c9a stock

could be just “the tail” of the much larger stock of megrim in ICES subarea 7 and divisions 8abd and
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proposed to reconsider the stock limits and the inclusion of this stock in the Northern megrim stock from
ICES subarea 7 and divisions 8abd. This option was presented to the ICES Stock Identification Methods
Working Group in 2015 (ICES, 2015a) and these were their findings: “SIMWG does not find biological
support for combining the northern (ICES divisions VIlb-k and Vlllabd) and southern (ICES divisions Vllic
and IXa) stocks of megrim together and contends that the current stock separation stands. A key paper
on population structure of megrim showed a peculiar degree and pattern of genetic separation which
merits further review.”

Figure 2. Current stocks of Lepidorhombus spp. Southern stocks-Div 8c.9a (dark green); Northern stocks —
Div 7b-k.8abd (lime) and Northern shelf stock Div 6a.4a (brown).

10

Figure 3. L. whiffiagonis and L. boscii in NE Atlantic. Stocks presently defined for assessment purposes and
TAC zones. The dimension of rectangles and flow lines is proportional to catches.

Megrims: Stocks and TAC zones

e ———
torhombus spp. 4f

L ——————
i iororius s

L. whiffiagonis.

| | | I | |
SPECIES STOCK TAC zone



Working Document to ICES Working Group for the Assessment of the Bay of Biscay and the Iberian waters Ecoregi
on, 5-12 May 2021. By correspondence

Stock identification studies
Stock status

ICES advice for both stocks in June 2020, shows the stocks development over time. For both stocks,
fishing mortality shows a decreasing trend and spawning stock biomass shows an increasing trend
(Figure 4).

Figure 4. Lepidorhombus whiffiagonis. Stock status of meg8c9a (left) and meg78abd (right).
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Catch data

In Table 2, time series of landings and discards are shown for both stocks. Catches in megrim stock
78abd are much higher than in megrim stock 8c9a, and this is one of the reasons why it was thought that

the southern stock could be part of the northern one.

In Figure 5 the time series of catches and landings of both megrims are shown in different axes and
scales. Catches and landings trends in both stocks show similar patterns. Coincident rises and falls are
observed but a slight time lag is observed in those trends.

CPUESs trend

Regarding LPUEs from commercial fleets, there are differences in trends between ports in the same area
and in the same port in different areas (Figure 5). However, it must be said that they are different fleets

and establishing a direct comparison may not be appropriate for this kind of study.

Three megrim abundance indices from research surveys are compared, one in subarea 7, the other in
divisions 8abd and the third one in division 8c9a. Research surveys of the species show similar trends in
the central and southern zones. However, to match the trend of the northern area (subarea 7) with the

other two, an increasing trend is observed in recent years for the 3 abundance indices.
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Table 2. Lepidorhombus whiffiagonis. Times series of landings and discards for both stocks.
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Figure 5. Lepidorhombus whiffiagonis. Comparison of catches (top), LPUEs (medium) and survey indices
(bottom) of southern and northern stocks.

Life history parameters

The growth rate also varies in both stocks (Landa et al. 1996). Growth is quicker in the southern area but
the maximum length attained is smaller than in the northern area. The maximum age for megrim also
varies with latitude. In subarea 7 the maximum age of megrim is 14 years, this decreases to 12 years in
divisions 8c9a (BIOSDEF, 1998; Landa and Pifieiro, 2000). This latitudinal variation in growth, with a
greater age range and maximum lengths in the north (division 7chjk), intermediate in the Bay of Biscay
(division 8a,b,c?2), less in the north of the Galician continental shelf (division 8c1) and least in the south of
the Galician continental shelf (division 9a2), where the species is very scarce (Landa and Pifieiro, 2000),

can sustain the existence of several populations but does not justify the division in stocks.
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Genetic studies

The results of the genetic studies in the area are not very clarifying. Danancher and Garcia-Vazquez
(2009) concluded that there are two populations of L. whiffiagonis in the Atlantic, fishes from division 6
corresponded to one stock and those from divisions 8c and 9 to a second one. However, the boundaries
of these two stocks are not clear, 8abd was clustering with up North sample (6), whereas samples from
area 7 clustered with South ones. As no further results have been found, it is difficult to determine if finally
the southern stock is more like 8abd division, 7 division or both. Detailed investigations in order to
describe megrim population structure and to explain the strange divergences observed in the results are

needed.
Conclusion

Although it has been suggested that the southern stock may be the tail of the northern stock, there are
issues that still cannot fully support this idea. Figures clearly indicate that LPUEs of megrim are different
in ports and areas, suggesting that the productivity and abundance of megrim varies across subareas. It
could be that the combination in a single stock will lead to the overexploitation of the less productive

populations of megrim.

Furthermore, the differences in growth rates between the areas of the two stocks suggest that there is the

probability of different responses to exploitation and environmental changes.

With the current information it is not possible to argue that the two stocks should be joined. In any case, it
is necessary to carry out in-depth genetic studies to resolve all existing doubts on this issue in this
species, as has already been done for other species that are exploited by the same fleets. The
restructuring of the limits of the stocks must be done globally since the management is common to

several species.

3.2. Lophius piscatorius and L. budegassa

Two species of anglerfish (the white Lophius piscatorius and the black L. budegassa) are found in the
Northeast Atlantic; however L. budegassa has a more southerly distribution than L. piscatorius. Both
species can be distinguished primarily by the colour of the peritoneum (white or black, from here on the
common names, white anglerfish, L. piscatorius, and black anglerfish, L. budegassa will be used) (Caruso
1986). However, genetic studies show that this method can lead to misidentification of the species due to
the lack of colour in the peritoneum in the L. budegassa (Aguirre-Sarabia et al. 2021). So, alternative
characteristics for species identification such us dorsal and anal fin ray counts or length of the cephalic

dorsal fin spines could be also important to consider distinguishing both species (Caruso, 1986). In
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addition, genetic studies also showed that some hybrids of both species can be found in the Northeast
Atlantic (Aguirre-Sarabia et al. 2021).

Both species are managed by a common TAC and quota system as it is not possible to distinguish
species in landings (Table 1; Figure 6).The combined landings are split into species at national level,
based on the species composition in the sampling data. Some countries use annual proportions of the

two species, others estimate proportions by fleet, port and/or quarter.

Figure 6. Lophius piscatorius and L. budegassa in NE Atlantic. Stocks presently defined for assessments
purposes and TAC zones. The dimension of rectangles and flow lines is proportional to catches.

Anglerfishes: Stocks and TAC zones

JLophius spp. 482 //"

| | | |
SPECIES STOCK TAC.zone

Lophius piscatorius

In the Atlantic northeast, ICES delimits three areas for assessment of white anglerfish: Northern Shelf
stock, as combined stock together with black anglerfish (ICES subareas 4 and 6 and division 3a),
northern stock (of Southern Shelf) (ICES subarea 7 and divisions 8abd), and southern stock (of Southern
Shelf) (ICES divisions 8c and 9a) (Figure 6) (ICES, 2020, 2021). These stocks are considered to be

distinct to facilitate the management of the fishery of the species.

In the past two decades, the stock structure of white anglerfish has been studied following different
genetic and non genetic approaches (Figure 1). Since 1995, various programs of mark-recapture were
carried to characterize the movements and spatial structure of northern and southern white anglerfish
stocks (Farifia et al. 2002; Landa et al. 2008; Pereda and Landa, 1997). The displacements observed
point to some degree of migratory behaviour of this species and movements of juveniles and adults
between the northern and southern stocks. These findings put into question that Canyon of Cape Breton
is a geographical barrier for these two stocks. The large-scale movements of adults recorded between

Shetland Islands and Faroe and Iceland raised the idea of stock mix (Laurenson et al. 2005).
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The morphological study of the otoliths revealed that they were not sufficient evidence to sustain the
separation between northern and southern stocks (Cafias et al. 2012). However, this study showed
indications of the existence of subpopulations in this area, so a totally panmictic population is not
expected. In addition, the meta-analysis of the abundance and prevalence of parasites populations,
pointed that there was certain variability between the northern and southern stocks but differences were
not enough to discriminate between two stocks (Cafias, 2012). Although morphometric analysis provided
reasonable discrimination among populations from western and southern European waters (Duarte et al.
2004), the number samples analysed was considered low to produce robust conclusions. The study of the
microstructure of the otoliths suggested that for early life stages the exchange between areas is very
limited (Swan, 2004).

The molecular approaches for studying the stock structure of white anglerfish made use of various marker
types. Using allozymes, low genetic variation has been detected off the west coast of Scotland (Crozier,
1988) and between populations from the Irish Sea and the west of Scotland (Crozier, 1987). The
mitochondrial DNA study of Charrier et al. (2006) revealed a limited genetic structure and lack of isolation
by distance. A genetic analysis using polymorphic microsatellite markers (Blanco et al. 2008) strongly
concluded that the boundary between northern and southern stocks was not genetically supported. The
proportion of total genetic variation between stocks was relatively small (0.35%) and more than 98% of
the total genetic variation was attributed to differences within populations, which suggest high gene flow
among populations (Blanco et al. 2008). O’Sullivan et al. (2006) means screening adults for nine DNA
microsatellites, revealed that there was no evidence of spatial or temporal differences in ICES divisions
4a, 6ab and 7b, deriving from a single panmictic population. Finally, the most recent genetic analysis
following a genome-wide approach to identify Single Nucleotide Polymorphisms markers, also pointed at
white anglerfish is composed by a single panmictic population throughout the Northeast Atlantic (Aguirre-
Sarabia et al. 2021).

Conclusion

Based on the results of genetic and non-genetic studies, it can be concluded that there is no biological
evidence, neither genetic nor phenotypic, that supports the separation between stocks presently
established. However, phenotypic studies as otolith morphometry and parasites composition, point that

the Atlantic population of Lophius piscatorius is probably made up of subpopulations.

The spawning mode of white anglerfish, where eggs are enclosed in a gelatinous ribbon that drifts
passively on the sea surface, could have a strong effect on dispersal distance and population connectivity
(Farifia et al. 2008). Also, the long pelagic larval phase, which is extended during four months, is
considered as indicative of the high dispersal potential of the species (Hislop et al. 2001). The eggs and

larvae dispersal capacities and the displacements of adults and juveniles support the conclusion of the

10
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existence of a panmictic population, and also confirm that Cape Breton Canyon is not a geographical
barrier between northern and southern stocks.

The mismatch between the population structure, the stock structure defined for the assessment and the
management units defined for white anglerfish must be led to question the appropriateness of these
assessment/management units. One of the main assumptions to establish the northern and southern
stocks was that the Canyon of Cape Breton constituted a geographical barrier for population
interchanges. The results of the main stock identification studies refute this hypothesis, holding up the
presence of a unique panmictic population in the Atlantic Ocean. The management units are usually
defined by managers as a group of fish exploited in a specific area or by a specific method, and also
taking in consideration administrative and political reasons. As for many other species, the management
units of white anglerfish do not reflect the real spatial structure of the species. The impact of this
divergence in an efficient management of the resource should be explored and, also, it should be tried to

find a balanced definition of stock that includes biological, environmental, and political factors.

Lophius budegassa

ICES delimits three areas for assessment of black anglerfish, the same areas defined previously for white
anglerfish (ICES, 2020, 2021) (Table 1).

The studies on the population structure of black anglerfish in the NE Atlantic included genetic studies
using allozymes, mitochondrial DNA and microsatellites as markers, tagging experiences and
morphometric analysis (Figure 1). Tagging studies detected movements of the black anglerfish between
northern and southern populations (Landa et al. 2008). Charrier et al. (2006) found that black anglerfish in
the NE Atlantic presented a limited genetic structure and lack of significant relationship between genetic
distance and geographic distance (lack of isolation by distance), that are suggesting a high larval
dispersal capacity. A low genetic variation of black anglerfish off the west coast of Scotland was also
confirmed (Crozier, 1988). Besides, the microsatellite study suggested the existence of differences
between populations of different areas, even though the genetic variability is very low (0.21%) and does
not support the current separation between northern and southern stock (Blanco et al. 2008). In contrast
with previous results, the morphometric analysis showed a high segregation of the Portuguese coast
(division 9a) and a north-south gradient, pointing to a more complex population structure than the current

one.

Conclusion

Except for morphometric analysis, the stock identification studies support that there is no biological
reason for the separation between northern and southern stocks of black anglerfish. However, more

studies with samples from the Northern shelf stock are needed to confirm that black anglerfish in NE

11
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Atlantic is a panmictic population. As it happens for white anglerfish, the high dispersal capacity of the
larval pelagic phase, that are passively transported by the currents (Hislop et al. 2001; Leslie and Grant,

1990), would support the presence of a panmictic population in the NE Atlantic.

The impact of the current mismatch between the northern and southern stocks established for
assessment, management purposes, and the population structure supported by the stock identification
studies should be analysed.

3.3. Sardina pilchardus

Three stocks of sardine (Sardina pilchardus) are assessed by ICES: Sardine in Subarea 7 (southern
Celtic Seas and the English Channel), Sardine in divisions 8.a—b and 8.d (Bay of Biscay) and Sardine in

divisions 8.c and 9.a (Cantabrian Sea and Atlantic Iberian waters) (Table 1; Figure 7).

Figure 7. Sardina pilchardus in NE Atlantic. Stocks presently defined for assessments purposes. The
dimension of rectangles and flow lines is proportional to catches.

Sardine: Stocks and Management areas

no TAC

Division 8abd

ardina pilchardu:

& Rec Plan (PT-

| | | | | |
SPECIES STOCK since 2017. MANAGEMENT

The stock of the Iberian Peninsula (8c, 9a) has always been evaluated separately, but in the case of the
northern stocks, they were evaluated jointly until 2017, when the last benchmark takes place. This
workshop concluded (Duhamel et al. 2017) that in the absence of evidence of connectivity between the
Bay of Biscay and Subarea 7 sardine populations, and taking into account the indications of shelf
sustained populations in each area it would be preferable to deal with the Bay of Biscay and Subarea 7

separately.

Stock identification studies

Stock status

12
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In the case of sardine in the southern Celtic Seas and the English Channel (Figure 8), the lack of reliable
data makes it impossible to provide advice on fishing opportunities for 2020 and 2021 for this stock. For

the other two stocks, ICES advice published in 2020 shows the stocks development over time.

Figure 8. Official landings (1000 t) of sardine in subarea 7 from 1970 to 2018 (ICES, 2019).
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The population of Iberian sardine (sardine in 8c and 9a subdivisions), after a period of crisis, shows signs
of recovery. The biomass of age 1 and older fish (biomass 1+ or B1+) is above MSY Btrigger for the first
time since 2009. Recruitment in 2019 is the highest since 2004 and above the long-term geometric mean.
Fishing mortality has been declining since 2012 and is the lowest in the time-series, but still above Fysy
(Figure 9).

The spawning-stock biomass (SSB) of sardine in the Bay of Biscay (Sardine in divisions 8.a—b and 8.d) is
above MSY Btrigger. SSB has decreased from 2010 to 2012 to the lower value of the series and has
been since then stable. Fishing mortality is now estimated to be below FMSY and recruitment in 2019 is

around the time-series average (Figure 10).

13



Working Document to ICES Working Group for the Assessment of the Bay of Biscay and the Iberian waters Ecoregi
on, 5-12 May 2021. By correspondence

Figure 9. Summary of the stock assessment for sardine in divisions 8c and 9a. Assumed recruitment is

unshaded. Recruitment, fishing mortality and biomass are indicated with 95% confidence intervals (ICES,
2020a).
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Figure 10. Summary of the stock assessment for sardine in divisions 8a-b and 8d. Recruitment and SSB are
estimated at the beginning of the year. The lighter blue 2020 bar in the recruitment graph represents the
geometric mean 2000-2019 (ICES, 2020b).
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Figure 1 Sardine in divisions 8.a-b and 8.d. Summary of the stock assessment. Recruitment and SS8 are estimated at the
beginning of the year. The lighter biue 2020 bar in the recruitment graph represents the geometric mean (2000—

2019).
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Catch data

Catches in the lberian sardine stock have experienced a drastic reduction from the beginning of the
historical series to the present, as a consequence of the significant reduction in biomass and the
management measures applied in recent years. In the case of Bay of Biscay stock, catches have been
stable since 2000, with a slight rebound since 2012. By contrast, landings in the Celtic Sea have

experienced significant fluctuations since 1970, with the highest values recorded in the years 90-2000.

Spawning behaviour and egg and larval dispersion

Several studies on ichthyoplankton phases and sardine reproduction (Bernal et al. 2007; Stratoudakis et
al. 2007) have demonstrated overlap in spawning period and continuous egg distribution of sardine along
the Atlantic Iberian and French coast with only a persistent gap at the north-western corner of the Iberian

Peninsula.

Simulation of egg and larval dispersion (Santos et al. 2018) have shown a high level of larval retention of
individuals on local spawning areas, with low transportation between neighbour regions, but with some
level of connectivity, especially between western Iberian area and Cantabrian Sea. This study also
showed that the existing connectivity between Iberian stock and Mediterranean and Morocco areas was

low.

Morphometry

Morphometric studies (Silva 2003; Silva et al. 2008) support the eastern limit of the Atlanto-Iberian stock
in the Strait of Gibraltar. For conclusive results, especially in the limits of the stocks (Celtic Channel and
Cadiz), more samples are needed.

Otolith shape and microchemistry

Otolith shape differences, due to changes in environmental conditions affecting growth, failed to detect
significant structuring between Atlantic and Mediterranean sardine samples (Jemaa et al. 2015). This
study found three different groups among the analysed samples: Mediterranean and Gulf of Gabes

(Tunisia), Northern Atlantic Morocco to South Alboran, and European Atlantic Coast.

Data on otolith microchemistry (Castro 2007; Correia et al. 2014) support the hypothesis of a
metapopulation around the Iberian Peninsula, where sardine stray from western Iberian to North Galicia

and the Cantabrian Sea during their first 2—3 years of life.

Cohort track analysis
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The analysis of survey data by sub-area inside Iberian area shows recruitment is localized in a few areas
and generally asynchronous among areas, although some recruitment peaks are noticeable across wide
regions (Silva et al. 2009). A recent modelling study, using number-at-age data of acoustic surveys
between 2000 and 2016 from Bay of Biscay to Cadiz, shows that movement was relatively low between
three recruitment areas (Bay of Biscay, northern Spain and Portuguese waters). This connectivity pattern
does not invalidate the limit between Bay of Biscay and Iberian stock but suggest that the Gulf of Cadiz
population should be treated as a separate stock (Silva et al. 2019).

Other studies have demonstrated that migration directions may change over time. These movements
seem however to be rather limited and do not indicate any large-scale migration but rather a connectivity

between sub-populations (Carrera and Porteiro, 2003; Silva et al. 2009).
Genetic studies

This species has been the subject of numerous genetic studies, using different molecular markers, both in
the Iberian stock and in adjacent areas to the North, in Morocco or in the Mediterranean (Atarhouch et al.
2007; Gonzalez & Zardoya 2007; Kasapidis et al. 2012). In general, results question the northern
(Cantabrian Sea-southern France) and southern stock limits (Gulf of Cadiz-northern Morocco) because

they do not appreciate evident genetic structure (see Kasapidis, 2014 for a review).

Conclusion

Most of the studies have focused on the limits of the Atlantoiberian area. With the multidisciplinary results
obtained so far, there is no sufficient evidence to modify the current boundaries of the stock, although
there are signs of regional structuring, especially in the area of Gulf of Cadiz, despite no genetic
differences have been found.

Dynamics of the Southern stock is not significantly affected by the dynamics of the Northern stock.

3.4. Merluccius merluccius

European hake, Merluccius merluccius, is widely distributed along the North East Atlantic, from
Mauritanian in the North to Norway in the North, and the Mediterranean. ICES identifies two stocks of M.
merluccius in the Atlantic area: the northern stock distributed in ICES subareas 4, 6, and 7, and in
divisions 3.a, 8.a—-b, and 8.d, and the Southern stock in ICES Divisions 8c and 9a. The definition of the
two Atlantic stocks (Northern and Southern) separated by the 8c-8abd boundary, was decided in 1979
(ICES, 1979). Previously their population was split in 3 parts, in 1979 the ICES working group that
assessed the stocks had a ToR asking if the two stocks in the Bay of Biscay in the French and Spanish

coast were a common stock. However, it was decided to join the two areas in the North corresponding to
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the fish caught in Community waters and leaving as a separate stock the Southern stock, those caught

outside community waters (at that time) in the coast of Spain and Portugal. The reason was based on:

1. Lack of biological basis for existence of sub-stocks
2. Imprecise allocation of catches in ICES sub-areas and divisions
3. No evidence of juveniles in 4a and 6a, assuming that catches there were derived from nursery

grounds further south.

4, Evidences from Spain and Portugal of recruitment failure, not apparent in the Northern stock

There are some contradictory reasons here since the imprecise allocation of catches mainly referred to
Spain whose statistics were based on the port were the catches were landed instead of origin of catches.
Then, catches in Sub area 8 were reported jointly without considering the division they belonged to, and
catches in 9a included catch from the North of Africa, a quite important hake fishery at that time.
However, the conclusion on the recruitment failure in the Southern stock was based on this imprecise
catches and their length structure that included catches in all the Bay of Biscay and also in the North of

Africa.

The next ICES WG on Hake (ICES, 1980) supported the new stock distribution with the following
arguments: “This arrangement has been based primarily on the distribution of nursery grounds and
apparent differences in recruitment trends between the two areas. In addition, the narrow continental
shelf along the northern coast of Spain and the Cap Breton depression also serve as a geographical
barrier. ... noting that different arrangements may be more appropriate when additional data become

available”.

Figure 11. Merluccius merluccius in NE Atlantic. Stocks presently defined for assessments purposes and
TAC zones. The dimension of rectangles and flow lines is proportional to catches.
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Stock identification studies

Stock status

In the last part of the 20th century and the beginning of the current one, the biomass level of both stocks
followed similar trends. At the beginning of 2000s' the depletion of both stocks was high which led to the
implementation of two of the first recovery plans in the CFP (COM 2003, 2004). Both stocks showed
signals of good recruitments around 2005-10 and eventually increased the SSB. However, the fishing
mortality in the Northern stock decreased meanwhile that in the Southern stock remained high which led
to a different stock status. Around 2010 both stocks were considered to be recovered, although the
increase in the biomass in the northern stocks was considerably higher which led the stock to a better
state. The high increase in the biomass of Northern stock produced a north east expansion of the stock
(ICES, 2017). The expansion has been a matter of concern for the fishing fleets in the North Sea because
the high abundance together with the landing obligation and the low catch quotas produced a choke
effect for the mixed fisheries (Baudron and Fernandes, 2015). The big retrospective pattern in the
assessment of the Southern stock of hake motivated the rejection of the assessment ICES (2020). Thus,

the current biological state in relation to reference points is unknown.

Surveys trend

The correlation between survey estimates of recruitment and total biomass in the Bay of Biscay and
Iberian peninsula was analysed using the time series available to the group and considering as recruits
individuals below 20 cm. The obtained correlations are shown in Figure 12, the order of the surveys in the
figure follows their spatial distribution from north to south. The correlations were stronger at biomass level
probably motivated by the differences in length frequency distributions at spatio-temporal level. For
instance, there is an strong positive correlation between nhke EVHOE and nhke GFS surveys at
biomass level but for recruitment the correlation is negative. In the recruitment surveys in the south, there
was a correlation between adjacent surveys. Surprisingly, there was a positive correlation between the
survey further south (shke_cdAutGFS) and that further north (nhke PORCUPINE). The
nhke PORCUPINE surveys also had a positive correlation between the Irish survey (nhke IGFS). At
biomass level, nhke_ PORCUPINE index did not have any correlation with the other two surveys that
correspond with the northern stock. However, there was a strong correlation with those in the South. The
population segment sampled by nhke_ PORCUPINE and the other two northern hake surveys are very

different, with the nhke_IGFS and nhke_EVHOE more focused in younger individuals.
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Figure 12. Merluccius merluccius in NE Atlantic. Correlation between abundance estimated from scientific

surveys in Bay of Biscay. The left hand plot corresponds with the correlation of number of individuals
smaller than 20 cm over time and the right hand side with total biomass.
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Life history parameters

There are many life history studies published on growth, reproduction or natural mortality for European
hake in Atlantic water. A good summary can be found in Korta et al. (2015). Growth studies are not
conclusive regarding stock structure because problems identifying otolith rings and lack of other kind of
data. Extensive tagging experiences were only developed in French Brittany waters. Natural mortality
studies are not conclusive for similar reasons. Reproductive studies show that length at maturity
increases with latitude and also that the reproductive season is more extended in the South than in the
North (Korta et al. 2015). Significance differences between Galician coast and French coast reproductive
parameters were found by Korta et al. (2010) although the authors explain that these can be caused by
phenotypic plasticity driven by environmental or fishing differences. Dominguez et al. (2008) also found
reproductive differences between areas (Galician and French desks) getting similar conclusions and
suggesting that there is no reason to split both stocks although some kind of substock structure may be in
play.

Tagging experiences

Two tagging experiences were performed in Northern stock (de Puntual et al. 2003 and 2013) and the
Southern stock (Pifieiro et al. 2007). 27 690 were tagged in French Brittany waters between 2002 and

2007 and 1199 (4.3%) have been recovered (de Puntual et al. 2013) with a maximum time before
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recovery of 1555 days. Data did not reveal seasonal movements of hake and none of these tagged hake
in Northern stock area was recovered in the Southern stock one. Most fish were recovered near their
release locations although a few of them travelled long distances (around 150 miles), suggesting that
some exchange at a population level would be possible. However none was recovered outside their
original stock area.

A similar tagging experience was developed in the Northwest of Spain following the procedure designed
by de Puntual et al. (2003) although the amount of tagged and recovered fish was lower. 527 live tagged
individuals were release and fifteen months after tagging, seven individuals (1.3%) had been recaptured
with times at liberty ranging from 29 to 466 days. None of them was recovered far away from the release

area. The maximum distance recorded was around 15 miles from release location after 347 days.

Results from both analyses revealed homing behaviour and/or inshore residency. None of the hake

tagged in Northern or Southern waters was recaptured out of their original stock area.
Genetic studies

We have made an extensive analysis of all genetic data of European hake published up to date. The
approach of the genetic studies has been different regarding the genetic markers, spatial coverage, time
series, sampling procedure or statistical tests used. In general, all the genetic information shows a pattern
of connectivity among Atlantic populations of hake regardless of the subdivision in stocks by the ICES,

although the level of connectivity is different depending on the type of data.

The genetic structure of the Atlantic population has been addressed in the last decades using different
genetic markers such as allozymes (Roldan et al 1998; Cimmaruta et al. 2005), mtDNA (Lundy et al.
1999; Pita et al. 2010, 2017) or microsatellites (Lundy et al. 1999; Castillo et al. 2004; Pita et al. 2014;
2016; 2017). In all cases, the results suggested that this two stocks model does not reflect the actual
population dynamic between these areas, which seems to be more complex than that established by
ICES.

The data obtained from North and South stocks shows higher genetic homogeneity than those expected
for two independent populations. A heterozygote deficit was observed for genetic markers in most areas
(Lundy et al. 1999; Castillo et al. 2004) and recent spatiotemporal studies suggest the wide genetic
connectivity within the North-eastern Atlantic metapopulation (Pita et al. 2011, 2014, 2016). The migration
hypothesis proposed by Pita et al. 2011 suggests that no barriers to migration seem to exist between the
main Atlantic hake stocks, and there is a migrant flow of adult hakes from Porcupine Bank and Great Sole
to the Bay of Biscay, the Cantabrian Sea and the Iberian Atlantic waters. These results are congruent
with the observations on the dynamics of egg and larvae in the Bay of Biscay (Alvarez et al. 2004) as well

as with a migration between “stocks" mediated by the passive drift of larvae and pre-recruits (Bartsch et
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al. 1996). However, other studies suggested the existence of a more complex population structure within
each ICES stock in the North-eastern Atlantic than just a single panmictic population. For instance,
significant genetic differences were reported in the Northern stock between Norwegian and Celtic
samples using six microsatellites (Lundy et al. 1999; Castillo et al. 2004), or between Irish and French
samples using 21 allozymes (Roldan et al. 1998). Recent analyses of SNP Outlier loci showed
differentiation between the Bay of Biscay and the North Sea and the Norwegian Sea samples (Milano et
al. 2014; Westgaard et al. 2017). According to Leone et al. (2019) additional analyses are needed to
consider the Norwegian Sea and possibly the North Sea as a separate stock. In addition, proteomics
surveys showed two different cluster when samples from the Bay of Biscay and the Cies Island were
compared (Gonzalez et al. 2010), and the genetic differentiation increases progressively as the samples
are taken from southern waters off the Portugal coast (Lundy et al. 1999). In the Gulf of Cadiz (SW of
Iberian Peninsula), the genetic structure seems to be more related with the Mediterranean population
rather than the North-East Atlantic stocks (Tanner et al. 2014). Pita et al. (2017) using microsatellites

conclude that the Southern Stock is formed by a single gene pool provided its wide Atlantic connectivity.

Combination of markers and methods

The combination of genetic markers and other methodological approaches, such otolith chemistry,
improves the overall accuracy in the determination of the fishery units (Tanner et al. 2014), and
represents a useful tool to establish the exploitation and biological status of the stock. However, the
choice of one genetic parameter to integrate this information is not a simple question, due to the high

variability in time and space scales among the sampling procedures.

In general, all genetic data show a pattern of connectivity among Atlantic populations of hake regardless
of the subdivision in stocks by the ICES. The Bayesian inference made on multilocus genotypic data
(microsatellites) of Merluccius merluccius populations provides evidence that a large genetic connectivity
exists among Atlantic grounds and is mediated by significant migration rates stepping up from the Celtic

Sea towards its adjacent Atlantic grounds. SNPs analysis shows similar results.
Conclusion

The original ICES scientific support for splitting both stocks in 1977 were not consistent. Imprecise catch

data and flaw scientific evidence were the basis to take this decision that remains since then.

Genetic studies show a pattern of connectivity among Atlantic populations of hake regardless of the
division of the population in two stocks by the ICES. Genetic differences between 8c (Southern stock) and

8abd (Northern stock) are lower than those between 8c and 9a (both in the Southern stock).

Tagging studies show that hake migrations are not large. However there is a continuity in the hake

distribution along the coast of both stocks without any clear barrier impeding movements along.
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Life history studies show differences between reproductive traits in both stocks. However there are

environmental and fishing pressure differences that can explain these phenotypic differences.

Current ICES stock structure with two stocks is not supported by any of the studies reviewed.

5. References

Cadrin SX. 2020. Defining spatial structure for fishery stock assessment. Fisheries Research, 221.
https://doi.org/10.1016/j.fishres.2019.105397.

Kerr LA, Hintzen NT, Cadrin SX, Worsge L, Dickey-Collas M, Goethe DRI, Hatfield EMC, Kritzer JP and
RDM Nash. 2017. Lessons learned from practical approaches to reconcile mismatches between
biological population structure and stock units of marine fish. ICES Journal of Marine Science, 74(6):
1708-1722. https://doi.org/10.1093/icesjms/fsw188

Punt AE, Dunn A, Elvarsson B, Hampton J, Hoyle SD, Maunder MN, et al. 2020. Essential features of the
next-generation integrated fisheries stock assessment package: A perspective. Fisheries Research, 229:
105617. DOI: 10.1016/j.fishres.2020.105617.

Reiss H, Hoarau G, Dickey-Collas M and J Wolff. 2009. Genetic population structure of marine fish:
mismatch between biological and fisheries management units. Fish and Fisheries, 10: 361-395.

5.1. Lepidorhombus whiffiagonis

EU. 2019. Regulation (EU) 2019/472 of the European Parliament and of the Council of 19 March 2019
establishing a multiannual plan for stocks fished in the Western Waters and adjacent waters, and for
fisheries exploiting those stocks, amending Regulations (EU) 2016/1139 and (EU) 2018/973, and
repealing Council Regulations (EC) No 811/2004, (EC) No 2166/2005 (EC) No 388/2006, (EC) No
509/2007 and (EC) No 1300/2008. Official Journal of the European Union, L 83. 17 pp.
http://data.europa.eu/eli/reg/2019/472/0j.

ICES. 2012. Report of the Benchmark Workshop on Flatfish Species and Anglerfish (WKFLAT), 1-8
March 2012, Bilbao, Spain. ICES CM 2012/ACOM:46. 283 pp.

ICES. 2014a. Report of the Benchmark Workshop on Southern megrim and hake (WKSOUTH), 3-7
February 2015, Copenhagen, Denmark. ICES CM 2014/ACOM: 40.

ICES. 2014b. Report of the Working Group for the Bay of Biscay and the Iberian Waters Ecoregion
(WGBIE), 7-13 May 2014, Lisbon, Portugal. ICES CM 2014/ACOM:11.

ICES. 2014c. Popular advice for Lepidorhombus whiffiagonis in divisions Vllic and 1Xa.
ICES. 2014d. Popular advice for Lepidorhombus whiffiagonis in divisions Vllb-k and Vlllabd.

ICES. 2015a. Interim Report of the Stock Identification Methods Working Group (SIMWG), 10-12 June
2015, Portland, Maine, USA. ICES CM 2015/SSGEPI:13. 67 pp.

22



Working Document to ICES Working Group for the Assessment of the Bay of Biscay and the Iberian waters Ecoregi
on, 5-12 May 2021. By correspondence

ICES. 2015b. Report of the Working Group for the Bay of Biscay and the Iberian Waters Ecoregion
(WGBIE), 6-12 May 2015, ICES Headquarters, Copenhagen, Denmark. ICES CM 2015/ACOM:11, 503

pp

ICES. 2016a. Inter-Benchmark Protocol Workshop Megrim (Lepidorhombus whiffiagonis) in divisions 7.b—
k and 8.a, 8.b, and 8.d (West and Southwest of Ireland, Bay of Biscay) (IBP Megrim 2016), July 2015—
March 2016, by correspondence. ICES CM 2016/ACOM:32. 124 pp.

ICES. 2016b. Report of the Working Group for the Bay of Biscay and the Iberian waters Ecoregion
(WGBIE), 13-19 May 2016, ICES HQ, Copenhagen, Denmark. ICES CM/ACOM:12. 513 pp.

ICES. 2017a. Report of the Working Group for the Bay of Biscay and Iberian waters Ecoregion (WGBIE),
411 May 2017, Cadiz, Spain. ICES CM 2017/ACOM:12. 552pp.

ICES. 2017b. Report of the Workshop to consider FMSY ranges for stocks in ICES categories 1 and 2 in
Western Waters (WKMSYREF4), 13-16 October 2015, Brest, France. ICES CM 2015/ACOM:58. 187 pp.

ICES. 2019. Working Group for the Bay of Biscay and the Iberian Waters Ecoregion (WGBIE). ICES
Scientific Reports. 1:31. 692pp. http://doi.org/10.17895/ices.pub.5299.

ICES. 2020. Working Group for the Bay of Biscay and the Iberian Waters Ecoregion (WGBIE). ICES
Scientific Reports. 2:49. http://doi.org/10.17895/ices.pub.6033.

Stock identification of Lepidorhombus whiffiagonis

Abad E, Pennino MG, Valeiras J, Vilela R, Bellido JM, Punzén A and F Velasco. 2020. Integrating spatial
management measures into fisheries: The Lepidorhombus spp. case study. Marine Policy, 116, 103739.

Danancher D and E Garcia-Vazquez. 2009. Population differentiation in megrim (Lepidorhombus
whiffiagonis) and four spotted megrim (Lepidorhombus boscii) across Atlantic and Mediterranean waters
and implications for wild stock management. Marine Biology, 156:1869-1880.

Félix PM, Vinagre C and HN Cabral. 2011. Life-history traits of flatfish in the Northeast Atlantic and
Mediterranean Sea. J. Appl. Ichthyol. 27, 100-111.

Fernandez-Zapico O, Punzon A, Serrano A, Landa J, Ruiz-Pico S and F Velasco. 2017. Environmental
drivers of the distribution of the order Pleuronectiformes in the Northern Spanish Shelf. Journal of Sea
Research, 130: 217-228.

Garcia-Vazquez E, lIzquierdo JI and J Pérez. 2006. Genetic variation at ribosomal genes supports the
existence of two different European subspecies in the megrim Lepidorhombus whiffiagonis. Journal of
Sea Research, 56 (1): 59-64.

Gerritsen HD, McGrath D, Lordan C and X Harlay. 2010. Differences in habitat selection of male and

female megrim (Lepidorhombus whiffiagonis, Walbaum) to the west of Ireland. A result of differences in
life-history strategies between the sexes?. Journal of Sea Research, 64: 487-493.

23


http://doi.org/10.17895/ices.pub.6033
http://doi.org/10.17895/ices.pub.6033

Working Document to ICES Working Group for the Assessment of the Bay of Biscay and the Iberian waters Ecoregi
on, 5-12 May 2021. By correspondence

Hermanta M, Lobryb J, Bonhommeauc S, Poulardb JC and O Le Papec. 2010. Impact of warming on
abundance and occurrence of flatfish populations in the Bay of Biscay (France). Journal of Sea Research,
64: 45-53.

Landa J, Pifieiro C and N Pérez. 1996. Megrim (Lepidorhombus whiffiagonis) growth patterns in the
northeast Atlantic. Fisheries Research, 26: 279-294.

Landa J and C Pifieiro. 2000. Megrim (Lepidorhombus whiffiagonis) growth in the North-eastern Atlantic
based on back-calculation of otolith rings. ICES Journal of Marine Science, 57: 1077—1090.

Landa J, Fontenla J and E Rodriguez-Marin. 2019. Megrim (Lepidorhombus whiffiagonis) in northern
Iberian waters: Age determination, corroboration, growth, abundance and mortality of the year classes.
Continental Shelf Research, 183: 1-13.

Maltby KM, Rutterford LA, Tinker J, Genner MJ and SD Simpson. 2020. Projected impacts of warming
seas on commercially fished species at a biogeographic boundary of the European continental shelf.
Journal of Applied Ecology, 57:2222-2233.

Punzén A, Serrano, A, Sanchez F, Velasco F, Preciado |, Gonzalez-lrusta JM and L Lopez-Lépez. 2016.
Response of a temperate demersal fish community to global warming. Journal of Marine Systems, 161:
1-10.

Sanchez F, Pérez N and J Landa. 1998. Distribution and abundance of megrim (Lepidorhombus boscii
and Lepidorhombus whiffiagonis) on the northern Spanish shelf. ICES Journal of Marine Science, 55:
494-514.

5.2. Lophius piscatorius and L. budegassa

Aguirre-Sarabia |, Diaz-Arce N, Pereda-Aguirre I, Mendibil I, Urtizberea A, et al. 2021. Evidence of stock
connectivity, hybridization and misidentification in white anglerfish support the need for adopting a
genetics-informed fisheries management approach. BioRxiv2021.02.10.430581; doi:
https://doi.org/10.1101/2021.02.10.430581

Blanco G, Borrell Y, Cagigas M, Vazquez E and JS Prado. 2008. Microsatellites-based genetic analysis
of the Lophiidae fish in Europe. Marine and Freshwater Research, 59: 865-875.

Canfias L. 2012. Stock identification of white anglerfish (Lophius piscatorius) in waters of the South-East
Europe. Ph.D. Thesis. University of A Corufia. 298 pp.

Cafas L, Stransky C, Schlickeisen J, Sampedro MP and AC Farifia. 2012. Use of the otolith shape
analysis in stock identification of anglerfish (Lophius piscatorius) in the Northeast Atlantic. ICES Journal
of Marine Science, 69: 250-256.

Caruso JH. 1986. Lophiidae. In: Fishes of the Northeastern Atlantic and the Mediterranean, Vol.3. P.J.P.
Whitehead, M.L. Bauchot, J.C. Hureau, J. Nielsen, E. Tortonese (Eds). UNESCO, Paris, pp. 362-1363.

Charrier G, Chenel T, Durand JD, Girard M, Quiniou L and J Laroche. 2006. Discrepancies in

phylogeographical patterns of two European anglerfishes (Lophius budegassa and Lophius piscatorius).
Molecular Phylogenetics and Evolution, 38: 742-754.

24



Working Document to ICES Working Group for the Assessment of the Bay of Biscay and the Iberian waters Ecoregi
on, 5-12 May 2021. By correspondence

Crozier W. 1987. Biochemical genetic variation and population structure in anglerfish Lophius piscatorius
L. from the Irish Sea and west of Scotland. Journal of Experimental Marine Biology and Ecology, 106:
125-136.

Crozier W. 1988. Comparative electrophoretic examination of the two European species of anglerfish
(Lophiidae): Lophius piscatorius (L.) and Lophius budegassa (Spinola) and assessment of their genetic
relationship. Comparative Biochemistry and Physiology B, 90: 95-98.

Duarte R, Bruno |, Quincoces I, Farifia AC and J Landa. 2004. Morphometric and meristic study of white
and black anglerfish (Lophius piscatorius and L. budegassa) from the south-west of Ireland to the south-
western Mediterranean. ICES Document CM 2004/EE: 22. 19 pp.

EC 2004. Council Regulation (EC) No 811/2004 of 21 April 2004 establishing measures for the recovery
of the northern hake stock.

Farifia AC et al. 2002. Final report of the Project Genetic Characterization and stock structure of the two
species of anglerfish (Lophius piscatorius and L. budegassa) of the northeast Atlantic (GESSAN Project).
European Commission, DG XIV Fisheries, Study Contract 99/013.

Hislop JRG, Gallego A, Heath MR, Kennedy FM, Reeves SA and PJ Wright. 2001. A synthesis of the
early life history of the anglerfish, Lophius piscatorius (Linnaeus, 1758) in northern British waters. ICES
Journal of Marine Science, 58: 70-86.

ICES. 2020. Working Group for the Bay of Biscay and the Iberian waters Ecoregion (WGBIE). ICES
Scientific Reports 2: 49. 845 pp. http://doi.org/10.17895/ices.pub.6033

ICES. 2021. Working Group for the Celtic Seas Ecoregion (WGCSE). ICES Scientific Reports 2: 40. 1461
pp. http://doi.org/10.17895/ices.pub.5978.

Landa J, Quincoces |, Duarte R, Farifia AC and H Dupouy. 2008. Movements of black and white
anglerfish (Lophius budegassa and L. piscatorius) in the northeast Atlantic. Fisheries Research, 94: 1-12.

Laurenson CH, Johnson A and IG Priede. 2005. Movements and growth of monkfish Lophius piscatorius
tagged at the Shetland Islands, northeastern Atlantic. Fisheries Research, 71: 185-195.

Leslie RW and WS Grant. 1990. Lack of congruence between genetic and morphological stock
structure of the southern African anglerfish Lophius vomerinus. South African Journal of Marine Science,
9: 379-398.

O’Sullivan M, Wright PJ, Verspoor E, Knox D and S Piertney. 2006. Absence of spatial and temporal
genetic differentiation at microsatellite loci in north east Atlantic anglerfish (Lophius piscatorius). Journal
of Fish Biology, 69 (sup. C): 246-265.

Pereda P and J Landa. 1997. Recuperacion de dos ejemplares de rape blanco Lophius piscatorius
Linnaeus, 1758 en el stock norte (divisiones Villa y b del CIEM) tras ser marcados en el stock sur
(Division Vllic). Boletin del Instituto Espafiol de Oceanografia, 13 (1- 2): 15-24.

Swan SC, Wright PJ, Woodroffe DA, Gordon JDM and T Shimmield. 2004. Evidence for geographical
isolation of the early life stages of the white anglerfish, Lophius piscatorius, based on otolith

25



Working Document to ICES Working Group for the Assessment of the Bay of Biscay and the Iberian waters Ecoregi
on, 5-12 May 2021. By correspondence

microchemistry. Journal of Marine Biological Association U.K. 84, 827-830.
doi:10.1017/S002531540401001Xh.

26



Working Document to ICES Working Group for the Assessment of the Bay of Biscay and the Iberian waters Ecoregi
on, 5-12 May 2021. By correspondence

5.3. Sardina pilchardus

Atarhouch T, Rami M, Naciri M and A Dakkak. 2007. Genetic population structure of sardine (Sardina
pilchardus) off Morocco detected with intron polymorphism (EPIC-PCR). Marine Biology, 150: 521-528.

Bernal M, Stratoudakis Y, Coombs S, Angelico M, de Lanzos A, Porteiro C, Sagarminaga Y, Santos M,
Uriarte A, Cunha E, Valdes L and D Borchers. 2007. Sardine spawning off the European Atlantic coast:
Characterization of and spatio-temporal variability in spawning habitat. Progress In Oceanography, 74:
210-227.

Carrera P and C Porteiro. 2003. Stock dynamic of the Iberian sardine (Sardina pilchardus, W.) and its
implication on the fishery off Galicia (NW Spain). Scientia Marina, 67(S1): 245-258.

Castro BG. 2007. Element composition of sardine (Sardina pilchardus) otoliths along the Atlantic Coast of
the Iberian Peninsula. ICES Journal of Marine Science, 64 (3): 512-518.

Correia AT, Hamer P, Carocinho B and A Silva. 2014. Evidence for meta-population structure of Sardina
pilchardus in the Atlantic Iberian waters from otolith elemental signatures of a strong cohort. Fisheries
Research, 149: 76-85. https://doi.org/10.1016/j.fishres.2013.09.016.

Duhamel E, Citores L, Ibaibarriaga L, Pawlowski L, Riveiro | and A Uriarte. 2017. ICES. Stock Annex:
Sardine (Sardina pilchardus) in divisions 8.a—b and 8.d (Bay of Biscay).

ICES. 2019. Advice 2019-pil.27.7. htpps://doi.org/10.17895/ices.advice.4854.
ICES. 2020a. Advice 2020-pil.27.8c9a-https://doi.org/10.17895/ices.advice.6064.
ICES. 2020b. Advice 2020-pil.27.8abd-https://doi.org/10.17895/ices.advice.5906.

Jemaa S, Bacha M, Khalaf G, Dessailly D, Rabhi K and R Amara. 2015. What can otolith shape analysis
tell us about population structure of the European sardine, Sardina pilchardus, from Atlantic and
Mediterranean waters?. Journal of Sea Research, 96: 11-17.

Kasapidis P, Silva A, Zampicinini G and A Magoulas. 2012. Evidence for microsatellite hitchhiking
selection in European sardine (Sardina pilchardus) and implications in inferring stock structure. Scientia
Marina, 76(1), 123-132. doi: 10.3989/scimar.03366.29B

Kasapidis P. 2014. Phylogeography and Population Genetics. doi:10.1201/b16682-4.

Santos AMP, Nieblas AE, Verley P, Teles-Machado A, Bonhommeau S, Lett C, Garrido S and A Peliz.
2018. Sardine (Sardina pilchardus) larval dispersal in the Iberian upwelling system, using coupled
biophysical techniques. Progress in Oceanography, 162: 83-97.
https://doi.org/10.1016/j.pocean.2018.02.011.

Silva A. 2003. Morphometric variation among sardine (Sardina pilchardus) populations from the
northeastern Atlantic and the western Mediterranean. ICES Journal of Marine Science, 60 (6): 1352-

1360.

Silva A. 2008. Geographic variation in sardine population traits: implications for stock assessment. PhD
Thesis. Faro, Portugal. 243 pp.

27



Working Document to ICES Working Group for the Assessment of the Bay of Biscay and the Iberian waters Ecoregi
on, 5-12 May 2021. By correspondence

Silva A, Skagen D. W., Uriarte, A., Massé J, Santos MB, Marques, V., Carrera, P., Beillois P, Pestana G,
Porteiro C. and Y Stratoudakis. 2009. Geographic variability of sardine dynamics in the Iberian Biscay
region. ICES Journal of Marine Science, 66: 495-508.

Silva A, Garrido S, Ibaibarriaga L, Pawlowski L, Riveiro I, Marques V, Ramos F, Duhamel E, Iglesias M,
Bryére P, Mangin A, Citores L, Carrera P and A Uriarte. 2019. Adult-mediated connectivity and spatial
population structure of sardine in the Bay of Biscay and Iberian coast. Deep Sea Research Part II: Topical
Studies in Oceanography, 159: 62-74. https://doi.org/10.1016/j.dsr2.2018.10.010.

Stratoudakis Y, Coombs S, Lanzés AL, Halliday N, Costas G, Caneco B, Franco C, Conway D, Santos
MB, Silva A and M Bernal. 2007. Sardine (Sardina pilchardus) spawning seasonality in European waters
of the northeast Atlantic. Marine Biology, 152 (1): 201-212.

5.4. Merluccius merluccius

Alvarez P, Fives J, Motos L and M Santos. 2004. Distribution and abundance of European hake
Merluccius merluccius (L.), eggs and larvae in the North East Atlantic waters in 1995 and 1998 in relation
to hydrographic conditions. Journal of Plankton Research, 26: 811-826.

Bartsch J, Lavin A, Motos L. 1996. Transport of hake eggs and larvae in the Bay of Biscay and
consequences for the recruitment. ICES CM 1996/S. 8.

Baudron AR and PG Fernandes. 2015. Adverse consequences of stock recovery: European hake, a new
“choke” species under a discard ban?. Fish and Fisheries, 16: 563-575

Castillo AGF, Martinez JL and E Garcia-Vazquez. 2004. Fine spatial structure of Atlantic hake
(Merluccius merluccius) stocks revealed by variation at microsatellite loci. Marine Biotechnology, 6: 299-
306.

Cimmaruta R, Bondanelli P and G Nascetti. 2005. Genetic structure and environmental heterogeneity in
the European hake (Merluccius merluccius). Mol. Ecol. 14, 2577-2591.

COM. 2003. 818: Proposal for a Council Regulation establishing measures for the recovery of the
Southern hake and Norway lobster stocks in the Cantabrian Sea and Western Iberian peninsula and
amending Regulation (EC) No 850/98.

COM. 2004. Council Regulation (EC) No 811/2004 of 21 April 2004 establishing measures for the
recovery of the northern hake stock.

de Pontual H, Bertignac M, Battaglia A, Bavouzet G, Moguedet P and AL Groison. 2003. A pilot tagging
experiment on European hake (Merluccius merluccius): methodology and preliminary results. ICES
Journal of Marine Science, 60, 1318-1327.

de Pontual H, Jolivet A, Garren F and M Bertignac. 2013. New insights on European hake biology and
population dynamics from a sustained tagging effort in the Bay of Biscay. ICES Journal of Marine
Science, 70: 1416 —-1428.

Dominguez-Petit R, Korta M, Saborido-Rey F, Murua H, Sainza M and C. Pifieiro. 2008. Changes in size

at maturity of European hake Atlantic populations in relation with stock structure and environmental
regimes. Journal of Marine Systems, 71: 260-278.

28



Working Document to ICES Working Group for the Assessment of the Bay of Biscay and the Iberian waters Ecoregi
on, 5-12 May 2021. By correspondence

Gonzélez EG, Krey G, Espifieira M, Diez A, Puyet A and JM Bautista. 2010. Population proteomics of the
European Hake (Merluccius merluccius). J. Prot. Res. 9, 6392-6404.

ICES. 1979. Report of the Working Group on Assessment of Hake Stocks. ICES C.M. 1979/G:27
ICES. 1980. Report of the Working Group on Assessment of Hake Stocks. ICES C.M. 1980/G:13

ICES. 2017. Report of the Working Group on Fish Distribution Shifts (WKFISHDISH), 22—-25 November
2016, ICES HQ, Copenhagen, Denmark. ICES CM 2016/ACOM: 55.197 pp.

ICES. 2014. Report of the Benchmark Workshop on Southern megrim and hake (WKSOUTH), 3-7
February 2014, ICES HQ, Copenhagen, Denmark. ICES CM 2014/ACOM:40. 236 pp.

ICES. 2020. Working Group for the Bay of Biscay and the Iberian Waters Ecoregion (WGBIE). ICES
Scientific Reports. 2:49. 845 pp. http://doi.org/10.17895/ices.pub.6

Korta M, Dominguez-Petit R, Murua H. & F Saborido-Rey. 2010. Regional variability in reproductive traits
of European hake Merluccius merluccius L. populations. Fisheries Research, 104: 64-72.

Korta M, Garcia D, Santurtin M, Goikoetxea N, Andonegi E, Murua H, Alvarez P, Cervifio S, Castro J and
A Murillas. 2015. European hake (Merluccius merluccius) in the Northeast Atlantic Ocean. In H. Arancibia
(Ed.) Hakes: Biology and Exploitation. Fish and Aquatic Resources Series (17) Wiley Blackwell. pgs. 1-
37; ISBN: 9781118568415

Leone A, Alvarez P, Garcia D, Saborido-Rey F and N Rodriguez-Ezpeleta. 2019. Genome-wide SNP
based population structure in European hake reveals the need for harmonizing biological and
management units. ICES Journal of Marine Science, 76: 2260-2266.

Lundy CJ, Moran P, Rico C, Milner RS and GM Hewitt. 1999. Macro-Geographical population
differentiation in oceanic environments: a case study of European hake (Merluccius merluccius), a
commercially important fish. Mol. Ecol. 8, 1889-1898.

Milano |, Babbucci M, Cariani A, Atanassova M, Bekkevold D, Carvalho GR, Espifieira M, Fiorentino F,
Garofalo G, Geffen AJ, Helyar SJ, Nielsen EE, Ogden R, Patarnello T, Stagioni. FishPop Trace
Consortium, Tinti F and | Bargelloni. 2014. Outlier SNP markers reveal fine-scale genetic structuring
across European hake populations (Merluccius merluccius). Molecular Ecology, 23: 118-135.

Pifieiro C, Rey J, de Pontual H, and G Gofii. 2007. Tag and recapture of European hake (Merluccius
merluccius L.) off the Northwest Iberian Peninsula: first results support fast growth hypothesis. Fisheries
Research, 88: 150 -154.

Pita, A., Pérez, M., Balado, M., Presa, P. 2014. Out of the Celtic cradle: the genetic signature of
European hake connectivity in South-western Europe. Journal of Sea Research, 93: 90-100.

Pita A, Pérez M, Cervifio S and P Presa. 2011. What can gene flow and recruitment dynamics tell us

about connectivity between European hake stocks in the Eastern North Atlantic?. Continental Shelf
Research, 31: 376-387.

29



Working Document to ICES Working Group for the Assessment of the Bay of Biscay and the Iberian waters Ecoregi
on, 5-12 May 2021. By correspondence

Pita A, Leal A, Santafé-Mufioz A, Pifieiro C and P Presa 2016 Genetic inference of demographic
connectivity in the Atlantic European hake metapopulation (Merluccius merluccius) over a spatio-temporal
framework. Fisheries Research, 179: 291-301

Pita A, Pérez M, Velasco F and P Presa. 2017. Looking inside connectivity: Trends of the genetic
effective population size in the Southern stock of the European hake. Fisheries Research, 191: 108-
119http://dx.doi.org/10.1016/j.fishres.2017.02.022

Pita A, Presa P and M Pérez. 2010. Gene flow, multilocus assignment and genetic structuring of the
European hake (Merluccius merluccius). Thalassas, 26:129-133.

Reiss H, Hoarau G, Dickey-Collas M and J Wolff. 2009. Genetic population structure of marine fish:
mismatch between biological and fisheries management units. Fish and Fisheries, 10: 361-395.

Roldan MI, Garcia-Marin JL, Utter FM and C Pla. 1998. Population genetic structure of European hake,
Merluccius merluccius. Heredity, 81: 327-334.

Tanner SE, Pérez M, Presa P, Thorrold SR and HN Cabral.2014. Integrating microsatellite DNA markers
and otolith geochemistry to assess population structure of European hake (Merluccius merluccius).
Estuarine and Coastal Shelf Science, 142: 68-75.

Westgaard JI, Staby A, Godiksen J, Geffen AJ, Svensson A, Charrier G and H Svedaang et al. 2017.

Large and fine scale population structure in European hake (Merluccius merluccius) in the
Northeast Atlantic. ICES Journal of Marine Science, 74: 1300-1310.

30



