~$~ Trim Size: 170mm x 244mm Arancibia cOl.tex V3 - 06/25/2015 5:21 PM. Page |

Chapter 1

European hake (Merluccius merluccius)
in the Northeast Atlantic Ocean

Maria Korta!, Dorleta Garcia?, Marina Santurtiin®, Nerea
Goikoetxea?, Eider Andonegi?, Hilario Murua!, Paula Alvarez!,
Santiago Cervifio®, José Castro® and Arantza Murillas®

YAZTI, Herrera Kaia Portu-aldea zIg, 20110, Pasaia, Basque Country, Spain
2AZTI, Txatxarramendi Ugartea z7g, 48395, Sukarrieta, Basque Country,
Spain

3 Instituto Espariol de Oceanografia, Subida Radio Faro 50, 36390, Vigo,
Galicia, Spain

1.1 Distribution
1.1.1 Distribution change

2
3
1.2 Physical environment and hydrography 5
7
7

1.3 Life history
1.3.1 Reproduction biology

1.3.2 Diet 9
1.3.3 Growth 10
1.3.4 Mortality 11
1.3.5 Horizontal and vertical migration 12
1.4 Population dynamics 13
1.4.1 Population structure 13
1.4.2 Recruitment 13
1.4.3 Connectivity between stocks 14
1.5 Ecosystem considerations 14
1.5.1 Role of the species 14
1.5.2 Species interaction 15
1.53 Species interaction with environment 15
1.6 Fishery 17
1.6.1 Northern stock 17
1.6.2 Southern stock 19

Hakes: Biology and Exploitation, First Edition. Edited by Hugo Arancibia.
© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd.

&



~$~ Trim Size: 170mm x 244mm Arancibia cOl.tex V3 - 06/25/2015 5:21 PM. Page 2

2 Hakes
1.7 Assessment 20
1.7.1 Northern stock 20
1.7.2 Southern stock 22
1.8 Management 23
1.8.1 Policy 23
1.8.2 Management of European hake 24
1.8.2.1. Northern stock 24
1.8.2.2. Southern stock 25
1.9 Markets 26
1.10  Discussion 27
References 28

1.1 Distribution

The European hake (Merluccius merluccius) is widely distributed over the
Northeast Atlantic shelf. Its range extends from Mauritania to off the western
coast of Norway (between 21°N and 62°N) and the waters south of Iceland
(Casey and Pereiro, 1995), being more abundant from the British Isles to the
south of Spain (ICES, 2008). It is also found in the Mediterranean and Black
Sea (Casey and Pereiro, 1995). M. merluccius is a demersal and pelagic species;
it lives mostly between the depths of 70 and 370 m, although it is found in
both shallower and deeper waters, from coastal waters (30 m) down to the
depths of 1000 m (Lloris et al., 2003; Meiners, 2007).

The spatial behaviour of M. merluccius is strongly linked to its biology.
Mature fish aggregate during their spawning season (Casey and Pereiro, 1995;
Poulard, 2001) over the continental shelf slope from Portugal to Scotland.
Besides, there is a northward displacement of mature fish, followed by a coast-
ward displacement of the peak of spawning, as the season progresses along
the French waters (Alvarez et al., 2004). This general pattern of distribution is
consistent with previous data available on M. merluccius spawning periodicity
(Arbault and Lacroix-Boutin, 1969; Sola and Franco, 1985; Valencia et al.,
1989; Motos et al., 2000). The area around the shelf edge appears as a preferred
region for spawning, the shelf break being a natural barrier for spawning
of this species. Individuals of M. Merluccius appear to be dispersed during
non-spawning season (Drouineau et al., 2010). In Portuguese continental
waters, the abundance of small individuals of M. merluccius is higher in autumn
and early spring. In the Southwest area, main concentrations of M. merluccius
occur at 200—300 m depths, while in the South, they are mainly distributed at
coastal waters. In the north of Portugal, juveniles are more abundant between
100 and 200 m depths. In contrast, northern juveniles concentrate in two main
nursery areas: the Grande Vasiére in the Bay of Biscay and the continental
shelf of the Celtic Sea (Alvarez et al., 2001, 2004; Kacher and Amara, 2005).

Depth preferences also vary throughout the life of the individuals of
M. merluccius showing an ontogenetic distribution pattern (Woillez et al.,
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Figure 1.1 Preferential distribution of M. merluccius individuals of age 0, 4 and 5 years for the
period 1987-2004 (adapted from Woillez et al., 2007). (Source: Woillez et al. 2007. Reproduced
with permission of authors and ICES.)

2007). Vertical distribution of M. merluccius eggs and larvae from the northern
Bay of Biscay and Celtic sea shelf-edge region shows an occurrence down
to 150 m depth with a sub-surface peak of larvae at about 50-60 m depth
(Coombs and Mitchell, 1982). The maximum egg abundance occurs close to
the isobaths of 200 m depth (Motos et al., 2000). Larvae of M. merluccius
remain resident in plankton about 2 months in depths from 50 to 150 m until
they metamorphose to the juvenile stage (Motos et al., 1998). Individuals of age
0 years concentrate almost exclusively between 75 and 125 m depths, whereas
individuals of M. merluccius of ages 1 and 2 years are found in shallower
waters on the shelf (25—125 m depth), but a fraction of older fish is distributed
on the slope at 200—500 m depths (Figure 1.1) (Woillez et al., 2007). Moreover,
young individuals of M. merluccius (age 0 and 1 years) prefer muddy beds on
the continental shelf, while large adults are found on the shelf slope where the
bottom is rough and associated with canyons and cliffs (Murua, 2010).

1.1.1 Distribution change

Despite its wide distribution, M. merluccius is not evenly distributed over
the Northeast Atlantic continental shelf. Furthermore, the abundance of
individuals of age 0 years in the two main nursery areas varies inter-annually
(Figure 1.2 for the period 1997-2007; Figure 1.3 for the period 2007-2012).
In the Celtic Sea, the inter-annual variation in abundance of individuals of
age 0 years of M. merluccius is higher, whereas concentration of M. merluccius
over the French continental shelf does not significantly change over time
(except for 1998, 1999 and 2003). Sanchez and Gil (2000) reported that
in Galician—Cantabrian Sea, nursery areas remained stable and extent
independently on the inter-annual density variability. Individuals of age 1
years remain on nursery grounds until spring. Afterwards, some seasonal
displacement is detected in individuals of age 2, 3 and 4 years. Younger hakes
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Figure 1.2 Spatial distribution of individuals of age 0 years in M. merluccius in the two main
nursery areas (Bay of Biscay and Celtic Sea) from 1997 to 2007 (ICES, 2008). (Source: ICES
2008. Reproduced with permission of ICES.)
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Figure 1.3 Spatial distribution of individuals of age 0 years in M. merluccius in the two main
nursery areas (Bay of Biscay and Celtic Sea) from 2007 to 2012 (ICES, 2013). (Source: ICES
2013. Reproduced with permission of ICES.)

(age of 2 and 3 years) are preferentially found in shallow waters in spring and
scattered over the shelf in autumn.

1.2 Physical environment and hydrography

The hydrography of the Northeast Atlantic Ocean is affected by the North
Atlantic current, which is a warm ocean current that carries the Gulf Stream
northeast towards the European coast (OSPAR Commission, 2000). The
North Atlantic current splits into two branches around west Ireland. While
the Canary current takes a southerly direction, the other warm-water branch
continues north along the coast of northwestern Europe, heating the cold
northern atmosphere.

In the North Atlantic Ocean, two major zonally orientated water masses
are found. In general, the water masses in the upper layer (down to 1000 m
depth) are characterised by Northeast Atlantic Central Water (ENACW), with
temperatures ranging between 10.5 and 12°C and salinity between 35.45 and
35.75 (Koutsikopoulos and Le Cann, 1996; Valencia and Franco, 2004). Two
sources of ENACW masses are identified in this area: colder water mass with
a sub-polar origin (ENACWp) and warmer water mass with sub-tropical ori-
gin (ENACWU) (Rios et al., 1992). Upper waters are influenced by seasonal
variations in the atmosphere, whereas below 1000 m, the oceanic waters are
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characterised by the Mediterranean Sea overflow water, which spreads into the
Northeast Atlantic Ocean from the Gibraltar Strait. It moves northwards from
the Portuguese continental slope, entering the Bay of Biscay (Lavin et al., 2006).
Most of the water masses of the Bay of Biscay and the Atlantic coast of the
Iberian Peninsula are the result of a mixture of North Atlantic water masses
and waters of Mediterranean Sea origin (OSPAR Commission, 2000).

The oceanic circulation in the Bay of Biscay is characterised by weak
clockwise circulation (Figure 1.4), with a mean geostrophic current of about
1-2 cm/s at a depth of 4000 m (Koutsikopoulos and Le Cann, 1996). However,

0
—1000
54°N
—2000
—-3000
50°N —-4000
2 —-5000
=
©
-
—6000
46°N
—7000
—-8000
—9000
42°N
—10000
20°W 16°W 12°W 8°wW 4°W 0°E
Longitude
1 Cape Finisterre 6  Scilly Isles wa®uy Tidal mixing front
2 Cape Ortegal ~=w Frontal region q*p River mouth
3 Cape Penias =a="**s Sub-surface front @ Tidal flow
4 Cape Matxitxako S;ﬁ:?ﬁ;%lo?]urface =LB=  \Nind-driven flow
5 Ushant
=" Slope flow Q Eddy

Figure 1.4 Main physical features in the Celtic Sea and the Bay of Biscay (after Mason
et al., 20006). (Source: Mason et al. 2006. Reproduced with permission of IPMA.)
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while the deep regions of the bay might be influenced primarily by general
oceanic circulation, the shelf is characterised by the dominance of mesoscale
structures, which are strongly influenced by regional or local hydroclimatic
conditions (Planque et al., 2003). Slope currents in the Bay of Biscay show
a consistent poleward transport (Pingree and Le Cann, 1990). Instead, the
currents over the shelf are mainly driven by wind, buoyancy and tides.

In addition to the general clockwise circulation, and depending on the
season, the circulation can become cyclonic along the Portuguese, Galician
and northern Spanish and French continental slopes due to the slope current.
In winter, when the northerly wind component relaxes, a warm and saline
polewards surface flow (ENACW?) takes place at 20—30 m/s off the Iberian
Peninsula, moving eastwards along the Cantabrian coast to enter into the
Bay of Biscay (Figure 1.4). As this warm water usually reaches the Bay of
Biscay near Christmas, it has been referred to as the Navidad or Christmas
current (Pingree and Le Cann, 1992). Moreover, in winter, clockwise and
anticlockwise eddies are formed in the continental slope due to the interaction
between the slope current and topography. These eddies are named ‘swoddies’
(slope water oceanic eddies) (Pingree and Le Cann, 1992).

On the French coast, the general northerly wind circulation over the shelf
produces upwelling (Mason et al., 2006). A cold (<12°C) and relatively
homogeneous (<12°C) water mass appears below the thermocline. It is formed
in April over the French shelf and reaches the coastal region in May. The
coastal upwelling off the Galician and Portuguese coasts starts to appear in
late spring and reaches the maximum in summer. The result of such upwelling
events is the enrichment of the surrounding waters due to the upwelled cool
and nutrient-rich waters.

In the Celtic Sea, a persistent poleward-flowing slope current is present along
the entire length of the ocean boundary (Figure 1.4). At the surface, along the
length of the shelf break, a region of cooler water occurs. It is thought to be a
consequence of an internal tide, generated at the 200-m contour, which propa-
gates both onto the shelf and into the ocean. This results in the mixing of cooler,
nutrient-rich waters to the sea surface, leading to the potential enhancement of
phytoplankton production (Mason et al., 2006).

1.3 Life history

1.3.1 Reproduction biology

In Galician and Bay of Biscay waters, females of M. merluccius mature at
45-50 cm of total length and males at about 35 cm (Martin, 1991; Lucio
et al., 2000; Pifieiro and Sainza, 2003). Dominguez-Petit ez al. (2008) showed
that there was a decline of about 10—15 cm, depending on areas and years, in
the mean size at maturity observed in the Bay of Biscay and Galician waters,
which was related to fishing mortality, different stock biomass levels and
environmental conditions.
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The reproductive biology of females of M. merluccius indicates that this
species is a batch spawner (Pérez and Pereiro, 1985; Sarano, 1986; Murua
et al., 1998), with several batches within the main reproductive season, which
has been identified from December to July along the shelf edge of the Galician
Coast and the Bay of Biscay to the south-west of Ireland (Martin, 1991; Lucio
et al., 2000; Pifieiro and Sainza, 2003, Alvarez et al., 2004). However, more
recent investigations have shown that the spawning season of M. merluccius is
very protracted on the Galician Coast, in the Bay of Biscay and Mediterranean
Sea; that is, spawning activity is observed all year round, although the main
spawning season is observed from January to March in the Bay of Biscay and
on the Galician shelf, with a secondary peak in June/July for the Galician
area (Recasens et al., 1998; Murua and Motos, 2006; Murua et al., 2006;
Dominguez-Petit, 2007; Korta et al., 2010a) (Figure 1.5). This protracted
spawning season has been the longest spawning period reported for species
of the genus Merluccius. The long spawning period has also been found for
M. capensis (Bianchi et al., 1993).

Females of M. merluccius are characterised by asynchronous oocyte develop-
ment, that is, oocytes of all stages are simultaneously present in reproductively
active ovaries, and by indeterminate-type fecundity (Murua et al., 1998; Murua
and Motos, 2006; Korta et al., 2010b). Annual fecundity of females should
be estimated from the number of oocytes released per spawning (batch fecun-
dity), the percentage of spawning females per day (spawning frequency) and
the extension of the spawning season (Hunter ef al., 1985; Murua et al., 2003).
The fecundity indeterminacy of hake can be explained by income breeder strat-
egy of the species, that is, it adjusts its food intake with breeding, with a minor
reliance on energy stores (Dominguez-Petit and Saborido Rey, 2010).
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Figure 1.5 Monthly spawning fraction and relative batch fecundity (adapted from Murua ez al.,
2006). *: where estimates of either batch fecundity or spawning fraction were missing, the values
were taken from the previous month (July and October, respectively). (Source: Murua et al.,
2006. Reproduce with permission of authors and Wiley.)
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Spawning fraction, defined as the percentage of spawning females per day, has
been estimated to range from 0.085 to 0.207 in the Bay of Biscay in 1996/1997,
which is equivalent to a batch interval of 5—12 days (Murua and Motos, 20006),
being highest at the peak of spawning from January to March (5-day batch
interval), decreasing afterwards with the advance of the spawning season
(batch interval of about 12 days). Mature female individuals of M. merluccius
in the Galician shelf spawn with a batch interval of about 5 days from January
to March, decreasing afterwards to about 10 days (Dominguez-Petit, 2007).

Moreover, the relative batch fecundity in females of M. merluccius varies sig-
nificantly between months and years, but not between different areas within the
Bay of Biscay (Murua et al., 2006). Two levels of relative batch fecundity were
estimated for 1997: the highest from January to April (average: 167 eggs per
gram gutted female) and the lowest from May to October (average: 112 eggs
per gram gutted female).

1.3.2 Diet

Small individuals of M. merluccius feed primarily on crustaceans living on the
bottom, while adults are mostly piscivorous (Olaso, 1990; Olaso et al., 1994;
Preciado et al., 2008). This shift in the feeding habits is the result of ontogenetic
changes due to food requirements and bathymetrical migrations (Sanchez and
Gil, 2000). Hake’s foraging strategy has been observed to be similar to that
of ambush predators (Kacher, 2004), searching for preys close or away from
the bottom. The main preys of M. merluccius are actively swimming species
such as horse mackerel (Trachurus trachurus), anchovy (Engraulis encrachico-
lus), pilchard (Sardina pilchardus) and blue whiting (Micromesistius poutassou)
(Casey and Pereiro, 1995). A positive correlation between predator size and
prey size was found, with small individuals of M. merluccius preying on small
clupeids, while large individuals of M. merluccius feeding on large demersal
prey (Guichet, 1995; Velasco and Olaso, 1998).

The number of prey taxa decreases during ontogenesis, indicating a tendency
to less generalised feeding as individuals of M. merluccius grow (Mahe
et al., 2007). Du Buit (1996) reported that M. merluccius is an opportunistic
consumer, but recent studies suggest selective feeding behaviour (Mahe et al.,
2007), as it appears to have some preference to an alternative prey that
may be equally or more available. This selection could stem not only from
suitable size, but also from higher energy content species or physiological
traits (Lopez-Lopez et al., 2012).

Individuals of M. merluccius appear to show feeding plasticity between
neighbouring areas, depending on both the continental shelf and the avail-
ability of prey. In areas with abrupt bathymetry, that is, the Cantabrian
shelf, M. merluccius is distributed deeper in the water column. Here, the
encounter rate with prey species (horse mackerel, sardine and small hake)
inhabiting shallower waters decreases, favouring predation on blue whiting
(M. poutassou) (Velasco and Olaso, 1998). Large individuals of M. merluccius
can feed on small hake, but this cannibalistic behaviour changes with the
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spatial distribution of predator and prey. In the north of the Bay of Biscay and
Celtic Sea, nursery grounds are documented, which may lead to cannibalism
being more prevalent than in the south of the Bay of Biscay, where the spatial
overlap between juveniles and adults is lower (Kacher and Amara, 2005). It
becomes rare along the Portuguese waters (Cabral and Murta, 2002), probably
conditioned by the steep continental shelf.

Seasonality on diet also exists. Individuals of M. merluccius eat fish in all
quarters of the year (Guichet, 1995), and then the diet composition shows little
variation. However, feeding rate increases in the second quarter, mainly in older
individuals of M. merluccius. This pattern could be related to recovery from
spawning season (Velasco and Olaso, 2000).

No information about larval diet is known for North Atlantic hake. How-
ever, for Mediterranean hake, Morote et al. (2011) found that larvae presented
a clear preference for adult calanoid copepods and they foraged even at low
light intensity.

1.3.3 Growth

Growth is a process that is related with a period of time, that is, age. That is why
most of the studies on hake growth are based on the observation of otolith. Dif-
ferent technical approaches are documented on age interpretation from otolith
(De Pontual et al., 2006). Therefore, growth estimation may vary depending
not only on biological and geographical diversity, but also on methodological
aspects or the combination of all of them (Pifieiro and Sainza, 2010).

Attending to the macrostructure (annual scale) of otolith in adults of
M. merluccius, the growth rate indicates a slow growth (Pifieiro et al., 2009).
However, when analysing the microstructure (daily scale) in juveniles of
this species, the growth rate supports a rapid growth (Pifieiro et al., 2008)
(Figure 1.6). Small larvae of M. merluccius (until 20 days old) are characterised
by a constant low growth rate (0.14 mm/day) and a big mouth width (Alvarez
and Cotano, 2005). Recent larval studies on the Galician shelf reported
lightly higher growth rates of 0.20 and 0.15 mm/day in winter and summer,
respectively (CRAMER, 2012).

The first annual ring is particularly difficult to distinguish in otolith
of M. merluccius, mainly due to its reproductive strategy. Females of
M. merluccius spawn during a protracted spawning season, which makes
recruits of different size belong to the same year. This leads to great variability
in the growth pattern of otolith during the first year.

Besides, age estimation from otolith hangs of both low precision and high
bias (Pifieiro et al., 2009). Several capture-recapture experiments have been
carried out to determine the error due to age estimation. Although recapture
rate is low and varies among studies, growth rate is demonstrated to be under-
estimated by twofold (De Pontual ef al., 2003; Pineiro et al., 2007). This under-
estimation of individual growth in M. merluccius due to overestimation of age
(De Pontual et al., 2006) shows that otolith age interpretation method, conven-
tionally accepted and routinely applied, is not valid (ICES, 2010a).
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Figure 1.6 Larvae otolith of age 27 days showing daily and sub-daily rings (after CRAMER,
2012). (Source: AZTI. Reproduced with the permission of AZTI.)

1.3.4 Mortality

Natural mortality rate during early life stages is assumed to be high. For
example, in a review of mortality estimates (Houde and Zastrow, 1993), the
mean mortality for marine fish larvae was 21.3% per day. Mortality coefficients
estimated by Alvarez and Cotano (2005) for Atlantic hake ranged from 9%
to 15% per day for the years 2001 and 2002, respectively. These values are in
the lower interval reported for the genus Merluccius (Hollowed, 1992; Smith,
1995; Vargas et al., 1996; Brown et al., 2004).

Limited information is available about natural mortality rates in juveniles
and adults of M. merluccius. Cannibalism is observed in stomach content rang-
ing from 0% to 30% of total volume, with a mean value of about 5%. Before
capture-recapture experiments, natural mortality estimation for age 0 and 1
years is significant, reaching natural mortality values of 1 and 0.5 per year for
age 0 and 1 years respectively (ICES, 2009).

Some studies regarding maturation and growth processes suggest that
mortality in males could be higher than that in females (Murua, 2006).
However, there is also temporal variability, given by the intrinsic variability
on intra- and inter-specific predation rates. Cannibalism is a relevant process
in areas where juveniles and adults of M. merluccius coexist (Velasco, 2007;
Mabhe et al., 2007). The relevance of inter-specific predation on M. merluccius
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has also been highlighted in some areas. For example, it has been estimated
that predation mortality on M. merluccius by cetaceans, in the southern
Bay of Biscay, could double the natural mortality that is assumed nowadays
(Santos et al., 2014).

Hewitt and Hoenig (2005) estimated a relationship between longevity and
natural mortality. Natural mortality in M. merluccius is assumed to be a con-
stant and equal to 0.4 per year, not 0.2 per year as it was previously considered.
The rationale for this high values is found in the fact that individual growth in
M. merluccius is about two times faster than it was believed. Thus, the longevity
in M. merluccius is reduced by about half, from age of about 20 years to about
10 years. Tagging experiments developed in the last decade in the Bay of Biscay
suggested higher values for mortality, but there are other factors such as extra
mortality, due to the tagging itself or the emigration of tagged fish from the
region, which may be confounded with natural mortality. This extra mortality
might be part of the cause of such relevant differences in longevity (De Pontual
etal., 2013).

1.3.5 Horizontal and vertical migration

Migrations of M. merluccius have been analysed from the seasonal distribu-
tion of reported catches. From the beginning of the year until March/April,
adults are present in the north of the Bay of Biscay. They appear on the shelf
edge in the Celtic Sea in June and July. Later, from August to December, a
large fishery on M. merluccius is centred to the west and southwest of Ire-
land, with a decline in catch in shallower waters (ICES, 2008). Migrations
have been found to be mainly linked to reproduction (Persohn et al., 2009).
The main spawning area of M. merluccius shows a northward displacement
as the season advances (Alvarez, et al., 2004), which can be explained by a
migration of spawners from south to north. In this regard, some studies on
the Galician continental shelf show that individuals of M. merluccius carry out
seasonal and ontogenetic migrations along the bathymetric gradient (Farifia
et al., 1997). Similarly, once the larval pelagic phase is concluded, juveniles
of M. merluccius actively swim towards the bottom (pre-recruits), starting the
recruitment to the nursery areas located over the continental shelf (Sanchez
and Gil, 2000).

In addition to seasonal horizontal migrations, individuals of M. merluccius
have diel vertical movements that bring the fish close to the surface despite the
high thermal stratification. De Pontual e al. (2012) found that thermocline
does not impede hake vertical movements and fish can experience rapid tem-
perature changes of greater than 7°C as they move across highly stratified water
layers. Vertical movements have been found to be related to feeding. Individ-
uals of M. merluccius live close to the bottom during the daytime, but then,
it moves vertically in the water column at night to feed (Cohen ez al., 1990;
Sanchez and Gil, 1995).
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1.4 Population dynamics

ICES identifies two stocks of M. merluccius in the Northeast Atlantic Ocean.
The northern stock (ICES Division Illa, Sub-areas II, IV, VI and VII and
Divisions VIIIa, b, d) limited by the Norwegian coast, and the southern stock
(ICES Divisions VIIIc and IXa) limited by the Gibraltar Strait (ICES, 2013).
Between both stocks, the limit is placed in Capbreton Canyon, close to the
border between the French and Spanish coasts.

Genetic studies (Pla and Roldan, 1994; Roldan et al., 1998) found no
evidence of multiple populations of European hake in the Atlantic Ocean.
The population structure of M. merluccius within the Atlantic Ocean is
more complex than the distinct northern and southern stocks described
previously. Moreover, Castillo et al. (2005) found that there were no genetic
differences between both stocks (Divisions VIIIc and VIIla, b, d). A similar
conclusion was reached by Mattiucci ez al. (2004), who did not find genetic
difference within the northern stock of M. merluccius, that is, between
the Celtic Sea and the Bay of Biscay. More recent studies on population
genetics also support previous results (Balado er al., 2003; Pita et al.,
2010, 2014).

1.4.1 Population structure

Due to sexual dimorphism, there is a difference in the growth pattern between
both sex that has been associated with the onset of maturity (Recasens et al.,
1998; Lucio et al., 2000). Males attain maturity at a lower size than females do.
Consequently, at total length of about 25-45 cm, there is an accumulation of
males, and the fraction of mature males is moderately higher than the fraction
of mature females (Pérez and Pereiro, 1985; Farina and Fernandez, 1986; Lucio
et al., 2000; Pifieiro and Sainza, 2003).

Females of M. merluccius reach larger size than males. Thus, in the largest
length classes, the sex ratio is skewed towards females. In fact, all of the largest
individuals of M. merluccius are consistently females (Casey and Pereiro, 1995).
This growth rate, together with the fact that males reach maturity at a lower
size than females (Pifieiro and Sainza, 2003), may suggest that the mortality
rate for males is higher than that for females.

1.4.2 Recruitment

Recruitment in M. merluccius has been related to environmental factors. High
annual recruitments occur during intermediate oceanographic scenarios, and
decreasing recruitments are observed in extreme oceanographic situations
(Sanchez and Gil, 2000). These recruitment pattern leads to well-defined
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patches of juveniles, found in defined areas of the continental shelf. Concen-
trations of recruits vary in density according to the strength of the year-class.

Recruits (age 0 years) of M. merluccius are found in depths from 70 to 200 m,
with the highest densities at depth of about 100 m on the continental shelf in the
main two nursery areas of the northern stock, that is, at in the north of the Bay
of Biscay and in the south-western part of Ireland (Kacher and Amara, 2005).

In the southern Bay of Biscay, over the north and west Iberian Peninsula
coast, the highest concentrations of recruits are found between 90 and 180 m
depth (Sanchez and Gil, 2000), which represents the biggest nursery area of
M. merluccius (Casey and Pereiro, 1995). Individuals of age 0 years is recruited
during autumn into the stock (Pereiro et al., 1991).

1.4.3 Connectivity between stocks

At present, it is not possible to quantify migrations between northern and
southern stocks of M. merluccius due to the lack of data. Moreover, connec-
tivity studies are still scarce to provide unequivocal information on population
dynamics in M. merluccius.

A recent research on M. merluccius otolith geochemistry, used as natural tags
for connectivity and migration, shows strong ontogenetic signals (Tanner et al.,
2012), which provides some evidences for movement of European hake between
the local stocks in the Northeast Atlantic Ocean. Movement of individuals
among locations has been recorded. In this sense, a number of individuals col-
lected in the Celtic Sea (northern stock) were assigned to the groups dominated
by southern stock. The main result is the lack of significant genetic divergences
between the northern and southern stocks of M. merluccius (Roldan et al.,
1998; Castillo et al., 2005; Pita et al., 2011).

1.5 Ecosystem considerations

1.5.1 Role of the species

Both adults and juveniles of M. merluccius are considered to be high mean
trophic level predators in the West Atlantic Ocean. The mean trophic
level of M. merluccius in different ecoregions is higher than 4.0. Adults of
M. merluccius, for example, have higher mean trophic level compared to other
similar gadoid species such as cod (Gadus morhua) in the Celtic Sea (Chassot
et al., 2008) and have a similar mean trophic level of some marine mammals,
tunas, harbour porpoises or sharks in the Bay of Biscay (Sanchez and Olaso,
2004; Guénette and Gascuel, 2009; Lassalle et al., 2012). The mean trophic
level estimated for M. merluccius in the North Sea is lower (Jennings et al.,
2002), but still remaining close to levels cited previously. Scarce information is
available for the Portuguese coast, but a similar mean trophic niche is assumed
(Borges et al., 2004).
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1.5.2 Species interaction

Competition for habitat suitability has not been specifically analysed for
M. merluccius, but studies suggest a potential competition for food with
other demersal and/or pelagic predators, playing an important role on the
ecosystems. In this sense, it appears that, in the southern Bay of Biscay, adults
of M. merluccius compete for anchovy (Engraulis encrasicolus) with megrim
(Lepidorhombus boscii), monkfish (Lophius budegassa and L. piscatorius)
and juveniles of hake in autumn, whereas in spring, anchovy might have
already achieved a size too large to be an important prey for M. merluccius
(Lopez-Lopez et al., 2012). Anchovy is also one of the most important preys
for tuna species as has been shown by Goiii et al. (2011) for the Bay of Biscay.
Individuals of M. merluccius can also be target prey for top predators on the
system. Recent studies show that M. merluccius plays a role as preferred prey
species for common dolphins (Delphinus delphis), that also prey on sardine (S.
pilchardus) and blue whiting (M. poutassou) in the Cantabrian waters (Santos
et al., 2013), whereas they are classified as secondary prey along the French
coast (Meynier et al., 2008). Individuals of M. merluccius are also preyed upon
by stripped dolphins (Stenella coeruleoalba), harbour porpoises (Phocoena
phocoena) and common bottlenose dolphins (Tursiops truncatus). It has been
estimated that for the southern stock of M. merluccius, the mean removal by
cetaceans often exceeds hake natural mortality (Santos et al., 2014).

1.5.3 Species interaction with environment

Synchronous changes have been observed in recruitment success of
M. merluccius, which suggests that environmental conditions may play a
role (Goikoetxea and Irigoien, 2013). For the southern stock of M. merluccius,
shifts in environmental regime, using North Atlantic Oscillation index
(NAO) and upwelling, may have contributed to a decelerated growth and
the later maturation in individuals of M. merluccius in the Galician coast
(Dominguez-Petit ez al., 2008). Other studies show that moderate upwelling,
together with weak poleward currents (PC), leads to strong recruitments in
Galicia and the Cantabrian Sea (Sanchez and Gil, 2000). Moderate water
influx of the PC would allow eggs and larvae to remain close to nursery
grounds. Mesoscale structures such as eddies appear to retain larvae and
juveniles of M. merluccius inside their nuclei and favour the feeding behaviour
of recruits. A geostrophic vertical forcing provides nutrients to the upper
layers and appears to have a positive effect on the abundance and distribution
of recruits. In contrast, due to the massive intrusion of warm water in winter
and the progressive narrowness of the Cantabrian shelf, eggs and larvae are
advected from spawning areas to the open ocean with the subsequent high
mortality (Sanchez and Gil, 2000).

The current regime over the French continental shelf also influences early
life stages (eggs and larvae) survival in M. merluccius (Alvarez et al., 2001;
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Goikoetxea and Irigoien, 2013). The transport or retention over the nursery
areas is a critical process in the life cycle of M. merluccius (Parrish et al., 1981).
Spatial distribution of larvae suggests a movement onshore, where nurseries
are located (Alvarez et al., 2001, 2004). Likely, the drift of larvae from spawn-
ing sites to the nursery areas is associated with physical characteristics of the
region, such as wind-induced transport in the Ekman layer, geostrophic cur-
rents and/or prevalent winds (Alvarez et al., 2001, 2004), and particularly the
current regime during spring (Valdés et al., 1996; Motos et al., 2000).

Inter-annual differences in water temperature are found to result in differ-
ences in growth rates in individuals of M. merluccius (Alvarez et al., 2001,
2004; Kacher and Amara, 2005). Fernandes ef al. (2010) found a relationship
between warm waters and recruitment of M. merluccius. Similarly, Goikoetxea
and Irigoien (2013) commented that warmer water temperatures could be ben-
eficial for northern stock of M. merluccius. A rise in temperature is believed
to increase development rate (Ottersen and Sundby, 1995; Fiksen and Slotte,
2002) as well as fish behaviour and metabolism (Murua, 2006; Cury et al.,
2008). M. merluccius shows to have a preferential temperature range for spawn-
ing (10-12.5°C), and larvae have mainly been found in water temperatures of
between 10.5 and 13°C (Alvarez et al., 2001; Ibaibarriaga et al., 2007). Persohn
et al. (2009) determined different preferential temperature ranges in the Bay of
Biscay and in the Celtic Sea.

Environmental dependence is different for adults and juveniles of
M. merluccius. Juveniles are strongly associated with specific depth ranges.
Different depth-areas associations may be related with the feeding habits of
recruits in M. merluccius, as the zooplankton biomass is relatively higher in
those areas (ICES, 2013). In contrast, adults of M. merluccius have strong
preferences and remain at the same conditions of temperature and/or salinity
when environmental variations occur or are randomly distributed with regard
to these parameters (Persohn ez al., 2009).

In addition to water temperature and transport, copepod abundance has also
been found to be related to survival (Goikoetxea and Irigoien, 2013). Copepods
in the Celtic Sea decreased in abundance, after the regime shift in the late 1980s,
in synchrony with the sudden change in hake recruitment success. Similarly,
copepod abundance and ocean warming appear to be correlated. However, not
all copepod species react in the same manner to ocean warming (Hinder ez al.,
2013). In contrast to Calanus helgolandicus, Calanus finmarchicus has contin-
ued to contract its range over 50 years of warming. C. finmarchicus is a key
food source for fish such as cod and hake.

In addition to natural fluctuations in the M. merluccius abundance, anthro-
pogenic activities can also influence marine population environment and, con-
sequently, interact with species habitat. In November 2002, the ‘Prestige’ oil
spill took place off the Galician coast, causing one of the biggest ecological
disasters of the history. The main shelf area contaminated by the oil spill coin-
cides with the main nursery of the southern stock of M. merluccius (Casey and
Pereiro, 1995; Sanchez and Gil, 2000). Therefore, negative effects could have
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been expected for hake stock. However, 3 years after the ‘Prestige’ oil spill, no
clear effect of the event has been detected on both the demersal and pelagic
domain of the Iberian shelf (ICES, 2006). There have not been significance
effects on the abundance or distribution in juveniles of M. merluccius (Sdnchez
et al., 2006). Moreover, the hystopathological analysis undertaken in hake liv-
ers of the Bay of Biscay did not show any clear signal of relationship between
detected pathologies and the oil spill (Marigémez et al., 2006). More recently,
Diez et al. (2011) found that there were no statistical differences when compar-
ing the fraction of atretic oocytes before and after the ‘Prestige’ oil spill. They
concluded that the fuel spilt from the ‘Prestige’ did not have a detectable effect
over the southern stock of M. merluccius.

1.6 Fishery

1.6.1 Northern stock

The main catches of M. merluccius of this stock come from the south western
European Atlantic waters (Table 1.1). The relative average catches for the
period 1971-2012 are 44% in south western Irish waters (ICES Sub-area VII),
41% in French Atlantic waters (ICES Divisions VIIIabd) and 15% in North
Sea (Sub-area 1V) and Western Scottish waters, jointly (Sub-areca VI) (ICES,
2013). This stock is similarly harvested by trawlers, longliners and gillnets
(Figure 1.7a). In recent years, the fleet of Spain accounted for the main fraction
of landings (~60%), followed by fleets of France (~25%) and United Kingdom,
Denmark, Ireland, Norway, Belgium, Netherlands, Germany and Sweden
(~15%, jointly). These landings do not reflect the total allowable catch (TAC)
allocated to France and Spain, which accounts for 52% and 28%, respectively.
The mismatch between TAC allocation and landings is explained by the
bilateral agreement signed by France and Spain on quota swaps. By virtue of
the Arcachon Agreement (1992, renewed in 2003), Spain transfers a fraction

Table 1.1 Northern and Southern hake stocks average landings in ICES areas between
1972 and 2012

Average landings
from 1972 to 2012

Stock ICES area (thousand tonnes)
Northern hake North Sea (Sub-area IV) and Western 8.1
stock Scottish waters (Sub-area VI)
South-western Irish waters (Sub-area VII) 24.7
French Atlantic waters (Divisions VIIIabd) 22.2
Southern hake Iberian waters (Divisions VIIIc and 1Xa) 15.3
stock
TOTAL 70.3




‘@» Trim Size: 170mm x 244mm Arancibia  cOl.tex V3 - 06/25/2015 5:21 PM. Page 18

18 Hakes

Northern hake stock Southern hake stock

N Trawl [ Longline [ Gilllnet B Small scale

Figure 1.7 Northern and Southern hake stock landings by gear in 2010.

of its anchovy quota in exchange for a fraction of the French participation of
quotas on northern hake and other species (Aranda ez al., 2006).

Attending to the data reported in 2012 by the Spanish General Secretariat
of Fishery, the Spanish catches of M. merluccius are mainly harvested in south
western Irish waters (69%) and secondly in French Atlantic waters (26%).
The remaining 5% is caught in western Scottish waters (ICES Division VI).
Harvests are mainly reported by longliners (61%) and trawlers (33%), and the
rest by gillneters (6%). Longliners are mainly specialised in a homogeneous
fishing activity targeting M. merluccius along the continental slope (Castro
et al., 2011). The Spanish trawl in south western Irish waters (42% of total
Spanish trawl catches) adopts different fishing strategies as follows: bottom
otter trawl targeting megrim (Lepidorhombus whiffiagonis) on the continental
shelf, using 80-mm mesh size, and bottom otter trawlers operating on the
slope targeting both hake (100-mm mesh size) and Norway lobster (Nephrops
norvegicus; 80-mm mesh size) (Castro et al., 2012). The Spanish trawl fleet
harvesting in the French Atlantic waters is basically a bottom pair trawl fleet
(47% of total Spanish trawl catches). From 2007 to 2012, there was a reduction
in 47% of the Spanish trawl capacity, which highlighted the observed increase
in the longline activity in recent years. The mean sizes of M. merluccius
harvested by the Spanish fleet operating in the French Atlantic waters hang on
the fishing strategy, that is, fish greater than 60 cm of total length in longline
and gillnet landings and fish less than 40 cm in bottom pair trawlers.

In 2012, the French catches are mainly taken in French Atlantic waters (48%)
and secondly in south western Irish waters (38%). Catches were basically
reported by gillnets (57%), trawlers (19%) and longliners (14%). Gillnetters
harvest similar amount of M. merluccius in both areas. However, different
minimum mesh sizes for fixed gears in both areas, that is, 120 mm for ICES
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Sub-area VII and 100 mm for ICES Divisions VIlIabd, are established
(European Commission, 2001). French trawlers report higher landings in
the North Sea. The mean size of M. merluccius at landings is similar among
French fishing strategies (>55 cm of total length), except for trawlers that are
specialised in the exploitation of Norway lobster in the Grande Vasiére (ICES
Division VIllabd), with the lowest mean size of 39 cm in the harvested fish.

1.6.2 Southern stock

The southern stock of M. merluccius comprises the Atlantic coast of Iberian
Peninsula, corresponding with the Atlantic Spanish and Portuguese waters
(ICES Divisions VIIIc and IXa). This stock is basically exploited by Span-
ish (68% of landings) and Portuguese fleets (32% of landings) for the period
1972-2012 (ICES, 2013), which is in agreement with the European Union TAC
allocation. Landings are mainly due to trawlers (62%), highly above longliners
or gillneters.

In 2010, the Spanish landings of hake come from trawlers, gillnetters,
longliners and artisanal fisheries (Figure 1.7b). The Spanish trawl fleet (46% of
Spanish hake landings) consists of pair bottom trawlers (28%), which exploits
hake together with blue whiting (M. poutassou) (Castro et al., 2010) and two
different bottom otter trawl strategies (18% of landings) (ICES, 2013). One
of them is specialised in targeting demersal fish, while the other one is mainly
directed at pelagic fish (Punzon et al., 2010). The longline fleet (21% of land-
ings) uses a mixed fishing strategy because it also exploits other demersal fish as
conger (Conger conger) and sea bream (Pagellus bogaraveo). The gillnet (16% of
landings) uses specific nets when targeting hake (‘volanta’, with a 90-mm mesh
size). Finally, north western Spanish artisanal fleet gives similar landings of
M. merluccius than the whole fishing activity in the Gulf of Cadiz. The length
composition of M. merluccius at landings due to the trawl fleet, since the imple-
mentation of the minimum landing size in 1991, has a mode of about 29-31 cm
of total length, which hangs on the year. Portuguese landings of M. merluccius
are mainly made by the artisanal fleet (average: 65% along 1972-2012),
followed by the mixed-species trawl fleet (35%), which catches M. merluccius
together with other fish species and crustaceans such as horse mackerel (7.
trachurus), anglerfish (L. budegassa and L. piscatorius), four-spot megrim (L.
boscii), mackerel (Scomber scombrus), Spanish mackerel (Scomber colias), blue
whiting (M. poutassou), red shrimp (Aristeus antennatus), rose shrimp (Para-
penaeus longirostris) and Norway lobster (N. norvegicus). The Portuguese arti-
sanal fleet is allowed to use different gears in the same trip. So, it is not possible
to differentiate catches by gear for this fleet. However, the trawl fleet can be split
in two: the trawl fleet targeting demersal fish (70-mm mesh size) and the trawl
fleet targeting crustaceans (55-mm mesh size). The first one operates at 100 and
200 m depths along the entire Portuguese coast, while the second one operates
in deeper waters (100—750 m depth), mainly in the south-west and south areas.
The core of the fishing season is from May to October in both fleets.

&



~$~ Trim Size: 170mm x 244mm Arancibia  cOl.tex V3 - 06/25/2015 5:21 PM. Page 20

20 Hakes

1.7 Assessment

The assessment of M. merluccius is carried out separately for northern and
southern stocks. Before 2010, both stocks were assessed using age-structured
stock assessment models. For the northern stock was used the Extended Sur-
vivors Analysis, XSA (Shepherd, 1999; ICES, 2009), and for the southern stock
was used a Bayesian Virtual Population Analysis, VPA (ICES, 2009). In both
cases, age—length keys were used to transform length data to age data. Tagging
programs carried out in the year 2003 in the Bay of Biscay have shown evi-
dence of underestimation of individual growth in M. merluccius being half of
that derived from otolith age interpretation method (De Pontual et al., 20006).
Later, it was confirmed by a tagging program carried out in the Iberian Penin-
sula (Pifieiro et al., 2007). Thus, in 2010, the assessment models of both stocks
were replaced by length-structured models, the Stock Synthesis model (SS3)
for the northern stock (ICES, 2010b; Methot and Wetzel, 2013) and the Glob-
ally Applicable Area Disaggregated General Ecosystem Toolbox (GADGET)
for the southern stock (Begley and Howell, 2004; ICES, 2010b).

The von Bertalanfty growth model (von Bertalanffy, 1938) was used to model
individual length growth, and maximum total length was fixed to 130 cm in
both stocks of M. merluccius. The growth rate was internally estimated by the
models, and the age at which the individuals would have had zero length was set
to 0 in the case of southern stock. The growth rate internally estimated by the
models was similar for both stocks. Natural mortality was assumed to be equal
to 0.4 per year. Some scientific surveys on M. merluccius, from several countries
in the study area, were used in the calibration of the assessment models.

1.7.1 Northern stock

Since 2010, the northern stock of M. merluccius is assessed using SS3 (Methot
and Wetzel, 2013), which is a flexible statistical age-structured modelling
framework. It can vary from a simple production model to a complex
age—length-structured model with spatial explicit resolution. In the specific
implementation of northern stock of M. merluccius, the model configuration
has quarterly time steps. It is assumed that recruitment occurs all along the
year with variable proportion by season. The exploitation is split by fleet, and
it is characterised by their fishing gears.

The input data of M. merluccius comprises biological parameters, such as
maturity and weight at length, landings, discards and abundance indices. Mean
weight at total length is calculated from the following length (L; cm)—weight
(W; g) relationship (ICES, 1991):

W =0.00513 % L>07

The spawning stock biomass (SSB) for sex combined is used as proxy of
stock’s reproductive potential. The time-invariant logistic maturity ogive used
is Lsy = 42.85 cm and slope = —0.2 (ICES, 2010b). For landings, discards
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Figure 1.8 Time series of four abundance indices used to calibrate the assessment model of
northern stock of European hake. The acronyms correspond to French surveys in the Bay of
Biscay (FR-RESSGACQ) and in the Bay of Biscay and Celtic Sea (FR-EVHOE); Spanish survey
in the Porcupine Bank (SP-PORC) and the Irish Groundfish Survey (IR-IGFS).

and abundance indices, two kinds of data are given, that is, total weight or
total numbers and length frequency distribution. Four surveys provide rela-
tive indices of M. merluccius abundance over time (Figure 1.8). The French
RESSGAC surveys were conducted in the Bay of Biscay from 1978 to 2002.
The EVHOE-WIBTS-Q4 surveys were carried out in the Bay of Biscay and
in the Celtic Sea with a new design since 1997. The SpPGFS-WIBTS-Q4 sur-
veys were on the Porcupine Bank since 2001. And the Irish Groundfish Surveys
(IGFS-WIBTS-Q4) began in 2003 in the west of Ireland and the Celtic Sea.
The general trend of recruitment is to decline from the mid-1980s, but with
high recruitments in 3 years of the last decade (Figure 1.9). The SSB was high at
the start of the series (130,000 t in 1980), but later it has decreased steadily to a
low level at the end of the 1990s (44,500 t in 1998). However, SSB has increased
in 2012 to the highest value of the time series (277,794 t). From 2008 on, the SSB
increases strongly. Mean values of fishing mortality of M. merluccius (average
of F-at-length over lengths 15—80 cm) increased from about 0.5—0.6 per year in
the late 1970s and early 1980s to about 1.0 per year during the 1990s. However,
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Figure 1.9 Time series of total landings (top panel, left), recruitment (top panel, right), fishing
mortality (lower panel, left) and spawning stock biomass of M. merluccius (lower panel, right)
in the northern hake stock since 1978-2012. With the exception of landings, other indicators are
output in the assessment model.

from the middle of the 2000s, F of M. merluccius declined continuously to reach
0.24 per year in the years 2011 and 2012. The sharp increase in SSB is the direct
consequence of a series of good recruitments in the middle of the 2000s and a
high individual growth rate estimated by SS3, which is K=0.177 per year. It
is consistent with the growth rate estimated from tagging data (De Pontual
et al., 2006). In 2010, FMSY (fishing mortality corresponding to maximum
sustainable yield) was fixed in 0.24 per year, based on F30% (fishing rate that
would reduce the spawning biomass per recruit to 30% of its unfished level).

1.7.2 Southern stock

Until 2009, the southern stock of M. merluccius was assessed with an age-based
assessment model with ages estimated from age—length keys. Since 2010,
GADGET (Begley and Howell, 2004; www.hafro.is/gadget) age-length based
model was used (length ranges from 1 to 130 cm and age ranges from 0 to 15+
years). Recruitment is modelled in the first and second quarters, which are the
two main recruitment periods. The length at recruitment is estimated by the
model following the von Bertalanffy growth function.

Landings by fishing gear are collected since 1972. Length distributions of
M. merluccius are available since 1982. Discards data are collected regularly
since 2003. The main cause of hake discards is the minimum landing size regu-
lation enforced in 1992 (<27 cm of total length), similar to the one established
for the northern stock.

Three surveys carried out in the whole stock area in autumn are used to cal-
ibrate the model. The North Spanish October groundfish survey is performed
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since 1983 (except 1987), the South Spanish November groundfish survey is
performed since 1997 and the Portuguese ground fish survey is carried out since
1979. Two Landing per Unit of Effort series are used to calibrate the model,
that is, the Spanish A Corufia trawl series from 1994 and the Portuguese stan-
dardised trawl series from 1989.

The length composition sampling design follows a multistage stratified ran-
dom scheme by quarter, harbour and gear. The W-L relationship for the whole
period used is

W =0.00659 * LV

Maturity fractions-at-length was estimated with sex combined from sampling
of Instituto Espanol de Oceanografia.

Model results show that recruitment (age 0 years) in M. merluccius is highly
variable in two periods: one ranging from 40 to 120 million (mean ~70 million
fish) from the year 1982 to 2003, and the other one ranging from 60 to 160 mil-
lion (mean ~114 million fish) from the year 2004 to 2012. The SSB was very
high at the beginning of the time series (~40,000 t), then decreased to a mini-
mum of 5,900 t in 1998 (Figure 1.10). Since then, the biomass of M. merluccius
increased, reaching 25,392 t in the year 2013. F increased from the beginning
of the time series (F = 0.36 per year in 1982), peaking at 1.18 per year in 1995,
and remaining relatively stable until 2009 (F = 0.95 per year), but declining in
recent years to 0.57 per year in 2012. As observed F'is higher than FMSY proxy
(Fmax is the fishing mortality giving maximum equilibrium yield per recruit
to be 0.24 per year), the stock is considered as being overexploited. The ret-
rospective pattern shows that, in recent years, SSB and recruitment have been
overestimated, and F has been underestimated.

The stock recruitment data do not provide a clear basis to use any model to
estimate reference points. Sensitivity analysis shows a huge impact on MSY,
that is, BMSY and FMSY, when using Beverton and Holt model or Ricker
model (Cervifio et al., 2013). Fmax is the only accepted reference point being
estimated in 2013 as 0.24 per year.

1.8 Management

1.8.1 Policy

The Common Fisheries Policy of the European Union (EU CFP) has basic
common principles consistent with the extensive international agreements and
policy norms. The more significant ones are the precautionary approach, PA
(UNFSA, 1995), maximum sustainable yield, MSY (UNFSA, 1995) and the
ecosystem approach to fisheries management (EAF) (UN WSSD, 2002).

The EU CFP, on the basis of the above-mentioned principles, sets the follow-
ing basic rules for the EU management: annual TACs (given to each country
based on their historical country stock catch share), the obligation of recording
catches and landings, the kind of fishing gear to be used, areas to be closed from
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Figure 1.10  Time series of total landings (top panel, left), recruitment (top panel, right), fishing
mortality (lower panel, left) and spawning stock biomass of M. merluccius (lower panel, right)
in the southern hake stock since 1981-2012. With the exception of landings, other indicators are
output in the assessment model.

fishing and minimum landing size for catch that should let small fish escape.
Each EU member state is responsible for policing its own quota, using differ-
ent management approaches, that is, licenses, limited entry, individual fishing
quota and so on or using more restricted regulations than those defined by EC.

ICES provides fisheries management advice consistent with CFP principles
of the PA and MSY, among others. The objective is well included in CFP objec-
tives, as it is aimed to build sound scientific advice for supporting policies for
long-term yields while maintaining productive fish stocks.

1.8.2 Management of European hake
1.8.2.1 Northern stock

ICES alerted about a serious risk of collapse of the northern stock of
M. merluccius in the year 2000. Two geographical areas were defined where
juvenile hakes occur in high abundance, one in the south of Ireland (the
so-called ‘Irish box’) and the second one along the French coast (Grande
Vasiere). The EC agreed to establish additional measures to protect juvenile
hakes. Minimum mesh sizes were introduced for towed nets and fixed gears
(European Council, 1998). Additional measures were also taken to reduce the
capture of juveniles of M. merluccius by beam trawlers and trawlers targeting
Nephrops. Besides, control measures were strengthened, and the number of
observers on board vessels targeting hake was increased.

In 2004, the EC adopted a recovery plan for the northern stock (European
Council, 2004). The objective was to achieve, for two consecutive years, a level
of SSB greater than Bpa (biomass precautionary approach reference point).
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Bpa was estimated as 140,000 t in 2004, and the TAC was set to a level cor-
responding to a fishing mortality of 0.25 per year. SSB of the stock reached
Bpa during two consecutive years in 2007 (ICES, 2007). Thus, in 2009, the EC
communicated a proposal to replace the recovery plan for a long-term man-
agement plan (European Council, 2009; Garcia et al., 2011). The objective of
the plan was to achieve a fishing mortality level corresponding to MSY by
2015 in accordance with the plan of implementation (UN WSSD, 2002; Euro-
pean Commission, 2006). In 2010, the stock assessment was replaced, because
the perception of the stock changed with the new model, and the long-term
management plan proposal was no longer valid. At present, ICES advice on
M. merluccius is based on the MSY framework (ICES, 2012).

1.8.2.2 Southern stock

The southern stock of M. merluccius is managed with TAC and effort regula-
tions as well as technical measures including minimum landing size of 27 cm
of total length, protected areas and minimum mesh size (European Council,
1998). A Recovery Plan for this stock was enforced in the year 2006 under
the European Council Regulation, which established measures for recovery of
southern hake through technical measures for the protection of juveniles of
marine organisms (European Council, 2005). This plan aimed to rebuild the
southern stock to within safe biological limits by decreasing fishing mortality
to a maximum of 10% per year and a TAC constraint of 15%. The target F was
0.27 per year (Fmax as a proxy of FMSY set in 2005). SSB target defined in
the plan was 35,000 t. Nevertheless, after the change of the assessment model
in 2010, this reference was no longer considered suitable. The plan includes
effort management in addition to TAC measures (European Council, 2013).
Failure to enforce the plan meant that objectives of F reduction have not been
achieved and F=FMSY will probably not be reached by the intended date of
2015 (STECE, 2010).

The TAC is set every year considering the harvest control rule set in the plan.
National quotas for Spain, Portugal and France are shared according to the
EU relative stability principle, that is, a pre-agreement about quota shares for
all the countries and stocks.

Since 2005, a 10% annual reduction of fishing days at sea was applied to all
vessels, although with some exclusions. In 2012, vessels that landed less than
5t of M. merluccius in the year 2009 or 2010 were excluded from this reduction
as well as vessels that retain less than 3% hake.

Technical measures applied to this stock are set depending on areas and gears
by several national regulations. In the north of Spain, there are some areas
where trawling is forbidden. These banned areas were designed not only to
protect areas where juveniles grow, but also to avoid conflicts with other fishing
gears. The Portuguese regulations also established a closure for trawling off the
southwest coast of Portugal from December to February.
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1.9 Markets

European market of M. merluccius has become increasingly international and
global in the last decades, being precisely the origin of this fish, one of the most
important attributes influencing market prices (Asche and Guillem, 2012). In
the context of this global market, Spain is the largest hake (Merluccius species)
market in the world, accounting for one half of the total European consump-
tion of hake. According to information provided by EUROSTAT (http://epp.
eurostat.ec.europa.eu/portal/page/portal/statistics/search_database), in 2009,
total weight catches of M. merluccius landed by 25 EU countries in total
fishing areas stood at about 84,400 t, from which Spanish catches represent
37%. Of the producing countries in the Northeast Atlantic Ocean, Spain,
France and the UK stand out (Amigo and Garza, 2011) being catches of
M. merluccius of about 22,000, 17,000 and 7900 t, respectively (EUROSTAT).

Besides, Spain also receives high imports from both EU and non-EU coun-
tries due to the Spanish high demand, together with the implementation of a
fishing legislation, which has been moving progressively towards the implemen-
tation of individual transferable quotas with regards to the industrial fishing
in community waters (Laxe, 2006). The most important Spanish imports from
non-EU countries are coming from Chile, Argentina and South Africa. The
Vitoria airport located in the Basque Country (Spain) is one of the major
Merluccius import places in Europe. The first-sale prices for fish from the most
preferred origin such as Spain could be more than double compared to those
for the fish from the last preferred source such as South Africa (Asche and
Guillem, 2012).

The hake demand is segmented in three principal transformation levels
such as fresh fish, frozen fish and frozen fillet. Prices and distribution chains
differ depending on the segment. On the one hand, the fresh and chilled
segment is nowadays supplied by both European production and imports.
These imports reached 17,000 t in 1980/1981 and experienced a sharp drop
to 0 t in 1983 until today (http://www.fao.org/fishery/statistics). On the
other hand, frozen hake and frozen fillet segments are essentially supplied
by imports. Frozen Argentinian Merluccius annual prices show a positive
trend with an average value of about 1.75 US$/kg for the period 2000-2009,
which represent a significant decrease compared to the fresh segment prices.
However, high-quantity volatility is stated with significant quantity falls up to
40% and even 76% through 2000—-2009.

The structure of Spanish Merluccius value chain is based on three levels. The
first level concerns to the production sector itself, which supply depends on
the stock status, the regulation and the fishing strategies related to fishermen
behaviour (Prellezo et al., 2009). These authors reported a fishermen behaviour
model description for the Basque trawler fleet exploiting European hake. The
second level is mainly related to the wholesales (Mercas), which distribute fish
to the third level, that is, to other wholesalers in other locations or to retailers
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Table 1.2 Merluccius first-sale prices, wholesale, retail prices and gross margins

Producer level Wholesale level Retail level
Contribution Gross  Contribution Gross  Contribution
Price to final Price margin to final Price margin to final
Year (€/kg) price (%) (€/kg) €) price (%) (€/kg) © price (%)
2009 5.1 31 6.87 1.77 11 16.69  9.82 59
2010  4.29 26 5.92 1.63 11 1537 9.45 61
2011 4.4 26 5.64 1.24 8 14.64 9 61
2012 4.1 25 5.88 1.78 12 1495  9.07 61
2013 4.18 25 5.68 1.5 10 1525  9.57 63

Information available at the Spanish Ministry of Agriculture, Food and Environment.

(fishmongers’ supermarkets, etc.), which make the hake fish available to final
consumers.

The Merluccius market reveals the existence of high differentiated sources in
the price formation along the three levels of the value chain, but in general
can be considered to be highly integrated. Attending to the annual average
prices, gross margins and contribution of each level to the final price, in gen-
eral, the retail margins are much higher than the wholesale margins for the
period 2009-2013 (Table 1.2). In particular, wholesale prices reflect an aver-
age increase of 36% with respect to the first-sale prices, going up to 150% in
the case of the retail prices with respect to wholesale prices. The contribution
of the producers, wholesalers and retailers to the final price to consumer is in
average 27%, 11% and 62%, respectively.

1.10 Discussion

The assessment of M. merluccius is carried out separately for northern and
southern stocks. Before 2010, both stocks were assessed using age-structured
models, but analysis of tagging programs showed that age was overestimated,
and therefore, nowadays both stocks are assessed using length-structured
models. In the last decade, the SSB increased in both stocks. The SSB of
the northern stock exceeded the historic levels of the 1980s, confirming the
stock restoration. Although SSB is below historic level it is not considered to
be overexploted, because there was not any reference point to SSB. But F is
above Fmsy, then the stock is being overexploted. In both stocks, recruitment
swings regularly, but remained at an average rate although SSB increased,
which could be due to a self-regulation mechanism of the stock size.

The increase of both northern and southern European hake stocks abun-
dances, in the decade of the 2000s, is reflected in the landings increase, with
fishing mortality decreasing. Despite the significant amount of the European
hake catches, it does not satisfice the high consumption level of the Span-
ish people. Thus, the external trade is essential, and as a consequence, the
M. merluccius market has become more international and global, Spain being
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the largest market in the world and accounting for one half of the total Euro-
pean human consumption.

The market prices are influenced by the origin of the fish, the transforma-
tion level of the fish and the value chain. The price of most preferred origin
could be twice as much as the last preferred source. Besides, fresh fish price
is significantly higher than other transformation levels’ price. In general, the
contribution of producers, wholesalers and retailers to the final price to con-
sumers is in average 27%, 11% and 62%, respectively. The high level of hake
imports in Spain holds due, in part, to the consumers’ traditional demand and
the good consumers’ perception about the hake prices in the market. How-
ever, consumers have neither been traditionally able to distinguish the hake
species nor the fishing technique used for catching it, which has promoted the
introduction of explanatory information in the markets.
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