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Abstract

The European hake (Merluccius merluccius) is one of the most heavily exploited fish species in Northeast
Atlantic demersal fisheries and is taken as part of mixed-species fisheries in the Moroccan waters. The growth and
mortality of M. merluccius in Northeast Atlantic (Moroccan coast) were investigated based on length frequency data
using the FiSAT software. Total length of the sampled 4440 fish ranged from 9.5 to 70.2 cm. The von Bertalanffy
growth function estimates were L, = 72.45 cm, K = 0.28 /year, t, = -0.72 years. The total, natural and fishing
mortality were computed as Z = 1.80, M = 0.50 and F = 1.31 /year, respectively. The exploitation rate E = 0.73,

indicating that the southern stock of hake fishery is over-exploited in the Moroccan North Atlantic sea.
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1. Introduction

The European hake Merluccius merluccius
(Linnaeus, 1758) is widely distributed throughout the
Northeast Atlantic, from the coast of Mauritania at
about 21° N to 62° N off the western coast of Norway,
and reaches greatest density between the British Isles
and the Southern Iberian Peninsula (Casey and Pereiro,
1995) as well as in the lower Mediterranean. It is one of
the most valuable and heavily exploited demersal
species in Western European fisheries. The status of M.
merluccius populations in the NE Atlantic is assessed
annually by the International Council for the
Exploration of the Sea (ICES) on the basis of two
separate stocks, the Northern stock and the Southern
stock, to the north and south of Cape Breton Canyon
(Bay of Biscay), respectively (ICES, 1979). Recent
assessments of the status of the Southern stock
(Spanish and Portuguese waters) reveal a dramatic
decline of the spawning stock biomass that has been
attributed to overfishing (ICES, 2006).

Hakes are also distributed throughout the Moroccan
Atlantic coast. It is one of the most heavily exploited
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commercial fish species in Moroccan demersal
fisheries, and is taken as part of shrimp-hake fisheries
in the North Atlantic of Morocco, mainly exploited by
trawl and gillnets. This species have a large
bathymetric distribution, it is found from only several
meters in the coastline to 1000 m depth, from the Strait
of Gibraltar to 21°N. Moreover, have a bathymetric
segregation of sizes; the largest individuals are caught
in waters deeper than 200 m, however the coastal shelf
is habited by a mostly juveniles (Turner and EIl Ouairi,
1986; Caveriviere et al., 1986), whereas medium-sized
fish appear at the lower depths (Turner and El Ouairi,
1986; Meiners, 2007). This species prefer muddy
bottoms, but are well distributed on other types of
bottom as well (muddy-sandy and sandy bottoms).

The annual catch recorded by the Moroccan coastal
fleet has experienced a steady increase between 1998
and 2003. Production in 2003 reached 11 600 tons,
double the landings recorded in 2002. Since 2004, the
catches show a significant drop. The study of
abundance indices of hake from research campaigns
(INRH, 1982-2007) shows a general downward trend
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since 1982 until 2006. The abundance of hake in 2006
was about 36% as compared to 2005. Moreover, the
percentage of juveniles is continuously increasing; it
rose from 53% in April 2006 to 83% in June 2007 in
north area. The size of fish in the catches decreased
progressively from 2000 (27.74 cm) to 21.60 cm in
2007. Moroccan management measures applied a
regulation to limit mesh size to 50 mm and prohibited
fishing within 3 miles of the coastline which is poorly
practiced.

The hake is a species of temperate waters; relatively
have a long life (12-13 years) and moderate growth. In
reality, growth is one of the most sensitive biological
problem in the study of hake, because of its importance
to the assessment and management of fisheries that
develop in any of their distribution areas.

Although there is an extensive literature on the
study of the growth of the hake in most areas where it
is distributed, and that have been carried out various
exchanges and ad hoc working groups to improve the
accuracy of the estimating age of stocks in the area
ICES (Pifieiro, 2000; Pifieiro et al., 2000; ICES, 2003;
Pifieiro and Sainza, 2002 and Pifieiro and Sainza,
2004), There is currently no method for determining the
age internationally accepted and validated better than
that based on the hard structures of M. merluccius. The
structure of the rings of the otoliths is difficult to
interpret, because factors such as defining the nucleus
of the otolith, the formation of annual rings and
intermediate and extending the period of its formation,
contribute to the discrepancies that exist between
different readers. As a result, the descriptions of the
growth of the hake vary depending on the area of
capture and interpretations of the rings of the otoliths
(Casey and Pereiro, 1995).

In Moroccan coast, the studies were carried out on
growth of M. merluccius by reading scales (Belloc,
1935), the longitudinal section of otoliths (Maurin,
1954; AtlantNIRO, 1978; Rami, 1979) and cross
section of the otoliths (Gofii, 1983; EI Ouairi, 1990).
Gofii (1983) established the first key length-age M.
merluccius according to the technique of Nichy (1977).
In that study he analyzed the seasonal training from the
edge of the otoliths through back-to medium size by
age and growth parameters for each sex and the sexes
combined. He mentioned that the first ring of winter,
which should be distinguished as a false ring was a
major problem for determining the real age of M.
mirluccius and El Ouairi (1990) also demonstrated the
same thing.

However, recent evidence about the growth of M.
merluccius has proved to be underestimated. Garcia-
Rodriguez and Esteban (2002) proposed a scenario of
rapid growth in the western Mediterranean, through the
contrast between estimates by reading otoliths and
length progression. Subsequently, de Pontual et al
(2004) presented preliminary results of a pilot study of
capture, marking and recapture M. merluccius in the
northern Gulf of Biscay (ICES zone). In this study, they
found that the growth rate of specimens between 13-58
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cm (210 + 0.91 cmlyear), is almost double that
estimated so far by reading otoliths in the same region.
This new estimate coincides with preliminary analysis
of the micro structure of otoliths, presumably related to
the formation of daily rings for young in the age group
zero in Spanish Atlantic waters (Pifieiro et al., 2004).
Despite numerous studies focusing on the biology of
M. merluccius (Pifieiro and Sainza, 2003), many gaps
remain in our knowledge on the species.

The aim of the present work was to provide
information on growth, mortality and exploitation rates
to define the present status of the M. merluccius
population in the Moroccan coast of Northeast Atlantic.

2. Materials and Methods

2.1. Study area and sampling

Fish samples were collected from the port of
Larache, obtained from commercial catch in the
Northeast Atlantic Moroccan Sea, during January 2006
to December 2006. The catch was mainly landed from
the trawlers of mesh size range from 28 to 40 mm. A
total of 4440 specimens were utilized for length
frequency studies. The total length (TL) of each fish
was recorded to the nearest mm from the tip of the
snout to the tip of the caudal fin and weighed up to
nearest gram using specific weight balances depending
on the size of the fish. Monthly length frequency data
were compiled from sample. Length measurements
were grouped at 2.0 cm length intervals, for the study
of length frequency distribution.

2.2. Length-weight relationship

Length-weight relationship was calculated by
applying exponential regression W=aL’, where W is the
total weight (g) and L the total length (TL)(cm).

2.3. Growth parameters

Fish growth was assumed to follow the von
Bertelanffy growth function (VBGF), which has the
basic form: L,=L. (I-exp * ")

Estimates of the von Bertelaffy growth parameters,
the asymptotic length (L..) and the growth coefficient
(K), for M. merluccius were derived using the
ELEPHAN routine in the FISAT programs (Gayanilo et
al., 1995). The theoretical age at length at zero (z,) was
obtained from Pauly’s (1979) equation:

Log1g (-25) =-0.392 - 0.275 logyg L. - 1.038 log10K

2.4. Longevity and growth performance
Longevity was calculated from Pauly’s equation:
twa=3/K. Pauly’s (1984) growth performance index (or

phi-prime) was computed from the equation:
Q'= |0910 K+2 |0910 L,..
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2.5. Mortality parameters

Total annual instantaneous mortality rates Z, were
estimated by constructing linearized length-converted
catch curves (Sparre and Venema, 1992).

Natural mortality (M) was estimated using the
general regression equation of Pauly (1980):

LogyeM = 0.0066 - 0.279 LogyoL..+ 0.6543 LogyoK +
0.4634 Log,,T

Where, L., and K are the parameters of the von
Bertalanffy equation. Parameter T is the annual mean
water temperature (°C), which was 18 °C for the given
sampling area. The instantaneous rate of fishing
mortality (F) was estimated as the difference between Z
and M. The exploitation rate (E) was determined

according to Gulland (1971): E=F/Z.

3. Results and Discussion

3.1. Length-weight relationship

The total length of 4440 M. murluccius specimens
caught in Northeast Atlantic Moroccan Sea ranged
from 9.5 to 70.2 cm. The length weight relationships
for combined sexes of M. merluccius was W=3.10"
SL*317 (Figure 1) indicated allometric growth. The
length—weight relationships of M. merluccius in
Moroccan coastal water were estimated as W = 3.10™ x
L 27 for males, W = 2.10° x L *® for females and W
=8.10° x L * * for the sexes combined (FAO, 2007).
The present estimates are quite similar to the estimates
of Pifieiro and Sainza (2003) and Lucio et al. (2000) for
the southern stocks.

Figure 1. Length-weight relationship of M. merluccius
(combined sexes, N=1090)

3.2. Growth parameters

The von Bertelanffy growth equations estimated
growth parameters as L, = 72.45 cm, K= 0.28 /years
and ty = -0.72 years. The growth curves produced with
those parameters are shown over its restructured length
distribution (Figure 2). The asymptotic length, 72.45
cm is realistic since the largest specimen sampled was
70.2 cm. Pifieiro and Sainza (2003) estimated von
Bertalanffy growth parameters of males were L, = 70
cm, K = 0.18 /year, and ty = -0.97 year, and those of
females were L. =89 cm, K =0.13 /year, and ty = -1.15
year and for combined sexes were L, = 88 cm, K =
0.128 /year, and ty = -1.17 year for the Southern stocks.
The present estimates of L. = 72.45 c¢cm is smaller than
the estimates of de Pontual et al. (2006), Gracia-
Rodriguez and Esteban (2002), Lucio et al. (2000)
(Table 1). In contrast, the estimated growth coefficient
K = 0.28 is higher than the previous estimates for this
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species (de Pontual et al, 2006; Pifieiro and Sainza,
2003; Garcia-Rodriguez and Esteban, 2002; ICES,
1991). Meiners (2007) demonstrated that the growth of
hake is higher in the Northeast Atlantic, followed by
South ICES (waters of the Atlantic Iberian Peninsula),
the western Mediterranean, and the Moroccan coast.
The differences between the sizes of the same age vary
depending on climatic condition, but tend to stabilize
after the third year. On the average, the Northwest
African (Moroccan) hake are 32%, 25% and 20%
respectively smaller than the hake of the same age in
the Bay of Biscay, Atlantic waters of the Iberian
peninsula (the South area of ICES) and in the
Northwest Mediterranean (Meiners, 2007).

Using the estimated value of the average growth
coefficient (K = 0.28), the longevity, ¢,..= 3/K, was
calculated as about 10 years. A summary of the
parameters that describe growth in length and derived
growth performance index (¢’ is provided in Table 1.
The length frequency analysis applied to M. merluccius
from the Moroccan waters revealed that the species is
fast-growing and this result supports the fast-growing
hypothesis of Pifieiro et al. (2007).

The debate about whether hake is a fast- or a slow-
growing species has been going on since the 1930s
(Hickling, 1933; Belloc, 1935). Studies since those
days in various areas have reported very different
growth estimates for hake in both the Northeast
Atlantic (Bagenal, 1954; Guichet et al., 1973; Robles et
al., 1975; Descamps and Labastie, 1978; Iglesias and
Dery, 1981; Lucio et al., 2000a; Pifieiro and Sainza,
2003; Pifieiro et al., 2007) and the Mediterranean
(Aldebert and Recasens, 1996; Morales-Nin and
Aldebert, 1997; Garcia- Rodriguez and Esteban, 2002).
It is important to assess whether such diversity is
biologically meaningful or whether it reflects bias in
the estimation methods.

3.3. Mortality and Exploitation

The instantaneous total mortality rate, Z was
estimated as 1.80 /year (Figure 3). The instantaneous
natural mortality M, was calculated as 0.50 /year
(Pauly). The reliability of the estimated M was
confirmed using the M/K ratio, which has been
reported to be within the range of 1.12-2.25 for most
fishes (Beverton and Holt, 1959). The M/K ratio (1.78)
in the present study falls within the acceptably defined
range. Thus, the average instantaneous fishing
mortality F, (F=Z-M) was calculated as 1.31 year™ and
the exploitation ratio E, (E=F/Z) as 0.73 (Figure 3). The
estimated fishing mortality (F=1.31) seems to be fairly
high, and together with the current exploitation rate of
0.73, it indicates a high fishing pressure on the stock of
M. murluccius in the Moroccan waters.
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Table. 1. Parameters of the von Bertalanffy growth equation (K, L. and to) for southern stocks of M. murliccius
obtained by different authors.

Authors (years) Sexs Methods K Lo to [0}
de Pontual et al., (2006) Combined  Otoliths 0.362 89.9 -
Pinerio and Sainza (2003) Combined  Otoliths 0.128 88 -1.174
Lucio et al. (2000a) Combined  Otoliths 0.12 110 -0.452
Males 0.181 80 -0.724
Females 0.122 110 -0.619
Gracia-Rodriguez and Esteban (2002) Combined  FiSAT (ELEPHAN) 0.21 108 0.115 3.39
Godinho et al. (2001) Combined  Otoliths 0.089 110.6 -0.97 2.99
The present study (Belcaid and Ahmed, 2008) Combined FiSAT (ELEPHAN) 0.28 7245 -0.72 3.16
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Figure 2. von Bertalanffy growth curve of M. marluccius from the North Atlantic Moroccan sea by ELEPHAN |

(L.=72.45cm and K = 0.28 /year).
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Figure 4. Relative yield per recruit(Y/R) and relative biomass per recruit of M. merluccius.
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