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Abstract: This work is a study of growth aspects and mortality of the Atlantic chub mackerel, Article history:

Scomber colia, from the Mediterranean Moroccan coast. A total of 845 specimens were collected
from commercial catches in M’diq Bay, whose total length ranged between 16.4 and 35.9 cm. The
length-weight relationship was W = 0.0019 TL345%7 (r = 0.97) for the whole population. The Atlantic
chub mackerel displays positive allometric growth. Otolith edge analysis indicated that opaque zones
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were formed between April and September and translucent ones during the remaining months of the A ge

year. The oldest individuals in the sample were 5 years old for both sexes. Von Bertalanffy growth
parameters estimated for this species were: Leo = 37.30 cm, k = 0.26 year™' and to = - 2.19 year. The
difference in growth between sexes is not significant. The estimated natural mortality was 0.59 per

year.
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Introduction

Small pelagic fishes (sardines, mackerel, horse
mackerel and anchovies) represent the fishery
potential of Morocco, contributing to nearly 80% of
national production and ensuring domestic fish
consumption and supply of processing units. The
second most important species landed in Morocco in
2017 after the sardine was the Atlantic chub mackerel,
Scomber colias Gmelin, 1789 (242 749 tons), which
represent 17% of the whole catch of small pelagic. The
catches from the Mediterranean waters were 2189
tones, contributing 1% to the overall Atlantic chub
mackerel landings. The Moroccan fleet targeting
small pelagic fish is composed by coastal purse
seiners, which mainly target sardine and anchovy but
also Atlantic chub mackerel depending on its
availability (INRH, 2017). According to Zardoya et al.
(2004), S. colias 1s considered to belong to one stock
management policy in Mediterranean Sea. For
assessment purposes, the GFCM (General Fisheries
Commission for the Mediterranean) defined the
Moroccan Mediterranean coast as southern Alboran
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Sea, geographical subarea 3 (FAO, 2018).

Scomber colias is a coastal pelagic species
inhabiting warm and temperate waters of the Atlantic,
Mediterranean and Black Sea (Collette and Nauen,
1983). Based on significant mitochondrial and nuclear
DNA data and phenotypic characteristics, S. colias is
a separate species from its Indo-Pacific congener,
S. japonicus (Infante et al., 2007). Besides their
fishery’s worldwide importance, the Atlantic chub
mackerel occupies an intermediate position in food
web and plays an important role in connecting the
lower and upper trophic levels (Cury et al., 2000).

Growth is one of the most important life history
processes influencing the dynamics of a fish
population. Hence, reliable estimation of growth is
critical to the development of sustainable fisheries
(King, 1995). In spite of the economic and ecological
interest, biological information about the Atlantic
chub mackerel and its fishery in Moroccan
Mediterranean coast are still lacking, and there are no
published studies on age structure and growth, except
arecent study about its reproduction (Techetach et al.,
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2019). By contrast, in other areas of the Mediterranean
Sea, several aspects of the biology of this species has
been discussed, such as length-weight relationship and
mortality (Petrakis and Stergiou, 1995; Moutopoulos
and Stergiou, 2002; Sinovc¢i¢ et al., 2004; Karakulak
et al., 2006; Ozaydmn and Taskavak, 2006; Bayhan,
2007; Ismen et al., 2007; Cengiz, 2012; Allaya et al.,
2013; Cikes-Kec and Zorica, 2013), age and growth
(Rizkalla, 1998; Hattour, 2000; Kiparissis et al., 2000;
Perrotta et al.,, 2005; Velasco et al., 2011),
reproduction (Cikes-Kec and Zorica, 2012) and
feeding habits (Hattour, 2000; Bayhan et al., 2007).

Age determination based on otoliths has been the
most used method for the Atlantic chub mackerel in
different areas (Castro and Santana, 2000). Otoliths
grow continuously throughout ontogeny and they are
not metabolically active providing an ideal structure
to infer growth (Campana, 2001). In addition to the
age estimation, otoliths are also used in taxonomical
and biological archives of species in stock
discrimination analyses, and study of the diet from
partially digested stomach contents (Cottrell et al.,
1996). Accurate ages are mandatory to define life-
history traits applicable to management, including
rates of growth and age-at-maturity (Beamish and
Mcfarlane, 1983). Therefore, the knowledge about age
structure and growth are fundamental to achieve
certain stock assessments. Based on above mentioned
background, the objectives of this study were to
provide  length-weight  relationship,  growth
parameterization, validation of age interpretation and
natural mortality of S. colias in the SW Mediterranean
Sea for fisheries management purposes.

Materials and Methods

Samples of Atlantic chub mackerel were collected in
M’diq region (35°N, 5°W) from purse seine
commercial catches (Fig. 1). A total of 845 S. colias
were monthly analyzed between January and
December 2004; 54% (453) were females and 46%
(392) males. In the laboratory, for each fish, total
length (TL, to the nearest 1 mm) and total body weight
(W, 0.1 g) were measured. Sex was determined by
visual examination of the gonads. The sagitta otoliths
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Figure 1. Location of study area in M’diq Bay (Moroccan
Mediterranean coast) showing the fishing ground.

were removed, cleaned, weighted (OW, 0.1 mg) and
stored dry (Table 1).

Length-weight relationships were calculated by
applying the equation of W = aTLP, where W is the
body weight (g), TL is the total length (cm), a is a
scaling coefficient and b is the allometry coefficient
which usually ranges from 2.5 to 4 (Ricker, 1973).
Student’s t-test was used to ascertain whether the
coefficient b was significantly different from 3, using
the following formula (Morey et al., 2003): ts = (b —
3)- ts=(b—23)Sw"!, where t, is student’s t-test, b is slope
and Sj is standard error of the slope. The association
degree between variables was calculated by the
correlation coefficient (r). Analysis of variance
(ANOVA) was used to check the significance of
relationships and to compare the regression lines
between sexes.

For age determination, whole otoliths were
mounted on a black background, covered with water
and examined with binocular microscope under
reflected light. Each otolith was read twice at different
times to limit subjective interpretations. Unreadable
otoliths were excluded from the study (n = 226). The
age determination criteria were (ICES, 2016): (1) the
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Table 1. Statistic data from the sample of Atlantic chub mackerel collected in this study (TL = total length; W = total body weight; OW = otolith

weight; SD = standard deviation; NOW = number of otoliths weighted).

Month Number of specimens TLrange MeanTL  Mean W (g NOW Mean OW
Males Females  Total (cm) (cm) = SD + SD (mg) + SD
January 57 36 93 17.3-30.0  23.242.5 105.6+47.0 35 6.3+1.4
February 35 31 66 16.6-29.8  21.3+£3.2 80.4+45.6 22 5.0+1.1
March 27 31 58 16.4-28.4  24.143.0 117.1+40.2 32 6.2+1.0
April 12 21 33 21.5-26.7  23.9+1.3 99.1+18.2 3 5.5+0.4
May 22 38 60  21.0-29.8  24.6+2.2 122.9+44.6 7 8.3+0.8
June 22 30 52 19.8-35.8  23.6+2.9 102.3£65.8 3 9.44+2.2
July 41 51 92  20.6-35.6  24.843.5 137.1£77.4 16 9.4+1.0
August 43 50 93 19.1-31.1  23.3+42.6 109.6+45.6 7 9.6+1.0
September 24 48 72 21.1-359  26.5+4.6 186.5£118.2 3 7.4+0.4
October 46 48 94 19.1-33.1  24.543.4 136.2+67.2 18 9.4+1.5
November 22 29 51 18.1-31.4 242432 125.0+£55.0 1 10.6
December 41 40 81 18.6-28.3  24.0+1.7 126.7+32.4 - -

date of birth was considered to be 1 January according
to the reproduction season (winter) (Lorenzo, 1992),
(2) atranslucent and an opaque ring were deposited on
the otolith every year (Castro and Santana, 2000;
Perrotta et al., 2005), and (3) the age of the fish
depends on the month of capture: in otoliths taken
from fish caught in the first half of the year, their age
corresponds to the number of complete translucent
bands, but for fish caught during the second half of the
year, their age group corresponds to the number of
translucent bands surrounded by opaque band
(Lorenzo, 1992). To validate the annual periodicity of
band formation, monthly changes in proportions of
opaque and translucent rings in the otolith edge were
examined. In addition, to assess that otoliths continue
to grow throughout the lives of the fish, weights of 147
otoliths were regressed on age and size of fish, given
that a strong positive relationship suggests that the
otoliths continue to grow at a measurable rate through
the lifespan of the fish (Fowler and Doherty, 1992).
To describe the growth of the Atlantic chub
mackerel, the observed mean length-at-age data were
fitted to the von Bertalanffy growth equation: Lt =
Loo[1 — e 0] where L is the total length (cm) at age
t, Lo 1s the asymptotic total length (cm), k is the
growth coefficient (year!), and 1o (year) is the
hypothetical age at which L; = 0. Analysis of variance
was applied to compare male and female mean lengths
at age. To compare the growth parameters obtained
with other studies, the growth performance index (®’)

was calculated using the following formula (Pauly and
Munro, 1984): @’ =logio k + 2 log1o L.

The condition factor (Kn) was used for comparing
the condition or well-being of fish and could be used
as an indicator of seasonal energy investment, related
to changes between somatic growth and reproductive
processes. The Kn was calculated using formula
(Fulton, 1904) of Kn = W (g) TL (cm) 100.

Natural mortality (M) was calculated by applying
the Pauly (1980) formula as logioM =—-0.0066 — 0.279
x logioLe + 0.6543 x logiok + 0.4634 x logioT, where
L and k are the parameters of the von Bertalanffy
growth equation and 7 is the mean annual sea water
temperature, which was 19.8°C in M’diq Bay (https://
www.seatemperature.org/africa/morocco/). Averaged
temperature was obtained for the area and the study
time period. Additionally, based on the results
published in Techetach et al. (2019), the age at first
maturity (Aso) was estimated using von Bertalanffy
growth equation. All the statistical analyses were
conducted in Statistica software v.6.0.

Results

Size composition: The length of fish ranged between
16.4 and 35.9 cm TL (mean length = 24.07, standard
deviation (SD) = 3.25). Males ranged 16.6-35.9 cm
(23.974£3.26) and females varied from 16.4 to 35.8 cm
(24.1543.25). Most of the fish sampled ranged 20-27
cm, representing 79.27% of the whole capture, and the
modal was 22-23 cm (Fig. 2). The ANOVA showed
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Table 2. Parameters of length—weight relationship for Atlantic chub mackerel (N = number of fish; a = scaling coefficient; b = allometry coefficient;

r = correlation coefficient; ¢ = t-test).

Sex N a b r ts Significance Allometry
Males 392 0.0017 3.48 0.98 14.10 P<0.05 Positive
Females 453 0.0020 3.42 097 1133 P<0.05 Positive
All fish 845 0.0019 345 0.97 17.54 P<0.05 Positive
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Figure 2. Size frequency distributions by sex for Atlantic chub mackerel caught in M’diq Bay.

that difference between mean TL by sex not
significant (F = 0.69, P>0.05).

Length-weight relationship: The relationship
between length and weight was highly significant for
all fish combined and per sex (P<0.001). In addition,
high value of the correlation coefficient (7>0.97)
indicated that variables were strongly correlated. The
b-values showed significance difference from
isometric growth for both sexes and all fishes (Table
2). Therefore, the Atlantic chub mackerel displays
positive allometric growth (b>3). The slopes of the
length-weight regressions lines were not significantly
different between sexes (F = 1.6; P =0.2).

Age validation: Otolith analysis showed two types of
edges (opaque and translucent). Monthly changes in
the frequency of opaque and translucent bands on the
otolith edge seemed to show a seasonal variation in the

formation of these bands during the study period (Fig.
3). Opaque edges were more frequent in spring and
summer months (April-September), while translucent
edges dominated during autumn and winter (October-
March), thus confirming the expected annual pattern
of deposition of two rings: one opaque and one
translucent.

The weights of 147 otoliths varied from 3.4 to 12.8
mg, with a mean value of 7.19£2.06 mg. A positive
linear relationship was observed between otolith
weight and age (r = 0.88) (Fig. 4). A high linear
correlation was also obtained between the total length
of the fish and the otolith weight (r = 0.88) (Fig. 5).
Condition factor: The Kn ranged from 0.51 to 1.1 for
males and from 0.46 to 1.072 for females. A similar
monthly trend was observed for male and female fish
(Fig. 6). The highest values were recorded in
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Figure 3. Monthly changes in the occurrence frequency of edge type in otoliths of Atlantic chub mackerel.
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Figure 4. Relationship between age and otolith weight (OW) for

Atlantic chub mackerel in M’diq Bay (N = number of fish; r =
correlation coefficient.

September and December, while the lowest ones were
occurred in April and June.

Age and growth: The estimated ages of S. colias
varied from O to 5 years both for males and females.
Age class 1 (37.16%) was dominant, followed by 2
(32.47%) and 3 (12.92%). Juvenile specimens (age
class 0) were poorly represented in the sample. The
age-length key per sex including totals is shown in
Table 3. The von Bertalanffy growth curve fitted well
to the mean length at age data of Atlantic chub
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Figure 5. Relationship between total length (TL) and otolith
weight (OW) for Atlantic chub mackerel in M’diq Bay (N =
number of fish; r = correlation coefficient).

mackerel (Table 4). The growth performance index
(®’) was calculated as 2.56 for males, females and all
samples. No significant differences were found in the
mean length at age between males and females
(P>0.05). There were no differences in the growth
between both sexes, thus data can be pooled (Fig. 7).
The estimated natural mortality was 0.59 per year.

Age at first maturity: In M’diq Bay, the size at first
maturity has been estimated at 19.19 cm (Techetach et
al., 2019), which corresponds to an age at first



Int. J. Aquat. Biol. (2021) 9(5): 268-278

273

Table 3. Age-length key per sex and total of Scomber colias from M’diq Bay (N = number of fish; TL = total length; Min = minimum; Max =

maximum; SD = standard deviation).

Length Age (year)

class (cm) 0 1 2 3 4 5
16-17 6

17-18

18-19

19-20 1

20-21 8

21-22 43 1

22-23 110 8

23-24 61 46

24-25 7 84 8

25-26 45 17

26-27 17 38 1

27-28 16 16

28-29 1 17

29-30 20 2
30-31 6 6
31-32 3 6
32-33 3 8
33-34 10
34-35 4

N 6 230 201 80 66 36
Mean TL 16.68 22.51 24.51 2632 2893 32.16
Min. TL 1640 19.60 21.70 24.30 26.80 29.80
Max. TL 16.90 2440 2690 28.10 3240 34.50
SD TL 0.18 082 099 085 134 141
% 097 37.16 3247 1292 10.66 5.82

Table 4. Parameters of the von Bertalanffy growth equation for Scomber colias (Leo = asymptotic total length; k = growth coefficient; o =
hypothetical age at which size fish is zero; r = correlation coefficient).
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Figure 6. Relationship between total length (TL) and otolith weight (OW) for Atlantic chub mackerel in M’diq Bay (N = number of fish; r =

correlation coefficient).
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Figure 7. The von Bertalanffy growth curve for the whole sample of Atlantic chub mackerel.

maturity (Aso) of 0.61 year, based on the present study.

Discussions
Positive allometric growth of S. colias observed in this
study is in agreement with results reported in other
studies in Mediterranean Sea (Kiparissis et al., 2000 in
the Hellenic Seas; Moutopoulos and Stergiou, 2002 in
the Aegean Sea; Bayhan, 2007 in Izmir Bay; Velasco
et al.,, 2011 in Alboran Sea; Cengiz, 2012 in Saros
Bay). However, isometric growth was obtained by
Allaya et al. (2013) in Tunisian coasts, Cikes-Kec and
Zorica (2013) in Adriatic Sea, and Ozaydin and
Tagkavak (2006) in Izmir Bay. There is no significant
difference in length-weight relationship parameters
between sexes, which indicated a similar relative
weight growth between males and females. This result
is in concordance with those revealed in the Gulf of
Cadiz and the Alboran Sea (Velasco et al., 2011),
Madeira Island (Vasconcelos et al., 2011), and Canary
Islands (Lorenzo and Pajuelo, 1996). Variation in
parameters of length-weight relationship for Atlantic
chub mackerel might be related to sampling area,
sampling strategy, fish feeding, sexual maturity, sex,
size-range and health (Tesch, 1971; Ricker, 1975).
Age validation is critical process to accurately
determine age. Monthly evolution of the nature of the
otolith edges presented a clear annual pattern of the
annuli deposition with opaque and hyaline rings being

laid down during warm and cold months, respectively.
It matches with the results of Velasco et al. (2011) in
the same area. The same pattern has been also
obtained in other areas (Lorenzo, 1992; Kiparissis et
al., 2000). The formation of an opaque zone, which
corresponds to rapid growth, was related to food
resource abundance, increase of temperature, and best
condition. In contrast, translucent zone formation
coincides with the spawning period in this area
(Lorenzo and Pajuelo, 1996). Indeed, the otolith
growth depends on local environmental factors, which
influence the otolith deposition pattern (Campana and
Neilson, 1985).

The Atlantic chub mackerel gets the energy
required for gonad growth from food that explained
the maximum values of Kn recorded in summer-
autumn, whereas, the stored energy is devoted to
somatic growth. Accordingly, the feeding activity of
S. colias does not change during the reproductive
period. The phase of slimming will take place after the
spawning, due to the release of genital products
(Kartas, 1981; Aristizabal, 2007). Similar results have
been found in sardines, which do not stop feeding
during the spawning period (Somarakis et al., 2004).
Species that allocate ingested food directly to
reproduction seem to be income breeder (Stephens et
al., 2009; McBride et al., 2015). In addition, the
condition of a species is the consequence of the
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Table 5. Comparison of growth parameters from different regions for Atlantic chub mackerel (Lo=asymptotic total length; k=growth coefficient;
t0=hypothetical age at which size fish is zero; @’=growth performance index).

Area Ly k 10 @’ Reference

M’diq Bay 3730 0.26 -2.19 2.56 This study

Alboran Sea 40 0.37 -0.10 2.77 Velascoetal. (2011)

Adriatica Sea 4531 0.18 -1.65 2.57 Cikes-Kec and Zorica (2013)

Hellenic Seas 47.60 0.15 -2.18 2.53 Kiparissis et al. (2000)

Saros Bay (Turkey) 39 0.20 -2.13 248 Cengiz (2012)

Egypt 3942 031 -1.39 2.68 Rizkalla (1998)

Gulf of Cadiz 43 0.27 -1.10 2.69 Velascoetal. (2011)

Canary Islands 4920 0.21 -1.40 2.71 Lorenzo etal. (1995)

Madeira Island 50.08 0.25 -1.33 2.80 Vasconcelosetal. (2011)

Azores 57.52 020 -1.09 2.82 Carvalho et al. (2002)

Mauritania 4840 0.24 -1.51 2.76 Jurado-Ruzafa et al. (2017)
interaction of biotic and abiotic factors (Vazzoler, agreement with previous studies. The growth

1981).

The present study is the first work on age and
growth pattern of Atlantic chub mackerel, S. colias in
the west Mediterranean coast of Morocco. The age of
Atlantic chub mackerel can be estimated from whole
otoliths. This is supported by all results presented in
this study, especially the positive relationship between
otolith weight and length and age of fish, thus,
suggesting the increase of otolith weight throughout
the lifespan of fish. The otolith weight would be an
accurate indicator of somatic growth, since it is
sensitive to variations in growth rate and closely
related to changes in fish metabolism (Pawson, 1990;
Fletcher, 1995; Zorica et al., 2010).

As commented, the maximum age observed in the
present study was 5 years. This longevity is similar to
that obtained by Kiparissis et al. (2000), and slightly
lower than the 6 years recorded in Alboran Sea
(Velasco et al., 2011). However, Cikes-Kec and
Zorica (2013) reported the maximum age as 9 years in
the Adriatic Sea. Growth of Atlantic chub mackerel is
rapid during the first year of their life reaching the
60.35% of its maximum length, which seems to be
closer to the value reported by Velasco et al. (2011;
59%). The similar growth patterns between sexes
noted in this study was in accordance with the results
of Vasconcelos et al. (2011) and Velasco et al. (2011).

Growth parameters (L, k and 7)) and growth
performance index (@’) from the present study and
previously published studies are shown in Table 5.
Our estimate of the growth parameters (k, L) was in

performance indices ranged from 2.48 to 2.82 for chub
mackerel in their area of distribution. The lowest one
corresponds to Saros Bay and the highest in Azorean
waters. The obtained performance index was similar
to the values in Adriatic Sea (Cikes-Kec and Zorica,
2013) and in Hellenic Seas (Kiparissis et al., 2000)
although different from all the other studies (Table 5).
The geographic differences in growth parameters
could be due to variations in environmental conditions
water temperature, food quality and
availability might lead to different results for growth
parameters (Weatherley, 1976; Perrotta et al., 2005).

The natural mortality in this study was similar to
that found by Jurado-Ruzafa et al. (2017, M = 0.57
year'!) but different to those of Cengiz (2012, M =0.34
year'') and Cikes-Kec and Zorica (2013, M = 0.35
year'!). Disparity of mortality rates between different
localities could be explained by ecological conditions
and fishing pressures (Vetter, 1988), as well as on the
growth estimation method, the sample size, the
sampling strategy and the ageing methodology.

The first maturity of the Atlantic chub mackerel
obtained in this work is early (0.61 year) compared to
previous studies in other areas. In fact, this species
achieved maturity at 27 cm and 3 years in Portuguese
coast (Martins, 1996). In the Azores, Carvalho et al.
(2002) estimated size at maturity at 27.78 cm and 2.23
years. The trend of reduction in age and size at first
maturity could be explained by the result of genetic
changes as an effect of intense and prolonged
exploitation and also the effect of global climate

such as
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change (Jennings et al., 2001).

The information gathered in this study contributes
to the life history traits of Atlantic chub mackerel
S. colias in M’diq, Moroccan Mediterranean coast.
Information on age, growth parameters and mortality
rate are fundamental to improve the assessment and
management of this important resource.
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