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ABSTRACT
The Atlantic chub mackerel (Scomber colias) is a pelagic fish species
which strongly supports fisheries along the Moroccan Atlantic coasts.
However, despite commercial landings which have increased over the last
decades in Morocco, biological information on this species remain scarce at

the national scale. The present study was therefore conducted to examine

the reproductive biology of S. colias in the Atlantic coasts of Morocco. A
total of 432 specimens were collected from Safi fishing harbor between
March 2023 and February 2024, including 207 females and 225 males. The
results showed that gonadosomatic index peaked during the colder months,
while the spawning season occurred between December and March.
Maximum hepatosomatic index values were recorded in June, at 1.13 + 0.41
for females and 1.33 + 1.32 for males. The overall body condition factor
ranged from 0.71 to 0.91 in both sexes. Finally, size at first maturity was
estimated at 18.26cm for males and 19.31cm for females. These preliminary
findings provide crucial baseline data that may inform sustainable
management practices and support conservation efforts of the Atlantic chub
mackerel populations in the Moroccan marine waters.
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INTRODUCTION

The Atlantic chub mackerel Scomber colias (Gmelin, 1789) is a pelagic fish species
belonging to the Scombridae family, characterized by a fast-growing and early maturing
of individuals. Specimens can reach a maximum length of 50cm and an age of 13 years
(Castro & Santana, 2000). This species colonizes the warm and temperate Atlantic
coastal waters and surrounding seas, including the Mediterranean, Black and Adriatic
Seas, generally on the continental shelf at depths between 0 and 300m (Collette &
Nauen, 1983; Castro & Santana, 2000). Its geographical range extends from the Bay of
Biscay in the northern part of the eastern Atlantic to South Africa. However, this species
is also located along the U.S. coast from Massachusetts to Florida, in the Bahamas, the
Gulf of Mexico, and in southern Venezuela, Brazil, Uruguay, and Argentina (Castro &
Santana, 2000).
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The central and southern regions of Morocco are identified as key areas for the
concentration of the Atlantic chub mackerel along the northwest African coast. In
Moroccan waters, S. colias is a significant fishery resource, with fishing activities carried
out using capture seiners, artisanal fleets, and commercial trawling vessels, including
refrigerated sea water vessels. The Atlantic chub mackerel fishery has significant
socioeconomic importance in Morocco, being one of the most valued commercial fish
throughout its habitat, and providing food and job opportunities for many locals. Indeed,
catches were 380 000 tons, representing about 16% of the overall catch of small pelagic
fish within the country (ICES, 2020). However, the fishing pressure directed at this
species in Morrocan waters negatively affect the biomass, resulting in the stock on
populations being extensively exploited (Derhy et al., 2022). For instance, despite the
increasing demand by consumers, the annual catches of key small pelagic fish species in
the region decreased from 2.8 million tons in 2019 to 2.6 million tons in 2020 (FAO,
2020). This reduction is primarily associated with fishing activities during the spawning
season, which result in unintended juvenile mortality and consequently contribute to the
decline in the stock biomass of Scomber colias. Despite the species’ significant economic
importance and the vast extent of Morocco’s marine coastline, studies on its biological
characteristics and spatial variability remain limited. To date, scientific efforts concerning
the Atlantic chub mackerel at the national level have been restricted in both temporal and
geographical scope and fall short of reflecting the species’ socio-economic and nutritional
significance. Only a limited number of studies have explored specific aspects of its
biology—such as diet, age, growth, reproduction, morphometry, and exploitation rates—
revealing differences between Mediterranean and Atlantic populations (Bouzzammit &
El Ouizgani, 2019; Techetach et al., 2021; Bouzzammit et al., 2022).

More precise and up-to-date biological data are essential for evaluating the status of S.
colias populations and understanding their life-history traits, thereby supporting the
implementation of more appropriate and adaptive management strategies across temporal
and spatial scales.

The present study aimed to investigate a broad set of biological parameters of S.
colias, including sex ratio, size at first maturity, spawning season, and maturity stages
along the northwestern coast of Morocco. Specimens were collected from the central
zone of the Atlantic stock, extending from Safi (32°19'N, 9°00'W) to Cap Boujdour
(26°07'N, 14°30'W). By providing updated data, this study contributes to a better
understanding of the seasonal population dynamics and biological characteristics of S.
colias in northwestern Moroccan waters.

MATERIALS AND METHODS

1. Sampling
A total of 432 individuals of the Atlantic chub mackerel, caught by purse seine,
were collected from commercial catches landed at the port of Safi City from March 2023
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to February 2024 (Fig. 1). 36 specimens were sampled three times a month. The fish were
transported to the laboratory in isothermal containers filled with ice. In the laboratory,
morphometric data were recorded for each individual, such as total length (TL, cm) and
total weight (TW, g). After dissection, the sex was identified macroscopically while the
gonad weight (GW, g) and liver weight (LW, g) were measured to the nearest 0.01g.
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Fig. 1. Geographic location of the sampling area of S. colias in the Atlantic coast of
Morocco

2. Length-weight relationship
The majority of fish exhibit an allometric correlation between size and weight.
Estimating the morphological changes induced by growth is highly beneficial in fisheries
biology. It is converted into a species equation (Le Cren, 1951):
TW=ax TL",
Where, a: constant, and b: allometry coefficient.
3. Sexratio
The sex ratio was determined using the following equation:
SR = M/F,
Where, F: number of females, and M: number of males.
4. Stages of sexual maturity
Sexual maturity stages were determined by direct observation of the gonads using
various morphological parameters including size, color, and the volume they occupied
within the abdominal cavity. According to Arriaga et al. (1983), the macroscopic
maturity scale includes five stages recognized in both males and females: stage I
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(immature), stage Il (maturing virgin or recovering spent), stage Il (maturation), Stage
IV (spawning), and stage V (post-spawning).

5. Biological index

To assess the maturity of S. colias and the condition of specimens sampled, three
indices were calculated: The gonadosomatic index (GSI), hepatosomatic index (HSI) and
condition factor (K). The GSI serves as a dependable measure of reproductive activity in
fish. It assesses fluctuations in gonadal weight relative to factors like body length, total
body weight, or somatic weight, enabling the identification of the reproductive period.
The GSI is determined by analyzing changes in gonad weight throughout the sexual cycle
and is represented by the following formula:
GSI = (GW/TW-GW) x100
Where, GW: gonads weight, and TW-GW: total weight-gonads weight. The gonado-
somatic index is used to determine the timing and duration of spawning (Lahaye, 1980).
All the energy required for gonad maturation comes from the lipid reserves stored in the
liver. The HSI indicates the liver's energy reserves, essential for sexual maturation. It
illustrates the fluctuations in liver mass during the sexual cycle, offering insights into
energy distribution and physiological readiness for reproduction. The index is computed
applying the subsequent formula:
HSI = (LW/TW-LW) x 100

Where, LW: liver weight, and TW-LW: total weight-liver weight.

The K value was calculated using the formula (Bouhali et al., 2015):

K = (Wgt/TL®) x 100

Where, Wgt: gutted body weight, and TL: total length.

6. Size at first maturity

The size at which 50% of individuals are sexually mature is known as the size at
first sexual maturity (TLso). To determine this size, samples were taken from the 1cm size
class, and the number of individuals was recorded. The proportion of mature individuals
(stages IlI, 1V, and V) was subsequently determined for each size class. The correlation
between size and the proportion of mature individuals was represented by a sigmoid
logistic curve, mathematically expressed as follows (King, 1995):
P=1/(1+ LTl

Where, P is the proportion of mature fish for the total length, and a is a parameter of the
model.

7. Data analysis
The sex ratio, GSI, and HSI data were analyzed using the Chi-Square test (¥2) to
determine potential differences in the proportions of each sex. Variations in size during
first maturity were evaluated applying Z values (Gunderson, 1977). The differences
were considered significant at P< 0.05. The statistical software SPSS version 20.0. was
used for the data analysis.
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RESULTS

1. Population structure

The study population consisted of 207 female and 225 male individuals of S.
colias. The overall length of the individuals varied between 15.5 and 26cm, with an
average of 20.55 £ 1.63cm. Specifically, the length distribution for males ranged from
16.5 to 26¢cm, with a mean of 20.55 + 1.63cm, while for females, it extended from 15.5 to
25cm, with a mean of 20.5 £ 1.63cm (Fig. 2). A statistical analysis revealed no
significant difference in the total length distribution between the sexes (P> 0.05),
indicating similar size distributions for males and females. Regarding weight, the total
body mass for males ranged from 35 to 132g, with a mean of 71.39 £ 21.21g, whereas for
females, it ranged from 38 to 1569, with a mean of 71.61 + 21.36g. Although there was a
slight variation in the range of weights between the sexes, the means were closely
aligned, suggesting that body mass did not differ substantially between males and females
in this population.
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Fig. 2. Distribution frequency of the total length (TL) in S. colias on the Atlantic coast of
Morocco
2. Length-weight relationship
A significant relationship between length and weight was observed (P< 0.05)
(Fig. 3). The correlation coefficient was 89 and 91% for males and females. respectively,
indicating a strong correlation between weight and size of S. colias in Safi area. The
allometric coefficient (b) was significantly greater than 3 for both sexes, indicating a
positive allometric growth in Scomber colias, meaning the species tends to become

heavier relative to its length as it grows (Table 1).
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Fig. 3. Length-weight relationship in females and males of S. colias along the Atlantic
coast of Morocco
Table 1. Parameters of length-weight relationship for S. colias (N = number of fish; a =
scaling coefficient; b = allometry coefficient; r = correlation coefficient)

Sex N a b r Allometry
Males 207 0.0032 3.3055 0.89
Females 225 0.0035 3.2751 0.91 Positive
All fish 432 0.0033 3.2910 0.90
3. Sex ratio

The sex ratio of S. colias was 1:1.08 (females to males), which approaches a ratio
of 1:1 (3> = 0.75, P> 0.05). On a monthly basis, the sex ratio was especially near parity in
June and July (1:0.1), as well as in October (1:0.80). For monthly changes in sex ratio
according to the studied months, no significant differences between the males and
females populations were noticed throughout all months, apart from the month of May in
which statistically significant differences emerged (y> = 4, P< 0.05) (Table 2). The
seasonal analysis of the ratio of female-to-male appearance showed little fluctuation in
the ratio of females to males throughout the year. Conversely, spring was also noted for a
clear male bias (P< 0.05), with a significantly higher representation of males across the
season (Fig. 4).
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Fig. 4. Seasonal evolution of the sex ratio of S. colias on the Atlantic coast of Morocco

Table 2. Monthly variation of the sex ratio, mean total length (TL), mean total weight

(TW) of S. colias. * Significant difference P< 0.05

Morocco
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Month Number of specimens SR & TL (cm) TW (9)
Females Males Total
Mar 16 20 36 1.25 0.44 21.48+1.81 73.07 +20.82
Apr 14 22 36 1.57 1.77 19.63+1.72 58.14 +14.04
May 12 24 36 2.00 4.00* 21.18 +2.17 81.27+27.73
Jun 13 23 36 1.77 2.77 21.83+0.83 95.68 +12.08
Jul 21 15 36 0.71 1.00 21.39+0.90 84.69 +16.87
Aug 18 18 36 1.00 0.00 20.04+£1.02 66.06 +11.96
Sep 16 20 36 1.25 0.44 20.21+1.34 7458 +21.05
Oct 20 16 36 0.80 0.44 21.04+1.46 80.62+18.39
Nov 22 14 36 0.64 1.77 20.39+1.15 67.07+£14.72
Dec 18 18 36 1.00 0.00 21.15+1.40 73.41+17.85
Jan 21 15 36 0.71 1.00 19.07+£0.89 50.54 +£5.49
Feb 16 20 36 1.25 0.44 19.01£0.89 51.06+9.71

4. Stages of sexual maturity
Through macroscopic examination of the gonads of S. colias, five different stages

of sexual maturity were identified (Fig. 5). The seasonal distribution of these stages
revealed that both sexes predominantly remained in stage | (immature) and stage Il
(maturing virgin) for the majority of the year (Fig. 5). There was a particularly high
proportion of females in stage | during the summer months, with a striking 71 % (July),
72 % (August) and 88 % (September) of the population in stage 1. Lowest proportion of
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immature females (11% in December) indicated progression to more mature stages
during this period. Stage I, representing maturing virgins, exhibited smaller proportions
but showed significant peaks in November (45%) and April (36%), reflected a period of
growth in the cycle immaturity. A similar high percentage of stage | in males was
observed between May and August, 83 % to 78 %, with 93 % peak in November. It
indicates a lengthy period of immaturity behavior during these months. For females, stage
I11 (mature virgin) occurred from February to March while for males it occurred from
November to March. With respect to sex and stage, Stage IV (fully mature), which is
indicative of reproductive readiness, only occurs in February for females and males in
March. This period corresponds to the peak of reproductive activity, as evidenced by the
highest rates of maturity and spawning stages for both sexes, particularly in February and
March.
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Fig. 5. Monthly variation of sexual maturity stages for females and males of S. colias
along the Atlantic coast of Morocco
5. Biological index
Both sexes demonstrated a comparable pattern in the evolution of the GSI (Fig.
6). The monthly variations in the mean GSI ranged from 0.29 + 0.14 to 1.28 + 1.57 in
females and from 0.30 £ 0.19 to 1.36 + 1.60 in males (Fig. 6). The GSI began increasing
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in November, reaching its peak in February for both males and females. Afterward, it
gradually declined from March onward, hitting its lowest levels in June. Similarly, the
HSI followed a comparable pattern, with elevated values observed during two distinct
periods: May to June and September to October. The highest recorded HSI values
occurred in September, measuring 1.18 + 0.29 for females and 1.33 = 1.32 for males. In
contrast, the lowest values were observed in April, with females at 0.52 + 0.14 and males
at 0.54 £ 0.17 (Fig. 6). After summer, the HSI showed a gradual decline but remained
relatively stable, indicating a depletion of energy reserves following the spawning season.
Statistical analysis using the ¥2 test found no significant differences in the monthly trends
of GSI and HSI between males and females (P> 0.05). Both indices exhibited a consistent
and synchronized pattern across sexes, highlighting the shared physiological and
reproductive dynamics of S. colias (Fig. 6). The condition factor ranged from 0.72 to 0.92
in females and from 0.71 to 0.91 in males. The highest values were observed in June,
while the lowest occurred in March. Temperature fluctuations likely play a role in
influencing reproductive cycles and energy storage. Warmer summer temperatures may
contribute to improved body condition (as indicated by higher K values) and increased
energy reserves (HSI), whereas colder winter temperatures could stimulate spawning,
leading to a rise in GSI.
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Fig. 6. Monthly variation of GSI, HIS and K for females and males of S. colias and
evolution of water temperature along the Atlantic coast of Morocco
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6. Size at maturity estimates
The maturity curve showed a significant fit to the observed data (¥2 = 3.89, P<
0.05 for males; 2 = 39.86, P< 0.001 for females; 2 = 15.51, P< 0.001 for the whole
sample). The smallest mature specimens measured 17.5cm for both sexes. The size at
first maturity was 18.26cm for males, 19.31cm for females, and 18.98cm for the
combined sexes (Fig. 7), with no significant difference between sexes of the Atlantic
chub mackerel (Z =0.72; P> 0.05).
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Fig. 7. Maturity ogive for females and males of S. colias along the Atlantic coast of
Morocco

DISCUSSION

Length—weight relationships (LWRs) are widely used to describe the growth patterns
of fish species (Pauly, 1984). In fisheries science, LWRs are essential as they allow the
estimation of biomass from commercial length-frequency data (Anderson & Gutreuter,
1983). In this study, the LWR analysis indicated a positive allometric growth pattern for
all samples of Scomber colias, meaning that weight increased at a faster rate than length.
The coefficient b exceeded 3, reflecting that the fish become proportionally heavier with
growth, potentially due to favorable environmental conditions and food availability. A
strong correlation between length and weight was observed, with correlation coefficients
(n=>0.8.

These findings are consistent with previous studies on the Moroccan Mediterranean
coast (Techetach et al., 2021), as well as in other parts of the Mediterranean, including
the Hellenic Seas (Kiparissis et al., 2000), the Aegean Sea (Moutopoulos & Stergiou,
2002), Izmir Bay (Bayhan et al., 2007), the Alboran Sea (Velasco et al., 2011), and
Saros Bay (Cengiz, 2012). However, isometric growth (where b = 3) has been reported in
Izmir Bay (Ozaydin & Taskavak, 2006), Tunisian waters (Allaya et al., 2013), and the

40
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Adriatic Sea (Cike§ Ke¢ & Zorica, 2013). Such variation in LWR parameters may be
attributed to differences in geographic location, sampling methods, diet, sex, sexual
maturity, body condition, and individual physiology (Tesch, 1971; Ricker, 1975).

Sex ratio

Sex ratio can vary by population, size class, season, and year. In this study, the overall
sex ratio was 1:1.08 (females to males), closely approaching the expected 1:1 ratio typical
of most fish species (Nikolsky, 1963). This balance is ecologically important, as future
recruitment relies heavily on the proportion of females in the population. However, our
results contrast with those of Techetach et al. (2010), who reported a male-biased sex
ratio (0.79:1) on Morocco’s northern Atlantic coast. Other studies, such as Techetach et
al. (2019) and Bouzzammit et al. (2022), observed female-biased ratios of 1:0.49 and
1:0.86, respectively. A slight dominance of females was also reported in the Canary
Islands (Lorenzo & Pajuelo, 1996). According to Murua and Saborido-Rey (2003), a
female-biased sex ratio may offer reproductive advantages and play an important role in
population dynamics and reproductive success.

Spawning season and reproductive cycle

Our results show that gonadosomatic index (GSI) values and the frequency of gonadal
maturity stages are reliable indicators of the spawning period of S. colias along the
northwest Atlantic coast of Morocco. The reproductive cycle is characterized by a well-
defined spawning season from November to March. This conclusion is supported by a
high proportion of mature individuals and elevated GSI values during this period (Rizzo
& Bazzoli, 2020).

Notably, the hepatosomatic index (HSI) peaked prior to the GSI, suggesting a
mobilization of liver energy reserves to support gonadal development and vitellogenesis
(Garcia-Diaz et al., 2006). This inverse HSI-GSI relationship is a strong indicator of
energy transfer from the liver to the gonads and has also been documented in other
species (Nunes et al., 2011; Teichert et al., 2014). These findings reinforce the role of
the liver in supporting reproductive processes in S. colias, aligning with the view that HSI
serves as a reliable indicator of hepatic contribution to reproductive energy demands
(Rizzo & Bazzoli, 2020).

Our findings pinpoint the spawning season from December to March. This matches
observations from the southwest coast of Gran Canaria, where spawning occurs from
December to March with a peak in December and January (Lorenzo & Pajuelo, 1996).
On the northern Moroccan coast, two spawning peaks have been recorded: December—
March and June—July (Techetach et al., 2010). In the Madeira Archipelago, spawning
spans from January to April with a peak in February—March (Vasconcelos et al., 2012).
In Portuguese waters, the peak has been reported between February and March, extending
to June (Nunes et al., 2019). In contrast, the Azores reported a spawning period from
March to July—August (Carvalho et al., 2002), while Navarro et al. (2021) noted a
shorter season peaking in June.
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These regional variations suggest a latitudinal gradient in spawning activity,
influenced by environmental factors such as temperature, ocean currents, upwelling, and
food availability (ICES, 2020). Temperature, in particular, is recognized as a key driver
of reproductive timing, with optimal spawning temperatures for S. colias ranging between
15— 20°C (Collette & Nauen, 1983; Wootton, 1990).

Length at first maturity

Our results for length at first maturity (TLso) are presented in Table (3). TLso was
estimated at 18.26cm for males and 19.31cm for females. These values are slightly lower
than those observed in M’diq Bay (Techetach et al., 2019) but are in close agreement
with estimates from central Moroccan coastal waters (Bouzzammit et al., 2022). In
general, TLso values for S. colias range from 18.26 to 25.59cm (Navarro et al., 2014).

Variations in TLso between regions may be attributed to factors such as food
availability, temperature, genetic makeup, fishing pressure, selectivity, and differences in
methodology, including the type of maturity scale used (Trippel & Harvey, 1991). It is
important to note that macroscopic staging without histological validation, as used in
some studies, can introduce bias in TLso estimates (Hunter et al., 1992).

Our findings also reveal that males attain sexual maturity at smaller sizes than females,
a trend commonly reported in many fish species. This difference is often explained by
sex-specific energy allocation, with males investing more in growth and females in
reproduction (Wootton, 1990).

Table 3. Size at first sexual maturity (TLso, cm) of S. colias in different areas

Area References Males  Females Combined  Gonad evaluation
Safi Present study 18.26 19.31 18.98 Macroscopic
M’diq Bay Techetach et al. (2019) - 19.19 - Microscopic
Larache Techetach et al. (2010) 2288 23.01 22.83 Macroscopic
Agadir Bouzzammit et al. (2022) 20.82 21.08 - Macroscopic
Bay of Biscay = Navarro et al. (2014) 24.73 25.59 25.54 Macroscopic
Portugal Nunes et al. (2019) 19.15 22.64 20.57 Microscopic
Iberian waters  Navarro et al. (2021) - 22.90 Macroscopic

Canary Islands Jurado-Ruzafa et al. (2021) 18.79 19.44 19.00 Macroscopic

The size at first sexual maturity (TLso) provides important insight into the impact of
fisheries on stock dynamics (ICES, 2012). An increase in fishing mortality can alter the
size structure of the exploited population by reducing the proportion of larger, mature
individuals (Lappalainen et al., 2016). In this study, TLso analysis revealed a downward
trend, which is often associated with declining stock biomass—a typical outcome of
intensive fishing pressure. Such reductions in size at maturity have been reported as
consequences of heavy exploitation (Lojo et al., 2022).

The estimation of TLso is particularly useful for informing fisheries management, as
it can guide the establishment of a minimum landing size. Ideally, the legal minimum size
should exceed TLso to ensure that individuals have the opportunity to reproduce at least
once before capture. However, current Moroccan fisheries legislation does not impose a
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minimum landing size for Scomber colias, a regulatory gap that has direct negative
implications for the sustainability of this fishery.

Regional differences in TLso and other biological traits of S. colias populations may
be attributed to a combination of genetic, environmental, and ecological factors. From a
genetic standpoint, limited gene flow between populations can result in local adaptations,
which manifest as differences in size, maturation timing, and other phenotypic traits.
Environmentally, variables such as water temperature, salinity, and oxygen concentration
can significantly influence metabolic and reproductive processes in fish.

Additionally, food availability and quality—both of which vary across marine
ecosystems—play a fundamental role in shaping growth and reproductive strategies. In
Morocco, differences between the Atlantic and Mediterranean coasts are largely driven
by distinct geographic and hydroclimatic conditions. Even within the Atlantic coast,
substantial variations in biological responses have been observed between northern,
central, and southern zones, likely reflecting localized environmental conditions and food
resource distributions.

CONCLUSION

This study highlights the importance of understanding the reproductive biology of
S. colias and its temporal patterns on the Morocco Atlantic caost. As the current
Moroccan legislation lacks specific regulations on minimum landing size, the availability
of basic biological data becomes even more critical to prevent over exploitation of the
stock. These findings are crucial for the effective management of fishery resources, as
they fill an important gap by providing valuable information for decision-makers to
develop sustainable management plans for S. colias fishery resources in the region.

REFERENCES

Allaya, H.; Hattour, A.; Hajjej, G. and Trabelsi, M. (2013). Biologic characteristics of
Scomber japonicus (Houttuyn, 1782) in Tunisian waters (Central Mediterranean Sea).
Afr. J. Biotechnol., 12 : 3040-3048.

Anderson, R.O. and Gutreuter, S.J. (1983). Length-weight and associated structural
indices. In: Nielsen, L.; Johnson, D. (Eds.), Fisheries Techniques . Bethesda,
Maryland: American Fisheries Society, pp. 284-300.

Arriaga, L.; Coello, S. and Mariduefia, L. (1983). Escala de madurez sexual para los
principales peces pelagicos en aguas ecuatorianas. Rev. Cienc. Mar. Limnol., 2 : 69—
78.

Bayhan, B.; Sever, T.M. and Kaya, M. (2007). Diet composition of the chub mackerel,
Scomber japonicus (Pisces: Scombridae), in Candarli Bay (Aegean Sea, Turkey).
CIESM Rep., 38 : 427.

Bouhali, F.Z.; Lechekhab, S.; Ladaimia, S.; Bedairia, A.; Amara, R. and Djebar,



1704 Sahili et al. 2025

A.B. (2015). Reproduction et maturation des gonades de Sardina pilchardus dans le
golfe d’Annaba (Nord-Est algérien). Cybium, 39 : 143-153.

Bouzzammit, N. and El Ouizgani, H. (2019). Morphometric and meristic variation in
the Atlantic chub mackerel Scomber colias Gmelin, 1789 from the Moroccan coast.
Indian J. Fish, 66 : 8-15.

Bouzzammit, N.; El Habouz, H.; Ben-Bani, A. and El Ouizgani, H. (2022). Spawning
season, size at first maturity, and fecundity in chub mackerel (Scomber colias Gmelin,
1789) from the Atlantic coast of Morocco. Reg. Stud. Mar. Sci., 53 : 102451.

Carvalho, N.; Perrota, R.G.; Isidro, E.J. (2002). Age, growth, and maturity in the chub
mackerel (Scomber japonicus Houttuyn, 1782) from the Azores. Arquipélago Life
Mar. Sci., 19 : 93-99.

Castro, J.J. and Santana, A.T. (2000). Synopsis of biological data on the chub mackerel
(Scomber japonicus Houttuyn, 1782). FAO Fisheries Synopsis No. 157. FAO, Rome,
77 pp.

Cengiz, O. (2012). Age, growth, mortality, and reproduction of the chub mackerel
(Scomber japonicus Houttuyn, 1782) from Saros Bay (Northern Aegean Sea, Turkey).
Turk. J. Fish. Aquat. Sci., 12 : 799-809.

Collette, B.B. and Nauen, C.E. (1983). Scombrids of the World: An Annotated and
[llustrated Catalogue of Tunas, Mackerels, Bonitos, and Related Species Known to
Date . FAO Fisheries Synopsis, Rome, 137 pp.

Cike§ Ke¢, V. and Zorica, B. (2013). Length-weight relationship, age, growth, and
mortality of Atlantic chub mackerel Scomber colias in the Adriatic Sea. J. Mar. Biol.
Assoc. U.K., 93 : 341-349.

Derhy, G.; Macias, D.; Elkalay, K.; Khalil, K. and Rincén, M.M. (2022). Stochastic
modelling to assess external environmental drivers of Atlantic chub mackerel
population dynamics. Sustainability , 14 : 1-19.

FAO. (2020). Report of the FAO Working Group on the Assessment of Small Pelagic
Fish Off Northwest Africa. Casablanca, Morocco, 8-13 July 2019. Fishery Committee
for the Eastern Central Atlantic (CECAF). FAO Fisheries and Aquaculture Report
No. 1309. FAO, Rome, 335 pp.

Garcia-Diaz, M.; Gonzalez, J.A.; Lorente, M.J. and Tuset, V.M. (2006). Spawning
season, maturity sizes, and fecundity in blacktail comber (Serranus atricauda )
(Serranidae) from the eastern-central Atlantic. Fish. Bull., 104 : 159-166.

Gmelin, J.F. (1789). Caroli a Linne. Systema Naturae per Regna Tria Naturae,
Secundum Classes, Ordines, Genera, Species cum Characteribus, Differentiis,
Synonymis, Locis , Vol. 1. apud JB Delamolliere.

Gunderson, D.R. (1977). Population biology of Pacific Ocean perch, Sebastes alutus ,
stocks in the Washington-Queen Charlotte Sound region, and their response to
fishing. Fish. Bull., 75 : 369-403.

Hunter, J.R.; Lo, N.C.H. and Leong, R.J.H. (1992). Spawning frequency and batch



1705
Population Characteristics of the Atlantic Chub Mackerel in the Northwestern Atlantic Coast of
Morocco

fecundity of chub mackerel, Scomber japonicus , from the California Current. Fish.
Bull., 90 : 736-764.

ICES. (2012). Marine Strategy Framework Directive - Descriptor 3+ (2012). ICES
CM2012/ACOM:62, 172 pp.

ICES. (2020). Workshop on Atlantic Chub Mackerel (Scomber colias ), WKCOLIAS.
ICES Sci. Rep., 2 (20): 283 pp.

Jurado-Ruzafa, A.; Sotillo, B.; Hernandez, E.; Santana, Z.; Gonzéalez-Lorenzo, G.
and Perales-Raya, C. (2021). The Atlantic chub mackerel (Scomber colias ) in the
Canary Islands (Spain): Fishery and biological data update. In: ICES. Second
Workshop on Atlantic chub mackerel (Scomber colias ) (WKCOLIAS2). ICES Sci.
Rep., 3 (18): 231 pp.

King, M. (1995). Fisheries Biology, Assessment, and Management . Blackwell Science,
Oxford, UK, 341 pp.

Kiparissis, S.; Tsarpes, G. and Tsimenidis, N. (2000). Aspects on the demography of
chub mackerel (Scomber japonicus , Houttuyn, 1782) in the Hellenic Seas. Belg. J.
Zool., 130 : 3-7.

Lahaye, J. (1980). Les cycles sexuels chez les poissons marins. Oceanis , 6 : 637-654.

Lappalainen, A.; Saks, L.; Sustar, M.; Heikinheimo, O.; Jurgens, K.; Kokkonen, E.;
Kurkilahti,M.; Verliin, A. and Vetemaa, M. (2016). Length at maturity as a
potential indicator of fishing pressure effects on coastal pikeperch (Sander lucioperca
) stocks in the northern Baltic Sea. Fish. Res., 174 : 47-57.

Le Cren, E.D. (1951). The length-weight relationship and seasonal cycle in gonad
weight and condition in the perch (Perca fluviatilis ). J. Anim. Ecol., 20 : 201-219.
Lojo, D.; Cousido-Rocha, M.; Cervifio, S.; Dominguez-Petit, R.; Sainza, M. and
Pennino, M.G. (2022). Assessing changes in size at maturity for the European hake
(Merluccius merluccius ) in Atlantic Iberian waters. In: Bahamon, N.; Dominguez-
Petit, R.; Paramo, J.E.; Saborido-Rey, F.; Acero-Pizarro, A. (Eds.), Iberoamerican

Fisheries and Fish Reproductive Ecology . Sci. Mar., 86 : e046.

Lorenzo, J.M. and Pajuelo, J.G. (1996). Growth and reproductive biology of chub
mackerel (Scomber japonicus ) off the Canary Islands. South Afr. J. Mar. Sci., 17 :
275-280.

Moutopoulos, D.K. and Stergiou, K.l. (2002). Length-weight and length-length
relationships of fish species from Aegean Sea (Greece). J. Appl. Ichthyol., 18 : 200-
203.

Murua, H. and Saborido-Rey, F. (2003). Female reproductive strategies of marine fish
species of the North Atlantic. J. Northwest Atl. Fish. Sci., 33 : 23-31.

Navarro, M.R.; Villamor, B.; Landa, J. and Hernandez, C. (2014). Reproductive
characteristics and body condition of chub mackerel (Scomber colias ) in the south of
Bay of Biscay, 2011-2013. In: XIV International Symposium on Oceanography of the
Bay of Biscay .




1706 Sahili et al. 2025

Navarro, M.R.; Dominguez-Petit, R.; Landa, J.; Hernandez, C. and Villamor, B.
(2021). Preliminary observation on sexual maturity of chub mackerel (Scomber colias
) in the Northern Iberian Atlantic waters (ICES Divisions 27.8.C and 27.9.a.N). In:
ICES. Second Workshop on Atlantic chub mackerel (Scomber colias )
(WKCOLIAS2). ICES Sci. Rep., 3 (18): 200-210, 231 pp.

Nikolsky, G.V. (1963). The Ecology of Fishes . Academic Press, London and New York,
352 pp.

Nunes, C.; Silva, A.; Soares, E. and Ganias, K. (2011). The use of hepatic and somatic
indices and histological information to characterize the reproductive dynamics of
Atlantic sardine (Sardina pilchardus ) from the Portuguese coast. Mar. Coast. Fish., 3
: 127-144,

Nunes, C.; Silva, A.V.; Feijo, D.; Soares, E.; Porfirio, A.; Morais, D.; Correia, G.; da
Conceicao, P.; Silva, M.; Chaves, C.; Marques, V.J.; Amorim, P.; Gordo, L.;
Moreno, A. and Silva, A.A. (2019). Atlantic chub mackerel (Scomber colias )
growth and reproduction off the Portuguese coast in relation to the population
dynamics. Front. Mar. Sci. Conference Abstract: XX Iberian Symposium on Marine
Biology Studies (SIEBM XX) .

Ozaydin, O. and Taskavak, E. (2006). Length-weight relationships for 47 fish species
from Izmir Bay (eastern Aegean Sea, Turkey). Acta Adriat., 47 : 211-216.

Pauly, D. (1984). Fish Population Dynamics in Tropical Waters: A Manual for Use with
Programmable Calculators . ICLARM Stud. Rev. 8. Manila, Philippines:
International Center for Living Aquatic Resources Management, 325 pp.

Ricker, W.E. (1975). Computation and interpretation of biological statistics of fish
populations. Bull. Fish. Res. Board Can., 191 : 1-382.

Rizzo, E. and Bazzoli, N. (2020). Chapter 13 - Reproduction and embryogenesis. In:
Biology and Physiology of Freshwater Neotropical Fish , pp. 287-313.

Techetach, M.; Hernando-Casal, J.A.; Saoud, Y. and Benajiba, M.H. (2010).
Reproductive biology of chub mackerel (Scomber japonicus ) in Larache area,
Moroccan North Atlantic coast. Cybium , 34 : 159-165.

Techetach, M.; Ajana, R. and Saoud, Y. (2019). Reproductive parameters of Atlantic
chub mackerel (Scomber colias ) in M’diq Bay, Morocco. J. Mar. Biol. Assoc. U.K.,
99 : 957-962.

Techetach, M.; Kouali, H.; Achtak, H.; Rafiq, F.; Lemhadri, A.; Dahbi, A.; Ajana,
R. and Saoud, Y. (2021). Age, growth, and mortality of Atlantic chub mackerel,
Scomber colias Gmelin, 1789 in the Mediterranean waters of Morocco. Int. J. Aquat.
Biol., 9 : 268-278.

Teichert, N.; Valade, P.; Fostier, A.; Lagarde, R. and Gaudian, P. (2014).
Reproductive biology of an amphidromous goby, Sicyopterus lagocephalus , in La
Reunion Island. Hydrobiologia , 726 : 123-141.

Tesch, F.W. (1971). Age and growth. In: Ricker, W.E. (Ed.), Methods for Assessment of



1707
Population Characteristics of the Atlantic Chub Mackerel in the Northwestern Atlantic Coast of
Morocco

Fish Production in Fresh Waters . Oxford: Blackwell Scientific Publications, pp. 99—
130.

Trippel, E.A. and Harvey, H.H. (1991). Comparison of methods used to estimate age
and length of fishes at sexual maturity using populations of white sucker (Catostomus
commersoni ). Can. J. Fish. Aquat. Sci., 48 : 1446-1495.

Vasconcelos, J.; Afonso-Dias, M. and Faria, G. (2012). Atlantic chub mackerel
(Scomber colias ) spawning season, size, and age at first maturity in Madeira waters.
Arquipélago Life Mar. Sci., 29 : 43-51.

Velasco, E.M.; Del Arbol, J.; Baro, J. and Sobrino, 1. (2011). Age and growth of the
Spanish chub mackerel (Scomber colias ) off southern Spain: a comparison between
samples from the NE Atlantic and the SW Mediterranean. Rev. Biol. Mar. Oceanogr.,
46 : 27-34.

Wootton, R.J. (1990). Ecology of Teleost Fishes . Chapman and Hall, London.




