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Abstract

The blue crab Callinectes sapidus, originally native to the western Atlantic coast, is a well-established invasive species along
the Atlantic and Mediterranean coasts of Morocco. This study aimed to investigate the reproductive traits of C. sapidus along the
Moroccan Mediterranean coast, specifically in the Marchica Lagoon, to support post-border biosecurity strategies. The research
focused on estimating the gonadosomatic index (GSI), identifying the spawning season, and determining the size at first maturity
of female C. sapidus. Monthly samples were collected as bycatch of artisanal fishers operating in the lagoon between May 2022
and April 2024. A total of 938 crabs were collected, with an average carapace width (CW) of 119.46 + 36.65 mm, carapace length
(CL) of 54.11 + 15.68 mm, and body weight of 164.20 + 129.16 g. The sex ratio was significantly skewed toward males (1.36:1).
Ovigerous females were observed from April to October, with two spawning peaks: the first in April and a more pronounced one in
July to August, indicated by increased gonadosomatic index and a higher proportion of ovigerous females. The carapace width at
50% maturity (L,)) was 114.4 mm overall, with females maturing at a larger size (117.8 mm) than males (111.1 mm). These find-
ings provide a foundation for developing targeted strategies to manage the spread of C. sapidus in the Marchica Lagoon, reduce
its population, and mitigate environmental impacts. They also highlight the potential to valorize the species as a fishery resource,
potentially turning its management into an economic and ecological advantage.

Keywords: Callinectes sapidus; Moroccan Mediterranean; reproductive biology; spawning period; ovigerous females; invasion
management.

Introduction

Biological invasions are among the major threats to
global biodiversity and ecosystem integrity, alongside
pollution, habitat degradation, and the overexploitation
of natural resources (Katsanevakis et al., 2014; IPBES,
2020; Diagne et al., 2020; Verma et al., 2020). These
anthropogenic pressures, intensified by climate change,
are profoundly altering natural habitats and accelerating
biodiversity loss. By modifying key environmental con-
ditions, climate change facilitates the establishment, sur-
vival, and spread of invasive alien species (IAS), there-
by disrupting ecological balances and threatening native
species (Zenetos et al., 2010; Seebens et al., 2017).
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In marine ecosystems, biological invasions can lead
to long-lasting and, sometimes, irreversible ecological
changes across both human and geological timescales
(Gravez et al., 2005; Boudouresque, 2005). The ex-
pansion of IAS is driven by both direct human-mediat-
ed pathways and the indirect effects of global warming
(Ramos et al., 2018; Seebens et al., 2021). Rising ocean
temperatures influence key physiological and ecological
processes, including life cycles, reproductive perfor-
mance, and population dynamics, ultimately reshaping
marine community structure (Atkinson, 1994; Hartnoll,
1982; Sara et al., 2013, 2018). The changes promote
range shifts toward higher latitudes and temperate re-
gions, where invasive species may successfully establish
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and persist. Climate change may also amplify the ecolog-
ical impacts of IAS and contribute to the spread of marine
diseases (IPBES, 2018).

The Mediterranean Sea, including its associated la-
goons, is recognized as one of the world’s hotspots for
marine biological invasions, with 1011 IAS currently
identified (Galanidi ef al., 2022). Approximately 50% of
these species are thought to have been introduced mainly
through the Corridor pathway, with the Suez Canal act-
ing as the principal gateway (Galanidi et al., 2022). Since
1870, more than 986 non-indigenous marine species have
been recorded in the region, including 91 species of deca-
pod and stomatopod crustaceans, of which at least 18 are
considered invasive (Zenetos et al., 2012). Among these,
the blue crab C. sapidus (Rathbun, 1896), a species na-
tive to the western Atlantic coasts of the Americas, has
emerged as a particularly impactful invader.

First introduced to European waters in the early 20th
century, possibly via ballast water or deliberate releases,
C. sapidus has demonstrated remarkable ecological plas-
ticity and dispersal capacity (Williams, 1974; Nehring,
2011; Castriota et al., 2012, 2024). Its initial detection
in the Mediterranean was reported in the northern Adri-
atic Sea (Giordani-Soika, 1951), and it has since spread
widely, especially throughout the eastern Mediterranean
basin (Galil et al., 2002; Nehring, 2011). The species is
now established in multiple regions, including the eastern
Aegean and the northwestern Mediterranean (Koukouras
et al., 1992; Enzenrob et al., 1997; Atar & Secer, 2003;
Streftaris & Zenetos, 2006; Onofri ef al., 2008; Tuncer &
Bilgin, 2008; Dulci¢ et al., 2010, Eleftheriou et al., 2011;
Mancinelli et al., 2017, 2021).

In Morocco, C. sapidus was first reported in the Mar-
chica Lagoon in 2017, marking the beginning of its es-
tablishment along the country’s Mediterranean coast
(Oussellam & Bazairi in Chartosia et al., 2018). Since
then, the species has become increasingly prevalent and
is now considered systematic across various coastal areas
(Gourari et al., 2025). The strategic position of Moroc-
co’s Mediterranean coast as a major maritime corridor
connecting Europe, Africa, and the Middle East likely
facilitates the introduction and spread of this and other
invasive marine species.

The rapid proliferation of C. sapidus has raised signif-
icant ecological and socioeconomic concerns. The spe-
cies poses a serious threat to marine ecosystems through
predation, resource competition, and habitat alteration,
leading to declines in native biodiversity and changes in
ecosystem functioning (Mancinelli et al., 2017; Prado
et al., 2020; Zenetos et al., 2022; Clavero et al., 2022;
Gavioli et al., 2025). It also competes directly with na-
tive crabs and demersal fish, exacerbating ecological im-
balances and undermining the sustainability of artisanal
fisheries (Nehring, 2011; Labrune et al., 2019; Khamassi
et al., 2022). In addition, the damage inflicted on fishing
gear, combined with reduced catches of commercially
valuable species, underscores the urgency of understand-
ing and managing its impacts.

From a biological perspective, C. sapidus exhibits
a complex life history, characterized by multiple devel-
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opmental stages, including planktonic zoeae, post-larval
megalopae, benthic juveniles, and rapidly growing adults
(Millikin & Williams, 1984). Throughout its ontogeny,
the species utilizes a range of marine and estuarine hab-
itats, with marked spatial and behavioral segregation be-
tween sexes. Adult males and juveniles typically inhabit
low-salinity estuarine zones, whereas ovigerous females
migrate seaward toward higher salinity waters to spawn.
The resulting planktonic larvae are carried offshore by
tidal- and wind-driven currents, where early development
occurs on the continental shelf (Aguilar et al., 2005; Epi-
fanio, 2007). Post-larval stages subsequently return to
inshore areas, eventually entering estuaries, where they
settle and undergo growth and sexual maturation (Tank-
ersley & Forward, 2007; Lipcius et al., 2007; Epifanio,
2007). Brackish environments, such as Marchica Lagoon,
provide ideal conditions for the survival and reproductive
success of C. sapidus, owing to their ecological charac-
teristics and relative trophic richness.

Despite its growing significance on the Mediterrane-
an coast, our understanding of its population structure,
reproductive dynamics, and ecological impacts remains
limited (Clavero et al., 2022; Gavioli et al., 2025). Fur-
ther research is, therefore, urgently needed to quantify
its effects and identify effective mitigating strategies.
One promising approach for controlling invasive popu-
lations involves targeted harvesting, particularly during
reproductive aggregations at peak spawning periods. Se-
lective fishing during these critical periods could reduce
offspring production and, consequently, limit population
expansion (Marchessaux et al., 2024). In parallel, devel-
oping commercial markets for C. sapidus could incen-
tivize local fishers to target the species actively, thereby
combining ecological management with economic bene-
fits (Mancinelli et al., 2017).

The success of such integrated management ap-
proaches depends on the availability of accurate biolog-
ical and ecological data. In this context, quantifying key
reproductive parameters, such as the Gonadosomatic In-
dex (GSI), Hepatosomatic Index (HSI), and size at first
sexual maturity (Lso), is critical for predicting reproduc-
tive cycles and implementing timely control measures.
Currently, no such data are available for C. sapidus in
the Moroccan Mediterranean. Therefore, this study aims
to characterize the main reproductive traits of C. sapidus
in the Marchica Lagoon in order to provide baseline in-
formation for science-based management strategies, with
the dual objectives of preserving local biodiversity and
supporting the sustainability of artisanal fisheries in Mo-
roccan coastal waters.

Materials and Methods
Study area

The Marchica Lagoon (35.15999° N, 2.83999° W),
also known as the Nador lagoon, is the second largest

lagoon in North Africa and the only one along the Mo-
roccan Mediterranean coast, covering about 115 km?. Tt
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extends approximately 25 km in length and 7.5 km in
width, with a maximum depth of 8 m. The lagoon is sep-
arated from the Mediterranean Sea by a sandy barrier and
connected to it by a 300 m—wide artificial channel that en-
sures permanent water exchange with the open sea (Fig.
1). This artificial connection has significantly reduced the
lagoon’s water renewal time from about 80 to 45 days,
improving hydrodynamic circulation and water quality
(Hilmi, 2005). The hydrological balance of the lagoon
is maintained by marine inflows through the artificial in-
let, groundwater contributions, and intermittent surface
runoff from nearby watercourses (Jeyar et al., 2015). The
region has a typical Mediterranean climate with hot, dry
summers and cool, wet winters. Annual precipitation is
relatively low, averaging around 300 mm, with noticeable
interannual variability (EI Yaouti et al., 2009; Re, 2010).
Wind patterns show clear seasonal variability and play an
important role in water circulation, sediment transport,
and mixing processes within the lagoon (Tesson, 1977;
Hilmi, 2005).

Ecologically, the Marchica Lagoon holds consider-
able importance. It has been designated a Site of Bio-
logical and Ecological Interest (SIBE) since 1996 and a
Ramsar Wetland of International Importance since 2005,
reflecting its role as a vital habitat for numerous aquat-
ic and migratory species. Socioeconomically, the lagoon
supports local artisanal fisheries and provides livelihoods
for communities in the surrounding area. However, this
unique ecosystem is increasingly threatened by multiple
anthropogenic pressures, including rapid urbanization,
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pollution, overfishing, and intensive tourism develop-
ment. These threats are compounded by natural stressors,
such as climate change and the growing incidence of bio-
logical invasions, which together pose serious risks to the
lagoon’s ecological integrity and resource sustainability.

Data Collection and Laboratory

Between May 2022 and April 2024, blue crab spec-
imens were collected monthly in the Marchica Lagoon
as bycatch from artisanal fishers. These fishers primarily
employ two traditional fishing gears: the “fyke nets,” a
type of lift net, and “trammel nets,” a three-layered gill
net designed to capture various fish species. The major-
ity of fishing activity occurs in the central sector of the
lagoon, where water depths are more suitable for gear de-
ployment. Shallow zones and river mouths are typically
avoided to minimize the accidental capture of blue crabs,
which remain undesirable to local fishers due to their low
commercial value. This spatial selectivity underscores an
intentional effort to maximize target species catch while
limiting bycatch of non-target taxa such as C. sapidus.

Collected specimens were transported in plastic cool-
ers to the laboratory of the National Institute of Fisheries
Research (INRH) at the regional center in Nador. A total
of 938 crabs were analyzed. Morphometric parameters,
including carapace width (CW), carapace length (CL),
and total wet weight (W), were recorded using precision
instruments: digital calipers with a 0.1 mm accuracy for
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Fig. 1: Location of the Marchica Lagoon showing the main port and fishing sites.
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CW and CL measurements and an electronic balance with
0.01 g accuracy for body weight. Carapace length (CL)
was measured dorsally along the midline, from the fron-
tal notch to the posterior margin, while carapace width
(CW) was defined as the distance between the tips of the
posterior lateral spines. Subsequently, crabs were dissect-
ed for internal examination. The gonads and hepatopan-
creas were carefully removed and weighed.

Each month, specimens were carefully dissected
to determine their sex through detailed examination of
abdominal morphology. Females were classified as im-
mature if they had a narrow, triangular abdominal flap,
while mature females were identified by their wider,
semicircular abdomen (Millikin & Williams, 1984). For
males, immaturity was indicated by a T-shaped abdomen
tightly attached to the sternum, whereas in mature males,
the abdomen was detached and more flexible (Van En-
gel, 1990). Female reproductive stages were further de-
termined using Hard’s (1942) five-stage classification:
Stage I (SM1): Immediately following the last molt, the
ovary is small, inconspicuous, and white in color. Stage
IT (SM2): Ovaries are orange in color and marked by a
gradual increase in length and diameter. Stage III (SM3):
Mature ovary preceding the first ovulation, the ovary is
bright orange in color and of large size, distinguished
from Stage IV by the absence of eggshell remnants on
swimmerets. Stage IV (SM4): Period between the first
and second ovulations; ovaries are orange in color and
of large size, and eggshell remnants are present on the
swimmerets. Stage V (SM5): Following the second ovu-
lation, the ovary is collapsed, gray or brownish in color,
eggshell remnants are present on the swimmerets.

Ovigerous females (OF) were also examined to deter-
mine the incubation stage based on the coloration of the
egg masses. Egg developmental stages were categorized
as follows: stage I, bright orange; stage II, yellow; stage
III, brown; stage 1V, dark brown; stage V, black.

Data analysis
Size structure

To assess the population structure of C. sapidus in the
Marchica Lagoon, carapace width (CW) measurements
were grouped into 5 mm size classes for length frequen-
cy distribution analysis (LFDA). This allowed for a de-
tailed evaluation of the size distribution within the sam-
pled population. A comparative analysis of the mean CW
between sexes was performed using the non-parametric
Wilcoxon rank-sum test.

Sex Ratio

The sex ratio was calculated as the proportion of
males to females within the sampled population. A Pear-
son’s Chi-squared test (y*) was applied on a monthly
basis to determine whether the observed proportions of
males and females each month were statistically different
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from the theoretical ratio of 1 male to 1 female. The test
compares observed (O1) versus expected (Ei) frequencies
under the null hypothesis of equal sex distribution, using
the formula:

. (0i—Ei)?
X = Ei

Spawning Period

To characterize the reproductive cycle and determine
the spawning period of C. sapidus, both qualitative and
quantitative approaches were employed. The qualitative
approach involved monitoring the monthly frequency
of ovigerous females, as their presence is indicative of
active spawning. Additionally, a one-way ANOVA was
used to test for significant differences in the mean car-
apace width among ovigerous females across months,
providing further insight into reproductive timing. The
quantitative approach involved calculating and analyz-
ing the monthly fluctuations in the gonadosomatic index
(GSI) and hepatosomatic index (HSI), two key metrics
for assessing reproductive status and energy allocation,
respectively. These indices were calculated using the fol-
lowing formulas:

GSI =100 x (GW / BW)
HSI = 100 x (HW / BW)

Where GW (g) is the gonad weight, HW (g) is the hepato-
pancreas weight, and BW (g) is the body weight. These
indices were analyzed monthly to detect seasonal trends
associated with reproductive activity.

Carapace width at First Sexual Maturity (L)

The carapace width at first sexual maturity (Lso) was
estimated to identify the size at which 50% of the popula-
tion reaches sexual maturity. This parameter was derived
by fitting a logistic regression model to the proportion of
mature individuals across size classes. The sigmoid curve
used for this analysis follows the logistic function (Dag-
nelie, 1973):

P(CW) =

1
1+e(atbD

Where P represents the proportion of mature individuals,
a and b are the regression constants, and CW is the cara-
pace width of the individuals (in mm). The Lso value was
computed using the sizeMat package in the R software,
employing a generalized linear model (GLM) with a bi-
nomial error distribution and a logit link function.

Results
Size composition of Callinectes sapidus

A total of 938 individuals of C. sapidus were collected
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during the study, comprising 544 males (58%) and 394
females (42%). In males, carapace width (CW) ranged
from 26 to 198 mm (mean + SD: 127.51 + 1.64 mm),
carapace length (CL) from 13 to 96 mm (58.80 + 0.72
mm), and body weight (W) from 2.19 to 584.6 g (211.22
+6.20 g). In females, CW varied between 26 and 173 mm
(mean + SD: 108.35 + 1.55 mm), CL between 13 and 73
mm (47.65 £ 0.56 mm), and W between 2.32 and 317.8 g
(99.37 £2.99 g) (Table 1). The most frequent CW classes
ranged from 80 to 140 mm in females (52.3%) and from
135 to 175 mm in males (44.2%) (Fig. 2).

The Wilcoxon test revealed a highly significant differ-
ence between sexes (p < 0.001), with males being signif-
icantly larger CW than females. Overall, males exhibited
greater body size than females in the Marchica Lagoon.

Crab size showed significant seasonal variation
(Kruskal-Wallis test: p < 0.001). Post hoc comparisons
indicated that the largest individuals were recorded in

autumn, with mean size significantly higher than that
observed in the other seasons. In contrast, the smallest
mean size was observed in spring and differed signifi-
cantly from those recorded in winter, summer, and au-
tumn (Fig. 3).

Sex ratio

Overall, males were significantly more abundant than
females, with a sex ratio of 1.36 and a significant devi-
ation from the expected 1:1 ratio (M:F; y* = 22.628, p
< 0.001). Monthly sex ratios varied from a minimum of
0.36 in April to a maximum of 5.22 in August (Table 2).
Females slightly outnumbered males in March, April, and
July, whereas males predominated during the rest of the
year.

Table 1. Characteristics of carapace width (CW), carapace length (CL), and weight (W) of Callinectes sapidus collected from the

Marchica Lagoon (F: Female, M: Male, C: Combined sexes).

CW (mm) CL (mm) W (g)
Sex Ne
Mean + SD Min Max Mean+ SD Min Max Mean+ SD Min Max
M 544 127.51+1.64 26 198 58.80+0.72 13 96 211.224+6.20 2.19 584.6
F 394 108.35 +1.55 26 173 47.65+0.56 13 73 99.37+2.99 2.32 317.8
C 938 119.46+1.20 26 198 54.11+0.51 13 96 164.21+4.21 2.19 584.6
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Fig. 2: Frequency distribution of carapace width (CW) of Callinectes sapidus in the Marchica Lagoon (F: Female, M: Male).
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Fig. 3: Seasonal variation in width frequencies of the blue crab Callinectes sapidus in the Marchica Lagoon.

Table 2. Monthly variation in the sex ratio of the blue crab Callinectes sapidus in the Marchica Lagoon.

Months Sex Ratio (M/F) x2 P-value
January 2.28 8.97 0.0028*
February 1.23 0.82 0.365
March 0.86 0.6 0.4371
April 0.36 16.06 0.000061*
May 1.35 5.03 0.0249 *
June 1.94 14.03 0.00018 *
July 0.78 1.47 0.2254
August 5.22 25,79 0.00000038 *
September - -
October 2.30 5.12 0.0236 *
November - -
December 1 0 1
Spawning period es appeared throughout the year. Immature (SM1) and

Ovarian Stages

For blue crab females, mature individuals (N = 170)
ranged in size from 105 to 173 mm CW, with a mean (+
SD) of (137 £12.17 mm), whereas immature individuals
(N =224) ranged from 26 to 128 mm CW (mean + SD: 86
+20.93 mm). Individuals in different reproductive phas-
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premature (SM2) ovaries were present mostly in winter
(December—March) and from late spring to early sum-
mer (June). Females with mature ovaries (SM3 and SM4)
were observed from spring (April) to mid-fall (October),
with higher percentages found from mid-summer (July)
to mid-fall (October). SM4 peaked in mid-summer (July—
August), and SM5 peaked in October (Fig. 4).
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Fig. 4: Evolution of the ovarian stages and ovigerous females of the blue crab in the Marchica Lagoon.

Ovigerous Females

The carapace width (CW) of ovigerous females carry-
ing eggs at developmental stages 4 and 5 extended from
115 to 169 mm (with a mean of 137 + 9.85 mm) and 119
to 156 mm (with a mean of 134 + 14.19 mm), respec-
tively. Statistical analysis (one-way ANOVA) revealed
no significant differences in mean carapace width among
ovigerous females across these different egg develop-
ment stages (F=0.29, p=0.876). Ovigerous females
were recorded exclusively between April and October,
with none observed in September. Their presence was
limited in May (7%) and June (4%). However, their num-
bers increased substantially in July, accounting for 55%
of the ovigerous females, and peaked in October, when
they comprised 90% of the total. Following this peak, a
sharp decline was recorded in November, with no oviger-
ous females captured. Females bearing eggs at advanced
developmental stages (SM4 and SMS5) comprised about
70% of the total ovigerous females. These advanced stag-
es were predominant in April (100%), suggesting an ear-
ly spawning peak, followed by high proportions in July
(90%) and October (55%), indicating a second spawning
peak (Fig. 4).

Another effective method to identify the spawning
season of the species is by analyzing the monthly var-
iations in both the gonadosomatic index (GSI) and the
hepatosomatic index (HSI) (Fig. 5). Statistical analysis
(ANOVA) revealed significant differences in GSI values
across the sampling periods (F = 0.342, p < 0.001), sug-
gesting a clear seasonal variation in gonad development.
The highest GSI values were recorded during the months
of April, June, July, and August, with respective (means
+SD) of 5.55 + 3.44, 8.36 + 3.38, 5.93 + 2.57, and 7.94
+ 1.45, suggesting two spawning peaks. Conversely, the
lowest GSI values were observed in March and January,
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with means 0f 0.26 = 0.23 and 0.7 + 0.7, respectively. No-
tably, the GSI values were zero in September, November,
and December.

The analysis of variance (ANOVA) conducted on the
hepatosomatic index (HSI) values revealed significant
temporal differences (F = 26.73, p<0.0001) throughout
the year. In the Marchica Lagoon population, the maxi-
mum accumulation of reserves in the hepatopancreas oc-
curred in February to March and May, prior to the spawn-
ing periods. The lowest monthly value was recorded in
July and August. Notably, the HSI values were found to
be zero in September and November, coinciding with
months when no female crabs were captured.

Size at first sexual maturity

The mean carapace width at first sexual maturity for
50 % of C. sapidus individuals was calculated as 117.8
mm (R? = 0.89) for females, 111.1 mm (R? = 0.91) for
males, and 114.4 mm (R? = 0.90) for both sexes com-
bined (Fig. 6).

Discussion

Amid growing concern over the spread of invasive
marine species in the Mediterranean Sea, the Atlantic
blue crab C. sapidus, listed among the 100 worst invasive
species in this region (Streftaris & Zenetos, 2006), has
attracted particular attention. The present study provides
new insights into the population structure and reproduc-
tive biology of the blue crab C. sapidus in the Marchica
Lagoon (Alboran Sea, Morocco). As an invasive species,
C. sapidus poses significant ecological and socioeconom-
ic concerns, including competition with native species and

371



12
B cs
B usi
w ©7
[1h]
3
[
-
@
[#)]
o
@
> 4
=3
0
S S R I R T A
o &7 3 s & ¥ 3 & & & &
3’:‘;\\ Qéé %\ ?9 S Oé—) %046 {}Qﬁ@

1.0 1.0 1.0
L50 =117.8 L50 = 1111 L50 =114.4
£ 0s - 0.8 0.8
E
]
€ 06 06 - 06 -
c
e |\---r S 4\ --"""7 | |~~~
t u . i
£ 04 04 04
Q.
2 024 02 02 -
0.0 1 A 0.0 B 00 1
T T T T T T T T T T T
50 100 150 50 100 150 200 50 100 150 200

Carapace width (mm)

Fig. 6: Carapace width at first sexual maturity (L50) for (A) females, (B) males, and (C) both sexes combined.

potential disruption of ecosystem functioning. A detailed
understanding of its reproductive pattern is therefore es-
sential for developing effective, targeted management
strategies aimed at limiting its ecological impact while
balancing its economic significance through exploitation.

A total of 938 individuals (543 males and 394 fe-
males) were analyzed, covering a wide size range (CW:
26-198 mm; CL: 13-96 mm; weight: 2.19-584.6 g).
These morphometric values are comparable to those re-
ported for both native and non-native habitats, support-
ing the strong phenotypic plasticity of C. sapidus and its
ability to adapt to local environmental conditions. No-
tably, the maximum CW recorded in the Marchica La-
goon (198 mm) is close to the largest individuals reported
from other Mediterranean lagoons (e.g., Greece, Italy),
reinforcing the hypothesis that Mediterranean conditions
may favor accelerated growth in newly colonized habitats
(Kampouris et al., 2020; Marchessaux et al., 2023). In
comparison, populations from native regions (e.g., Ches-
apeake Bay, Tampa Bay) generally reach larger average
sizes, likely reflecting more stable environmental condi-
tions and long-established population dynamics (Prager
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et al., 1990; Steele, 1994). Further south, populations
inhabiting the St. Andrews and Suwannee Sound rivers
demonstrate average CWs of around 127 mm, reflecting a
slight variation within the native range (Hart et a/., 2021).

Sexual size dimorphism was also evident in the Mar-
chica population, with males exhibiting significantly
larger CWs than females, a pattern commonly reported
for Mediterranean populations (e.g., Sumer et al., 2013;
Kampouris et al., 2020; Marchessaux et al., 2023) and is
attributed to sex-specific growth strategies and reproduc-
tive roles. However, this pattern is not universal, as some
invaded areas, particularly in Italy, report larger females,
suggesting that local environmental factors, such as food
availability, temperature, and salinity, may strongly influ-
ence growth trajectories and population structure (Kevre-
kidis et al., 2023).

A first overview of the blue crab population in the
Marchica Lagoon was given by the sex-ratio analysis. The
male-biased sex ratio (1.36:1) in Marchica reflects trends
observed in several other invaded and native regions, in-
cluding Croatia (Onofti et al., 2008), Egypt (Razek et al.,
2016), Greece (Kevrekidis et al., 2018; Kampouris et al.,
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Table 3. Comparison of the carapace width at first sexual maturity (L, ) of Callinectes sapidus between our current study and

available data in the literature.

Native (N) /

Country Study site name Introduced () Sex (m::l ) References
Morocco Marchica Lagoon I F 117.8 Our study
Morocco Marchica Lagoon I M 111.1 Our study
Turkey Beymelek lagoon I F 118.5 Sumer et al., 2013
Italy Trapani Saltmarshes I M 117.5 Marchessaux et al., 2023
Italy Trapani Saltmarshes I F 120 Marchessaux et al., 2023
Greece Evros River I F 123.9 Kevrekidis et al., 2023
France Biguglia Lagoon I F 167.9 Marchessaux et al., 2024
France Biguglia Lagoon I M 161.6 Marchessaux et al., 2024
France Palo Lagoon I F 138.6 Marchessaux et al., 2024
France palo Lagoon I M 143.8 Marchessaux et al., 2024
Morocco Moulay Bousselham Lagoon I F 93.7 Selfati et al., 2025
Morocco Moulay Bousselham Lagoon I M 86.9 Selfati et al., 2025
USA Sarah’s Creek and Purtan Bay N M 107 Van Engel, 1990
USA Chesapeake Bay N F 147 Prager et al., 1990
USA Tampa Bay N F 130 Steele & Bert, 1994
USA Louisiana N F 125 Guillory & Hein, 1997
USA Chesapeake Bay N F 120 Rugolo, 1997
USA Texas Bay N F 120 Fisher, 1999
USA Maryland bays N F 116 Lycett et al., 2020
Brazil Babitonga Bay N F 102 Pereira et al., 2009
Brazil Babitonga Bay N M 89 Pereira et al., 2009
Brazil ~ -agoon-Estuarine of lguape N F 1033 Severino-Rodrigues ef al., 2013

and Cananeia

2020), and Italy (Mancinelli et al., 2013; Carrozzo et al.,
2014; Marchessaux et al., 2023). In contrast, female-bi-
ased populations have been reported in Turkey (Sumer et
al.,2013; Tireli et al., 2016), Brazil (Severino-Rodrigues
et al., 2013), the Atlantic coast of Morocco (Selfati et al.,
2025), and Chesapeake Bay, USA (Miller et al., 2011;
Rains et al., 2016). Such variability likely results from a
combination of reproductive migrations, where females
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move to waters that are more saline during spawning and
fishing gear selectivity (Hines et al., 1987; Steele & Bert,
1994). Moreover, several studies have also highlighted
a sex ratio to equilibrium, suggesting a relatively homo-
geneous distribution between males and females, as re-
ported by Sharov et al. (2003) in Chesapeake Bay, USA;
Lycett et al. (2020) in the Maryland Coastal Bays, USA;
and Mancinelli ef al. (2024) in the Lesina Lagoon, Italy.
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The analysis of reproductive activity revealed a bi-
modal spawning pattern, with peaks in spring (April) and
summer (July—August). This dual seasonality aligns with
findings from other Mediterranean Lagoons (Marches-
saux et al., 2023; Kevrekidis et al., 2023; Mancinelli et
al., 2024; Selfati et al., 2025). In contrast, a maximum
single spawning peak during summer has been reported
in the Beymelek Lagoon (Sumer ef al., 2013), Algeria’s
Mellah Lagoon (Bouhali et al., 2022), and Turkey (Ttireli
et al., 2018). This pattern may reflect a strategy to optimize
larval survival under favorable environmental conditions.
The observed seasonal peaks appear to be influenced by lo-
cal temperature and salinity, highlighting the reproductive
plasticity of C. sapidus. In its native range, spawning phe-
nology also varies widely, further supporting the species’
ability to adapt its reproductive timing to environmental
cues (Van Engel, 1958; Jivoff et al., 2017; Lycett et al.,
2020; Hart et al., 2021; Schneider et al., 2024).

On the other hand, the hepatosomatic index (HSI)
exhibited two distinct peaks in February to March and
May, occurring prior to GSI increases. This temporal pat-
tern suggests a coordinated mobilization of stored ener-
gy in the hepatopancreas to support oocyte development.
Such a trend aligns with findings from various studies on
different decapod species and highlights the role of the
hepatopancreas as a reservoir for reproductive invest-
ment (Steele & Bert, 1994). This inverse relationship
between HSI and GSI highlights the physiological coor-
dination between energy storage and reproductive effort,
supporting successful spawning under seasonal environ-
mental conditions.

Estimating the size at first sexual maturity (Lso) is
critical for both ecological understanding and fisheries
management (Hasan et al., 2021). In Marchica Lagoon,
Lso was estimated at 117.8 mm for females and 111.1 mm
for males, values comparable to those reported for other
invaded areas such as Turkey (Sumer et al., 2013). These
estimates are generally lower than those observed in the
native range, where Lso reaches up to 147 mm in Chesa-
peake Bay (Prager et al., 1990; Rugolo, 1997), and about
130 mm in Tampa Bay (Steele & Bert, 1994), suggesting
earlier maturation in non-native environments, possibly
driven by high growth rates or environmental pressures.
Marked regional variability is, nevertheless, evident with
much lower Lso values reported from Brazil (e.g., 89
mm; Pereira et al., 2009), and substantially higher values
from France, e.g., 167.9 mm reported in Biguglia Lagoon
(Marchessaux et al., 2024), highlighting the strong influ-
ence of local ecological conditions and methodological
approaches on maturation size. Size at first sexual matu-
rity varies among populations in relation to temperature,
salinity, food availability, and genetic factors (Fisher,
1999), with favorable habitats allowing earlier matura-
tion at a smaller size. However, this variability can be fur-
ther accentuated by fishing gear selectivity. Passive gear,
such as traps and fyke nets, widely used in studies on
C. sapidus, tend to underestimate the carapace width at
which 50% of individuals reach maturity (Atar & Secer,
2003; Smith et al., 2004; Kevrekidis et al., 2023), while
active gear, such as beach seines and panel trawls, allows

374

sampling of a wider size range, including juveniles, thus
providing more representative estimates of maturity pa-
rameters (Able et al., 2002; Bellchambers & De Lestang,
2005).

The invasion of blue crab, C. sapidus, in the Marchica
Lagoon represents a major challenge for artisanal fisher-
ies, due to direct damage to fishing gear and competition
with commercial species. This situation is exacerbated
by the absence of a local tradition of crab consumption,
which limits immediate commercial valorization.

The concept of transforming invasive species into
exploitable resources has already been proposed for
C. sapidus by Mancinelli et al. (2017), who advocated
management strategies based on reproductive biology,
seasonal dynamics, and ecological context. In this frame-
work, targeted fishing during key reproductive periods
could simultaneously reduce population growth and sup-
port local economies. However, the effectiveness of such
an approach in Marchica Lagoon strongly depends on the
development of appropriate fishing practices and market
outlets. In the short term, the adoption of more resistant
coastal fishing gear adapted to the strong chelae of blue
crabs could help reduce local abundance while limiting
damage to artisanal fisheries. In the long term, the es-
tablishment of regional or international markets remains
essential to ensure economic viability and sustained pop-
ulation control (Azzurro et al., 2024; Marchessaux et al.,
2024).

Thus, while the “turning a threat into a resource”
strategy proposed by Mancinelli ez al. (2017) provides a
valuable conceptual framework, its successful implemen-
tation in the Marchica Lagoon requires site-specific adap-
tation integrating biological knowledge, fishing practices,
and socioeconomic constraints.

Conclusion

This study provides a comprehensive analysis of the
reproductive biology of the blue crab C. sapidus in the
Marchica Lagoon (Moroccan Mediterranean). The find-
ings offer valuable insights that enhance scientific under-
standing of this invasive species and serve as a foundation
for developing targeted management plans. These results
are essential for informing effective strategies aimed at
the sustainable control and exploitation of C. sapidus
populations in the region.
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