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—— ABSTRACT

This study presents a preliminary assessment of growth and mortality parameters for Sepia officinalis along the coasts
of Tema, Sakumono, and Ningo-Prampram, Ghana. A total of 264 specimens were randomly purchased from fishermen between
January and December 2020. Samples obtained were measured for mantle length and analyzed for growth and exploitation
rates using TropFishR software. Mantle length ranged from 3 cm to 26.7 cm, with a mean of 124 + 04 cm. Mantle length—
frequency data fitted to the von Bertalanffy Growth Function yielded an asymptotic length (Linf) of 30.23 cm, a growth coefficient
(K) of 0.57 year?, and a longevity of 5.0 years. Mortality estimates showed a total mortality rate (Z) of 1.14 year?, a natural mortality
rate (M) of 0.89 year?, and a fishing mortality rate (F) of 0.25 year?, with an exploitation rate (E) of 0.22. The lower fishing mortality
rate reflects low commercial demand for S. officinalis among artisanal fisherfolk in Ghana. The exploitation rate shows that
the species along Ghana’s coast is underexploited, though at a sustainable level. Nevertheless, as a precautionary management
measure, fishing effort should be monitored to ensure that biological reference points for sustaining this species are not exceeded.
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INTRODUCTION

Cephalopods (Mollusca) are key ecosystem components of
the World Ocean (e.g., Gasalla et al, 2010) because they occupy
varying trophic positions in marine food webs and have a high
production-to-biomass ratio (Bobowski et al., 2023). Cephalopod
species diversity is relatively low, with about 800 pelagic and
demersal species belonging to three main Orders: Teuthida
(squid), Octopoda (octopuses), and Sepiida (cuttlefish and sepiolids).
They have short lifespans, high metabolic rates, and rapid growth.
Their growth rates, maturation, and life-cycle phenology vary
widely (Vidal, 2014). Although much of this variation seems
environmentally influenced, it also reflects phenotypic plasticity
and possibly a genetic component (McKeown et al, 2019). As
such, cephalopod abundance and distribution can vary widely
year to year. Cephalopoda is the most advanced class of the
phylum Mollusca adapted to a swimming existence (Luna et
al,, 2021). They are entirely marine, vary in form, size, and nature
(Vidal and Shea, 2023), and occur in littoral, benthic, and pelagic
environments in all world oceans.

Cephalopods are important as a food resource and for
scientific investigation (Lefkaditou et al, 2003). Research on
cephalopods is important for conservation because relatively
little is known about their life history, development, and
reproductive behaviour, particularly in deep-ocean species
(Vilanueva et al, 2016). Knowledge of their abundance and
distribution is fundamental not only for fisheries but also for
understanding their significance in energy and material flow in
marine ecosystems (Piatkowski et al, 2001). They are abundant
predators which are large, active, and voracious; conversely,

they are essential as prey for many marine mammals, birds, and
fishes, including economically important species. The life cycles
of commercially exploited cephalopod species range from 6
months in small sepiolids and subtropical squids (Czudaj et al.,
2012) to 2 years in the large-sized squids (Arkhipkin et al., 2021),
large temperate sepiids (Sepia officinalis, Challier et al, 2005),
and octopods (Octopus tetricus, Leporati et al, 2015). The short
lifespan is a unique feature of tropical squids. Cephalopods
contribute about 2.5% of global seafood production, with
landings increasing by about 416% since 1961, peaking at nearly
4.9 million tonnes in 2014 before declining to about 3 million
tonnes in 2019 (Ospina-Alvarez et al., 2022).

One of the most prevalent cephalopod genera in Africa is
Sepia, distributed from Morocco to Namibia, with abundance
varying by environmental conditions, population structure,
and habitat (Djan et al.,, 2022). The common cuttlefish has a large
head with relatively large eyes. The front of the head is tipped
with eight arms and two tentacles, positioned radially around
a forward-positioned mouth. The arms have rows of suckers,
while the tentacles have suckers at their ends (Kimbara et al.,
2022). The mouthparts form a structure resembling a bird’s beak;
directly behind the head is an oval-shaped body, fringed with a
single fin on each side. The cuttlefish’s skeletal mass consists of a
single internal ‘cuttlebone’. The cuttlebone is a porous structure
made predominantly of aragonite, a type of calcium carbonate.
The cuttlebone is important not only for structure but also for
maintaining buoyancy (Arkhipkin et al, 2021). Despite their
strong reliance on visual stimuli and high visual acuity, several
studies have shown that cuttlefish are colour blind (Méthger
et al, 2006). Cuttlefish primarily propel themselves by pushing
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water out through their siphon (Mouritsen and Styrbaek, 2021).
The siphon is a protruding tube structure situated beneath the
head at the front of the body (Goulet et al., 2026). Cuttlefish control
their vertical position by moving gas into and out of the internal
cuttlebone, which affects buoyancy and position within the water
column (Bloor et al,, 2013). Common cuttlefish are intermittent terminal
spawners; spawning occurs during the latter stages of their lives
(Rocha et al, 2001). Females typically stop feeding during this
time and do not grow somatically (Jahan and Mahmud, 2025).

After laying several batches of eggs over a few months,
breeding cuttlefish undergo mass mortality (Rocha et al., 2001).
The diet of adult cuttlefish includes a wide range of organisms,
including crustaceans, molluscs, polychaete worms, and bony
fish. Cuttlefish often prefer crustaceans such as mysids, shrimps,
prawns, and crabs. Sandeels and gobies are among the fish
cuttlefish eat most often. The most abundant molluscs in the diet of
S. officinalis are sepiolids and sepiids (squids). Cuttlefish frequently
exhibit cannibalistic tendencies, and larger individuals will
attack and consume smaller members of the same and closely
related species. Juvenile cuttlefish diets include a high percentage
of small crustaceans (Bloor et al., 2013).

The natural range of common cuttlefish extends across the
northeastern Atlantic continental shelves, from southern Norway
and northern England south to the coasts of Senegal. They also
occur throughout the Mediterranean Sea (Bello et al, 2020).
They occur atdepths ranging from 1-2 m to 200 m, although they
are common above 100 m (Pérez-Losada et al., 2007). Cuttlefish
do not inhabit water deeper than 200 m because pressure on
the internal shell may cause it to implode (Ward and Boletzky,
1984). Cuttlefish can tolerate a range of salinities and occur in
the brackish waters of coastal lagoons (Fernandes Guerreiro et
al, 2023). Adult cuttlefish move toward their inshore breeding
grounds in early spring, with one of the main triggers being sea
temperature (Wang et al, 2003). The breeding season extends
from April to July (Bloor et al, 2013; Wang et al, 2003).

Within West Africa, Ghana is recognized as one of the
leading producers and exporters of cuttlefish to Asian markets
(Djan et al, 2022). Cuttlefish are the most heavily harvested
cephalopods in Ghana, particularly adults (Akwetey et al., 2025;
Djan et al, 2022).The dominant cuttlefish species harvested
includes Sepia officinalis (Denechaud et al,, 2025). Both artisanal
and industrial fishers target this species; artisanal fishers
commonly use beach seines, gill nets, and hook-and-line (single
or multiple), while industrial operators rely on demersal trawls
(Akwetey et al.,, 2025). Local coastal consumption and supermarket
distribution rely on traditional processing methods for Sepia
officinalis such as frying, smoking, or freezing, whereas industrial
catches are largely exported (Kwei and Ofori-Adu, 2005).
Cephalopods are among the major exploited resources in Ghanaian
fisheries (Djan et al., 2022). Cephalopods account for about 15-20%
of total industrial landings, of which cuttlefish (Sepia spp.)
make up about 80% (Djan et al., 2022).

Ghana ranks among the chief exploiters and exporters of
cuttlefish to Asian and European markets. Many landed cuttlefish
result from bycatch in multi-species bottom trawl fisheries (Djan
et al., 2022). However, cuttlefish account for a large proportion of
the total catch (Vargheese et al.,, 2026). Frozen cephalopods (octo-
pus, cuttlefish, and squid) represent the second-largest export fish
chain by quantity (about 3,000 t to the European market) (Failler
et al, 2014). Trawl catches of Sepia dominate the cuttlefish
fisheries in Ghanaian waters (Failler et al, 2014). Beyond these
exploitations, information on Sepia is limited to basic biology and
ecology, as reported in FAO manuals and ICES reports. However,
cuttlefish catches along the Ghanaian coast declined from 5,500
tonnes in 2003 to 4,814 tonnes in 2023 (FAO, 2025), reflecting the
decline in Ghana’s capture fisheries (Owusu and Andriesse,
2020). Despite the marginal decline of S. officinalis following the
overexploitation of marine capture fisheries (Asiedu et al,, 2023),
studies of population dynamics are essential for conserving this
species along Ghana’s coast.
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Figure 1. Catches of Cuttlefish from the coast of Ghana (2003 - 2023).

Population dynamics are the processes responsible for
changes in a population’s abundance or biomass over time and
are a subset of possible population parameters (Anderson et al.,
2008). Estimates of population dynamics can provide greater
insight into fish populations than indices, which are a static
portrayal of the population (Gebremedhin et al., 2021). Population
dynamics estimates can indicate how a population reached its
current state and how it might change in the future. Fish growth
rates are associated with mortality and recruitment rates. Growth
rate influences survival and age at sexual maturity (Weinstein
et al, 2019). Fish growth is commonly indexed using coefficients
of the von Bertalanffy growth model, which is widely used to

describe the lifetime pattern of somatic growth in organisms
such as fish with indeterminate growth (Lugert et al, 2016).

Mortality rates are important to fishery scientists in
determining fish population dynamics (Shishitu, 2023). The total
mortality coefficient (Z), natural mortality (M), fishing mortality
(F), and the exploitation ratio (E) are vital for determining fishery
status. These parameters are also used to establish the level of
exploitation (Enin et al., 1996); therefore, we estimated Z, M, F, and
E for the samples collected during the study. Mortality can result
from several factors, including age, disease and pollution,
predation, spawning stress, and lack of food (Punt et al.,, 2021). The
exploitation ratio (E) helps assess whether a stock is overfished
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(high E-values), assuming the optimal value of E (Eopt) is about
0.5. This 0.5 value for Eopt assumes that sustainable yield is
optimised when F = M (Gulland, 1971).

However, studies on cuttlefish population dynamics,
particularly growth and mortality parameters, remain rarely
explored in Ghana (Djan et al, 2022). The absence of robust
scientific data poses a considerable risk of ineffective resource
management for S. officinalis, potentially leading to population
decline and severe economic repercussions for both local
communities and the national economy (Mehanna and Makky,
2020). Accordingly, this study aimed to assess the growth,
mortality, and exploitation rate of S. officinalis in Ghanaian
coastal waters. The findings provide preliminary insights that
can inform sustainable management of the species in Ghana.

MATERIALS AND METHODS
Description of the study area

The study selected three coastal fishing communities in
Ghana’s Greater Accra Region. We selected the three coastal
fish landing sampling sites based on fishing activity levels and
geographic isolation. These three coastal fish landing sampling
locations were Sakumono, Tema, and Ningo-Prampram (Figure

2). Ningo-Prampram District is the largest in the Greater Accra
Region, Ghana, with a coastline stretching over 37 km and a total
land area of 1,442 km2. It is located at 5°42°53.75”N, 0° 7°55.24”
E. The district’s main occupations are salt mining and fishing.
Anchovies (Engraulis encrasicolus), Sardinellas (Sardinella aurita),
and mackerel (Caranx chrysos) are the major fish species caught
in this district. Fishermen in Ningo-Prampram use purse seines,
lines, and set nets (Dovlo et al., 2016). Tema is the administrative
capital of the Tema Metropolitan Assembly and is located 25 km
east of Accra, the national capital. It is located at 5°38'34.65”N,
0°14.76” E. Main occupations include commerce, tourism,
hospitality, and fishing. At the Tema fishing community, several
fish species belonging to various families, such as the Anchovy
(Engraulis encrasicolus), Sardinella (Sardinella aurita), Bumper
(Chloroscombrus chrysurus), Frigate Mackerel (Caranx hippos),
and Chub Mackerel (Scomber colias), are landed in Tema due to
its major infrastructure and proximity to the capital. Sakumono
is a coastal community along Ghana’s Accra-Tema coast. The
Sakumono landing beach is located at (5°36’40.87”N, 0° 2’40.61” W).
At Sakumono, species landed include Bigeye grunt, Lesser African
threadfin, and others. The Sakumono fishing community uses lines,
set nets, and beach seines (Dovlo et al., 2016). Most inhabitants in
the three selected sampling sites rely primarily on fishing,
along with other activities related to post-harvesting wild fish.
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Figure 2. Map showing the fish sampling locations for the study.

Data Collection

The author purchased Sepia officinalis samples monthly
from fishermen along the coast at the three sampling locations.
The collected 264 specimens from January to December 2020,
measured mantle length to the nearest 0.1 cm, and recorded body
weight to the nearest 0.1 g. We identified all samples to species

level using the identification key by Kwei and Ofori-Adu (2005).
The measured mantle length and body weight using a 100 cm
graduated measuring board and an electronic weighing scale.
Figure 3 shows the number of specimens and corresponding
average weight sampled from each of the three fish sampling
locations each month.
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Figure 3. Number of specimens and corresponding average weight sampled monthly between January and December, 2020 from

the coast of Ghana.

Methods
Growth parameters

We estimated growth parameters using the von Bertalanffy
Growth Function (VBGF) with Electronic Length Frequency
Analysis (ELEFAN). We used ELEFAN_SA to optimise all parameters
simultaneously; it uses simulated annealing and is preferable
to exact algorithms. We conducted a sensitivity analysis to
evaluate the accuracy of VBGF parameter estimates using a
moving-average setting and a fixed Linf (Zhou et al, 2022).

The von Bertalanffy Growth Function (VBGF) is given as
follows:
L=L,

inf

[1- e K ©O0] (pauly, 1984),

where Lt is the average length at time (or age) t, Linf is the
asymptotic length, K is the growth rate, and t represents the age
when the average length was zero.

The theoretical age at length zero (t0) followed the
equation:

Log,, () =-0.3922-0.2752log,, L, .- 1.038log, K (Lessa and Duarte-Neto, 2004)
Estimation of longevity (tmax) of the species was done

using the formula:
3/K + 1, (Anato, 1999)

The growth performance index was calculated using
the formula:
2log,, L, .+ log, K (Pauly, 1998)

Mortality parameters

The total mortality rate (Z) was estimated using the length-
converted catch curve (Liang and Pauly, 2017). approach. This

involved converting length-frequency data into a relative age-
frequency distribution based on growth parameters. The
regression line was fitted only to the descending right arm of the
catch curve, with the length classes included in the regression
being determined interactively (Mainguy and Moral, 2021).
Smaller length groups which formed the ascending left arm
of the catch curve were excluded (Sparre and Venema, 1999).

The natural mortality rate (M) was estimated using
Then et al. (2015):

M=4.118 x K0.73 x Linf-0.33

where Linf is the asymptotic length, M is the natural
mortality and K is growth coefficient After M and Z were
estimated, fishing mortality was determined employing the
following relationship:

F=Z2-M

where Z is the total mortality, F is the fishing mortality,
and M is th e natural mortality.

The exploitation rate (E) was calculated by the Gulland
(1971) formula:
E=F/Z.

RESULTS
Length distribution

The length—frequency distribution was unimodal, with one
major peak; the modal size was 6.4 cm, and the mean, maximum,
and minimum mantle lengths were 12.4 + 6.8 cm, 26.7 cm, and 3.0
cm, respectively (Figure 4). The skewness of the distribution was
0.21, indicating approximately a normal distribution (Figure 4)
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Figure 4. The bar chart shows the length-frequency of Sepia officinalis from the coast of Ghana.

Growth parameters

The estimated von Bertalanffy growth parameters were
30.23 cm TL for Leo and 0.57 year-1 for growth coefficient K (Figure

5). The growth performance index was 2.72 with a goodness-of-fit
value (Rn) of 0.40, which is considered a strong, highly acceptable
fit between K and Linf (Mildenberger et al., 2017). The theoretical
age at length zero was -0.29 years with a longevity of 5.0 years.

Length classes
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Figure 5. Reconstructed length frequency distribution of Sepia officinalis superimposed with growth curves.

Mortality and exploitation

Based on a linearised length-converted catch curve, we
estimated total mortality (Z) at 1.14 + 0.19 year™ (Figure 6). We

estimated natural mortality (M) at 0.887 year! and calculated
fishing mortality (F) at 0.253 year . The present exploitation rate (E)
was 0.22.
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N w £ wv o ~
1
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Figure 6. Linearized length-converted catch curve for estimating total mortality coefficient of Sepia officinalis from the coast of Ghana.

DISCUSSION

Scholars such as Bhendekar et al. (2018) have extensively
examined the population dynamics of shortlived species,
particularly squids and cuttlefish. Several factors strongly
influence estimates of growth and natural mortality coefficients
for tropical species, including short lifespan, multiple breeding
seasons, and intra-annual variation in growth (Sparre and
Venema, 1999; Pauly, 1980). Studies on the population dynamics

of Sepia officinalis along the coast of Ghana are currently
non-existent; therefore, we compared estimates from different
geographical locations.

In the present study, mantle length ranged from 3.0 cm
to 26.7 cm. This range was broader than that reported by
Saddikioui et al. (2017; ML = 6.5-23.8 cm) and Yesilyurt et al.
(2019; ML = 2.2-15.5 cm) from the coasts of Algeria and Turkey.
Akyol et al. (2011) observed mantle lengths of 5.5-22.4 cm in
Izmir Bay, while Duysak et al. (2014) reported 4.8-19.2 cm in
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Iskenderun Bay. In the northern Adriatic Sea, Bettoso et al. (2015)
documented mantle lengths spanning 3.5-18.0 cm. The size
structure of Sepia officinalis observed in Ghana reflects a wider
catch-length distribution and includes nearly all size categories,
including juveniles. Comparatively, the wider mantle length
range of cuttlefish sampled along the coast of Ghana may suggest
reduced fishing pressure on the stock (Ostman et al, 2023).

The asymptotic length (Linf) represents the largest
theoretical mean length that a species could attain in its habitat,
given ecological peculiarities. At the same time, the growth
coefficient (K) reflects the rate at which the species approaches
this final size (Sparre and Venema, 1999). Comparing growth
parameters across populations and species is essential in
fisheries science and ecology for management and academic
purposes (Taylor and Mildenberger, 2017). The growth rate and
asymptotic length estimated in the present study were (K = 0.57
per year) and (Linf = 30.23 cm), respectively. The growth rate
was comparable to the estimate by Mehanna and Haggag (2011)
from the coast of Egypt (K = 0.58 per year), but lower than the
values reported by Saddikioui et al. (2017; K = 0.68 per year)
and Yesilyurt et al. (2019; K = 0.90 per year) from Algeria and
Turkey. The asymptotic length obtained in this study exceeded
estimates by Mehanna and Haggag (2011; 25.2 cm), Yesilyurt
et al. (2019; 19.54 cm), and Saddikioui et al. (2017; 24.64 cm).
These differences in asymptotic length may reflect variations in
environmental conditions, fishing pressure, sampling methods,
and the length classes obtained (Moreno et al., 2007). The growth
rate fell within the range for fast-growing species, as defined
by Amponsah et al. (2021), who reported fast growth as K > 0.5
per year. This suggests that the species sampled along the coast of
Ghana exhibits intermediate growth characteristics. Fast growth
combined with small asymptotic length indicates that species in
these waters mature early and have short lifespans (Sparre and
Venema, 1999). Sparre and Venema (1999) further noted that
higher K values are linked to higher metabolic rates, which are
highly influenced by temperature. Consequently, tropical species
tend to exhibit higher (K) values than cold-water species. Growth
parameter values may vary due to collection methods, stomach
fullness, gonadal maturity, food availability, and spawning conditions
(Ogunola et al, 2018). Environmental factors also play a significant
role: differences in water temperature can affect cuttlefish growth
and development, while pollution can increase mortality rates,
lowering survival and altering population dynamics (Mustafa et
al, 2024). Thus, differences in ecological conditions such as
temperature regimes, pollution levels, and resource availability
likely contribute to the observed variability in growth
parameters across geographical locations (Huang et al, 2021).

The growth performance index (¢") is a useful tool for
comparing the growth curves of different populations of the
same species and/or different species within the same order
(Valeri et al, 2016). The growth performance index (¢') in the
current study was 2.72, similar to estimates by Mehanna and
Haggag (2011; @' = 2.57) and Yesilyurt et al. (2019; ¢' = 2.53). The
values reported by Sanreported79; ¢' = 3.2) and ¢' = 3.2 Amad et
al. (2004; ¢' = 3.00) ¢' = 3.00 cfor Sepia in the Gulf of Aden and
India, respectively. Abdul et al. (2012) emphasised that the index
is ecosystem-dependent. Therefore, variation in ecological
conditions across locations may have accounted for the observed
differences, favouring this species’ growth (Abdul et al, 2012;
Yesilyurt et al, 2019). A higher growth performance index
value indicates that fish can grow faster and larger (Pauly, 1980).

As a general rule, if Z/K = 1, the stock is considered mortality-
dominated, whereas values less than 1 indicate growth dominance.
In mortality-dominated populations, if Z/K 22, the stock is
regarded as highly exploited (Azrie et al, 2026). The total
mortality-to-growth ratio (Z/K = 2.00) further suggests that
mortality processes dominated the population. The M/K ratio

is commonly used to validate estimates of M and K obtained
by different methods, and it typically ranges between 1 and
2.5 (Edmond et al, 2017). The M/K ratio obtained in the present
study (1.65) falls well within this expected range.

In the present study, natural mortality (M = 0.94 year-1)
exceeded fishing mortality (F = 0.38 year-1), which may suggest
a stock imbalance. Natural mortality rates vary across life
stages, with maximum values occurring during larval and
juvenile phases and later in life, particularly after spawning
(Lorenzen, 2022). In general, natural mortality remains relatively
constant when species longevity is stable under natural
conditions. Shorter lifespans are typically associated with
higher natural mortality, especially among tropical species
(Kenchington, 2014). Comparatively, the increased natural
mortality may result from faster growth, cannibalism, and
post-spawning mortality (Zhang and Megrey, 2006). Sparre and
Venema (1999) noted that higher K values are linked to higher
metabolic rates, which are temperature-dependent, with tropical
species exhibiting higher K values than cold-water species.

Natural mortality contributed more to the total mortality
rate (Z) than fishing mortality, indicating that naturally induced
conditions were primarily responsible for population decline
along the coast of Ghana (Campos et al, 2024). The fishing
mortality rate estimated in this study was lower than the rate
reported by Mehanna and Haggag (2011; F=0.73year-1), implying
that fishing pressure on S. officinalis along the Egyptian coast is
greater than in Ghanaian waters. Furthermore, because the
natural mortality rate exceeded the fishing mortality rate in the
present study, S. officinalis along the coast of Ghana may be
underutilised. This may be due to the low-mobility fishing gear
employed by local fishers.

Chakraborty et al. (2013) emphasised that equal rates of
natural and fishing mortality denote a healthy stock. In the
present study, the exploitation rate (E = 0.22) was lower than
Mehanna and Haggag’s estimate (2011; E = 0.71), supporting
the assertion that S. officinalis along the Ghanaian coast is
experiencing less fishing pressure. According to Gulland (1971),
yield is optimised when F = M; therefore, when E > 0.5, the stock
is considered over-fished. According to Choudhary et al. (2026),
the optimal exploitation level for fish stocks is approximately
0.5, which is higher than the value estimated in the study. This
suggests that the species in Ghanaian waters is underexploited.
The exploitation ratio below 0.5 also suggests that the stock in
Ghanaian waters is considered sustainable (Asiedu et al., 2023).
The lower fishing mortality and exploitation ratio observed in
the present study may signal low commercial demand for this
species in Ghana. However, higher landings levels in previous
years (Figure 1) may be partially attributed to increased fishing
effort in the trawl fishery. This finding also implies that the
current level of utilisation could be sustainable without disrupting
population structure (Bramantio et al, 2026). Therefore, to improve
exploitation of the sampled species, the length-at-capture should
be revised and increased.

CONCLUSION

The current study assessed the mantle length frequency for
growth and mortality rates of cuttlefish, Sepia officinalis, from
the coast of Ghana. Species along the Ghanaian coast exhibited
fast growth, with natural mortality as the primary contributor to
population decline. In contrast, low fishing mortality and
exploitation rates indicated reduced fishing pressure and
underutilization of the species along the Ghanaian coast. As part
of the recommendations, continuous monitoring of fishing effort,
catch composition, size structure, and mortality indicators
along the Ghanaian coast is essential. Relevant fishery managers
should also implement stricter controls on discarding small fish,
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regulate by-catch, and enforce measures such as seasonal closures
and appropriate mesh sizes. In addition, develop and promote
specialised fishing gear among fishers who rely on cephalopods
for their livelihood.
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