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The population size structure and length-weight relationships (LWRs) are fundamental tools in fishery science, providing
valuable insights into the health, dynamics, and management of fish populations and contributing to the sustainable use of aquatic
resources. The data used in this study were estimates from the main small pelagic fishes exploited in the Gambia. They were
collected using surface and bottom gillnets between November 2020 and October 2021 during scientific fishing operations. The
main small pelagic fish size composition showed a modal class of 20 cm for Ethmalosa fimbriata, 21 cm for Sardinella aurita, 22 cm
for Sardinella maderensis, and 30 cm for Trachurus trecae. The parameter b value of these fish species ranged from 1.6831 to 2.9461,
and the correlation coefficient ranged from 0.81 to 0.95. Statistical LWRSs for all species were very significant. Information obtained
is essential in reviewing and establishing basic management measures for depleted shared pelagic stocks in the Gambian fisheries
and the sub-region. In the context of poor data fisheries, such results also encourage the Gambian government and in-
tergovernmental subregional organizations to support data collection in the long term.
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1. Introduction

Population dynamics is essential for understanding eco-
system functioning and managing exploited populations
[1, 2]. Small pelagic fish are widely known to have rapid and
large population fluctuations, making their management
particularly difficult [1]. The Gambia’s coasts are recognized
for their rich fishery resources because of favorable hy-
drodynamic, climatic, and geomorphological factors. Small
pelagics represent significant biomass and are sources of
abundance [3]. They are also known to be sensitive to en-
vironmental change [3, 4]. As such, it is important to deepen

our understanding of their adaptations to environmental
changes, to estimate the impacts of these changes on eco-
systems, and to develop instruments (reliable and sustain-
able indicators) and models to predict the evolution of
ecosystems in various contexts.

Population size structure, length, and weight can in-
fluence responses to other physiological stressors [5-7]. The
length-weight relationship (LWR) varies in time and space
depending on parental wealth (e.g., weight condition), food
availability (abundance and quality), environmental pa-
rameters (temperature and salinity), and evolutionary
stressors, for example, density and fishing pressure [8-11].
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Thus, the information obtained from this relationship can
help identify the adaptation strategy versus environmental
conditions [5, 12, 13] and the modeling of population dy-
namics versus anthropogenic factors of many fisheries [14].

The fishery sector contributes to 12% of the GDP in The
Gambia [15, 16]; it is the third largest sector after agriculture
and tourism. The estimated per capita fish consumption is
about 26kg compared to the 8.2kg average for Africa.
However, fish consumption is much higher in the coastal
region than in the country’s interior [15-17]. In The Gambia,
the small pelagic has been a traditional activity since the 70’s,
mostly on a small-scale level, men exclusively lead it. The
industrial sector became interested in small pelagic in the
early 2000s. Several agreements on fisheries have occurred
since 1994 [15-18], with Senegal in Africa and at the industrial
level with the European Union and Japan, notwithstanding
the joint venture, including vessels from China. For expor-
tation, the most important species are octopus, shrimp, and
sol. For food security and local employment, this is mostly
Ethmalosa fimbriata, Sardinella aurita, and Sardinella
maderensis [15-19]. Population size structure and the LWR of
the leading small pelagics (E. fimbriata, Trachurus trecae,
S. maderensis, and S. aurita) in The Gambia are still missing.
This study reports the population size structure and LWR of
fish species of main interest for food security that have never
been published. This kind of basic information is essential for
fishery management measures.

2. Materials and Methods

2.1. Study Area. Sampling was conducted at the main small
pelagic landing sites of The Gambia (West Africa) between
November 2020 and October 2021. The Gambia is a small
sub-Saharan country with a Sahelo-Sudanian climate,
bordered by Senegal and extending to the Western Coast of
Africa between 13° and 14°N. The country is part of the
Canary Current Large marine ecosystem characterized by
high productivity [20]. The Gambia is a wide estuary from
the Gambia River, which drives turbid and low salinity
waters [21]. The dry season is cool from November to March,
warm from April to June, and the hot rainy season occurs
from June to October [22]. No vertical stratification was
observed for salinity, but the longitudinal distribution of
salinity showed that the brackish water extended from 80 km
in length in September to up to 220 km in June.

2.2. Materials. This study sampled only specimens captured
with surface and bottom gillnets [23]. It focused on the
species most targeted by pelagic artisanal fisheries. The data
were collected in the Lower North River (Ballingho and
Bamba tenda), Lower River South (Bintang, Mandinary,
Tankular, and Tendaba), Upper River South (Bansang and
Basse), and Atlantic Ocean (Bakau, Banjul, Barra, Gunjur,
Jeswang, Kartong, and Tanji) (Figure 1).

Four small pelagic species were collected in landing sites
representing two families: E. fimbriata, S. maderensis, S. aurita
for the Clupeidae, and T. trecae for the Carangidae. The total
E. fimbriata sampled was 8699; for T. trecae, we get 270
specimens; for S. maderensis, 5126; and for S. aurita, 770.
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Length frequency data were collected randomly at about 5 days
per week. After fish identification, all specimens were sized
(total length in cm, “TL”), and their body individually weighed
(in g) following the procedure harmonized at the subregional
level [24]. Sampled individuals were grouped into 1 cm interval
size classes to calculate size-frequency distributions.

2.3. Statistical Approach. The captured individuals were
inventoried, measured, and weighed. The total length was
measured for fish with truncated or round caudal fins.
Unidentifiable species were transported to the laboratory to
classify. The LWR for the total body weight was calculated
using the equation from [25]: W = a - Lb, where “W” is the
total weight (expressed in grams), “L” is the total length
(expressed in centimeters), “a” is coeflicient related to body
form, and “b” is an exponent indicating isometric growth

when equal to 3.
logW =loga + blogL. (1)

The logarithmic form of the LWR, with variables and
parameters, are defined above.

The condition factor K was calculated according to the
following equation [26]:

w
K =100—. (2)

IE

Fulton’s condition factor K with W=whole body wet
weight in grams and L = length in cm, the factor 100 is used
to bring K close to unity.

3. Results

The size distribution of E. fimbriata, S. aurita, S. maderensis,
and T. trecae in the Gambian waters peaked at 20, 21, 22, and
30cm, respectively. The maximum length (L,,) of
E. fimbriata, S. aurita, S. maderensis, and T. trecae recorded
was 29, 30, 31, and 43 cm, respectively (Figure 2).

The LWRs of the four small pelagic species are presented
in Table 1. The species, sample size (n), and range of size range
(cm, TL) are given (Table 1). The body weight (W),
length—weight parameters, as the coefficient related to body
form (a) are maximum for S. aurita and minimum for
E. fimbriata, which is a value close to T. trecae. The parameter
b varied between 1.6831 (S. aurita) and 2.9461 (E. fimbriata).
The r? values (Figure 3) were high, ranging from 0.81
(S. aurita) to 0.90 (T. trecae). Statistical LWRs for all species
were highly significant (p < 0.001). Across all species surveyed
in the Gambian waters, results (Figure 4) of the condition
factor (K) showed that larger specimens have lower health
status than smaller specimens, as indicated by the superscript
b<3 and shown in Figure 3. The results during the study
period showed a K of 1.1, 0.8, 1.1, and 1.1 for E. fimbriata,
T. trecae, S. aurita, and S. maderensis, respectively.

4. Discussion

Small pelagic fishes are excellent bioindicators of climate-
induced changes in marine systems worldwide because of
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FIGURE 1: The most important fishing grounds for small pelagic fish in The Gambia (West Africa). Triangles mark the main landing sites
(where fish sampling took place).
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FIGURE 2: Size frequency distributions for Ethmalosa fimbriata (n=28699), Trachurus trecae 270), Sardinella maderensis (n =5126), and
Sardinella aurita (n =770) caught in the Gambian waters by small-scale fishers. The total length (in cm) was used for Ethmalosa fimbriata,
Trachurus trecae, Sardinella maderensis, and Sardinella aurita, and the modes were 20, 30, 21, and 21 cm, respectively.

their population characteristics and trophodynamic role [5].  growth, age-related size variation is often high. This allows
The results showed a variation in the size structure between  the selection of divergences in growth tactics between
species caught in The Gambia. In species with indeterminate ~ species [5]. However, growth rates closer to maximum
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TaBLE 1: Length and weight of fishes collected in The Gambia.
Total Body CL,
. . 2 .
Family Species a b r n length  weight 2.5%-97.5% value
(cm) (g)
Clupeidae Ethmalosa fimbriata (Bowdish, 1825)  0.0117 2.9461 0.82 8699 15-30 23-251 2.9173-2.9748 < 0.001
Carangidae Trachurus trecae (Cadenat, 1950) 0.0114 29062 090 270 28-43 175-641 2.7908-3.0215 < 0.001
Clupeidae Sardinella aurita (Valenciennes, 1847) 0.7047 1.6831 0.82 770  20-30 106-259 1.6266-1.7396 < 0.001
Clupeidae Sardinella maderensis (Lowe, 1838) 0.4392 1.8355 0.85 5126 20-30 107-244 1.8144-1.8565 < 0.001

Note: n: sample size of the number of fish; a: coefficient related to the body; b: slope; r?: coefficient of determination of the length-weight relationships.

Abbreviation: CL, confidence limits.
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FIGURE 3: Length-weight relationship of (a) Ethmalosa fimbriata (black circle; n = 8699), (b) Sardinella maderensis (n = 5126), (c) Sardinella
aurita (n="770), and (d) Trachurus trecae (n=270) in The Gambia with the exponential regression curve fitted to all measurements of each

species. The relationships are detailed in Table 1.

growth are generally observed when a species has experi-
enced limited growth. Small pelagic growth could also
change seasonally and throughout ontogeny due to the
differential energy allocation to somatic growth, maturation,
reproduction, and migration [5, 27]. The morphometric
relationship between length and weight of fish is an ap-
propriate index for understanding growth, survival, matu-
rity, and reproduction [25]. In The Gambia, b values of
S. aurita and S. maderensis were less than 2.5 and greater
than 2.5 for E. fimbriata and T. trecae. Such values would not
correspond to the fixed normality, from 2.5 to 3.5 [14].

Carlander [28] demonstrated that b< 2.5 or > 3.5 are often
obtained from samples with narrow size ranges. Many
factors, for example, morphology, fat ratio, sex, sexual stage,
egg density, and digestive tract status, can cause weight
fluctuations in a fish [29, 30]. This difference may also be due
to the tendency of some larger species to be heavier as they
grow. In other words, most of the extreme values of the mean
b come from species with only a few LWRs, and the average
is likely to fall in the expected range if more LWRs become
available for these species. However, even if the specimens
are rare, lower numbers will also be acceptable [14]. Indeed,

85U8917 SUOWLLOD aAITeaID 8|aedljdde ay) Ag peuenob ale SajoIle YO 8SN Jo S9N Joj Aelg 1 8UIUO 481 UO (SUONIPUOD-pUEe-SLLB)W0Y A3 | 1M Ate.q 1[pulUo//Sdny) SUORIPUOD Pue SWe | 8U) 88S *[202/ZT/70] uo Akiqi]auljuo 3|1 ‘9oueld sUeIyooD Aq £2TZTTS/#202/SSTT OT/I0p/Wod Ao Im Arelq i uljuoy/sdny woly pepeojumod ‘T ‘v202 ‘el



Journal of Applied Ichthyology

—
1
1.5 o 1 !
1 I
1 1
1 1
1
| 1
:
1.0 ]
1 ! ; !
1
y ! EII i i
5 |
g L
0.5
0.0 o
T T T T
BOA MAS SAA SAE

Fish species

FiGure 4: Condition factor (K) of Ethmalosa fimbriata (BOA),
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many factors (e.g., morphology, proportion of fatty acids,
sex, sexual stage, egg density, and condition of the digestive
tract) can cause fluctuations in the weight of an individual
fish [14, 31]. The weight is determined by the condition
factor (K). The variations in K suggest that the species
studied adopt an energy supply strategy. Environmental
characteristics and the level of fishing pressure exerted on
a small pelagic fish species had a balanced impact on their
growth parameters and asymptotic length and should
therefore be considered as phenotypic parameters. Adaptive
phenotypic plasticity is often the only way for populations to
respond rapidly to environmental changes and thus ensure
their survival [32]. A change in biological parameters (e.g.,
length-weight and condition factor) for a small pelagic
population is probably one of the best indicators of its re-
sponse to changes and/or stress in its environment. Panfili
et al. [32] showed that growth rates were reduced in the
hypersaline environment of Saloum (Senegal). For example,
studies by Baldé et al. [5, 33] in Senegal show that the weight
of S. aurita and E. fimbriata seems closely linked to the
intensity of upwelling. Other factors such as the nature of the
data can influence the condition factor. Indeed, the data
made available to us for this work have significant drawbacks
to consider. Nominal catches are sometimes inaccurate [2].
They often include an inaccurate transcription of the weights
and sizes of individuals, partial fishing effort data, and
unreliable and outdated statistical data [2]. For example,
during data processing, size or weight values were found that
seem abnormal. These values could be related to data entry
or measurement errors and are considered outliers. We
defined an outlier as a value (e.g., size or weight) that de-
viates significantly from all other members of a sample of
which it is a member [34]. Rohlf [35] and Afifi and Azen [36]
indicate that outliers can be defined as values isolated from
the main data cloud. However, in the condition of data poor

fisheries, the information obtained will be useful in fishery
science and will help improve fishery management and
inform data collection on other parameters.

We recommend growth assessment of small pelagic fish
in The Gambia, underling the fact that LWRs help evaluate
the growth of fish populations over time. Changes in length
and weight can provide information about the age structure,
recruitment rates, and overall population health. Knowledge
of LWRs in The Gambia’s small pelagic fishery is essential for
effectively reviewing the recommended sizes in the Fisheries
Regulation 2008 for minimum sizes of small pelagic fishes. It
aids in implementing conservation measures to ensure the
long-term viability of fish stocks. The length of the first
capture by the Gambian regulation is 15 cm for E. fimbriata,
12 cm for both Sardinellas species, and 19 cm for T. trecae.
This management gap needs to be reviewed to use the length
at first maturity as the reference point. These species’ ap-
propriate size limits can enhance the sustainability of fishing
practices and ensure that fish have the opportunity to re-
produce before being harvested.

Changes in LWRs can indicate shifts in environmental
conditions, such as changes in water temperature, food
availability, or habitat quality. Monitoring these relation-
ships can provide early warnings of potential environmental
impacts on fish populations. Fish are integral to aquatic
ecosystems, and their size and weight dynamics can reflect
the broader ecological balance within these systems. In this
work, we demonstrate the capability of the Gambian fishery
department to lead this kind of monitoring and analysis,
which requires state long-term investment in data collection
and national fishery research capacity.
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