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Understanding spatiotemporal distribution patterns of fish across life history stages is
critical for sustainable fishery management, particularly in data-poor regions such as
the extensive yet poorly explored western African coastal regions. This study
investigates the distribution patterns and ontogenetic habitat shifts of Atlantic
bigeye (Priacanthus arenatus) at various life stages on the coast of Sierra Leone
using data from twelve cruises conducted between 2019 and 2021. Our results reveal
distinct life-stage partitioning across multiple life stages of Atlantic bigeye. Juveniles
(<60 mm body length) predominantly distribute in the pelagic waters beyond the
continental shelf. As individuals reach a body length of approximately 60 mm, they
enter the sub-adult stage, characterized by the onset of gonad development and a
noticeable migration to demersal areas within the continental shelf. Adults (>150 mm
body length) are basically demersal as populations primarily distribute in demersal
areas within the continental shelf. Our observations also suggest that juvenile Atlantic
bigeye exhibits capture peaks: one prior to the rainy season (April—May) and the other
after the rainy season (September—October), suggesting a potential correlation with
spawning. Moreover, the extensive offshore distribution of juveniles beyond the
continental shelf appears to be closely associated with seasonal river plume spread,
potentially reflecting a behavioral adaptation to utilize oceanic dispersal pathways
during periods of enhanced freshwater input. These findings fill a critical knowledge
gap and provide a scientific basis for fisheries research and management of this
species in western African waters.
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1 Introduction

To ensure the conservation of populations, fish must adapt to
environmental fluctuations or avoid adverse environmental
conditions by evolving appropriate life history strategies and traits
through natural selection (Reynolds et al., 2005). Understanding the
distribution patterns of fish across their life stages is essential for
elucidating their full life history. Critical information on the
distribution patterns at multiple life history stages is a
prerequisite for effectively managing and exploiting fish species
(Olden et al., 2006; Meador and Brown, 2015). The distribution of
fish populations is often influenced by individual feeding and
reproductive behaviors, as well as environmental factors (Mclean
etal., 2016). Thus, fish exhibit a wide range of life history strategies,
such as habitat selection, which enable them to cope with various
environmental stressors (Meador and Brown, 2015; Teichert et al.,
2017). Furthermore, fluctuations in population abundance vary
among different life history types, reflecting life history traits and
strategies of specific fish species (Wiedmann et al., 2014).

Numerous studies have documented changes in the distribution
of adult fish over various temporal scales, from short-term to long-
term (Fonseca and Cabral, 2007; Pecuchet et al., 2018). However,
most marine fish exhibit complex life histories, characterized by
distinct morphological phases (Carter et al., 2013). Changes in the
distribution of these phases can affect the connectivity between
different life stages, which in turn influences processes such as
individual reproduction and stock recruitment (Tondato et al,
2018). Therefore, it is imperative to prioritize the study of
distribution patterns across different life stages. The size of fish
populations is mainly dependent on stock recruitment, which can
vary significantly from year to year due to fluctuations in the
survival of individuals during early life stages. As a result,
understanding the spatiotemporal distribution of juveniles is
essential for comprehending the dynamics of early individual
survival (Saville and Schnack 1981; Hays, 2017).

The planktonic larvae of many oviparous and ovoviviparous
fish species are characterized by limited swimming capability,
making their movements and distribution highly susceptible to
fluid motions. For example, large-scale hydrological features such as
ocean currents (Xu et al., 2019), upwelling (Tiedemann et al., 2016),
and river runoff (Qiu et al.,, 2008, 2010) can significantly alter the
distribution of juvenile fish with weak swimming capabilities. After
several days to months, juveniles develop into sub-adults with
enhanced swimming abilities, enabling better predation and
predator avoidance. Following several months to years,
individuals reach maturity and seek opportunities to reproduce. It
is evident that individuals at different life stages exhibit distinct
needs (Moore et al,, 2014). A unifying factor is that specific life
stages are often associated with particular habitats (Peterson et al.,
2000; Wang et al., 2017), necessitating a connection between each
life history and its habitat. This connection is influenced by various
factors, including environmental disturbances, dietary
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requirements, and reproductive needs. At the end of each life
stage, fish must identify suitable opportunities to transition to the
next habitat stage, a decision influenced by both innate instincts and
external environmental conditions (Kuparinen et al., 2016).
Therefore, understanding population distribution across different
life history stages is crucial for evaluating fishery resources,
formulating comprehensive conservation strategies, and
implementing effective regional species management (Barry and
Price, 2015). This is particularly relevant for economically valuable
species whose life history traits and spatial dynamics remain
poorly understood.

The Atlantic bigeye, Priacanthus arenatus Cuvier, 1829, is widely
distributed from Madeira southward to Angola in the eastern Atlantic
Ocean and has become an important economic species in demersal
fisheries in recent years. The family Priacanthidae is primarily benthic
in its adult stage, and its fishery resources have been exploited
relatively late (Toledo et al, 2000). Adult Atlantic bigeye is
nocturnal and inhabit coastal areas, with a diet mainly consisting of
small fish, crustaceans, and polychaetes. However, little is known
about the distribution of Atlantic bigeye across different life history
stages. Additionally, Sierra Leone, located in the southwestern sector
of the West African bulge, features a narrow continental shelf near
the western tip of Sherbro Island. The northern part of Sherbro Island
has a wider continental shelf with predominantly sandy sediment,
while the southern part is narrower with muddy sediment. The
distinct rainy and dry seasons, combined with the convergence of
multiple water systems and diverse topography, maintain abundant
fishery resources for local communities while exerting complex
influences on the feeding, spawning, migration, and distribution of
native fish (Feng et al., 2022).

This study examined the distribution patterns of the Atlantic
bigeye (P. arenatus), a dominant native species, across different life
history stages, and further identified key ecological factors driving
these spatial dynamics. Our objectives were to (1) refine existing life
history information for this species and their relationships with
environmental factors; (2) provide critical insights to support
regional fisheries stock assessments, management strategies, and
conservation efforts.

2 Material and methods

2.1 Study site

The study was conducted in the coastal waters of Sierra Leone,
which borders the Atlantic Ocean and experiences a tropical
monsoon climate characterized by high temperatures and
seasonal rainfall. The region has two distinct seasons: rainy
season (May to October) and dry season (November to April).
The coastline of Sierra Leone spans 506 kilometers, encompassing
an exclusive economic zone (EEZ, is an area of the ocean which
extends up to 200 nautical miles from country ‘s coastline) and an
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FIGURE 1
Stations in twelve cruises (A): SLO1, (B): SLO2, (C): SLO3, (D): SLO4, (E): SLOS5, (F): SLO6, (G): SLO7, (H): SLOS8, (1): SLO9, (3): SL10, (K): SL11, (L): SL12).
Green dots represent demersal survey stations, and blue dots represent pelagic survey stations.

area of approximately 45,400 square nautical miles. The 2 2 Samphng protocol and environmental
convergence of multiple water systems and rivers with high  data

primary productivity supports a diverse array of economically

significant aquatic species. The generally calm environment also Twelve cruises were conducted for trawl surveys of Sierra
provides optimal conditions for marine operations such as fishing  Leone’s offshore fishery resources. Six cruises focused on demersal
and research. fishery resources by using demersal trawl (SLO1: September 12-22,
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2019; SLO3: October 14-21, 2019; SL0O5: December 1-14, 2020; SL0O7:
January 10-19, 2021; SL09: April 22-30, 2021; SL11: May 21-30,
2021), while the other six focused on pelagic fishery resources by
using midwater trawl (SL02: September 26-October 10, 2019; SL04:
November 7-15, 2019; SL06: December 15-24, 2020; SL08: January
20-30, 2021; SL10: May 1-10, 2021; SL12: May 30-June 6, 2021;
Figure 1; Table 1). Investigation trawls both equipped with a cod-
end mesh size of 20 mm, were deployed for sample collection. Each
haul lasted 45-75 minutes with an average trawling speed of 3.5
knots. To estimate the swept area, GPS locations were used to
calculate the trawling distance from the moment the gear first
contacted the seabed until its retrieval. The mean width of the trawl
sweeping path was 15.012 m, based on pre-survey calibration tests
conducted at the same average vessel speed of 3.5 knots.

To investigate the potential impacts of environmental factors on
the distribution of the study subjects, we obtained the following
relevant datasets: (1) ERA5 reanalysis data from the European
Centre for Medium-Range Weather Forecasts (ECMWF) were
used in this study. The dataset covers the middle of the dry
season and the middle of the rainy season for each year from
2019 to 2021. The study area spans the oceanic region from 17°W to
11°W longitude and 4°N to 9°N latitude. The extracted variables
include the total precipitation, which are used to analyze the
relationship between atmospheric forcing and oceanic responses
in the study area. (2) Environmental data used for GLMMs were
extracted from the GLORYS12V1 product of the E.U. Copernicus
Marine Environment Monitoring Service (CMEMS; https://doi.org/
10.48670/moi-00021). Generalized Linear Mixed Models (GLMM:s)
represent a powerful and flexible statistical framework that extends
the capabilities of generalized linear models (GLMs) by
incorporating random effects. The primary function of a GLMM
is to model non-normal response data while accounting for non-

10.3389/fmars.2025.1652191

independence among observations arising from hierarchical,
longitudinal, or repeated-measures designs. The selected
environmental variables—sea surface temperature (T), salinity (S),
sea surface pressure (SP), northerly current (NV), and easterly
current (EV)—were derived from the GLORYS12V1 global ocean
reanalysis. To ensure spatial consistency, all variables were
resampled to a common resolution of 1/12° using nearest-
neighbor interpolation before being spatiotemporally aligned with
the fishery data.

2.3 Sample processing and classification

The samples were dissected to examine the development of the
gonads. The fish was placed on its dorsal side on a dissection tray.
Using scissors and forceps, a mid-ventral incision was made from
the anus forward towards the pectoral girdle. The body wall was
carefully cut and pinned back to expose the internal organs, or
viscera. The gonads (testes or ovaries) were typically paired,
elongated organs located dorsal to the swim bladder and adjacent
to the digestive tract. Their appearance (size, color, texture) was
carefully noted to determine sex and reproductive stage. A small
tissue sample was excised for further histological examination
under a microscope to confirm the stage of gamete development.
These experiments indicated that gonad development initiates at a
body length of 60 mm. Consequently, individuals with a body
length of less than 60 mm were classified as juveniles, while those
with a body length between 60 mm and 150 mm and a gonad
development level of 2-3 were classified as sub-adults. Individuals
with a body length exceeding 150 mm were classified as adults, and
those with a gonad development level exceeding 4 were designated
as the reproductive population. Gonadal level classification (Male:

TABLE 1 Summary of the 12 research cruises, including survey date, geographic location, total number of sampling stations, and the number of
stations where P. arenatus was captured.

Cruise Number of survey stations Date Geographic Range
(Number of stations P. arenatus caught) dd/mm/yyyy - dd/mm/yyyy  Latitude (N) Longitude (W)
SLO1 (D, rainy) 35 (4) 12/09/2019 - 22/09/2019 7°03' - 8°52/ 11°50 - 14°04'
SLO2 (P, rainy) 21 (7) 26/09/2019 - 10/10/2019 6°42' - 8°37' 13°13’ - 16°15'
SLO3 (D, rainy) 27 (9) 14/10/2019 - 21/10/2019 7°08' - 8°50’ 11°57 - 14°05'
SLO4 (P, dry) 30 (5) 07/11/2019 - 15/11/2019 4°33' - 8°49' 11°48' - 16°29'
SLO5 (D, dry) 41 (23) 01/12/2020 - 14/12/2020 6°54' - 8°53' 11°36 - 14°08'
SLO6 (P, dry) 53 (2) 15/12/2020 - 24/12/2020 5°03" - 8°44’ 11°49 - 15°22
SLO7 (D, dry) 40 (28) 10/01/2021 - 19/01/2021 6°58' - 8°52 11°42 - 14°09'
SLO8 (P, dry) 60 (10) 20/01/2021 - 30/01/2021 5°01" - 8°44’ 11°49’ - 15°50'
SL09 (D, dry) 40 (23) 22/04/2021 - 30/04/2021 6°56' - 8°54' 11°38' - 14°07'
SL10 (P, rainy) 60 (12) 01/05/2021 - 10/05/2021 5°02" - 8°45' 11°49 - 15°48'
SL11 (D, rainy) 41 (18) 21/05/2021 - 30/05/2021 6°55' - 8°52' 11°38' - 14°10'
SL12 (P, rainy) 27 (2) 30/05/2021 - 06/06/2021 5°02 - 8°27" 11°48' - 15°49'

The surveys were categorized as either demersal (D) or pelagic (P) fishery resource assessments.
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Stage I The paired testes are closely adherent to the dorsal
abdominal wall, presenting as translucent, thread-like structures.
Histologically, spermatogonia are irregularly distributed within the
connective tissue; Stage II The testes appear as semi-transparent,
flattened ribbons with faint vascularization and a pale hue.
Spermatogonia increase in number and begin to organize into
clusters; Stage III The testes become rod-shaped, pale red, and
highly vascularized. A central lumen forms within the ampullae,
which are primarily populated by primary spermatocytes, while
spermatogonia become less abundant; Stage IV The testes further
enlarge, adopting a grayish-white, sac-like appearance with
prominent blood vessels. The ampullae contain germ cells at
various stages of development. Female: Stage I The ovaries are
attached to the mesentery near the swim bladder, appearing as pale,
translucent linear structures with minimal vascularization. They
consist mainly of oogonia, which are small and exhibit a high
nuclear-to-cytoplasmic ratio; Stage II The ovaries widen and
acquire a flesh-red color. A dense network of microvessels
becomes visible on the surface and within the tissue. The ovary is
predominantly composed of primary oocytes; Stage III Ovarian
volume increases significantly, forming expanded sac-like structures
with prominent and densely distributed blood vessels. Oocytes are
visible to the naked eye but cannot be easily separated; Stage IV The
ovaries approach maturity, occupying most of the coelomic cavity.
Blood vessels are thickened, well-developed, and form a reticular
pattern across the ovarian membrane. Most oocytes have completed
vitellogenesis and are markedly enlarged.

2.4 Data and statistical analysis

All data were analyzed using SPSS 19.00 (IBM Corp., Armonk,
NY, USA) and R (version 4.3.2; R Foundation for Statistical
Computing, Vienna, Austria). For comprehensive spatial and
statistical analyses, multiple software platforms were employed.
Spatial distribution patterns were visualized using ArcGIS
(version 10.6; ESRI, Redlands, CA, USA) to generate all geospatial
maps. To determine whether a correlation exists between depth and
the body length and weight of P. arenatus, Pearson correlation
analysis was employed. Prior to testing for differences in abundance
and mean weight between the rainy and dry seasons at each site, the
data were first assessed for normality using appropriate statistical
tests. In cases where the data did not meet the assumptions of
normality, non-parametric tests were applied. Quantitative data
visualization was performed using OriginPro (version 2018C;
OriginLab Corporation, Northampton, MA, USA) for
constructing bar graph and other statistical graphs.

Generalized linear mixed models (GLMMs) were used to assess
the effects of environmental factors on the abundance and mean
weight of P. arenatus at each site. The GLMMs were implemented
using an R package, glmmTMB. We calculated abundance
(Equation 1) and mean weight (Equation 2), and used these as
the response variables. Explanatory variables were Sea surface
temperature (T), salinity (S), sea surface pressure (SP), northerly
current (NV), and easterly current (EV), and their effects on
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abundance and mean weight are shown in Equations 3 and 4:

Abundance = Total catch/(trawl distance x vertical opening) (1)
Mean weight = Total catch/Total number (2)

W =By + T; +S; + SP; + NV; + EV; + (1llon \ lat)

+ (1lcruise) + (11site) (3)

W =B + T; +S; + SP; + NV, + EV; + (11lon \ lat)
+ (1lcruise) + (11site) (4)

“Site” and “lon\lat” are different levels of grouping variables:
“lon/lat” captures the fine-scale geographical differences, while
“site” represents the larger-scale ecological zones, which in this
study are mainly divided into different habitat types (such as open
ocean areas and benthic areas). All values were expressed as the
mean * S.E. For data derived from non-parametric tests (Mann-
Whitney U test), values are presented with the lower and upper
quartiles in parentheses. Statistical significance was set at p < 0.05.

3 Result

3.1 Differences in distribution across life
history stages

The distribution and abundance (kg/km?) of P. arenatus captured
during the twelve cruises were analyzed and plotted, categorized into
four stages based on gonad development and body length.

As illustrated in Figure 2, the stations where juveniles were
captured exhibited the widest distribution, with the majority located
in the pelagic zone beyond the continental margin. Most juveniles
were captured during pelagic surveys (Figure 2A), while only four
stations recorded juveniles during demersal surveys, all with
abundances below 1 kg/km? (Figure 2B). High abundances of
juveniles were encountered in pelagic surveys conducted in
October 2019 and May 2021 (270-280 kg/km?). Furthermore,
three instances of moderate abundance (55-85 kg/km?®)were
documented during the October 2019 survey (Figure 2A).

In contrast to juveniles, sub-adult individuals were
predominantly captured during demersal surveys, with only seven
stations recording sub-adults during pelagic surveys (Figure 2 C, D).
This distribution pattern differs significantly from that of juveniles.
One station during a pelagic survey recorded a high abundance of
sub-adults (194.33 kg/kmz); however, this station was located in a
shallow area within the continental margin. This suggests a shift in
habitat preference during the sub-adult stage.

Compared to sub-adults and juveniles, a higher number of adult
individuals were captured during demersal surveys, with only five
pelagic survey stations recording adults at low abundances (Figure 2
E, F). The transition in habitat preference from the pelagic zone
beyond the continental margin to demersal areas within the
continental shelf was most pronounced during this stage.
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The distribution of juvenile individuals captured by pelagic survey (A) and demersal survey (B); sub-adult individuals captured by pelagic survey (C)
and demersal survey (D) and adult individuals captured by pelagic survey (E) and demersal survey (F); reproductive individuals captured by demersal
survey (G). The light blue line depicted in the figure represents the 1000-meter isobath. The bigger red circle represents higher abundance (kg/km?).
Overlapping points are denoted by a darker red for clarity. Due to the different scales, the size of the circles in each figure does not represent the
same abundance.
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Individuals of the reproductive population were exclusively
captured during demersal surveys (no individuals with gonad
development levels exceeding 4 were recorded in pelagic surveys)
and were distributed exclusively in demersal areas within the
continental shelf (Figure 2 G).

3.2 Transforming in habitat preference

Since individuals captured beyond the continental margin were
highly homogeneous in size (with the majority measuring less than
6 cm), data from stations located in shallow areas within the
continental margin were selected for analysis. These stations
encompass nearly all life history stages and a wide range of sizes,
from small to large.

The results of the Pearson correlation analysis revealed a
significant positive correlation between the body length, body
weight, and fishing depth of P. arenatus (Table 2). Clearly, the
transition in habitat preference occurred when individuals reached
a body length of 60 mm (Figure 3).

3.3 Seasonal difference in population
abundance and individual mean weight

Due to these data did not meet the assumptions of normality, so
Mann-Whitney U non-parametric tests were applied. The results
revealed a statistically significant difference in abundance between
the rainy and dry seasons, with stations during the dry season
exhibiting significantly higher abundances than those during the
rainy season (p < 0.05, Table 3).

10.3389/fmars.2025.1652191

TABLE 2 Pearson’s correlation coefficients between depth and body
length and weight.

Depth Body length  Body weight
Depth 1
Body length 344%% 1
Body weight 389% 886* 1

**. The correlation is statistically significant at the 0.01 level (two-tailed).

As illustrated in Figure 4, the number of stations in the pelagic
region beyond the continental margin that captured P. arenatus
during the rainy season (33 stations) was more than three times that
during the dry season (10 stations). During the rainy season, one
station recorded an abundance of 40-60 kg/mz, two stations
recorded 60-80 kg/m? and two stations recorded abundances
greater than 80 kg/m”. In contrast, no stations in the outer part of
the continental margin recorded abundances exceeding 20 kg/m*
during the dry season. During the dry season, two stations recorded
abundances of 80-100 kg/m?®, seven stations recorded
100-350 kg/m?, and one station recorded an abundance greater
than 350 kg/m?* Conversely, no stations in the neritic zone within
the continental margin recorded abundances exceeding 80 kg/m*
during the rainy season.

Our results indicated that mean individual weight of P. arenatus
was significantly higher during the dry season than during the rainy
season across the study site (p < 0.05, Table 4). As shown in
Figure 5, during the rainy season in the pelagic zone beyond the
continental margin, only one station captured P. arenatus with
mean weights ranging from 90 to 220 g, and only one individual was
recorded at this station. Furthermore, the remaining stations

pelagic
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Q
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FIGURE 3

The frequency of different individual body length groups captured by pelagic survey and demersal survey. The green bar depicted in the figure
represents the pelagic survey, and the orange bar represents the demersal survey.
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TABLE 3 The Mann-Whitney U test results for the abundance in rainy
and dry seasons are presented below. p<0.05 indicating a statistically
significant difference.

Rainy/Dry
season

?)

Abundance (kg/km

10.3389/fmars.2025.1652191

TABLE 4 The Mann-Whitney U test results for the mean weight in rainy
and dry seasons are presented below. p<0.05 indicating a statistically
significant difference.

Rainy/Dry

ceacon Mean weight (kg)

Rainy season 1.6009 (0.2692~15.2118) -2.9530 0.0031

Rainy season 0.0042 (0.0024~0.1514) -1.9936 0.0462

Dry season 9.4891 (2.1420~29.5237)

Dry season 0.0950 (0.0640~0.1381)

The numbers in parentheses represent the lower and upper quartiles.

recorded individuals with mean weights all below 7 g. In the neritic
zone within the continental margin, all five weight intervals were
observed across stations, with the 90-220 g interval being the most
frequent (21 stations). Similarly, during the dry season, the mean
weight of individuals captured at all ten stations beyond the
continental margin was below 7 g. In the neritic zone within the
continental margin, all five weight intervals were present, with the
90-220 g interval being the most common (44 stations).

3.4 Analysis of relevant environmental
factors

3.4.1 Difference in precipitation between the
rainy season and the dry season

We conducted comparative analyses of seasonal precipitation
patterns using data collected during peak climatic periods: July
(mid-rainy season) and January (mid-dry season), across our study
area (17°W-11°W, 4°N-9°N) from 2019 to 2021. The results
demonstrated significant seasonal differences in daily
precipitation from 2019 to 2021 in this area (non-parametric test,
Table 5), with rainy season measurements showing substantially
higher values for both daily and monthly total
precipitation (Figure 6).

These pronounced hydrological variations suggest
corresponding fluctuations in surface runoff dynamics, which
may subsequently influence the spatial distribution of juvenile fish
populations along the coastal margin.
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The numbers in parentheses represent the lower and upper quartiles.

3.4.2 Multicollinearity analysis and environmental
factors on mean weight and abundance

VIF (Variance Inflation Factor) is a statistical indicator used to
diagnose multicollinearity among independent variables in a regression
model. The results of a VIF-based multicollinearity diagnosis are
shown in Table 6. The VIF values for all environmental variables
were below 2, indicating no substantial multicollinearity issue, and the
effects of each variable can be interpreted independently. The results of
the first GLMMs on mean body weight indicated that EV and T had a
significant negative effect on the mean weight of P. arenatus at each site,
whereas S, NV, and SP had a non-significant effect on the mean weight
of P. arenatus (Table 7a, Figure 7A). Moreover, the results of the
second GLMMs on abundance indicated that T and S had a significant
negative effect on the abundance of P. arenatus at each site, while EV
had a positive effect on the abundance of P. arenatus at each site.
Conversely, SP and NV had a non-significant effect on the abundance
of P. arenatus at each site. (Table 7b, Figure 7B).

4 Discussion

This study provides critical baseline information on the
distribution patterns and ontogenetic habitat shifts of Atlantic
bigeye (P. arenatus) across different life stages in the coastal
waters of Sierra Leone. The results indicate that: (1) Juveniles
(body length <60 mm) were predominantly distributed in pelagic
waters beyond the continental shelf. A distinct habitat transition
occurred at approximately 60 mm in body length. This transitional
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phase was characterized by a progressive migration from pelagic
waters to shelf demersal habitats. Full maturation (at a body length
of approximately 150 mm) marked the final transition to a
nearshore benthic lifestyle. (2) Peak captures of Atlantic bigeye
juveniles occurred from April to May (pre-rainy season) and
September to October (pre-dry season), suggesting a potential
correlation with spawning. (3) Environmental drivers: GLMMs
indicated that mean weight showed significant correlation with
eastward current and temperature, whereas abundance was
primarily influenced by salinity, temperature, and eastward
current velocity.

4.1 Ontogenetic habitat shifts and
distribution patterns

Despite its significant economic value in Sierra Leone, the
Atlantic bigeye (P. arenatus) remains understudied regarding its
life history and distribution patterns. Current knowledge is largely
limited to adult ecology, with Cardozo et al. (2018) documenting
their demersal habitat preference. However, substantial knowledge
gaps persist concerning the juvenile life stages within this species, as
well as for the Priacanthidae family in general. Our study reveals
that juvenile Atlantic bigeye predominantly occupies pelagic waters,
like many other marine teleost larvae and juveniles (Montgomery
et al., 2006; Leis et al., 2011; Baldwin, 2013; Santana-Garcon et al.,

2014). This finding contrasts markedly with the demersal behavior
observed in adults, suggesting a complex life history strategy
involving habitat transition during development, which is relevant
to reduce resource competition and predation risk across different
life stages (Meador and Brown, 2015; Peterson et al., 2000).
Although there is a lack of data related to reproduction and
eggs, the habitat preferences and locations of Atlantic bigeye across
different life stages from juveniles to adult have been identified. The
life history of Atlantic bigeye in this region can be summarized as
follows: after spawning within the continental shelf, eggs and
juveniles are influenced by river runoff and ocean currents,
dispersing to pelagic waters beyond the shelf, similar to other
species (Baldwin, 2013). At approximately 60 mm in length,
gonad development begins, marking the transition to the sub-
adult stage. Individuals then migrate from pelagic areas outside
the continental shelf to demersal areas within the shelf. Upon
reaching approximately 150 mm, individuals attain adulthood
and reproductive capacity, transitioning fully to a demersal,
benthic lifestyle (Figure 8). The observed spatial segregation
between life stages supports a bipartite life history strategy: adults
occupy shelf habitats for reproduction, while pelagic waters serve as
nursery grounds for juveniles. This pattern is consistent with other
congeneric species, such as P. tayenus, which also transitions from
pelagic to demersal habitats around 35-55 mm BL (Caldwell, 1962;
Starnes, 1988). While the exact size at transition may vary, the
consistency in this behavioral shift across related species

TABLE 5 The Mann-Whitney U test results for the daily precipitation between rainy and dry seasons in 2019-2021 are presented below. p<0.05

indicating a statistically significant difference.

Year Season Monthly total precipitation z p
Mid-rainy season 6397.1411 (2840.1651~8899.0395)

2019 -6.6099 <0.01
Mid-dry season 652.3244 (164.0699~1016.8731)
Mid-rainy season 4959.0120 (1563.2296~7159.5306)

2020 -5.7223 <0.01
Mid-dry season 747.5094 (95.7260~705.4143)
Mid-rainy season 7195.7271 (3406.0512~9367.8198)

2021 -6.2720 <0.01
Mid-dry season 1150.3471 (497.3166~1374.3124)

The numbers in parentheses represent the lower and upper quartiles.
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The difference between the average daily rainfall and the total monthly rainfall in the middle of the dry season and the middle of the rainy season in
the study area. (A) average daily precipitation in 2019; (B) average daily precipitation in 2020; (C) average daily precipitation in 2021; (D) monthly
total precipitation in 2019; (E) monthly total precipitation in 2020; (F) monthly total precipitation in 2021.

underscores its evolutionary adaptation for maximizing survival
and reproductive success. The strong positive correlation between
body length, weight, and depth (Table 2) further supports the
conclusion that larger, older individuals inhabit deeper demersal
waters on the continental shelf.

4.2 Seasonal variation and reproductive
timing prediction

Reproductive strategies exhibit considerable interspecific
variability (Johannes, 1978; Brochier et al, 2009). To date, no
studies have investigated the reproductive timing of Atlantic
bigeye. Our results show that reproductive individuals were
exclusively captured in demersal surveys, with the smallest
mature individual measuring 148 mm in body length. Spawning
adults were mainly distributed in continental shelf waters.

Reproductive timing plays a fundamental role in determining
reproductive success and offspring survival by regulating mating
opportunities and shaping the environmental conditions

TABLE 6 Multicollinearity diagnosis results.

Factors VIF
Surface pressure (SP) 1.055
Northward Velocity (NV) 1311
Eastward Velocity (EV)) 1.189
Salinity (S) 1.099
Temperature (T) 1.151
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experienced by early life stages (Lowerre-Barbieri et al., 2011;
Juntti and Fernald, 2016). A thorough understanding of
reproductive timing is essential for predicting population
recruitment, guiding recovery efforts, and implementing effective
fisheries management strategies (Carson et al, 2010; Lowerre-
Barbieri et al., 2011; Brown-Peterson et al., 2011). Although direct
observations of spawning events were beyond the scope of this
study, the size distribution and timing of juvenile catches suggest
possible biannual peaks in reproductive activity—around April-
May and September-October—corresponding to the transitions
between dry and rainy seasons. This inference is based on the
appearance of juvenile cohorts following these periods, a common
approach in fisheries studies where direct reproductive data are
scarce (Lowerre-Barbieri et al,, 2011). However, without gonad
somatic index (GSI) data or detailed larval staging, these
inferences remain tentative. These seasonal peaks may reflect
adaptive responses to optimal environmental conditions,
including enhanced food availability and improved larval survival
conditions. The observed seasonal variation in reproduction likely
influences population dynamics through multiple pathways,
including effects on potential age truncation due to size-selective
fishing pressure (Marcano et al., 2007; Pecquerie et al., 2009; Wright
and Trippel, 2009). These findings provide critical biological
reference points for fisheries management, particularly in
identifying when spawning stock protection may be most
impactful. Further research should investigate the environmental
drivers of these reproductive peaks and their consequences for
recruitment variability.

Tropical fishes generally exhibit prolonged reproductive seasons
compared to cold-water species, which are often constrained by
strong seasonal variability. This extended reproductive period
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TABLE 7 Model output from GLMMs: (a) mean weight versus Sea surface
temperature (T), salinity (S), sea surface pressure (SP), northerly current
(NV), and easterly current (EV); (b) model output from GLMMs of
abundance versus Sea surface temperature (T), salinity (S), sea surface
pressure (SP), northerly current (NV), and easterly current (EV).

Para(frzeter Estimate = Std. Error

(intercept) -3.02455 042323 -7.146 8.91E-13
SP 0.16414 0.08666 1.894 0.05822
NV -0.0752 0.10355 -0.726 0.46766
EV -0.22907 0.09469 -2.419 0.01555
S -0.12288 0.16087 -0.764 0.44496
T -0.4821 0.1559 -3.092 0.00199
(b)

(intercept) 1.54142 0.53208 2.897 3.77E-03
Sp -0.06921 0.2176 0318 0.75043
NV 0.09588 0.21367 0.449 0.65362
EV 0.48878 021349 2.289 0.02205
S -0.71152 0.31063 2291 0.02199
T -1.01926 0.33938 -3.003 0.00267

results in a broader temporal distribution of spawning events,
leading to significant intra-annual variation in juvenile life-history
traits (Lowerre-Barbieri et al., 1998). Additionally, the extended
reproductive window increases mating opportunities for sexually
mature individuals, thereby enhancing population recruitment and
resilience (James et al., 2003; Drazen and Haedrich, 2012). The
Atlantic bigeye (P. arenatus) demonstrates a year-round
reproductive strategy, with the consistent presence of individuals
at advanced gonadal stages in demersal trawl. Furthermore, we
speculated at least two distinct spawning peaks annually based on
the data. This reproductive plasticity likely contributes to
population stability and sustained recruitment in the Sierra Leone
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coastal region, where resource availability and predation pressures
fluctuate less predictably than in temperate zones.

This study provides a preliminary assessment of reproductive
timing in Atlantic bigeye, based on seasonal distribution of different
life history populations. However, geographical variations are likely
to exist. Environmental differences can lead to variability in
reproductive timing (Santos et al, 2011; Cooper et al, 2013).
Furthermore, the absence of reproductive individuals in pelagic
surveys further supports the hypothesis that spawning is demersal,
though the specific environmental cues triggering reproduction
(e.g., temperature, photoperiod) warrant further investigation.

4.3 Analysis of changes in habitat
preference through different life stages

Like many marine teleosts, the Atlantic bigeye (P. arenatus)
exhibits a pelagic juvenile phase, a strategy widely associated with
enhanced foraging efficiency and predator avoidance (Santana-
Garcon et al,, 2014; Jeon et al., 2013; Gouraguine et al., 2017).
Habitat selection during this phase is influenced by a combination
of local environmental conditions, prey availability, predation
pressure, and ontogenetic development, including diel behavioral
shifts. Most fish species rely on plankton as their primary food
source during the larval stage. As they grow, their diet diversifies,
and they develop stronger swimming abilities and better eyesight
(Balon, 1986; Nunn et al,, 2012). Additionally, presettlement
schooling behavior has been observed in the early pelagic stages
of P. tayenus and other benthic fishes (Leis and Carson-Ewart, 1998;
Sabate et al., 2010; Santana-Garcon et al., 2014). The high
abundance of juveniles at specific sites may result from a
combination of presettlement schooling behavior, peak
reproductive periods, and limited swimming capacity. Swimming
speeds of pelagic juveniles vary across fish species, with most species
capable of sustained speeds of 3-5 body lengths per second (Leis,
2010). Although data on the swimming speeds of Atlantic bigeye
juveniles are lacking, P. tayenus, a congeneric species, has been
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Visualization of parameter estimates from GLMMs comparing P. arenatus mean weight (A) and abundance (B). The red dotted vertical bar indicates
no statistically significant effect of that covariate level on the response variable.
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FIGURE 8

A schematic diagram of shifting habitat preferences during different life history stages of Atlantic bigeye P. arenatus.

documented to swim at 3.6 body lengths per second, indicating
relatively slow locomotion (Santana-Garcon et al., 2014). As
members of the congeneric species, Atlantic bigeye juveniles likely
exhibit similar swimming speeds, which could influence their
feeding ecology and spatial distribution (Mas-Mufoz et al., 2011;
Nie and Fu, 2017). Reduced swimming capacity may heighten
vulnerability to predation, potentially driving an evolutionary
trade-off between prolonged pelagic juvenile duration and
presettlement aggregation behavior. Schooling prior to settlement
could enhance survival rates by diluting predation risk through
predator confusion or encounter-dilution effects (Goulart and
Young, 2013; Cai et al., 2017). Further research is needed to
quantify the swimming performance and predator avoidance
strategies of Atlantic bigeye juveniles to better understand their
early life history dynamics.

Swimming capacity is one of a critical determinant of a fish’s
ability to cope with environmental stressors, particularly
hydrodynamic forces such as currents and river runoff. Juveniles
with limited swimming capacity are more susceptible to
displacement by water flow, increasing their vulnerability to
dispersal or stranding in suboptimal habitats (Liao, 2007; Leavy
and Bonner, 2009; Johansson et al., 2014). The coastal waters of
Sierra Leone are influenced by significant freshwater input from
multiple river systems, with peak runoft occurring during the rainy
season (Feng et al., 2022). This seasonal influx alters nearshore
salinity, turbidity, and current dynamics, potentially impacting the
distribution of weakly swimming juvenile fish. Offshore areas near
river mouths may experience pronounced fluctuations in water
chemistry and flow regimes, further exacerbating the challenges for
early life stages with restricted mobility. The GLORYS12V1 global
ocean reanalysis indicate different currents patterns between the dry
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and rainy season. The mechanism underlying this shift is likely
related to rainfall, which changes the river runoff along the coastline
(Figure 9). Our GLMM results indicated a significant negative
correlation between abundance and both salinity (S) and
temperature (T), while eastward velocity (EV) had a positive
effect (Table 7b). This suggests that the extensive distribution of
juveniles in pelagic waters during the rainy season (Figure 4A) is
likely facilitated by the combined effects of cooler, lower-salinity
freshwater plumes and ocean currents, which may jointly transport
eggs and early larvae away from the shelf. This mechanism, where
river discharge alters key water characteristics and influences larval
dispersal, is observed in other coastal systems (Qiu et al., 2008;
2010). This phenomenon may not be limited to a single species.
However, the mechanisms behind these correlations remain
speculative without direct analysis of larval transport pathways.

It is noteworthy that both the GLMM results and distribution
patterns indicate a markedly higher thermal preference for warmer
waters in juvenile Atlantic bigeye compared to adults. This
ontogenetic divergence may reflect underlying differences in
physiological constraints and trophic interactions. Water
temperature plays a critical role in structuring planktonic
communities and broader pelagic food webs (Toseland et al,
2013; Yao and Somero, 2014), thereby indirectly governing the
spatial distribution, mean body size, and abundance of juvenile P.
arenatus across different habitats. This study found that lower
salinity levels were linked to higher abundance of P. arenatus.
More of these individuals, mostly adults, were found in nearshore
estuarine areas where river discharge makes the water less salty
(Figures 4 and 5).

It is critical to determine whether this unique climate exerts
distinct influences on the life-history strategies of local species—
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affecting reproduction, behavior, age structure, and recruitment
dynamics (Rothschild, 2000; Goodwin et al., 2006). These biological
responses, in turn, have direct implications for the formulation of
fisheries resource management policies (King and McFarlane, 2003;
Young et al, 2006). A thorough understanding of species’ life
history is fundamental to assessing their ecological function and
potential environmental impacts. This study on Atlantic bigeye
further reveals that juveniles undergo a significant ontogenetic shift,
migrating from offshore pelagic zones to demersal spawning
grounds on the continental shelf. A key area for future research is
whether the scale of this dispersal is governed by site fidelity or
other orientation mechanisms (Kieffer and Colgan, 1992;
Ueda, 2011).

4.4 Research limitations and future
directions

This study has several limitations that should be addressed in
future research. First, the inference of reproductive timing based on
juvenile catches, rather than direct gonad development or larval
surveys, limits the certainty of our conclusions. Second, while
environmental variables were included in the models, direct
measurements of current speed and direction, river plume extent,
and larval behavior were not available. Finally, the reliance on trawl
survey data may introduce bias in abundance estimates due to gear
selectivity and spatial coverage.

Despite these limitations, this study establishes a foundational
understanding of the life history and distribution of P. arenatus in
West Africa, offering valuable insights for regional fisheries
management. Future studies should prioritize several key
directions to advance this knowledge, including conducting
targeted surveys to identify and characterize spawning grounds
through gonad sampling and ichthyoplankton collections;
employing fine-scale tracking techniques such as otolith
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microchemistry or acoustic telemetry to clarify migration routes
and potential homing behavior; and investigating the physiological
and behavioral drivers of ontogenetic habitat shifts, with emphasis
on dietary transitions and predation pressure. The application of
complementary methods, such as acoustic surveys or underwater
video, could further refine spatial and behavioral assessments.
Additionally, integrated research combining direct reproductive
monitoring and larval ecology is essential to elucidate the
mechanisms driving dispersal, recruitment, and population
connectivity of P. arenatus in this understudied region.

5 Conclusion

This study documents for the first time the ontogenetic habitat
shifts and seasonal distribution patterns of P. arenatus in the coastal
waters of Sierra Leone. We found that juveniles inhabit pelagic
waters beyond the continental shelf, while sub-adults and adults
transition to demersal shelf habitats. The abundance and mean
weight demonstrated seasonal variations. These findings provide
critical baseline data for the management of this economically
important species. The identified patterns highlight the need for
spatially and seasonally tailored conservation measures.
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