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ARTICLE INFO ABSTRACT
Keywords: Mangroves are a crucial habitat in tropical coastal ecosystems, providing essential nursery grounds for numerous
Climatic variables fish and crustacean species. Mangrove degradation and loss negatively affect species across different stages of

Coastal ecosystems
Data-limited fisheries
Descriptive analysis
Fisheries management

their life cycle, with significant implications for artisanal fisheries that depend on these habitats. In the Niger
Delta Region (NDR), empirical studies quantitatively assessing the relationship between mangrove extent and
artisanal fish landings remain limited, and official fisheries data are frequently incomplete or misreported,
making reliable assessment challenging. This study investigated changes in artisanal fish landings, mangrove
extent, rainfall, and sea surface temperature (SST) across four mangrove-fringed states (Akwa Ibom, Bayelsa,
Delta, and Rivers) in the NDR over three time periods (1988, 2000, and 2013). To improve data reliability,
artisanal fisheries landing data were re-estimated using the ‘catch reconstruction’ approach to account for
misreporting and data gaps in official records. Also, the ‘catch reconstruction’ allowed for the number of fish-
erfolk engaged in full-time and part-time fishing across the NDR to be estimated for the first time ever.
Descriptive analysis revealed a non-linear relationship between artisanal fisheries landings and mangrove
coverage across the four states. Fish landings did not increase proportionally with mangrove extent, suggesting
that additional environmental and anthropogenic factors including fishing pressure and population growth play
an important role in determining fisheries production. Higher rainfall generally coincided with increased
landings, particularly in 2013, indicating a positive association with fisheries productivity. In contrast, SST
showed little variation relative to landings across the three time periods, suggesting a weak direct relationship
with fisheries production. When fitted to a multiple regression model, mangrove coverage and SST in 2000 were
the most significant variables in explaining variation in landings, accounting for approximately 96% of the
variation for that period. Akwa Ibom state was the largest contributor to artisanal landings in the NDR, ac-
counting for 32% of total landings in 1988 and 48% in both 2000 and 2013, despite having the lowest mangrove
coverage among the four states. Fisherfolk estimates revealed that the number of fishermen and total landings
across the NDR more than doubled between 1988 and 2013, strongly reflecting the influence of population
growth on fisheries production in the region. This study presents the first quantitative assessment of the
mangrove-fisheries relationship in the NDR and the wider Gulf of Guinea, as well as the first reliable estimates of
artisanal fisher numbers for the region, providing a basis for integrated fisheries management that combines
mangrove conservation, climate-informed planning, and regulation of fishing pressure in the Niger Delta.
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1. Introduction

Tropical coastal ecosystems, such as mangroves, seagrass beds, and
coral reefs (Ogden and Gladfelter, 1983; Birkeland and Orosenbaugh,
1985; Norman and Wolanski, 2001), are crucial for artisanal fisheries
(Allison and Ellis, 2001; Oliveira Junior et al., 2016), generating up to
25% of the world's fisheries production (Tuda, 2018). They are rich in
biodiversity, with approximately one-third of all fish species residing in
these habitats (Moberg and Ronnback, 2003). These ecosystems also
provide a range of ecosystem services, such as food and fisheries, and
natural resources like oil and gas deposits, which can support high
population densities in the coastal tropics, enhancing the livelihoods
and well-being of the local communities (Ronnback, 1999; Moberg and
Folke, 1999).

Mangroves, in particular, protect coastal areas from climate-related
hazards like storm surges, floods, erosion, tsunamis, and cyclones
(Guannel et al., 2016; Narayan et al., 2016; Ellison, 2015, Sarathchan-
dra., et al. 2018), and also act as powerful carbon sinks, promoting
nutrient cycling, filtering pollutants, enhancing water quality
(Chaudhuri et al., 2019; Twilley and Day, 1999; Blasco et al., 1996; Nor
and Obbard, 2014; Donato et al., 2011; Wong et al., 1997), and serving
as foraging and nursery grounds for various commercially important fish
and crustacean species (Saenger et al., 2013a; Kenyon et al., 2004;
Manson et al., 2005b; Faunce and Serafy, 2006). They provide shelter to
juveniles and sub-adults and ultimately contribute to adult fish pop-
ulations (Grimmel et al., 2020;Ronnback, 1999; Ogbeibu & Oribhabor,
2023). Nevertheless, this valuable ecosystem is being lost and
degraded at an alarming rate (Friess et al., 2020), mainly due to land use
changes, pollution, overfishing, unsustainable aquaculture, and climate
change (FAO, 2017; Nababa et al., 2020 Onyena and Sam, 2020; Duke,
2016), leading to an estimated global loss of ~30-50% over the past 50
years (Alongi, 2002; FAO, 2007; Duke et al., 2007a; Thomas et al., 2017
Goldberg et al., 2020).

It is expected that a change in the extent of mangroves or their health
will negatively impact commercial fishery captures (Onrizal et al., 2020;
Zabbey et al., 2010; Manson et al., 2005a; Primavera, 2005; Ohimain,
2016). However, this assumption may be challenged by the impacts of
human activities, leading to ecological imbalance (Ronnback et al.,
2007; Ermgassen et al., 2020; Tuda, 2018; Vergara-Solana et al., 2023;
Ogbonna, 2001; Sharpe and Hendry, 2009; Katikiro and Macusi, 2012;
Olaoye and Ojebiyi, 2018; Belhabib et al., 2016). Commercial fisheries,
especially those near the shore, have been reported to be closely linked
to mangroves (Manson et al., 2005a; Hutchison et al., 2015; Diele et al.,
2010; Beitl, 2014; Macintosh, 1982; Walters et al., 2008).

Except for snapper fish (single species), studies by Aburto-Oropeza
et al. (2008) and Carrasquilla-Henao et al. (2013) have demonstrated
a strong positive correlation between both single species and aggregated
catches of commercially important fisheries (fish and shellfish) in the
artisanal/small-scale sector with mangrove coverage in the Gulf of
California, Mexico. Similarly, with the exception of Kenyon et al. (2004),
there have been several studies on crustaceans, such as prawn landings
(species-based and aggregated landings) and shrimp (penaeus-man-
grove-dependent and aggregated landings) (Pauly and Ingles, 1988;
Barbier and Strand, 1998), which were positively correlated with
mangrove coverage in Malaysia, Australia, Indonesia, Mexico, Southeast
Asia, and the Philippines. There is a lack of studies in the Atlan-
tic—Caribbean and Eastern Pacific regions due to data paucity issues with
developing countries (Carrasquilla-Henao and Juanes, 2017; Oliveira
Junior et al., 2016) particularly, Nigeria (Amire, 1999; Etim et al.,
2015). The relationship between mangroves and environmental factors
is crucial for their efficient management, conservation, and sustainable
use.

However, tropical coastal artisanal fishing faces challenges that
threaten its future sustainability due to the dispersed nature of the
fishery and the limited resources available for comprehensive manage-
ment (Batista et al., 2014; Béné, 2006,; Silas et al., 2020). Data on
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artisanal fisheries are often not reported by fisheries ministries de-
partments and agencies (MDAs) because they are mainly concerned with
commercial sectors (Zeller et al., 2006; Parsram, 2010). As a result,
artisanal fisheries data are often inaccurate or under-reported, and in-
formation is under-represented in official statistics and national esti-
mates (Rawlinson et al., 1995; Federal Department of Fisheries — FDF,
2008; Gillett and Lightfoot, 2002).

In Nigeria, as in numerous other developing nations, the data related
to artisanal fisheries are plagued by inaccuracies and inconsistencies
(Etim et al., 2015; Zeller and Pauly, 2007; Jacquet et al., 2010). The
catch statistics and fishing capacity figures provided by the Federal
Department of Fisheries (FDF) have been challenged by various studies
(e.g., Anon, 1988; Ssentongo et al., 1986), leading to the perception that
the country's artisanal fishery data is unreliable due to being
non-specific, incomplete, inaccurate, or unreported. Coastal fishing
villages in the NDR are remote and politically unstable, making it
difficult to collect landing data for artisanal fisheries.

Given the data limitations, researchers have advocated for data
limited approaches to evaluate tropical coastal fisheries (Apel et al.,
2013; Fujita et al., 2014; Honey et al., 2010). Zeller et al. (2006)
developed the ‘catch re-construction’ approach which has been suc-
cessfully applied in many studies (e.g. Jacquet et al., 2010; Simmons
et al.,, 2016). The failure to assess the extent of mangroves and trop-
ical fisheries has a negative impact on the achievement of several Sus-
tainable Development Goals notably, SDGs 2, zero hunger; 8 economic
growth; and 14 climate action (Alms et al., 2022; Sharma et al., 2021).

Studies related to mangrove-fisheries linkages in Nigeria have
focused on the importance of mangroves to fisheries, including their
contribution to ecosystem services and the impact of removing man-
groves on declining fisheries catch and species composition (Zabbey
et al.,, 2010; Numbere, 2014; Okonkwo et al., 2015; Adeyemo et al.,
2009; Ohimain, 2016; Onyena and Sam, 2020; Osuji et al., 2010; Moffat
and Linden, 1995; Ukoli, 2005). Several environmental factors,
including SST (Magnuson and DeStasio, 1997; Van der Sleen et al., 2022;
Townhill et al., 2023; Innes-Gold et al., 2024), rainfall, river flows
(Loneragan, 1999; Vance et al., 1985; Marques et al., 2021; Ngodigha,
2023; Chilton et al., 2021), pH (Loneragan et al., 2005; Lam et al.,
2020), salinity (Carrasquilla-Henao et al., 2019, Carrasquilla-Henao
et al., 2022), and turbidity (Matveev, Steven, 2014; Marley et al.,
2020), have been identified as major factors affecting the composition
and productivity of fisheries species in coastal ecosystems. These factors
are often used in regression models to better understand variation and
predict landings, rather than relying on a single variable (Teixeira et al.,
2014; Sundermeyer et al., 2005) such as mangrove extent. Pauly and
Ingles (1986) and Loneragan et al. (2005) analyzed various environ-
mental factors and found that latitude and shallow waters have a sig-
nificant impact on prawn production in the Philippines and Western
Pennisular Malaysia, respectively. However, many studies have only
included mangrove extent as a dependent variable in their assessments
of the mangrove-fisheries link (Aburto-Oropeza et al., 2008; Chong
et al., 1994; Staples et al., 1985; Paw and Chua, 1991).

There are no studies in the previous literature assessing mangrove-
fisheries relationship in Nigeria. This study aims to answer whether
there is a relationship between artisanal fishery landings and mangrove
extent, changes in mangrove coverage over time, rainfall, and SST in the
Niger Delta Wetlands in Nigeria. This was possible by:

e Re-estimating artisanal fisheries landings and number of fisherfolks
using the data-limited approaches to provide a better representation
of data;

e Quantifying mangrove extents for the states in the NDR over three
time periods (1988, 2000, and 2013);

e Assessing the relationship between artisanal fisheries and mangrove
extent, rainfall, and SST in the NDR over the same period.

States contribution to artisanal fishing production to the NDR over
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the three time periods have also been analysed. Additionally, we esti-
mated and analysed the number of fisher-folks engaged in artisanal
fishing activities together with catch landings in the NDR over time in
attempts to assess changes in fishing capacity in the region because there
are no information on fleets or vessels and fishing effort.

2. Methods
2.1. Study area

The study area (Fig. 1) covers 36,000 kmz, consisting of four
administrative states (Akwa Ibom, Bayelsa, Delta, and Rivers), with a
470 km? coastline (NBS, 2018). The Niger Delta is a flat alluvial plain
located in Nigeria on the Gulf of Guinea (Fig. 1), with an important
water inflow from the Niger and Benue rivers (Abam, 2001). It features a
210,900 km? Exclusive Economic Zone and is considered a biodiversity
hotspot with three Ramsar Wetlands of International Importance (World
Resources Institute, 1992). The ecosystem provides numerous ecosystem
services, including fisheries, to more than 33 million inhabitants (NBS,
2018). Over 80% of fish production in Nigeria comes from the arti-
sanal fishery sector, with over five million people depending on it as
their primary means of livelihood (FAO, 2018; Udoh, 2016). However,
the mangroves of the Niger Delta are among the most degraded, least
conserved and protected areas in the world. Additionally, industrial
operators and artisanal fishers exploit fish stocks unsustainably under
ineffective regulatory regimes( Zabbey et al., 2019).

2.2. Data

2.2.1. Mangrove land cover estimates per state in NDR

Mangrove (healthy mangrove and degraded) information for three
time points (1988, 2000, and 2013) were derived from Nababa et al.
(2020). These are for four states (Akwa Ibom, Bayelsa, Delta, and
Rivers; Fig. 2) in the NDR which corresponds to the fisheries landing
data. Boundary shapefiles for the four states were obtained from
OpenStreetMap, provided by Geofabrik (GmbH and Contributors,
2018), then used to delineate mangrove coverage (M+DM), and
extract data for the four states for three time periods. The operation was
undertaken using the ‘Spatial Analyst’ tool within the ArcGIS 10.7
environment (ESRI, 2020). For information about the data sources and
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methodologies used in producing the mangrove cover data used in this
study, refer to Nababa et al. (2020).

2.2.2. Artisanal fishery data

The choice of data was guided by the availability of fishery infor-
mation in the NDR and its linkages to mangrove systems. The artisanal
fishery in the study region comprises commercial fish and crustaceans,
which are strongly linked to mangroves (Aburto-Oropeza et al., 2008;
Carrasquilla-Henao et al., 2013; Manson et al., 2005a). The relationships
among commercial fish, shellfish, and crustaceans notably (penaeid
shrimps and prawns) and mangroves are well documented in the liter-
ature (Saenger et al., 2013b; Islam and Haque, 2004; Islam and Wahab,
2005; Naamin, 1977; Alonso-Perez et al., 2003; Barbier and Strand,
1998; Aburto-Oropeza et al., 2008; Chong et al., 1990). Artisanal fish-
ing also plays an important role in sustaining livelihoods in the NDR and
supporting food security in Nigeria (Ben-Yami, 2001).

Annual artisanal fishery landing data and fisherfolk information for
the four mangrove-fringed states of the NDR were collected from sec-
ondary sources, primarily the Federal Department of Fisheries (FDF),
and complemented with grey and peer-reviewed literature (Ekpo and
Essien-Ibok, 2013; Amire, 1999). In this study, 'artisanal fishery landings
time series' refers to annual records of fish and crustaceans brought
ashore and reported by Ministries, Departments and Agencies (MDAs) in
official government documents over several decades. These annual re-
cords were collected for the four states for the period 1988-2013 from
the FDF (3rd, 4th, and 5th editions), with the exception of Akwa Ibom
state for 1988, where data were missing.Although annual landings data
spanning several decades were collected, results are presented for only
three time points (1988, 2000, and 2013). This is because the study
required corresponding mangrove cover maps to link fisheries data to
mangrove extent, and maps were only available for these three years due
to difficulties in obtaining cloud-free satellite imagery for intervening
periods. The catch reconstruction and analysis were therefore aligned to
these three time points.

Missing landing data for Akwa Ibom state for 1988 were com-
plemented using data reported by Ekpo and Essien-Ibok (2013), who
documented artisanal fisheries landings for the state between 1978 and
1987. These were comparable to FDF records for Akwa Ibom for other
years and were used to interpolate the missing 1988 value. Data on the
number of fishermen engaged in artisanal fishing across the three time
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periods were also obtained from the FDF; however, these were available NDR at the three time points. Further details on the data and methods
only as regional estimates for 1988 and national estimates for later pe- used are provided in the data analysis section.

riods. These data, used in conjunction with the approach developed by

Amire (1999), enabled the re-estimation of fisherfolk numbers for the
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2.2.3. Artisanal fishery of the NDR

Artisanal fishery landings published in the Fisheries Statistics of
Nigeria were not defined by species, but rather by aggregated catches of
multiple species grouped into different states for the inland and coastal
areas of the country. The fishery is multi-species with more than 199
species of finfish and shellfish belonging to 78 families in brackish/
marine waters and ~40-50 species in freshwater exploited by artisanal
fishermen in the coastal and marine environment of Nigeria (Nwosu
et al, 2016), which are largely mangrove-related (Udoh, 2016).
Several studies have reported common species composition of the arti-
sanal fishery of the coastal marine environment of Nigeria (i.e. pre-
dominantly the NDR) to comprise of commercially important fishes and
crustaceans: estuarine catfish (Chrysichthys nigrodigitatus), the bonga
shad (Ethmalosa fimbriata), croakers (Pseudotolithus spp.), shawa (sardi-
nella spp), the estuarine prawn (Nematopalaemon hastatus; known as
crayfish in Nigerian markets), the southern pink shrimp (Penaeus
notialis) and freshwater prawns of the genus Macrobrachium, and black
tiger prawn (Penaeus monodon) (Aderounmu, 1986; Moses et al., 2002;
Oketoki, 2015; Sylvanus and Gao, 2007; Daniel and Monsi, 2019; Abo-
wei and Hart, 2008; Sikoki and Otobotekere, 1999; Amire, 1999; Olaoye
and Ojebiyi, 2018; Ben-Yami, 2001; Moses, 2000; Adebola, 2017). Based
on the above findings, it is concluded that afore-mentioned species are
the dominant composition of the aggregated multi-species landings for
the study area (Schneider, 1990; Nwosu et al., 2016). Moreover, more
than 70% of the fish caught in the coastal zone of the country are directly
or indirectly mangrove-related (Udoh, 2016).

Artisanal fisherfolks in the NDR use motorized canoes, dug-out
wooden canoes/paddled (small, medium, and large) such as the Gha-
naian ‘purse seine’; beach seines and utilize multi-gear mainly: gill nets,
beaches, cast nets, hooks, hooks-and-lines, and a variety of traps to
target the aforementioned species. Motorized canoes sometimes trawl
further away from the 5 nautical miles non-trawling zone and use small-
sized meshes, such as small eyed-nets, to capture large commercially
important fisheries in brackish waters, and sometimes landings are
recorded. Landings from canoes and other tools from different sites were
recorded in each state on a monthly basis. The data were collected,
compiled, and analyzed by FDF data scientists to produce annual sum-
maries of combined artisanal landings for each state (not species-based)
and other fishery information (sometimes fishery by species, revenues,
number of vessels, etc.) at the national level (Federal Department of
Fisheries — FDF, 2008). This annual fishery information is presented in
tables and charts and published as the ‘Fisheries Statistics of Nigeria’ in
different editions by the Federal Ministry of Agriculture and Rural
Development of Nigeria. The artisanal fishery in the NDR is largely
based on mangrove-associated fish species because the region is entirely
fringed by extensive mangrove forests.

2.2.4. Rainfall and sea surface temperature data

Monthly rainfall data for five stations in four states in the NDR were
obtained from Nigerian Meteorological Agency for periods between
1988 and 2013. The five stations comprised two stations in Delta state
(Warri and Asaba), one in Rivers state (Port Harcourt), one in Akwa
Ibom state (Uyo), and one in Bayelsa state (Yenagoa). Monthly SST data
for the four states were obtained from the European Space Agency
Climate Change Initiative for the same period (Merchant et al., 2019).
Annual rainfall and SST data estimates were calculated by averaging the
monthly means for the four states for the years: 1988, 2000 and 2013
and used as explanatory variables, together with mangrove estimates in
the regression models.

The SST data was simply obtained by specifying the coordinates and
using four data points for each of the states. The co-ordinates were
approximated to values 0.05 ° to provide the finest information: a res-
olution 1km x 1km (the ATSR imagery at nadir view) and
18 km x 2.5 km (maximum footprint of AVHRR global based on spatial
footprint of the thermal infra-red TIR observations). The SST data are
based on global estimates and are available between 1981 and 2016.
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They are derived using 4 x 1012 satellite measurements of TIR radiance
from two satellite sensors:11 Advanced Very High-Resolution Radiom-
eters (AVHRRs) and three Along-Track Scanning Radiometers (ATSRs),
and follows a comprehensive processing, ensuring consistent, high-
quality SST estimates suitable for climate applications (Merchant
et al., 2019). The data processing involved calibrating, geo-locating,
and harmonizing satellite radiance data, followed by probabilistic
pixel classification to identify valid SST pixels. The skin SST was
retrieved from thermal radiances, then adjusted to estimate daily and
monthly mean SST at a depth comparable to in situ measurements.
Additionally, uncertainty estimates were derived for each retrieval.
More information about the data processing approaches for the SST data
can found in Merchant et al. (2019).

2.3. Data analysis

2.3.1. Re-estimation of artisanal fishery data

To address the anomalies in artisanal fisheries time series data, this
study followed the ‘catch re-construction’ approach developed by Zeller
et al. (2006) and Zeller et al. (2007). This approach allows for interpo-
lation and informed assumptions where fisheries data are incomplete or
absent, and is particularly suited to correcting the common misinter-
pretation of 'no data' as zero catch, a frequent issue in poorly docu-
mented fisheries. The reconstruction followed six steps: (1) identifying
and collecting existing records of fisheries landings, number of fisher-
men, and fishing effort; (2) searching the literature for missing data
across catch sectors, time periods, species, and gear types not covered in
1; (3) consulting local experts and relevant ministries, departments, and
agencies (MDAs) to fill remaining data gaps in 2; (4) establishing data
anchor points in time for missing records; (5) interpolating landing es-
timates between anchor points; and (6) combining reported landings
data in 1 with interpolated data from step (5) to produce total landings
and fishermen estimates.

This approach was applied to re-estimate missing artisanal fishery
landings and the number of fishermen in the NDR for three-time pe-
riods:1988, 2000, and 2013. These years were selected because they
correspond to the periods for which mangrove maps were available;
cloud-free satellite imageries could not be obtained for intervening
years.

Annual landing data for the four mangrove-based states of the study
area (Akwa Ibom, Bayelsa, Delta, and Rivers) were collected from the
FDF for the period 1988-2013. Data for 2000 and 2013 were used
directly, as they were complete. However, data for 1988 presented two
challenges: landing records for Akwa Ibom state were missing entirely,
and landings for Bayelsa and Rivers states, and for Delta and Edo states,
were reported as aggregated figures, likely because some of these states
did not exist as separate administrative units before 1988.

To address missing 1988 data for Akwa Ibom, annual landing time
series reported by Ekpo and Essien-Ibok (2013) for the period
1978-1987 were used alongside FDF records from 1989 onwards, and
simple interpolation was applied to estimate the 1988 value. To disag-
gregate the combined Bayelsa / Rivers and Delta / Edo landing figures,
the average percentage of changes in the annual landing time series data
of each state derived from Fisheries Statistics of Nigeria covering
2007-2015 were used to re-estimate individual state landings for 1988.
Total NDR landings for each time point were then calculated by sum-
ming the landings of the four states (Table 1). The raw landing time
series that was obtained from the FDF and from peer reviewed literature
is provided in S2 and Table S1 in the Supplementary Material.

To re-estimate the number of artisanal fishermen for three time
points, the study the followed the approach by Amire (1999). A pro-
ductivity rate of 0.95 tonnes per man-year was applied to the 1988
landings of Akwa Ibom and Delta states to estimate the number of
full-time fishermen, with part-time fishers estimated as 20% of that
figure. For the same period for Bayelsa and Rivers states (then River
state), full-time and part-time fishermen counts were obtained directly
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Table 1
summarises artisanal fishery landings of states in the NDR and their contribution
in tons and % to total landings in the entire region over three time points.

1988 2000 2013
States FL In (%) FL In (%) FL In (%)
(Tons) (Tons) (Tons)
Akwalbom 37377 32.00 87586 48.00 153740 48.00
Bayelsa 13018 11.18 16282 9.11 42815 13.50
Delta 39665 34.05 26038 14.57 40747 12.85
Rivers 26431 22.00 48845 27.33 79810 25.17
NDR 116491 100.00 178751 100.00 317112 100.00

Note: FL=Fish Landings

from the FDF. The same productivity rate was then applied to total NDR
landings for 2000 and 2013 to produce regional estimates of full-time
and part-time fisherfolk for those periods. For more information on
the estimation approach see S3 in the Supplementary material.

2.3.2. Relationship between landings, mangroves, rainfall and sea surface
temperature

The relationships between artisanal fishery landings and mangrove
coverage, rainfall, and SST for each state across the three time points
were first examined using descriptive analysis. To further investigate
these relationships, multiple regression analysis was conducted using a
stepwise method in SPSS version 25 (Ghani and Ahmad, 2010).

Prior to the step-wise approach, all variables including mangrove
coverage, rainfall, and SST were checked for multi-collinearity. Vari-
ables with high correlation coefficients (R?) were selected and fitted to
the multiple regression model. The significance of relationships, both for
individual variables and combinations of variables within the multiple
regression model, was determined at a 95% confidence interval
(p <0.05).

3. Results
3.1. Rainfall

The mean annual rainfall of the four mangrove-states in the NDR
exceeded 2400 mm over the three time periods of the study except, for
Delta state in 2000 (2170.4 mm), 2013 (2207.4 mm) and Rivers state in
2013 (2259.6 mm). The highest mean rainfall estimated was recorded
for Akwa Ibom state in 2013, with mean rainfall well exceeding
4000 mm, and almost double the mean rainfall recorded for Delta state
in 2000 (Fig. 4). For the NDR as a whole (i.e. four states), except in 2000
(2441.5 mm), the mean annual rainfall well exceeded 2500 mm in other
time points, with the highest value recorded in 2013 (2980.4 mm)
(Fig. 4). The coefficient of variation for mean annual rainfall was less
than 9% for the time points.
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3.2. Sea surface temperature

The mean annual SST for the four states was higher than 28°C across
the three time periods. However, in Akwa Ibom and Rivers states in
2000, and Bayelsa state in 2013, the mean annual SST was relatively
lower, ranging between 25.5°C and 26.1°C. The highest mean annual
SST recorded was for Bayelsa state in 1988 (30.8°C; Fig. 5). For the NDR
as a whole, the mean annual SST was above 27°C across the three time
periods, with the highest value also recorded in 1988 (Fig. 5).

3.3. Mangroves extent in the Niger Delta region

Table 2 shows the estimates of mangrove coverage in the four states
over the three epochs from the land cover classification map of the entire
NDR in Nababa et al. (2020). From the results, Bayelsa state has the
largest mangrove coverage among all the states for all periods:
3355 km? in 1988, 3333 km? in 2000, and 3301 km? in 2013 (Fig. 6).
Similarly, the Delta state has the second largest mangrove: 2810 km? in
1988, 2758 km? in 2000, and 2720 km? in 2013. However, Akwa Ibom
state recorded the lowest mangrove cover for all periods: 236 km? in
1988, 241 km? in 2000, and 225 km? in 2013. The results also shows a
continues decline in mangrove coverage in all states for all the three
dates except for Akwa Ibom state, where mangrove coverage recorded a
gain in the first interval (between 1988 and 2000). The state with the
largest decline in mangrove coverage (4.66%) was Akwa Ibom between
1988 and 2013. The second state is rivers (3.56%), followed by the delta
state (2.85%), and then Bayelsa state (1.61%). In the Akwa Ibom state,
the results demonstrate an interesting dynamic of mangrove coverage,
with gains of 2.12% between 1988 and 2000 and a notable decline of
6.64% between 2000 and 2013, the highest among the four states over
the study period. The results also showed that the total mangrove
coverage in the NDR as a whole remained relatively stable, with a
decline of 1.11% between 1988 and 2000, 1.17% between 2000 and
2013, and 2.69% between 1988 and 2013 (Fig. 6).

3.4. Variation of artisanal fishery landing between states in the NDR

In both 2000 and 2013, landings in Akwa Ibom state almost doubled
compared to those of the second highest state (Rivers), at 1.8 times and
1.9 times higher respectively (Fig. 7 and Table 1). In the earliest period
(1988), landings in Akwa Ibom state were also higher than those in
Rivers state, by approximately a quarter (0.4 times). Akwa Ibom state
contributed 48% of total landings in both 2000 and 2013, and 32% in
1988. The second highest contributor, Rivers state, accounted for 22% in
1988, 27% in 2000, and approximately 25% in 2013. In the earliest
period, Delta state contributed 34% of total NDR landings. However, the
contributions of Delta state in the remaining time periods, and of
Bayelsa state across all three time periods, were less than 15% (Fig. 7
and Table 1).

m 2000 2013

Akwa Ibom Bayelsa

Delta Rivers NDR

States

Fig. 4. Mean annual rainfall in the four states.
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Fig. 5. Mean annual SST in four states of the NDR and in the NDR as a unit.

Table 2
Mangrove estimates of four states in the NDR for three periods in Km?. M: Mangrove; D: Degraded Mangrove; and Total Mangrove M + DM.
1988 2000 2013
States M DM M+DM M DM M+DM M DM M-+DM
Akwa Ibom 222 13 236 223 18 241 209 16 225
Bayelsa 2953 402 3355 2874 459 3333 2769 532 3301
Delta 2155 655 2810 2032 726 2758 1903 817 2720
Rivers 1634 390 2024 1549 452 2001 1326 626 1952
4000 M Akwa lbom  ® Bayelsa Delta Rivers
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Fig. 6. Mangrove coverage for per state in the NDR over the three periods in Km?. M: Mangrove; DM: Degraded Mangrove.

Across the four states and the NDR as a whole, mangrove extent
showed little change over the study period; however, landings increased
steadily in parallel (Fig. 8). Notably, in Akwa Ibom and Rivers states,
where the largest mangrove losses occurred between 2000 and 2013,
landings increased by approximately 76% and 63% respectively by
2013. In contrast, Delta state experienced comparatively lower
mangrove loss between 1988 and 2000, at approximately 65% less loss
than the other states. Interestingly, a slight increase in mangrove
coverage of 2% in Akwa Ibom state during the first interval did not
produce a comparable increase in landings by 2000, unlike the pattern
observed in Akwa Ibom and Rivers states during the second interval,
where the greatest mangrove losses coincided with the largest increases
in landings. Between 1988 and 2013, landings increased by over 200%
in all states except Delta state, where the increase was considerably
lower at 2.73% (Fig. 8)

3.5. Re-estimations of landings and number of artisanal fishermen in the
Niger Delta Region

The ‘catch re-construction’ approach devised by Zeller et al. (2006),

was used to re-estimate all the landings in the earliest period (1988)
present in Table 1. Also, the approach enabled estimation of the number
of fishermen engaged in full-time and part-time fishing activities across
the NDR as a whole, providing an assessment of the region's fishing
capacity. More specifically, the approach by Amire (1999) was applied
to total landings data for the three time points to estimate the number of
fisherfolk for the NDR as a whole. Consequently, in 1988, 130 302 full
time and 26 065 part-time fishermen accounted for 116 491 tonnes of
landings in the NDR. By 2000, this increased to 188,159 full-time and
37,631 part-time fishermen, corresponding to 178,751 tonnes of land-
ings. By 2013, the number of both full-time and part-time fishermen had
almost doubled, reaching 333,802 and 66,760 respectively, with total
landings of 317,112 tonnes (Fig. 6).

3.6. Relationships between mean annual artisanal fisheries landings,
mangroves, rainfall, and SST

The relationship between sea surface temperature (SST) and fish
landings across the four states (Akwa Ibom, Bayelsa, Delta, and Rivers)
for 1988, 2000, and 2013 shows relatively little variation in SST
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compared to pronounced fluctuations in fish landings, indicating a weak
direct relationship between SST and fisheries production (Fig. 9a). In
contrast, annual rainfall and fish landings across the four states show
that higher rainfall levels generally coincide with increased fish land-
ings, particularly in 2013, suggesting a positive association between
rainfall and fisheries productivity (Fig. 9b). The relationship between
mangrove area and fish landings across the four states for the same
periods shows that fish landings do not increase proportionally with
mangrove extent, indicating a complex, non-linear relationship that is
likely influenced by additional environmental and anthropogenic fac-
tors (Fig. 9¢)

Table 4 shows the outputs of the stepwise approach when multiple
variables were fitted into the multi-regression models. The stepwise
multiple regression results predicted a strong positive correlation when
multiple variables, including landings with rainfall and SST in 1988,
landings with mangroves and SST in 2000, and landings with mangroves
and rainfall in 2013, were fitted to the model (Table 4). The only sta-
tistically significant correlation is in the 2000s, accounting for ~96% of
the variation in total landings. In 1988 and 2013, the multiple regression
model accounted for ~91% and ~ 87% of the variation in the total
landings, respectively (Table 4). With the exception of 1988, mangroves
were included with SST and rainfall in 2000 and 2013, respectively, and
fitted to the model, indicating a positive influence on catches in the
NDR.

4. Discussion

Reliable estimates of mangrove coverage, fisheries landing data, and
fishing capacity are necessary to examine the relationship between
mangroves and fisheries in tropical coastal areas. However, obtaining
accurate data can be problematic due to the diverse nature of artisanal
fishing and the resulting spatial bias in landing data. This study dem-
onstrates that the 'catch reconstruction' approach, combined with
descriptive and regression analysis can enable the assessment of the
relationship between mangroves, fisheries landings, and environmental
factors such as rainfall and sea surface temperature. Additionally, the
approach allows for the examination of states landings contribution to
the national total and the estimation of the number of fishermen
engaged in full-time and part-time artisanal fishing, which is a key
variable in fishing capacity.

4.1. Is there a relationship between artisanal fishery landings and
mangrove extent, changes in mangrove coverage over time, rainfall, and
SST in the NDR?

Artisanal fisheries in tropical areas typically face challenges in
obtaining data, including catch landing, information on fishing efforts,
fisherfolk demographics, and socio-demographic and cultural factors
(Batista et al., 2014; Tuda, 2018; Béné, 2006; Parsram, 2010). This
study, the first of its kind in Nigeria and the Gulf of Guinea, aimed to
quantitatively assess the relationship between artisanal fisheries and
mangrove coverage, rainfall, and SST in the NDR. The study also
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examined the contribution of the four mangrove states to artisanal
fisheries in the NDR and estimated the number of fishermen engaged in
artisanal fishing in the region.

The relationships observed in Fig. 9a-c demonstrate that fish land-
ings in the Niger Delta are influenced by interacting environmental
processes rather than a single controlling factor. Each variable in-
fluences fisheries production through different ecological pathways.
Fig. 9a indicates a weak relationship between sea surface temperature
(SST) and fish landings. Although SST is known to affect fish meta-
bolism, distribution, and productivity, its influence is often most evident
when temperature changes exceed species’ physiological thresholds
(Van der Sleen et al., 2022). The relatively narrow SST range observed
across the study area likely remains within the tolerance limits of most
tropical marine species, reducing its direct impact on interannual fish
landing variability. Similar studies show that where SST variability is
moderate, fishing effort and habitat conditions tend to outweigh thermal
effects in determining catch levels (Innes-Gold et al., 2024).

In contrast, Fig. 9b shows a clearer positive association between
rainfall and fish landings. Rainfall plays a critical role in Niger Delta
estuarine systems by controlling freshwater inflow, nutrient delivery,
sediment transport, and habitat connectivity (Chilton et al., 2021).
Increased rainfall enhances land-to-sea nutrient fluxes, stimulating pri-
mary productivity and supporting higher trophic levels, including fish
(Yi et al., 2023). Previous studies in the Niger Delta have reported

improved fish productivity during periods of high rainfall and flooding
due to expanded feeding and breeding habitats (Ngodigha, 2023). This
explains the coincidence of peak rainfall and exceptionally high fish
landings observed in 2013.

Fig. 9c reveals a complex and non-linear relationship between
mangrove area and fish landings. Mangroves are widely recognised as
critical nursery and refuge habitats that enhance fish recruitment and
long-term stock sustainability (Ogbeibu & Oribhabor, 2023; Faunce and
Serafy, 2006). However, fish landings do not scale directly with
mangrove extent, as landings also depend on fishing effort, access, gear
efficiency, and post-harvest infrastructure (Teixeira et al., 2014; Batista
et al., 2014, Silas et al., 2020). In the Niger Delta, extensive mangrove
degradation from oil pollution and deforestation has reduced habitat
quality in some areas, potentially weakening the expected positive
relationship between mangrove cover and fisheries output (Ohimain,
2016; Ogbeibu & Oribhabor, 2023). Consequently, high fish landings
in states with limited mangrove cover may reflect intensified fishing
activity as shown in Akwa Ibom State. Although, this study uses
aggregated landings, the findings are comparable to those of single
species studies conducted in the Joseph Bonaparte Gulf in Northwest
Australia (Kenyon et al., 2004) and the Gulf of California in Mexico
(Carrasquilla-Henao et al., 2013), both of which found no significant
relationship between mangrove extent and commercial fish species

The non-linear relationship between fisheries landings and
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Fig. 9. Relationship between Landings and mangroves in (a), landings and rainfall in (b), and landings and SST in (c) between 1988 and 2013.

mangrove extent in the NDR is likely attributable to overfishing, sup-
ported by data from fisherfolk during the study period (Adebola, 2017;
Ogbonna, 2001; Moses, 2000). Also, the study period coincided with
increased mechanized and motorized artisanal fishing and intense
fishing along the Nigerian coastal waters (Tuda, 2018), resulting in a
significant increase in fisheries landings alongside declining mangrove
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and increased degradation (Table 1 & 2). Additionally, Nigeria's popu-
lation nearly doubled between 1988 and 2013, growing from approxi-
mately 90 million to 177 million, which contributed to a more than
two-fold increase in fisherfolk in the region and a three-fold increase
in Fish landings in the NDR (Fig. 8a & b). Furthermore, reduced tension
in the region following the Federal Government's granting of Amnesty in
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Table 4

Coefficient of determination (R2) and significance levels (*) for stepwise mul-
tiple regressions between mean annual landings with Rainfall + SST, Man-
groves+ SST, and Mangroves + Rainfall over the three time points.

Years Variables R P-value
1988 Rainfall + SST 0.99 ns
2000 Mangroves+ SST 0.99 *

2013 Mangroves + Rainfall 0.98 ns

Levels of significance: *** p- value < 0.001 (highly significant); ** p- value
< 0.01 (very significant); *p -value < 0.05 (significant), ™ p -value > 0.05 (not
significant).

2009 led to increased migration and greater fishing opportunities for
local communities, as observed at the latest time point.

The multiple regression analysis revealed strong positive correla-
tions between fish landings and several environmental variables: land-
ings with rainfall and SST in 1988, landings with mangroves and SST in
2000, and landings with mangroves and rainfall in 2013 (Table 4). The
strongest relationship was observed in 2000, where the model accoun-
ted for approximately 96% of the variation in total landings (Table 4).
This may be attributed to the combined effect of consistently high
rainfall across the region, a favourable temperature range (25-31°C),
and relative stability in mangrove coverage, which reached its peak
during this period (Staples et al., 1985; Kuenzer et al., 2014; Nababa
et al., 2020).

Akwa Ibom state is the largest contributor to artisanal fisheries
landings in the NDR, with particular emphasis on shellfish such as
southern pink shrimp and crayfish (Ekpo and Essien-Ibok, 2013). The
state has 218 fishing villages across 11 local government areas, and its
high population density (774.2 persons/km?) likely contributed to its
high number of fisherfolk and large catch volumes, despite having the
lowest mangrove coverage and the highest percentage of mangrove loss
among the four states (Table 1 and Fig. 8). Notably, its artisanal fisheries
landings along a coastline of only 134 km are approximately 7.5 times
greater than the average annual aggregated landings in the Gulf of
California (11,600 tonnes; Aburto-Oropeza et al., 2008), which extends
approximately 4000 km.

The relationship between artisanal fisheries landings and mangrove
coverage in the Niger Delta is complex and inconsistent across states.
Despite Rivers state experiencing the second largest area of mangrove
loss (2.45%) and a substantial area of degraded mangrove (174 km?)
between 2000 and 2013, fish landings in the state increased by 63%. In
contrast, Delta state recorded a decrease in landings of 34% despite
experiencing less mangrove loss and retaining higher mangrove
coverage than both Akwa Ibom and Rivers states. This difference may
partly reflect higher mangrove diversity in Akwa Ibom and Rivers states
(Sarathchandra et al., 2018), or the shared border between the two
states, which may facilitate fisherfolk movement and influence landings
across state boundaries. Rivers state also has the second highest popu-
lation density in the NDR (659.4 persons/km?), which likely contributes
to higher fishing effort and catch volumes. Delta state, by contrast, has
the lowest population density (320 persons/km?) and the largest extent
of degraded mangroves among the four states (Table 2). The prevalence
of oil spills and gas incidents in the area may further explain the reduced
fish landings recorded there (Kadafa, 2012; Balogun, 2015; Duke, 2016).

These findings suggest that the degradation of smaller mangrove
areas can have a greater impact on fish landings than equivalent
degradation in larger areas, as smaller mangrove patches are often more
accessible and more important to local communities for subsistence
fishing. Our findings in this study, underscore the need for integrated
fisheries management in the NDR that combines targeted mangrove
habitat conservation, climate-informed planning, and effective regula-
tion of fishing pressure to ensure the long-term sustainability of artisanal
fisheries in the Niger Delta.
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4.2. How reliable are the sources of data and the re-estimation approach?

With the exception of annual artisanal fisheries catch and fishermen
data, all other data used in this study are considered relatively reliable
due to the methods used in their estimation. The diverse nature of the
artisanal fisheries, including multi-species, multi-gear operation, and
mobility of fisherfolks are the primary sources of bias in official records.
These factors make it difficult to identify species, estimate landings
accurately, and compare indices such as catch per unit effort (CPUE),
tasks typically carried out by a limited number of field officers. As a
result, landings are often reported in aggregate, errors in reporting are
common, and zero catch is sometimes recorded consistently over time.
Furthermore, states have been known to inflate production figures re-
ported to the FDF in order to appear as the highest producers (Etim et al.,
2015). Additionally, final fisheries production figures published by the
FDF are typically higher than those provided by individual states, partly
due to bureaucratic inefficiencies within MDAs in data collection.
Nevertheless, these official data remain the primary source used to
assess local and national fisheries status and trends. The
over-representation of total catches, however, risks erroneous inter-
pretation of the fisheries status in the NDR, with serious implications for
the sustainability and ecosystem-based management of the fishery.

Official data on artisanal fisheries production in the NDR and other
regions of the country, published in Fisheries Statistics of Nigeria by the
FDF are inconsistent, and information on fishing capacity is fragmentary
(FDF, 2007; Etim et al., 2015). Artisanal fisheries landings for the NDR
for 1988 and the number of fishermen across the three time points were
therefore re-estimated in this study, with the exception of landing data
for later periods, which were used directly. Results indicate that Akwa
Ibom, Bayelsa, Delta, and Rivers states had total landings of 37,377 t,
13,018 t, 39,665 t, and 26,431 t respectively in 1988 (Table 1). To the
best of our knowledge, no existing studies have re-estimated fisheries
catches for the NDR, particularly for the artisanal sector. The landings
for Akwa Ibom and Delta states for 1988 were estimated using a stan-
dard reconstruction approach based on anchor points sourced from
peer-reviewed (Ekpo and Essien-Ibok, 2013) and grey literature (Amire,
1999), moderated by conservative assumptions and interpolated for
missing data years (Zeller et al., 2006).

Similarly, no studies estimating the number of fisherfolks specifically
for the NDR or revising national estimates to be representative of the
region were identified in the literature. A national estimate of approxi-
mately 666,320 fisherfolk for the year 2000 has been reported for what
is referred to as the NCW, presumably the NDR (Tuda, 2018). In
contrast, this study estimates 188,159 full-time and 37,631 part-time
fishermen for the same period, a difference of more than three-fold for
full-time fishermen alone. This study acknowledges that fisheries sta-
tistics can be subject to alteration, leading to over-reporting and
misleading information, which in turn risks overvaluing the economic
and social contributions of the fishery sector, with significant implica-
tions for sustainability and management.

To validate the reliability of the re-estimation approach, particularly
for missing 1988 landing data for Akwa Ibom state, interpolation was
carried out for the years 1991 and 2000 for the same state. The inter-
polated values compared favourably with official estimates reported in
the Fisheries Statistics of Nigeria, providing confidence in the reliability
of the interpolation carried out (See S2 and Table S1 in the
Supplementary Material). Whilst, some of the estimates may not be
statistically rigorous, the conservative approach adopted is considered
more defensible than for example, the national fisherfolk estimates
presented as representative of the NDR by Tuda (2018)

The inherent challenges associated with artisanal fisheries data
collection remain a significant limitation of this study. The tendency to
report zero catch for problematic periods, and the absence of regional or
local fishermen estimates in official figures, constrained the analysis.
Nevertheless, the finest available data from official sources, peer-
reviewed literature, and grey literature were utilised, and a
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conservative reconstruction approach was applied throughout.
Fisheries-independent surveys are critical for improving the reliability
of stock assessments and recruitment indicators (Saenger et al., 2013a;
Loneragan et al., 2005). Such surveys were previously conducted in
Nigeria's coastal waters on an annual basis (Amire, 1999) and should be
reinstated to monitor the status of artisanal fisheries in the NDR.
Increased sampling efforts are particularly, recommended for Akwa
Ibom state, given its importance as the country's primary producer of
crayfish (estuarine prawn) and its significance to artisanal fisheries, and
shellfish production more broadly (Ekpo and Essien-Ibok, 2013)

5. Conclusion

Artisanal fisheries catch data are notoriously characterised by data
paucity, with official figures frequently over-reported or incomplete. For
the first time, this study disentangles the relationship between artisanal
fisheries landings and mangrove extent, rainfall, and SST across three
time periods by incorporating catch reconstruction, descriptive, and
regression analysis. A non-linear relationship was found between land-
ings and mangrove coverage, with rainfall positively associated with
increased landings. Akwa Ibom was the largest contributor to NDR
landings across all three time points, despite having the lowest
mangrove coverage. Additionally, for the first time ever, fisherfolk
numbers engaged in full-time and part-time artisanal fishing in the NDR
were reliably estimated, with results suggesting that landings are
strongly influenced by population growth. This study presents the first
quantitative assessment of mangrove-fisheries links in the NDR and Gulf
of Guinea, with practical importance for integrated fisheries manage-
ment combining habitat conservation, climate-informed planning, and
regulation of fishing pressure.
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