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Abstract
Artisanal fisheries are generally assumed to generate a lower fishing effort in
comparison to the industrial sector. This study aims to comparing catch, fishing effort, and catch-per-unit-of-effort (CPUE) for each sector, using kWdays
as a metric for fishing effort, and kg/kWdays for CPUE. The study, which covers West Africa (1950–2010), finds that the artisanal sector spends 4.7•109
kWdays/year versus 1.3•109 kWdays/year by the industrial sector, due to increasing numbers and size of artisanal boats, which in Senegal and Ghana can
exceed that of (smaller) industrial vessels. The artisanal total fishing effort increased by 10-fold between 1950 and 2010, in contrast to a decrease in the
industrial effort since the 1990s, which points to the occurrence of Malthusian
overfishing, a form of fishing that favors excess labor instead of capital. This
analysis finds that the CPUE declined by 1/3 since 1950 driven by a strong decline in the artisanal CPUE, which is 11 times lower than industrial CPUE. This
confirms other indicators of decline of fish populations. This study calls for the
prioritization of artisanal fisheries, with regard to management and data availability, but also as an important but unregulated sector, which contributes to
overexploitation of fish stocks that are vital for communities in West Africa.

Introduction
Fisheries impacts on ecosystems and hence the success or
failure of conservation efforts have long been analyzed
through the evolution of catch data, although fish stock
collapses usually are a consequence of excessive fishing
effort (Davidson et al. 2014). Analyses based exclusively
on catch data also ignore issues connected to the dynamics of fishing effort itself, e.g., illegal fishing was a direct
result of restrictions on the legal fishing fleet’s access to
Senegalese waters and drove increased artisanal migrations in Senegal (Belhabib et al. 2014). The deployment
of certain fishing gear can also have deleterious effects on
ecosystems such as the catching of nontargeted species
that are then discarded (Zeller & Pauly 2005) or habitat
modification by trawlers, and thus ultimately contribute
to the progressive decline of fish stocks. In addition, partial or complete lack of catch and effort information on artisanal fishing sectors can result in underestimating their
impacts on ecosystems and fish stocks. Fisheries declines

and eventual collapses are often masked by apparent increases in catch, notably through spatial expansion of
their areas of operations (Belhabib & Pauly 2015a). This
is aggravated by other major issues that fisheries are facing today such as illegal industrial fishing, which competes for fish with artisanal fisheries (Belhabib et al. 2014)
and the effects of ocean warming (Belhabib et al. 2016).
Thus, data that can complement catch data, such as fishing effort, can provide additional insights into the status
of fisheries; moreover, whatever data are used, analyses
of the performance of fisheries in any given country must
be based on sectorally disaggregated data, as the industrial sector differs fundamentally from the artisanal sector (Belhabib et al. 2015a), not to mention the subsistence
and recreational sectors, not covered here.
The artisanal sector in West Africa (Figure 1) is labor
intensive and focuses on making fish available for local communities through local markets. These fisheries
are also commonly defined as generating low economic
output. With fuel being the largest contributor to costs,
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Figure 1 Map of West Africa showing the
exclusive economic zones of coastal states.

artisanal fisheries are increasingly motorized but with less
access to technology than the industrial sector. They also
operate generally close to shore, and rely on a multiplicity of species fisheries but remain highly selective. Finally,
artisanal fisheries are either full time or part time and are
minimally managed (Teh & Sumaila 2013; Belhabib et al.
2015c). As opposed to industrial fisheries that are capital
intensive, low in labor impacts, particularly with regard to
employment of local crews, the artisanal sector employs
nearly one million people in West Africa and generates
$3.6 billion US annually, directly injected into the African
economy (Belhabib et al. 2015c). On the other hand, the
industrial sector’s returns are mostly captured by foreign
companies and the returns to West African countries can
be as low as 4% of the ex-vessel value of fish caught
by industrial fisheries (Belhabib et al. 2015b), with most
of the fish destined for export. Despite the importance
of artisanal fisheries in the region, the sector faces an

2

Conservation Letters, March 2017, 0(0), 1–10

increased number of challenges. Climate change–induced
fish migrations along with overexploitation are related
to increased fishing range over time and space (Belhabib
et al. 2016), which contributed to increasing fishing costs
such as fuel, due to increasing time and distance of fishing
operations (Belhabib et al. 2016). The latter represents up
to 40% of the costs incurred by the artisanal fishing fleet
that is motorized (Belhabib et al. 2015c). In addition to
the spatial overlap between artisanal and industrial fisheries that results from increased fishing range of the artisanal sector and incursions by the industrial sector into
artisanal fishing areas, similar species are targeted by the
two sectors, with the iconic small-pelagics that contribute
to most of the animal protein consumed in the northern
and central regions of West Africa exploited by industrial
fleets for fish feed (Belhabib et al. 2014; Belhabib et al.
2015a). Management measures, such as marine protected
areas (with a low coverage of 6% of the continental shelf
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and less than 1% no take), effort controls, and fishing entry restrictions, tend to go along with low monitoring capabilities and hence poor knowledge of effort and catch.
Effort and catch data are used for computing catch per
unit of effort (CPUE) which, in data-poor situation, represents a good alternative for detecting stock and marine
fisheries trends.
Here, we first analyze the evolution of industrial and
artisanal catches along the West African coast, then the
fishing effort defined as both the number of boats and
cumulative power of their engines, to quantify their impact (catch and selectivity) and their respective efficiency
measured by the CPUE. Finally, the trends of overall
CPUE are computed for the industrial and artisanal fisheries of West Africa, which leads to assessing possible impacts on the ecosystem by both sectors, changes in fishing
strategies, and prioritization of one sector over the other.
In this study, we develop a new method of calculating
fishing effort through a new metric standardized for the
region, and which later will allow for a new assessment
of the CPUE.

equipment (notably advanced electronics) which gradually increase the effectiveness of a vessel that remains
unchanged in terms of their size and engine power. It is
taken as 2% per year, as conservative estimate (Pauly &
Palomares 2010).
We identify as “efficiency” the amount of fish caught
by one unit of effort (i.e., 1 kWday) per boat, and use
this measure to compare industrial and artisanal vessels
at given times. Note that this metric could be refined by
expressing efficiency in monetary terms (e.g., as $/kWday); this will be done in future analyses.
Finally, we also use the term “capacity” as a measure
of a boat’s or a fleet’s “ability [ . . . ] to catch fish,” while
aware, with FAO (2004) that “there still is no generally
agreed upon method for how capacity should be measured.” Thus, capacity will be used as a general measure
of the size of a boat and/or its power (or a fleet of boats
and/or their power), but with explicit inclusion of the
time (e.g., number of days per year) that these assets are
deployed.

Estimating fishing effort

Methods
Study area
The study area (Figure 1) comprises the West African
coast from Morocco (i.e., excluding its Mediterranean
coast) and Namibia (i.e., excluding the Atlantic Coast of
South Africa).

Definition of fleet fishing effort, vessel
efficiency, and capacity
In the present study, Enk , the nominal fishing effort of a
fleet in year k, is defined as the sum of overall (j = 6)
fleet segments belonging to engine power class i, times
and Dik is the number of days that the vessels of each
fleet segment spend on fishing in year k.

j

Enk =

kWi ∗ D ik ,

(1)

i

where kWi is the cumulative power of the engines in
fleet segment i for all fleet segments from i to j.
Effective fishing effort (Ee), on the other hand, is defined by
Ee k = Enk ∗ T c ,

(2)

where Tc is an additional parameter, the “technology
creep” factor (Pauly & Palomares 2010), which converts
nominal effort as defined above into a measure of effort which considers the sometimes small, but incessant
improvements in navigation, rigging, and fish finding

The first step in the reconstruction of fishing effort consisted of identifying available sources of data on number
of boats and size (length; or gross registered tonnage for
industrial vessels), and number of fishing days and gear
type in West Africa, for the period from 1950 to 2010
(Table S1). Unmotorized boats were included in the
database and their fishing effort calculated for the purpose of estimating CPUEs; however, the analysis of fishing effort excludes them.
The second step was to fill in gaps such as deriving the
number of canoes1 (e.g., from the number of canoe-based
fishers) and inferring engine power from boat length, i.e.,
kW = 0.436 ∗ L 2.021 ,

(3)

where L is the length in m (Anticamara et al. 2011).
The third step consisted of progressive refinement
which relied on identifying affinities between countries
and/or countries and regions in terms of fishing history
and tradition, shared stocks, and/or shared fleets. Some
details are provided in steps (2) and (3) below.
Whenever the number of fishers was available, it was
converted into a number of boats by dividing it by the
average number of fishers per boat known for that specific country or its immediate neighbor. This was the
case for the lagoon beach seine fishery of Benin (9:1),
Cape Verde’s artisanal fisheries (5:1), Gambia’s artisanal
(4:1) fisheries, and Guinea Bissau’s artisanal (1:1) fisheries (Belhabib et al. 2012; Belhabib et al. 2014; Nunoo
et al. 2014; Belhabib & Pauly 2015b).
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We also recorded the number of fishers (i.e., crew) per
industrial boat depending on the gear type and/or country to obtain the total number of crew per fleet, and hence
the total number of industrial fishers in West Africa. The
number of fishers on Senegalese purse-seiners averages
172 . The number of fishers on Gambian purse-seiners
was estimated by dividing the total number of fishers by
the total number of purse-seiners at 12 (ANON 2014).
The same method was applied for Guinea Bissau’s purseseiners with an average of 10 fishers per boat3 . The number of fishers onboard purse-seiners in Namibia was estimated at 9 on average based on the total number of
fishers (512) and the total number of purse-seiners (58)
(Russel & Wolf 2012). The average number of fishers onboard line-fishing boats (12), demersal liners (26), demersal and shrimp trawlers (26), and mid-water and pelagic
trawlers (100) was estimated from (Russel & Wolf 2012;
Doumbouya 2014) using the same method.
In cases where anchor points for the beginning or end
of the period, i.e., 1950 or 2010, were not available, we
calculated the fishing effort based on trends described in
the literature. Thus, Vogt et al. (2010) described an increase in motorization of the artisanal fishing fleet in
Benin; hence, we conservatively assumed motorization
increased by 20% for this country. Similarly, the length of
artisanal boats was assumed constant in Gabon between
1950 and 1979 as no noticeable growth was reported
(Belhabib & Pauly 2015b). Another case is the Mauritanian freezer trawl fleet, whose numbers of vessels were
derived as a percentage of the total fleet. This percentage
was assumed constant between 1989 and 1992 (COPACE
1993). We set the number of boats at zero the year before
the fishery began. This was the case for the industrial demersal trawl (Josse 1989), crab, lobster, and purse-seine
fisheries of Mauritania (Labrosse et al. 2010). This kind of
assumption is often used for industrial fisheries (Belhabib
et al. 2012).
Progressive refinements were then applied in several
cases where no alternative sources of data were found
(Lam et al. 2011), i.e., gaps were filled by data from a
neighboring country, or a country with similar fishing
history and tradition, or the average across a number of
countries.
Thus, the number of fishing days for the purse-seine
fleet of Morocco was derived as an average of the number of days of industrial driftnet fleets within countries
of FAO Area 34; the number of fishing days of demersal
trawls was assumed similar to those in Mauritania; and
the number of fishing days of the small-pelagic purseseine fleet in Morocco was taken as the average across
West Africa.
Similarly, the length of trawlers in Senegal was assumed similar to that of Moroccan trawlers, and the
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length of small-pelagic purse-seiners was derived as the
average length of purse-seiners across West Africa, as
the Senegalese fleet operates within the region beyond
its EEZ (Exclusive Economic Zone). The length of tuna
purse-seiners in Senegal was assumed similar to the
length of tuna Purse-seiners in Cape Verde, given the
number of agreements and their similar origin (EU).

Estimating catch per effort
Catch data include reported and unreported catch by the
artisanal and industrial sectors as opposed to official catch
data (or landings; see Pauly & Zeller 2016). We recall here
the six major steps for catch reconstructions:

(1) Identification of reported catch time series (FAO or
other national datasets).
(2) Identification of sectors and data components not
covered by (1).
(3) Sourcing of alternative information sources through
literature search, consultation, and anecdotal evidence to fill in the gaps identified in (2) such as unreported sectors, discards, etc.
(4) Development of data anchor point.
(5) Interpolations to complete for missing time periods.
(6) Estimation of total catch time series as a combination
of (1) and (5).

Reconstructed catches, thus, tend to cover all fisheries
in and catches from the waters (here, the exclusive economic zone) of a given country, as opposed to the catches
(actual landings) officially reported to the Food and Agriculture Organization of the United Nations (FAO), which
usually cover only part of the commercial (industrial and
artisanal) catches, and do not include subsistence and
recreational catches, foreign catches, nor discards. Foreign vessels are defined here as all vessels flagged to countries other than where they operate. Only part of the foreign catch is reported in the FAO database that covers all
the FAO area where foreign vessels operated, as opposed
to data by EEZ4 .
Reconstructed industrial and artisanal catches extracted from the Sea Around Us (www.seaaroundus.org)
database for the 22 countries of West Africa (see Belhabib
et al. 2015a).
The annual CPUE (in kg/kWdays/year) was then derived by dividing the annual catch for the artisanal and
industrial sector (in kg) by fishing entity (West African
countries) by the corresponding effective effort in successive years.
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Figure 2 Total reconstructed artisanal and industrial catch by the domestic fleets in West Africa, 1950–2010. Catch data extracted from various
reports and summarized on www.seaaroundus.org.

Results
Fisheries catches
Total artisanal and industrial catches increased from
863,000 t·year−1 (of which 415,000 t·year−1 were industrial) in 1950 to a first peak of 3.1 million t·year−1 in
1972, and then to a second peak of 5.9 million t·year−1 in
2001 (of which 60% were industrial), after which catches
declined to 5.6 million t·year−1 (61% industrial) in 2010
(Figure 2). Despite an increasing artisanal fishing effort
(see below), the contribution of the artisanal sector decreased from over 50% in the 1950s, when about industrial fishing began in most of these countries, to less than
40% in the 2000s, with a minimum contribution in the
mid-1990s and early 2000s (Figure 2).
As for the taxonomic composition, there are over 450
exploited species by the artisanal and industrial sector in
West Africa. The prevailing exploited group in the Canary
Current Large Marine ecosystem, comprising the region
between Morocco and Guinea Bissau, are small pelagic
species, such as European pilchard (Sardina pilchardus)
and sardinellas (Sardinella spp.), alongside with jacks and
horse mackerels. Bonga shad (Ethmalosa fimbriata) is the
prevailing species exploited in the Guinea Current, in addition to small-pelagic species such as sardinellas and European anchovy. African croakers, squids, and cuttlefish
also constitute a major part of the catch, and are targeted
both by the artisanal (for the former) and the industrial
sector. Despite a major collapse in hakes (Merluccius spp.)
and sardines in the Benguela Current, these two groups
are still strongly exploited in that ecosystem, along with
Cape horse mackerel, anchovy, and sardinella.

Number and size of boats
The number of artisanal fishing boats increased from
32,000 (of which 14% were motorized) in 1950 to

Figure 3 Number of fishing boats in West Africa, 1950–2010: (a) the
artisanal motorized and nonmotorized sector; (b) industrial sector by GRT
(Gross Registered Tonnage); and (c) changes in the number of industrial
vessels. Tuna boats include tuna longliners, tuna purse-seiners, and tuna
bait boats. Others include mid-water trawlers, crab and lobster vessels,
linefish, and miscellaneous and unspecified gear types.

252,000 boats (50% were motorized) in 2010 (Figure 3a).
The number of motorized boats increased rapidly since
the 1970s, which highlights a tendency to motorize existing boats and/or invest in new motorized ones. Nigeria’s artisanal fleet, whose motorization rate was less than
30%, represented over half of the total artisanal fleet of
West Africa. Senegal, Morocco, and Ghana represented
18%, 16%, and 11% of the total artisanal fleet, respectively, with an average motorization rate of 92% in the
2000s. Similarly, the mean length of artisanal fishing
boats increased from less than 9 m in the 1950s to 13
m in 1960s on average (Figure 3a).
The number of industrial boats increased from 400 in
1950 to a peak of 3,500 in 2003, after which their number
declined to 3,300 boats (Figure 3b). The analysis of the
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practice of foreign vessels to West African countries. The
industrial fishing effort then decreased since the 1990s
(Figure 4).

The fishing effort of individual vessels

Figure 4 Total fishing effort in kWdays/year for the West African artisanal
and industrial sectors, expressed in averages per decade.

GRT profile reveals a staggering increase in smaller vessels
whose GRT ranged between 5 and 30 (Figure 3b), characteristics of small pelagic purse-seiners, small-demersal
trawlers, and semi-industrial driftnetters. The number of
bigger boats (GRT > 200) has increased rapidly between
1970 and 1995, estimated at 1,200 boats, and then declined to 890 boats in 2010 (Figure 3b). Industrial vessels over 1,000 GRT are atypical in West Africa. However,
they occur since the early 1990s (Figure 3b), notably in
Namibia and Mauritania, whose flags are often used by
foreign large pelagic trawlers; here, they are considered
domestic.
The analysis of industrial gear type reveals that demersal and shrimp trawlers dominate with over 64% of
the total number of industrial vessels increasing from
190 in 1950 to 1,200 boats in 2010, followed by small
pelagic purse-seiners and tuna longliners and purseseiners with 750 and 770 boats, respectively (Figure 3c).
The number of small-pelagic purse-seiners also increased
by twofold between 1950 and 2010, with, however, an
important drop in 1988 caused by a drop in the number
of small-pelagic purse-seiners in Morocco in the 1980s
(Figure 3c). In addition, another high by-catch generating gear such as driftnets has emerged in West Africa
beginning in the 1990s reaching over 300 boats in 2010
(Figure 3c), after this gear type was banned from other
regions such as in Europe.

Total fishing effort
The total fishing effort deployed in West Africa is presented, by sector in Figure 4. For the artisanal sector,
this increased from less than 400 million kWdays on average in the 1950s to over 4,500 million kWdays in the
2000s (Figure 4). The industrial sector, on the other hand,
experienced an increase in total effort since the 1980s
which corresponds to the beginning of the declarations
of the EEZ by West African countries and the reflagging
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The size and power of the vessels employed in the artisanal fishery changed markedly since the 1950s, resulting in massive increase in the fishing effort deployed by
each unit in the 2000s which is illustrated in Figure 5 by
the migration upward from lower effort to higher effort
per fishing boat. These changes are reflected in the descriptions of fleets based on these larger, more powerful
boats, which are now described as “semi-industrial,” “advanced artisanal,” or “offshore artisanal” in official documents and legislation.
However, there was a noticeable increase in the capacity of industrial vessel in the 2000s relative to the 1950s
for Cape Verde, Gabon, and Mauritania. In contrast, an
overall decrease was observed for other countries of West
Africa (Figure 5), likely due to the use of smaller boats after the departure of major reflagged fleets. This decrease
occurred in Benin, Congo, Ghana, Senegal, and Sao Tome
and Principe (Figure 5). The industrial effort of individual
vessels remained unchanged for Gambia, Guinea, Ivory
Coastal, Liberia, Morocco, and Togo (Figure 5).
Artisanal individual vessel fishing effort increased for
all the countries of West Africa (Figure 5) to a point
where the capacity of a Senegalese artisanal “pirogue” in
the 2000s is similar to or higher than the capacity of its
industrial vessels in the 1950s (Figure 5), and similarly
for Sierra Leone, Togo, Nigeria, Morocco, Mauritania,
Liberia, Guinea Bissau, Guinea, Ghana, Gambia, Gabon,
Equatorial Guinea, Congo (ex-Zaire), and Congo and
Cameroon (Figure 5). This also applied to the Ghanaian
fleet whose artisanal boats are bigger than its industrial
vessels of the 1950s (Figure 5), as do those of Cameroon,
Equatorial Guinea, Gabon, and Togo (Figure 5).
The artisanal individual vessel capacity of The Gambia
and Guinea Bissau has also increased over time to be relatively higher than industrial individual vessel capacity in
other countries (Figure 5).
When compared to the industrial individual fishing
capacity of the 2000s, Senegalese pirogues individual
vessel capacity is similar to or higher than the industrial individual vessel capacity of Benin, Cameroon, Cape
Verde, Congo (ex-Zaire), Equatorial Guinea, The Gambia, Ghana, Guinea Bissau, Liberia, Morocco, Sao Tome
and Principe, and Senegal and Togo (Figure 5). This trend
is also observed for The Gambia and Ghana, whose artisanal individual vessel capacity is similar to or higher than
the industrial individual vessel capacity of Cameroon,
Cape Verde, Congo (ex-Zaire), Equatorial Guinea, Ghana,
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Figure 5 Comparison of the West African industrial fishing effort of the 1950s in kW/boat/year (small open circles) and the 2000s (large open circles) with
the artisanal fishing effort (filled dots). Angola is not included (industrial kW/boat/year was too high in the 1950s). The dotted line represents the average
industrial vessel capacity for the 2000s.

Figure 6 Decadal weighted averages of the catch per unit of effort in
West Africa, 1950–2010.

Sao Tome and Principe, and Togo (Figure 5). Other
countries of West Africa illustrate the same trend
(Figure 5).

Individual vessel measure of efficiency
and fleet CPUE
Individual vessel efficiency, i.e., the amount of fish that is
caught per 1 kWday, is 11 times higher by the industrial
sector than by the artisanal sector. While artisanal vessels
caught 5 kg of fish per kWdays in the 1950s and 1.5 kg
per kWdays in the 2000s, the corresponding values for
industrial vessels were 183 kg/kWday in the 1950 and
213 in 2000s (Figure 6). Also, while the industrial fleet
CPUE increased since the 1970s, the artisanal fleet CPUE

has been continuously decreasing (Figure 6). Moreover,
since our measure of effort is tightly connected to fishing
costs (via the cost of fuel 5 , the major cost fact in motorized vessels), the variation of the ratio revenue to cost (as
a representation of profit) for the artisanal sector is likely
to be similar to the variation of the CPUE (catch per effort).
Overall, the trend of average (industrial + artisanal)
CPUE off West Africa suggests a CPUE decline of –34%
between the 1950s and the 2000s (Figure 6), driven by a
strong decrease in the artisanal CPUE (Figure 6). We note
here that the decline in the CPUE is a result of increased
fishing effort, also observed in the artisanal sector.

Contrasting the profiles of the artisanal and
industrial fisheries off West Africa
Table 1 summarizes the profile of the industrial and artisanal fishing effort and the catches captured in 2010 from
West African waters. We stress that while these profiles
seem divergent, geographic similarities exist. For example, the average individual vessel capacity shows that the
industrial sector has higher individual capacity than artisanal boats, however, as illustrated above, the artisanal
individual vessel capacity has strong geographic dissimilarities with Senegalese pirogues averaging 60,600 kWdays/boat/year and reaching 30 m in length, which is
three times as high as the typical length of an industrial small-pelagic purse-seiner (Table 1). These pirogues
along with the canoes of Ghanaian type (15,700 kWdays/
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Table 1 Summary profile of the artisanal and industrial fishing effort and catch in West Africa in 2010
Indicator

Industrial

Artisanal

Total (average)

Unit

Number of boats
Length
Mean effort per boat
Effort (nominal)
Total labor
Crew per vessel

3,300
10–100a
54,676
180
46,500
15

252,000
2–24
14,748
2,069
905,000b
7.43

255,300

1,338
3.4
213

4,500
2.2
1.5

Boats
Meters
kWdays/year
kWdays
Fishers
Weighted average number
of fishers per boat
million kWdays/year
million t/year
kg/kWdays

Total effort
Catch
CPUE

951,500

5,838
5.6
4.4

a

The length of vessels varies strongly depending on the gear type of the vessel. Small-pelagic purse-seiners range between 10 and 30 m, demersal and
shrimp trawlers have an average length of 25 m, pelagic trawlers are up to 100 m long, and tuna purse-seiners range between 35 and 40 m.
b
Extracted from Belhabib et al. (2015c).

boat/year) have often access to the same fishing areas as
the industrial fleets (excluding tuna boats). In addition,
anecdotes from fishermen suggest an increased number
of conflicts and accidents between industrial and artisanal
boats at sea (G. Gueye, African Confederation of Artisanal
Fisheries Professional Organizations, personal communication), which illustrate increases in overlapping operating areas. Thus, assuming that the fishing areas of industrial fleets are available for artisanal fleets of Senegalese
and Ghanaian type, prioritizing these types of fisheries to
catch the additional 3.4 million t·year−1 otherwise caught
by the industrial fleets would require an additional 6,954
million KWdays/year of the artisanal sector (all things
being equal), or between 114,800 (Senegalese type) and
442,000 (Ghanaian type) artisanal boats able to venture
far within and outside their respective EEZs, which translates to a potential for additional 853,000 to 3.2 million
additional jobs created for West African countries. A similar analysis illustrates that reducing IUU (Illegal, Unreported, and Unregulated) fishing in Africa could lead to
an increase in artisanal fishing jobs by 300,0006 . However, given the drastic increase in capacity of artisanal
fisheries, we stress that their impacts on the ecosystem,
which should be expressed by a decline in CPUE, will
remain invisible if their catches and effort are not accounted for properly. The current dynamics of increased
artisanal boat size, capacity, and motorization rate suggest
that these changes are likely to occur in countries of West
Africa other than Senegal and Ghana, either through investments, or fishers’ migrations.

Discussion
This study, to our knowledge, is the first to provide a detailed assessment of the artisanal and industrial fishing
effort in West Africa, an understudied region. The use of
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engine power as a measure of “capacity,” kW/day as a
measure of effort, kg/kWday as a measure of fleet CPUE,
and kg/kWday as a measure of the efficiency of individual vessels allowed comparisons between the industrial
and artisanal sectors of different West African countries
that would be difficult or impossible otherwise. Moreover, these measures, which can be easily extended to
other regions of the world (see below), are closely related
to the economics of fishing, as fuel is the major cost factor for motorized vessels (Lam et al. 2011), and to future
analysis of exploitation patterns for fisheries conservation
studies.
Industrial catches declined due to a decrease in the
off-shore higher capacity legal domestic fleet, particularly
pelagic trawlers targeting small-pelagic fish (Belhabib &
Pauly 2015b), which contributed to a decrease in the
catch. Artisanal fisheries, on the other hand, have seen
their catches decline since the mid-2000s, largely because of an excessive number of boats and their collective effort, which reached 4,500 million kWdays in 2010.
This is the cause for frequent claims that fishers spend
more time and go farther to catch less (Belhabib et al.
2012). This trend is further illustrated by a growth of
individual vessel capacity in the artisanal sector, which
is, in many West African countries, higher than industrial vessel capacity of the 1950s. Fishers’ claims of resource depletion will remain anecdotal if more analyses
such as the one we present here are not conducted. Indeed, although the artisanal sector increasingly competes
with the industrial sector, the impact of increased artisanal fishing fish stocks and ecosystems cannot be overlooked. Considering these fisheries simply as having a low
impact and overlooking their catches, through underrecording of catch data, while their fishing effort continues to increase, can be detrimental for the sector and fish
stocks.
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Uncertainty exists in this analysis, mainly driven by
the reconstruction methods for estimating catch data and
inferring fishing effort whenever gaps were identified.
However, it is known that official catch data, particularly
in this region of the world, are bound with bias, i.e., lack
of accuracy, and the reconstruction methods provide a
way of overcoming this bias, while reducing the uncertainty related to the catch and effort data (Belhabib et al.
2014).
Herein, we propose that policies be implemented that
prioritize the artisanal sector, as its impacts in terms of
catches and on the ecosystem are lower than the industrial sector. However, we emphasize that recurring
Malthusian overfishing (Pauly 2006), which is driven by
a high influx of people (labor) into coastal fisheries, as opposed to excess of capital (or big industrial boats), resulting in increased artisanal capacity, has to be accounted
for in conservation measures, e.g., through the use of
the new CPUE and effort metrics we introduce herein.
In this study, we do not include analysis of the foreign
flagged fleets that operate in the region legally and illegally, whose catch can be twice as high as the industrial domestic catch (Belhabib et al. 2015a), and whose
overall impact on the artisanal fishing sector is detrimental (Belhabib et al. 2014).
West African artisanal fishers nowadays do not operate exclusively near-shore, and neither do they lack
technology and motorization. However, artisanal fishing
continues to be work intensive. Thus, with the number
of fishers per boat estimated to be between 1 and 20,
the total number of fishers employed is nearly 1 million
(Belhabib et al. 2015c), in addition to the employment
generated with upstream and downstream activities. This
contrasts with industrial vessels, which usually employ
fewer West African crews, particularly when vessels are
of foreign ownership (Blas 2014). The industrial sector in West Africa employs only 47,000 West African
fishers on industrial vessels. In addition, the industrial
catch is usually directed to international markets, with
no or little added value at the national level (Blas 2014;
Belhabib et al. 2015b). This means that while the artisanal sector has less impact, with lower catches and
higher selectivity, its contribution to local economies is
much higher than that of the industrial fisheries (Teh &
Sumaila 2013).
Based on the profiles of industrial and artisanal fisheries in Table 1, we estimate that, provided good domestic processing capacity and export markets, policies
aimed at the prioritization of artisanal fleets could potentially provide additional jobs for West African people, not
accounting for downstream added value activities, given
that catches are processed and marketed locally.

Measuring West Africa fishing effort and CPUE

Development of fisheries often means, at least for bilateral aid agencies and many governments, modernization and industrialization of the fleet (Mansfield 2011).
This, however, is not compatible with the simultaneous
growth of the artisanal fisheries sector. Indeed, because
of the resource competition between these two sectors
and the social benefits generated by the artisanal sector,
such as employment (Pauly 2006), it becomes important
that governments focus their regulatory attention on the
artisanal sector and place further restrictions on, or limit,
the industrial sector.
Better monitoring and catch recording, along with a
prioritization of the sector, can mean a lower negative
impact on the ecosystem, as fish stocks and marine biodiversity would be able to recover from heavy industrial
fishing pressure.
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Endnotes
1. The term “pirogues” commonly used in the West African
region for motorized and unmotorized artisanal craft is
used here instead of “canoes,” which tend to be smaller
and are used for both artisanal and subsistence fishing.
2. http://firms.fao.org/firms/fishery/474/en [Accessed on
07/01/2016].
3. http://www.fao.org/fi/oldsite/FCP/en/GNB/profile.htm
[Accessed on 07/01/2016].
4. While foreign catch data may be reported to national
monitoring agencies in the country where foreign vessels
operate, that country is not responsible for submitting
these data to the FAO, but for submitting only its own,
domestic catch data.
5. Uncertainty exists with regard to the cost of fuel, as prices
vary. However, observations from the field and interviews
with artisanal fishermen illustrate an increasing distance
and the time spent on fishing, which results in higher
usage of fuel, and hence increased fuel costs (D.B.
personal observation)
6. https://www.theguardian.com/global-development/2016/
jun/29/tackling-illegal-fishing-in-western-africa-couldcreate-300000-jobs [Accessed on 07/01/2016].
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Table S1. Sources and assumptions used to extract
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COPACE. (1993). Évaluation des stocks et des pêcheries
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