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ABSTRACT

Cote d’lvoire had a strong industrial fleet both in capacity and reach. Despite the decline of the sector,
the country still held a particular place within West Africa due to its harbour and shore facilities, which
have made Abidjan the second most important fishing port in the region. Its industrial fleets returned
to the waters of Céte d’lvoire after West African countries declared their EEZs, which along with large
foreign fleets, contributed to over-exploiting the country’s EEZ. Despite all this, official data suggest
catches are increasing, which raises doubts as to their reliability. Moreover, official data do not include a
large part of artisanal and subsistence catches, and also omit discards and a relatively important part of
the industrial catch. They include, on the other hand, the foreign catches of ‘faux poissons’ from
the water of neighboring countries, but labeled domesic fish when landed in Céte d’lvoire. To
estimate total catches and improve their geographical resolution, we reconstructed them by sector,
considering effort, catch per effort, and geographical distribution of catches and their taxonomic
identity. Total catches from Cote d’lvoire EEZ were estimated at 7.06 million t between 1950 and 2010,
which is 2.67 the data supplied to the FAO (this accounts for 374,200 t of ‘faux poissons’ in the data
supplied to FAO). Domestic catches declined, in contrast to the increase suggested by official data,
but the catch of foreign fleets, mostly illegal, increased. Some social consequences for Céte d’lvoire are
outlined.

INTRODUCTION

Cote d’lvoire, with Abidjan, the capital city at 6°51'N — 5°18’'W, is located in Sub-Saharan West Africa
(Figure 1). The country is bordered by Liberia, Guinea, Mali, Burkina Faso and Ghana from the East, the
North and the West and by the Atlantic ocean from the South, making Cdte d’lvoire one of the largest
coastal countries of the Gulf of Guinea. The strategic location of Céte d’lvoire within the Equatorial
Savanah of Africa and the Gulf of Guinea, a seasonal coastal upwelling and strong river flow and discharge
into the ocean (Hardman-Mountford 2000) have contributed to the development of coffee and cocoa
based economy in the 1960s and 1970s on one hand, and fisheries on the other.

Cote d’'lvoire gained independence from France in 1960; it was, at the time, one of the most prosperous
countries of West Africa. This properity increased under the rule of president Houphouét-Boigny; the
French expatriate community doubled, and the country became world leader in cocoa production, third |
(after Brazil and Columbia) in coffee production and its exports grew by 40% as its annual economic
growth rate stabilized at 10%, the highest of African non-oil exporting countries.

The beginning of the economic collapse coincided with a drought that heavily impacted cocoa plantations
in one hand and the world economic recession of 1980 that affected cocoa prices on the other. This led to
a social crisis that began with protests in 1990. With the death of the former president who had
maintained ethnic accommodation, the pseudo-nationalist concept of ‘lIvoirité’ was used to discriminate
against the many recent (and not-so-recent) immigrants to the country, who had come, started in colonial
time to work in Cote d’lvoire (Connelly et al. 2013). This along with the devaluation of the currency, FCFA
(Akindes 1995), the official prohibition of southward migrations (of immigrants) within Coéte d’lvoire, the
vulnerability of the latter to forceful land grabs in the south (Dabalen et al. 2012) and a number of
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incidents in the south against Ghanaians (Kouadio 2009) were precursors to a number of coup attempts
in the 1990s (Dabalen et al. 2012). For a country that long lived in peaceful political and productive
economic conditions, these were the trigger of a regional disparity which exploded as a civil war in 2002
(Morric MacLean 2004). During the 2000s, as a presidential election was run and others were postponed,
violence peaked twice (2000 and 2004-2006), insecurity increased (especially in the North), ‘foreigners’
were increasingly expelled, 500,000 people were internally displaced and 224,000 became refugees
(Global Witness 2007). Poverty increased as the number of people living under the national poverty line
increased from 10% in 1985 to 45% in 2008 (Global Witness 2007; Connolly et al. 2013).
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Figure 1: Map of Céte d’'lvoire with lagoons labelled and its Exclusive Economic Zone (EEZ).

Historical and natural events and social crises had a large impact on Cote d’lvoire fisheries. For example
during a 1958 conflicts between Coéte d’'lvoire and Benin, fishers were driven to migrate westwards. Also,
at the end of World War 11, the number of Ghanaian fishers in Cote d’'lvoire had incleased tremendously
(Koffie-Bikpo 2012). Similarly, military-political crises since 2002 have negatively affected fisheries
(Koffie-Bikpo 2012), with e.g., Ghanaians small-scale fishers being expelled from Cote d’lvoire. After
independence (1960), the number of artisanal fishers along the coast increased, due in part to the
development of infrastructure, notably a coastal road (Koffie-Bikpo 2012).



This sensitivity of fisheries to the conditions surrounding them denotes of a high importance for local
populations, notably to food security as poverty increased in the country, and as an alternative way of
providing livelihood after the collapse of cocoa and coffee economies. Local populations see in fisheries a
major asset, which leads them, in the absence of government structures, to manage fisheries on a local
scale. For example, in 1982, all foreign artisanal fishers using mainly collective gear were denied access to
Ebrié Lagoon, one of the largest lagoons of Céte d’lvoire (Koffie-Bikpo 2012), leading to an increase in the
number of fishers in the neighbouring lagoons (Figure 1).

Although these kind of initiatives are common in Cote d’'lvoire , the present overexploited state of
fisheries reported since the 1970s (Cormier 1983; Garcia and Poinsard 1989) raises questions regarding
the management of fisheries, particularly during the instability period, and the data these require.
Officially, there are two main sectors in Cote d’lvoire, artisanal and industrial. The artisanal sector,
operating canoes and pirogues, is difficult to assess given the disparity of landing sites, the consumption
by fishers and their families of part of the catch and the variability of fishing techniques (Cormier 1983).
Although field surveys started in 1978, they only included a part of the canoes and pirogues along the
coast, and they omitted land-based fishing, resulting in all individual fishing techniques excluded from
official reports (Ecoutin 1992). Furthermore, no artisanal fishery data has been collected in recent years
and most data failed to reach FAO since 1990 (FAO 2008; 2009). On the other hand, the industrial
fishery, which includes trawlers, small-pelagic seiners and tuna purse-seiners “is monitored at the
Abidjan fishing port, every day. The entry and exit data of vessels and fish sales slips are collected every
two weeks by the research team from the Oceanographic Research Centre (CRO) to estimate the effort and
catch per species” (FAO 2009). The foreign industrial fishery of Céte d’lvoire, however, still remains
difficult to assess given their geographical and gear disparity, and only few reliable data are made
available through logbooks (EU 2008).

Given the importance of fisheries for the livelihood and food security of lvoirians, and the current over-
exploitation status of its marine fisheries resources, there is a serious need to address the lack of fisheries
catch data in Cote d’lvoire and analyze the impact of the different fisheries sectors.

METHODS
Coastal population

Total population was obtained through the WorldBank database (data.worldbank.org [2014]) covering the
period between 1960 and 2010 and from Populstat database (www.populstat.com [2014]) for 1950. These
data were interpolated to obtain the total population of Céte d’'lvoire between 1950 and 2010. CIESIN
(2012) provides coastal rural population estimates (here: rural population living within 10 km from the
coast) for 1990, 2000 and 2010. This allowed to estimate the percentages of coastal population over the
total population for Cote d’lvoire at 1.5% for 1990, 1.9% for 2000 and 2.1% for 2010, which suggest
migrations towards the coast, notably to escape conflicts. We assumed this rate was constant between
1950 and 1990 and interpolated linearly to fill in the gaps (Figure 2).
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Figure 2. Coastal population in Céte d’'lvoire , 1950-2010.

Artisanal fisheries

Artisanal catches were mainly lagoon-based prior to 1960. After independence (1960), the number of
artisanal fishers along the coast increased due in part to the development of infrastructures, notably a
coastal road (Koffie-Bikpo 2012) along with the opening of the Ebrié Lagoon and the industrialization of
lagoon-based subsistence fisheries, which in turn translated in the expansion of fishing grounds to the
maritime coast of Cote d'lvoire. In 1982, foreign artisanal fishers were denied access to Ebrié Lagoon and
collective gears, e.g. beach seines, prohibited, which increased the number of foreign fishers in
neighboring lagoons (Koffie-Bikpo 2012). Later on, artisanal fishing practiced initially by a few ethnic
groups, e.g. Alladians, Keta, Apollonians, but mostly Fanti from Ghana (Delaunay 1992), was heavily
impacted by socio-political conditions. The number of Alladian fishers for example has declined from
1,100 in 1950 (Ecoutin 1992) to 18 in 2010 (Koffie-Bikpo 2012). Conflicts drove Ghanaian fishers to return
to Ghana, and the number of Ghanaians in Cote d’'lvoire declined by 20% between 1988 and 1998
(Badmus 2009). Ghanaians had dominated the fishing industry (Kouadio 2009), so their departure has
most likely impacted the number of fishing vessels, similar to what occurred in Liberia because of the civil
war there (Belhabib et al. in Press-b). These fishers, who initially migrated to Céte d’'lvoire because of a
crisis in Nigeria and Ghana in the 1970s and 1980s, constituted around 17% of the coastal population of
Céte d’lvoire (Kouadio 2009). Understanding these dynamics and the historical evolution of artisanal
fisheries is an important preliminary step prior to the reconstruction of catches, as it allows to validate or
reject estimates by literature, which appear to be either unreliable, under-estimated or obtained via ad
hoc meetings (FAO 1981; FAO 1985, 2008a, 2009). Furthermore, artisanal catch and effort data reported
by literature often do not reflect socio-demographic changes alluded above, e.g. the decline of lagoon
catches by artisanal fishers in the 1970s, due to the development of industrial fisheries and the departure
of Ghanaian (Koffie-Bikpo 2012), does not show in official data.Indeed, it is not even always clear whether
these data include lagoon and freshwater catches. For instance artisanal catches are marked as
“unknown” in official reports of the CECAF Working Group between 1963 and 1975 and for 1979 for
Sardinella aurita, and are unrealistically low between 1976 and 1978 (FAO 1981); this situation re-
appears even after 1981 (Cury and Roy 1987).



Landing data were available for the 1980s and 1990s, when the CRO was at its peak activity, and
collaborating with the French Institute of Research for Development (IRD); some data from the 2000s are
also available. We reconstructed artisanal marine catches based on the number artisanal boats along with
the average catch per unit of effort (CPUE), and we interpolated between the available numbers of
artisanal boats, which we used as anchor points (Table 1). We estimated CPUEs based on the catch
estimate by Ecoutin (1992), i.e., 35,000 t-year for 1984, divided by the interpolated number of artisanal
marine boats (1,632 boats), i.e., 21.4 t-boat!-year!. Considering over-exploitation (Cormier 1983; Garcia
and Poinsard 1989) and the increasing capacity of artisanal fishing boats, we assumed the CPUE was 15%
higher in 1950 and 15% lower in 2010. We interpolated between the CPUE estimates, then multiplied the
latter by the effort to estimated artisanal marine catches between 1950 and 2010.

Table 1. Number of artisanal marine pirogues between 1950 and 2010 in Céte d’lvoire.

Year Boats Source

1950 1,095 Postel (1950); Cormier (1983)
1956 1,000 Lassarat (1958)
1964 1,438 2,650 pirogues (Domingo 1980) of which 54% are marine (Gerlotto and Stequert 1978; Cormier 1983)
1969 1,500 Gerlotto and Stequert (1978); Cormier (1983)
Total number of artisanal boats averaged between 3,000 and 2,800 (Cormier 1983; Collari 1986) of
1975 1,574 which 54% were marine (Gerlotto and Stequert 1978)
1979 1,638 Over 3,018 artisanal boats (Domingo 1980), 54% of which were marine (Gerlotto and Stequert 1978)
A total of 3,326 artisanal boats (Kébé et al. 1997) of which 48% were active marine boats (Shep et al.
1996 1,618 2011; Pérez-Ruzafa and Marcos 2012)
We assumed an increase of 15% of the effort because of increased migrations towards the coast from the
1999 1,860 lagoons because of political events (new elections and violence)

2010 1,372 Shepetal. (2011)

Lagoon catches

There are three main lagoons in Céte d’lvoire: Ebrié Lagoon, Aby Lagoon and Grand-Lahou Lagoon. In
these lagoons, only collective fisheries are monitored, i.e., cast nets, traps and lines are not included in
official statistics, the individual gear being more appropriately for subsistence purposes, and/or yielding a
catch sold directly to restaurants (N'Goran 1990). Prior to 1975, lagoon catches were not taken into
consideration in official statistics (Kébé et al. 1997). Post-1979, only partial catch and effort data are taken
into consideration, in a punctual manner. If at all, only partial effort, partial geographic areas and partial
catches were assessed (Doucet et al. 1985).

Total lagoon landings were reported between 1994 and 1996 (Kébé et al. 1997) and were herein
considered reliable. We estimated total lagoon catches for 2010 by multiplying the CPUE of 3744
kg-fisher-l-year-! by the total number of fishers (2,898) provided by Pérez-Ruzafa and Marcos (2012) for
2010. To complete the time series, we estimated lagoon catches separately for the three lagoons
mentioned above between 1950 and 1985 for Ebrié and Grand-Lahou Lagoons, 1950 and 1998 for Aby
Lagoon, the sum of which represents the annual artisanal lagoon catch.

Landings for Ebrié Lagoon were estimated by Cormier (1983) and Ecoutin (1992) between 1975 and 1985
and were considered reliable. The number of fishers using collective gear in Ebrié Lagoon was estimated
at 5,300 fishers for 1974 (Ecoutin 1992). Thus, we estimated the number of fishers for 1950 by adjusting
the estimate to account for changes in coastal population, i.e., we multiplied the number of fishers for
1974 by the rate of change in the coastal population between 1950 and 1975 (Figure 2). We then multiplied
the number of fishers by the CPUE of 3,744 kg-fisher-t-year-! (Pérez-Ruzafa and Marcos 2012). This CPUE



was kept constant between 1950 and 2010, assuming that villages adjusted for overexploitation due to
non-selective fishing gear and mesh-size (Cormier 1983) by implementing new regulations such as the
prohibition of collective fishing gears, e.g., in Ebrié Lagoon (Ecoutin 1983). We interpolated to complete
the Ebrié Lagoon catch time series between 1950 and 1985.

Collective fishing catches for Aby Lagoon were estimated and reported by different literature sources for
the period between 1979 and 1998 (Charles-Dominique et al. 1980; Bayley 1988; Konan 1998), which we
considered reliable. The number of fishers was estimated at 1,654 for 1967 (Cormier 1983). We estimated
the number of fishers for 1950 by following the same adjustment approach described above using coastal
population estimates and estimated a number of 960 fishers for 1950. We multiplied the number of
fishers for 1967 and 1950 by a CPUE of 3,744 kg-fisher-!-year! (Pérez-Ruzafa and Marcos 2012), and then
interpolated to complete the time series between 1950 and 1998.

Similarly, catches for Grand-Lahou Lagoon were estimated at 4,140 t-year! for 1969 (Bayley 1988) and
1,500 t-year! for 1985 (Ecoutin 1992). To estimate collective fishing catches in Grand-Lahou Lagoon in
1950, we estimated the number of fishers using the estimate provided for 1969 of 2,995 fishers (Bayley
1988), adjusted by the coastal population, i.e., 1,593 fishers in 1950. We then multiplied the latter by the
CPUE provided by Pérez-Ruzafa and Marcos (2012), and interpolated to complete the catch time series
for Grand-Lahou Lagoon between 1950 and 1985.

We calculated the annual sum of collective fishing catches for the three previous areas between 1950 and
1985 and then interpolated to the first estimate of total lagoon catches for 1994 (Kébé et al. 1997) and
then between the estimate for 1996 (Kébé et al. 1997).

Subsistence catches

Subsistence fishing in Céte d’lvoire plays a major role in providing local communities with fish, as
households looked for other economic alternatives, particularly after the devaluation of the FCFA,
(Akindes 1995). On the other hand, evidence from nearby Liberia and other countries has shown that
when communities struggle for food in confolict situations, subsistence activities, e.g., hunting and fishing
increase (Foster et al. 2009). Although small-scale fishing in Céte d’lvoire was mainly for subsistence in
the past, subsistence fishing has witnessed a certain degree of ‘professionalization’ since the early-1980s,
which translated into a decline of individual fishing aimed at subsistence in villages excluded from the ban
of collective fishing techniques (Verdeaux 1981). When collective fishing techniques were banned, rather
than an increase in the number of individual (i.e., subsistence) fishers, an expansion of the fishing areas
occured (Verdeaux 1981).

There are three main types of subsistence fishing in Cote d’'lvoire considered in the present study: (i)
fishers using individual gear in the lagoons, (ii) artisanal fishers taking lagoon fish home, and (iii)
artisanal fishers taking sea-caught fish home. Item (iii) . was restricted in the past to a few species of
sparids and groupers being kept for personal consumption, while sardines, sardinellas and sharks were
sold in the markets (Koffie-Bikpo 2012). Lagoon fishers use several techniques, the most wide-spread one
is the acadja method that is called “tegbe” or “niapra” in Céte d’lvoire (Verdeaux 1981) in reference to the
hollow wood used to form enclosures used to concentrate and catch fish (Durand et al. 1994). Although
catches taken using these methods are accasionally sold, we consider it to belong to the subsistence
sector.

Cast net fishing

We estimated subsistence catches using cast nets separately for Aby and Ebrié Lagoons, and other
lagoons, as the product of the catch per fisher and the number of fishers.



The number of cast net fishers in Ebrié Lagoon were assessed by Durand et al. (1978) at 3,375 fishers
(1972 and 1973), Laé (1992) at 2,160 fishers for 1977, and by Durand et al. (1994) at 2,970 fishers for
1994. To obtain the number of fishers for 1950, we multiplied the mean percentage of cast net fishers over
the coastal population of 1973-1977 by the coastal population of 1950. This mean was assumed to be
constant between 1950 and the 1970s because of the overall unchanged conditions in the lagoon. The
number of cast net fishers increased to 2,932 fishers in 1986 (Laé 1992) partly due to the prohibition of
collective fishing techniques in Ebrié Lagoon. To estimate the number of cast net fishers for 2010, we
assumed the rate of individual fishers over the coastal population declined by 20% since 1994, due to
migrations caused by conflicts, and estimated a percentage of 1% for 2010. By multiplying this percentage
by the coastal population for 2010, we obtained the number of cast net fishers for 2010 at 4,118, and
interpolated between the previous effort estimates. Catches were assessed for the period between 1975
and 1984 (Durand et al. 1978; Anon. 1981; Laé 1992), which allowed to estimate the CPUE by dividing
these catch estimates by the previous effort. We obtained the CPUE for 1950 as the geometric mean of the
1975-1978 CPUEs, given the overall unchanged conditions. On the other hand, the overexploitation of
certain species of small pelagic fishes in the early 1980s led to a decrease in CPUE, which remained
constant since then, notably because of the high adaptability of fishing villages (e.g., the prohibition of
collective fishing gear). Consequently, we obtained the CPUE for 2010 as the geometric mean of the 1982-
1984 CPUEs. We interpolated between the CPUE anchor points and then multiplied CPUEs by effort
estimates (Table 2).

Table 2. Effort and CPUE anchor points for the estimation of cast net fishing in Ebrié and Aby Lagoons. Interpolations are indicated by italics.

Ebrié Lagoon Aby Lagoon Estimated CPUE
Effort Effort CPUE
Year (fishers) Source (fishers) Source kg-fisherl.year! Source
1950 1,217 Assumed 407 Assumed 810 Geometric mean 1975-1978 CPUE
Durand et al.
1973 3,375 (1978) 1,284 Interpolation 642 Interpolation
Durand et al.
1974 3,375 (1978) 1,322 Interpolation 635 Interpolation
Estimated catch (Durand et al. 1978) by interpolated
1975 2,767 Interpolation 1,360 Interpolation 627 effort
1976 2,159 Laé (1992) 1,398 Interpolation 738 Interpolation
1977 2,237 Interpolation 1,436 Interpolation 849 Estimated catch (Anon. 1981) by interpolated effort
1984 2,777 Interpolation 1,703 Interpolation 730 Estimated catch (Laé 1992) by interpolated effort
1986 2,932 Laé (1992) 1,779 Interpolation 725 Interpolation
Durand et al.
1994 2,970 (1994) 2,084 Interpolation 704 Interpolation
1996 3,113 Interpolation 2,160 Konan 1998 698 Interpolation
2010 4,118 Assumed 1,684 Assumption 662 Geometric mean 1981-1983 CPUE

Konan (1998) reported the number of cast net fishers at 2,160 for 1996 in Aby Lagoon, which represented
0.8% of the coastal population. Given the decline in subsistence fishing using individual gear in lagoons
other than Ebrié Lagoon (Verdeaux 1981), we conservatively assumed that this percentage was 20%
higher in 1950 (1 %) and 50% lower in 2010 (0.4%). We then multiplied these percentages by the coastal
population of 1950 and 2010 respectively and obtained the number of fishers at 407 (1950) and 1,684
(2010). We interpolated linearly and multiplied the resulting effort by the CPUE estimated previously for
Ebrié Lagoon (Table 2).



To estimate catches for the Grand-Lahou Lagoon, for which no data on the number of individual fishers
were available, we first estimated the average annual catch by square km for the two previous lagoons and
then multiplied these by the surface area of Grand-Lahou.

Personal consumption

Personal consumption was estimated by Konan (1998) at 3% of artisanal catches for 1996. We assumed
that this consumption rate was constant between 1950 and 1996, and increased it by 30% in 2010,
because of the increase of insecurity, which increased informal activities. We interpolated linearly to fill in
the gap and then multiplied the resulting rates by the estimated artisanal marine and lagoon catches.

Tegbe (acadja) catches

The number of fishers using the tegbe technique was estimated to be the equivalent of 14% of fishers
around lagoons (Verdeaux 1981). We first calculated the total number of fishers in Cote d’'lIvoire lagoons
as the sum of previously estimated number of fishers in each lagoon between 1950 and 1969. We then
interpolated to 10,000 fishers in 1979 (Cormier 1983), and to 2,898 fishers in 2010 (Pérez-Ruzafa and
Marcos 2012). We interpolated to complete the time series of the total number of lagoon artisanal fishers,
and then multiplied the resulting numbers by 14%. Assuming that a tegbe system has a similar production
rate than an acadja system, i.e. around 3.4 t-acadjal-year! (Belhabib et al. In press-a), we multiplied this
rate by the number of fishers (each fishers conservatively using one teghe) and estimated tegbe catches
between 1950 and 2010. Total subsistence catches are calculated as the sum of the three components
estimated above.

Industrial catches

Industrial fisheries in Cote d'lvoire include a domestic component, which in turn, consists of three
different categories: (i) tuna purse-seiners, (ii) shrimp and fish trawlers and small pelagic purse seiners,
and (ii) foreign fleets including trawlers, but mostly tuna vessels. The Canal of Vridi, opened in 1950, links
Ebrié Lagoon to the sea, ans lead to the creation of the port of Abidjan. By providing good berthing
facilities, the new port fortered the development of an industrial fishery (Koffie-Bikpo 2012), which
expanded its fishing grounds from the coast of Céte d'lvoire in the early 1950s to Liberia and Ghana in the
early 1960s, and later to Mauritania (Cormier 1983).

Trawl landings were recorded by observers since 1966, along with related data on fishing effort, fishing
zones and ex-vessel prices. Data on fishing zones and the time spent at sea were collected from the
skippers and boat owners themselves; when this information was lacking, it was inferred from vessels of
the same size class (Fonteneau and Troadec 1969); such extrapolations were performed for around 30% of
the trawl fleet between 1966 and 1978 (Fonteneau and Troadec 1969). Similarly, small-pelagic purse-seine
catch data was collected since 1966 by the CRO, and then by the Projet de Développement de la Péche
Pélagique Cétiére. Catch data from the marketing services of the landing site and from skippers were
collected and then compared and harmonized, while trip durations were obtained using the time of exit
and re-entry to port (Fonteneau and Marchal 1970). Between 40% to 50% of the fishing trips were
covered by this process (Fonteneau and Marchal 1970). Tuna catch surveys began in the early 1990s by
IRD and CRO, but they became reliable only since 1996, when then catches became assessed on deck
(Romagny et al. 2000).

Over 100,000 t of fish are transhipped annually through Abidjan port, which make catch recording very
difficult, despite these efforts, the quantities and/or the geographical provenance of these catches is often
not available (Chavance et al. 2011). Rather, the spatial resolution and the accuracy of such data are based
on the good will and honesty of skippers. Herein, we reconstruct the catches taken within the Exclusive



Economic Zone (EEZ) of Céte d'lvoire, and distinguish them from catches taken outside, but
landed/transhipped through Abidjan, in an effort to retrace the history of the domestic fisheries of Céte
d'lvoire and understand the reasons behind their collapse.

Domestic fisheries

Domestic catches are defined as catches taken by vessels flagged to Cote d'lvoire and landed in Cote
d'lvoire. These could be caught within or outside the country’s EEZ.

Trawl catches

Total trawl fish landings by the domestic fleet, taken within or outside the EEZ, were reported by Lassarat
(1958) for 1955, Caveriviere (1979) between 1955 and 1968, Cormier (1983); Rey (1993); Kébé et al. (1997)
between 1969 and 1995, Coulibaly (2010) between 2000 and 2005 and by Bikbo-Koffie (2010) between
2006 and 2008. On the other hand, landings taken from within the Cote d’lvoire’'s EEZ were reported by
Caveriviere (1979) and Menard et al. (2001) between 1955 and 1997. landings as reported by Caveriviere
(1979) under-estimated catches, as suggested by Lassarat (1957, 1958). Therefore, we reconstructed
catches based on the reported effort and CPUE, then compared these to the landings reported in the
literature.

The CPUE of trawlers was estimated at 22,36 kg day! for 4 units operating 25 fishing days a month
(Lassarat 1958), which translates into a CPUE of 1,677 t-trawler-l-day! for 1956. The author observed a
lower CPUE by experimental trawlers the previous year, i.e., 443 t-trawler-1-day-l. Therefore, we calculated
the geometric mean of the CPUEs at 1,060 t-trawler-l.day! and assumed the latter was constant between
1950 and 1956. Given the over-exploitation pattern observed in the mid-1980s (Cormier 1983), which
included a growing vessel capacity and the retaining of more bycatch species, we assumed the CPUE
declined by 5% between 1956 and 1984, i.e., to 1,007 t-trawler!-day-. Similarly for 2010, we assumed a
decline of 15% and estimated a CPUE of 856 t-trawler-1-day, and interpolated to fill in the gaps.

The total number of fish trawlers, reported through the 1950-2010 time period (Lassarat 1958; Cormier
1983; Rey 1993; Kébé et al. 1997; Bikbo-Koffie 2010), was completed by a series of interpolations. The
number of demersal fish trawlers and their respective GRT was reported by Caveriviere (1979) for the
period between 1950 and 1980, when vessels under 300 GRT fished exclusively in Cote d'lvoire, while
trawlers with a GRT between 300 and 600 GRT fished mostly (here assumed to be 70% of the time) in
Cote d’'lvoire and at a lesser extent in Sierra Leone, Liberia and Ghana (30%); finally, trawlers of GRT <
600 GRT fished between Sierra Leone and Mauritania (Caveriviere 1979). We estimated the number of
vessels operating within Cote d’'lvoire between 1950 and 1980 as the total number of vessels under 300
GRT to which are added 70% of the vessels between 300 and 600 GRT. We calculated the percentage of
these two categories over the total for 1980, last data point for the GRT categories, and then multiplied
this percentage by the total number of fish trawler for the subsequent years, 100% of the first category
(<300 GRT) and 70% of the second category operated within the Cote d’'lvoire EEZ. We thus obtained the
number of vessels operating in Sierra Leone, Liberia and Ghana as 30% of the second category, and
obtained the number of vessels operating from Sierra Leone to Mauritania (GRT>600) as the difference
between the total number of vessels and the sum of the two first GRT categories. To estimate total catches
by these two categories, we first estimated the CPUE per GRT by dividing the CPUE per trawler of the first
category by 300 GRT between 1950 and 2010 and then multiplied the resulting CPUE
(t-trawlert-GRT-year!) by 450 (average GRT of the second category), and 600 GRT for the third category.
Finally, we multiplied the resulting CPUEs for both categories by their respective effort. We assumed
catches by vessels over 300 GRT from outside Céte d’lvoire started declining since 1984 to zero in 1990,
given no indication of access agreements between the Coéte d'lvoire and any other country in Africa, and



their declaration of EEZs. [Ghana's distant-water fleet suffered a similar fate (Atta-Mills et al. 2004)]. The
remaining catch was allocated to the Cote d’'lvoire’s EEZ.

While Caveriviere (1979) refers to landings from Sierra Leone, Liberia and Ghana for 30% of the vessels
ranging between 300 and 600 GRT, the same author, in 1978 reported that landings were taken, between
1966 and 1976, only in Ghanaian and Liberian waters, while Fonteneau and Troadec (1969) reported no
landings from Liberia. We calculated the percentage of landings taken from Sierra Leone and Ghana by
dividing the landings taken from the EEZ-equivalent waters of each country by the total of the two
between 1966 and 1976 and assumed these percentages were constant from then to 1990 (when catches
from outside Cote d’'lvoire were zero), and backwards from 1960 to 1966.

Catches taken between Sierra Leone and Mauritania, i.e., mainly from Guinea and Senegal (Caveriviere
and Marcille 1978), from Guinea Bissau (Caveriviere 1978), and from Gambia and Angola, were only
mentioned casually in the 1960s (Fonteneau and Troadec 1969) and made up only 3% of the Ivoiran catch
in 1969. They were not included in the present study. However, we allocated a third of the catch taken
from outside Cote d’'lvoire by trawlers of over 600 GRT to each country’s EEZ (Guinea, Senegal and
Guinea Bissau).

Shrimp trawl catches

Shrimp trawl catches were reported from 1969, when the fishery began to 1981, when the fishery collapsed
(Cormier 1983; Rey 1993; Kébé et al. 1997). These catches are taken from both Céte d’'lIvoire and Nigeria,
but catches post-1981, after the economic collapse of Ivory Coast industrial fishery in 1978-1979 (Garcia
and Poinsard 1989), were likely from Nigeria (FAO 1985). We assumed these catches were reliable given
the monitoring system used then, and divided them by the number of shrimp trawl vessels obtained from
various sources (Cormier 1983; Rey 1993) to obtain a series of CPUEs averaging at 47 t-vessel-l-year-l. We
assumed that this CPUE was constant later on, as vessels adapted to decreasing catches (and ultimately to
the collapse of the fishery in Céte d’lvoire) by fishing in Nigerian waters. We then multiplied this CPUE by
the reported number of vessels between 1982 and 2010 (Kébé et al. 1997; Bikbo-Koffie 2010). The number
of vessels operating in Nigeria and the number of fishing days between 1970 and 1975 were reported by
FAO (1985) along with the catch for 1973 which allowed to estimate the CPUE at 0.27 t-vessel-l-day-.
Assuming a constant CPUE from 1970 to 1975, we estimated catches taken from Nigerian waters for the
same time period. We also considered that all catches after 1981 were taken from Nigeria (FAO 1985). The
difference between catches taken from Nigeria and total catches represents the catch taken by domestic
shrimp trawlers from Céte d’lvoire.

Industrial small-pelagic catches

Although the number of small pelagic purse-seiners was documented throughout the 1950-2010 time
period (Lassarat 1958; Bouberi 1981; Cormier 1983; Rey 1993; Kébé et al. 1997; Bikbo-Koffie 2010), along
with catches for the periods 1967-1995 and 2000-2008 (Cormier 1983; Cury and Roy 1987; Rey 1993;
Kébé et al. 1997; FAO 2009; Bikbo-Koffie 2010; Coulibaly 2010), little is known on the geographical
distribution of catches beyond the EEZ of Cote d’lvoire . The few data points illustrating the origin of the
purse-seine catch taken from Cote d’lvoire , Sierra Leone, Senegal, Ghana and Congo covered only years
within the period between 1966 and 1979 (Hem 1976; Caveriviere and Marcille 1978; Bouberi 1981, 1984a,
1984b). To complete the time series of total small pelagic catches, i.e. taken within and outside Cote
d’'lvoire EEZ, we estimated the average CPUE for the early 1980s based on the effort and the catch
documented by Bouberi (1981, 1984b) at 1,345 t-vessel-l.yearl. We assumed the CPUE for 1950 was 30%
higher (1,748 t-vessel-l-year?), thus reflecting in one hand the impact of the collapse of the sardinella
fishery of the 1970s and the quota limitations imposed by fishers syndicates in the 1980s (Bouberi 1984a).
We multiplied this CPUE by the number of vessels for 1950 and obtained a catch of 3,497 t-year-. Given
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the decline in CPUE and number of vessels in the 2000s (Pigeaud 2012), we assumed catches declined by
5% between 2008 and 2010. We then interpolated linearly to fill in the gaps between 1950 and 2010.

We interpolated catch estimates from zero in 1950 to the first anchor point available for catches taken
from Sierra Leone (1967), Senegal (1975), Ghana (1966) and Congo (1974) and then from the last anchor
point for Sierra Leone and Senegal (1979), Ghana (1978) and Congo (1975) to zero in 2010 for Sierra
Leone and Senegal, and zero in 1979 for Ghana and Congo. The difference between total catches taken
within and outside Céte d’lvoire EEZ and the sum of catches taken from Sierra Leone, Senegal, Ghana and
Congo, represents the domestic small pelagic catches taken within Cote d’lvoire EEZ.

Industrial tuna catches

Tuna fisheries surveying for foreign vessels began only in 1990 and became efficient in 1996 (Romagny et
al. 2000). On the other hand, literature review showed domestic tuna catches as early as 1957 when
experimental tuna fishing began (Lassarat 1958), for 1965 (Ecoutin 1992) and between 1970 and 1986
(Caveriviere and Marcille 1978; Cormier 1983; Ecoutin 1992; Rey 1993; Kébé et al. 1997), when domestic
tuna seiners stopped operating in Cote d'lvoire (Rey 1993). These catches included only main species of
skipjack (Katsuwonus pelamis) and albacore (Thunnus alalunga). The bycatch, called “faux poissons!”
meaning false fish, and which is “a peculiar term for an important by-product of the purse-seine fishery in
West Africa and particularly in Abidjan”(Amande et al. 2010) was not included in official statistics
(Caveriviere and Marcille 1978). We completed the time series by interpolating linearly between the
anchor points, assuming tuna domestic catches were correctly reported.

Foreign catches

Demersal trawl fisheries

Herein we reconstruct Chinese trawl catches within Céte d’'lvoire, given the large number of legal Chinese
trawlers in the country’s EEZ. FAO (2008b) reported that 9 Chinese trawlers were authorized to fish in
Cote d'lvoire EEZ, with a CPUE of around 415. t-vessel-!.year-! for 2005. Other estimates show a CPUE of
1,252 t-vessel-l-year! (Pauly et al. 2013). We assumed that China started fishing in Céte d’lvoire in 1990,
at the time when foreign trawlers were reported for the first time within the Ivoirian EEZ (FAO 2008b),
and that the effort was constant between 2005 and 2010; then, we linearly between zero in 1990 and the
first data point in 2005. Total Chinese trawl catches from Céte d’'lvoire are calculated as the product of
effort and a CPUE of 808 t-vessell-year!, i.e., the mean between values in (FAO 2008a, 2008b; Pauly et
al. 2013).

Tuna fisheries

Scarce documentation is available on foreign tuna fishing in Cote d’'lvoire. When reviews are found, often
the geographical allocation of catches remains confusing, as literature refers to landings in Abidjan rather
than catches from Cote d’lvoire. A few hints show the number of vessels within Coéte d’lvoire waters,
and/or describe the presence or the absence of an agreement for tuna fishing. For example, the first
agreement with France was signed right after independence in 1961 (Cormier 1983; Folsom et al. 1993). It
is reasonable to assume that Spain and Senegal, for which the number of vessels was reported for 1972
(Cormier 1983), also began fishing in Cote d’'lvoire in 1961, given that Senegalese vessels were mainly
from Spanish and French origin (Belhabib et al. 2014). A total number of 270 tuna vessels were reported
for 1972, of which 22% were Japanese, 30% French, 18.5% Korean, 18.5% Taiwanese, 6% Spanish, 2%
Senegalese and 3% allocated evenly between Yugoslavia, the United States, Canada and Israel (Cormier

! This sector is treated further below in the section on “faux poissons”.
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1983). We assumed all fleets, excluding those from Spain, Senegal and France, started fishing in 1968,
when domestic tuna fishing resumed (Rey 1993). We kept this effort constant between in the 4 years from
1972 and 1975, which is the average duration of a fishing agreement. We then interpolated to zero in 1991
for Japan, Korea, Taiwanese, Senegal, Yugoslavia, United States, Canada and lIsrael, given the absence of
any reference indicating an agreement with these countries in the 1990s (in contrast to the agreement
with the EU). Similarly, we interpolated data for countries of the European Union (EU), i.e., Spain, France
and Portugal for which the effort was indicated in the agreements signed with the EU (Table 3). We
completed the effort time series by performing interpolations as needed.
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Table 3. Foreign tuna fleet anchor points, 1950-2010.

Japan France Korea  Taiwan Spain Senegal Yugoslavia US Canada Portugal Israeli Reference

1960 0 0 0 Assumption

19612

1968 0 0 0 0 0 0 0 Assumption

1972 59 81 50 50 16 5 2 2 2 2 Cormier (1983)

1973 59 81 50 50 16 5 2 2 2 2 Assumption

1974 59 81 50 50 16 5 2 2 2 2 Assumption

1975 59 81 50 50 16 5 2 2 2 2 Assumption

1978b 0 Lankester et al. (2001)
European Economic

1991- Community (1990); Folsom

1993 0] 45 (0] 0 45 0 0] 0 0 0 etal. (1993)
European Economic

1994- Community (1990); Folsom

1996 0] 45 0] 0] 45 0 0] 0 0 0 etal. (1993)

1996 0 45 0 0 45 0 0 0 0 0 0 OECD (2000)

1997- European Union (2004);

1999 0 25 0 0 30 0 0 0 0 5 0 OECD (2000)

2000 0] 30 0] 0 36 0 0] 0 0 5 0 European Union (2004)

2001 0] 30 0] 0 36 0 0] 0 0 5 0 European Union (2004)
European Union (2004);

2002¢ 30 30 0] 0 37 0 0] 0 0 5 0 Oceana (2004)
European Union (2004);

2003 30 30 0] 0 37 0 0] 0 0 5 0 Oceana (2004)
eur-lex.europa.eu/Index.do

2004 30 20 0 0 24 0 0 0 0 5 0 Oceana (2004)
eur-lex.europa.eu/Index.do

2005 30 20 0] 0] 24 0 0] 0 0 5 0 Oceana (2004)
eur-lex.europa.eu/Index.do

2006 30 20 (0] 0 24 0 0] 0 0 5 0 Oceana (2004)
eur-lex.europa.eu/Index.do

2007 30 20 0] 0 24 0 0] 0 0 5 0 EU (2008)
eur-lex.europa.eu/Index.do

2008 30 20 0] 0 24 0 0] 0 0 0 0 EU (2008)
eur-lex.europa.eu/Index.do

2009 30 20 0 0 24 0 0 0 0 0 0 EU (2008)
eur-lex.europa.eu/Index.do

2010 30 20 0 0 24 0 0 0 0 0 0 EU (2008)

a) first agreement here with France (Cormier 1983)
b) first agreement here, reciprocity not implemented and only Guinea Bissau was fishing in lvory Coast (Lankester et al. 2001)
¢) agreement signed with Japan for 30 vessels but the agreement was never used (European Union 2004)
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The next step was to estimate total catches of these vessels within the EEZ of C6te d’lvoire or the EEZ-
equivalent waters prior to the declaration of the EEZ in 1977. First, we estimated total catches of these
vessels within and outside Cote d’lvoire waters, based on the CPUE of domestic tuna vessels from Cote
d’'lvoire. We obtained the latter by averaging the CPUEs obtained by dividing the estimated domestic tuna
catch by the domestic effort between 1957 and 1986, i.e., 747 t-vessel-l-year-l. We multiplied this CPUE by
the number of vessels assuming that the decrease of the CPUE due to over-exploitation would be
compensated by the increase in vessel efficiency and the decrease in vessel number over time. We
multiplied the resulting catch by the average percentage of the catch originated from Cote d’lvoire, i.e., 6%
(Menard et al. 2000; European Union 2004). Although these percentages were reported only for the EU
fleet, we assumed that it applied to all other fleets, given that they hold agreements with other West
African countries, except for Israel, whose entire catch was assumed to be from Cote d’lvoire EEZ.

'Faux poisson"

Chavance et al. (2011) timed the beginning of the ‘faux poissons’ fishery back to the early 1980s, when
“the development of the log fishing practice for purse seiners produced quantities of juvenile major tunas,
minor tunas or by-catch species that started to be landed in Abidjan for consumption according to a
Nigerian (Houssa) recipe, the garba”, a cheap meal that gradually gained popularity (Romagny et al.
2000).

Catches of "faux poisson" were grossly under-estimated back in the 1980s (Romagny et al. 2000) and are
considered absent from more recent official statistics (Amandé et al. 2010). While these were estimated
by CRO based on customs reports, the nature of the activity that requires payment allows for a large gap
in estimations, a bias that drives catch estimates downwards as fishers would report less to pay less. Also,
very often, agents will not report these catches. Estimations by CRO, as opposed to official numbers
improved overtime (Amon Kothias 1986; Romagny et al. 2000) from very poor in the early 1980s to
relatively better in the late 1990s (Romagny et al. 2000). Catches reported as ‘faux poissons’ by the
Department of Fisheries (DAP) in national reports remain relatively low and unreliable when compared to
catches estimated more realistically by CRO, as the former were obtained via logbooks while the latter by
estimation onsite (Romagny et al. 2000). Even in 2010, accounting for ‘faux poissons’ landings remained
informal, and many issues were observed by Chavance et al. (2011), notably regarding the localization of
the catch, the gear, and the amount of the catch. The authors noted that the activity remained relatively
undeclared in official statistics.

While many fleets operate within Cote d’'lvoire EEZ and the Central Eastern Atlantic area, ‘faux poissons’
landings are reported only by European, Japanese, South Korean, Ghanaian and Guinean vessels and
vessels flying flags of convenience of countries such as Cambodia (Chavance et al. 2011). We first
attributed an underreporting rate of “grossly unreliable/underestimated”, “low reliability” and “good
reliability” to CRO estimated catches (Romagny et al. 2000) for the periods considered by the author. We
assumed catches were under-estimated by 60% for 1988-1991, 40% in 1991-1994, 30% between 1995 and
1999 and interpolated to 20% (conservatively) in 2010. We first estimated total catches, i.e., added the
unreported component for the EU fleets by multiplying the former percentages by the reported catch and
then adding it to the reported catch between 1991 and 2010. These estimates include Spain, France and
Portugal for the most recent periods. Then, we estimated Spanish, French and Portuguese ‘faux poissons’
bycatch rates by dividing the catch of ‘faux poissons’ by the corresponding total tuna catch, i.e., tuna
catches landed in Abidjan regardless of the catch area, between 1991 and 2010, and interpolated from zero
in 1981 (Chavance et al. 2011) to the first estimated bycatch rate in 1991, i.e. 35%. Given the similarities
between the EU fleets and the Senegalese (mainly French and Spanish based in Dakar) and domestic
fleets (given that tuna fishing was introduced to Céte d’lvoire by France; (Lassarat 1957, 1958; Belhabib et
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al. 2014), we assumed the same bycatch rates and applied them to the estimated tuna catch by the
Senegalese and Cote d’'Ivoire fleets.

Japanese tuna catches were estimated between 1969 and 1990, a period during which Japan had an
agreement with Céte d’'lvoire (see foreign tuna catch section), while ‘faux poissons’ catches were only
reported for Ghana, also known to have a significant number of Japanese tuna boats flagged to it (Nunoo
et al. In press), and covered only the period between 1988 and 2009 (Chavance et al. 2011). Therefore, we
could only estimate bycatch rates for the three overlapping years (1988-1990). We interpolated bycatch
rates between zero in 1981 and 29% estimated herein in 1988 and multiplied the resulting time series by
Japan’s tuna catch, thus obtaining Japanese ‘faux poissons’ catches landed in Abidjan. Similarly, knowing
that Korea also used to reflag its tuna boats to Ghana, we used the same bycatch rates and applied them to
the Korean tuna catch between 1981 and 1990, when Korea stopped operating in Cote d’lvoire as ‘Korea’.
We used these same bycatch rates for the other fleet that had agreements with Cote d’lvoire and landed
their catches in Abidjan, i.e., Israel, Canada, United States, Yugoslavia and Taiwan. For Ghana, Guinea
and Cambodia, for which only ‘faux poissons’ catches were reported by Chavance et al. (2011), we
calculated the unreported catch by multiplied the reported catch by the underestimation rates alluded
above based on the reliability of catch estimates as described by Romagny et al. (2000). Although only 6%
of the foreign catches landed in Céte d’lIvoire are taken from the country’s EEZ, the reported landings of
‘faux poissons’ from outside the EEZ were likely included in the data submitted to FAO.

Illegal fisheries

With over 600-700 fishing vessels visiting the ports of Céte d’lvoire, there are no inspectors responsible
for fisheries compliance (SIF 2010). Furthermore as of 2011, Céte d’lvoire did not have patrol boats and
relied on it its navy to monitor fisheries; the Monitoring Control and Surveillance (MCS) unit and Vessel
Monitoring System (VMS) were not functional (Manning 2011). This fostered illegal fishing, e.g., by over
40 Chinese trawlers in 2004 and 2005 (Anon. 2007) of which only 8 and 9 vessels were legal,
respectively. For 2010, illegal catches were estimated at 55,116 t-year! (Valdmanis and Akam 2010). We
multiplied the number of illegal Chinese pair trawlers, i.e., 32 and 31 respectively for 2004 and 2005 by a
CPUE of 1,252 t-vessel-l-year! (Pauly et al. 2013), slightly higher than the average CPUE estimated for
legal trawlers, and then interpolated starting from O in 1990, as 1991 coincides with the beginning of
Chinese fishing operations in Cote d’'lvoire.

Discards
Trawlers

Discard rates observed and reported for Cote d'lvoire are relatively low,as only a few species are discarded
within the EEZ. Furthermore, these already low rates have been declining in the recent years reflecting
trawlers increasingly keeping fish of lower value (Caveriviere 1983). Discards rate of 15% were reported
from 1958 and 1959 (Caveriviere 1983), which we assumed constant for the 1950s. For 1966 and 1967, we
used the acoustic trawling survey report by Troadec et al. (1969), which showed that of over about
1,940 kg-h of catch, 1,550 kg-h-! were commercial species, the remainder being discarded. Thus, relying
on the assumption that the survey trawler performed similarly than other trawlers (300 CV and mesh size
of trawl 40 mm) over the same fishing grounds, we obtained a discard rate of 20% of total catches, which
was kept constant between 1966 and 1969 (Troadec et al. 1969). For 1983, Caveriviere (1983) reported a
discard rate ranging between 5% and 30%, which is herein averaged at 18% for demersal trawlers.
Knowing that discard rates have been declining (Caveriviere 1983), we assumed a decline of 20% for
2010, i.e., a discard rate of 14%. We applied these discard rates to the estimated domestic trawl catch
within and outside Céte d’'lvoire EEZ. For the Chinese legal trawl fleet, we applied a discard rate of 40%
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(Belhabib et al. in Press-b), while for the illegal pair trawl fleet, we applied a discard rate of 80% of the
trawl catch (Belhabib et al. in Press-b).

Similarly, the discards of the Spanish and French tuna fleet were estimated at 14% for 1998 (Romagny et
al. 2000), which we assumed constant between 1998 and 2010 across fleets of different origins. We
assumed discards generated by tuna fleets were conservatively 20% higher in 1950 given the decline in
tuna discards due to development of a market for ‘faux poissons’ (Romagny et al. 2000; Chavance et al.
2011). We interpolated and applied these discard rates to the estimated tuna catch taken within Cote
d’'lvoire by both the domestic and foreign fleets.

Caveriviere (1983) observed that around 1% of small pelagic purse-seine catches were discards and were
constituted mainly of West African ilisha (llisha Africana). We assumed this discard rate was constant
between 1950 and 2010 and applied it to the small pelagic domestic purse-seine catch within Cote
d’lvoire.

Species disaggregation

We disaggregated subsistence lagoon and artisanal catches using the species composition described by
Laé (1992). For industrial catches we derived a species disaggeragtion from the reported landings dataset
(supplied by the FAQO), while for the foreign component, we disaggregated catches based on (FAO 2008b).
We disaggregated discards based on the disdescription by Caveriviere (1983) and Romagny et al. (2000).

RESULTS
Artisanal

Total artisanal catches were estimated at over 2.9 million t between 1950 and 2010, 67% of which were
marine. Lagoon artisanal catches were estimated at 982,300 t during the 61 years’ time period. Lagoon
catches increased from 14,200 t in 1950 to a peak of 22,000 t in 1979, right before they collapsed due to
the decline of the small pelagic catches and the proliferation of collective fishing gear (Figure 3). Lagoon
catches varied later on, while increasing toward their second peak of 15,800 t in 1998. They have been
declining since, due to increasing migrations towards the coast (Figure 3). Artisanal marine catches
decreased slightly in the early 1950s, due to the conflict between Céte d’'lvoire and Benin, which drove
fishers from the latter country to leave Cote d’'lvoire. Artisanal catches increased again, to 35,000 t in
1984 and then decreased to 25,000 t in 2010, their minimum since 1957 (Figure 3).
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Figure 3. Reconstructed artisanal marine and lagoon catches from Cote
d’'lvoire EEZ, 1950-2010.

Subsistence

Subsistence catches were estimated at 523,000 t over the 1950-2010 time period, of which 456,100 were
from the lagoons of Cote d’lvoire (83%). Lagoon subsistence catches taken mostly by cast nets and Tegbe
systems increased to a peak of 9,100 tin 1977, and then decreased to less than 6,500 t in 2010 as the use
of Tegbe systems fishers migrating towards the coast (Figure 4). Subsistence marine catches, including
the catch taken home by artisanal fishers, were estimated at 67,200 t-year-! between 1950 and 2010, less
than 12% of the total subsistence catch, and, overall, remained relatively constant at around 1,000, with

slight increases from the 1970s to the 1990s (Figure 4).
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Figure 4. Reconstructed subsistence catch from Cote d’lvoire , 1950-2010.
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Industrial domestic

Total domestic catches were estimated at 2.9 million t between 1950 and 2010, around a third of which
were taken from outside Co6te d’'lvoire EEZ. Small pelagic purse-seine contributed over half of total
domestic catches, followed by demersal catches with around 40% the total domestic industrial catch,
while tuna catches including ‘faux poissons’ catches represented only 7%. The latter number is explained
by the fact that the domestic tuna fleet operated only between the mid-1960s and the mid-1980s. Total
catches increased from around 6,200 t in 1950 to a first peak of around 78,000 t in 1972, corresponding to
the peak of demersal and shrimp trawl catches and a second peak of around 80,000 t in 1981
corresponding to the peak of tuna fisheries (Figure 5a). Catches remained relatively constant at around
78,000 t-year! on average during that time, which corresponds to the period of economic prosperity.
Thereafter, catches declined steadily to less than 22,048 t in 2010 (Figure 5a).

Domestic demseral trawl catches were estimated at 1.5 million t between 1950 and 2010, 20% of which
were caught from outside Co6te d’'lvoire, but landed in Céte d’lvoire ports. Catches taken from Cote
d’lvoire EEZ increased from around 2,400 t in 1950 to a peak of 35,600 t in 1966, declined to a minimum
of 3,300 t in 1982, increased gradually to a second peak of around 32,900 t in 1996, with increasing
number of domestic trawlers returning to fish in Cote d’'lvoire, to decrease thereafter to around 8,800 t in
2010. In contrast, domestic demersal trawl catches taken from outside Céte d’lvoire EEZ reached their
maximum between 1972 and 1980, a period of economic prosperity, before decreasing gradually to zero in
1990 (Figure 5b). The decrease of catches taken from the outside coincides with the increase of catches
taken from within Cote d’lvoire EEZ (Figure 5b).
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Figure 5. Total industrial domestic catches of a) the fleets of Cote d’lvoire within and outside Cote
d’'lvoire EEZ by gear, b) the demersal trawl fleet within and outside Cote d’'lvoire EEZ.
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Figure 7. Total industrial domestic catches of the tuna fleet and its ‘faux poissons’ bycatch within Céte
d’'lvoire EEZ

The same pattern is observed for shrimp catches, which peaked at around 700 t in 1971 (mostly from Céte
d’'lvoire EEZ), and then declined to peak again in 1988 (330 t) and 1996 (280 t), all of which were caught
in Nigeria, before collapsing (Figure 6).

Tuna catches (including ‘faux poissons’) were estimated at 191,400 t between 1950 and 2010. Tuna
catches started at around 250 t in 1957 and increased to 20,615 t in 1981, after which ‘faux poissons’
started to be landed in Abidjan by the domestic tuna fleet and increased to a peak of 1,100 t in 1983,
corresponding to a tuna catch of 18,100 t (Figure 7). Domestic tuna fisheries collapsed as domestic tuna
boats stopped operating in 1987 due to the economic crisis. A small component of ‘faux poissons’ was
reported as being domestic, although, a large fraction of it was landed in Abidjan by foreign fleets.
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Small pelagic purse-seine catches totalled 1.5 million t between 1950 and 2010, most of which were caught
within Céte d’'lvoire EEZ. Catches increased from around 3,800 t in 1950 to a first peak of 56,100 t in
1971, decreased to 21,300 t in 1979 due to the decline in the number of boats to increase again to a second
peak of 44,400 t in 1982 after catches from outside Cote d’lvoire EEZ started declining, and then
decreased gradually to 13,200 t in 2010 (Figure 8).
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Figure 8. Total industrial domestic catches of the small pelagic purse-seine fleet within and outside Cote
d’'lvoire EEZ, 1950-2010.

Industrial foreign catches

Total foreign catches were estimated at over 989,000 t from 1950 to 2010, 58% of which were caught by
illegal trawlers (578,500 t), 32% by the tuna fleets, including ‘faux poissons’ catches within Cote d’lvoire,
with the remainder caught by Chinese legal trawlers.

Total catches by the tuna fleet (excluding ‘faux poissons’) increased from around 400 t in 1961, when the
fishery began to a peak of 14,200 t-year- on average during the early 1970s and then declined to 2,100 t in
2010 (Figure 9). Tuna catches by France and Spain dominated over the 1950s-2010 time period, while
catches by Japan, Korea, Taiwan and Israel peaked in the early 1970s to be zero later on Figure 9.

‘Faux poissons’ catches were estimated at around 30,300 t between 1950 and 2010, which represented the
equivalent of 10% of the tuna catch. ‘Faux poissons’ catches increased from 200 t in 1980 with the
introduction of the log fishing practice in the tuna purse-seine fishery, to a peak of around 2,000 t in
1993, and then remained more or less constant thereafter (Figure 9).

Legal Chinese trawl catches were estimated at 94,500 t between 1990, when they began, and 2010.
Catches increased from zero in 1990 to a maximum of 7,300 t in 2005, then remained relatively constant
(Figure 9). lllegal Chinese trawl catches increased from zero in 1990 to over 55,100 t in 2010, and then
totalled over 578,500 t.
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Figure 9. Total foreign legal catches from Céte d’lvoire, 1950-2010.
Discards

Discards within Céte d’lvoire waters were estimated at over 777,400 t from 1950 to 2010, most of which
were by illegal trawlers operating within Cote d’lvoire EEZ (60%), followed by the domestic and the
foreign fleets with 27% and 14% respectively.

Discards by the domestic fleets increased from around 360 tin 1950 to a peak of 7,400 t in 1966 with the
peak of industrial trawl catches. Discards by the domestic fleet within Cote d’lvoire EEZ decreased
thereafter, which corresponds with the start of the domestic fleet venturing outside Cote d’lvoire waters
(Figure 10). Domestic discards increased thereafter to a second peak of 5,100 t-year-! in the mid-1990s to
decrease again to around 1,000 t in 2010 (Figure 10).

Discards by foreign tuna fleets were estimated at 43,400 t from 1950 to 2010, increasing from 66 tin 1961
to a peak of 2,200 t-year-! between the early and the mid-1970s, then decreasing to less than 300 t in 2010
(Figure 10). Discards by the legal trawl (China) fleet, on the other hand, increased steadily from 320 t in
1990 to around 4,500 t in 2005, a level at which they remained (Figure 10).

lllegal trawl discards represented the overwhelming majority of discards, with over 462,800 t from 1950
to 2010, increasing from around 2,300 t in 1990 to around 44,100 t in 2010 (Figure 10).

22



o2}
o
1

a
o
T

N
o
T

Legal trawlers

Catch (t x 10%)
N w
o o

Foreign tuna

10 - Domestic
O 1 1 1 1 1 1
1950 1960 1970 1980 1990 2000 2010

Year

Figure 10. Total reconstructed discards by domestic and foreign fleets within Céte d’lvoire EEZ, 1950-
2010.

‘Faux poissons’ from outside Céte d’'lvoire EEZ

Total foreign ‘faux poissons’ catches from outside Cote d’lvoire EEZ landed in Abidjan were estimated at
over 599,300 t between 1950 and 2010, of which about 374,200 t (62%) were reported to FAO as Céte
d’'lvoire catch. ‘Faux poissons’ catches increased rapidly since the Fish Agregating Device was introduced
in the early 1980s, and peaked twice, in 1993 with around 29,800 t and in 2000 with around 28,600 t
(Figure 11). Catches reached a maximum in 2010 (Figure 8). Unreported catches of ‘faux poissons’
declined as reporting improved, from 13,800 t-year-! on average in the 1980s to less than 5,200 t in 2010
(Figure 11).
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Figure 11. Total ‘faux poissons’ caught by foreign fleets outside Céte d’lvoire EEZ and landed in Cote
d’lvoire ports, 1950-2010.
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Total catches

FAO data reported by Céte d’'lvoire include catches of ‘faux poissons’ taken by foreign fleets from outside

the EEZ of Cbte d’lvoire which are assessed locally. Similarly, catches taken by Cote d’lvoire from other

countries’ EEZs were reported to the FAO. Total domestic reconstructed catches were estimated at 5.6

million t over the period from 1950 to 2010 of which only 2.6 million t were reported to FAO. Total

removals from Céte d’'lvoire EEZ increased from 52,700 t in 1950 compared to 14,600 t reported to FAO
to 105,100 tyear! on average from the early 1970s through the early 1980s compared to
43,000 t-year 1 reported to the FAO after removing ‘faux poissons’ catches, which started being
reported in 1981. Domestic catches within Cote d’lvoire EEZ declined steadily thereafter to less than
65,500 t in 2010 compared to 56,889 t reported to FAO. It is herein strongly suspected that a large
portion of the miscellaneous marine fish component is taken by foreign fleets from EEZs outside of
Cote d’lvoire and landed in Abidjan then reported to the FAO as being domestically caught. In fact one
strong reason for the increase in reported landings, which doubled in 2010, seems to be due to the
reporting of around 15,000 t of ‘faux poissons’. This is supported by the fact that literature refers to a
large part of these catches as ‘reported’, while many reports from the CRO include reported ‘faux
poissons’ catches. When these are filtered out, catches decline (Figure 12).

Overall total removals from Cote d’lvoire EEZ (domestic and foreign) were estimated at around 7.0
million t between 1950 and 2010. Catches increased and remained relatively constant at

116,000 tyear 1 on average between the mid-1960s when Céte d'lvoire signed agreements for
foreign tuna fishing (Mainly), and the early 1980s, when the economy collapsed. Catches decreased

slightly in the 1990s and increased again due to increasing illegal catches and be over 167,000 t in 2010.
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DiIsCcUSSION

Total catches in Cote d’lvoire were estimated at 7.1 million t between 1950 and 2010, of which
5.6 million t were caught domestically within Cote d’lvoire EEZ. Total reconstructed domestic
catches exhibit a constant decline since the mid-1980s due to poor economic conditions and over-
exploitation, in contrast to the increasing trend suggested by the data supplied to the FAO. The latter is
primarily due to a massive increase in ‘faux poissons’ catches landed by foreign fleets but reported
by Céte d’lvoire. This is dangerous, as it masks the decline in domestic catches from Céte d’lvoire EEZ.
Thus, not only is the the over-exploitation problem hidden, but it suggests the sector to be flourishing,
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while it is in reality not far from collapsing.
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The symptoms of this decline are further illustrated through a general over-exploitation of the Coéte
d’'lvoire EEZ (Cormier 1983), the collapse of the shrimp fishery which is believed to be the result of
artisanal shrimp fishing in lagoons (Garcia and Fonteneau 1971), the tuna fleet which went “out of
business” as early as the late 1980s, the general decrease in the number of boats operating within and
outside Céte d’lvoire and even the proliferation of unwanted species such as triggerfishes in the early
1970s (Troadec and Garcia 1979). Despite this, artisanal fisheries still retain an important role with
around 50% of total domestic catches. Indeed, this role has increased as industrial fisheries declined. The
constraint to fish, increased by poor economic conditions, has driven artisanal fishers to adopt diverse
adaptation strategies to avoid suffering the same fate. For example, (Ecoutin 1992) shows that the
pirogues of Céte d’lvoire have evolved in size, capacity and motorization from those described by Lassarat
(1958), thus increasing their reach and fishing grounds, a pattern also observed elsewhere, e.g. Senegal
(Belhabib et al. 2014). This is further illustrated by the disappearance of motors with low capacity
(Ecoutin 1992). Fishers also adapted to other conditions; for example, droughts in the 1970s and 1980s in
Niger delta in Mali drove fishers to migrate to Céte d’lvoire fishing grounds (Njock and Westlund 2010).
Another condition that strongly impacted the fisheries of Céte d’'lvoire is related to conflicts and the
migrations they incur. The Ebrié Lagoon which was once “filled with fish” (Chenery 1875) has witnessed
changes in the populations through migrations from the conflicted areas of the North, which translated
into increasing catches. Later on, these catches decreased due to over-exploitation and conflicts that again
drove fishers to migrate towards the already overexploited coastal marine fisheries. This describes a
situation where artisanal fishers of Cote d’lvoire become trapped between socio-political conflicts, a desire
for a better life and over-exploitation triggered in part by the large number of illegal fishing vessels
operating in Cote d’lvoire.

Another effect of the collapsing economy was the devaluation of the FCFA which has affected fish prices
upwards and therefore fish consumption downwards (Akindes 1995). The increase of post-conflict
consumption of fish (Dabalen and Saumik 2013) is due in part to the increase in informal food business
(Akindes 1995), i.e. subsistence fishing through the use of e.g., cast nets as documented herein.
Furthermore, the role of fish in post-conflict diets appears to have increased (Kouame and Enoh 2011),
thus giving fish an even greater weight in the balance of food security and poverty alleviation in the
country.

Despite multiple efforts notably to tackle the issue of ‘faux poissons’ unreporting, which now is being
reported as part of Cote d’'lvoire catches, the objectives of fishery development in Céte d’'lvoire are
questionable. First, reporting ‘faux poissons’ in FAO datasets and using these for fishery analysis masks
the declining trend of fisheries and jeopardizes all plans put towards sustainable fisheries. Furthermore,
to counter the effect of over-exploitation and declining supplies, Ivoirian fisheries planners consider
modernizing and/or replacing of aging vessels in order to “increase efficiency”, which however, will
increase fishing effort on overexploited resources and further reduce catches. Finally, while they assert
that they want to increase protein supply for domestic consumption as a first objective, they also plan to
promote fish exports (Mabawonku 1990).

The important economic role that fisheries play in Cote d’'lvoire is not disputed, particularly that of small
scale fisheries (Diaby 1996; Golé Bi Golé et al. 2005), yet while the dependence of small scale
communities upon fish increases in the face of conflicts (see UNDP 2011), catches decline jeopardizing
their livelihoods as poverty increases. We illustrated herein that the opportunity to further develop
industrial fisheries is no longer justified, However, efforts should be focused on controlling the
proliferation of illegally operating fleets and on local-scale management plans at the artisanal level (e.g.
Laé 1997).
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Appendix Table Al. FAO landings vs. reconstructed total catch (in tonnes), and catch by sector with discards
shown separately, for Cote d’lvoire, 1950-2010.

Year FAO landings Reconstructed total catch Industrial Artisanal  Subsistence Discards

1950 14,600 52,700 5,900 41,200 5,200 356
1951 14,223 54,100 7,200 41,000 5,500 481
1952 18,263 57,300 9,900 40,900 5,700 840
1953 17,902 61,300 13,400 40,700 5,900 1,319
1954 17,535 66,600 18,000 40,500 6,100 1,964
1955 17,412 67,800 18,800 40,400 6,300 2,295
1956 20,847 70,000 21,000 40,200 6,500 2,303
1957 26,521 72,600 21,600 41,800 6,800 2,343
1958 26,174 77,200 24,100 43,300 7,100 2,665
1959 29,780 86,500 30,700 44,800 7,300 3,625
1960 34,123 88,200 30,500 46,400 7,600 3,732
1961 35,283 98,000 37,200 47,900 7,800 5,137
1962 36,427 101,500 38,600 49,300 8,100 5,421
1963 36,729 102,300 37,600 50,800 8,300 5,466
1964 45,386 105,200 38,600 52,300 8,600 5,750
1965 47,197 107,200 39,400 52,800 8,800 6,207
1966 44,535 121,200 51,100 53,300 9,000 7,800
1967 44,545 120,100 50,000 53,700 9,200 7,168
1968 47,819 119,200 48,900 54,500 9,400 6,442
1969 43,117 113,400 41,400 55,200 9,500 7,284
1970 38,948 105,500 34,500 55,700 9,700 5,631
1971 51,714 119,400 48,600 56,100 9,800 4,872
1972 48,436 125,100 52,800 56,600 9,900 5,811
1973 36,667 111,700 38,500 57,100 10,000 6,165
1974 44,555 113,500 40,700 57,500 10,100 5,289
1975 37,524 111,700 38,900 58,000 9,700 5,201
1976 57,043 114,600 42,600 57,100 9,700 5,152
1977 42,921 124,500 51,300 56,600 10,300 6,254
1978 43,169 120,400 45,200 57,500 11,600 6,056
1979 44,078 111,100 36,500 57,900 11,200 5,514
1980 35,707 116,300 50,200 52,100 8,200 5,784
1981 38,249 122,300 62,800 46,400 7,600 5,466
1982 36,932 121,500 62,300 44,700 9,300 5,180
1983 40,110 125,400 60,100 51,100 9,200 5,011
1984 39,778 87,800 26,200 48,300 9,800 3,478
1985 60,636 110,500 46,400 50,300 9,800 4,008
1986 61,152 108,200 45,100 49,500 9,800 3,792
1987 61,718 104,500 42,200 48,800 9,700 3,842
1988 50,602 95,200 33,700 48,100 9,500 3,853
1989 59,767 98,800 38,300 47,300 9,400 3,744
1990 67,057 107,100 47,300 46,600 9,300 3,918
1991 54,813 110,800 48,600 45,900 9,200 7,059
1992 65,109 127,500 62,700 45,100 9,100 10,599
1993 50,244 124,400 57,500 44,400 9,000 13,485
1994 52,496 125,000 56,900 43,700 8,900 15,524
1995 53,306 130,700 58,500 45,100 8,900 18,245
1996 55,793 144,300 65,100 48,900 9,000 21,222
1997 50,349 147,600 65,600 49,900 9,000 23,174
1998 55,587 152,400 67,300 50,900 8,900 25,333
1999 63,524 157,200 69,000 51,900 8,900 27,506
2000 66,031 160,100 71,200 50,300 8,800 29,763
2001 62,055 161,000 71,600 48,800 8,700 31,943
2002 44,969 148,800 58,800 47,400 8,600 34,016
2003 44,407 146,200 56,500 45,900 8,400 35,361
2004 47,344 150,600 60,100 44,400 8,300 37,787
2005 27,615 155,300 65,500 43,000 8,200 38,652
2006 46,769 148,300 58,900 41,500 8,100 39,859
2007 42,965 151,900 61,400 40,100 7,900 42,451
2008 44,818 155,800 64,300 38,700 7,800 45,015
2009 38,119 159,700 67,200 37,300 7,700 47,610
2010 56,889 167,400 73,800 35,900 7,600 50,205
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Appendix Table A2. Reconstructed total catch (in tonnes), by major taxa for Cote d’lvoire, 1950-2010. ‘Others’ contain 78 additional
taxonomic categories.

Year Ethmalosa Sardinella Brachydeuterus  Sardinella  Scombroids Balistes Pentheroscion Pteroscion Elops Others

fimbriata aurita auritus maderensis Mbizi peli lacerta
1950 18,300 18,000 0 0 0 98 79 79 2,640 13,500
1951 18,700 18,300 0 0 0 131 109 109 2,710 14,100
1952 18,700 18,700 0 0 0 223 197 197 2,790 16,500
1953 19,800 20,300 0 0 0 344 316 316 2,860 17,400
1954 21,200 22,400 0 0 0 507 475 475 2,930 18,600
1955 21,300 22,100 0 0 0 591 556 556 3,010 19,700
1956 19,800 23,100 0 0 0 595 557 557 3,080 22,400
1957 21,100 20,600 794 0 0 596 555 555 3,160 25,100
1958 22,300 22,300 856 0 0 677 633 633 3,240 26,500
1959 24,500 22,600 1,740 0 0 918 870 870 3,320 31,600
1960 24,400 21,400 1,531 0 0 945 895 895 3,400 34,700
1961 25,800 24,800 2,481 0 403 1,281 1,227 1,227 3,480 37,300
1962 26,000 24,700 3,300 0 807 1,336 1,279 1,279 3,560 39,200
1963 25,200 23,400 3,114 0 1,210 1,332 1,272 1,272 3,630 41,900
1964 29,600 24,700 2,632 0 1,614 1,388 1,325 1,325 3,710 38,800
1965 28,600 21,500 6,046 0 2,017 1,487 1,421 1,421 3,790 41,000
1966 32,200 20,500 4,668 0 2,420 1,882 1,780 1,780 3,860 52,100
1967 29,400 22,700 3,898 0 2,824 1,714 1,591 1,591 3,930 52,500
1968 28,500 17,600 1,113 0 3,227 1,516 1,387 1,387 4,030 60,400
1969 25,700 20,000 2,551 0 5,959 1,591 1,506 1,506 4,140 50,400
1970 23,500 10,500 349 12,080 8,691 1,062 985 985 4,200 43,100
1971 22,700 10,400 427 18,440 11,423 748 607 607 4,260 49,800
1972 23,300 7,700 1,080 15,020 14,155 828 688 688 4,320 57,300
1973 24,400 2,200 603 13,410 14,155 884 816 816 4,380 50,000
1974 23,400 1,200 623 15,200 14,155 608 525 525 4,430 52,800
1975 25,300 0 887 18,710 14,155 458 393 393 4,420 46,900
1976 21,600 2,400 3,052 14,750 12,115 453 370 370 4,140 55,300
1977 26,000 1,200 4,891 19,110 11,587 530 440 440 4,270 56,100
1978 26,300 3,700 6,238 11,810 11,060 499 433 433 4,550 55,400
1979 25,400 800 3,563 14,790 10,532 468 427 427 4,510 50,200
1980 23,500 2,000 4,214 9,520 10,004 522 421 421 3,340 62,400
1981 19,600 10,200 4,327 10,820 9,476 407 245 245 2,520 64,500
1982 19,100 14,500 3,858 5,750 8,949 362 197 197 2,540 66,000
1983 22,900 19,000 2,169 4,780 8,421 423 260 260 3,410 63,800
1984 19,200 8,000 1,733 4,340 7,893 448 395 395 3,140 42,300
1985 19,000 25,300 1,349 5,520 7,365 577 442 442 3,440 47,100
1986 19,000 28,100 1,922 2,580 6,838 761 618 618 3,360 44,300
1987 18,800 23,600 2,091 3,370 6,310 789 664 664 3,280 44,900
1988 19,700 13,400 3,325 4,110 5,782 790 709 709 3,200 43,400
1989 20,100 12,000 432 4,450 5,254 793 691 691 3,110 51,300
1990 21,700 14,900 7,192 7,370 4,727 875 737 737 3,030 45,900
1991 20,700 21,900 7,730 2,370 4,199 1,901 1,761 1,761 2,950 45,500
1992 21,500 28,300 7,530 1,970 4,199 3,033 2,839 2,839 2,860 52,500
1993 20,200 19,500 7,599 4,420 4,199 3,962 3,792 3,792 2,780 54,100
1994 19,600 14,700 8,562 6,390 4,199 4,704 4,510 4,510 2,690 55,200
1995 19,900 14,700 8,912 3,780 4,199 5,611 5,403 5,403 2,920 59,900
1996 21,000 22,700 9,334 3,080 4,199 6,591 6,352 6,352 3,480 61,200
1997 22,900 13,700 10,747 2,810 2,831 7,363 7,093 7,093 3,420 69,700
1998 21,400 13,800 6,902 2,280 2,831 8,139 7,837 7,837 3,360 78,100
1999 22,400 13,800 9,943 2,050 2,831 8,917 8,583 8,583 3,300 76,900
2000 20,300 20,600 11,584 2,510 3,350 9,698 9,332 9,332 3,230 70,100
2001 19,500 20,500 8,505 3,040 3,350 10,475 10,085 10,085 3,160 72,400
2002 19,100 8,400 10,530 5,260 3,397 11,192 10,839 10,839 3,090 66,200
2003 15,300 8,600 10,053 3,040 3,397 11,766 11,376 11,376 3,020 68,200
2004 12,400 10,600 10,885 8,910 2,312 12,648 12,223 12,223 2,940 65,400
2005 7,700 13,400 14,850 4,650 2,312 12,834 12,422 12,422 2,870 71,900
2006 6,700 8,300 12,126 3,420 2,312 13,370 12,933 12,933 2,500 73,700
2007 7,300 8,300 11,836 4,570 2,312 14,252 13,790 13,790 2,720 73,000
2008 6,600 5,900 12,200 4,450 2,076 15,137 14,648 14,648 2,450 77,800
2009 6,900 4,700 12,754 4,470 2,076 16,021 15,505 15,505 2,570 79,200
2010 3,200 9,600 13,072 4,730 2,076 16,904 16,362 16,362 1,030 84,100
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