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RECONSTRUCTION OF MARINE FISHERIES CATCHES FOR TUNISIA (1950-2010)

The reconstructed total domestic marine catches for Tunisia's fisheries, including large-scale and small-scale commercial catches and recreational catch, as well as major discards, have been estimated for the 1950-2010 period, and increased from approximately 14,500 t•year -1 in the 1950s to over 98,800 t•year -1 in the 2000s. The estimated total domestic catches within Tunisia's EEZ are 1.13 times the national data. Foreign flag industrial catches were estimated to increase from almost 7,800 t in 1950 to a peak of just under 19,200 t in 1975, and then decline to 560 t in 2010. Domestic landings were obtained from official reports of the department of fisheries at the Tunisian agricultural ministry and from the Tunisian National Institute of Statistics. Foreign flag catches and domestic discards were estimated based on independent studies and recreational catches were reconstructed based on information provided by the Tunisian Federation of Sport Fishing and other surveys.

INTRODUCTION

Tunisia is a North African country, part of the Maghreb. It has a total area of approximately 164,000 km 2 and is bordered by Algeria in the west, Libya in the southern-east and the Mediterranean Sea in the north and the east. Relative to its size, Tunisia has a long coastline, which is indented by three important embayments: the Gulf of Tunis in the north, of Hammamet near the center and the Gulf of Gabès in the south.

Tunisia can be divided into three main geographical regions according to climate, quality of soils and topography, i.e., the North, the Center and the South [START_REF] Nelson | Tunisia, a country study[END_REF]. The northern region is isolated from the rest of the country by the Atlas Mountains and is characterized by heavier rainfall and richer soils than the rest of the country; thus, most of Tunisia's agriculture production originates from the North. The Center, in contrast, has poorer soils with little vegetation and insufficient rainfall, and its littoral forms what is called Sahel, i.e. "the Coast". Its agriculture emphasizes wheat and other grains, pasture and the intensive cultivation of olive. The South includes chotts, i.e. salt marshes, oases with date palms, but mainly sand desert, i.e., the Sahara [START_REF] Nelson | Tunisia, a country study[END_REF]). The climate is mostly Mediterranean except in the southern part of the country, the Sahara, where there is extreme diurnal variation in temperature. Tunis, the capital and main city of the country since the 13 th century, is situated in the north-east of Tunisia [START_REF] Nelson | Tunisia, a country study[END_REF]Boularès 2012).

A 2013 census estimated the Tunisian population at 10.8 million (www.ins.nat.tn). Various people settled on the Tunisian coast, e.g., Phoenicians, Romans, Turkish, Arabs, etc. The French colonized the country until its independence in 1956. Habib Bourguiba became the first president of the new Tunisian republic. In 1987, a coup d'état brought a second president to Tunisia who was overthrown, following the events which initiated the "Arab Spring" of 2011 (Boularès 2012).

The sea and fish are extremely important in the Tunisian culture and traditions, particularly due to the geography of the country.

The Tunisian fishing industry

Tunisia has a wide continental shelf of over 66,000 km 2 , and in 2005, it claimed an Exclusive Economic Zone (EEZ), of 102,300 km 2 (Official journal of the Tunisian Republic 2005; www.seaaroundus.org) (Figure 1). The large extension of soft bottoms has contributed to the development of artisanal and industrial fisheries in the Gulf of Gabès, where over 40% of total landings are generated [START_REF] Najar | Evolution des profils des debarquements de poissons dans la region de Gabès[END_REF].

The artisanal sector, consisting of a fishing fleet of around 10,300 boats (in 2008), is well developed along the Tunisian coast, and it is mainly performed by about 4,500 small boats, of which 66% were motorized (in 2008); they use a wide variety of fishing techniques and target high value species.

However, for the last few decades, the number of artisanal boats has been decreasing because of the development of industrial fisheries.

Data collection is made by officials on a daily basis in each fishing port, who control the size and the quantities of fishes caught by each boat before allowing them to sell the fish at the wholesale market.

Considerable catch amounts are exported, mainly to European markets. Indeed, after olive oil, marine products (i.e., fresh and frozen fish, cephalopods and other seafood) are Tunisia's most important export products.

MATERIAL AND METHODS

Total landings were assembled by sector, year and group of species, for the 1977-2010 time period, from official reports of the Tunisian Department of Fisheries. For the period from 1950 to 1976, we used data from national Statistical Bulletins. However, the earlier statistical data do not have the same level of detail. Notably, they did not use the same taxonomic breakdown and reporting format from one year to the next, often due to transfers of management responsibilities. Thus, alternative information sources (e.g., scientific reports, local expert knowledge) were used to improve on the earlier statistics. Then, official data and those reported by FAO on behalf of Tunisia were compared to evaluate the quality of data transfer. Finally, the official data were used as the reported baseline because it has overall a better taxonomic disaggregation than the FAO data.

The Tunisian department of fisheries has applied correction factors to the landings data since the end of the 1970s in order to take into account subsistence and unreported commercial catches, which amount to considerable quantities of fishing products sold directly to hotels and restaurants or in local markets without being accounted by the statistical agents. These correction factors account for 42% of total commercial catches in the artisanal fishery, 17% in the trawl fishery and 15% in the small pelagic fishery. These correction factors are still used today with the same coefficients. Tunisia should be applauded for the foresight of using adjustment factors, something used also by some other countries to account for unmonitored subsistence and commercial catches (e.g., [START_REF] Khalfallah | Proposition d'amélioration du système de Statistiques de la Pêche en Tunisie : Cas du Golf de Tunis[END_REF], but not all [START_REF] Salsabil | Contribution à l'étude qualitative et quantitative des rejets de chalutage dans la région nord de la Tunisie. Résultats des campagnes de prospection 2002-2008[END_REF][START_REF] Zeller | Synthesis of under-reported small-scale fisheries catch in Pacific-island waters[END_REF].

Reported commercial fishery

The artisanal sector is multi-species and multi-gear. It includes non-motorized and motorized boats (length <12m). The industrial fishery involves trawlers, lampara, i.e., a type of purse seines fishing with lights and targeting small pelagic fishes, longliners and other purse seiners which target both demersal and pelagic resources. In the national data that were used in this study as the reported baseline, landings were classified by gears. However, due to the incoherence of the gear classification among the national data, for the 1950-2010 periods, landings had to be reclassified into the appropriate gear categories based on the targeted species.

Recreational fishery

With the sophistication of the recreational fishing gears, which became cheaper and more affordable to a wider public, the recreational fishery in Tunisia is gaining in popularity. However, there is almost no data or studies on fisheries catches by this sector. The most important organization of the recreational fishery is the Tunisian Federation of Sport fishing, which was created in 2005 for better controls and regulations, as well as promotion of activities within the sector, e.g., underwater fishing, line fishing, etc. This organization thus became a hub for recreational fishing clubs of the country (www.ftps.org.tn). To estimate recreational fishery catches, we used information from previous works on recreational fishing in Tunisia, surveys of recreational fishers, as well as information provided directly by the Tunisian Federation of Sport Fishing.

Based on the number of recreational fishers who are members of Tunisian recreational fishing clubs in 2013 and on the recreational fishing effort, i.e., numbers of trips per season and mean catch per trip, we estimate the recreational catch for the year 2013, when the fishing clubs had 3,000 members (Tunisian Federation of Sport fishing pers. comm.). Earlier catches were interpolated between the 2013 estimate and a catch of zero in 1960, assuming that recreational fishing started in the early 1960s.

There are two different fishing seasons for this sector: summer (June/July/August) and "nonsummer". Recreational fishers go fishing on average twice a week in summer and once a month in "non-summer". However, on average each fisher returns empty-handed following 3 trips out of 5 in summer and 1 trip out of 5 in "non-summer". During the trips where there are catches, the average catch amount per trip per fisher in summer is 3.5 kg and in "non-summer" 1.8 kg [START_REF] Khalfallah | Proposition d'amélioration du système de Statistiques de la Pêche en Tunisie : Cas du Golf de Tunis[END_REF].

Following [START_REF] Khalfallah | Proposition d'amélioration du système de Statistiques de la Pêche en Tunisie : Cas du Golf de Tunis[END_REF] Industrial discards included mainly discards of trawlers. These discards were estimated based on the results of scientific surveys of the National Institute of Marine Sciences and Technology (INSTM), and other scientific reports [START_REF] Gharbi | Rapport sur les résultat des prospections réalisées dans le golfe de Gabès du 14 au 16 novembre 2001[END_REF][START_REF] Jarboui | Etude des rejets du chalutage benthique sur les côtes tunisiennes[END_REF][START_REF] Salsabil | Contribution à l'étude qualitative et quantitative des rejets de chalutage dans la région nord de la Tunisie. Résultats des campagnes de prospection 2002-2008[END_REF]). These estimates were made separately for the northern and eastern coast of Tunisia, as well as for the southern coast including the Gulf of Gabès.

Discards of the artisanal fishery were estimated by [START_REF] Harrabi | Analyse des captures principales, accessoires et des rejets des filets droits destinés à la pêche des crevettes, des céphalopodes et des poissons dans la région côtière Mahrès[END_REF] for the east coast of Tunisia, i.e., regions of Monastir and Mehdia, during the 2000s. Based on these estimates, the percentages of discards by gear compared to the total landings were calculated (Table 1). These estimates were then applied to the entire period, from 1950 to 2010.

Table 1. Percentages of artisanal discards by gear from total landings for Tunisia [START_REF] Anon | Reports and documents n 2-78[END_REF][START_REF] Harrabi | Analyse des captures principales, accessoires et des rejets des filets droits destinés à la pêche des crevettes, des céphalopodes et des poissons dans la région côtière Mahrès[END_REF].

Fishing gear Discards (%)

Monofilament fishing net 2

Trammel net for shrimp 38

Trammel net for cuttlefish 22

Species disaggregation

Taxonomic disaggregations for each of the artisanal and industrial commercial fisheries were available for the periods 1978-1982 and 1995-2010 in reports of the Department of Fisheries. We calculated the percentages of each taxa group for the years 1978 and 1982 and applied these percentages to the total industrial landings for the 1950-1977 and 1983-1994 time periods, respectively. As the fishery for shrimp, which generates copious discards, began only in 1978, the discard percentages were adjusted to exclude this fishery before 1978.

The taxonomic disaggregation of artisanal discards and recreational catches, which includes individual species, was pooled to the family level. Then, the percentage of each family was applied to the artisanal catches for the 1950-2010 time period, while the percentages of families for the recreational catches were adjusted according to the popularity of some species of fish among recreational fishers.

Foreign fishing

Foreign industrial catches were estimated separately and were obtained from reports supplied by the National Institute of Marine Sciences and Technology (INSTM; [START_REF] Anon | Reports and documents n 2-78[END_REF]. Similarly, the Discards taxonomic desegregation of foreign (industrial) catches was brought up to a family level. Then we applied the percentages of families to the foreign catches.

RESULTS

Reconstructed marine fisheries catches were estimated for Tunisia for the 1950-2010 time period.

Although the FAO catches were sometimes higher than the national data, they have the very similar trajectories (Figure 2). However the national data have a better taxonomic disaggregation, and they were thus used as the baseline, to which previously unreported small-scale and large-scale commercial, recreational, and illegal foreign catches, as well as major discards were added (note that subsistence catches as well as unreported commercial catches are implicitly included in the reported data because of the application of correction factors, and thus are deemed "reported"; see above).

The estimated total domestic catches are 1.13 times the official reported landings. Catches increased steadily from 13,000 t in 1950 to the peak of 111,200 t in 1988 (Figure 2a). Catches then leveled out and averaged 95,200 t•year -1 from 1990-2010. Reconstructed total catch was dominated by the industrial sector with 66%, followed by artisanal (34%) and recreational (0.1%; Figure 2a). Discards contributed 11% of the catch with almost 92% coming from the industrial sector and only 8% from artisanal. The main fish families of the reconstructed total domestic catch are Clupeidae (24%), Sparidae (13%) and Carangidae (8.4%) followed by Mullidae (7.2%), Scombridae (5.1%) and Octopodidae (5.1%; Figure 2b).

Foreign flag industrial landings were estimated to increase from almost 7,800 t in 1950 to a peak of just under 19,200 t in 1975, and then decline to 560 t in 2010. Catches were dominated by Clupeidae (29%), Sparidae (14%), Carangidae (11%), Mullidae (8.8%) and Octopodidae (6.2%).

In the 1970s, the Government of Tunisia started to invest heavily in the fishery sector, which led to the intensification of fishing effort. By the late 1980s, first signs of overexploitation became visible, i.e., landings decreased while fishing effort was still increasing. This led to the reinforcement of the fisheries regulations. Thus, between the mid-1990s to the mid-2000s, the fishery recovered.

Our estimations of artisanal and industrial discards as well as recreational catches remain conservative. For the discards, we did not take into account all type of gears, e.g., pelagic trawl or purse seiners. Estimates of recreational catches were based only on catches by fishers, who are members of the Tunisian Federation of Sport Fishing, i.e., independent anglers are excluded.

Overall, fisheries management in Tunisia is well developed. The correction factors applied to the different fisheries take into account subsistence and unreported commercial catches. However, these factors have been put in place at the end of the 1970s and need to be updated [START_REF] Khalfallah | Proposition d'amélioration du système de Statistiques de la Pêche en Tunisie : Cas du Golf de Tunis[END_REF]. , 1950-2010, by a) fisheries sector, plus discards shown separately, with landings reported nationally overlaid as line graph (note that recreational catches are too small to be visible); and b) by main taxonomic group. Note the 'others' category includes 44 additional taxonomic groups, family level or higher (see Appendix Table 2).

  , we consider (A) number of recreational fishers in 2013; (B) number of trips per fisher in summer; (C) number of trips per fisher in "non-summer"; (D) recreational catch amounts per trip per fisher in summer; (E) recreational catch amounts per trip per fisher in "nonsummer"; and (F) total estimated recreational catch amounts in 2013, i.e., F = A•[(B•D) + (C•E)] .
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 12 Figure 1. Exclusive Economic Zone (EEZ) and shelf area (to 200 m depth) of Tunisia.
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