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1. INTRODUCTION 
 

 Tunas are epipelagic fishes from the Scombridae family, a taxa of about 50 species 

distributed in 15 genera (Graham and Dickson 2004) that include yellowfin Thunnus 

albacares, bigeye Thunnus obesus and skipjack Katsuwonus pelamis, known as the major 

tunas because of their size and commercial importance. Tunas are oceanic fishes 

occurring above and below the thermocline; pelagic in open water, they school primarily by 

size, either in mono-species or multi-species groups (Dagorn and Fréon 1999). Small 

fishes frequently occur in schools associated with floating debris and other objects 

(Fonteneau 1993). Tunas are opportunistic predators that feed on fishes, crustaceans, and 

squids (Potier et al. 2007). They are sensitive to low concentrations of oxygen and 

therefore are not usually caught below 250 m in the tropics (Brill et al. 1999). Tunas are 

marketed mainly frozen and canned, but also fresh and smoked. Large tunas have a very 

highly value for oriental dishes such as the Japanese sashimi (Cayre et al. 1988, Block et 

al. 2001, Carpenter 2002, Nakamura & Seret 2002). 

 

The Indian Ocean (IO) represented 25 % of the worldwide catch of tropical tunas 

over the last decade, with a catch level of around one million tons per year for yellowfin, 

bigeye and skipjack (IOTC 2009). A large diversity of fishing fleets exploit these species in 

the IO, from the handcrafted fisheries of Iran, Yemen, Oman and The Maldives, up to the 

industrial fleets dominated by the longline and purse seiners (De Young 2006). Tuna 

fisheries from the IO include an important European component; with annual catch levels 

of the French purse seine fleet from Concarneau's port, of around 100 thousand tons in 

the last years and an economic yield near 100 million euros. The effects induced by local 

economies from the IO are also important and the agreements of alliances constitute an 

important part of the benefits in the coastal states, for example 1 % of the Gross Internal 

Product (GIP) of Seychelles. Fishing activities represent an important part of the economy 

of these countries.  In Seychelles, the conglomerate that constitutes the tuna industry, 

including the tuna canning companies, represents between 14 and 17 % of the 

employment, a third of the GIP and practically all the earnings from exportations 

(Seychelles Central Bank). 

 

  In the early 1990s, piracy activity began its development in the western IO, not far 

from the Somali coast; this activity has not stopped its growth and development since then 

and the reasons are well discussed but still remain uncertain.  
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In the beginning of piracy, vessels affected were mainly cargos and private boats. 

Since 2007, this activity started affecting fishing vessels. The United Nations Satellite 

Imaging (UNOSAT 2009) shows an increase of 650 % in the number of attacks from 2008 

to 2009 and a reduction of 17% in successful hijacking for the same period; mainly 

because of the presence of naval patrols and heightened security practices of the 

merchant vessels in the Gulf of Aden. Nevertheless, outside the gulf, the IO is a huge area 

approximately twice the size of Europe, which is difficult for the authorities to control and 

remains an easy place for pirates to attack. 

 

 Since 2007, attacks to fishing vessels became more and more frequent in the IO. A 

total of 35 attacks have taken place between January 2009 and April 2010 not far from the 

Somali Economic Exclusion Zone (EEZ) and extended to the high sea (15°N – 10°S – 

68°E). 2008 is the year of greatest impact of pirates on catches. This scenario have 

motivated the industry to set up measures allowing to reduce the effect of piracy on tuna 

fisheries; one is to establish a Fishery Exclusion Zone (FEZ) which extends from 300 to 

500 nm (900 km) from the Somali coast, and also to implement aerial surveillance by the 

Spanish fleet and the presence of military on board the French fleet and private security 

guards aboard Spanish vessels. The situation have led to a redistribution of fishing effort 

for every tuna fleet in the IO, in an area which represented about 38 % of their catch 

(Marsac et al. 2009, Kaplan et al. 2010). This has essentially created a (presumably 

temporary) Marine Protected Area (MPA) in the zone surrounding Somalia. 

 

 The potential in of MPA in maintaining the biodiversity is well documented (Roberts 

et al. 2006), and with the development of new fishing technologies, it is necessary to 

create regulated zones where the whole range of the species is not exploited in order to 

maintain stocks and avoid their collapse, and therefore, investigations are quite necessary 

to avoid knowledge gaps in science (Sale et al. 2005). Nevertheless, experts assure that it 

is necessary to be careful with any arbitrary implementation of a MPA to avoid undesirable 

economical and ecological results and to most appropriately take advantage of the 

potential benefits of MPAs to reduce anthropogenic impacts in ecosystems (Sumaila et al. 

2007, Roberts et al. 2006, Kaplan 2009). 

 

In this context, piracy in Somalia presents a unique opportunity to examine the 

potential consequences of MPAs for the IO tuna fishery.  The first goal of this study is to 
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establish the reallocation of catch and fishing effort before and after the piracy period in 

the western IO, in spatial and temporal terms. The second goal is to determine the effect 

of piracy by looking for possible changes in the species composition and the length 

structure; and the third goal is to analyze the potential effects of the EEZ as a MPA and 

the possible extension of this marine reserve for piracy reasons. 

  

2. MATERIALS AND METHODS 
2.1. Study area and fishery description 
 

The study zone concerned the western region of the IO between 25°S-15°N latitude 

and 35°E-90°E longitude. This is the region where the main part of purse seiner’s fishing 

effort is deployed since the 1980s. Purse seine fishing is made according to 2 modalities: 

fishing associated with FADs and on the other hand Free School Catch (FSC) (Figure 1). 

 

 

 

 

 
 
 

Figure 1. French purse seine tuna catch during 1991-2009 for (a) free schools (FSC) and (b) fish 
aggregating devices (FAD) for the 3 main tuna species. Yellow = yellowfin, red = skipjack; blue = bigeye. 

 

2.2. The French purse seiner’s fishery 
  

French purse seiners moved from the eastern Atlantic to the western Indian Ocean 

in the early 1980s to look for new fishing grounds. They started fishing with artificial Fish 

Aggregating Devices (FAD) in the Atlantic in the early 1990s, and this method expanded 

rapidly to the IO. The FAD fishery is less selective than other fishing methods regarding 

a              b
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the species and the size of captures (Amandè et al. 2008). Fishing efficiency, size of the 

fish taken, species composition of the catch, and the by-catch of species have changed 

drastically with the adoption of this fishing method (Marsac et al. 2000, Hallier & Gaertner 

2008). The development of fisheries has brought increasing fishing effort for the French 

purse seiner fleet. For instance, Pianet et al. (2008) indicate that the carrying capacity of 

the fleet was 129 Gross Reported Tonnage (GRT) in 1981 comparing to 19087 GRT in 

2007, corresponding to an increase in fishing effort of about 15000%. French purse seine 

vessels, operate with a range of capacity over 601 GRT and since 2003, vessels within a 

range between 50 and 600 GRT have disappeared from the fleets. A similar proportion of 

this increase through time is well appreciable in other parameters such as numbers of sets 

and fishing days. 

 

Statistical catch data monitoring in the Indian Ocean is conducted by the Indian 

Ocean Tuna Commission (IOTC; http://www.iotc.org) in which the IRD (Institute de 

Recherche pour le Développement) has played an active role since the beginning of the 

1980s. In spite of the fact that tropical tuna populations of the IO are intensively exploited 

by fisheries since the appearance of the first Japanese longliners during the 1950s, the 

evaluation of tuna stocks remains a difficult task considering the particular characteristics 

of these high sea fisheries like high mobility of resources and fisheries and fast 

technological improvements (Sparre & Venema 1997, Schnute 2005). 

 

2.3. BALBAYA, a very accurate database of purse seiner’s activities 

  

Accurate information on catch and effort of the French purse seiner fleet for the 

period 1991-2009 was available in the PostgreSQL/postGIS open source database: 

BALBAYA. All French purse seiners have been monitored by the IRD since the beginning 

of the fishery through the collection of logbooks and well maps describing which fishing 

sets are stored in the wells. Hence, all information regarding the fishing activities having 

taken place during each fishing trip is recorded: dates, location, numbers and dimensions 

of the sets, species, weight, vessels, environmental parameters, etc. 

 

In addition to this information, a multispecies sampling has been implemented since 

1982 in the Indian Ocean to correct for the species composition of the catch (Pianet 1999). 

Indeed, the young stages of bigeye and yellowfin are anatomically similar and often not 

distinguished by fishing masters as they represent the same commercial category 
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(Fonteneau 1976). The sampling is made during the unloading of the purse seiners at 

fishing ports and consists in a 2-step approach: (i) the wells are selected from among 

those containing homogeneous strata and (ii) fishes are then intended to be randomly 

collected, within size category, from the wells and counted and/or measured. It is a 

simultaneous sampling to estimate both size and species composition. The sampling is 

currently based on strata defined by large spatial areas, quarters and fishing mode, i.e. 

free school and log-school (Pallarés & Hallier 1997, Pallarés & Petit 1998, Pianet et al. 

2000).  

 

2.4. Data extraction 

  

The first stage of the study consisted in extracting the data from BALBAYA, 

generating a large set of queries in SQL language with the PostgreSQL administrator 

pgAdmin III (Lockhart 2009). Each query was developed to obtain specific data sets that 

allowed choosing the information required for each analysis. This data was treated using 

the software R (R Development Core Team 2009). To make this possible, an interface 

between the R and PostgreSQL was established using the RpostgreSQL package 

(Prayaga et al. 2009), this allowed to extract the data directly from the BALABYA server to 

R using the SQL queries previously generated. 

 
2.5. Statistical analysis 

 

A Principal Components Analysis (PCA) was performed to describe the spatial 
structure of the fishery for the period 1991-2009. All statistical rectangles of 1 per 1 degree 
of longitude and latitude of the IO were considered as statistical individuals and 
characterized by a set of continuous variables describing the French purse seine fishery 
over the period 1991-2009. This period was considered representative of the fishery and 
characterized by consistent sampling schemes and data processing. The 10 quantitative 
variables of the analysis corresponded to the the catch per unit of effort (CPUE) for each 
species by size category and fishing mode, i.e. free school (FSC) and FAD-associated 
school : skipjack, small yellowfin (<10 kg), big yellowfin (>10 kg), small bigeye (<10 kg), 
big bigeye (>10 kg) . Searching time and number of sets werea considered as units of 
fishing effort unit for FSC and FAD, respectively. 
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The objective of the PCA is to synthesize the information provided by the 10 
variables by analyzing the linear correlations and reducing them to a lower number of 
dimensions (eigen vectors), which are the principal components. 

 

Subsequently, the homogeneous area around Somali (Somali basin) identified 

through the PCA was divided into 9 distance buffer rings of 25 nautical miles (nm), from 0 

to 200 nm from the Somali EEZ to investigate the effect of piracy with regards to the 

distance from the EEZ (Figure 2). 

 
Figure 2. Map of the Western Indian Ocean Showing the Somali Economic Exclusion Zone and 9 

distance buffer rings of 25 nautical miles each one. 
  

To determine changes in catch and fishing effort, maps of the fishing activity from 

the IO for the period 1991-2009 were made, using R cartographic packages such as PBS 

Mapping (Schnute et al. 2008), Map data (Becker et al. 2010a), Maps (Becker et al. 

2010b), Maps Projections (McIlroy et al. 2009) and Plotrix (Lemon 2006). These maps 

allowed to establish the reallocation of catch and effort (lat-long), the main piracy period 

(years) and the influential season (months), looking at the history of some important fishing 

parameters such as number of sets, total weight and school type for the 3 main tuna 

species. 

 

Analyses of variance (ANOVA) with a confidence level of != 0.05, were used to 

investigate changes on the length structure in time (years) and space (buffers) of the catch 

that could be related to piracy effects. Finally, a descriptive analysis was made from the 

obtained results to explain the effect of the EEZ as a MPA and the possible extension of 
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this area for piracy reasons.  

 

3. RESULTS 
3.1. Description of the changes in fishing’s operations related to piracy 
3.1.1. Characterization of the CPUE 
 

The PCA circle of correlations illustrates the link between the variables and the 
components, the first 2 components forming the "first factorial foreground" (Figure 3). The 
2 first principal components explain a very similar part of the variance, i.e. 23% and 22%, 
respectively. The coordinates of the variables on the main components correspond to the 
correlations between axes and variables. For instance, skipjack taken in free schools 
(skj_FSC)(x = -0.668; y = 0.35) are negatively correlated but rather strongly with the first 
principal component. This variable is also well correlated with small bigeye (bets_FSC) 
and small yellowfin caught in free schools (yfts_FSC). In fact, the 3 vectors are almost 
merged in the figure, meaning that these 3 variables are very correlated between them and 
strongly correlated with the first 
principal component. The closer to 
1 a value on an axis (PC), the more 
correlated the variable is with the 
axis. Hence, the first axis (PC-1) is 
essentially characterized by 
squares (1° x 1°) where the catch 
rates (CPUE) for skipjack, small 
bigeye and small yellowfin caught 
on free schools are low. This axis is 
therefore rather inconsistent to 
describe the spatial structure of the 
fishery as such small size 
categories are not targeted in free 
schools and represent a very small 
proportion of the catch. 
 
 
 

Figure 3. CPUE of the three tuna species divided by size 
class and two fishing methods (FSC and FAD). Plot of the 

scores in the co-ordinates of first two principal 
components. PC-1 (23.16 % of variance) and PC-2 (22 % 

of variance). 
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The second axis (PC-2) opposed high CPUE of small yellowfin, small bigeye, and 
skipjack caught in FAD-associated schools to the catches of big yellowfin and bigeye 
caught in free schools. The third axis was well explained by the CPUE of the big yellowfin 
and bigeye caught on FADs. Values of the component 2 for the 1° x 1° squares showed 
strong spatial contrasts in the Indian Ocean. 3 major areas were visually identified: the 
Somali basin (1°S-10°N and 45-62°E) and Mozambique channel characterized over the 
period by high values of PC-2 corresponding to areas of high catch rates of small bigeye, 
small yellowfin and skipjack taken on FADs, and the equatorial area (12°S-5°S and 40-
75°E) described by low values of PC-2, i.e. hich catch rates of large yellowfin and bigeye in 
free schools (Figure 4). 

 
Figure 4. Values in class of color of the second principal component (PC-2), for variables in squares of 1° x 

1°. Period 1991-2009. 
 
3.1.2. Reallocation of catch and fishing effort 

 

Reports of attack from the Indian Ocean Tuna 

Commission (IOTC 2009) and the IMB Piracy 

reporting Center (ICC 2010), show that piracy 

started seriously affecting fishing vessels since 

2007; therefore the piracy period for this study has 

been established since then. A map of the attacks to 

fishing boats per year is given in figure 5, which 

shows the increasing number of attacks since piracy 

period and the concentration of these attacks in the 

Figure 5. Attacks to fishing vessels in the 
western Indian Ocean. Period 

January2007-April 2010. 
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Somali area with a progressive extension outside this area in 2010. 

 

Maps allowed identifying the redistribution of catch and effort in time and space. 

Figure 6 shows how fishers move around the western IO during the year, this map allowed 

to establish the influential period from June to November, which is the season where 

fishers are concentrated close to Somalia. A more detailed representation of the 

seasonality of tuna French purse seiner fleet from the IO from January to December is 

available in appendices (7.1).  

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
Figure 6. Number and location (latitude - longitude) of positive fishing sets for the French purse seine fleet in 

two seasons. [a] December-May. [b] June-November. Period 2002-2008. 
 

 

The figure 7 illustrates how fishers have avoided the Somali coast after the piracy 

period, moving far away from the EEZ toward the east of Somalia. The two maps show the 

total catch in 2002 and 2008, two years that were taken as a reference period before and 

after piracy evidencing a reallocation of fishing effort. The allocation of fishing activities far 

off the Somali coasts in 2008 is also related to the non renewal of fishing agreements 

between the European Union and Somalia government that allowed French and Spanish 

purse seiners fishing in the Somali EEZ until 2004. 
 

 
 
 
 
 
 

a          b 
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Figure 7. Number and location (latitude - longitude) of positive fishing sets for the French purse seine fleet. 
Before piracy (2002) and after piracy (2008). Yellow = yellowfin, red = skipjack; blue = bigeye. 
 

Figure 8 shows the importance of the FAD catches of the French fleet in the Somali 

basin. The value of the mean catch in Free School Catch (FSC) oscillates between 0-5 % 

with a standard deviation that increases as we move to the east far from the EEZ. 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 

Figure 8. Faction of free school tuna catches for the French purse seine fleet and the three main tuna 
species (T. albacares, T. obesus and K. pelamis). Period 1991–2009. 
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The activity of the vessels par buffer and year is shown in the Table 1, evidencing a 

decrease in the number of boats near Somalia (limit of the EEZ) and an increase in the 

number of boats working far away to the east of the EEZ through time. Results also 

evidence that the use of space has decrease in the last few years near the Somali coast 

(buffer 0-50) but remains in a more constant way 200 nm from the EEZ (Figure 9).   

 
Table 1. Number of French fishing vessels per distance buffer (nm). Period 2001-2009 

 
Date (year) 0 25 50 75 100 125 150 175 200 
2001 15 15 17 19 19 19 19 19 19 
2002 18 18 18 18 18 19 19 19 19 
2003 15 15 16 17 17 17 17 17 17 
2004 15 16 16 16 16 16 16 16 16 
2005 4 8 11 13 16 16 16 16 17 
2006 11 18 18 19 19 19 19 19 19 
2007 7 19 20 20 20 20 20 20 20 
2008 1 7 11 16 18 20 20 20 20 
2009 2 10 10 10 11 11 11 11 11 

  - Political conflicts period;   - Piracy period 
 

 

 
 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

 
 

Figure 9. Use of space (numbers of 1°x1° visited squares) for the French purse seine fleet. Distance (nm) 
from the EEZ. Period 2000-2009. 
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The fishing effort expressed in searching time in western IO was also relocated 

since piracy. The ST tended to focus far from the EEZ and has become practically 

inexistent in the limits of it (Figure 10). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Searching time of the French purse seine fleet. [a] Limit of the EEZ; [b] 200 nm east of the EEZ. 
Period 1991-2009. 

 

a 
 
 
 
 
  

b 
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 The same pattern was observed in the number of sets, which have a close relation 

with the searching time. Between 1996 and 2002 there was a pick in the number of sets in 

the EEZ. The activity started to fall in 2003 becoming practically inexistent in the EEZ, but 

practically constant in the 5 higher buffers (Figure 11).  

 
 

Figure 11. Number of sets per distance buffer (nm) for the French purse seine fleet. Period 1991-2009. 
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3.1.3. Changes in the species composition 
 

 In terms of the distance there was no variation in the species composition for the 

three tuna species. We see that in all the distance buffers, from the EEZ to 200 nm, the 

species composition remains constant, around 40 % (± 10) for yellowfins, 45 % (± 15) for 

skipjacks and 15 % (± 5) for bigeyes (Figure 12).  

 

 
Figure 12. Species composition in FAD per distance buffer (nm). [a] yellowfin, [b] skipjack, [c] bigeye. Period 

2001-2009. 
 

However, there is a quite significant variation in the yearly composition, inversely 

proportional for yellowfins and skipjacks, with a tendency of augmentation through time for 

yellowfins and diminution for skipjacks. No effect of the years was observed for the 

species composition of bigeyes; for this tunas the proportions remain equals as in the 

buffers (15 %; ± 10) representing the lower catches of the three species for the IO French 

purse seiners (Figure 13). 

 

 
 

Figure 13. Species composition in FAD per time period (years). [a] yellowfin, [b] skipjack, [c] bigeye. Period 
2001-2009. 

a              b      c
         
   

a              b      c
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 A quite illustrative resume of the species composition of IO’s tunas is well 

represented in Figure 14. Floating pies show the composition of yellowfins, skipjacks and 

bigeyes, showing the dominance of skipjack in the beginning of the decade and the 

tendency of augmentation of yellowfin since 2004 that remain constant until 2009 in all the 

buffers. It is also appreciable that there is not a strong buffer effect for the three species. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 
 

 
 
 
 
 

Figure 14. Tuna’s species composition from the Indian Ocean. Distance buffer (nm) vs time (year). Yellow = 
yellowfin, red = skipjack; blue = bigeye. Period 2001-2009. 

 
 
3.1.4. Changes in the length structure. 

  

There are evidences of some changes in the length structure. The Analysis of 

Variance ANOVA shows no statistical significant effect of the distance buffers for the three 

tuna species (p-value > 0.05). However, a significant but no strong inter-annual variability 

was observed (p-value < 0.05). The ANOVA resume is represented in the Table 2. 
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Table 2. ANOVA for comparing means between the length structures of the three tuna species 
  

 
Species 

Source of the 
variance Df Sum Sq Mean Sq F value P-value 

Years 8 0.65615 0.082019 8.1049 3.701e-07 
Distance 7 0.01175 0.001678 0.1658 0.991 
Residuals 55 0.55658 0.010120   

 
YFT 

 
Years 8 0.85934 0.107417 10.287 1.173e-08 
Distance 7 0.01287 0.001838 0.176 0.9891 
Residuals 55 0.57432 0.010442   

 
SKJ 

 
Years 8 0.100110 0.0125137 3.5966 0.002007 
Distance 7 0.005331 0.0007616 0.2189 0.979449 

 
BET 

Residuals 55 0.191362 0.0034793   
 
 Figure 15 shows an example of length frequencies of two referential years, before 

(2002) and after piracy (2008) for yellowfins and for the period June-November, to 

illustrate the little differences observed in the ANOVA. There are no appreciable changes 

in the mean length of the species, but we see some variations in the relative density that 

tends to increase in the first buffers (25-100) and remaining constant in the last ones (125-

200). The absence of data in the buffer 75 in 2008 is an exceptional case in this year, 

probably du to the reallocation of the effort. We also see in some of the buffers after 

piracy, the appearance of what it seems to be two picks or normal distribution, the first one 

of around 50 cm fork length and the second one of around 110 cm fork length. It is also 

quite interesting the number of individuals (n) corresponding each distribution which 

decreases in the first buffers but increases in the last ones (125, 175 and 200), probably 

due to the increment of the effort in the last buffers. 

 
 

 

 
 
 

 
 

 
 
 

 
Figure 15. Yellowfin tuna’s length Frequency par distance buffer (nm), [a] Before piracy (2002) and [b] after 

piracy (2008). Period June-November. 

a             b 
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4. DISCUSSION 
 

By preventing the access of fishing vessels to a major fishing area during 1 year, 

Somali pirates have imposed a time-area closure to Indian Ocean fisheries similar to a 

Marine Protected Area. Although still preliminary, our analysis provides insights into the 

effects of Somali piracy on the French purse seine fishery of the Indian Ocean. Fishing 

companies have rapidly responded to this issue by reallocating the spatial effort to other 

fishing grounds, 5 vessels having departed to the Atlantic Ocean while the remaining ones 

clearly avoided the Somali area for security reasons. This adaptive response well 

illustrates the high mobility of tuna fisheries that showed similar behaviors when facing 

strong changes in environmental conditions during particular years. For instance, purse 

seiners exceptionally occurred in the eastern part of the WIO in winter 1998 due to a 

strong climatic anomaly (Ménard et al. 2007). In the present analysis, we evidenced a 

strong decrease in fishing effort (expressed in searching time, number of visited squares, 

and number of fishing sets) and catches in 2008 in the Somali basin. No clear effects of 

changes in length structure and species composition due to piracy were observed within 

the Somali basin over 2001-2009. With the boarding of military personnels, fishing effort 

and associated catch re-increased to similar levels as observed in 2007. The confounded 

effects between year and piracy and high seasonal and interannual variability in fisheries 

catches prevent to draw firm conclusions on the changes in the fisheries in relation to 

Somali piracy and further investigation combining other fisheries datasets is required to 

improve our understanding of piracy effects. The present analysis constitutes a general 

framework for analysing effects of a time-area closure 

 
4.1. Catch, effort and CPUE 

 

Fishing activity in the Indian Ocean is highly influenced by the existence of a 

monsoon regime, characterized by a seasonal inversion of the winds and therefore the 

circulation of the ocean is inversed as well twice a year (Schott et al. 2009). Ramage 

(1969) indicates that there is a north monsoon or winter monsoon from December to 

March, in this period fishing activity in concentrated in the central region of the IO on large 

yellowfin caught in free schools; then the wind and current start to change and fishers 

begin to descend through the Mozambique channel where natural objects are numerous 

and favour the aggregation of tunas. By June, fishing vessels start to move up north to the 

Somali coast with the arrival of the summer monsoon’s period from July to the end of 
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September to mainly fish on skipjack in FAD-associated schools. Marsac (1995) and 

Stéquert & Ramcharrum (1996) have shown a possible correlation between the monsoon’s 

winds regime and the egg-laying of the yellowfin and the skipjack, using a characteristic 

wind index (wind stress), they established that even though tunas from the IO reproduce 

the whole year, there is a egg-laying pick which coincides with the two monsoon’s periods, 

so seasonality of the fishery seems well related to the productivity of tunas stocks and the 

monsoon regimes. Here, we focused on piracy impact from June to November, coinciding 

with the period where the activity is concentrated close to Somali. 

 

The first axes observed in the PCA explain that there is not a clear spatial structure 
(spatial gradients) for the CPUE of skipjack, small yellowfin and small bigeye on free 
schools excepting the Mozambique Channel. The reasons of these exceptions are not 
quite clear but anyways this represents only a small proportion of the FSC total catch 
(which target essentially big yellowfin). Furthermore, it is necessary to point that this CPUE 
was calculated from the species composition reconstituted for small fishes, so it would be 
necessary to include all the set of sizes to improve the results. 
 

 This exploratory part of the study brings to light the spatial structure of the fishery 
and the interest we carried in the zone of the Somali basin for the subsequent analyzes. 
However, analyzes on this very first exploratory work seems to be very promising; it would 
be necessary to look some other points like the use of the specific compositions stemming 
from sampling, finer filtering of the data, interpolation methods integrating the spatial auto-
correlation and grouping squares in spatial zones via techniques of distance calculations 
or mobile median and temporal PCA for the period 1991-2009 on spatial zones predefined 
by this analysis. 
 

Since the implementation of FADs in the 1990s, fishing activity has been modified in 

the Indian Ocean (Hallier & Gaertner 2008). Catch with FADs has arrived up to 70 % for 

species like skipjack and up to 50 % for yellowfin bigeye (Venkatasami & Mamode 1996, 

Romanov 2000, Coan & Itano 2001). 

 

Looking at the positions in the map of the attacks it is appreciable how pirates have 

moved and expanded this activity through time; in 2008 pirates used to operate in the Gulf 

of Aden and close to the Somali coast in the EEZ. Between 2009 and the first quarter 
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2010, they started to move far from the coast toward the east (70°E) and south (10°S) and 

they completely disappeared from the Gulf of Aden, probably because of the military 

presence on board (UNOSAT 2009). 

 

The agreements between the European Union and Somalia in 2004 have forced the 

exit of the French purse seiners with the interdiction to fish in the Somali EEZ.  This 

decision has caused a diminution of the effort in terms of use of space; but it would be 

important to look if this modification is appreciable in other important fleets from the IO 

such as the Spanish and Japanese, to establish a more realistic scenario of the 

modification of the effort. The decrease offishing activities observed in 2004-2005 is due to 

the political situation in Somalia (transitional government in 2004 and military intervention) 

that ended up fishing agreements between the European Union and the Somalian 

government.  

 

Another important point to discuss in terms of fishing effort are the changes in the 

searching time (ST); this fishing unit of effort was defined by FAO as a first priority 

measure unit which represents the time on grounds less the time spent shooting the net 

and retrieving the whole catch as well as time to hove it. This measure usually results 

complicated by the use of high technology such as aircraft spotting and by the 

dissemination of information from vessel to vessel, but it is appropriate when school size 

and packing density are unrelated to stock abundance and when a set is only made on 

schools that has been located as we see in French purse seiners fisheries from the IO 

(Halls et al. 2005). As we said before, there are two important consecutive events that 

might have forced the fleets to reduce the ST; which are the transitional government in 

Somalia that probably affected fishing activity between 2004 and 2005, and also the 

beginning of the attacks to fishing boats in 2007 which could force the decrease of the ST 

since 2008 after a light increase observed between 2006 and 2007, 200 nm from the EEZ. 

 

4.2. Species composition 
 

 Results from this study are supported by the species composition established by 

Fonteneau (1997), for the purse seiner’s fleet and for both fishing methods (FSC and 

FAD), evidencing the mayor importance of skipjacks in FAD catches (about 75% of total) 

and the dominance of yellowfin in FSC catches (about 15 % of total).  
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 The exploratory PCA showed a contrast in the CPUE from the Somali basin and 

from both fishing methods, this contrast is characterized by a high CPUE of skipjack, small 

yellowfin and small bigeye in FAD. This could be related with the increasing tendency of 

yellowfin after piracy period, so it is logical to thing that fishers, now far from the Somali 

coast, are catching less small yellowfin, which could probably cause an future increase in 

the abundance of large yellowfin and therefore in the proportions of the species. 

 

As a result of the major statistical uncertainties in the identification of juvenile’s tuna 

species, Fonteneau (2007) recommends to permanently estimate the real species 

composition of these purse seine catches, as well as their size distribution, using a 

permanent species sampling of catches as well as an accurate data processing. 

Furthermore similar misidentification in the species composition has been also often 

observed for pole and line bait boat fisheries, therefore it is recommendable to incorporate 

in all fleets and standardize sampling methods. 

 

The purse seiner catch data analyzed in this study account for species-identification 

problems in a time-consistent manner as they were based on a multispecies sampling 

method established since the beginning of the purse seiner’s fishery in the 1980s. This is a 

worldwide-expanded method, recently recommended by Fonteneau (2007), which has 

ruled other important tuna areas like the Eastern Pacific’s IATTC area (Tomlinson 2002). 

 

This port sampling has been established by the IATTC since 2000 based on the 

observation that the species composition of tuna catches estimated by the observers 

always tend to underestimate the catches of small bigeye (among others). This major 

problem was faced despite of the maximum rate of observers, nearly 100%, in the IATTC 

purse seine fleets. As a result, the species composition of all the purse catches in the 

Atlantic and in the Indian ocean since 1980 and in the Eastern Pacific since 2000 have 

been well estimated, using the results of these large scale multispecies port samplings that 

have been simultaneously targeting the size distribution and the species composition of 

the landed tuna catches (Fonteneau 2007).  

 

  Nevertheless the Western Pacific Ocean shows the opposite face, the situation in 

that area is more complex: on one hand, port sampling have also been conducted in 

several occasions (Crone & Coan 2002), but the major part of the species composition has 

been also obtained from observers at sea during the fishing operations and these data 
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have been primarily used to estimate the species composition. The sampling method used 

by these observers was to randomly select only five fishes in every brail taken from the 

set. As a consequence, at the moment there is no standard best method adopted and 

recommended by WCPFC and routinely used to correct the species composition of purse 

seine or bait-boats catches taken in the Western and Central Pacific (Lawson and William 

2005). 

 

4.3. Length structure 
 

It is not so clear the reasons why for the three species no effect was observed on 

the length structure on the distance buffers, more investigation is necessary but this first 

approach would suggests a "stabilizing" effect of the FAD on the species composition of 

the catch in the Indian Ocean (Ortega et al. In prep). 

 

Even though a significant inter-annual variability was observed in the length 

structure, it is early to establish a relation between changes in the length structure and the 

political instability and piracy in Somalia. The reasons and the nature of these changes in 

the tuna’s length structure are not quite clear and more investigation would be necessary 

regarding the age, length structure, growth parameters, biomass, changes by size classes 

and level of the catches in order to hold firm conclusions. 

 

However, a reallocation of fishing effort has been well demonstrated and discussed 

in this study so this reallocation of fishing activity could also be related with the 

modification of the length structure. To understand this better, it would be also important to 

establish the links between the reallocation of the effort and the biology of the different 

populations from the IO. 

 

4.4. Effects on the Economic Exclusion Zone as a Marine Protected Area 
 

 It is well known the potential of Marine Protected Areas (MPA or marine reserves) in 

the management of resources (Murawski et al. 2000, Gerber et al. 2005 Kaplan 2009, 

West et al. 2009); in exploited ecosystems like the western IO its implementation might be 

useful to ensure sustainability and to reduce anthropogenic impacts in species strongly 

exploited and with a wide home range like tunas (Moffit et al. 2009). One of the most 

effective ways to assure this is to take care of the first stages of mobile species via larval 
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dispersal, and fishing mortality (Alpine & Hobday 2007, Le Quesne & Codling 2008, 

Cudney-Bueno et al. 2009) and ensuring accurate estimations of biomass (Rookeer et al. 

2008) to improve management measures. 

  

The Somali example illustrates the original case study of a well enforced “MPA” 

where the incentives to respect the agreements that control the fishing grounds on the 

high seas are governed sometimes by controversial situations. The bureaus that control 

these grounds sometimes have different laws in terms of habitats, species and range of 

jurisdiction. Some have a mandate to manage stocks from the surface to the seabed, while 

others are only tasked with managing migratory species such as tunas. Some areas of the 

high seas lack any governance (Cullis-Suzuki and Pauly 2010).  

 

Most of management organizations suffer from serious problems of Illegal 

Unreported and Unregulated fishing within their areas (Agnew et al. 2009). “The Flag of 

Convenience” vessels compromise the huge efforts to conserve fish stocks, and it has 

been estimated that as much as half of the total catch of many species may have been 

taken illegally. It is surprising then that some of these management organizations have 

repeatedly failed to prosecute known infringements by vessels operating under their 

oversight. Management by many organizations is failing to safeguard either fisheries or the 

environment like we see in the Somali example. 

 

Many experts assure that today fishing is the greatest threat to biodiversity on the 

high seas. Since the end of World War II, the high seas have been subject to increasing 

levels of fishing effort. Tuna biomass has collapsed and could have falled by 90% or more 

since the 1950s (Myers and Worm 2003), although there are still large uncertainties on the 

real magnitude of this decline (Hampton et al. 2005, Polacheck 2006). A recent 

assessment showed that the quality of high seas habitats is being reduced and the 

diversity of these fish has declined by between 10 and 50 % since the 1950s, depending 

on the area (Worm et al. 2005), so the Somali example represent a good opportunity to set 

up a legal document that establishes a MPA in the western Indian Ocean ensuring the 

security of fishermen and the sustainability of tuna fisheries. 
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5. CONCLUSIONS AND PERSPECTIVES 
 

 Results from this study allow to conclude that there is a reallocation of the Indian 

Ocean’s French purse seiner’s fleet since the piracy period in 2007, which have made the 

industry to avoid the Somali Economic Exclusion Zone, concentrating fishing activity 

between 100 to 200 nm from the EEZ (300 to 400 nm from the Somali coast). The present 

study represents a first approach that evidence variations in fishing activity around the 

Somali basin with a possible relation to the political instability and piracy from this country. 

 

There is evidence of statistical significant effect of the time (years) in the species 

composition and the length structure of the 3 major tuna species exploited by the French 

purse seiner’s fleet from the Indian Ocean; in spite of the effort reallocation since the 

piracy period in 2007, no significant variation in the distance (buffers) was observed. 

Changes observed in the species composition indicate an increasing tendency of 

yellowfin and a decrease in skipjack. Results suggest that these changes could be related 

to the reallocation of the effort; however more attention should be given on the biomass 

variations and length frequency data to improve results. 

  

The Somali Economic Exclusion Zone represents a good example of the potential of 

Marine Reserves and well-organized fisheries in the management of recourses and the 

conservation of biodiversity. Results show that this protected area has extended from 100 

to 200 nm from the Somali Economic Exclusion Zone.  

 

It is recommendable to intensify data analysis by calculating the biomass of the 

stock in spatial and temporal terms, incrementing analysis of length structure and 

establishing a yield per recruit model in order to estimate how such a time-area closure 

might increase the expected catch of the stock by preserving juveniles of tunas. It is also 

necessary to incorporate in the analyzes all fishing fleets and gears such as the Spanish 

purse seiners and Japanese longliners whose activity represent a large proportion of the 

total fishery production in the Western Indian Ocean. 
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7. APPENDICES  
7.1. Seasonality of tuna fishery in the Indian Ocean 
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7.2. Basic code for the database interface between R and PostgreSQL 
 
 
#### Load package#### 
    library(RPostgreSQL) 
 
#### Initialize the driver to PostgreSQL #### 
    drv <- dbDriver("PostgreSQL") 
 
#### Create a connection to a PostgreSQL server #### 
    con <- dbConnect(drv, user="xxxxx", password="xxxxxxxx", 
               dbname="balbaya", host="xxxx.xxxx.xx") 
 
############################################# 
#### Run a query and leave results on the server    #### 
#### (using a simple SQL query as example to        #### 
#### extract year, month, ocean, latitude, longitude #### 
#### and number of sets, from the database)           #### 
#############################################  
 
rs <- dbSendQuery(con, " SELECT EXTRACT (YEAR FROM activite.d_act) AS annee,        

EXTRACT (MONTH FROM activite.d_act) AS mois, activite.c_ocea AS ocean,          
 activite.v_la_act AS latitude, activite.v_lo_act AS longitude, 
 activite.v_nb_calee_pos AS calees  
FROM activite  
WHERE EXTRACT (YEAR FROM activite.d_act) < 2004 AND activite.c_ocea = 2   
GROUP BY annee, mois, ocean, latitude, longitude, calees  
ORDER BY annee, mois ") 

 
#### Fetch all records #### 
    dFrame <- fetch(rs, n = -1) 
 
#### Close result of the set (rs) #### 
    dbClearResult(rs) 
 
#### Close connection con #### 
    dbDisconnect(con) 
 
#### Unload the driver drv #### 
    dbUnloadDriver(drv) 

 
 
######################################################################## 
### For details, see the Adobe PDF file "DBI.pdf" in the doc folder or see the                ###    
### documentation using help(PostgreSQL). Examples provided in the devTests          ### 
### folder illustrate some of the functionality. Or refer to the file demo.r      ### 
### in the devTests folder                   ### 
######################################################################## 
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7.3. Mayor tuna species exploited by the Indian Ocean’s French purse seiners  
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
Taken from Fonteneau (1997). 
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ABSTRACT 
 
In the early 1990s, piracy activity began to develop around Somalia in the Western Indian Ocean. This has 
forced tuna fishermen to accept not to fish in piracy zones, mainly creating a marine reserve in an area that 
represents about one third of the catches from the tuna fleet. The present study aims to establish the 
reallocation of catch and effort of the French fleet before and after piracy in spatial and temporal terms, also 
to determine changes in the species composition and the length structure of three major tuna species 
(yellowfin, skipjack and bigeye) and finally to analyze the potential effect of the Somali EEZ as an AMP and 
the possibility of the extension of this area due to piracy. For this purpose, codes in programming languages 
R and SQL were developed to extract the data of the BALBAYA database to analyze fishing activity. A 
Principal Components analysis was used to characterize the CPUE in the Western Indian Ocean and justify 
the influence period and the contrast of the distribution by size and fishing method for the 3 species. The 
Somali basin was divided into 9 distance buffer rings of 25 nautical miles each one. The species composition 
indicates the dominance of skipjacks on FAD and yellowfins on FSC with an increase of albacores after the 
appearance of piracy. The ANOVA did not show a significant difference in the length structure of the buffers 
(p < 0.05) but a significant difference between the years was observed (p> 0.05). The present study 
concludes that there is a reallocation of fishing effort after piracy in 2007 modifying the specific composition 
and the length structure of three major tuna species exploited by the French fleet of Indian Ocean. It is 
recommendable to intensify data analysis establishing a yield per recruit model.  
 
Keywords: tropical tuna, Somalia, pirates, purse seine fishery, Indian Ocean. 
 
 
 
 
 
 
 
RESUME 
 
Au début des années 1990s, l'activité pirate a commencé à se développer autour de la Somalie dans l’ouest 
de l’Océan Indien. Grâce à cette problématique les pêcheurs de thon ont accepté l'idée de ne pas pêcher 
dans les zones d'activité pirate, principalement avec la création d'une réserve marine dans une zone qui 
représente environ un tiers des captures de la flottille thonière. À partir de ce panorama, l'étude a plusieurs 
objectifs: Tout d'abord établir la réallocation des captures et de l’effort de la flottille française avant et après 
la piraterie d'un point vue spatio-temporel, Ensuite déterminer des modifications de la composition spécifique 
et de la structure en taille des trois principales espèces de thon (albacore, listao et patudo) et Enfin, analyser 
l’effet potentiel de la ZEE somalienne comme une AMP et la possibilité de l’extension de cette aire dû a la 
piraterie. Pour ceci on a développé des codes en langages de programmation, pour extraire les données de 
la base BALBAYA pour analyser l'activité de pêche. L’analyse en composantes principales a permit de 
caractériser la CPUE dans l’ouest de l’Océan Indien en justifiant la période d’influence et le contraste de la 
distribution des espèces dans le bassin somalien. La zone somalienne a été divisée en 9 buffers de 25 
milles nautiques de distance chacun. La composition spécifique indique une dominance de listao sur DCP et 
d’albacore sur BL avec un incrément des albacores après la piraterie. L’ANOVA n’a pas montré de 
différence significative entre la structure de taille des buffers (p<0.05) mais des différences significatives 
entre les années ont été observées (p>0.05). L’étude conclue qu'il y a une réallocation de l’effort de pêche 
due à la piraterie depuis 2007 qui a provoqué une modification de la composition spécifique et de la 
structure en taille des trois principales espèces de thons exploitées pour la flottille thonière française de 
l’Océan Indien. Il est recommandable d’intensifier l’analyse de données en établissant un modèle de 
rendement par recrue.  
 
Mots Clés: Thon tropical, Somalie, Pirate, pêche à la seine, Océan Indien. 
 
 
 
 
 
 
 
 
 

 


