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The world’s largest living chondrichtyan, the whale shark, Rhyncodon typus, is found in both 
oceanic and coastal tropical water. The tuna fishing industry holds an important place in the 
Indian and Atlantic Oceans and this large marine organism is indeed observed during fishing 
activities and is sometimes encircled with the net when fishing tuna schools. We studied the 
relationship between fishing fleets and whale shark considering two complementary data 
sets: a 31 years data set derived from logbooks systematically filled by captains of the French 
and Spanish tuna purse seine fleets (1980-2011) and a 16 years data set compiling 
observations from various scientific observers programs (1995-2011) with partial and 
variable coverage. The purpose of this study is to analyze the spatio-temporal distribution 
(season and year) of co-occurrence frequency between fishing activities and this large marine 
organism, and the potential impact on their mortality. Distribution maps of fishing activities 
and whale shark, supported by multivariate data analysis (PCA), were performed. The results 
highlight a seasonal and annual variability in the distribution of fishing activities and whale 
shark sightings. The areas of aggregation of whale shark highlighted were the coastal zone of 
Gabon associated to April to September in the Atlantic Ocean and the Mozambican Channel 
related to April-May in the Indian Ocean, certainly in relation to structuring environmental 
parameters. The impact of fishing on the mortality of whale sharks is extremely low (1%). 
The nature and abundance of the data used provide a unique vision of whale shark 
distribution and its interaction with fishing activities. 
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INTRODUCTION 
The ecosystem approach to fisheries consists in “applying an integrated approach to fisheries within ecologically 
meaningful boundaries” (FAO, 2003). This approach is of major concern to fisheries generating important by-
catches (i.e. catches of species associated with target species of commercial interest), potentially impacting 
ecosystem functioning, and/or leading to threaten species considered as already endangered (Amandè et al., 
2008). 
In this study, we focus on the French and the Spanish tropical tuna purse seine fishery (PSF) in the Indian (IO) 
and Atlantic oceans (AO). Since the beginning of the fishery in the early 60’s, the French component (presently 
23 purse seine vessels) is monitored by the Institut de Recherche pour le Développement (IRD) and the Spanish 
component (presently 42 purse seine vessels) is monitored by the Instituto Español de Oceanografía (IEO) and 
AZTI. 
In the fairly homogenous open ocean, PSF is actively looking for clues, abnormality in the environment 
potentially indicating the presence of tunas. For this purpose, PSF heavily uses devices to quickly detect tuna 
schools. Most of the PSF uses aggregating devices such as natural logs (e.g. wood), artificial drifting objects 
(e.g. bamboo-made raft) or living organisms (e.g. whale shark, marine mammals) under or in the vicinity of 
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aggregations of tunas can be observed. Fishing on or close to marine organisms in order to catch tunas can lead 
to their accidental capture and potentially impact their survival (Hall, 1998; Kriska et al., 2008; Rowat & 
Brooks, 2012).  
Whale shark (WHS) (Rhincodon typus, Smith 1828) can be used as an indicator of tuna schools by PSF or 
simply associated with tuna catches. They are found in both oceanic and coastal tropical water (Roward & 
Brooks, 2012) and are the world’s largest living chondrichtyan (maximum length recorded is of 12.65 meters). In 
1999, R. typus was listed on the Appendix II of the Convention of Migratory Species of Wild Animals (Fowler, 
2000). In 2000, the International Union for Conservation of Nature (IUCN) classed it as vulnerable and it was 
added to the Appendix II of the Convention of Trade in Endangered Species in 2002.  
Although they can be very useful and searched by fishermen to localize high seas resources, very little is known 
about the interaction with the PSF and their fate in case of being caught. However, populations of these species 
are considered poorly resistant to abnormally high death rate. The regional fisheries and nongovernmental 
environmental organizations are concerned about having scientific information on these impacts. 
 
In this context, the aim of this study is to analyze the frequency of co-occurrence of tuna’s PSF with WHS in the 
IO and AO. The analyses will focus on i) the spatio-temporal distribution of fleet activity and WHS sightings 
separately, and then of their co-occurrence frequency, ii) the impact of fishing on the mortality of these 
organisms.  
 

DATA USED 
The above objectives will be addressed using two complementary datasets available in the IO and AO: i) the 
logbooks declarations of skippers (AVDTH database), and ii) observations made by scientific observers onboard 
(ObServe database). The logbook dataset covers a very large part of the European tuna fishing activities from the 
1980s in both oceans. The dataset consists of a 31-year (1980-2011) time series of purse seine vessels activities. 
An “activity” is defined here as a record declared by skippers for each set done with: i) a geographic position, ii) 
fishing set characteristics (time and catch composition) and iii) association information (i.e. type of schools, 
WHS sighing, for example). If no set is done during the day, one record is registered at midday with association 
information if any. For the IO, this time series was divided into two groups: the first ranging from 1980 to 1999 
with only data from France and the second ranging from 2000 to 2011 with data from France and Spain. The 
ObServe database includes data collected by scientific observers onboard of fishing vessels.. The dataset consists 
of a series of observations collected over a 16-year discontinuous time period (1995-2011) associated to French 
and Spanish observers campaign. Observation made by observers are registered during all the fishing day (day 
time hours) for each modification in fishing activities (i.e. new clue identified, fishing set, fish aggregating 
device operation, for example). If no modification of activity occurred, a register is done each hour. 
 
Data from these two datasets are highly complementary in nature: logbooks contain declarative data with one 
report by day which does not necessarily record the organism sightings but present near 100% coverage of the 
fleet activity. Inversely, observer data contains systematic scientific observations (one report by hour as a 
minimum) and are precise for species identification and survival rate although their coverage is generally low 
(less than 10%) and irregular in time period. 
 
Due to variability in hydro climatic factors, four seasons have been considered in analyses for both the AO and 
the IO. For the AO, we considered four seasons corresponding to quarters: January to March (1), April to June 
(2), July to September (3) and October to December (4). For the IO, we defined two main seasons (monsoons): 
the North-East (NE) monsoon from December to March (1) and the South-West (SW) monsoon June to 
September (3) and two intermediate seasons, South-West (ISW) and North East (INE), corresponding to April-
May (2) and October-November (4) respectively.  
 
RESULTS 
As indicated in Table 1, in the logbook dataset 467 814 activities are registered in the AO with 6 673 WHS 
sightings. Similarly, a total of 110 575 activities are registered in the IO with 1 073 WHS sightings between 
1980 and 1999 and 197 217 activities with 706 WHS sightings after 1999. In the observer dataset, there are 169 
546 purse seine activities registered in the AO and 114 581 in the IO with respectively 237 and 74 WHS 
sightings.  
 
The WHS sightings declared by skippers in both oceans were concentrated in specific areas, seasons and years. 
In the AO 77% of WHS sightings were concentrated in the eastern part of the Gulf of Guinea to the Gabon coast 
(Fig. 1). This area was related to quarter 2 and 3, April to September, where a high number of observations 
occurred (≈ 3 500 sightings from April to June and ≈ 2 600 sightings from July to September all year combined) 
Few years were characterized by a large number of WHS sightings: from 1980 to 1989 (≈ 300 sightings per year) 
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with an important rate in 1985 (≈ 700 sightings), 1995 (≈ 650 sightings) and 1996 (≈ 500 sightings) (Fig. 2). 
These particular spots and periods were still valid if WHS sightings were weighted by number of activities (Fig. 
3 and 4). 
In the IO observations of WHS were particularly high in the Mozambique Channel and to a lesser extent in a 10 
degree square East of Seychelles (from 0°N -10°S and 55°E-65°E) (Fig. 1). From 1980 to 1999, different 
distributions were found according to the four seasons with a wide WHS distribution in the Mozambique 
Channel during the ISW monsoon (≈ 400 sightings all year combined) (Fig. 1 and 2). Distributions during the 
NE monsoon and INE monsoon (≈ 300 sightings for the season 1 and ≈ 200 for the season 4 all year combined) 
were concentrated in East of Seychelles (10 degree square), and distribution during the SW monsoon were more 
northerly and fewer (≈100 sightings all year combined) (Fig. 1 and 2). Years 1984 to 1987 (respectively ≈ 200, 
50, 140 and 190 sightings) were characterized by a relatively high number of observations (Fig. 2) with the years 
1984 and 1985 particularly related to the Seychelles and years 1986 and 1987 to the Mozambique Channel. 
Years 1994 and 1998 were also characterized by a high rate of sightings in season 2 (≈ 80 sightings) in 
proportion to the activity rate. From 2000 to 2010, the pattern is similar but the distribution of sightings in the 
NE monsoon seemed more related to that in season 2 as previously. There is a high rate of sightings in ISW 
monsoon (≈ 400 sightings) followed by the INE monsoon (≈ 140 sightings) and the NE and SW monsoons (≈ 70 
sightings) (Fig. 2). Three years are characterized by a high rate of sightings: 2000 (≈ 160 sightings) related to the 
Northern part of the Mozambique Channel and 2008 (≈130 sightings) and 2010 (≈ 60 sightings) related to its 
Southern part. These particular spots and periods are still valid if WHS sightings are weighted by number of 
activities (Fig. 3 and 4) although it tends to minimize the importance of Seychelles ‘observations.  
 
Table 1 gives some statistics computed on both datasets and ocean useful to be compared hereafter: 

-  Percentage of WHS sightings by activities (% WHS among activities) computed on observer dataset 
(0.1 %) are about 10 times lower than percentage computed on logbook dataset (1.1 %). As an observer 
makes in average 10 times more observations by day than skippers record data in their logbook (i.e. a 
minimum of one observation by hour during day time for observer and one by day for skippers), these 
data on sighting ratios seems quite coherent between the two datasets. It is worth noting that this ratio is 
twice lower in IO than in AO but this has not being tested statistically. 

- Number of set by activities are about 10 times less in observer data (6%) than in logbook data (54 %) 
confirming the commentary made above and the coherence of the two datasets. 

- Sighting of WHS associated with a set are more frequent in logbooks (98 %) than in observer data (38 
%). This tends to indicate that skippers record WHS almost always when they record a set in the 
logbook. This may be due to a voluntary under declaration of these events but also because WHS are 
not seen by the crew before the set is done and WHS surface. This last interpretation seems to be the 
most plausible explanation according to skippers interviews in course to be analyzed. This phenomenon 
is consistent between oceans. The frequency of association of sighting of WHS with the set is 
equivalent in both oceans either in logbook or in observer dataset. 

- The percentage of set with WHS sightings (% Sets with WHS) is lower in observers dataset (0.7%) 
compared to logbook one (2.0%) and IO percentage are systematically lower than AO one.  

 
The impact of fishing on WHS mortality is low. In the AO, one case of WHS mortality (in 1998) for 110 WHS 
known fate is reported by observers (Table 1) and located along Mauritania (Fig. 5). In the IO, one mortality 
case is reported (in 1999) by observers on 39 WHS known fate related to the East of the Seychelles (Fig. 5). For 
the other cases, 25 WHS escaped of the net and 116 were removed living from the net or released alive without 
being brought onboard. WHS survival rate observed represented then 99.1% of the WHS caught for the AO and 
97.4% for the IO. 
 
Figure 6 indicates that from observer dataset, Atlantic and Indian Ocean signatures are quite similar regarding 
probability of meeting a WHS, meeting a WHS during a set, catching a WHS and releasing it alive. It is also 
worth noting that according to both datasets, the number of individuals in the same set can reach 2 in the AO and 
5 in the IO. 
 
DISCUSSION 
This study, based on complementary data collected in the frame of tuna fishery on fleet activities and WHS 
sightings, allowed analyzing their spatio-temporal frequency of co-occurrence at a relatively large spatial scale 
and relatively large time period, both in the AO and IO. 
To sum up, results revealed that some locations were characterized by high frequency of co-occurrence with 
these organisms during specific period of time, particularly in the littoral zone of Gabon for the AO from April 
to September, and in the Mozambique Channel during the ISW monsoon (April - May) for the IO. Several 
factors could explain these spatio-temporal patterns. A yearly and seasonal distribution could be linked to 
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modifications in the environmental conditions, such as variation in temperature or in primary production as 
previously observed (Sequeira et al., 2011). In the AO, the coastal zone of Gabon is thus the main area of 
sightings of WHS and the WHS seems very little observed in nearby areas. In fact, 1389 WHS sightings (all year 
combined) are observed at the Cape Lopez lying in the delta of the Ogooué River during season 2 and 3 (April to 
September). This period correspond to the wet seasons where there is a significant release of fresh water from 
river. Changes in temperature and nutrients inputs could explain the aggregation of organisms in this area. 
Furthermore, the area of Cape Lopez is characterized by seasonal upwelling from May to August (Fonteneau, 
1988). The contact between the cold waters and a warm pool of water causes a frontal zone (Frontier, 1978) at 
Cape Lopez (Voituriez, 1973). The areas of frontal zone are often characterized by plankton concentration and 
represent important feeding locations for many species. This could thus explain frequent WHS sightings at this 
period. Furthermore, since the 19th and 20th century the Gulf of Guinea was reported as a breeding ground for 
humpback whales (Figueiredo, 1958) and the area of the Cap Lopez was already known for historical whaling 
abundance (Brito et al., 2010). 
In the IO, the Mozambique Channel is known to have a circulation pattern influenced by anticyclonic gyres 
covering the northern, the central and the southern parts of the channel (Saetre & Da Silva, 1984). Flow pattern 
change between the winter and the summer seasons both characterized by several eddies (Saetre & Da Silva, 
1984). There is a reversal of current circulations and the upwelling location changes between January (to the 
South) and July (to the North) which may be the reason for the movement of marine organisms southward in the 
ISE monsoon and northward in the INE monsoon. Moreover, a recent study conducted at the Seychelles 
indicates that WHS travels could be influenced by prevailing geo-strophic currents (Rowat & Gore, 2007), which 
are oceanic flow in which the pressure gradient force is balanced by the Coriolis effect. A hypothesis could be 
that there is a migratory factor. WHS move to the north west of the ocean in the SW monsoon, pass to the east in 
the INE monsoon and return to the channel at the end of NE monsoon. Changes in the WHS distributions could 
thus be explained by variability in the surface water properties (Wilson et al., 2001) and to feeding on specific 
productivity events (Heyman et al., 2001). 
 
Previous studies have shown that species composition and length frequencies in catch resulting from sets with 
WHS are more comparable with sets made on aggregating devices (artificial or natural) than sets made on free 
schools (Pianet et al, 2000). There is a known association between WHS and the tuna species K. pelamis 
(Rowat & Brooks, 2012). WHS are very placid organisms, swim slowly and tend to aggregate small fishes and 
tuna chasing those small potential preys. According to interviews with skippers, it seems that in the majority of 
the cases fishermen first detect indication of tuna presence usually from the presence of birds and then in a 
second time find a WHS associated with the school after setting the net. This is coherent with our dataset since 
very few sightings are recorded in logbooks without a setting. 
While it is considered that setting nets around them represented the largest mortality of WHS (in Rowat & 
Brooks, 2012), our results based on observer data highlighted that the impact of purse seine fishing is very low 
on these marine organisms in both the AO and the IO (1% and 2% of mortality, respectively). However, even if 
the WHS is declared released alive and not injured, it would be useful to measure effective survival after release 
through adequate tagging experiment.  
 
CONCLUSION AND PERSPECTIVES 
Logbook and observer data from the European tuna purse seine fishery give an interesting basis for analyzing 
distribution of WHS in the western part of the Indian Ocean and the Eastern part of the tropical Atlantic Ocean. 
Collection and study of these data provide information in a field where knowledge is low.  
Statistics constructed with respective datasets appear to be at the same time coherent and complementary. Indian 
and Atlantic Ocean statistical signatures are similar regarding probability of WHS sightings, catching and 
survival after being caught. A seasonal, annual and spatial variation in the frequency of co-occurence distribution 
between the tuna purse seine fishery and WHS was highlighted. These marine organisms seemed to hold a close 
relationship with the tuna purse seine fishery, but despite these, impact of the fishery remained very low in the 
Atlantic and Indian Ocean.  
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FIGURES AND TABLES 

Table 1: Main statistics of logbook and scientific observers datasets on the European tuna purse seine fishery 

AO AO IO

(1980-2011)  (1980-1999)  (2000-2011)   (1995-2011) (1995-2011) 

Activities 467 814 110 575 197 217 775 606 169 546 114 581 284 127

WSH sightings 6 673 1 073 706 8 452 237 74 311

% WSH among activities 1.4% 1.0% 0.4% 1.1% 0.1% 0.1% 0.1%

Fishing sets 237 918 59 940 120 924 418 782 9 969 6 129 16 098

% Sets among activities 51% 54% 61% 54% 6% 5% 6%

WHS associated to a set 6613 1003 675 8291 94 24 118

% WHS associated with sets 99% 93% 96% 98% 40% 32% 38%

% Sets with WHS 2.8% 1.7% 0.6% 2.0% 0.9% 0.4% 0.7%

WHS catch frecuency 111 34 145

WHS caught 115 39 154

% WHS by catch occurancy 47% 45% 46%

WHS fate known 110 39 149

% WHS survival 99% 97% 99%

 Logbook dataset (1980-2011) 

IO

 Total  Total 

Observers dataset (1995-2011) 
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Figure 1: Seasonal and annual distribution of whale shark sightings by 1° square (left) in the Atlantic Ocean 
from 1980 to 2011 (right) in the Indian Ocean: top panel - from 1980 to 1999; bottom panel – from 2000 to 2011 
(source logbooks)  



7 

 

19
79

19
80

19
81

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

0

100

200

300

400

500

600

years-seasons

si
g

ht
in

g
s

Season 1
Season 2
Season 3
Season 4
Activities

0

1000

2000

3000

4000

5000

6000

19
80

19
81

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

0

20

40

60

80

100

years-seasons

si
g

ht
in

g
s

Season 1
Season 2
Season 3
Season 4
Activities

0

500

1000

1500

2000

2500

3000

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

0

20

40

60

80

100

120

years-seasons

si
g

ht
in

g
s

Season 1
Season 2
Season 3
Season 4
Activities

0

1000

2000

3000

4000

5000

6000

7000

activities

activities
activities

 

Figure 2: Annual and seasonal variation of whale shark sightings (histogram) and activities (red curve) (left) in 
the Atlantic Ocean from 1980 to 2011 (right) in the Indian Ocean: top panel - from 1980 to 1999; bottom panel – 
from 2000 to 2011 (source logbooks)  

 

Figure 3: Annual variation of whale shark sightings weighted by the number of activities in the Atlantic and in 
the Indian Ocean (source logbooks) 
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Figure 4: Distribution maps of activities (red circle) and whale shark sightings by activity (green circle) (left) in 
the Atlantic Ocean from 1980 to 2011 (right) in the Indian Ocean: top panel - from 1980 to 1999; bottom panel – 
from 2000 to 2011. In each case, the diameter of circles is proportional to the number of activities or whale 
sharks (source logbooks) 
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Figure 5: Distribution of observations, catches and mortality of whale shark according (left) in the Atlantic 
Ocean, (right) in the Indian Ocean (source observers) 
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Figure 6: Spider graph, using logarithmic scale, representing different indicators: the percentage of meeting a 
whale shark during an activity, of meeting a whale shark during a set, of a whale shark catch during a set and of 
whale shark survival after a catch (source observers) 

 


