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The world’s largest living chondrichtyan, the whale sh&tkyncodon typuyss 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 endangeredetAmhandée
2008).

In this study, we focus on the French and the Spanish tropical tuna purse seine fishery (PSF) in the Indian (I0)
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 Espafiol de Oceanografia (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 ciose to marine organisms in order to catch twaaslead
to their accidental capture and potentially imptuir survival (Hall, 1998; Kriskat al, 2008; Rowat &
Brooks, 2012).

Whale shark (WHS)Rhincodon typysSmith 1828 can be used as an indicator of tuna schools by &®*SF
simply associated with tuna catches. They are fanndoth oceanic and coastal tropical water (Rowérd
Brooks, 2012) and are the world’s largest livingetirichtyan (maximum length recorded is of 12.6%er®. In
1999,R. typuswas listed on the Appendix Il of the ConventionMifjratory Species of Wild Animals (Fowler,
2000). In 2000, the International Union for Consgion of Nature (IUCN) classed it as vulnerable @&ngas
added to the Appendix Il of the Convention of Tram&ndangered Species in 2002.

Although they can be very useful and searcheddhefimen to localize high seas resources, verg igtknown
about the interaction with the PSF and their fatedse of being caught. However, populations carspecies
are considered poorly resistant to abnormally higlath rate. The regional fisheries and nongovertahen
environmental organizations are concerned abouhfascientific information on these impacts.

In this context, the aim of this study is to analytae frequency of co-occurrence of tuna’s PSF WIthS in the
I0 and AO. The analyses will focus on i) the sp&gimporal distribution of fleet activity and WHSghtings
separately, and then of their co-occurrence frequeii) the impact of fishing on the mortality ohdse
organisms.

DATA USED

The above objectives will be addressed using twoptementary datasets available in the 10 and AQhé)
logbooks declarations of skippers (AVDTH databaaa)l ii) observations made by scientific obseregisoard
(ObServe database). The logbook dataset covens/darge part of the European tuna fishing actgtirom the
1980s in both oceans. The dataset consists ofy@&1¢1980-2011) time series of purse seine vesstilgties.
An “activity” is defined here as a record declabgdskippers for each set done with: i) a geograpbiition, ii)
fishing set characteristics (time and catch conjwogi and iii) association information (i.e. typé schools,
WHS sighing, for example). If no set is done durihg day, one record is registered at midday wsdoaiation
information if any. For the 10, this time seriessadivided into two groups: the first ranging fro®8D to 1999
with only data from France and the second rangingnf2000 to 2011 with data from France and Spahe T
ObServe database includes data collected by sgenibiservers onboard of fishing vessels.. Thesddtaonsists
of a series of observations collected over a 18-geskontinuous time period (1995-2011) associabeldrench
and Spanish observers campaign. Observation madbd®srvers are registered during all the fishing @y
time hours) for each modification in fishing acties (i.e. new clue identified, fishing set, fisggaegating
device operation, for example). If no modificatimiactivity occurred, a register is done each hour.

Data from these two datasets are highly complemgmtanature: logbooks contain declarative datehvahe
report by day which does not necessarily recordotiganism sightings but present near 100% coveoagiee
fleet activity. Inversely, observer data contaiystematic scientific observations (one report byrrhas a
minimum) and are precise for species identificatiowl survival rate although their coverage is gahetow
(less than 10%) and irregular in time period.

Due to variability in hydro climatic factors, foseasons have been considered in analyses for lmthQ and
the 10. For the AO, we considered four seasonsspanding to quarters: January to March (1), Aprilune
(2), July to September (3) and October to DecerfderFor the 10, we defined two main seasons (monsp

the North-East (NE) monsoon from December to Mafth and the South-West (SW) monsoon June to
September (3) and two intermediate seasons, Soegt-WsW) and North East (INE), corresponding tailAp
May (2) and October-November (4) respectively.

RESULTS

As indicated in Table 1, in the logbook dataset 884 activities are registered in the AO with 6 8FBIS
sightings. Similarly, a total of 110 575 activitiase registered in the 10 with 1 073 WHS sightihgsween
1980 and 1999 and 197 217 activities with 706 WigBitergs after 1999. In the observer dataset, theeel 69
546 purse seine activities registered in the AO ahd 581 in the IO with respectively 237 and 74 WHS
sightings.

The WHS sightings declared by skippers in both nse@ere concentrated in specific areas, seasongeand.
In the AO 77% of WHS sightings were concentratetheastern part of the Gulf of Guinea to the Gatmast
(Fig. 1). This area was related to quarter 2 and8jl to September, where a high number of obd@rua
occurred £ 3 500 sightings from April to June ard2 600 sightings from July to September all yeanisimed)
Few years were characterized by a large numbertd$\aightings: from 1980 to 1989 800 sightings per year)



with an important rate in 1985 (700 sightings), 1995=(650 sightings) and 1996 (500 sightings) (Fig. 2).
These particular spots and periods were still VAMYHS sightings were weighted by number of atitéa (Fig.

3 and 4).

In the 10 observations of WHS were particularlythig the Mozambique Channel and to a lesser exteatl 0
degree square East of Seychelles (from 0°N -10% %6fE-65°E) (Fig. 1). From 1980 to 1999, different
distributions were found according to the four seaswith a wide WHS distribution in the Mozambique
Channel during the ISW monsoon 400 sightings all year combined) (Fig. 1 and Zxtiibutions during the
NE monsoon and INE monsoon 800 sightings for the season 1 and00 for the season 4 all year combined)
were concentrated in East of Seychelles (10 degreare), and distribution during the SW monsoorewsore
northerly and fewerx100 sightings all year combined) (Fig. 1 and 2)ar¢e1984 to 1987 (respectivety200,
50, 140 and 190 sightings) were characterized t@yadively high number of observations (Fig. 2)wiihe years
1984 and 1985 particularly related to the Seychedled years 1986 and 1987 to the Mozambique Channel
Years 1994 and 1998 were also characterized bygh tdte of sightings in season 2 80 sightings) in
proportion to the activity rate. From 2000 to 20t pattern is similar but the distribution oftdiggs in the
NE monsoon seemed more related to that in seasmeviously. There is a high rate of sightingsSWw
monsoon £ 400 sightings) followed by the INE monsoen140 sightings) and the NE and SW monsoens(
sightings) (Fig. 2). Three years are characterimed high rate of sightings: 2008 160 sightings) related to the
Northern part of the Mozambique Channel and 2Ga8Q sightings) and 2016 60 sightings) related to its
Southern part. These particular spots and perioglst@l valid if WHS sightings are weighted by niben of
activities (Fig. 3 and 4) although it tends to miide the importance of Seychelles ‘observations.

Table 1 gives some statistics computed on bothsdetand ocean useful to be compared hereafter:

- Percentage of WHS sightings by activities (% WHiSonag activities) computed on observer dataset
(0.1 %) are about 10 times lower than percentaggpated on logbook dataset (1.1 %). As an observer
makes in average 10 times more observations byttday skippers record data in their logbook (i.e. a
minimum of one observation by hour during day tifmeobserver and one by day for skippers), these
data on sighting ratios seems quite coherent bettheetwo datasets. It is worth noting that thisores
twice lower in 10 than in AO but this has not bebegted statistically.

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

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

- The percentage of set with WHS sightings (% Seth WHS) is lower in observers dataset (0.7%)
compared to logbook one (2.0%) and 10 percentagisystematically lower than AO one.

The impact of fishing on WHS mortality is low. Iha AO, one case of WHS mortality (in 1998) for MBS

known fate is reported by observers (Table 1) amated along Mauritania (Fig. 5). In the 10, onertality

case is reported (in 1999) by observers on 39 WikiSvk fate related to the East of the Seychelleg. ). For
the other cases, 25 WHS escaped of the net anevédbremoved living from the net or released alivgout

being brought onboard. WHS survival rate obsenegasented then 99.1% of the WHS caught for theaA®
97.4% for the 10.

Figure 6 indicates that from observer dataset,mtaand Indian Ocean signatures are quite sinmndgearding
probability of meeting a WHS, meeting a WHS durmnget, catching a WHS and releasing it alive. Hlgo
worth noting that according to both datasets, tmaber of individuals in the same set can reachtBenAO and
5in the 10.

DISCUSSION

This study, based on complementary data colleatetthe frame of tuna fishery on fleet activities aMiHS
sightings, allowed analyzing their spatio-tempdrafjuency of co-occurrence at a relatively largatigp scale
and relatively large time period, both in the AQId0.

To sum up, results revealed that some location® wharacterized by high frequency of co-occurrenith
these organisms during specific period of timetipalarly in the littoral zone of Gabon for the Aftdm April

to September, and in the Mozambique Channel dutiegISW monsoon (April - May) for the 10. Several
factors could explain these spatio-temporal pattes yearly and seasonal distribution could be dohko



modifications in the environmental conditions, swh variation in temperature or in primary productas
previously observed (Sequeiet al, 2011). In the AO, the coastal zone of Gabon is tthe main area of
sightings of WHS and the WHS seems very little obse in nearby areas. In fact, 1389 WHS sightiradisyear
combined) are observed at the Cape Lopez lyingdrdelta of the Ogooué River during season 2 a#p8l to
September). This period correspond to the wet ssastiere there is a significant release of frestemfom
river. Changes in temperature and nutrients ingotsld explain the aggregation of organisms in tmiea.
Furthermore, the area of Cape Lopez is charactbizeseasonal upwelling from May to August (Fontane
1988). The contact between the cold waters andrenyp@ol of water causes a frontal zone (Fronti®78) at
Cape Lopez (Voituriez, 1973). The areas of fromtale are often characterized by plankton concéotrand
represent important feeding locations for many gsec his could thus explain frequent WHS sightiagshis
period. Furthermore, since the™and 28 century the Gulf of Guinea was reported as a bingeground for
humpback whales (Figueiredo, 1958) and the arghenCap Lopez was already known for historical \vital
abundance (Britet al, 2010).

In the 10, the Mozambique Channel is known to haveirculation pattern influenced by anticyclonicrey
covering the northern, the central and the soutparts of the channéBaetre & Da Silva, 1984). Flow pattern
change between the winter and the summer seasdinscharacterized by several eddies (Saetre & DaaSil
1984). There is a reversal of current circulatiansl the upwelling location changes between Janftarthe
South) and July (to the North) which may be thesoeafor the movement of marine organisms southivatde
ISE monsoon and northward in the INE monsoon. Meggoa recent study conducted at the Seychelles
indicates that WHS travels could be influenced vpiling geo-strophic currents (Rowat & Gore, 20@which
are oceanic flow in which the pressure gradientdds balanced by the Coriolis effect. A hypothesisld be
that there is a migratory factor. WHS move to tbetmwest of the ocean in the SW monsoon, padsteast in
the INE monsoon and return to the channel at tidleofNE monsoon. Changes in the WHS distributiomgld
thus be explained by variability in the surface evagiroperties (Wilsort al, 2001) and to feeding on specific
productivity events (Heymaet al, 2001).

Previous studies have shown that species compositid length frequencies in catch resulting frots seéth

WHS are more comparable with sets made on aggnegdgvices (artificial or natural) than sets maddree

schools (Pianet et al, 2000). There is a known Gaton between WHS and the tuna spediespelamis
(Rowat & Brooks, 2012). WHS are very placid orgams swim slowly and tend to aggregate small fisecs
tuna chasing those small potential preys. Accordiinopterviews with skippers, it seems that in thajority of

the cases fishermen first detect indication of tpmasence usually from the presence of birds aad th a
second time find a WHS associated with the schfiet aetting the net. This is coherent with ouradet since
very few sightings are recorded in logbooks with@setting.

While it is considered that setting nets aroundrthrepresented the largest mortality of WH& Rowat &

Brooks, 2012), our results based on observer dgtdighted that the impact of purse seine fishiagéry low
on these marine organisms in both the AO and thél% and 2% of mortality, respectively). Howeveree if

the WHS is declared released alive and not injutaegiould be useful to measure effective survivitdiarelease
through adequate tagging experiment.

CONCLUSION AND PERSPECTIVES

Logbook and observer data from the European tumsepseine fishery give an interesting basis fotyairag
distribution of WHS in the western part of the lmdiOcean and the Eastern part of the tropical Atacean.
Collection and study of these data provide infofarain a field where knowledge is low.

Statistics constructed with respective dataseteapip be at the same time coherent and complergemdian
and Atlantic Ocean statistical signatures are simikbgarding probability of WHS sightings, catchiagd
survival after being caught. A seasonal, annualspadial variation in the frequency of co-occuredistribution
between the tuna purse seine fishery and WHS vgsigiiited. These marine organisms seemed to holdsa
relationship with the tuna purse seine fishery, degpite these, impact of the fishery remained \@myin the
Atlantic and Indian Ocean.

ACKNOWLEDGEMENTS

We are grateful to fishing masters and observersiwed in data collection and to fishing comparfi@stheir
close collaboration with European fishery scieat{RD/IEOQ/AZT]I). Collection of logbook data is quprted by
French and Spanish National Fisheries Administnati;d observer programmes are co-financed by the
European Data Collection Framework and Scientifatitutions (IRD, IEO and AZTI). We thank P. Cadcnd

C. Rodriguez (IRD), S. Rodriguez (IEQ), J. Ruiz (A for valuable database support and P. Dewal®)Ifer
conducting some interviews with skippers.



REFERENCES

Amandé J.M., Ariz J., Chassot E., Chavance P.,dagklgle Molina A., Gaertner D., Murua H., Piane&RRuiz
J. (2008). By-catch and discards of the europeasemeine tuna fishery in the Indian ocean. Estimat
and characteristics for the 2003-2007 perladian Ocean Tuna Commission.

Brito C., Picanco C. & Carvalho I. (2010). Smaltameans off Sdo Tomé (Sdo Tomé and Principe, Gulf o
Guinea, West Africa): Species, sightings and abooelalocal human activities and conservation. IWC-
SC/62/SM8.

Figueiredo M. 1958. Pescarias de baleias nasmmias africanas portugues&sCongresso Nacional de Pesca
. 29-37.

Fonteneau A., Marcille J. (1988). Ressources, péth@logie des thonidés tropicaux de I'Atlantiqlentre-
Est.FAO Tech. Docp.271

Fowler, S.L. (2000). Whale shaRhincodon typudPolicy and research scoping stublature Conservation
Bureau

Garcia S. M. (2003). The ecosystem approach tefieh: issues, terminology, principles, institutibn
foundations, implementation and outlo®kod & Agriculture Organization

Gilman E. L. (2011). Bycatch governance and besttpre mitigation technology in global tuna fislesi
Marine Policy

Hall M. A. (1998). An ecological view of the tunasighin problem: impacts and trade-off$sh Biology and
Fisheries Vol.8 (1). p.1-34.

Heyman, W., Graham, R., Kjerfve, B. & JohannesER2001). Whale sharkhincodon typuaggregate to
feed on fish spawn in Beliz&larine Ecology Progress Seriegol. 215, p.275-282.

Kiszka J. J., Muir C. E., Amir Omar A., Drouot-Dul¥ ., Poonian C., Razafindrakoto Y. & Wambiji NO@B).
Incidental catch of marine mammals in the southwedian Ocean: a preliminary review.

Majkowski, J. (2007). Global fishery resourceswfa and tuna-like specidsood & Agriculture Organization
No. 483. p.54.

Pianet R., Pallares P. Petit C. (2000). New samg@imd data processing strategy for estimating caitipo of
catches by species and sizes in tne European geirsetropical tuna fisheries. IOTC-WPDCS/2000/10

Rowat D. & Gore M. (2007). Regional scale horizbarad local scale vertical movements of whale shankhe
Indian Ocean off Seychelles. Fisheries Research.840p.32-40.

Rowat D. & Brooks K.S. (2012). A review of the logly, fisheries and conservation of the whale shark
Rhincodhon typuslournal of fish biologyVol.80(5). p.1019-1056.

Saetre R. & Da Silva A.J. (1984). The circulatidrite Mozambique Channdbdeep-Sea Researctol.31 (5).
p.485-508.

Sequeira A., Mellin C., Rowat D., Meekan M. G. @radshaw C. J. A. (2011). Ocean-scale predictiontadle
shark distributionDiversity and Distributionp.1-15.

Voituriez B., Verstraete J.-M., Le Borgne R. (1973dnditions hydrologiques de la zone frontale dp Copez
pendant la campagne thoniére de juin-juillet 197dhiers ORSTOM.Série Océanographiel.11 (2).
p. 229-249.

Wilson, S.G., Taylor, J.G. & Pearce, A.F. (200lheTeasonal aggregation of whale sharks at Nindgéad,
Western Australia: currents, migrations and th&lib/Southern OscillatiorEnvironmental Biology of
Fishes Vol.61. p.1-11.



FIGURESAND TABLES

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

Logbook dataset (1980-2011)

Observers dataset (1995-2011)

AO 10 AO 10

(1980-2011)  (1980-1999) (2000-2011) Total (1995-2011)  (1995-2011) Total
Activities 467 814 110 575 197 217 775 606 169 546 114 581 284 127
WSH sightings 6673 1073 706 8452 237 74 311
% WSH among activities 1.4% 1.0% 0.4% 1.1% 0.1% 0.1% 0.1%
Fishing sets 237918 59 940 120924 418 782 9969 6129 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%
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Figure 1. Seasonal and annual distribution of whale shathtisigs by 1° square (left) in the Atlantic Ocean
from 1980 to 2011 (right) in the Indian Ocean: pgmel - from 1980 to 1999; bottom panel — from 202011
(source logbooks)
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Figure 2: Annual and seasonal variation of whale shark sigkt(histogram) and activities (red curve) (léft)
the Atlantic Ocean from 1980 to 2011 (right) in thdian Ocean: top panel - from 1980 to 1999; botpanel —
from 2000 to 2011 (source logbooks)
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Figure 3: Annual variation of whale shark sightings weighbgtthe number of activities in the Atlantic and in
the Indian Ocean (source logbooks)
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the Atlantic Ocean from 1980 to 2011 (right) in thdian Ocean: top panel - from 1980 to 1999; botpanel —
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sharks (source logbooks)
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Figure 6: Spider graph, using logarithmic scale, represerdiffgrent indicators: the percentage of meeting a
whale shark during an activity, of meeting a wretlark during a set, of a whale shark catch durisgt@and of
whale shark survival after a catch (source obssjver



