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Abstrad

Bycatch of marine turtles, vulnerable or endangered species, is a growing issue of all fisheries,
including Ocealic purseseine fishery. The presepaper seeks to assess marine tibleatchat a

spatial and temporal level in the European purse seine fishery operating in the Atlantic and Indian
OceansThe study was based on data collected through French and Spanish observer programs from
1995 to 201, a period where more than 230 000 fishing sets were realized by the UE fleets in both
Oceans A total of 15 913 fishing sets were observed, including 6 515 on drifting Fish Aggregate
Devices (FAD) and 9 398 on Free Swimming Schools (FSC). Over the stuvidy, 59 turtles were

caught, 86% being released alive at sea. At the same time, from 2003 to 2011, 14 124 specific
observations were carried out ooding objects whether they ended isetor not. 354 marine turtles

were observed upon which 80% neealready free or entangled alive and therefore released alive. At
the temporal and spatial level, data were organized and analys@delay fishing mode (FAD vs.

FSC) as well as by year, quarter and statistical square of 1°. In order to evaluateaitteifirthps

fishery in bothOceansbycatchdistribution was compared to the total fishing effort of tHefleet, as

well as to the known marine turtle post nesting migration routes, nesting population absraahce
known feedingareas. The species congimn, the size and sex structure of bycatch are also discussed
here. At last, an attempt to raise the data to the total fishing effort was carried out. Based on
observation of marine turtley-catches on sets, we estimated thgibbally, 3500 marine ttles were
accidentally capturedy the EUPS fleetin the Atlantic Ocean from 1995 to 2QXhd around 2000 in

the Indian Ocean from 2003 to 20Mith a correspondingnnualbycatch rateof 218 (SD=150) and

250 (SD=157)with 91 and 77% being releasedvalirespectively in the flantic and Indian Ocean.
However, because of important uncertainties mainly due to the low observation coverage and the
scarcity of marine turtlebycatch events, it was impossible to produce solid and reliable global
estimates ofmarine turtlebycatchand mortality due to PS activity.
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1. Introduction

The environmental and econom@onceris about the impacts of the Bheries on
marine pulations aregrowing. Fisheriescan alterhabitats, anddisturb the community
structure by increasing mortality and modifying the population compositidronsequently,
the whole ecosystem can be affec{dennings & Kaiser, 1998; Hall et a2Q00; Jacksonet
al., 2001; Garcia & Cochrane2005 Pauly et al. 2005) So actsbycatch i.e. the incidental
takes of undesirable size or age classes of the target specgegueniles), ortthe incidental
take of other nottarget species (Lewisaet al, 2004. This issuas essentialiace it has been
identified as one of the first cassef marine megafaunpopulation declinegLewison et al.
2004) Large marine vertebrates, suchnaarineturtles, marine mammals and seabirds, have
little or no commercial &lue, but become entangled or hooked accidentally by fishing gear
that is intended for valuable target species, and no fishepai®edy this statement (Hakt
al,, 2000).

Marine turtles are highly vulnerable reptiles that have been subjected td direc
exploitation for centuries, resulting in severely depleted populations in many téeese
turtle species are listed as vulnerable endangered, and critically endangered on the IUCN Red
List (www.iucnredlist.org; accessed 30 July 2012). Five specieprasent in the Indian
Ocean the green turtleGhelonia mydas the hawksbill turtle Eretmochelys imbricaja the
loggerhead turtle Garetta caretty, the olive ridley Kepidochelg olivaceg and the
leatherback turtleQfermochelyscoriaca). The Atlantic Oceanhostsone additional species:
t he Ke mp bBepidotchely Kierhpd. A¢ the awareness of their plight and threatened
status grew, so too has the advent of their protection in many regions of the world. Whist this
protection has been successful nmany cases, the threat toarine turtles remains high
because of inadequate compliance with regulations and especially indirect mortality posed by
fisheries (Bourjea, 2012).

Even if locally marine turtle behaviour, feeding and reproduction are well toddys
the lack of a global vision and understanding of the movement between the successive
habitats and their interactiswith regional fisheries does not lead to appropriate conservation
measures at the regional level. Marine turtle is known to spendirtiteyears of life,
commonl y cal |l e,drifting witte curtentssin theyope@aeansurface foraging
zone(Carr, 198). After 5 to 20 years this habitat, the turtle is knowile move to costal
shallow waterfeedingzones and stay there untd sexual maturity. On reaching adulthood,
reproductive females typically make long distance migrations between feeding sites and their
natal breeding beaches.¢ for green turtlesseeLimpus et al., 1992annexelb). Marine turtle
shows great fidelityo both nesting (Meylan 1982) and feeding grounds (Limpus, €t9812),
even though these may be separated by thousands of kilomewesm@® & Carr 198Y.
Annexe lda presents nesting sitesrfmarine turtle species found in the Atlantic and in the
Indian Ocears. Attempts have been made to identi&gdlingareas using flipper tagging.¢
Le Gall& Hughes 1987) as well as via satellite telemetry (see review in Godley et al., 2007),
but the links between nesting sites aeedingareas arstill not wel known.



Oceaiic purse seingéPS)fisheryis responsible fod0% of thetotal tuna catches the
Atlantic and Idian Ocears (ICCAT, 2011; IOTC, 201)). Thefishery representaround500
000 tors of tuna per yeaand islargely dominatedin the Atlantic and Indian Ocears by the
European Union(EU) fleets composedby Spanish and French vesseldJ i PS fishery
caught in 2019 000 and 100 000 tonsof tunas(yellowfin (Thunnus albacorgsskipjack
(Katsuwonus pelamisand bigeye Thunnus obesligung respetively in the Atlantic and
IndianOceas (see ICCAT2011 and |1 OTC 2011) . PS6s techni
tuna school with a neThe fishing activity can take place on a free swimming stboon a
school aggregated under ading object, ced a FishAggregatedDevice FAD). FAD can
be natural objectssuch as logs or palm branches, ananmade objects with a buoy
incorporate whichndicates their position.EU has developedéishing underFAD since1993
(Chanrachkij& Loog-on, 2003) and novadaysit represents abo®0% of the EU French and
Spanish PSets(IOTC 1 ICCAT database201).

Purse seining operations ceke place it u r tdbigats Encounters between turle
and purse seiners BAD can occuin coastahabitats near nestinghches anceedingzones
and across migratioroads in open sea ard&€hanrachkij& Loog-on, 2003 Luschi et al.,
2003; Seminoff et al., 2008Many reports and grey literatufgavealreadyemphasizedhat
PS fishery has a lowycatchlevel Hall (2012) povided a review of available data on PS
marine turtlebycatchin the 30cears. He noted that marine turtlg/catchis usually less than
1% of the sets, with captures numbering generally one individual nathe ivast majority of
the sets, the turtle islemsedlive. Most of thebycatchoccurs when the purse seisencircle
thetunaschoos. Marine turtles are most of the time entangled in the net and free alive when
the net is pulled up from the water towards the power block. Mauritles are also atacted
by floaing devices such asAD that usually have piecaf nets hanging below themuiile
may become entanglddr a long time and mortality may occur by drownidgr unknown
percentage odlrifting FAD gefs lost due tocurrents, it creates whatig called ghost fishing
phenomena bgrifting FAD (e.g Chanrachkij& Loog-on 2003).

The present paper foeson the description ofnteractiors betweenmarine turtles
and theEU PS fishery in thétlantic andIindian Oceas (respectively call in this pap&O
and 10) using 15 years of data from a&ea Spanish and French obserpsygrans. Data
collectedfrom 1995to 2011 wereused(l) to assessat a spatial and temporal leyebarine
turtle bycatchin the EU-PS fishery in thédO and 1Q (2) to estimatewvhenever it was possible
interaction athe speciesevel, andfinally (3) to provide an order of magnitude of the total
marine turtle bycatch in the EBS fleets over the study period.

2. Materiel and methods

2.1.Data collection

As bycatchis poorly reported inishery logbooks, research is usually carried out
using observer programs data Ret& Trenkel, 2005). Thénternational Commission for
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the Conservation of Atlantic Tuna@CCAT) and the mdian Ocean Tuna Commission
(I0TC), the twoRegional Fiskries Mamagement Organisations (RFM@)at respectively
manage large pelagic fishes in th®© Aand IQ recommendedo signatory countries to
implement observer programs in order to cover at least 5% of the effort by fleet Qe dry

(IOTC Resolutim 10/02; ICCAT Resolution 1010). Under the EU Data Collection
Regulations (E€DCR) No 1543/2000, 1639/2001 and 1581/2004, the European Union
established a mandatory sampling program to estimate the amdwudadéhand discards in

the EU fisheries. The French and Sphrssientific institutes (Institut de Recherche pour le
Développement (IRD), AZFTecnalia (AZTI) and Instituto Espafiol @xeamgrafia (IEO))
implemented a common framework for collecting and analysing the data from observer
programs conducted on the trogli tuna PS fisheries operating in thé® Aand 1Q The
institutes also developed a common database (Observe), from which the data presented in this
paper were extracted. The French and Spanish institutes started their programs respectively in
2005 and in 203. In 2009,Terres Australes et Antartiques Francai6B8AF) joined IRD
observemprogram and database and deployed observers on UE PS in activity in the EEZ of the
Eparses Islands. Data collection from French and Spanish PS observer DCR program is
detaied in Amande et al(2008; 2012). Results from other past observer programs
implemented by each institute were also included in the database and analysed here: Faune
associée (1995 1996), Patudo (1997999) and Moratire (19972005) i see table 1lt is
worthwhile noting that the integration of the data from Mairatis still in process, and the
information from this program is not validated yet.

2.2.Data processing

Data from two types of observations were used in this stlgets andn drifting
objects On the one handbservations on sets give us information orchyght turtles during
a set orFree Swimming SchodFSC)or Fish Aggregated Devicd-AD). A sample of these
observed turtles was measured and their sex was identified whenever possiélé&oDat
observed sets range from 1995 to 20Qf.the other hand,bservations on objects may take
place even if the object is not fishéice. not set associatedYhe object can be deployed,
removed, fished or just visiteds drifting objects are not iidually identified and as their
position can change, one object can be observed several Tineesbserver takes note of the
presence or the entanglement of turtles or not. Object observations only cover #292003
period.

Beforeanalysingthe datase data were globally checked in order tmigvoutliers due
to mistakes in the capture of data into the datgbaseé removed from the dataset if the
correction was not obvious: incorrect statist®gliares of 1°isolated typos, and identically

repeatd data. Furthermore, marine turtle related de¢al( o c at i o n, size, weig
checked one by one and compared to literature (Table 2). Outliersvere corrected

whenever it was possible or removedhbdingom t h
only present in theAO (Annexe 1f), turtles identifieda s Kempo6s tidwearel es i n

changed to olive ridley turtéeas both species aodten confused.



2.3. Analysis and extrapolation

Noting that observation protocols could be considered as sin@tareen the different
programsover the yearss they were implemented by the same institutes following the same
protocols, data from these different programs waggregated Furthermore, as fishing
techniques and strategy for French and Spanish fleets mot available for this paper, we
estimated that there méde no significantifferences between both fleet activities. At last, as
both countries share the same observer programs since their implementatsupposed
that there maye no significantdifferences in the observed data from both fleet. French and
Spanish data were then gathered for the analyses.

Data were categorized using two fishing modes (FAD or FSC) that are known to
result in the major source of variability foycatchin PS (Delgad et al., 2000; Romanov,
2002; Sanchez dl., 2007, Amandé et al., 20L(However, because dfil) marine turtle
identified Regional Management lta (Wallace et al., 2011)2) main nesting siteAnnexe
1af), (3) the few current links that do exist bet@n marine turtle stocks in theDAand IO
(e.g for green turtle, seBourjea et al., 2003 and(4) the spatialdistribution of catch and
effort from EU-PS, analyses were performed @gean Finally, in order to assess a seasonal
and spatial effect on mae turtle bycatch observed data were stratified per 1° statistical
square and yearly or by quarter. Whenever it was possible, analyses per species composition,
sex and size were also temporarily and spatially investigated.

In order to awid a bias fromthe observation effort, we raised the data to the
observation effort. To obtain the number of observed turtles per observedpsstobject
observation per year, we divided the total number of observed turtles by the total observed
sets or objecbbsenationsper year. The annual mean of observed turtles per observed set or
object and respective standard deviation were then calculate@ge@mand per fishing
mode. The annual mean by 1° statistical square was also determined using the same
calculation.

To observef there is a spatial segregation between spemiegientally caughtthe
latitudinal and longitudinal barycentre$ by-caught or observed turtlegere calculatedfor
each species in bofcears. For the turtles caught by fishing sets, ndatgénce was made
between fishing modesince there were not enoudataby speciegor sets on FSC in the 1O
Moreover, GPS positios of by-catches were used to estimate the Utilisation Distribution
(UD) of interaction with the kernels method. The kemmelthod has been recommended by
many authors for the estimation of the utilization distributiesg (Worton, 1989, 1995). The
Utilization Distribution (UD) is the bivariate function giving the probability density that an
animal is found at agint accordiig to its geographical coordinates. Using this model, one can
define the home range as the minimum area in which an animal has some specified
probability of being located. The functions used here correspond to theseppiescribed in
Worton (1995). Kernal were implemented using R (R Development Core Team. 2010;
adehabitat and maps packages)



Marine turtlebycatchare rare events and because these resources (1) do not follow the
assumptions most commonly used that discards are proportional to catctforti@ed (2)
are both environmental conditions and fishing methods dependent (Rodmenkel, 2005),
reliable estimations obycatchremain ambitious in all fisheries without dedicated studies.
Such environmental dependence is particularly noticealileei case of marine turtles and PS
fishery because of (1) th@ceatc range of PS fishing operation, (2) the complex life cycle of
marineturtle (Figurel, Miller, 1997), (3) their great migratory capability (Limpus et al.,
1992), and (4) the lack of knd@dge abouthe pelagic phases of these speatceg ( it he opei
Oceams ur f ace f or ag)lIngS fighery marine turtleycptechare onlly reported
by on mard observers, but this activity is also characterized by low observer coverage
worldwide. Such a low coverage contributes to the difficulty in producing solid estimates of
marine turtlebycatchand mortality due to PS activi{ganchez et al., 2007At last, Amande
et al., (2012) clearly stated that dosv observation coveraga the caseof EU-PS fishery in
the 10 resulted in large uncertaintiesbipcatchestimates (up to 50% of mean square error).
Having saidthat we carried outa tentative elevation of the observegtatchdata to the total
fishing effort per year an@ceanin order tohave an order of magnitude of the total number
of marine turtles accidentally caught by the PS fisheryth@ AO and 10 We used
information from French and Spanish fishing statistics from logbhtmkietermine a raising
factor based on the effort of tikeets (number of setsn FSC and FADper 1° square, per
year and per quarter). In this way, we establisaedestimation bthe total marineturtle
bycatch based on information during observed fishing s&sice there is no available
information on thedtal number of deployeBAD by EU-PS fishery, it was not possible to
raise the data and to estimate the real impact of ghost fishing by dRAIDg

3. Results

Initially, the datasetelated to observation on set or objextracted from the database
i O br sveeoatained 17 869 data. After revisioi®3 mistakes were identifietl62 of which
were modifiedand 341 were removed because of discrepancies with field reality or
uncorrectable mistakes. The final dataset was therefore compoké8e8 data.

The study was based on data collected through French and Spanish observer programs
from 1995 to 2011, a period where more than @30fishing sets were rdéiaed by the UE
fleets in botiOcears (Table 3.

3.1.Data coverage

3.1.1. Observedithing sets

The effort data oR011beingstill in processthe coverage was calculated from 1995
to 2010, even if we analysed turtle related datar the 1995 2011period The coverage of
fishing set obswation varied a lot since 1995 2010([0.51 33.9 in the AO and [D 35.0] %
in the IQ table3). With a total number of observed setsl6f931, 6 068 on FAD and 8 863
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on FSC(Table 4) the overall coverage for the 192910period is quite important for such
fishery, with respectivelyor the AO and 10,10.3% and 51% (Table 3) Since 2007, the
programshave reached in bothcears at leasthe 5% coverage recommended by ICCAT and
IOTC (Table3). However,it is worthwhile noting thain 2010, there is still disequilibrium in
sampling coverage beeenOceas, the AO coverag€ll.®no) being higher than thene in

IO (8.3%). This disequilibrium is also noteworthy between fishing modes, sétk on FSC
beingmore observed than sets BAD (Table 4. Besidesthe level of total fishing sets on
FSC is almost th same in botbcears (araund 51000 setover the study perigdable 5, but
twice more observations were carried outR8Cin the AO. UE-PS used to fish twice more
on FAD in the 10 61734 sety than in the AO 35727 sety which is not reflected in the
observation effort, athe same number of observations were carried out on FAD in both
Ocears (around 3000see table 5)Thecoverage by quarter is givemannexe2ahb.

Figures2ab and 3ab showthe spatialdistributionof the total fishing efforby fishing
mode(in number of sts @r 1°square)n both Ocears from 1995 to 2011as well as the set
observation effor{by quarter seeannexes 3a-d and 4-d for FAD andannexes &d and &-d
for FSO. As the quality of the spatial and temporal distribution of tbil fishing sets
against total number of observed sets was already discussed in Amand@@d&t 2012,
we only provide here the globplctures of these distributisnThe spatial coverage of the
observer programs in term of sets on FSC seems to contribute to eogeoabe of the whole
fishing area and effofFigure &b). The coveragdor FAD is well distributed in the AQbut
in the 10, the Mozambique Channel is over represeatedpared to thé&lorth-WesternlO
(Figure &ab). Per quarter, the observation coveragerss also to not detect any significant
discrepancies with the fishing area anifo in both Oceas (Annexes &d to 6Gad).
However,some key spatitemporal pattern must be highlighted here. In the @, fishing
effort is concentred in the MozambigG&annel during thend of thefirst and all the second
guartersof the yearpefore moving tahe North Westerin thethird, fourth and beginning of
the firstquarters.n the AO, the fiking effort doesnot display a strong spatial pattern, but
sets up anorthwest to souttast movement along the yeaaching moreoastalwater along
the WestAfrican coast (Annexes &d and %-d).

3.1.2. Object observatian

More than 14 000 drifting objects were observed in lidtlears from 2003to 2011,
66% of which in the 10,34% inthe AO (Table % The object component of the observer
program startedn 2003 (452 observatiopnsand was largelyimproved to reach 2062
observations in 2011.

Figure 4showsthe spatial distributionf the observations in bothcears (see data per
guarterin annexe7a-d). It is worthwhilenoting that there is currently no available data on the
number of deployedAD per fleet and peOcears. Nevertheless, by comparing the fishing
effort on FAD to the observation of objecbverage i(e. Figure 2a), the object observation
effort seems to covaewell the total fishing effort on FAD even if the Mozambique Channel
remains over observed.



3.2.Global EU-PS marine turtle bycatch

3.2.1. Bycatchduring observed sets

On the 15 913 observed s€897 marine turtlesvere caught from 1995 to 2011, 415
and 182espectivelyin the AO andlO (Table7).

Figure 5givesthe number of byzaught turtles per observed set per year according to
the fishing mode in botcears. In the AO, this number is similar between the two fishing
modes 0.046(SD=0.029 and 0.034SD=0.017 respectively oiFAD andFSQ). However, in
the 10, more turtles were caugbm FAD than on FSQrespectively 0.08 (SD=0.03% and
0.010 (SD=0.013). The mean number of bgaught turtles per observed set on FAE pear
is similar in the bothOcears (AO-FAD: 0.046, SD=0.029; IFAD: 0.052, SD=0.035);
whereas for FSC, this number seems higher inAfethan in thelO (AO-FSC: 0.037,
SD=0.017; IGFSC: 0.010 SD=0.013). However, these results must be compared to the
annual fishing effort in botl©Ocears and therefore, interpretations need to be taken with care.

More than 766 of the turtle were identified an®3% wereassociated ta fate(Table
8). With 172 observationd,epidochelysp. (2 speciesare the mst obsered species in both
Ocears. Loggerhead and leatherback turttee the second most captured turtleshie AO
(respectively 73 and 67),hife in thelO, it is thehawksbill and green turtles (respectiv8ly
and32). Only two leatherback turtles were caugturingobserved setsom 1995 to 2011n
the 1O Upon the 597 byaughtturtles,91% and 77% were released alive respectiirethe
AO and 10,which represents only 21 detadtle in the AO and 20 in the IAn bothOcears,
the percentage omarine turtles released alive is very similar iween FAD and FSC
(respectively 92% and 89.3% the AQ and 76.4% and 79.4%n 10) as well as death
occurrence

The sexsizeand the life stage were determined for 352 of thesealight turtlesin
the AO, 68% of lte measured turtlesere estimatedio be adultsat the contraryof the 10
wheremost bycaught turtles werguvenile (74%, see table 9Fven if the sexof 72 marine
turtleswas also identifiedit is difficult to describe a particular sex structivecaus of the
small number of data as well as thgortantbias due to the difficulty in sex determination
marine turtlg(Table 10).

3.2.2. Interaction between marine turtles arafting objects

From 2003 to 2011354 marine turtles were observed arodddL24observedf oaing
objecs, 116 ofwhichwerein the AO, and 238 in thi© (Tablel11l).

The mean number of observed turtles @agect observatioper yeais very similar in
the AO and ©: 0.019 (SD=0.015) and 0.022 (SD=0.016) respectifeigure6). It is lower



than the mean number of Hdopught turtles per observed set and yeardqund 0.08
(SD@.030, seefigure 5.

Upon the observed turtles, 74% wedentified (Table 12) In the 10, the species
composition is very similar to the one observed on fistsats: the dominant species is
Lepidochelysolivacea present in thisOcean (74 observed individuals)ollowed by the
hawksbill (40) and the greerurtle (37). As for fishing sets|eatherback turtlevas also
captured, but theccurrence is rargs). In the AO, the most observed turtles againthe two
speciesof Lepidochelyg41 olive ridleyand 12 K e mpNddffereanceristobsergedl
between the 4 other speci@ound6 according to thepecies Most of the turtles observed
around a taing devce were entangled alive or already fréence,93% and 73% of the
individuals were released alive respectively in 4@ and IQ which is a similar rate as the
one found on fishing sets for bdBtears (See able12 andd).

As information,annexe8 showsthe differenttypes of FAD observedn both Ocears.
However, as no information is available on the amoumn¢lefised or fisheBAD, it remained
impossible to assess the real impact of each type of FAD.

3.3. Annual and seasonakvolution of the European marine turtle bycatch

For each Ocean, we compdthe annual evolution of the mean number ofchyght
turtles per observeset on FAD and on FSC (Figure 7ab; see anBakdor data per quarter).
The same appech was used to compare tlamnual evolution of # mean number of
observed turtles per object observation in the AO angFiQure 8 see anexe D for data per
guarter). Each year presents high vabfieStandard Deviation (at least twiones the mean
value) and therefore interpretations should be maitle @aution. First because the figures
should again be linked to the total fishing effort and second because the sampling per
statistical square is too low and highly fluctuating. Therefore, a small variation in the
observation effort may result in a stgpwariation in the observed turtle sample that isnot
representative of the reality.

3.4. Spatial evolution ofthe European marine turtle bycatch

3.4.1. Bycatchduring observed sets

Over the study period and in both Oceans, the areas witlaumht turtles covethe
whole fishing zonegFigure 9ab see annexes 1ihand 12-d for dataper quarter), andre
illustrated by thedistribution estimatiors of observedoy-catchtes using &ernel (FigurelO).
The kernel also seems to indicate that the leveloatchis higherin the North Indian Ocean
and North Western of the Mozambique Channel. To analyse the numberadught turtles,
the map should be confronted to the spaéphrtition of the bservation effort (see figures 2b
and d). This analysis is only possiélwith bycatchof marine turtle per unit abbservation
effort (see figure 1abbelow).
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Theby-catches of marine turtles per unit of observation eff@tgbserved sets) from
1995 to 2011are shownn figure 11ab (see annexes3kd and 14-d for the sane maps per
guarter). The mean number of-bgught turtles per observed set, where a capture occigred, i
1.14 (SD=0.46) in the AO anil.11 (SD=0.31) in the 10, meaning that most of the time,
captures per set rarely account to more than a single indivilialhighest capture rates on
FAD and FSC happen in the North Western 10 around India but are low in the Mozambique
Channel even with a higher observation effort. In the AO, captures occur more or less in all
the fishing area with an interesting high legébycatchoff the French Guinegoast.

In order to assess a spatial pattern per speciegploited the barycentres of the by
caught turtles for each species in b@tteans (Figure 12)n the AO, the distribution seems
to not show a strong spatial patteand olive( N=76) and Krtes are thel N=3 7
species caught in the eastern aretheffishing zone while leatherback (N=67) is found in the
western area. In the 10, the olive ridley is clearly found more in the northern area (N=58)
while hawkill (N=37) and green (N=32) turtles are found in all the area. These two species
are also the only one faught in the Mozambique Channel. The loggerhead (N=19) turtle
has an intermediate position but is not found in the Mozambique Channel. Such atrservat
are highlighted when looking at distribution estimasiasing the Kernel appech in both
OceangFigurel3ab).

3.4.2. Interaction between marine turtles anoHfing objects

As for observation on sets, marine turtles interacted watlirfig objects in thevhole
AO and 10 fishing are@bservedsince 2003 Kigure 14ab and figure 1Seeannexes 15d
and 1é-d for data by quarter).

Similarly to the number of bgaught turtles, the number of observed turtles per object
observation is mostly one individual {®5. (SD=0.32) in theAO and 1.12 (SD=0.37) in the
10). In the 10, we observe the same pattern as for set observations: the highest turtle
observation rates are located in the North Western zone and occur during the third and fourth
guarters Figure 16; fordataby quarter, seannexe 1&d). In the AO, the turtle observation
occurrence on objects shows no specific spatial pattern.

We also plaied barycentres of the observed turtles for each species in both Oceans
(Figure 17. Theresults confirm the same tparn observed in figure 12: the distributions
almost completely overlap for every species in the AO witet ol i ve ( N=41) an
(N=12) turtles being observed in the eastarea. However, the hawksbill distribution (N=6)
is located in the northernstiing area and seems to be less dispersed than the ndser o
(CCC=7, CMM=6, DCC=8, LKE=1and LOL=41). In the 10 and as for set observation
hawksbill (N=40) and green (N=37) turtles are observed more often in the southern area even
if interaction with BJ-PS occurs in all the fishing area while the olive ridley (N=74)
observations on object are clearly located more in the Northern 10. Loggerhead (N=18) and
leatherback (N=6) turtles have a middle position. Such observations are highlighted when

11



looking atdistribution estimation using the Kernel aparh in the 10 Figure 18). Same
appoach where not possible because of the too low number of data for the AO.

3.5. Total EU bycatch estimation

Using the number of bgaught marine turtles per observed sets by geaording to
the fishing mode in both Oceans and the total fishing effort in number of sets available for the
EU-PS in botthe AO (Table 13a) andQ (Table 1®), we produced an order of magnitude of
the total mame turtle bycatchOver the period 1998010, we estimated the total incidental
capture of marine turtles to 3491 in the AO &td1 over the 20063010 period irthe 10.
Knowing that 91% and 77% of the observeddayight turtles were released alive respectively
in the AO and IQTable 8), weesimated 314 and 46dead marine turtkerespectively in the
AO and IO. In average, we found that the annualR#Ebycatchrate for marine turtle is 218
(SD=150) and 250 (SD=15%yith a 91 and 77%, respectively, being released alive
respectively in the AO ahlO ). Even with large Standard eDiation due to the low
observation ratewve can roughly consider that this fishery kills less than 20 and 60 individuals
per year respectively in the AO and.1O

4. Discussion

4.1.Global marine turtle bycatch assessment in pursseine fishery

Bycatch of megafauna sicas marine mammals, seabirds, matumtles, or sharks
which are longived and have low reproductive rates is one of the most &igntfissues
affecting fisherymanagement today (Hall 2000). A recent FAO repstitreatesbycatchto be
approximately 23% of global marine landings, though these levels can be much higher for
specific fishing gear (Kelleher 2005; FAO 2009) and mortality rates associatetywdtch
can be very high. For commercially egjed speciesijt is often argued that economic
extinction of expbited populatios will occur before biological extinction, but this is not the
case for nortarget species caught incidentally in fisheries (Dulvy e2803).Based on data
from observer programs ovire 19952011 period, this study presents an attempt to evaluate
the globalbycatch of the European Union oceanic Purse Seine fishery operating in the
Atlantic and Indian Ocean on marine turtles. Observatiwese carried out on more than
15000 sets Table 4, whichrepreserd an overall observation coverage of 10.3% and 5.1%
respectively in the AO and IQrable 3) It is quiteimportant for such an industrial fishery
even if it is still below the optimal level necessary for an accurate estimation aftéhe t
bycatch Amandé et al(2008b; 2012) showed thathe current sampling coverage fine
obsever programs of the P®opical una fisheryresulted in large uncertainties in precision
and accuracy ibycatchestimates by species. As marine tubyeatchwas reported to be rare
events §ims et al., 2008; Amandeé et al., 2D1the coverage rate should even be higher to
allow a good estimate of the impact thheseendangered specidsor instance, in the case of
whales, thaequiredobserver coverage is 1@0for the Atlantic shark gillnet fishery, during
times of the year when whales are calving (NMFS 2002). In the Pacific GeSaserver
programs have covered 20 to 100% of the fishing effort (Ler@wmadlly et al, 2004; Amandé
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et al, 2012). The coveragevels of at least 50% of total effort for rare species would give
reasonably good estimates of tavgtcatchesof rare speciegsee review in Babcock et al.
2003. These observation conditions are idealistic to have a good estimayeai€hlevels,

but are costly given, in most of the case, the availability of resources, economic or logistic
constraints that allow only low sampling of the activitjall 1999) andtherefore arereally
difficult to implement

From 19952011 159130bserved sets allad establishing thatl5 and 182narine
turtles were bycaught respectively in the AO and [@able 7). Despiteuncertainties due to
insufficient sampling,we estimated that less than 3500 marine turthese captured
accidentallyin the AOfrom 1995 to 2@0, and around 2000 in the Bom 2003 to 2010with
respectively a estimatednean number per year of 218 (SD=150) and 250 (SD=I=ble
13ab). Even ifstandard deviations are higlue to the raty of highly variableevents(1 to 5
turtles/set)and lov sampling rates]evel of bycatch from EU-PS remains very low in
comparison to other fishery gedsee review for the 10 in Bourjea et al., 208812) such as
long-lines fishery that residin substantial level of marine turttg/catch(see review in Bad,
2007;e.g Petersen et al., 200€8asale, 201) gillnet (Casale, 201)1or bottom trawl fishery
(e.g Fenessy et al., 20p8asale, 2011 As a matter of fact,.ewison et al(2004) estimated
that 200 000 loggerhead and @00 leatherback turtles wels-caught in the pelagic loRg
line fisheries worldwide only in 2000As another example, effore implementation of
voluntary and/or compulsory mitigating measures such as Turtle Excluding Devigigy i(T
the trawl net fisheriesh295turtles were estimateto be bycaughtannually(SD=1231) by
the Queenslandtast ast Otter Trawl FisheryRobins, 1995), an89 000 captures per year
were estimated to occur in the entire bottom trawl fleehe MediterraneafCasale, 2011)
Gillnets are also known to benaajor threat to marine turdeCasale (2011pstimated the
bycatchof theentireset nefleet in the Mediterraneasround23 000 marine turtles bgaught
annually. Besides, as the survival rates are significant in tHesRSy for set observations:
91% in the AO and 77% in the IG@ge table 8; for objeabservations: 93% in th&O and
73% in thelO, see table 12)mortality from this fisherywasroughly estimated here at less
than 20 and 60 individuals per year respectively in the AO and 10, resuitia very low
impact of EUPS on marine turtle populations in comparison to the three industrial fisheries
mentioned aboveAs for comparisonsaccording toCasale (201} the turtle mortality ratén
the entire Mediterranean flegkre estimated &0%,30%, 40% and 60% respectively for the
bottom trawl, pelagic longjne, demersal longine and set net fisheriekading to an
estimated annual tal mortality of 44 000 turtles

Set doservation coverage in tegO and IOfluctuatedconsiderablyfrom 1995to 2011
(Table5ab) Apart from 1995 and 1998, no observations were carried out iiOthetil the
beginning of theDCR program. Hence, it is difficult to compare the gldbatatchbetween
both Ocears. Moreover, many factors have anlugnce orbycatchrates, as fishing strategies,
design of observer progranor seasonal variations, ar@hn be very different between
Ocears. However, we can still notice that the orders of magnitafibycatchare similar
between theAO (3.9 (SD=2.01) occurrences per 10€ts3 andthe 10 (2.7 (SD=1.48)
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occurrences per 100 setee table 13ab). Ithe Pacific Ocean, Hall (2012) showed less
accidental catches in the Pacific PS, with less than one encounter per 100 setsgoccur
annually, but with a silar survival rate tdhe one of the present study (around 90%).

4.2.Comparative impact of FAD versus FSC

Previous Working Documents from RFM@sddedicatedstudieshave suggested that
interactis between PS and tuna associaspdciesis mainly due to the use of FAD
(Fonkeneau et al., 200Ganchezt al., 2007 Amanck et al.,2008 Amande et al., 201aphat
may act, like for tunas,as protectionfrom predars, source of food(Gooding& Magnuson
1967),0or meeting location (Dagorn et al.995; Fréon &agorn 2000) The esultsfrom the
present studylo not go in the direction th&AD is by far the main source of incidental
captures ofmarine turtlesOur finding for the AO shows the same observation made by Hall
(2012) inthe Pacific Ocean, being th#te mean number dify-caught turtles per observed set
is very similar between fishing modé€Eigure 5) However, n the IO, more turtles are
observed on FAD than FSC. $eemsdifficult to explain such differencebut we also
observedhatcatches of juvenikaresurprisindy much higher irthe 10 (74%; N=87) while
by-catcres are largely dominated bgdultsin the AO (68%; N=159). Witheringtonet al
(2012) showed that several species of young marine turtles were ussghregateto
Sargassundominated drift communitiesind that their diet was composaatincipally of
Sargassurtommunity associateslis statement however is clearly spedaiepend. These
observation lead us to hypothesizeathjuvenile marine turtles their drifting pelagic phase
may be moreaattracted byFAD looking for protection or foodatherthan just drifting The
differences observed between #h@ and IOmay only be the consequence of the abundance
of open sea juvenilenarine turtls in the fishing areaModels of difting trajectories of
immature narine turtleshave beenalreadydeveloped in the AO (Blumenthal et al., 2009;
MonzoénArguello et al., 2010Lohmann et al., 2012Pietti et al., 2012 On the one hand
juveniles born along thevest African aast appear to bearried awayowards Americaand
on the other handyoung marine turtles born on American beaches seem to remain in the
western AO orat leastin the northern hemisphere. In consequencee@ms reasonable to
assumehat the low number of observed juvenilesdayght bythe EUPS n the AOcould
be attributed to dow abundance of this stage of lif€ontary to the AO,recent dispersal
modeling ofjuvenile marine turtledrom the most important nesting sites in the western 10
showed that they are found overall thesteen 10 (IFREMER, CLS, Kélonia, unpublished
data).

It is worthwhile noting thatobservations on sets do not take into account the ghost

fishing phenomenon occurring om&ing devicegpartof thembeing lost byowners) thatlo
not end up in a fishing sddeces ofnet, hung below the FARarebelieved to be¢he cause of
marine turtle mortality by entanglement and subsequent drownidgsh size of these net
fragments used by such FABppearto be a key contributing factor (Amde et al., 2008).
This mortality is dificult to observe by ooard observersand mayexplain why the mean
number of observed turtles per object observafitigure 6) is lower than the one obtained
with observations of setsccurring on FAD(Figure 5)
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4.3.Lessons from the observetbycatch per species

The highest byatch rates are notecessarilyobservedwhere the fishing effort is the
most significant(See figure2a and 3a versuggure 11). An analysis at the species level is
therefore needed to understatite species pattern observadcordingto the bycatches
location.

Dermochelys coriaca

The leatherback turtle igsted as critically endangerdg@lVorld Conservation Union
(IUCN) Red List, Seminoff 2004 In the IO, only 2 individuals of th species were caught
during observed sestover the 19982011 perial and 6 were observed arouabject from
2003 to 2011(Tables 8 and 12). These numbers are very lowomparison to the other
observed specidat least 30ndividualsfor each speciesee tables 8 and J12n the West 10,
the nost important nesting site is locateddwaZulu-Natal (Sout Africa; Hughes, 201))
with annually, only a couple of hundredestingfemales (Ronel Ne] Comm. Pers.). fiis
species feeds over an extended large pelagic area in the south of the édriteent (from
Mozambique to Namibia; Luschi et a2006), targeting macrplanktors and staying in low
latitude areasKnowing that the abundae of that species is low and that its distribution
overlags only a little withPS fishing are@ thelO (Figures 2 and 3§ the impact of the EU
PS activityis expected to bémited. However, in the AQthe leatherback turtle is one of the
mostby-caught turtledy EU-PS (N= 67,70% of adultssee table5 and 9. Such a result is
not astonishing ashére are two ke nesting colonies in the eastern part of the AO: in the
French Guinegbetween 300 and 63000 estimatednestswere laid annually from 1967 to
2002)and inthe Gabon(~5 800-20 000 females nesting annual(gee review irkEckert et al.,
2012). Interesingly the two main hotspots of kyaught leatherbacks are observed off the
coast of those nesting sites (Figure 13a, species DCC).

Eretmochelys imbricata

The critically endangered hawkskilUCN Red List)is, with the green turtlehe most
widely distibuted and abundambarine turtle speciemm the tropical IO (Bourjea, 2012). In
our study, 1 is alsothe most observedscies after the olivedley (Tables 8 and 120ver
previous decadethie I0represents one of just five natis in the world withmore thanl 000
females nesting annually (Meylan & Donnelly, 1998 ainly nesting in the Seychelles and
the British and French oversea territoriegg(Allen et al, 2010 LauretStepler et a).2010,
whereas the AO hosts a highly endangered populaganthe Congdarquéz, 1990 Such
statement may explain the differences observed between both Oceans: contrary to the 10, the
bycatch level of this species in the AO is very IGvalfles 8 and 12) but with greater impact
as the Congogpulation is higply threatened. In thED, only juvenileswere bycaught during
observed setsT@ble 9).The hawksbill turtle is aasstal and not long distance migrant species
(Gaos et al., 20)2therefore, individuals observed in pelagic habitats are usually juveniles.
Individuals observedn the IO were mostly fond away from the nesting sites dbres 13b
and18,species EIN|, which can explain why thegll werejuveniles. In the AO, observations
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of hawksbill turtlesoccurredcloser to the aast (Figure 133, and evenf we observd few
individuals, mostlyadults were bycaught(Table 9)

Chelonia mydas

Theendangeredreen turtlgl[UCN Red List)is one of the most widely distributed and
abundant in both Ocearf¢/allaceet al., 201). In our study, it is thesecondmost observed
specieswith the hawksbill turtleafter theolive ridleyin the 10, butone of the least obsved
in the AO (Tables 8 and 12)Moreover 78% (N=18) and 81% (N=18) of by-caught
individuals werejuveniles respectivelyin the AO andthe IO (Table 9). Individuals are
observed overall the fishing areddgure 13 species CMNI andnot especially near major
nesting sites (Eparses IslandsretStepleret al, 2007, Mayotte (Bourjea et al20073,
Madagascar (Bourjea et @006) Seychelles (Mdmer et al, 2001a,b)in the 10;Ascension
Island (Mortimer& Carr, 1987), Cogo and Guinea Bisseau in the ASee Halpin et al.,
2009). One hypothesis that may explanch a patteris that as for hawksbill, the green
turtle is acoastalspecies(Méarquez, 1990. Adults use pelagic habitat only for breeding
migration (Limpus et al.1992 with a very determined behaviour while travellifigst and
without feedingto and from breeding sege(Luschi et al, 2007; Benhamou et al2011),
decreasing the chaes of interaction with PS activities. On the opposite, juvenileshese
pelagic habitats for a long periodrifting within the dominant currentg.g. Hamanm et al,
2011; Poietti et al, 2012) removing them from the main fishing area in the AO ordasing
their chances to interact with the PS activity in the 8Dch open sea behaviour have been
recently shown using satellite tracked juvenile green and hawksbill turtdesugit by purse
seiner in the western 10 (Bourjgaom. Pers.)

Carettacaretta

In the AO, he bggerhead turtle is one of the most-tgughtturtles with the
leatherback aftelcepidochelys sp(Table §, and mosare adults (Table 9Cape Verde hosts
the only major nesting site of the eastern AMonzénArguello et al, 2007 Lino et al,
2010), in front of which many individuals were-bgught (Figure 13a, species CCBased
on satellite tracked turtledjlawkeset al. (2006) indicated thaedédinggrounds may be
located alonghe southern coastf West Africa explainng why someadultloggerheads are
by-caught in this area (Figure 13ahile few juveniles are observedegalsoparagraph 4.

It is fundamental to remember that the Cape Verde site isoalsmf the most threatened
nesting sitesn the world As most of the gatures are adultshé impact of the EWPS may
haveimportantconsequences on this population already at Hekvever, it is worthwhile
noting that the mortality rate (4%) of loggerhead is particularly very low over the study
period.A specific genetic sidy focusing on the origin of adult loggerhsatiould be of great
importance to assess whether or not PS afthid threatening nesting site. Contrary to the
AOQ, in the 10,the loggerhead is onaf the least bycaughtspecieq(Table 8) and observed
arownd an object (Tabl&2). There aréawo main nesting siteim the WestlO. The first onds

in KwaZulu-Natalin South African watergHughes, 2010Ronel Nel, unpublished dathut

by far less abundant than timanloggerheadhealthy nesting hotspohostirg 20 000 to
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40000 turtles nesting annual{idaldwin et al., 2008 Most of the captures occurred in the
North of the PS fishing area amdost are juveniles(Table 9) which follow the pattern
observed inlongline by-catcles operating in the West TropicED (Ciccione & Bourjea
2010) Moreover, according tReeset al.(2010, adult loggerhead turtles from Oman remain
in this areato feed where the PS fishing effort ialmostnull. However our findings are
opposite to what was found the South African wiars where it is hypothesized that leng
lines catch mordoggerheadadults near their nesting stéPetersen et al2009). In fact,
nesters from South Africare usal to migrate to feeding grousdollowing coastalroutes
(Papi et al. 1997 Ronel Nel, unpublished data) not used S for fishing while juvenile
turtlesoccupyopen sea areas including, in the north, thdisttihg arex (Ciccione& Bourjea,
2010;IFREMER/Kéloniaunpublished data).

Lepidochelys sp. (L. olivacea and L. Kempii)

Lepidochelysp.is the most observed marine turtig-caughtin both OceangTables
8 and 12)and no specific pattenrelated totheir maturity stages can be drawn from our data
(Table 9. TheKemp és turtl e is | i gIvGNRedaLs), andisioblyi c al | y
present in the AO. If we compares known global distribution (Annexe 1f) tdhe spatial
locationofby-c aught and obs e(Figue®ark®a weé roticé no overlag s
't i s worthwhil e n o triledaja used ia tsistudgc@uld beitHeresul Ke mp
from misidentifications with olive ridley turtle as these two species are very difficult to
differentiate At the same time, this statement also does not indicate that all identifscation
definitively wrongandsuch a resulis an opportunity to review the global distribution of the
Kempbés turtle in the AO. However such a rev
species identificatian In any case, to ad confusions between the two species and without
an at sea olerver special training, identifications should stop at the genus leseidpchelys
sp) instead ofthe species level.He possible misidentification at the species level does not
allow us to discuss the impact of EREbycatchon these species in the AO.

The oliveridley turtle is the most observedarine turtledy observer programs in the
IO (Tables 8 and l2and capturesoccurredin the northern part of thEU-PS fishing area
(Figures 12 and 17or figures 13b and) 18th only rare records in éhsoubern hemisphere
(Figures ® and 14bh. The level ofbycatchseems to increase whitee PS fleegoes north
(Annexes 3 and)5Few recordf nesting havenccurred in the East Africampest, South
Africa and Madagascar (Frazier 1978ndthe major and clest nesting siteof L. olivacea
are in the northern hemisphere) India (Shanker et al 2003 Halpin et al., 2009)It is
therefore highly likely that bgaught dive ridley turtles are from the Indian stock, even if a
genetic analysis is needed to fion such hypothesis. Indian populatioase being highly
threatenedWallace et al.,, 2011and thus, even a low interactioshowed here witlPS
activity may have a great impact in the populatiBat the olive ridley is a vagrant species
and because dhe low number of nesting and-water sighting, nothing isreally known on
the migration behaviour of this species in the SWIO, neither if specificnigguounds exist
in the regionBourjea, 2012
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5. Conclusion

Before raising any conclusions from theegent study focusing on the impact of-EU
PS fishery on marine turtles in the AO and IOs important to renmd that because of the
low level of bycatchoccurrences, the large spatial distribution of the fishing activity, and the
complex behaviour of alinarine turtle life stages, thgresent datasedoes not allow an
accurateandreliable bycatch estimates. In order to improve the sample colleittistighly
recommended thadtigher observation coverage should be achiaretispecies identification
improved. With less than an estimated hundred marine tkitled per yearin both Oceans,
our study shows that the observed impadheflarge scale industri&dU-PS tropical fishery
on this threatened species remaghsbally low in comparison to otheindustrial fisheries
worldwide.

It is also interesting to note that, despite what emgsectedthe mean number of by
caught turtles per observed set is very similar betw@dh and FSOishing modes in the AO
(Figure 5) even if inhe 10, more turtles arobserved on FAD than FSExcepttime closure
on specific aremdetermined on the baseline of migratory corridors or drifting gath
juveniles, Ew mitigationmeasuresan be proposed to limit the ¢atch when a set occurs on
FSC. Howeverit is also mportant to note that based on our observer data most of the turtles
eithercaught in FSQr FAD sets or entangled in the FAD are released alive (93 % on sets
and 79 % on objects). In this senseme developmentsand/or modifications of the FAD
design canbe made to mitigate the entanglement of turtles on FADRve consider the
potential high number of FAD deployed and the cryptic mort#igy are believetb cause
by entarglement and subsequent drown{ingt evaluated hergi} is recommended to devglo
FAD without the piece of nets d&ngingbelow the FADor alternative models without nets as
the mesh size of these nétagments used by such FA&ppeared to be a key contributing
factor (Amane et al., 2008) The IOCT Working Party on Ecosystems angchith has
aready recommended tdesign FAD and use biodegradable materi@fl®TC Resolution
12/04).

At last, it is useful tacomparethe impact of the EYPS fishery on marine turtles in the
overall context and tbighlight that otherfisheries such as thartisanal fisherymay have a
greater impact on marine turtlégan industrial fisheriesA recent study showed for example
that the annual turtle catch in the soeutbstern province of Tulear (Madagascar) alone is
between 10 000 and 16 000 (Humber et2010). Another recent study estimated tB&00
turtleswere captured annuallin Peru only by the nationamallscde longline, bottom set
nets fisheries Alfaro-Shiguetoet al, 2011).1t is also important to note that currently is
estimated that 306 of the tropical tuna catches in the Indian Ocean are done by gillnets,
which is also thought to have a high level of bycatch. Therefore, it is necessary to investigate
and implement pilot observer programs on those fisheries, for which a complete tath of
exist, in order to globally evaluate different fishery interaction with turtle populations and
associated turtle mortalityAt last, we mustkeep in mind e impacts of fisheries in the light
of other landbased or coastal threats. laisoclear hat, despite strong legislation prohibiting
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the directtake of turtles throughoutt is still regarded as the most important threat (See
review for the 10 in Bourjea2012)
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Tables

Programs France Spain
Faune associée 19951996 IEO: 1995
Patudo 19981999 IEO: 19971999
Moratoire 19972005 Data not integrated yet
DCR IRD : 2005today AZTI and IEO: 2003
TAAF : 201%today today
TAAF (Eparse Islands) 20092010 -

Table 1:Period wherd-rench and Spanish observer programese active andntegrated in

the database fNObserveo
wn | T | EEE, || et

Caretta caretta CCcC 110 150 70
Chelonia mydas CMM 120 250 70
Dermochelys coriacea DCC 220 900 110
Eretmodelys imbricata EIM 100 120 60
Lepidochelys kempii LKE 75 50 50
Lepidochelys olivacea LOL 75 80 50

Table 2:Maximal Curved Carapace Length (CCL, in cm) and maximal weight (irfdkg)
eachmarine turtlespecies minimal CCL (in cm)presented here wereagsin this study to
allow sex determination (Btquez 1990, Mrine Turtles Identification Cardeom the IOTC)
Code31 arg¢he one used by observer programs and used in this paper.

Atlantic Indian
vear Total sets| Observed sety % coverage| Total sets| Obseved sets| %coverage
1995 8600 320 3,7 4522 430 9,5
1996 7834 40 0,5 3951 0
1997 6238 1033 16,6 3611 0
1998 6850 2300 33,6 3330 1166 35,0
1999 5595 1141 20,4 3239 0
2000 6026 341 5,7 8934 0
2001 5944 548 9,2 8735 0
2002 4828 356 7,4 8318 0
2003 6115 555 9,1 8168 172 2,1
2004 4574 417 9,1 8503 240 2,8
2005 3433 198 5,8 10254 464 4,5
2006 2748 97 3,5 10979 542 4,9
2007 2976 189 6,4 9793 875 8,9
2008 4101 394 9,6 8995 698 7,8
2009 5706 424 7,4 6933 650 9,4
2010 6626 758 11,4 7000 583 8,3
o | SOl e |- san ] ws |
erEe? 88 194 9111 10,3 115 265 5820 5,1
19952010 ’ ’

Table 3: Number of observed sets in the Spanish and French observer programs by year and
Ocean, and percentage coverage of the total fishing effort
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Fishing Number of observed sets/quarte Number of observed sets/quarte
Year | mode Atlantic Total Indian Total | Total
1 2 3 4 1 2 3 4
FAD 18 14 6 33 71 12 9 44 65 136
1995 FSC 66 51 69 63 249 105 126 24 110 365 614
Total 84 65 75 96 320 117 135 24 154 430 750
FAD 1 1 1
1996 FSC 39 39 39
Total 40 40 40
FAD 60 110 89 259 259
1997 FSC 67 125 582 774 774
Total 127 235 671 1033 1033
FAD 118 116 219 262 715 486 486 1201
1998 FSC 344 291 202 748 1585 680 680 2265
Total 462 407 421 1010 2300 1166 1166 | 3466
FAD 72 9 323 404 404
1999 FSC 204 56 477 737 737
Total 276 65 800 1141 1141
FAD 20 84 104 104
2000 FSC 50 187 237 237
Total 70 271 341 341
FAD 13 138 151 151
2001 FSC 75 322 397 397
Total 88 460 548 548
FAD 43 93 136 136
2002 FSC 33 187 220 220
Total 76 280 356 356
FAD 53 3 15 127 198 26 23 59 108 306
2003 FSC 72 51 34 200 357 34 1 29 64 421
Total 125 54 49 327 555 60 24 88 172 727
FAD 55 4 13 112 184 40 105 1 146 330
2004 FSC 26 19 23 165 233 24 35 35 94 327
Total 81 23 36 277 417 64 140 36 240 657
FAD 47 9 30 86 2 31 73 60 166 252
2005 FSC 77 19 16 112 11 127 27 133 298 410
Total 124 28 46 198 13 158 100 193 464 662
FAD 7 24 31 10 56 54 174 294 325
2006 FSC 39 27 66 90 76 9 73 248 314
Total 46 51 97 100 132 63 247 542 639
FAD 34 20 28 82 23 80 136 172 411 493
2007 FSC 73 27 7 107 56 143 74 191 464 571
Total 107 47 35 189 79 223 210 363 875 1064
FAD 20 67 38 52 177 63 70 155 154 442 619
2008 FSC 54 88 45 30 217 82 99 16 59 256 473
Total 74 155 83 82 394 145 169 171 213 698 1092
FAD 17 20 54 72 163 300 161 461 624
2009 FSC 53 41 85 82 261 145 44 189 450
Total 70 61 139 154 424 445 205 650 1074
FAD 76 32 71 147 326 103 298 401 727
2010 FSC 162 105 108 57 432 70 112 182 614
Total 238 137 179 204 758 173 410 583 1341
FAD 35 86 77 97 295 52 31 60 9 152 447
2011 FSC 141 129 68 24 362 39 89 11 34 173 535
Total 176 215 145 121 657 91 120 71 43 325 982
FAD 588 461 623 1711 3383 565 802 606 1159 3132 | 6515
Total FSC 1396 1029 786 3174 6385 598 874 197 1344 3013 | 9398
Total 1984 1490 1409 4885 9768 1163 1676 803 2503 6145 |15913

Table 4: Number of observed sets in the Spanish and French observer programs by year,
quarter and fishing mode in botbceans (FAD: Fish Aggregate Device and FSC: Free
Swimming School)
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FAD FSC Indeterminate

Y| rotatsers | OPerved [ Coverage | rqpg gerg | OPserved [ Coverage | ropg o | OPSeTVed
1995 3690 71 1.9 4754 249 5.2 156 0
1996 3466 1 0 4330 39 0.9 38 0
1997 2412 259 10.7 3717 774 20.8 109 0
1998 2153 715 33.2 4371 1585 36.3 326 0
1999 1782 404 22.7 3576 737 20.6 237 0
2000 2144 104 4.9 3686 237 6.4 196 0
2001 2055 151 7.3 3698 397 10.7 191 0
2002 1643 136 8.3 3103 220 7.1 82 0
2003 1910 198 10.4 4148 357 8.6 57 0
2004 1921 184 9.6 2562 233 9.1 91 0
2005 1429 86 6 1976 112 5.7 28 0
2006 1231 31 2.5 1505 66 4.4 12 0
2007 1449 82 5.7 1519 107 7 8 0
2008 2030 177 8.7 2063 217 10.5 8 0
2009 2710 163 6 2994 261 8.7 2 0
2010 3702 326 8.8 2912 432 14.8 12 0
2011 In process 295 - In process 362 -

lgggt;(IJlO 35727 3088 8.6 50914 6023 11.8 1553 0

Table 5a
FAD FSC Indeterminate

vear Total sets Ob:;rSVEd Co(\(/)zgage Total sets Obg,(aetrs\/ed Cog)z;age Total sets Ob;eetrsved
1995 2275 65 2.9 2247 365 16.2
1996 1998 0 1953 0
1997 2247 0 1364 0
1998 1998 486 24.3 1332 680 51.1
1999 1617 0 1622 0
2000 5076 0 3669 0 189 0
2001 4281 0 4278 0 176 0
2002 5103 0 3107 0 108 0
2003 3883 108 2.8 4136 64 15 149 0
2004 3449 146 4.2 4927 94 1.9 127 0
2005 4443 166 3.7 5635 298 5.3 176 0
2006 5295 294 5.6 5635 248 4.4 49 0
2007 5114 411 8 4676 464 9.9 3 0
2008 4748 442 9.3 4236 256 6 11 0
2009 4940 461 9.3 1989 189 9.5 4 0
2010 5267 401 7.6 1725 182 10.6 8 0
2011 In process 152 - In process 173 -

192;2?0'10 61734 2980 4.8 52531 2840 5.4 1000 0

Table 5b
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Table 5: Number of observesitts in the Spanish and French observer programs by year and
fishing mode, and percentage coverage of the total fishing effort in the (a) Atlantic Ocean and

(b) Indian Ocean

Number of object observations/quart Number of object observationskyter
Year Atlantic Total Indian Total| Total
1 2 3 4 1 2 3 4
2003 31 90 121 106 44 181 331 | 452
2004 93 28 121 4 75 733 52 864 | 985
2005| 72 38 52 162 11 93 278 214 596 | 758
2006| 45 30 15 78 168 54 68 226 442 790 | 958
2007| 45 111 68 117 | 341 142 373 692 615 1822| 2163
2008| 75 277 68 84 504 170 | 370 442 452 1434| 1938
2009| 84 96 182 221 | 583 901 | 806 25 1732| 2315
2010/ 189 274 478 480 |1421| 136 | 935 1071| 2492
2011| 293 345 308 408 |1354| 73 399 206 30 708 | 2062
Total| 803 1202 1302 1468 | 4775 1491 |3225 2646 1986 |9348|14123

Table 6: Number of object observations by year and quarter in the Atlantic and Indian oceans

FAD FSC Total
_ By caughtturtles 201 214 415
Atlantic
Observed sets 3383 6385 9768
) By caughtturtles 148 34 182
Indian
Observed sets 3132 3013 6145
Total By caughtturtles 349 248 597
otal
Observed sets 6515 9398 15913

Table 7: Total number of byaught marine turtles and total number of observed sets by
fishing mode and ocean over the study period 1Z®EL

) Atlantic ) Indian :
Species - Atlantic - Indian | Total
Alive Dead | Unknown Alive Dead | Unknown
Caretta caretta 67 3 3 73 13 3 3 19 92
Chelonia mydas 36 4 40 24 2 6 32 72
Dermochelys coriacea| 60 4 3 67 2 2 69
Eretmochelys imbricaty 12 2 14 32 2 3 37 51
Lepidochelys kempii 35 2 1 38 38
Lepidochelys olivacea| 73 1 2 76 47 4 7 58 134
Unidentified turtles 93 9 5 107 22 9 3 34 141
Total 376 21 18 415 140 20 22 182
(91%) (5%) (4%) (77%) | (11%) (12%)
FAD 185 7 9 201 113 16 19 148 597
(92%) | (3.5%) | (4.5%) | (48.4%)| (76.4%)| (10.8%)| (12.8%) | (81.3%)
FSC 191 14 9 214 27 4 3 34
(89.3%)| (6.5%) | (4.2%) | (51.6%)| (79.4%)| (11.8%)| (8.8%) | (18.7%)

Table 8: Total number of byaughtmarineturtles by species and faa@dpercentage of alive
and dead turtleeleasedy fishing mode in the Atlartiand IndiarOceans.
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. Atlantic . Indian .
Species - Atlantic - Indian | Total
Adult | Juvenilel Unknown Adult | Juvenile] Unknown
Caretta caretta 21 7 28 1 9 2 12 40
Chelonia mydas 5 18 23 3 18 1 22 45
Dermochelys coriaceal 47 16 63 63
Eretmochelys imbricatg 2 6 8 31 31 39
Lepidochelys kempii | 34 9 43 43
Lepidochelys olivacea] 48 16 64 17 27 44 108
Unidentified turtle 2 2 2 6 2 6 8 14
el o] ain | son || ®5 | e ave | g | 99 | 82

Table 9: Total number afampled bycaughtmarineturtles by species and life stagad
percentage aflentifiedadult and juvenile turtles in the Atlantic and Indian oceans

. Atlantic i Indian :
Species Atlantic Indian | Total
Male | Female Unknown Male | Femalg Unknown
Caretta caretta 2 5 14 21 1 1 22
Chelona mydas 2 3 5 1 2 3 8
Dermochelys coriaceg 4 5 38 47 47
Eretmochelys imbricati 2 2 2
Lepidochelys kempii 4 1 29 34 32
Lepidochelys olivacea 15 22 11 48 1 8 8 17 65
Unidentified turtle 2 2 2
UEED i o a0 | e e | s | 2 | G

Table 10: Total number of sampled-bgughtmarine turtles by species and seand the
percentage of male and female turtles in the Atlantic and Indian oceans

Ocean Observed turtles Observed objects
Atlantic 116 4775

Indian 238 9349

Total 354 14124

Table 11: Total number of observethrineturtles around a floating object and total number
of object observations over the study period 20031 byOcean
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Atlantic Indian
Species Entangled Entanglel Atlantic [ Entangled Entangled Indian| Total
alive dead Free alive dead Free
Caretta caretta 6 1 7 10 6 2 18 25
Chelonia mydas 2 4 6 12 10 15 37 43
Dermochelys coriaceg 4 4 8 2 4 6 14
Eretmochelys imbricat 4 2 6 17 10 13 40 46
Lepidochelys kempii 2 10 12 12
Lepidodelys olivacea 26 1 14 41 34 21 19 74 | 115
Unidentified turtle 14 7 15 36 34 18 11 63 95
Toel e 7 | a3% | 16 | e | 279 | 2% | 238 | 354

Table 12: Total number of observetrineturtles around a floating object by species and fate
in the Atlantic and Indian oceans

Number of bycaught turtles .., - o fishing sef] Total estimation  Number of

Year per observed set of by-caught turtles per

FAD FSC FAD FSC turtles 100 sets
1995 0,070 0,060 3690 4754 546 6,47
1996 0 0,026 3466 4330 111 1,42
1997 0,054 0,036 2412 3717 265 4,32
1998 0,076 0,027 2153 4371 281 4,31
1999 0,064 0,024 1782 3576 202 3,77
2000 0,010 0,038 2144 3686 161 2,75
2001 0,007 0,010 2055 3698 51 0,88
2002 0,015 0,014 1643 3103 66 1,40
2003 0,066 0,045 1910 4148 311 5,14
2004 0,016 0,013 1921 2562 64 1,43
2005 0,058 0,036 1429 1976 154 4,51
2006 0,032 0,061 1231 1505 131 4,79
2007 0,049 0,065 1449 1519 170 5,73
2008 0,040 0,041 2030 2063 166 4,05
2009 0,049 0,046 2710 2994 271 4,75
2010 0,104 0,053 3702 2912 541 8,18

Sum 3491
Mean 218 3,99
SD 150 2,01
Table 13a
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Vear | porobeerved set | 1Ot number of fishing se| TOi2 estmaton  Rumber of
FAD FSC FAD FSC turtles sets
1995 0,123 0,044 2275 2247
1996 1998 1953
1997 2247 1364
1998 0,049 0,006 1998 1332
1999 1617 1622
2000 5076 3669
2001 4281 4278
2002 5103 3107
2003 0,056 0,016 3883 4136 280 3,50
2004 0,055 0 3449 4927 189 2,26
2005 0,030 0,010 4443 5635 191 1,89
2006 0,071 0 5295 5635 378 3,46
2007 0,100 0,011 5114 4676 561 5,73
2008 0,041 0,004 4748 4236 210 2,34
2009 0,013 0 4940 1989 64 0,93
2010 0,022 0,005 5267 1725 128 1,83
Sum 20032010 2001
Mean 20032010 250 2,74
SD 20032010 157 1,48

Table 13b
Table 13: Estimation of the total marine turtle bycatch and of the numberoaifugit turtles
per 100 sets by EPS fishery by year in the (a) Atlantic and (b) Indian Oceans
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Figurel: Global life cycle of marine ttie (from Miller, 1997)
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Figure 2 (a) Total fishing effort and (b) total observation effort (in fishing sets) on FADs per
statistical square of 1° of French and Spanish fleets from-2095 in the Atlantic and Indian
Oceans
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Figure 4 Total object observation effort (imumber of observations) per statistical square of
1° of French and Spanish observer programs from -2003 in the Atlantic and Indian
Oceans
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Indian Oceas (CCC=Caretta caretta CMM=Chelonia mydasDCC=Dermochelysoriaceag
EIM=Eretmochelys imbricatd. KE=Lepidochely Kemp&nd LOL- epidochely olivacea
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Figure 10: Estimated Utilisation Distributions of marine tuf8 interactions with the kernel
methods, based on set observaiby observer programBom 1995 to 20114l species
taken togethgr
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Figure 11 Number of bycaughtmarineturtles per observed set on (a) FADs and (b) FSCs
per statistical square of 1° from 1995 to 2011 in the Atlantic and Indian oceans
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Figure 12 Latitudinal and longitudinal barycentres and standard deviations of each species
caught byEU-PSduring obsered sets in the Atlantic and Indi&@ceans from 1995 to 2011

(no standard deviation for DCC in the Indian Ocean, becafis®mo small sampl®
(CCC=Caretta caretta (Noa=73; Noi=19), CMM=Chelonia mydas(Noa=40; Ny=32),
DCC=Dermochelyscoriacea (Noa=67; No=2), EIM=Eretmochelysimbricata (Noa=14;
Noi=37), LKE=Lepidochely Kempii(Noa=37) and LOL=Lepidochely olivaceaNoa=76;
Noi=58))
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Figure 13:Estimated Utilisation Distributions of marine turtkS interaction®y speciesvith

the kenel methods, based on set observatlpnobserver progranfsom 1995 to 2011 in the
(@) AO and (b) IO(CCC=Caretta caretta CMM=Chelonia mydas DCC=Dermochelys
coriaceg EIM=Eretmochelys imbricataLKE=Lepidochely Kempiand LOL=Lepidochely

olivaced.
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Figure 14: Number omarineturtles by species observed around a floating device during the
study period 2002011 in the (a) Atlantic and (b) Indian OcegilcCC=Caretta caretta
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Figure 15:Estimated Utilisation Distributions of marine turfS interactions with the kernel
methods, based awbjectobservatios by observer progranmfsom 2003 to 20114l speies

taken togethgr
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Figure I7: Latitudinal and longitudinal barycentres andnstard deviations of eacgharine
turtle species observed bgbserversaround a floating device in the Atlantic and Indian
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Oceans from 2003 to 2011 (CCCaretta caretta(Noa=7; Noi=18), CMM=Chelonia mydas
(Noa=6; Noi=37), DCC=Dermochelys coriacea (Noa=8; Noi=6), EIM=Eretmochelys
imbricata (Noa=6; Noi=40), LKE=Lepidochely Kempii(Noa=10) and LOL-_epidochely
olivacea(Noa=41; Noi=74)).
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Figure 18:Estimated Utilisation Distributions of marine turtS interactiondy speciewith
the kernel methoddased ombjectobservatios by observer progranfsom 2003 to 2011 in
the 10 (CCC=Caretta caretta CMM=Chelonia mydas DCC=Dermochelys coriaceg
EIM=Eretmochelys imbricataand LOL4 epidochely olivacéa Same apmach where not
possible because of the too low rhuem of data for the AO.
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Annexes

+  Eretmochelys imbricata nesting

7 E lys imbricata global distri

Annexelc
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«  Dermochelys coriacea nesting

2 o ys coriacea global di
Annexe 1d

Lepidochelys olivacea nesting

7///l P global
Annexe le

e .

Annexe 1f

Annexe 1 Nesting sites and main global distribution of marine turtles in the Atlantic, Pacific
and Indian Ocean (from Wallace et, &010): (a) thedggerhead turtleGaretta caretty, (b)

the green turtleGhelonia mydas (c) the hawksbill turtleEretmochelysmbricata), (d) the
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leatherback turtlelfermochelys coriada (e) the olive ridley I(epidochely olivaceaand (f)

t he Ke mplLémdochéyKempile (
Atlantic Indian
QUArEr] el sets Ob;;g’ed C°E{,Z;age Total sets Obssgtg’ed 002{2;&99
1 7496 553 7,4 12418 513 4,1
2 9347 375 4,0 13003 771 59
3 8377 546 6,5 19346 546 2,8
4 10507 1614 15,4 16967 1150 6,8
Total 35727 3088 8,6 61734 2980 4,8
Annexe &
Atlantic Indian
Quarter Total sets Ob:;rg/ed 002{,23""99 Total sets Obss;g/ed COE{,Z;""ge
1 16449 1255 7,6 19874 559 2,8
2 14591 900 6,2 16056 785 49
3 13022 718 55 5578 186 3,3
4 6852 3150 46,0 11023 1310 11,9
Total 50914 6023 11,8 52531 2840 5,4
Annexe »

Annexe 2 Number of observed sets on (a) FADs and (b) FSCs in the Spanish and French
observer programs by quarter and ocean, and percentage coverage of the total fishing effort
for the study period 1998010
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Annexe 4

Annexe4: Total set observation effort (in number of observed set$JADs by quarter (from
the first to the fourtlgquarter: from annexe 4a to annexd dnd per statistical square of 1°of

the BUJ PS fishery ove

r the study period 192611
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Annexe Sl

Annexe 5 Total fishing effort (in number of fishing sets) FSCs by quarter (from thé to
the 4" quarter: from annexe 5a to annex &nd per statistical squareiSof the EU PS
fishery over the study period 192911

Annexe &
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