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Abstract

Count dateof oceaniowhitetip sharks (OCS) associated with Fish Aggregating Devices (FADS)
were used toderive a population trend for the species in the western Indian Ocean.
Observer data from the French and Spanish purse seine fleets, combined with a historic
database from e Soviet Union were used in the analyses. The combined time series
spanned from 1986 to 2015Results indicated a declining population trend. The OCS
population in the Indian Ocean was estimated to be three times smaller in recent years
(20002015) compaed to historic years (1986999).

1. Introduction

Theoceanic whitetip sharkOCS Carcharhinus longimanugs commonly caught as bycatch

by a variety of pelagic fishing gears, such as tuna longlines, gillnets, and pursqBeirfés

et al., 2008) The species isasily distinguishabl from other pelagicshark speciesby the
round shape of its long pectoral and dorsal fins, as well as by the white stains in their
margins(Compagno, 1984Yheir large fins arighly valued in international tragenaking

them an important target of this mark¢Camhi, 2009)

Once considered amongst the most abundaetagicsharks, the oceanic whitetip is now
commonly perceived as raréBackus et al.,, 1956; Compagno, 19%4rasburg, 1958)
Whereas there is some uncertainty about the precise statu®©§ populations worldwide
mainly due to inadequate monitoringthere is a generalscientific consensus that
populations are decreasin(Baum et al., 2006; Baum and Blanchard, 2010; Bonfil et al.,
2008; Clarke et al., 2013yoncerns regarding the conservation of oceanic whitetiparks
have risensubstantially in the padew years, leadinduna Regional Fisheries Management
Organizations (RFMOs) from all oceaasimplement speciespecific banning measures
(Tolotti et al., 2018). However, knowledge gaps concernin@CSecology and biology are
still wide and impose barrier on the development of mitigation measures for fisheries and
accurate stock assessmeiriMurua et al., 2013)

The oceanic whitetip shark is believed to have been more severely impacted by pelagic
longlines, as its catch rates are usually higher in fisheries using this fishin¢Rgesmand
Harley, 2012)Consequatly, most of the few abundancand/or catchrates estimates for

the species were derived from this fishgi@ortés et al., 2010; Semba and Yokawa, 2011;
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Tolotti et al., 2013; Walsh et al., 2008Jowever,abundance trends for th€©CShave been
heavily questioned due to standardization problems (Baum et al., 2003; Burgess et al., 2005)
and, as mentioned abovequestion marks still remain regarding the species population
status.In the Indian Ocean, it is also thought that OCS may have been heayilyred by
artisanal driftnet gillnet and small scale longliners (Murua et al., 2013)

Data from the tropical pwe seine fisheries has been much less explored to derive
population indices for the OCS, although the spersighe second mostlipycaught sharkn

this fishery (Amandé et al.,, 2012; Santana et al.,, 1998; Telmeso et al., 2014)
Additionally, OC8atch rates are considerably higr onobjectassociatedsetsthan on free
school setsBased on a modeling approach on count déggdmalter et al., 2013; Sempo et
al., 2013) this work presents a first attempt to estimate an abundance trend for the oceanic
whitetip shark in the Indian Ocean, usiirgormation of OCS bycatch Fish Aggregating
Devices (FADsgtsand theassociative behavior of the species.

2.Database

Three distinct databases were available for this andlysisk y Of dzZRAYy 3 20 a4 SNISNDa
French and Spanish tuna purse seine fleets, as well as data from historic purse seine surveys
conducted bythe Soviet Unior{USSR{Table 1) Both Frenchand Spanish data confeom
observer programs, eithezonducted within the framework of specifituropean Union (EU)
research projects in the 1990®r since 208 continuoudy under the European Data
Colletion Regulations (Council Rdgtion no. 1543/2000, Commission Regulation no.
1581/2004, Council Regulation no. 199/2008, and Commission Decision 2008/9491EC)
French databaseas provided byhe Observatoire Thoniewhile the Spanish databaseas
providedby AZTIThe historic USSR surveys weagried out between 1986 and 1992 and

data was collected by scientific observers in the scope of various programs developed by
research institutes and affiliated organizations. This database was develophéh wi
framework ofYugNIR&research activities in the Indian Ocean.

Table 1 Databases used in the present study.

Number of FAD sets Period
French- Observatoire Thoniere 312 1995and 96- 2005 to15
Spanish AZTI 1112 1998and 99- 2003 to 09- 2015
Soviet Union YugNIRO 259 1986- 1992

Fishing sets conducted by the French and Spanish fleets cover a large area of the western
Indian Ocean, roughly limited by the latitudesl®°N t020°S and by the longitudes of @&

to 080°E (Figure 1)'hehistoric Soviet Uniosets covera smaller area, but they fall inside

the area covered by the EU fleet®oughly ranging from 05°N to 10°S and fodBD°E to

070°E Some Soviet fishing sets were also made in the northeastern portion of the
Mozambique Chanreln all databasessets were divided into two distinct fishing strategies,

sets on Free Swimming Schools (FSC) and sets on Fish Aggregating Devices (FAD). Sets on
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both natural and mammade devices were recorded under the same FAD categongaléV
associatd sets were treated as freschool se$ and sets on whale sharks were pooleih
FADsets As the occurrence of oceanic whitetip sharks on-associated sets is rarel] aets
classified under the freschool category were excluded from the analysis

3. Datapreparation

The total number of oceanic whitetip sharks in each FAD set was anaByatth events
were classified according to the total number of OCS in a singlstaeting from FAD sets
with zero OC®ccurrencesup to FAD sets with 10 OC&ts with more then 10 OCS were
pooled together under a >10 categoifhe proportion of each catch event in relation to the
total numberof FADsets was then calculatie The timeserieswas divided into two periods:
historic, spanning from 1986 to 199 drecent, spanning from 2000 to 2015. Each period
was analyzedeparatelyfor compaative purposes

4. Bootstrapping

The timeseries originated after combining the three datasetligaps and the number of
observed sets by year vadeonsiderablyFigure 3)To evaluate the impact of this sampling
variability in the proportion of catch events a bootstrap resample analf{sfeon and
Tibshirani, 1994Wwas conducted Each analyzed period was resampled 1000 times with
replacement and a sample size of D0Gor everybootstrappal sample the proportion of
OC<gatch events was calculatefbllowing the same procedure of the original sample

5. Fitting Poissordistribution
Poisson isa discrete frequency distributiothat describesthe probability of independent

events to occur in a fixed interval (Zar, 1999) Following this definition, he Poisson
distribution (Equation 1vas used to describe the pattern observed in Figure 2:

A (Equation 1)
Where Pis the probability ofan event(a) to occur and/ is the average number of events
per interval In this case studyf) represents the proportion oFAD sets witlloOCS and

is the average numbeaf OCS caught at FAO%e value of was calculatedy & &0 A

92 Goodness of iftest was performed tacompareobserved and estimated values 85%
confidence level.

6. Using/ as a population index

Considering thatv is the proportion of FADs with zero OCS ands the proportion of
FADswith 1 OCYand so forth) their variation through time can be expressed by the
following system of differential equations:



IOTG2016-WPEB1225 Rev_1

AGy . .
v 20 | Uk T(*?)

>

1P
S R S
1P

w 8

(Equation 2

Where| is the probabity of a FADo a 3 | anyO€Sndf is the probabilityfor a FADto
doose& an OCS For simplification purpose| and] were assumed tobe constant
regardlesghe number of OCS atRAD(i.e.: honsocialbehavio). With this assumptionfor
any value of OCS per FABquation2 leads to the following solution:

W - W (Equation3)

The sum ofhe proportion ofFADs witiassociated OQ8ustbe equal tol:

B - w P (Equation 4)

The series expansion of the exponential functiéh)(can be substituted into Equation 4,

leading tocd A . Equation 3 catthen be rewitten as:
W — A (Equation5)
Equation5 actually describes a Poisson distributiquation 1)where| - As the

probability for a FADto & 3 | angf ©Cq ) isdirectly proportional to the size of the OCS
populationand the probabilityfor a FADto dooseE an OCS can be considered independent
on the population_ can be used as a population edto derive population trends.

7.Results

The proportion of OCS catch events differed slightly between the two analyzed periods
(Figure 2). While zero OCS eventsuoied most frequently on both periods, the proportion

of this event was higher for the recent period, reaching 95% of the sets compared to 87% of
the historic sets. Similarly, the proportion of events with the occurrence of 1 OCS was higher
for the histort period, reaching 6% of the sets compared to 3% of the recent sets. The same
pattern is observed for events with the occurrence of >1 OCS.

The bootstrapped samples of both analyzed periods (Figure 4) exhibited the same pattern
observed in Figure 2, inditing that the lack of homogeneity inthe tirleS NA S& R2Say Qi
to greatly impact the analysis. For the historic period, zero OCS occurrences had a median
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value of 87.4%, while 1 and 2 OCS per FAD occurrences had median values of 6.8% and 2.8%,
respectively. For the recent period, zero OCS occurrences had a median value of 95.7%,
while 1 and 2 OCS per FAD occurrences had median values of 3.0% and 0.7%, respectively.
The upper and lower confidence intervals of these three catch events are shown on Table 2

Table 2.Upper and lower confidence interval for the proportions of FAD sets with the
occurrence of OCS derived from 1000 bootstrap resamples.
Number of OCS per FAD
0 1 2
Historic (1986 1999) 87.33-87.47 6.14-6.25 2.77-2.83
Recent (20002015) 9565-9574 2.96-303 0.68-0.71

For both analyzed periods, observed and estimated values did not differ significahtly (
Goodness of Fit, p=1). The estimated value/ dor the historic period was three times
higher then the value estimated for the recent period, 0.1339 and 0.0442 respectively.

Estimates of were also calculated for each one of the 1000 bootstrap resamples (Figure 5).
For the historic period/ mean vdue was 0.1346 with a confidence interval ranging from
0.1138 to 0.1551. For the recent perigbimean value was 0.0439 with a confidence interval
ranging from 0.0327 to 0.0547.

8. Population trendfor the OCS in the Indian Ocean

The_ values obtained in sectiof were significantlyhigher for the historic period than for

the recent period, which indicates a declining population trend for the oceanic whitetip
shark in the western Indian Ocearhe mean value of for the historic year§1986 to 1999)

is 0.1364, while the mean value for the recent years (2000 to 2015) is 0.0441. This translates
to a population decline ofround three times between the analyzed periode a more
conservative approactgonsideringthe lower confidence irdrval of historic years (0.1138)

and the upper confidence interval of the recent years (0.0547), the OCS population in the
Indian Ocean iaroundtwo times smaller in recent years.

9. Remarks

An ocean wide population trend iscking for the oceanic whitetip shark, but regional
studieson catch rates an@dbundance trendsave shown evidence of substantial population
declines in the Atlanticral Pacific OceandBaum and Blanchard,020; Clarke, 2011; Hall
and Roman, 2013; Rice and Harley, 20E?y the Indian Ocearthere is no quantitative
stock assessmerior the speciesand only limited fishery indicators are availafeaking it
difficult to detemine meaningfulabundancerends within thisocean basiffRomanov et al.,
2010, 2008; Semba and Yokawa, 20The analysis presented here indicatbat the OCS
population in the Indian Ocean has aldlowed the trend of the other oceans, sufferiiag
significant decline.
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It is important to note, however, that the dataset used in this analysis has some limitations
and results should be interpreted with caution. Tishing sets are not uniformly distributed
over the studyarea which could generate bias in the analystsiditionally, knowledge
regardingthe spatial distributionand movementpatterns for theOCSs extremely limited

for the Indian OcealfFilmalter et al., 2012; Garefzortés et al., 2012Another issue is that

the division of the timeseries into historic and recent years was arbitrdigljowing a
natural break that was actually imposed by the availabildly data (see Figure 3). This
arbitrary division might maskr exaggerate the estimated population declingssights on

the associative behavior of OCS around drifting objeespecially regarding continusu
residence times (se€ilmalter et al., 205), would alsomprove the analysis.

In any case, this is an innovative and relatively simple approach to derive and monitor
population trends in the absence of data for reliable stock assessmeEiitsng Poisson
RAaAUNROdziAZ2ya R2SayQi NBIdANBE 0O02YL}X A0l 4SR
count data of OCSaround FADsThe simplicity of the data requiredllows for the
integration of many data sourcesithout standardization bigsprovidng a robust analysis

The oceanic whitetip shark is eagligtinguishable fronother shark specieswhich results in

low misidentification issuesin observers or fisheriedogbooks. Taking these facts into
account, historic data mining in the tuna purse sefighery databasescould generate a
reliable timeseries angrovide a robuspopulation trend for the oceanic whitetighark in a

global level.
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Figure 1 Location of FADs sets from the three databases used in this study: French (FR),
Spanish (SP) and Soviet (USSR).

Figure 2.Proportion of FAD sets with the occurrence of oceanic whitetip sharks, starting
from zero occurrences up to 10 occurrences in a single set.



