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EXECUTIVE SUMMARY

TheThirteenth Session of t he I ndi an Ocean
Lankanfinolhy North Malé Atoll,Republic of Maldives, from 16 to 23 October 20Altotal of49
participants attended the Sessincluding two invited expertdr. Joseph Powers (LSWSA) and
Ms. Paige Eveson (CSIR@ustralia).

The following are a subset of the complete recommendations from the 18R®The Scientific
Committee, whth are provided at Appendix IV.

Skipjack tuna: INDIAN OCEAN STOCK i MANAGEMENT ADVICE

The WPTTRECOMMENDED the following management advice for skipjack tuna in the Indig
Ocean, for the considerati of the ScientificCommittee para. 163

Stock status.The weighted results suggest that the stock is not overfishedy@BPBnd that
overfishing is not occurrign (C<MSY used as a proxy for Fgky). Spawning stock biomass w
estimated to have declined by approximately 47 % ir®2fiim unfished levelslable 3.

The WPTTRECOMMENDED that the Scientific @mmittee consider the followingara. 16%
1 The medianestimats of the Maximum Sustainable Yield for the skipjack tundidm Ocean
stock is 564,000 tT@able 3 and considering the average catch level from PR0O89 was
492,000 t, catches of skipjack tuna should not exceed the average H2@095
1 If the recent declines in effort continue, andcbaremains substantially below the estima
MSY, then urgent management measures are not required. However, recent trends
fisheries, such as Maldivian pedéadline, suggest that the situation of the stock shoulg
closely monitored.
1 The Kobe gstaategy matrix {able 4 illustrates the levels of risk associated with varying ci
levels over time and could be used to inform management actions.

Yellowfin tuna: INDIAN OCEAN STOCK i MANAGEMENT ADVICE

The WPTTRECOMMENDED the following management advice for yellowfin tuna in the India
Ocean, for the considera of the Scientific Committegéra. 20).

Stock status.The stock assessment model used in 2011 suggests that the stock is curtg
overfished (Bgos>Bmsy) and overfishing is not occurring #f<Fusy) (Table 6 and Fig. 26.
Spawning stock biomass in 2009 was estimated to be 35¥38%d) (from Table § of the
unfished levels. However, estimates of total and spawning stock biomass show a marked
over the last decade, accelerated in recent years by the high catches i®0RB803Recen
reductions in effort and, hence, catches has halted theeleclin

The main mechanism that appears to be behind the very high catches in 1H20R60%=riod is af
increase in catchability by surface and longline fleets due to a high level of concentration &
reduced area and depth range. This was likely linketthé oceanographic conditions at the ti
generating high concentrations of suitable prey items that yellowfin tuna exploited. A p
increase in recruitment in previous years, and thus in abundance, cannot be completely r
but no signal of itis apparent in either data or model results. This means that those ¢
probably resulted in considerable stock depletion.

The WPTTRECOMMENDED that the Scientific @mmittee consider the followingara. 20

T The Maximum &stainable Yield estimate for the whole Indian Ocean is 357,000 t with a
between 290,00@ 35,000 t Table §, and annual catches of yellowfin tuna should not excee
lower range of MSY (300,000 i) order to ensure thatock biomass levels could sustain catc
at the MSY level in the long term.

1 Recent recruitment is estimated to be considerably lower than the whole time series avg
recruitment continues to be lower than average, catches below MSY would bd heethintain
stock levels.

Bigeye tuna: INDIAN OCEAN STOCK i MANAGEMENT ADVICE

The WPTTRECOMMENDED the following management advice for bigeye tuna in the Indié
Ocean, for the consideration of the Scientific Commitpeed.223).

Stock statusBoth assessments suggest that the stock is above a biomass level that would
MSY in the long term and that current fishing mortality is below the Mv&Sed reference leve
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(i.e. SBunenSBusy > 1 and FEyrenfFusy < 1). Curret spawning stock biomass was estimated t
34i 40 % (Table 1) of theunfished levelsThe centraltendencies of the stock status restribm

the WPTT 2011when using different values of steepnesse similar to the centrakéndencies
presented in 2010.

The WPTTRECOMMENDED that the Scientific Committee consider the follow{pgra. 22

1 The Maximum Sustainable Yield estimate for the Indian Ocean ranges between 102,(
114,000 t (range expssed as the median value for 2010 SS3 and steepness value of 0.5 {
ASPM for illustrative purposes (sdable 11for further descriptior)) Annual catches of bigey
tuna should not exceed the lower range of this estinatech corresponds to the 2009 catc
and last year management advice.

1 If the recent declines in effort continue, and catch remains substantially below the es
MSY of 100,000114 000 t, then immediate management measures are not required. Hg
continued monitoring and improvement in data collection, reporting and analysis is reqy
reduce the uncertainty in assessments.

The WPTT RECOMMENDED that a dedicated workshop on CPUE standardization, incly
issues of interest for other IOTC spexishould be carried out before the next round of s
assessments in 2012, and that where possible it should include a range of invited experts,
those working on CPUE standardisation in other ocean/RFMOs, in conjunction with scientis
Jamn, Republic of Korea and Taiwan,China, and supported by the IOTC Secretaat2[?.

The WPTT RECOMMENDED that the Scientific Committee note the new WVieair,
Dr. M. Shiham Adam (Maldives) of the WPTT for the nbignrium (para. 294.
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1. OPENING OF THE M EETING

1.

The Thirteenth Session of thenldi an Ocean Tun®TCCOMPTHMwassheld md s (
Lankanfinolhy North Malé Aoll, Paradise Island Resort and SRepublic of Maldives, from 16 to3
October 2011A total of 49 participantsattended the Sessiomhe list of participants is provided at

Appendix |

The meetingwas opened o0i6 October 2011 by the Chaiy Dr. Hilario Murua who subsequely
welcomed partipants to the Republic dflaldives as did Dr. Shiham Adam, on behalf of the Minister
of Fisheries and Atdculture Participants werenformed that a ViceChairfor the next bienniunvould
need to be elected prior to the close of the meeting.

2. ADOPTION OF THE AGENDA

3.

TheWPTT ADOPTED the Agendarovided & Appendix I, noting that the planned Working Party on
Methods would be amalgamated into the WPTT13 meeting under agenda it@rhel8ocuments
presented to the&/PTT are listedn Appendix Ill.

3. OUTCOMES OF THE THIRTEENTH SESSION OF THE SCIENTIFIC COMMITTEE

4.

10.

The WHA'T NOTED paper 1I0TC201% WPTT13i03 which outlined the main outcomes of the
ThirteenthSession of the Scientific Committesgpecifically réated to the work of the WIFT.

The WPTTNOTED the & i ent i f i ¢ reqQuesmthmt fort ab feitbre Wking Party meetings

complete stock assessment documents, describing the analysis, its assumption and its results, as well as
associated model diagnasti and input/output files are provided and archived so as to facilitate
transparency in the process ofcit@ssessment for IOT€pecies

The WPTTNOTED the £ i ent i f i ¢ reQuesntnat thbieeeobparticular assummiong.
steepness of the stockcruitment relationship, are fully justified and described in the report of the
relevantWorking Party

The WPTT NOTED that he Sientific Committee hadevised the stock assessment guidelines
previously agreed to at his "LBession in 2007, which are dippble to all IOTCWorking Party
meetings (provided in paper |IOT2011 WPTT13 INFO1).

The WPTTNOTED that he Sientific Committeereminded scientists conducting stock assessment
that these guidelines provide a minimum set of outputs required/éoking Party m@rticipants to be
able to properly analyse the results presented. As such, scientisi&¥akithg Party participants
should ensure that these guidelines are followed to the extent possiblé/cakihg Partychairs
should make every possible efftstmake sure this is done so.

The WA'T NOTED the recommendations of the Thirteenth Session of the Scientific Committee on
data and researaklated totropical tunasand agreed to consider how best to progress these issues at
the present meeting.

Noting that each year the Scientific Committee and the Commission make a number of requests to the
various working parties, without clearly identifying the task to be undertaken, its priority against other
tasks previously or simultaneously assigned to the wonarges, and without assigning a budget to

fund the request made, the WPRECOMMENDED that these matters be addressed bySttientific
Committeeat its next session.

4. OUTCOMES OF THE FIFTEENTH SESSION OF THE COMMISSION

11.

12.

13.

The WHA'T NOTED paper IOTCi 2017 WPTT13i 04 which outlined the main outcomes of the
Fifteenth Session of the Commissigpecifically related to the work of the VWP.

The WPTTNOTED t h e C o mnregesti tlatdde $0 the decreasing effort of the Japanese
longline fleet during the last few yes, alternative CPUE series for other fleets are used by the
Scientific Committee and its Working Parties in stock assessments

The WA'T NOTED the Commissiof eequest that a Kobe $trategymatrix be provided for all stock
assessments by the species kifgy Parties,in particular for yellowfin tunaand for these to be
included in thespecies Executiv&éummaries which will be provided in theport of the Scientific
Committee in 2011 and all future reports.
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14. The WPTTNOTEDt h e C o mmméqaestihat i 8csentific Committee assess the effect of piracy
onfishingfleet operations and subsequent catch and effort trends

15. The WPTTNOTED t h e Co mmieguestthat thé Scientific Committee in its 2011 Session
evaluate the data provision needs for longlmese seine, gillnet and pedsdline gear types, notably
regarding information relating to the vessel characteristics and the definition of thanpdilee
dishing evend The evaluation is requested in order to ensure that consistent and unifammaiidn
is collectedor all geardo assist the IOTC to fulfil itsnanagementandate. The Scientific Committee
should make appropriate recommendations to the 2012 Commission meeting

16. The WPTTNOTEDt h e C o mmeqgaesthatthe &dentific Committeshould evaluate the time
area closure established in Resolution 10¥1the conservation and management of tropicaktun
stocks in the IOTC area of competenteterms of its impacts on the stocks of tuna and-likea
species

17. The WPTTNOTED the Commis i o neduestthat the Scientific Committee provide advice to the
Commission that adds to the information currently available or already requested of the Scientific
Committee regarding the take of juvenile yellowfin tuna, bigeye tuna and other spewiesn a
alternative management measures, including an assessment of the impact of current purse seine
activities, including the size/fishing capacity (and gear types i.e. mesh size etc.) of vessels, and the
potential implications that may arise for tuna andalike species. Such advice should include options
for capping purse seine effort and use in conjunction with drifting FADs in the Indian Ocean

18. The WHT NOTED the outcomes of the Fifteenth Session of the Commission AGREED to
consider how best targvide the Scientific Committee with the information it needs, in order to satisfy
the Commi ssionds requests, throughout the cours

5. PROGRESS ON THERECOMMENDATIONS OF WPTT 12

19. The WHA'T NOTED paper IOTC 2011 WPTTO3i 05 whichprovided an updaten the progress made
in implementing the recommendations from previousTWneetings, and also provided alternative
recommendations for the consideration and potential endorsement by participants.

20. The WHA'T AGREED to a set of revisedecommendationghat ae providedthroughout this report
andin the consolidated list of recommendatioApgendix IV), for the consideration of th&cientific
Committee.

6. REVIEW OF THE DATA AVAILABLE FOR TROPICAL TUNA SPECIES

21. The WPT NOTED paperlOTCi 2011 WPTTO03i 06 whichsummarised the standing of a range of
data received by the secretariat faropical tunas in accordance with IOTC Resolution 10/02
Mandatory statistical requirements for IOTC Members and CooperatingQuoorracting Parties
( C P ¥ statistics for 201@epresent preliminary catch information

22. The WHA'T NOTED the maintropical tunadata issueshat are considered to negatively affect the
quality of the statistics available at the I0TC, by type of dataset and fishkigh are proviegd in
Appendix V, and RECOMMENDED that the CPCs listed iAppendixV make efforts to remedy the
data issues identifteand to report back to the WIPRt its next meeting

Fisherytrends

23. The WPTTNOTED paperlOTCi 2017 WPTT13 08 which provided a range of fishery indicators to
assisthe WPTT in developing its advice to the Scientific Committee, including catch and effort trends
for fisheries catching tropical tuna specéswell as average weighy fisheries for tropical tunas
the IOTC Area of Competence

24. The WPTTNOTED the recenttotal effortfrom longline vessels flagged to Japan, Taiwan,China and
otherCPCsby five degree squamgrid (Fig. 1), and total effort fronpurse seine vesksflagged to the
European Unior{operating under flags of EU countries), French territaaies Seghelles and others,
by five degee square grid and main fleeksd. 2).
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Fig. 1ai b Number of hooks sémillions) from longline vessels by fivdegree square grid and main fleets, for th
years 200 and2010(Data as oSeptembe011).

LLJP (light green): deefreezing longliners from Japan

LLTW (dark green): deefreezing longliners from Taiwan,China

SWLL (turquoise): swordfish longliners (Australia, EU, Mauritius, Seychelles and other fleets)

FTLL (red) : freshtuna longliners (China, Taiwan,China and other fleets)

OTLL (blue): Longliners from other fleets (includes Belize, China, Philippines, Seycidleth Africa,Rep. of
Korea and various other fleets)

g9 PS-OTHER g9 PS-OTHER
b T T T T T b T T T T T T T

Fig. 2ai b. Number of hour®f fishing (Fhours)in thousands (kfrom purse seine vessels byiégree square grid
and mairfleets, for the years 200and2010(Data as oSeptembe011).

PS EU (red): Industrial purse seiners monitored by the EU and Seychelles (operating under flags of EU cou
Seychelles and other flags)

PS OTHER (@lué): Industrial purse seiners from other fleets (includes Australia, Japan, Mauritius and purse
of former Soviet origin) (excludes effort data for purse seiners of Iran)

Bigeye tunai catch trends

25. The WH'T NOTED thatbigeye tunaare mainly caught by industrial purse seine and longline fisheries
and appears only occasionally in the catches of disleeies Fig. 3). However, in recent years the
amounts of bigeye tuna caught by gillnet fisheries are likely to be considerably tiighevhat is
reported,due to the major changes experienced in some of these fleets, notablyscinabgat size,
fishing techniques and fishing grounds.

26. The WPTTNOTED that ptal annuabigeye tunacatches have increased steadily since the start of the
fishery, reaching the 100,000 t level in 1993 and peaking at 150,000 t in Hi898)( Total annual
catches averaged 131,000 t over the period iZ@I5 and 105,000 t over the period 20B®10. In
2010, preliminary catches of bigeye tuna have been estimated to be at around, 1@fl@8drihg a
largedecreasén catches wh respect to those estimated for 2009 and previous (fegss3, 4).
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27. TheWPTT AGREED that the recent drop in catchesbigeye tunacould be relatedo the expansion
of piracy in thewestern tropicalndian Ocean, which has led to a marked drop in the levels of longline
effort in the core fishing area of the speciegi§. &, b.

28. The WPTTNOTED that bigeye tundasbeen caught by industrial longline fleets since the early
1950s, but beforethe mitil 9 706 s t hey onl y rcemponert ef théotadcatéghn i nc
With the introduction of fishing practices that improved the access to the higeyesource and the
emergence of a sashimi market in the+hi@ 7 0 6 s ,tunabbecgreeyae important target species for
the main industrial longline fleet&i@s. 3, 4). The catches estimated for 2010 are at around 46,000 t,

representing less than half tomgline catches of bigye tuna recorded before the onsfgpiracy in the
Indian Ocean.

29. The WPTTNOTED thatthe total catch of bigeye tuna by purse seiners in the Indian Ocean reached
40,700 t in 1999, but the average annual catch for the pericgl 2000 was 26,000 t (25,000fdr
2001 2005) (Fig. 3. Purse seiners mainly take small juvenile bigeye (averaging aroundi® kg)
whereas longliners catch much larger and heavier fishitteer@forewhile purse seiners take much
lower tonnages of bigeyenacompared to longlinershey take larger numbers of individual fish.

30. The WPTTNOTED that althoughthe activities of purse seiners have been affected by piracy in the
Indian Ocean, the effects have not been as marked as with longliners. The mairfaetseris the
presence of security personnel onboard purse seine vegsgdsthe mie2009 which has made it
possible for purse seiners to operate in the northwest Indian @itbant a reduction in fishing effort
(Fig. 5). However,in the I0TC arean approximate 30%eduction of the number of purse seiner has
been observed since 2006.

160 60

<+ Taiwan,China_LL A ¢
== Japan_LL

a== EU-PS
45 +— «=a—|ndonesia-LL
«=0== OTHER FLEETS

HOther gears
OPurse seine
120 +— wmLongline
OLine
BGillnet
OBaitboat

80

Tonnes (x1,000)

Tonnes (x1,000)

40 A

Fig. 3. Annual catches of bigeye tuna by g¢ Fig. 4. Annual catbes of bigeye tuna by fleet record
recorded in the IOTC Database (188010)|in the IOTC Database (1962010) (Data as 0
(Data as of September 2011). September 2011).
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Fig. 5ai b. Time-area catches (total combined in tonnes) of bigeye tuna estimated for 2009 and 2010 by type
Longline (LL), Purse seine fremthools (FS), Purse seine associatelools (LS), and other fleets (OT), includi
pole-andline, drifting gillnets, and various coastal fisheries (Data as of September 2011).
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Bigeye tunai uncertainty of catches

31.

The WH'T NOTED that retained catchewe tlought to be well known for the majéleets €ig. 6);

but areuncertainfor the fleets listed belownoting thatcatchesfor these fleets are consideréa

represent amallproportion of total catches

1 Nonreporting industrial ptse seiners and longliners (NEI) and for other industrial fisheries
(longliners of India and Philippines).

1 Some artisanal fisheries including the patetline fishery in the Maldives.

1 The gillnet fisheries of Iran and Pakistan.

1 The gillnet/longline fishey in Sri Lanka.

1 The artisanal fisheries in Indonesia, Comoros and Madagascar.

120

Type A

60

1,000 )

Catch (t*

60
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— 120
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Fig. 6. Uncertainty of annual catch estimates for bigeye tuna (Data as of September 2011)

Catches below the zetime (Type B) refer to fleets that do not report catch datthe IOTC (estimated by the IOTC Secretariat), do
report catch data by gear and/or species (broken by gear and species by the IOTC Secretariat) or any of the other nddedria fite
document. Catches over the zéire (Type A) refer to fleet®r which no major inconsistencies have been found to exist. Light
represent data for artisanal fleets and dark bars represent data for industrial fleets.

32. The WPTT furtheNOTED that:

1 The catch series fdrigeye tuna has not been significantly sed since the WPTIR in 2010.
1 Levels of discardsre believed to be low although they are unknown for most industrial fisheries,
excluding industrial purse seiners flagged in EU countries for the period 2003
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1 Catchandeffort series are generally alable from the major industrial fisheries. However, these
data are not available from some fisheries or they are considered to be of poor quality, especially
throughout the 1990s and in recent years, for the following reasons:

0 nonreporting by industrial prse seiners and longliners (NEI)

0 no data are available for the fresma longline fishery of Indonesia, over the entire time
series, and very little data available for the fragta longline fishery of Taiwan,China

0 uncertain data from significant fleseof industrial purse seiners from Iran and longliners
from India, Indonesia, Malaysia, Oman, Philippines, and Taiwan,China (fresh tuna up to
2006).

0 no data available for thdighseasgillnet fisheries of Iran and Pakistan and the
gillnet/longline fisheryof Sri Lanka, especially in recent years.

1 Trends in averageeight(Fig. 7) canbe assessed for several industrial fisheries although they are
incomplete or of poor quality for most fisheriesfore the miel980s and for someseféts in recent
years (e.g. Japan longlingee paper IOT201T WPTT13 08).

40

3

Fov (kg
b i ]
"

1§50 1964 1970 10D 1550 L i b 0

Ysirs

Fig. 7. Changes inerage weightkg) of bigeye tundrom 1950 to 2010 all fisheries combinedData as of
September 2011)

I CatchatSizeandAge tables areavailable but thestimates are highly uncertain for some periods
and fisheries including:
o0 the paucity of size data available from industrial longliners before thé@sidfrom the
early-1970s up to the mid980s and in recent years (Japan).
o the paucity of catch by areaatd available for some industrial fleets (NEI, India,
Indonesia, Iran, Sri Lanka).

Bigeye tunai tagging data

33. The WPTTNOTED thata total 0of35,971 bigeyeunawere tagged during the Indian Ocean Tuna
Tagging Programme (IOTTRyhich represented &7.8%of the total number of fish taggeost of
the bigeye tuna tagged6.1% were tagged during the maiU-funded Regional Tuna Tagging
Projectindian Ocean (RTTHO) and wereprimarily released off the coast dfanzania Fig. 8)
between May 2005 and September 2007. The remaining were tagged duringscatefirojects
around the Maldives, India and theuttwest and eastern Indian Ocdaninstitutions with the support
of IOTC. To date5,563 (5.7% of tagged fish have beemecoveredand reported to the I0TC
Secretariat
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Fig. 8. Densities of relases (in red) and recoveries (in bluepigfeye tunaData as of September 2011
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Yellowfin tunai catch trends

34.

35.

36.

37.

38.

39.

The WPTTNOTED that contrary to the situation in other oceans, the artisisiaéry componenof
yellowfin tuna catche# the Indian Ocean is substantial, takiagproximately 2025% of the total
catchlanded.Catches of yellowfin tuna remained more or less stable between thHE9BOd and the
early-1980s ranging between 30,0@&0hd 70,000 t, owing to the activities of longliners and, to a lesser
extent, gillnettersKig. 9).

The WPTTNOTED that atchesof yellowfin tunaincreased rapidly with the arrival of the purse seine
fleets in the early 1980%igs. 9 and 10), along with increased activity by longline vessels, with more
than 400,000 landed in 193. Purse seiners typitaltake fish ranging from 4@40 cm fork length
and smaller fish are moremonon in the catches taken north of the equator.

The WPTTNOTED that the purse seine fisheiy characterized by the use of two different fishing
modes:a fishery ondrifting objects (FADs), which catches large numbers of small yellowfin in
association witlskipjacktunaand juvenile bigey&una and a fishery on free swimming schools, which
catches larger yellowfinuna on multispecific or monespecific sets. Between 1995 and 2003, the
FAD component of the purse seine fishery representefitd8 of the setsindertaken (680% of the
positive sets) and took B63% of the yellowfintunacatch by weight (58976% of the total catch). The
proportion of yellowfin tuna caught (in weight) on freehools during 20062006 (64%) was much
higher than in previous (49%1f@999 2002) or following years (55% for 2002009).

The WPTTNOTED that the longline fishergrimarily catches large fish, from 8060 cm fork length,
although sraller fish in the size range 6000 cm have been takemd reportedy longliners from
TaiwanChina since 1989 in the Arabian Sea. The longline fishery targets several tuna species in
different parts of the Indian Ocean, with yellowfin tuna and bigeye tuna being the main target species
in tropical waters. The longline fishery can be subdivided mtdeegreezing longline component
(large scale deefpeezing longliners operating on the high seas from JaRap, of Korea and
Taiwan,China) and a freghina longline component (small to medium scale fresh tuna longliners from
Indonesia and Taiwan,Gta). As was the case with purse seine fisheries, since 2005 longline catches
havedecreased substantialyith current catches estimated to be at around 41,000 t, representing a
more than thre#old decrease over the catche005 Eig. 9).

The WPTTNOTED thattotal yellowfin tuna catches dropped markettiym the peak catches taken in
2006 with the lowest catches recorded nc e t h e repatedling009] & 8r@uidds275,000 t.
Preliminary atch levels in 2010 amstimate to bearound299,000 t.

The WPTTAGREED that the recent drop in catchesyeflowfin tuna could be related, at least in part,
to the expansion of piracy in thveestern tropicalndian Ocean, which has led to a marked drop in the
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40.

41.

levels of longline effortn the core fishing area of the speciEg§. 1la, b as well ago the decline in
the number of purse seiners in the Indian O¢e&0% reduction)

The WPTTNOTED that atches by other gearse. pole-andline, gillnet, troll, hand line and other
minor gears,have increased steadily since the 198®3g( 9). In recent years the total artisanal
yellowfin tuna catch has bedretween140,000160,000 t, with the catch by gillnets (the dominant
artisanal gar) at around 80,000 t.

The WPTTNOTED thatmost yellowfin tuna are caught the Indian Ocean, north of 12°S, and in the

north of theMozambiqueChannel Figs. 1la, bB. In recent years the catches of yellowfin tuna in the
westen Indian Ocean have dropped considerably, especially in areas off Somalia, Kenya and Tanzania
and in particular between 2008 and 2010. The drop in catches is the consequeyereslisedirop

in fishing effort due to the effect of piracy inet westan Indian Ocean region.
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Fig. 9. Annual catches ofellowfin tuna by geat
recorded in the IOTC Database (192010) (Data
as of September 2011).

Fig. 10. Annual catches oyellowfin tuna by fleet
recorded in the IOTC Database (1980210) (Data
as of Seember 2011).

Fig. 11ai b. Time-area catches (total combined in tonnesyalfowfin tuna estimated for 2009 and 2010 by type
gear: Longline (LL), Purse seine freschools (FS), Purse seine associggtbols (LS), polandline (BB), and
other fleets (OT), including drifting gillnets, and various coastal fisheries (Data as of September 2011).

Yellowfin tunai uncertainty of catches

42. The WPTTNOTED that retained catches agenerallywell known for the majofleets Eig. 12); but
are less certain for:

1 Many coastal fisheries, notably those from Indonesia, Sri Lanka, Yemen, Madagascar and
Comoros.

1 The gilinet fishery of Pakistan.

1 Nonreporting industrial purse seiners and longliners (NEI),cmdmercialonglinersfrom India.
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Fig. 12. Uncertainty of annual catch estimatesyelowfin tuna (Data as of September 2011)

Catches below the zetme (Type B) refer to fleets that do not report catch data to the IOTC (estimated by the IOTC Secretariat
report catch dta by gear and/or species (broken by gear and species by the IOTC Secretariat) or any of the other reasons provi
document. Catches over the zére (Type A) refer to fleets for which no major inconsistencies have been found to exist. Lsg
represent data for artisanal fleets and dark bars represent data for induste#d.fle

43. The WPTT furtheNOTED that:

9 the catch series farellowfin tuna has not been significantly revised since the WPTT12 in,2010
although there has been some revismthe time series of catch from the fishenéindia leading
to changes in catches by gear

T levels of discards are believed to be low although they are unknown for most industrial fisheries,
excluding industrial purse seiners flagged in EU countriethioperiod 20032007.

1 catchandeffort series are available from the major industaatl artisanal fisheriesHowever,
these data are not available for some important artisanal fisheries or they are considered to be of
poor quality for the following reass

(0]

(0]
(0]

(0]
(0]

no data are available for the fresima longline fishery of Indonesia, over the entire time
series, and very little data available for the fragia longline fishery of Taiwan,China

no data are available for the gillnet fisherie®akistan

although Iran has provided catch and effort data, it is not reported as per the IOTC
standards.

the poor quality effort data for the significant gillnet/longline fishery of Sri Lanka

no data are available from important coastal fisheries using hand and/din&s|lin
particular Yemen, Indonesia, Madagascar and Comoros.

1 trends in averageeight(Fig. 13 canbe assessed for several industrial fisheries but they are very
incomplete or of poor quality for some fisheries, namely handsl| (Yemen, Comoros,
Madagascar), troll lines (Indonesia) and many gillnet fishgses paper IOT2011 WPTT13

08).
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Fig. 13. Changes inerage weightkg) of yellowfin tunafrom 1950 to 2010 all fisheries combinedData
as of September 2011)

1 catch-at-SizeandAge tables are availablthough the estimates are more uncertain in some years
and some fisheries due to:

0 size data not being available from important fisheries, notably Yemen, Pakistan, Sri
Lanka and Indonesia (lines and gillnets) and G@aa and Madagascar (lines).

o0 the paucity of size data available from industrial longliners from thel@88s up to the
mid-1980s.

o0 the paucity of catch by area data available for some industrial fleets (NEI, Iran, India,
Indonesia, Malaysia).

Yellowfintunai tagging data

44. The WPTTNOTED that a total of 63,310 yellowfin tuna were tagged during the Indian Ocean Tuna
Tagging Progggmme (IOTTP) which represent8d.4% of he total number of fish taggeblost of the
yellowfin tuna tagged (86.4%) were tagged dgrthe main Regional Tuna Tagging Projeatian
Ocean (RTTRHO) and were primarily released off the coasts of the Seychallédbe Mozambique
Channel, along the coast of Oman and off the coa3taatania Fig. 14) betweenMay 2005 and
September 2007. The remaining were tagged during scell projects around the Maldives, India
and the southwest and eastern Indian Ocean by institutions with the supi@fCofTo datel0,560
(16.7%)tagged fish have been recovered and itepdo the IOTC Secretariat.

10°E 20°E 30°E 40°E 50°E 60°E 70°E 80°E 90°E 100°E 110°E

10°E 20°E 30°E 40°E 50°E 60°E 70°E 80°E 90°E 100°E 10°E

Fig. 14. Densities of releases (in red) and recoveries (in blugekdwfin tuna Data as of Septemb
2011.
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Skipjacktunai catch trends

45. The WPTTNOTED that atchesof skipjacktunaincreasedslowly from the 1950s, rea¢hg around
50,000t during the miel970s, mainly due to the activities of paledlines and gillnet{Figs. 5
and16). The catches increased rapidly with the arrival of purse seiners in the early; aa8Gkipjack
tunabecame one of the most important tuna species in the Indian Ocean.

46. The WPTTNOTED that he increasén purse seine caught skipjack tuna post 1d8ds. 15 and 16)
was due to the deelopment of a fishery in association with Fish Aggregating Devices (FADs}e
thel 9 9,BBsof the skipjack tuna caught by purseinevessels was taken in association ViA&DS.
Following the peakatchegsakenin 2002 (240,000 t) and 20@847,000t), catches dropped markedly,
probably as a consequence of exceptional purse seine catch rates on free schools of yellowfin tuna. In
2007 purse seine catches dropjgdaround 100,000 t (145,000 tvith similar catches recorded in
2008and have remainddw (150,000160,000 t).

47. The WPTTNOTED thatthe constanincreasean catches and catch ratespofrseseinerauntil 2006 are
believedto be associatedvith increasesn fishing power and in theaumberof FADs usedin the
fishery. The sharp decline in purse seine catcheshown since 2007 ¢esulting partially from an
approximate30% decline of effortgoincidedwith a similar decline in the catches of Maldivian pole
andline vessels Fig. 16). The Maldivian fishery effectively incased its fishing effort with the
mechanisation of its polendline fishery from 1974, including an increase in boat size and power and
the use of anchored FADs since 198he decrease in catches of both fisheries may also be the result
of a sharp decreasn the mean skipjadkinaweight during this period, from 3 kg in 2006 to 2.3ikg
2010. It should be noted that during the period 2Q0&8Q the gillnet fishery was catching over
100,000 tons of large skipjack tunal(3 kg).

48. The WPTTNOTED that ®verd fisheries using gillnets have reported large catches of skipjack tuna in
the Indian OcearFig. 16), including the gillnet/longline fishery of Sri Lanka, driftnet fisheries of Iran
and Pakistanand gillnet fisheries of Indiana Indonesia. In recent years gillnet catcheseha
represented as much ag 20% of the total catches of skipjack tuna in the Indian Ocean. Although it is
known that vessels from Iran and Sri Lanka have been using gillnets on the high seas in recent years,
reaching as far as the Mozambique Channel, the activities of these fleets are poorly understood, as no
time-area catclandeffort series have been made available for those fleets to date.

49. The WPTTNOTED that he majority of the catches of skipjack tun@yorate from the western Indian
Ocean Fig. 17). Since 200the catches of skipjack tuna in the western Indian Ocean have dropped
considerably, especially in areaf Somalia, Kenya, Tanzania and around the Maldives. Although th
drop in catches could be partially explained by a drop in catch rates and fishing effort by the purse
seine fishery, due to the effects of piracy in the western Indian Ocean region, drops in the catches of
other fisheriesin particular for théMaldives are not fully understood.
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Fig. 15. Annual catches ofkipjack tuna by geal Fig. 16. Annual catches oskipjack tuna by fleet
recorded in the IOTC Database (198@10) (Datal recorded in the IOTC Database (188010) (Data
as of September 2011). as d September 2011).
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Fig. 17ai b. Time-area catches (total combined in tonnes}lopjacktuna estimated for 2009 and 2010 by type
gear:Purse seindree-schools (FS), Purse seine associagbols (LS), polandline (BB), and other fleets (OT
including longline, drifting gillnets, and various coastal fisheries (Data as of September 2011).

Skipjacktunai uncertainty of catches

50. The WPTTNOTED that retained catches agenerallywell knownfor the industrial fisheries but are
less certain for may artisanafisheries Fig. 18), notablybecause

1
1

)l

Catches ar not being reported by species.

There is uncertainty about the catches from swnportantfleets including the Sri Lankan coastal
fisheries, and the coastal fisher@Comoros and Madagascar

ApproximatelylQi 12 % of thereportedcatches from some coastal fisheries are uncertain.

Fig. 18. Uncertainty of annual catch estimatesdhipjacktuna (Data as of September 2011)

Catches below the zetime (Type B referto fleets that do not report catch data to the IOTC (estimated by the IOTC Secretariat),
report catch data by gear and/or species (broken by gear and species by the IOTC Secretariat) or any of the other nadedria (e
document. Catches avéhe zereline (Type A refer to fleets for which no major inconsistencies have been found to exist. Ligh
represent data for artisanal fleets and dark bars represent data for industrial fleets.
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51. The WPTT furtheNOTED that:

1
1

)l

the catch series fakipjack tunahas not beesubstantiallyrevised since the WPTT12 in 2010.
levels of discards are believed to be low although they are unknown for most industrial fisheries,
excluding industrial purse seiners flagged in EU countries for the period 2003
catch-andeffort series are available fromarious industrial and artisanal fisheriebowever, these
data are not available from sonmeportantfisheries or they are considered to be of poor quality,
for the following reasons:
0 no data are available fone gillnet fishey of Pakistan.
o although Iran has provided catch and effort data, it is not reported as per the IOTC
standards.
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o the poor quality effort data for the significant gillnet/longline fishery of Sri Lanka.
0 no data are available from important sta fisheries using hand and/or troll lines, in
particular Indonesia, Madagascar and Comoros.
1 trends in averageveight (Fig. 19 cannot beaccuratelyassessed before the rii@80s and are
incomplete for most artisanal fisheripast1980 namely hand lines, troll lines and many gillnet
fisheries (Indonesigksee paper IOT201T WPTT13 08).

AvgW (kg)

T T T T T T T
1950 1960 1970 1980 1990 2000 2010

Years

Fig. 19. Changes inerage weightkg) of skipjacktunafrom 1950 to 2010 all fisheries combinedData as
of September 2011)

1 catchat-Size andAge tablesare available but the estimates are uncertain for some years and
fisheries due to:
o the lack of size data before the r1ifI80s.
o0 the paucity of size data available for some artisanal fisheries, notably most hand lines
and troll lines (Madgascar, Comoros) and many gillnet fisheries (Indonesia, Sri Lanka).

Skipjacktunai tagging data

52. The WPTTNOTED that a total 0fL00,620 skipjackuna were tagged during the Indian Ocean Tuna
Tagging Programe (IOTTP) which represented 4%&f the total nmber of fish tagged. Most of the
skipjack tuna tagged 17.8%) were tagged during the main Regional Tuna Tagging Prijdiztn
Ocean (RTTRO) and were primarily released off the caadtthe Seychelles anlanzaniaand in the
MozambiqueChannel(Fig. 20) betweenMay 2005 and September 2007. The remaining were tagged
during smalscale projects around the Maldives, India and the southwest and eastern Indian Ocean by
institutions withthe support of IOTC. To date, 15,2{152%) of thetagged fish have been recovered
and eported to the IOTC Secretariat.
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Fig. 20. Densities of releases (in red) and recoveries (in blugkipfack tuna Data as of Septemby
2011.

Data collecton and reporting summary

53.

54.

55.

56.

57.

58.

59.

60.

The WPTT NOTED the IOTC Sec et ar i at 6 s recent activities i
agreement for the implementation of systems to strengthen data management and to implement pilot
sampling activities to assess the quality of the statistics being collected from gillneéegisher

Noting that an IOTC mission to Pakistan was scheduled but had to be postponed due to the situation in
the country, the WPTIRECOMMENDED that the IOTC Secretariat travel to Pakistan once the
situation improves, in order to assess the status of dd¢gttah and reporting systems in this country

and to report back to the WPTT at its 2012 session.

The WPTTRECOMMENDED that as a matter of priority, Pakistan provide catntteffort data and
size data for tropical tunas, in particular from their gillnehdries, noting that this is already a
mandatory reporting requirement.

The WPTT welcomed the efforts of Sri Lanka to improve data collection and management for its
fisheries andRECOMMENDED that the IOTCOFCF project and Sri Lanka continue their
cooperabn towards improvindhe collection and reporting of fisheries statistics and to report back to
the WPTT at its 2012 Session.

The WPTTRECOMMENDED that Maldives report catch and effort data as per the IOTC standards
for 2010 and that for earlier statisti¢2002 to 2009)andthat they are reported by atoll, month, gear
and species, aswas done in the past.

The WPTTNOTED the plans from the IOT®OFCF Project to hold a Catch Estimation Workshop in
Indonesia in March 2012, in order to assess data collecti and reporting syste
coastal and longline fisherie$he WPTT thanked the IOFOFCF Project for this initiative and
RECOMMENDED that the outcomes of the Workshop be reported to the next Session of the WPTT

The WPTT urged MadagascandYemen to collect and report statistics on their coastal fisheries and
RECOMMENDED that these countries request assistance frotQR€ Secretariat where required.

The WPTTRECOMMENDED that as a matter of priority, the IOTC Secretariat liaise with India,
Oman, Indonesia, Philippines and Malaysia to implement the minimum requirements of IOTC
Resolution 08/0&oncerning the recording of catch by longline vessels in the IOTG areader to
improve the quality of the data reported from their longline fldstsspecies, and to report back to the
WPTT at its next meeting.
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61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

The WPTT RECOMMENDED that the IOTC Secretariat continue working with the Iranian
authorities towards improving reporting from their purse esdleet, and to report progress to the
WPTT at ts next meeting.

The WPTTRECOMMENDED that Philippines investigate the reasons for the differences between
bigeye tuna export data and reported catch data from their longline fishery, and to report findings to the
next WPTT meeting.

The WPTTRECOMMENDED that Iranand Pakistan reposizedata for tropical tuna species, as per
the IOTC requirementdor their gilinet fleets, noting that this is already a mandatory reporting
requirement, and that the Secretariat assist Iran and Pakistan to facilitate gegfottiis information
where required.

The WPTT RECOMMENDED that India, Malaysia, Oman and Philippines make every possible
effort to collect and report size data for tropical tuna species for their longline fleets, noting that this is
already a mandatory perting requirement.

The WPTTRECOMMENDED that Indonesia report size data for tropical tuna species for its longline
vesselsas soon as possible as per IOTC standards, noting that this is already a mandatory reporting
requirement.

The WPTTRECOMMENDED thatJapan increase sampling coverage to attain at least the minimum
required by the IOTC Resolution 10/62 mandatory statistical requiremer(ts fish by metric ton of
catch by type of gear and specjem)d for the IOTC Secretariat to assess levels of tiagdor Japan
upon receiving size data for 2010 and to report back to the WPTT at its next meeting

The WPTTRECOMMENDED that biological data is gathered and reported to the IOTC Secretariat in
order to develop specific lengtyge, lengthweight and procesd weighlive keys for the Indian
Ocean tropical tuna species, in particular by the main longline fisheries (Taiwan,China, Indonesia,
Japan, EU and China).

Noting the importance of biological information to be considered in the stock assessment thedels, t
WPTT RECOMMENDED that gonad collection and calculation of the gonadosomatic index for
yellowfin tuna be carried oytrior to the next WPTT meeting.

Noting the difficulties that the IOTC Secretariatsrexperiencedn compleing the review of datsets
for tropical tunas, includinghe imgementation of a scoring systeand further use of those scores to
derive alternative series of catches for icaptuna specieshe WPTTRECOMMENDED that the
Secretariat makes every possible effort to finalize thikvbefae the next meeting of the WPTT in
2012.

Noting the preliminary results of a study conducted by the IOTC Secretariat comparing average
weights as derived from the length frequeneynd time area catches in number and weight available
for the longlire fleets of Japan and Taiwan,Chinae tWPTT RECOMMENDED that the IOTC
Secretariat complete this study and present results to the next meeting of the WPDCS

The WPTTRECOMMENDED that Japan and Taiwan,China review catch, effort and size frequency
datasetsn order to assess reasdor discrepancies&dentified by the IOTC Secretariandto report
results & the next meeting of the WPTT, including a comparisotength frequency data samples
collected from commercial and research and training vessels.

The WPTT RECOMMENDED that all CPCs catching small yellowfin tuna should undertake
scientific sampling of theiyellowfin tunacatches in order to identify potential bigeye tuna cat¢ines
particular for those CPCs identified in previous paragfaphd to reprt findings at the next WPTT
meeting.
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7. NEW |NFORMATION ON BIOLOGY , ECOLOGY, FISHERIES AND ENVIRONMENTAL
DATA RELATING TO TROPICAL TUNAS

7.1 Review new information on the biology, stock structure, their fisheries asdociated
environmental data

Environmentaldata

73. The WPTT NOTED paper I0TC2015 WPTT13 11 which provided an outline of climate and
oceanographic conditions in the Indian Ocean up until August,206dllding the following abstract
provided by the author:

fivarious datasets (SST, wind stress, mixaed depth, chlorophyll) are used to depict past
trends and present situation (up to August 2011) of several adimaate indicators in the
Indian Ocean. The long term and basin scale trend of the sea surface temperature (SST) has
been steadily increasingince 1955 at a rate of 0.10°C/decade and the SST in the Western
Indian Ocean (WIO) increased at an even higher rate (0.13°C/decade). Accordingly, the
occurrence of 2°areaonth strata with SST>26°C (a threshold for tuna larvae survival) has
increased bynore than 2% since the period 196965. The anomalous evemésordedin the

past two years were an El Nino (warm event in Central Pacific and WIO) in 2010 and La Nina
(cold event in CentPac and WIO) in 2011. However, the anomalous response in the WIO
exhibits a greater magnitude during El Nino (+ 0.6°C) than during La Nital5°C) events.
Regional analyses are also conducteéd.working hypothesis, which would need further
investigation, is a detrimental effect of the currdapressedbiological producivity at the base

of the food chain on tuna concentration and biological processes (slower growth, increased
natural mortality). This should be consideredhen assessing the reasons for substantial
decline in PS CPUE on free schools in the WIO in 28i® 2011 and the dramatic decline of
SJK catch rates observed in Maldives since 209&(%) . 0

74. The WPTTNOTED the first analysis which covered the northern slope of the Seyclaimgos
thermocline ridge (SCTR, 010°S) which corresponds to the core oflgefin tuna spawning
grounds, from December to March. There, deeper thermocline is associated wifio BhNiPositive
Dipole events, and the signal is fully developed at the turn of the year (depth anomaly of +40 m and
+20 m for respectively Jan 1998 adah 2007). From 2008 onwards, shallow thermocline prevailed in
the SCTR during Decembielanuary and no anomalous deepening of the thermocline was atbserv
during the 2010 warm event.

75. The WPTT NOTED the second analysis which covered the whole WIO, and ewtter surface
chlorophyll concentration (SCC) has oscillated from lows (during the1®®B El Nfio) to highs
(2003 2005) then back to lows from 2007 onwards. TiegativeSCC anomalies in 2010 and 2011
have been estimated ati3®% below the average, dsepicted in Jafireb and AugSept (the two peaks
of the seasonal cycle). SCC anomalies in-Segt seem to be related to a weaker Somali upwelling as
a prominent southward wind stress anomaly (i.e. not favouring the upwelling activity) has been
recorded sice 2008 in the West Somali Basin. A declining trend in SCC is eviddnma 2009 to
2011 in the WIO.

76. The WPTTNOTED the third analysis where the Maldives archipelago and Central Indian Ocean areas
were considered. In Maldives, the analysis points oudigtent low SCC anomaly since 2006, which
represents a 15% belemormal SCC in 2011. By contrast, an anomalously lasting evesttatnced
SCC was detected in the Central Indian Oceani(%/75°E90°E) from October 2010 onwards,
and still visible in thdast available month of the series (August 2011). Combined plots of SST, 20°C
isotherm depth anomaly and SCC suggest that the high productivity was initially triggered by a very
shallow thermocline leading to a cooling of the mixed layer, then beconsifdevin the SST and SCC
2 monthslater. Potential effect on forage enhancement for top predators might be considered.
Conversely, the substantial decline of SSC in the WIO might limit the carrying capacitypisggc
ecosystem.

77. The WPTT NOTED that moe work is required to better understand the relative effects of the
environment on catchability and on abundance. Catchability changes forced by the environment occur
in the short term, whilst time lags must be considered for the abundance. It was estdbats
ecosystem models would helpresolvethose confounding effects.

78. The WPTTAGREED thatenvironmental factorsuch aglissolved oxygen anoxyclines beexplored
in the 2012CPUEstandardisation work
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Mozambique catch data

79. The WPTTNOTED paperlOTCi 2011F WPTT13 12 which provided some results for tropical tuna
based on catch data in Mozambigueluding the following abstract provided by the authors:
fiMozambique does not have a national fishing fleet targeting tuna and tuna like species. and
tropical tuna (Thunnusalbacares Thunnusobesusand Katswonuspelamid are caughtby
foreign fleets of longliners and purseiners. During several months of 2010, four longliners
from China were licensed to fish along the Mozambican coasts and observers weyedlepl
board allowing collection of their logbooks

80. Noting the difficultiesMozambiquehas experienced in receivirthe logbooks of fishing vessels
licensed to fish in its EEAZhe WPTTRECOMMENDED that the CPCs concerned send the logbook
data to Mozamilgjue noting that this is alreadyraandatoryrequirement unddOTC Resolution 08/04
concerning the recording of catch by longline fishing vessels in the IOTCaack&esolution 10/03
concerning the recording of catch by fishing vessels in the IOTC area

81. Noting that to datelMozambique has not reported data for its coastal fisheridse IOTC Secretariat
the WPTTRECOMMENDED that data are collected and reported as soon as possible.

Comoros artisanafisheries

82. The WPTT NOTED paperlOTCi 201T WPTT13 13 whidch provided a census of artisanal fishing
vessels in Union of the Comorascluding the following abstract provided by the authors:

fA frame survey was financed by the IGDECF project in order taindertakea census of the
fishing vessels of the artisan@lomorian fleet. The Comorian fishing fleets are essentially
artisanal, locally made and work less than 30 nautical miles from the shore in general. The
fishing vessels are small, with dimensions included under category 1i5.@r) and under
category 12 (6.0 11.9m) defined by FAO. A total of 5,323 boats were recorded in 2011 against
3,946 units in 1994. Today, 32% of the Comorian fisheries fleet is motorized against 14 % in
1994. Regarding fishing gear, 26% of fishing operations are done using trbtieng24 % by
using short | ine and 51% of all operations

83. The WPTT welcomed the implementation dirame survey and of aew sampling programme in the
Comoros andstrongly RECOMMENDED that Comoros maintain this activity after the esfdthe
programme to be able to report annual data as per IOTC requirements.

Pakistan fisheries

84. The WPTT NOTED paperlOTCi 2011 WPTT13 14 which outling the fishing gear and methods
used to harvest tuna and tdilee species in the EEZ of Pakistaincludingthe following abstract
provided by the authors:

fAlthough a variety of fishing gears and methods are used to harvest fisheries resources in
Pakistan, drifting gilinet is the only gear used to catch tuna and tuna like species by local
wooden fishing boatd.onglines, purseseine and polandline are not used by local vessels to
target tuna in marine waters of Pakistan. This paper describes the technical parameters and
specification of a typical large gillnetter, its fishing gear and methods. After undegtak
number of interviews, assessments, observations etc., it appears that the preservation methods
on board the fishing vessels has changed fromsdied to fresh (iced). This resulted in a
reduction of the number of fishing days as well as decredsagth of the gillnets used to land

better quality catci

85. The WPTTNOTED thatprior to the adoption ofOTC Resolution 09/0%0 prohibit the use of large
scale driftnets on the high seas in the IOTC agnet vessels flagged to Pakistan uggbthetsup to
9 kilometers in lengthand this despite the United Nations General Assembly Resolution 46/125
adopted in 1992. The WPTT furth®OTED that, at present, thenaximum length of gillnets
reportedlyusedby Pakistarvesselsare2.5 km, stressing the ngéor Pakistan to strengthen monitoring
of vessels under its flag.

86. The WPTT NOTED that Pakistan has not yet implemethta vesselmonitoring system(VMS)
programmefor its gillnet vessels of and over 15 @as required under IOTC Resolution 06/08
establisling a vessel monitoring programgradthough it intends on doing so befdhe end of 2011.

87. TheWPTT NOTED paperlOTCi 2011 WPTT13 15 which outlined the catches and landing of tuna
and tundike species by Pakistan fleeis¢luding the following abstract pvided by the authors:
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fiFisheries resources play an important role in the economic development of Pakistan. It
contributes about 0.8% to the overall Gross Domestic Product (GDP), 3.7% to the Agricultural
GDP and less than 0.1% percent to the national eympémnt. Contribution of tuna landings in

total marine fish production ranged from 10% to 12%. A study has been conducted to record
tuna catches and to collect information on dimguency of five different species. The study
shows that catches of oceartima species, particularly yellowfin and skipjack tunas, are
declining, while there seems to be no threat for other species as the catch rates are normal.
However, the lengtfrequencies clearly shows a decrease in the size of all sgecies

Madagascar fisleries

88. The WPTTNOTED paper IOTC2011WPTT13 16 which provided a partial analysis of the catches
of tropical tuna fishing industry in the Maasy EEZ, including the following abstract provided by the
authors:

fiPartial analysis of the data contained in tbatabases of Fisheries Surveillance Centre has
been made for the period 2005 to 2010. The changes in some parameters of the fishery industry
of tropical tunas have been followed. The daily yield of each type of vessels (longliner and
purse seiner) was caltated from information received by the declarations of input/output of
each vessel. The composition of the catch logbooks as well as the average weight of the three
tropical tuna species are studies. Stability, despite a small decrease, was observed on th
average weight of fish caught and the daily yield of longliners over the years. However, a
change in the composition of the catch is palpable especially for the three tropical tuna species
(bigeye, yellowfin and skipjack).

89. The WPTT NOTED the difficulties faced by Madagascar in ensuring adequate monitoring and
sampling of its artisanal fleet and encouraged other Members of the IOTC to provide assistance and/or
guidance where feasible.

90. The WPTTNOTED thatwhile a number of longliners flagged Madagascahave operated in the
Indian Ocean in recent years, no data has been reported to theSkzT&ariatThe WPTTURGED
Madagascar to collect and report tigormation as soon as possible.

Malaysianfisheries

91. The WPTTNOTED paperlOTCi 2011 WPTT13 17 which povided catch, species composition and
biology of tuna caught in the Indian Ocean by the Malaysian tuna longlinehsding the following
abstract provided by the authors:

fiPenang port has long been recognized as a potential port for transshipmena chtught by
longliners in the Indian Ocean. After facing a period of continuous declining in tuna landings
from vessel operating in the Indian Ocean, Malaysia stand to develop his own fleet for tuna
fishing in open seas particularly in the Indian Oceanoriar15 longline vessels in 2003, the
number of registered vessels increased to 59 in 2010 while landings in Penang of tropical tuna
increased from 770 tons to 1138 tons during the same period. Vessels landings at Penang port
are seasonal, with peaks from tOleer to February the following year and most of the vessels
are believe to be operating in the eastern Indian Ocean. From 2000 to 2002, three training and
research trips were carried out using training vessel from DoF and two chartered commercial
tuna lorgline vessels. Catch and biology parameters of yellowfin and bigeye tuna were obtained
from these trips. During the trip of the 2 commercial longline vessels, a total of 533 yellowfin
tuna (231 males + 302 female) and 423 bigeye tuna (194 males + 22®$&mare sampled

over the period July to October. Both vessels operated in areas between Longitude 770E
850E and Latitude 5°N 5°S. Their average CPUE were at 6.7+ 1.8 and 4.7 £ 2.7 respectively.
Average size of yellowfin and bigeye caught were 119aml26cm respectively. More than
60% of yellowfin and 40% of bigeye were sexually matured during the period obstudy.

92. Noting thatto date, vessels flagged to Malaysiee not usingogbooks to record their acities, as
required by IOTC Resolutior®8/04, which includes minimumrequirements forcollecting and
reporting operational datthe WPTTRECOMMENDED that Malaysia implement the requirements
under Resolution 08/04 as a matter of priority.

93. The WPTTNOTED that the total catches reported for longlindegygedto Malaysiaonly represent
the catch landed in Malaysia add not include the catches of vessels based outside Malaysia, stressing
the need for Malaysia to improve monmitay of vessels under its flag.
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Indian fisheries

94. The WPTTNOTED paperlOTCi 2011i WPTT13 18 which provided an overview of the interannual
and geographic variations in the abundance indices of yellowfin tuna, billfishes and sharks in the
Indian EEZ,including the following abstract provided by the authors:

fiSpatiectemporal abundance dfices of large pelagic predators were studied using data from
longline survey conducted in the Eastern Arabian Sea, Western Bay of Bengal and the Andaman
and Nicobar waters. During the study period (19808), the entire Indian EEZ was surveyed

with a togl fishing effort of 1,711,087 hooks. The trends in the abundance indices revealed
drastic reduction in the abundance indices of sharks, yellowfin tuna and billfishes. The study
calls for immediate adoption of management measures for maintaining healtkg sf these
resources in the Indian Ocean with the cooperation of other nations engaged in the fishery of
large pelagic in the Indian Ocean. The study emphasises the importance of continuous
monitoring of the stock status of these resources by fisheérgipendent surveys. 0

95. The WPTTNOTED the declining trend in the abundance of large pelagic predators within the Indian
EEZ, particularly since the mitl 9 9 0 6 sncouragedddia to continue monitoring the abundance of
ecosystem dynamics and to provideliertupdates at the next WPTT meeting.

96. Noting that India has a large data set collected on the research longline vessels operated by the Fishery
Survey of India during the last 30 yeathe WPTT RECOMMENDED that Indian scientists
participate in the CPUEa&tdardization workshop in order to assess the value of using this information.

EU,Spain purse seine fishery

97. The WPTTNOTED paperlOTCi 201T WPTT13 19 which outlines the statistics of tBpanishpurse
seine fleet in the Indian Ocean (192010) including he following abstract provided by the authors:
fiThis document presents summary statistics of the purse seiner Spanish fleet fishing in the
Indian Ocean from 1990 to 2010. Data include catch and effort statistics as well as some
fishery indices by speciesné@ fishing mode. Information about the sampling scheme and the
coverage of sampling, together with maps and diagrams representing the fishing pattern of this
fleet by time and area strata is also included

EU,France purse seine fishery

98. The WPTTNOTED pape IOTCi 2017 WPTT13 20 which outlines the statistics of the French purse
seine fleet targeting tropical tunas in the Indian Ocean {3ED),including the following abstract
provided by the authors:

fiThe French purseeine fleet of the Indian Ocean wasnamsed of 13 large size purse seiners

in 2010 that represented a total carrying capacity of more than 12,000 GRT. After a period of
increase during 2002008, the fishing effort of the fleet has been decreasing to reach a
minimum of 2,500 searching days 2010. The decrease in effort was associated with a
contraction of the fleet fishing grounds in the recent years and mainly characterized by a strong
decrease in the number of sets made on free swimming schools: a total of less than 2,700
fishing sets bem made in 2010 compared to more than 4,500 in the2®@ds. Hence, the
percentage of sets made on-lagsociated schools steadily increased since 2004 to reach 68%
in 2010, corresponding to 70% of the total catch in the recent years. No clear trencgisrapp

in the time series of specigpecific catch rates expressed in tonne per searching day for each
fishing mode of the fishery. The mean weight in the catch of the 3 tropical tunas has shown a
decrease between 15% and 50% in 2Q020 for both logasseiated and free swimming
schoolso

99. The WPTTNOTED the sharp decline in the proportion ok&school sets in 2010 and 2011 which
may have been due to a number of fagtorduding a drop in theolumeof free-schools of yellowfin
tuna in the areaa posdile declining trend in primary productivityhe implementation of the BIOT
MPA,; recent changes in the market value of skipjack tuna with prices higher than average and closer to
those of yellowfin tunaandthatthe EU,Francepurse seiners amgere operang in pairs as a way to
mitigate the effects of piracy.

100. The WPTTNOTED the preliminary information ca®rning the activities of EU,Fnae purse seiners
during 2011 and encouraged the authors to provide further updates prior to the next meeting of the
WPTT.
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Main purse seine fisheries

101. The WPTTNOTED paper I0TC201T WPTT13 24 which outlines the statistics of the main purse

seine fleets fishing in the Indian Ocean (188110), including the following abstract provided by the

authors:
fiThis document presentssammary of the statistics of French, Spanish, Italian, Seychelles and
EU related NEI purse seine fleets fishing in the Indian Ocean since 1981: effort, catch by
species and fishing type (log and free swimming schools), catch per unit of effort, samgling an
average weights for the main species. Since 2002, data from the European fleet (France and
Spain) are collected within the framework of
1543/ 2000 and 1639/ 2001), f ol | ovoetdecollectio,008 by
management and use of data in the fisheries sector and support for scientific advice regarding
the Common Fisheries Policyd (DCF, Reg 199/ 20
collected by SFA (Seychelles Fishing Authority)taQarocessing (species composition and size
di stribution) is done collectively for the wh

102. The WPTTNOTED that logbook data of the EU,France purse seine fleet for the first semester of 2011
confirmed the change in the fleet strategy with a magaluction in catch on the free swimming
schools from 65% ithe period2006 2008 to 40% inthe period2009 2011.

Ageing of tuna using otoliths

103. The WPTTNOTED paperlOTCi 2011 WPTT13 22 which outlines a Bayesian observation error
model for otolith readingising yellowfin tuna from the Indian Ocean as a case stodlding the
following abstract provided by the authors:

fiGrowth curves are an essential input into the stock assessment of fish species. For yellowfin
tuna, despite several studies conductedhim 3 oceans, based on tegcapture experiments,
lengthi frequency analyses data and direct ageing from calcified structures, the shape of the
growth curve and its parameterization are still open to debate. In this study, a growth curve is
derived using ag estimates from the micro increments of sagittal otoliths from 179 yellowfin
(19 and 135.4 cm FL). Otolith reading involve some subjective interpretation of the reader and
entails different sources of uncertainty. Thus, an ageing error model that acdouniese
uncertainties was developed., This model was then coupled with a Bayesian growth model that
accounts for uncertainties in age estimation, individual variability in growth and measurement
errors and integrates experts knowledge. A VB log K growive that allows a smooth
transition between two different growth rate parameters was used. Results givestarinam
growth pattern with a slow growth rate (2.381 cm.meh}hup to around 67.5 cm FL, followed

by a more rapid growth until 97 cm FL thengaadual decrease (4.24 cm.moxith Such

results are consistent with both those found in previous studies and with the biology of
yellowfin. As a result, a new adength key to update the conversion of cadtkize into catch

at-age for future stock asssments of yellowfin is proposed

104. The WPTTNOTED thatthe authorsntendto complete the work, including the tagcapture data of
the IOTTP, and to make their results available at least one month prior the next session of the WPTT in
order for a new gnth curve to be colidered in the stock assessment.

Kenyan and Tanzaniatrisheries

105. The WPTTNOTED paperlOTCi 2017 WPTT13 23 which provided an update on the Kenyan and
Tanzanian EEZs longline CPUE for yellowfianaand bigeye tunancluding the followingabstract
provided by the authors:

fiThe fishing activity by the longliners within the Kenyan and Tanzanian EEZs reached a peak
between 2005 and 2007 after which there has been a sharp decline which is probably associated
with the piracy affecting the aredhis report looks at the spatial distribution of the catches
reported by 35longliners licensed in Kenya during 2007. After 1,443 fishing days, a total of
37,488 fish weighing 1,001 tons were caught. Both Yellowfin tuna and Bigeye tuna composed
71.4% of tle total catch in weight with a maximum of 86% recorded during the month of
February. The month of June had the highest number of fishing days (207) while February had
the lowest (44). The average nominal CPUE for Yellowfin tuna was 3.2 fish per 1000THaoks.
highest CPUE was recorded in March at 10.1 but later declined to between 1.2 and 0.5 during
the months of July to November. Bigeye tuna on the other hand had an average nominal CPUE of
3.2 fish per 1000 hooks. The highest CPUE was recorded duringahéh of February at 5.9
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and later declined to between 2.3 and 2.0 during the months of June to October. The report also
shows the spatial distribution of the reported catches within the Kenyan and Tanzaniad EEZs

106. The WPTTNOTED thatdue to the effects gdiracy, no longline effort had occurred in the Kenyan or
Tanzanian EEZO6s in 2010.

Reproductive biology of skipjack tuna

107. The WPTT NOTED paperIOTCi 2017 WPTT13 25 which outlines a macroscopic study on the
reprodwctive biology of skipjack tunén the Westerrindian Oceanjncluding the following abstract
provided by the authors:

fiA macroscopic study on some aspects of the reproductive biology of skipjack tuna
(Katsuwonus pelamjsvas carried out at Albion Fisheries Research Centre in Mauritius. The

study aimd at determining seasonal sexual variations, length at first maturity, sex ratio,
spawning seasons and reproductive indices. Gonadal samples were collected from 758 fish. The
different maturity stages of gonads assessed by gross visual examination thdiwatte

whatever the month, there is always a majority of fish with gonads in terminal stage of
maturation. The study showed that the reproduction of the species occurred throughout the
year, with some periods of more intense sexua

108. The WPTTAGREED that theidentification of maturity stagef®r tunas usuallyrequiresvalidation
through histological analysis, as some of the stages are difficult to distinguish by direct observation
and recalled thaa paper covering thesaattershad been presentéd the WPTT meeting in 2010,
encouraging the authors to refer to it to validate the results presented in the current study.

Thailand fisheries

109. The WPTTNOTED paperlOTCi 2011 WPTT13 49 which outlines the activities of the Thai tuna
fisheries in the Indin Ocean during 2002010, including the following abstract provided by the
authors:

fiThere are two types of gear within the Thai tuna fishery, tuna longline and tunasgimse

which were operating in the Indian Ocean from 2007 to 2010. Data collexted their
logbooks shows information on their catch, fishing operation and effort. Duringi 2003,

1,904 days fishing operation were recorded. The Thai tuna longline fleet was composed of 3
vessels in 2007 and 2 vessels from 2008 to 2010. Their mamgftptound was located in the
southern part of the Indian Ocean (around the east and south coast of Madagascar). The total
annual catch was the highest in 2010 with 607.69 tonnes followed by 461.64, 295.23 and
265.53 tonnes respectively in 2007, 2009 aP@d82respectively. The CPUEs was the highest in
2010 (13.62 fishes/1,000 hooks) followed by years 2007, 2008 and 2009 (10.20, 5.88 and 5.16
fishes/1,000 hooks, respectively). During 200X09, the main species caught was yellowfin
tuna was caught (32.80 % ¢he total catch) followed by bigeye tuna, albacore, swordfish,
other fishes and sharks. In 2010, albacore was the main species caught (63.5%). The Thai tuna
purse seine fishery, composed of four purse seiners, conducted 952 fishing operations in the
Indian Ocean during 2062010. The fishing grounds were mainly located in the western
Indian Ocean. This purse seine fishery was operating throughout the year in both the eastern
and western Indian Ocean with maximum catch from Februltgty and SeptemberOctober.

The total catch was 28,688.50 tonnes. Skipjack tuna is the main species caught {sgiperse
(64.94%) followed by bigeye tuna (18.83%), yellowfin tuna (13.78%) and kawakawa (2.44%).
The average size of the caught skipjack, yellowfin and bigeye were 50.34cmz9.87,
63.32cm+23.09 and 63.24cm+16.94@m.

110. Noting thatboth the total catches and species composition presented for purse seine vessel®flagged
Thailandwere substantiallydifferent from those reportiefor other purse seine fleets opéargtin the
Indian Oceanand thatthe difference may originate from Thai and EU purse seiners opeiating
different areasthe WPTTRECOMMENED thatthe EU and Thailand further investigate tteasons
for this difference and to report findings to the N&RTT meeting.

Republic of Korea longline fishery

111. The WPTTNOTED paperlOTCi 2015 WPTT13 51 which provided a review of yellowfin tuna catch
by Korean longline fleet in the Indian Oceancluding the following abstract provided by the authors:
fiLongline is he only type of gears used by Korean tuna fisheries in the Indian Ocean. Catch
statistics have been available since the-a8@&0s and catch and effort since the 1970s. At the
beginning, the main target species were yellowfin, bigeye and albacore tunheansbuthern
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bluefin tuna from 1991. Fishing grounds were in the tropical area between 20°N and 20°S at
the beginning and later extended southward down to 45°S. The total catch of tuna alikktuna
species by Korean longline fleet in the Indian Oceaepdyeincreased and peaked at 71,100 mt

in 1978 and then largely decreased with fluctuation thereafter. The catch trend closely
coincided with the changes in the number of active vessels throughout the period, with a peak at
185 in 1975 and a gradual decmato13 in 2010. The yellowfin tuna catch considerably
increased and peaked at 33,237 mt in 1977 but sharply decreased with fluctuation to 708 tons
in 2010. The nominal CPUE of yellowfin tuna peaked at 19 fishes/1000hooks in 1977 but were
33% of its pealirom 1978 to 1992, 13% from 1993 to 2002 but increased to 37% from 2003 to
2007 and then decreased to 13.4% in recent years. In terms of spetadal distribution,

when the catch was higher in the 1970s, the effort was located in the tropical Indian, Oce
extending to 40°S in the western Indian Ocean, with higher catch and CPUEs. During the last
decade, the effort moved southward in both western and eastern Indian Ocean which resulted
in lower catch and CPUE in the tropical zone. The length frequeaty af yellowfin tuna,
compiled from Korean scientific observations, is available for 28@B). In general, length
frequency distribution ranged from 97 to 187 cm in fork length with a main mode around 120
140 cm and a secondary mode around-130 in boh the western and eastern Indian Oceéan.

112. The WPTTNOTED paperlOTCi 2011 WPTT13 59 which provided a review of bigeye tuna catch by
Korean longline fleet in the Indian Oceamcluding the following abstract provided by the authors:

fiLongline isthe only typ of gear used by Korean tuna fisheries in the Indian Ocean. Bigeye
tuna catch quickly increased at the beginning of the fishery to peak at 34,309 mt in 1978 and
later decreas with fluctuations to a few hundreds tons in recent years. The nominal CPUEs of
bigeye tuna peaked at 17 fishes/1000hooks in 1977 but were 37% of its peak from 1979 to 1997
and then gradually declined below 10% in recent years. In terms of sgdetadal
distribution, when the catch was higher in the 1970s, the effort was mainliedooa the
tropical Indian Ocean, extending to 40°S in the western Indian Ocean where bigeye tuna
catches and CPUE were higher. During the last decade, the effort moved southward in both
western and eastern Indian Ocean, which result in lower catch GR'tHe tropical area. The
length frequency data of bigeye tuna, compiled from Korean scientific observations, is available
for 20032010. The range of fish size ranged from 80 to 200 cm during-2008 with no
meaningful difference in their distributiimy year and area. 0

113. Noting that the nominal catch (NC) and the caddldeffort (CE) data provided at the WPTT13
meeting was found to conflict with théstoricaldata for the longline fleet previously provided by the
Rep of Korea to the IOTC Secretariatnd that the differences were due to the ongoing internal data
review by the Rep. of Koredhe WPTTRECOMMENDED that the Rep. of Korea liaise with the
Secretariat to provide a fully justified revised catch history which will replace the data curredtly hel
by the Secretariat before the end of 2011.

China integrated habitat index analysis

114. The WPTT NOTED paperIOTCi 2011 WPTT13 54 which outlines a comparison of calculation
methods of an integrated habitat index for yellowfin tuna in the Indian Oredunding the following
abstract provided by the authors:

fiBased on the survey of the Chinese longline vessel Huayuan yu no.18 in the Indian Ocean in
2005, we used the data, such as the weighted and arithmetic average value of temperature,
salinity, chlorophyHa concentration, dissolved oxygen concentration, other environmental
variables, the interactions among them, the nominal CPUE and the standardized CPUE
calculated by the deterministic habitat based
i nd e xdés ofmellowfin tunaThunnusalbacare$ by the quantile regression method. We
applied the F test and T test to analyse them. The results showed that, the main distribution
area of yellowfin tuna was 328 A 3 0 NjN-67°E.BH2 Aelfnperature and dissolvedygen
concentration have significant effect on the spatial distribution of yellowfin tuna, and whether
salinity also effect the spatial distribution of yellowfin tuna needs further study. The study
suggested that temperature and dissolved oxygen shouskédre into account for the study of

the integrated habitat index and predict CPUE. If the time series is shorter, such as less than
one year, a nominal CPUE and the arithmetic average value of environmental variables could
be used to study the integratedbftat index of yellowfin tuna with the quantile regression
method. If the time series is longer, it would be better to use the nominal CPUE and weighted
average environment variables in the quantile regression model to study the integrated habitat
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index ofyellowfin tuna. However there is probably large changes in the operational parameters
of the fishing gears and in the environment factors, and this needs further study

115. The WPTTNOTED the results of the study which showed that temperature and dissalgehovere
the most important variables in explaining the spatial distribution of yellowfin tuna in the study area
however, the influence aflinity onthe spatial ditribution of yellowfin tuna requirdsirther study.

Seychelles purse seine fishery

116. The WPTT NOTED paper IOTCi 2017 WPTT1355 provided a preliminary analysis of fishing
activities of Purse Seiners fishing in the Western Indian Ocean over the period January to June 2011
including the following abstract provided by the authors:

fiThe goal of ths paper is to analyse the catches and CPUE of the Purse seine fleet active in the
western Indian Ocean during the first 6 months of 2011 and to compare these results with the
same parameters observed during the same period of previous years. The papeabises

the fishing zones during the first six months of 2011. There is no doubt that piracy has had
significant impact on the fishing pattern of the WIO purse seine fishery (particularly in 2009

and 2010). However it seems that the fleet is finding Yaaymitigation and is slowly returning

to their traditional fishing zones particularly the E. Somalia area. It should be noted that
reduction in fishing zones may have resulted in the increase in effort on FADs particularly in
2009 and 2010. The level pfr oducti vity on FADOGs observed f
good, and although a slight decrease has been reported for the first semester of 2011 compared
to the same period of the previous 2 years,
compared ¢ the pre 2008 period. The CPUE on large yellowfin tuna and large bigeye tuna

(>30 Kg) had been experiencing a declining trend since 2004 and 2008 respectively. This
continued for the first semester 2011. The cause for this decline is difficult to éstaidis the

various possible factor or factors s that could be responsible. It is worth noting the decline in
catches of juvenile bigeye tuna (<10kg) reported for the first semester of the past 2 years.
However catch level for the first semester 2011ilkhsgher than for 2008, which may be a

point for concerro

I.R. Iran fisheries

117. The WPTTNOTED paperlOTCi 2017 WPTT13 58 which provided an overview of the tuna fishing
trends in Iran with emphasis on tropical turiasluding the following abstract proved by the authors:

fiThis document presents a summary of the fisheries statistics collected in Iran: total catch,
number of active vessels by category, fishing gear and fishing effort. Moreover, the tuna catch
trends in Iran, with emphasis on tropical tuspecies, and the fishing method by species are
discussed. Information about the fisheries statistical data collection system (length frequency,
catch, effort, number of vessels) data collection and the data processing methods used in Iran, ,
are also prouwied. In 2010, the total fish production in Iran was 660,000 tons, which can be
distributed as 56% coming from southern waters, 6% from northern waters and 38% through
inland water. The total marine catch in 2010 was 412,000 tons, out of which about 168900
were tuna and tuna like species. In 2006, 207,000 tons of tuna and tuna like species were
caught and this decrease of catch is mainly due to piracy in the IOTC region. Regarding
skipjack, the catch decreased from 103,000 tons in 2006 to 22,000 @OE0. As a result, the
vessels changed fishing grounds and are now operating in coastal areas. The fishing effort in
coastal areas increased in recent years, and the catches of longtail tuna increased from 25,000
tons in 2006 to 64,000t in 201

118. The WPTT NOTED that Iran has provided preliminary catch, effort, and size data for 2010, by type of
vessel, gear, year, monéimd Province. The WPThankediran for providing the statistics for 2010,
noting that although the new reped datarepresents an imnpvement with respect to thof®m the
past, he catch and effort and size data reported were notdsiber IOTC requirements. The WPTT
ENCOURAGED Iran to complete this information and report data as I@&FC requirements
(Resolution 10/02jor all previous years

119. The WPTTNOTED the low catches reported for industrial purse seiners flaggken, in particular
in recent years, and the lack of bigeye tuna in the catches of both purse seine and gillnet vessels.

120. The WPTTNOTED thatsince 2007 the ared operation of gillnevesselsand purse seinefsom the
I.R. Iranseems tdhave been reduced due to piracy in the western Indian Ocean
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121. The WPTTRECOMMENDED thatthe I.R.Iran strengthen itport sampling sdhatbigeye tuna can
be properly identified ahits catches estimated routinely by field samplers.

Maldives tuna length sampling

122. The WPTTNOTED paper IOTC2011 WPTT13 56 which provided an overview of the tuna length
sampling activities being undertaken in the Maldives, including the following abptmadtied by the
authors:

fiThe poleandline tuna fishery is the most important fisheries in the Maldives. Although
tourism earns the most foreign revenue, the fishery remains the principal livelihood activity in
many of the outer islands. Pededline caught tuna size sampling program was one of the first
activities of the Marine Research Section (MRS) and later Marine Research Centre (MRC) and
is still active today. Data collection that began at the Malé Market in 1984 was later developed
to an islandbased field officer scheme. As the quality of their work deteriorated, leading to the
failure of this approach, the islaAgohsed samplers were replaced by active skipper samplers
around the early 1990s. This data collection system is the one still in pldag but has its
limitations. An alternative approach that is being considered would be to base the samplers at
the shorebased collection facilities complemented by active fishermen samplers in few major
fishing islands. 0

123. Noting that to date no bigeye tmave been reported as being caught by the Maldivesapdiine
fleet, despite independent verification of substantial numbers of bigeye tuna being caught by these
vessels, the WPTRECOMMENDED that the Maldives rapidly improve species identification in
logbooks and in their sampling programme.

Maldives yellowfin tuna fishery

124. The WPTTNOTED paper IOTC201T WPTT13 60 which provided an overview of the yellowfin
tuna fishery in the Maldives, including the following abstract provided by the authors:

fiYellowfin tuna is the second most important species of tuna caught by the Maldivian
fishermen. Total catches were around 25,000 t in 2007 but since then recorded catches declined
to 13,000t in 2010, representing about 17% of the tuna catch in the countrysEipjeek used
to be the preferred tuna there was no fishery targeting large yellowfin tuna in the past.
However, yellowfin are now targeted by both the fmieline and a handline fishery. The
access to overseas fresh fish markets led to the developin#m dandline fishery only
targeting large yellowfin (>80cm). The Marine Research Centre (MRC) employsfiielers
to collect detailed information about the fishery as well as size frequencies. Sampling data for
10 years (2001 to 2010) were analysed this study (166,956 yellowfin were measured).
Additional data for this study was obtained from the Ministry of Fisheries and Agriculture. The
national fisheries statistics data used in this study (2006 to 2010) showed that the yellowfin
catch reached agak of 24,414 t in 2007 and since then started to decline, reaching 13,137 tin
2010. Though the catch declined the size of yellowfin caught by bothmbliee and handline
fishery did not decrease as much as claimed by many local fishermen. Mostyefidtdin
catch reported was caught in the north of the Maldives. Today, the fishermen are using larger
vessels with better facilities, including ice ,and they often operate all over the country. With no
spatial location of the catch, it has proven difficto assign the position of the catch. To fully
understand the yellowfin fishery, it is necessary to developed and implement a more
comprehensive sampling and data collection system that could minimize such érrors

125. The WPTTcommendedhe authors for thefforts devoted to reviewing the tirseries of catch and
length data for the fisheries in the Maldives and the results presented to the meeting. In this regard, the
WPTT RECOMMENDED that the revised dataset be reported to the I@&€retariaby the endof
2011, so that the IOTC databasesan be updated to include thetest estimates produced bye
Maldives.

126. Noting that an aehoc procedure had been used to separate length frequency samples of yellowfin tuna
not recorded by gear, in particular those commg specimens of yellowfin tuna caught by paledt
line and handlingears during the same trip, W&PTT RECOMMENDED that the Maldivevalidate
the procedure using samples collected for each individual gear, in port or, where not possible, through
obsewersonboard baitboats, and to report progress to the next WPTT meeting.
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Maldives skipjack tuna fishery

127. The WPTTNOTED paper I0TC201T WPTT13 INF11 which provided an overview of the skipjack
tuna fishery of the Maldives, including the following abstraclvmted by the authors:

fiThe Maldives skipjack tuna fishery is one of the most important in the Indian Ocean. Skipjack
landings in the Maldives amounts to roughly 20% of the reported total Indian Ocean skipjack
catch. Catches in the Maldives reached a p@aR006 amounting to 138,000t, but have been
declining since then. Reported catches were only 59,000t in 2010, over 55% lower than the
catches in 2006. Nominal catch rates dropped from around 800 kg/trip in 2006 to less than 400
kg/trip in 2010. The rapidiecline in skipjack catches are of concern to the Maldives. Possible
reasons for this decline include, among other things, unfavourable environmental condition
affecting vulnerability to surface pekndline gear. It may also be due to so@oonomic
factors related high cost of fishing during periods of poor catch, but also due to overall
reduction in abundance of stock due to increased fishing pressure in the western Indian Ocean
where the main industrial purse seine fleet operates. Time series cdasigdes show the
considerable changes in bimodal size distribution of the skipjack but also a noticeable
reduction in the proportion of the large skipjack otherwise well represented in the Maldivian
skipjack catches. The presentation provides a generaéwewof the status of the fishery,
including structural changes in the fleet and its operational aspects occurred in the recent
years. Information on the developments taking place to improve the data collection and
compilation are also presented

128. Noting that the Maldivian skipjack tuna catch is not separated for FAD and free schools, and therefore
the proportion of skipjack tuna caught under the FADs anchored around the Maldives is unknown, the
WPTT RECOMMENDED that the Maldivian data collection systemnsproved in order to account
for the assaociation of the reported catabthis couldimprovethe standardition of the poleandline
CPUE.

Other new information

129. The WPTTNOTED the other information papers provided to the meeting, as detail@I @i 2011
WPTT13 02.

8. REVIEW OF NEW INFORMATION ON THE STATUS OF SKIPJACK TUNA
8.1 Data for input into stock assessmentsdsk status indicators foskipjack tung
Japani Research vessé&atch-per-unit-of-effort (CPUE)

130. TheWPTT NOTED paperlOTCi 2011 WPTT13 26 which preided an analysis of the decadal trend
in catch per unit effort for skipjack by research ptgsmer "Nippormaru” in the eastern Indian
Oceanjncluding the following abstract provided by the authors:

fiPurse Seine catch data for Eastern Indian Ocean veetkected from 1993 to 2010. The
nominal CPUE (M.T./set) increased sharply in 2005 after staying relatively low for the first half
of the period. Proportion of smaller Skipjack (<2.5kg) increased from.2002

131. The WPTTNOTED thathigh skipjack CPUErom 2006 to 2007 in the Eastern Indian Oceas well
as the largéncrease irthe proportion of small skipjackuna in catchefrom 2005were similar to the
trends observed in the western Indian Ocean.

European Unionand relatedpurse seiner activities

132. The WPTT NOTED paper IOTCi 2015 WPTT13 27 which provided a note othe 19832010
skipjack tuna activities of European Union purse seiners in the Indidnding the following abstract
provided by the authors:

fiThis paper reviews and discuss a wide range of SK&atatis, primarily obtained from the

EU purse seine fleet. These indicators are based in 3 categories: (1) indicators from the public
domain IOTC data (catch & effort & sizes of PS), (2) indicators based form the original log
books of EU PS and (3) oth&actors that are playing a role in conditioning the efficiency and
targeting of EU PS on skipjack and then their CPUEs. This wide range of indicator allows to
conclude that most present GLM CPUEs would have major difficulties to integrate the multiple
parameters that have been conditioning the PS fishing efficiency on SKJ and then the CPUE
biomass relationship. Ond the major conclusion is thab8alian piracy did produced during

the last 5 years major changes in fishing zones, and in their fishingripatf PS, outside the
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visible decline of their fishing effort and declining SKJ catches. However it also appears that
the recent declines of average weight observed in most SKJ fisheries is probably due to the
increasing exploitation rate suffered byetlsKJ stock. Furthermore, the high value of SKJ
observed since 2008, probably increased the fishing pressure on SKJ. This complex
combination of SKJ indicators should be kept in mind if complex models are developed to model
the SKJ stock status in an inteted wayo

133. The WPTTNOTED that, while the total number of purse seine sets on associated schools has been
more or less constant in recent years, the number of sets estlfresls has decreasedrikedly since
2007. The WPTT alstdNOTED that since the onsetf piracy in the tropical western Indian Ocean
purse seiners have not operated in the same way, with more time devoted to fishing on FADs-than free
schools.

134. The WPTTNOTED that the absolute price skipjack tunain the world tuna market, as well as its
relative value compared §@llowfin tunaprices, has been greatly increased during recent (@@%s
increase of average landing values between thei 2008 and 20072011 periods). It was considered
by the WPTT thatthe high value haaontributed to alincrease in the fishing pressure and targeting on
skipjack tuna during recent years.

135. The WPTT NOTED the large drop in the catches of skipjack tuna observed in some fisheries,
primarily the Maldivian poleandline fishery,and AGREED on the need for furthework to assess the
reasons of the observed decline, as it was considered thdattivian skipjack tundishery hal not
been affected by piracy. In this regard, the WHENCOURAGED the Maldivian scientists to carry
out this work and present resultsthe next meeting of the WPTT.

136. The WPTTNOTED that the same number of FABished by quarter had been reported for French
purse seiners in 2009, agreeing that the information provided is unreliable as the number of FADs used
in each season is likely to befférent. In this regard, the WPTT was informed that detailed data on
FAD releases have been recorded on French purse seiners since 2011 which will allow reporting of this
information as per the IOTC standards in the future.

137. Noting that catch rates biyee and associated schosés for purse seine have showed analogous
absolute levels on yearly fluctuationser the timeseries, the WPTIRECOMMENDED that EU
scientists explore the reasons for this, and to report findings at the next session of the WPTT.

Preliminary stock status indicators

138. The WPTT NOTED paperlOTCi 2011 WPTT13 28 which provided indicators of stock status for
skipjack tuna in the Indian Oceancluding the following abstract provided by the authors:

fiFully quantitative stock assessments foipjsick tuna are difficult to conduct and as such
alternative methods of investigating current stock status are required. Fishery Stock status
indicators have been constructed from total catch, average weight and catch rates from the
purse seine fisheried &rance and Spain as well as Maldivian paledline (when possible)
have been investigated to infer stock status. In order to investigate current status in relation to
historic levels, upper and lower limit reference levels have been advocated indhadim§th
and 95th percentiles as well as a standard deviation multiplier that incorporates 90% of the
data series. These rough indicators can be difficult to interpret and are sometimes potentially
contradictory. The indicators in this study provide somiglence that the skipjack population
may be experiencing increasing pressure, although further analysis is required. These
indicators provide a potential tool for applying empirical harvest control rules for fisheries
management . O

139. The WPTTNOTED that despte the difficulties facing the assessment of skipjasia in the Indian
Ocearn the comparison of various fishery indicators with their historical lanelgprovidea basis to
infer the statusf the stockn the absence of traditional reference pointswelver, the interpretation of
the fishery indicator trends should take into account several caveats and incorporate expert knowledge.

140. The WPTTNOTED that n general the indicators obtained for skipjack tuna inghidy are partially
conflicting and highy variable The average e indicators fom the purse seine fleets hadwpped
for both free and associatechgolsin recent yeardn the long term, however, thetlees not appear to
be an overall majochange in mean weight. For thel@ and Inefishery, the average weight indices
have also been deeasing over the last three years.
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141.

142.

143.

144.

The WPTTNOTED that the atch rate indicators vary between free an@eiased schools. Those for
free schools for both th&U,Spdn andEU Francefleets appear toh®w adecline in catch ratef this
fishery. However, it should beaken into account that the freehool catch opurse seiners relatively
small in comparisorito FAD-associated fishing (ledhan 10 %) and is a seasonal fishery located
mainly in the Mozamimue Channel duripthe first quarter of the year.

The WPTTNOTED thatthe catchrates on associated sch®ateincreasing for both thEU,Span and

EU Francefleets. The WPTT AGREED that it wasdifficult to interpret theseaesults, however, it
seems thiathe increase in catch rat associated with a decreaseeffort which could be interpreted

as a positive signal. Is possible that the high catcates for associated schools may be caused by
hyperstabity (i.e. the aggregating effeaf the FADs § masking decreasing population numhbers)
which is not relevant fdiree school®f tuna

Noting that the short Maldivian CPUE series has declined from the peak of 2006, but shows no clear
trend over the past three years, the WRGREED that itis difficult to evaluatehe Maldivian CRIE

series as the time periodsBort.As the Maldivian CPUE is estimated quarterhg fluctuations in this

series are likely duentseasonality in the fishery. The overall trend appears toebative, but again,

the shortime period allows for no lanterm trends to be identified.

The WPTTNOTED that $iould the indicator approach be adopéédome point in the futura link
between the indicator and managemaeantionwould first need to bagreedupon Due to the shotife
span 6 skipjack, management might bagppropriate on aearly scale or less,which would be
facilitatedby an indicatotbased approach incorporating an empirical harvest control rule.

Brownie-Petersen Method

145.

146.

147.

The WPTTNOTED paper OTCi 2011 WPTT13 30 which provided a preliminary application of the

Brownie-Petersen method to skipjack taeapture including the following abstract provided by the

authors:
AResults f rom a pPetersem methodt foreestirBating wnortaldy rates and
abundance toldpjack tagrecapture data and catch data from years 2005 to 2009 (using data
corresponding to cohorts 2001 to 2005) are presented. The analysis used an anmg&tgime
and a single fishery (i.e., tag returns and catches were aggregated within eachcyess a
fisheries). Several alternative scenarios were considered; however, overall, the results suggest
natural mortality rate at ages 1 to 4+ is-thaped (highest at ages 1 and 4+ and lower at ages
2 and 3). Fishing mortality rates vary significantly betweyears and ages, but were higher in
2006 and 2007 than in 2008 and 2009. When interpreting the results, it is important to note that
a large number of uncertainties exist in the data and the model assumptions. The results
presented can only be considengetliminary until some of these issues are resolved and/or
further sensitivity runs are conductéd.

The WPTTAGREED that the results presented provided a useful first step in estimating mortality
rates and abundance from the skipjackragapture datalhe estimates of natural mortality may prove
particularly useful given the lack of alternative methods for estimating this parameter. Nevertheless, a
large number of uncertainties exist in the data inputs and assumptions of the model, and the results
mustbe considered preliminary. For examplduby reliable growth curve for skipjack has yet to be
established sasthe age estimates diarly uncertain. Also, an annual tirgep is arguably too coarse

given the rapid population dynamics of skipjack, &mel fact that different components of the fishery
operate at different times and can have highly variable exploitation rates by quarter.

The WPTT AGREED that a number of sensitivity analyses should be conducted before drawing
conclusions from the BrowniBetersen results. For example, further model runs that would be
informative include:

use quarterly time step.

check sensitivity to which cohorts and release/recapture ages are included in the analysis.
estimate fishergpecific Fs.

test sensitivity to largr range of growth models.

include overdispersion in the tag return data.

Investigate inclusion of smakcale tagging program releases.

=a =4 -8 _-a_-a_-9
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Maldivesi Catch-per-unit-of-effort (CPUE)

148. The WPTT NOTED paper IOTC201TWPTT13 29 which provided a Maldivian pole arihe

fishery catch rate standardization 20R@10, including the following abstract provided by the authors:
fA qualitative description and GlLMased standardization of the Maldivian skipjack
(Katsuwonapelamis SKJ) pole and line fishery catch rate datas presented for the period
20042010. Observations consist of monthly records of catch (numbers) and effort (fishing
days) by month, atoll and vessel. The registry of new vessels provides a record of fishing vessel
characteristics.  Conventional lineamodels were used to estimate log(CPUE) from
independent variables Year, Quarter, Atoll, and Length of vessel. There are some important
irregularities in the data, most notably, a very large number of positive effort, zero SKJ catch
records, that do noteem to be consistent with the general perception of how the fishery
operates, and with an increasing trend over time. This is thought to represent systematic
misreporting of effort or gear type that may bias the CPUE series. Different attempts were
madeto account for the zero catch observations: i) using subsets of the data corresponding to
larger vessels (which report fewer zeros), ii) using subsets of the data in which SKJ catch is a
very high proportion of the total catch (to reduce the influenagoofSKJ targeting trips), and
i) attempting to directly estimate the quarterly probability of not targeting SKJ, on the basis of
the relationship between the proportion of zero SKJ observations and the number of days spent
fishing. All of the models éstated standardized time series that were very similar to each
other and the nominal CPUE. Two series were recommended for use in stock assessment.
Further investigation of the fishery operations and data reporting is encouraged to understand
the irreguhbrities o

149. The WPTTNOTED the following caveats with respect to the use of the skipjack tuna CPUE time
series in the context of the 2011 stock assessment:

1 There are a number of data irregularities that do not seem to be consistent with the general
perceptbn of the fishery operations and may be a consequence of systematic reporting errors
(e.g. large proportion of positive effort, zero skipjack tuna observations).

1 There are operational factors that are suspected of being important, but for which there are
data (e.gdecliningbait availability, technological innovation).

1 The analysis lacks contrast, as the relatively short time period covered corresponds only to
recent peak catches. Furthermore, anchored FAD fishing is thought to predominate during
this period (which can be expected to cause hgpeility in CPUE indices).

1 Even if these CPUE series are reliable indicators of abundance for the Maldives region, there
are additional concerns about using them as the primary input for a regional stssknasse
because the Maldives represents a very small part of the Indian Ocean skipjack tuna range,
and abundance may not be representative of the whole population.

i Genetic analyses have suggested that there might be (at least) two skimjack
sulpopulatons in the Indian Ocean, the relative abundance of the two could differ, and the
Maldives fishery would presumably not index both of them accurately.

CPUE discussion summary

150. The WPTTRECOMMENDED further investigation of the existing data irregularitigsd expansion
of the logbookprogramme to improve CPUE analyses for skipjack tuna in the Indian Ocean, and for
information on these matters to be presented to the next meeting of the WPTT.

151. The WHAT'T NOTED that ofthe CPUE serieavailablefor assessment pupses listed belowthe PL T
preferredseries wasised in thestockassessment modidr 2011 The other two series were explored

(shownin Fig. 21).
1 Maldives datg2004 2010): Seried (PL T preferred)from documentOTCi 20117 WPTT13i 29
and 31

1 Maldives data (2004010): Serie® (PL T sensitivity)from document IOTC201T WPTT13i
29 and 31 This series was not used in the assessment because initial results were very similar to
the preferred series.
1 EU,France purse seirieee schoobata (991 2010): Seriesfrom documentOTCi 20117 WPTT13i
20. This series was not used in the assessimerduse it was not standardized and likely subject to
problems as noted paras. 13&nd141
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Fig. 21. Comparisonof the two standardisedaldivian pok-andline CPUE series fo
Indian Ocearskipjack tuna with the nomin&U,Francepurse seine free school CPUE ser
Series have been rescaled relative to their respective mean2dodih2010.

8.2 Stock assessments
Stock Synthesis (SS3

152. The WHAT NOTED paperlOTCi 2015 WPTT13 31 which provided an integrated stock assessment
(SS3) of Indian Ocean skipjack tuna using data from 12809 including the followingsummary
provided by the authors:

fA stok assessment of the Indian Ocean skipjack ti@asgwonagpelamis SKJ) population
19502009 was undertaken using Stock Synthesis software. The model wstsueiyeed,
iterated on a quarterly timstep, spatially aggregated, with four fishing fleetsl &everton

Holt recruitment dynamics. Model parameters (virgin recruitment, selectivity by fleet,
recruitment deviations, and M in some cases) were estimated by fitting predictions and
observations of Maldivian PL CPUE (2004010), length frequency datar all fleets, and tag
recoveries (for the PS fleets, and in some cases, the Maldivian PL fleet). The uncertainties and
interactions among a range of assumptions was examined (incladarpe offixed values for
parameters that are known to be diffictd estimate). The stock status estimates represented a
synthesis from 180 models (balanced factorial design of 5 assumptions, including i) 3 M options
(estimated internally, fixed at point estimates from the preliminary Brownie an@l@si€i

2017 WPTT®Bi 30), or fixed at ICCAT values), ii) 5 stock redrsteepness options (h = 0155

0.95), iii) 2 tagging program release/recovery options (RTTP or combined RTTP and small
scale), iv) 2 growth curve options and v) 3 tag recovery overdispersion optionsostrcases,

the models estimated a highly productive stock, with moderate depletion. All models suggested
that the younger spawners are weakly selected by the fisheries and represent a spawning
biomass reserve, such that it may be difficult to seriougtyfish the stock. This also resulted

in numerical problems with the software that prevented FMSY from being reported reliably, and
as a consequence C/MSY is reported as a proxy for F/FMSY. In consultation with the WPTT, a
weighting scheme was devisedhwmithich to combine the results of the 180 models into a
distribution which roughly reflects the core uncertainties in the assessment. Notably, steepness
was limited to the range 0.v6.95, and the M estimates derived from the RTTP tagging
program were regcted, due to unrealistically low estimates for M(&50 Deterministic
constant catch projections (catches at 60%, 80%, 100%, 120% and 140% of 2009 levels and
2009 allocations by fleet) are summarized in a K@bStrategy Matrix. The analysis was
repeatel for the western Indian Ocean, under the assumption that it may represent a reasonably
discrete population, and results were found to be consistently more optimistic than the
aggregate model. A number of recommendations for future assessments aredliscasse

153. The WPTTNOTED that the models estimate a steep biomass decline between 1980 and 1990 followed
by a steep biomass increase. At this stage, there are no CPUE series during this period to inform the
model. The catch increased in this period due to tketaf purse seine fishing and industrialization of
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154.

155.

156.

157.

the Maldivian pole and line fishery and thusends in recruitment are required to explain the biomass
patterns. The biomass/recruitment trends were supported only by the length frequency data, and it is
not likely that these data are sufficiently informative to estimate this trend. Furthermore, the trend is
not evident in the nominal CPUE series from either the pole and line or purse seine fisheries.

The WPTTNOTED that due to numerical problems in thgsy calculations for this population, the
proxy reference point C/MSY is reported instead ofyg/Fwhich should be interpreted with caution
for the following reasons:
T it may incorrectly suggest Fxky when there is a large biomass (early developmertef
fishery or large recruitment event)
1 it may incorrectly suggest that Fgdy when the stock is highly depleted
1 due to a flat yield curve, C could be near MSY even if F g F

The WPTTNOTED that projections for this stock over1® year period may ndbe appropriate
bearing in mind the large uncertainties in the outputs from the stock assessmentHoodeskr, t

was agreed that projectionsuldassist in providing management advice and responses to management
actions.

The WPTTNOTED that although ®UE from the EU,France fleet targeting free school was only
reliable foryellowfin tuna and bigeye tunafter 1991, due to species misidentification, for skipjack

tuna his series coulddextended back to 1983, as iméntification would not have occurrésktween

this species and the others. It was noted, however, that this nominal series would not take into account
changes in fishing/gear efficiency and so could still be unsuitable as an index of abundance for the
earlier years. This restrictions also bpfo the pogt1991 seriesHowever, it should be taken into
account that the free school catch of purse seiners is relatively small in comparison-éssotiated

fishing (less than 10%) artte fishery isseasonallocated mainly in the Mozambique Chahwluring

the first quarter of the year.

The WPTTNOTED that most of the natural mortality assumptions included in the assessment were
lower than those assumed in otlerans Fig. 22). The valuesstimated within thenodel onlyusing

the WPTT tagging data werenrealistically lowfor ages D1. The values estimated within the model
appeared plausible when the snsalble tagging data was included with the RTTP data. The values
adopted from the independent Brownie analysilig aly RTTP datashowed a similar pattern of
M(age) to theSS3RTTP+smaliscale estimates, but were substantially lower. It was noted that there
were some differences in the way that the SS3 model and Brownie analysis estimated M, but it was not
obvious why é&her ofthe approaches would be biased.

RTTP Only RTTP + small-scale
= =
o [ T
24 8 8 8 & 8 2
+ &+ - & &
T _Hogeizs| T * T
21 e 21 1=
. | HELE
= I I I I I I I I T = I I I I I I T T T
o 1 2 2 4 5 6 7 8 o1 2 3 4 5 6 7 8
Age (y) Age (y)

Fig. 22. Comparison of SKJ M assumptions in the assessment. Boxplots indicate the distribution of M
estimated within the assessment motiet fwo panels represent exclusion or inclusion of the ssoalk tag
releasel red line indicate one ofthe preliminary Brownie estimates, and the green line indicates the
ICCAT assumption.

158.

The WPTTAGREED that the originally proposed model weighting scheme would be revised for the
stock status advice, with the lowestegiress (h=0.65) and the natural mortality vector estimated
within the model (for the RTTP data) receiving zero weight in the final weighting scheme of the
combined rodelgrid (Table J.
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Table 1.Model weightirg for the skipjackuna stock assessment.

Model inputs Option Weighting
Tag Data RTTP =0.75 RTSS=0.25
Tag Recovery Overdispersion 0d02 =0.2 0d20=0.6 0d70=0.2
Growth L70=0.5 L83=0.5
Stock-Recruit Steepness H0.65=0 H0.75=0.3 H085=0.4 H095=0.3
. MeAl =0
Natural Mortality MeAs = 0.33 MB =0.33 MAt=0.33

RTTP: excludes smaficale tag releases, RTSS= includes ssedle tag releases; L70: VB withyl= 70 cm; L83:
VB with Ly = 83 cm; h: different values of Bevertétolt steepness; MeAl= M éstated in SS3 excluding small
scale releases; MeAs M estimated in SS3 including ssualk releases; MB = M fixed at preliminary Brownie
estimatesand MAt = Atlanticskipjack tunamortality pattern.

159. The WPTT NOTED Table2 which provides an overview ofthe key features dhe stock assessment
modelused in 2011.

Table 2. Summary of final model features as applieth®lndian Ocearskipjacktunaresourcen 2011.

Model feature SS3
Software availability NMFS toolbox
Population spatial structure / areas 1
Number CPUE Series 1

Uses Catcfat-length Yes
Uses tagging data Yes
Age-structured Yes
Sexstructured No
Number of Fleets 4
Stochastic Recruitment Yes

160. The WAT'T NOTED the key assessment results for tteck synthesis ouel (SS3 as shown below
(Table3 and4; Fig. 23).

Table 3. Key managemnt quantities from th&S3assessmenfor the aggregate Indian Ocedfstimates
represent 50 (5™ 95" percentiles from the weighted distribution of MPD results. Due to numerical
problems in the sy calculations for this population, the proxy reference point C/MSY is reported instead of
F/Fusy, which should be interpreted thicaution for the reasons givinpara. 154

Management Quantity Aggregate Indian Ocean
2009 catch estimate (1000 t) 456

Mean catch from 208 2009 (1000 t) 492

MSY (1000 t)(90% CI) 564 (3951 843

Data period used in assasent 19501 2009

Caood/msy (90% Cl)

0.81(0.541.1
(proxy for Fod Fusy) ( 9

Bowy/Busy T
SByyo/ SBusy (90% CI) 2.56 (1.095.83)
Bowd/Bo T
SBoyo/ SBy (90% CI) 0.53 (0.290.70)
B2wy/B1om, F=0 T
SBr00d/ SBios, F=0 0.53 (0.290.70)
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CiM3sY

SSB/SSBMSY

Fig. 23. SS3Aggregated Idian Ocean assessment Kobe plot. Bleitkles indicate therajectory of the
weighted median gboint estimates for theBSratio andC/MSY ratio for each year 18962009. Probability
distribution contours are provided only as a rouigiial guick of the uncertaintge.g. the multiple modes are
an artifact of the coarse grid of assumption optioRsl to numerical problems in thgdy calculations for
this population, the proxy reference point C/MSY is reported instead g&FWwhich should bénterpreted
with caution for the reasomgven inpara. 13.

Table 4. SS3Aggregated Indian Ocean assessment Kobe Il Strategy MBuwhability (percentagepf
weighted distribution of modeldolating the MS¥Ybased referengaoints for five constant catch projections
(2009 catch level, + 20% and 40%) projected for 3 and 10 years.

Reference point and Alternative catch projections (relative to 2@9) and weighted
projection timeframe probability (%) scenarios thatviolate reference point
60% 80% 100% 120% 140%
(274,000 (365,000 (456,000y (547,000}y (638,000}
SBoo13 < SBusy <1 5 5 10 18
C2013 > MSY <
1 <1 31 45 72
(proxy for Ry 9Fusy)
SB2mo < SBusy <1 5 19 31 56
Como > MSY <1 <1 31 45 72

(proxy for Bgd/Fusy)

161. The WPTTNOTED that the probability contours calculated for the 2009 stock status on the Kobe plot
(Fig. 23) appearedo be bimodal. This bimodal distribution is due to the fact that the results are
achieved using a cose grid of different model assumptions. Although refining the contours might
reduce this issue, it cannot be removed completely.

162. The WPTTAGREED that there was a need to further develop the-antHine (prior to 2004)and
purse seine CPUE seriésompleae timeseries) and to further investigatihe use of and diagnostics
for the tagging data.

8.3 Selection of Stock Status indicators

163. The WPTTAGREED that the advice on the status of skipjack tuna in 2011 would be derived from
databased indicators and modelsing an integrated statistical assessment method. Several hundred
model formulations were explored to ensure that various plausible sources of uncertainty were explored
and represented in the final result. In general, the data did not seem to be syfiitiermative to
justify the selection of any individual model, and the results were combined on the basis of a model
weighting scheme that was agreed by the WPTT.

Skipjack tuna
INDIAN OCEAN STOCK I MANAGEMENT ADVICE

164. The WPTTRECOMMENDED the following maagement advice for skipjack tuna in the Indian
Ocean, for the considerati of the Scientific Committee.
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Stock status.The weighted results suggest that the stock is not overfishedyéBPBnd that
overfishing is not occurring (Q4SY, used as a proxy fdt<kysy). Spawning stock biomass was
estimated to have declined by approximatelyelin 2009 from unfished level§ &ble3).

Outlook. The recent declines itatches are thought to be caused by a recent decrqagseanseine

effort as well as due ta decline in CPUE of large skipjatknain the surface fisheries. However,

the WPTT does not fully understand the recent declines ofgmuéne catch and CPUE, which

may be due to the combined effects of the fishery and envewotainfactors affecting recruitment

or catchability. Catches in 2009 (455,000 t) and 2010 (428,000 t) as well as the average level of
catches of 20022010 (500,000 t) were lower than median value of MSY.

The Kobe strategy matrix illustrates the levels isk rassociated with varying catch levels over
time and could be used to inform management acti®esed orthe SS3 assessmentgtie is a low

risk of exceeding MSYbased reference points by 2020 if catches are maintained at the current
levels (< 20 % riskhat Boi9< Bmsy and 30 % risk that £1>MSY as proxy of B Fusy) and even

if catches are maintained beloveth00% 2010 average (500,000 t)

165. The WPTTRECOMMENDED that the Scientific Committee consider the following:

1 The median estimates of the MaximBustainable Yield for the skipjack tuna Indian Ocean
stock is 564,000 tTable 3 and considering the average catch level from 2R069 was
492,000 t, catches of skipjack tuna should not exceed the average b2Q095

1 If the recent declines in effort continue, and catch remains substantially below the estimated
MSY, then urgent management measures are not required. However, recent trends in som
fisheries, such as Maldivian pedéadline, suggest that the situation of thecktshould be
closely monitored.

1 The Kobe strategy matrirable 4) illustrates the levels of risk associated with varying catch
levels over time and could be used to inform management actions.

9. REVIEW OF NEW |NFORMATION ON THE STATUS OF YELLOWFIN TUNA
9.1 Data for input into stock assessments (stock status indicators for yellotwfia)
Japan i Catch-per-unit-of-effort (CPUE)

166. The WPTTNOTED paper IOTC20117 WPTT13 34 which provided a Japanese longline CPUE for
yellowfin tuna in the mdian Ocean up to 2010 standardized by general linear, including the following
abstract provided by the authors:

fiQuarterly and annual Japanese longline CPUEs for yellowfin tuna in the main fishing ground
and whole Indian Ocean were standardized up to 2@il(rovide abundance index for
yellowfin assessment using standard models in@TCIWPTT in 2011. In order to avoid the

bias of CPUE trend which may be caused by critical decrease of effort in the northwestern
Indian Ocean, scenario in which area 2 wad included was also applied and the results were
compared. Quarterly CPUE in each of five areas was also standardized for the assessment
using integrated models. In the main fishing ground, CPUE continuously decreased until 1974
after when it was kephisame level until 1990. After that, the CPUE declined to historical low
level in 2008 through 2010. As this declining trend in the resent year was detected in both
model including and excluding Area 2 the resent declining trend would be reflecting actual
change in abundance rather than effect of shift of fishing ground and/or decreased effort caused
by increased piracy activity. The trend of standardized CPUE for whole Indian Ocean was
similar to that of main fishing ground. Trends of CPUEs of each armra velatively similar,

i.e. large decline to middle 1970s, relatively stable trend until around 1991 and steadily
declining trend thereafter. Applying LT5LN5 factor in the model showed relatively large effect
on the CPUE trend for area 3 and 4 in whicle teclining trend until around 1990 was steeper

in the model without LT5LN5. It is concerned that applying LT5LN5 in the model may cause
bias in the resulted CPUE trend, because time period covered by each LT5LN5 would be
different depending on the fishinljstribution of each year or each period although the stock
status should be different in each period

167. The WPTTNOTED that, as with previous years, the standardized CPUE and nominal CPUE series
showed a degree of divergence not commonly observed wheatuatong standardizations. It was
further NOTED that in 2010, a stepwise illustration of the factors influencing this divergence was
undertaken (I0TC2010 WPTT12 30). In addition to the main effects (Year, Quarter, Araaprge
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part of the divergencavas explained by the introduction dhe number of hooks between floats
(NHFCL) asan explanatory variable.

168. The WPTTNOTED that the change in gear appears to have had the effect of increasing the ratio of
yellowfin tuna in the Japanese longline catch when esatpto bigeye tundhe WPTT alstNOTED
that other factors associated with targeting shifts could be explored in more detail (e.g. NHFCL might
not always be the best indicator of hook depth or targeting). Understanding the interactions among
NHFCL, finescale oceanographic condition, and gear shape under the water might bring further
improvement of the CPUE standardizatiamd, thus, the WPTTIRECOMMENDED to further
examine those issues in the future.

169. The WPTTNOTED the temporal change in spatial densitytleé longline fishing effort. The lack of
fine-scale spatial resolution in the dataMWLTIFAN -CL defined fishing region has made it difficult
to quantify the spatial effect on the CPUE series. Reduction of fishing in regions 2ariddgrecent
yearscannot be fully investigated unless firesolution spatial information is included in CPUE
standardization.

Yellowfin tuna integrated habitat index analysis

170. TheWPTTNOTED paper IOTGC2011 WPTT13 32 which provided a comparison of methods for the

predictionof an Integrated Habitat Index for yellowfin tuna in the Indian Oéegeneral linear model

and guantile regression model considerations, including the following abstract provided by the authors:
fiThere are many methods to study the tuna spatial diswinuand it is important to know the
habitat of the fish species for better conservation and management of marine ecosystems. Based
on the survey data collected by the longline vessel Huayuanyu No. 18, the vertical profile data
of temperature, salinity,htorophylla concentration, dissolved oxygen concentration and the
catch rate data of yellowfin tunal'liunnusalbacare3 wer e wused to devel op
Habitat Il ndex (I HI') 0 models with the quanti/l
(GLM). Weused the statistical Wilcoxon test and residual analysis to test the results from the
two kinds of models. The results showed that, the quantile regression method could be better
than the general linear method to study the pelagic species spatial distnib¥ellowfin tuna
main swimming depth was ranging from 80 to 200 m in the survey area. The main
environmental variables which influence the distribution of yellowfin tuna in specific depth
stratum were different and the weighted average of temperatoce dissolved oxygen
concentration affected significantly the spatial distribution of yellowfin.tuna

171. The WPTT NOTED that the focus area for the study is generally considered to be relatively
homogeneous in terms of environmental variability and urgedutteors to consider expanding their
work to include snapshots in other areas of the Indian Ocean

Length-based selectivity and growth

172. The WPTTNOTED paper IOTC2011 WPTT13 33 which provided an analysis on whether length
based selectivity can explain theastage growth curve observed in Indian Ocean yellowfin tuna and
bigeye tuna, including the following abstract provided by the authors:

filndian Ocean yellowfin (YFT) and bigeye (BET) tuna populations appear to follow a 2 stage
growth curve. Relative to @assic von Bertalanffy function, YFT growth appears to be slower
than expected to length ~60cm, and faster than expected for lengt#i®6-&dn. The paper
describes a simple simulation to examine how-Is&=ed selectivity (where selectivity refers to

the combined effect of the gear and the spatial distribution of the fish) might bias the estimated
length-at-age relationship. Two selectivity functions were assumed, resembling the modes of
the purse seine log and free school caatfength distribution the fisheries from which the

most tag recoveries are reported), and used to sample a hypothetical YFT population with
classic von Bertalanffy growth. The algagth relationship derived from the simulated samples
closely resembled the preferred 2 stagevgh curve. This suggests that size selectivity could

be responsible for at least some of the irregular shape of the estimated growth curves. Since the
purpose of the growth curve is the (indirect) inference of age from length in an assessment
model, thewo stage curve would still be the most appropriate curve to use for the purse seine
fisheries, even if it is not representative of the broader population. However, using this growth
curve to infer ages for fisheries with different selectivity mightegusblems, and comparing
growth curves derived from different fisheries could introduce a false perception of growth
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variability by area or over time. The relevance of size selectivity could easily be tested by
comparing growth curves derived from diffat fisheries that operate in the same abea.

173. The WPTTNOTED that esen if all of the data and analyses are perfect, we should not be surprised if
an integrated assessment moaet) (MFCL) estimates a different growth curve than an analysis based
on tag ecoveries, if the tag recoveries are not representatitteeqiopulation Similarly, evidence for
differential growth by area or over time might be misleading if it is based on samples/tag recoveries
from different fleets.

174. The WPTTNOTED however that thegrowth pattern estimataedasbased on the direct estimation of
the growth rate of thousands of individdish tagged and recaptured, which in turn can be considered
a robust estimation of the growth pattern.

175. The WPTTAGREED on the needo:
1 Estimate altenative growth curves from different sources.
1 Examine the sensitivity to the alternative growth curves, and represent this uncertainty in the
assessment.
1 If necessary/feasible, use different lengtfage functions for different regions/fisheries.

Taiwan,China i Catch-per-unit-of-effort (CPUE)

176. The WPTTNOTED paper I0TC2015 WPTT13 35 which provided updated CPUE standardization

for yellowfin tuna caught by the Taiwanese longline fishery in the Indian Ocean using generalized liner

model, including the folwing abstract provided by the authors:
fiFor the CPUE standardization of yellowfin tuna caught by the Taiwanese longline fishery in
the Indian Ocean, the procedure adopted in the previous study (Yeh et al. 2010) was used with
recent data updates and somdjwstments. The adjustments involved the principle of data
extraction and the classification of target proxy factor used in the GLM. Relative standardized
CPUE series obtained show a relatively stable trend; but decreasing from 2004 t6 2010

177. The WPTTNOTED that the nominal and standardized CPUE series were similar, and showed a flat
trend, which is in contrast to the negative trend displayed by the Japanese series. The stability of the
series was questioned as it would seem intuitive that the trend dierdddecreased when catches
increased significantly at the advent of the purse seine fishery.

178. The WPTTNOTED that targeting in this paper was handled by using the catch composition of the
target species as a proxy for targeting, as opposed to the uselks per basket in the Japanese
longline CPUE series. It was suggested that the effect of these two different proxies should be
investigated.

179. The WPTTAGREED that the main source of information on abundance trends for stock assessment
purposes is the indexf abundance derived from the Japanese and Taiwan,China longline CPUE series.
Concerns have been raised on the ability of this standardized CPUE series to represent the yellowfin
tuna stock abundance in the Indian Ocean. These indices have shown slieépydeends in the
Western tropical area, where most of the catches occur, over the last fiveMaamver, the decrease
and almost disappearance of effort of the Tai@hamaand Japanese longlinessels in the arth-
western part of the Indian Oceduaring recent years due to the pira@jise a concern about the utility
and representativeness of these indices for stock assessheVPTT acknowledges the difficulty of
fully understanding and quantifying changes in the fishery that would helpretieg the patterns
observed in the index of abundance.

CPUE discussiorsummary

180. The WPTTNOTED that for thelonglinefisheries (LLfisheries in regiondi 5; Fig. 24), CPUE indices
were derived using generalized linear modelsNisfrom the Japanese longline fleéd (regions2i 5)
and for the Taiwanese longline flegil region1) to be used in the stock assessmé&tandardised
longline CPUE indices for the Taiwanese fleet were available fori2Z908. The GLM analysis used
to gandardise the Japanese longline CPUE indices was refined for the 2011 assessment to include a
spatial (latitude*longitude) variable. The resulting CPUE indices were generally comparable to the
indices derived from the previous model and were adoptecegwiticipal CPUE indices for the 2011
assessmerffig. 25). Thereis considerableincertainty associated with the Japanese CPUE indices for
region 2 in the most recent year (2010) and no CPUE indices are available for regi@009ta0.
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Fig. 24. Spatial stratification of the Indian Ocean for the MFCL assessment model.
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Stock assessments
MULTIFAN -CL (MFCL)

181. The WPTTNOTED paperlOTCi 2011 WPTT13 36 which provided a stock assessment of yellowfin
tuna in the Indian Ocean using MULTIFAGL, including the following abstract provided by the
authors:

fiThe stock assessment of yellowfin tuna was implemented in MULTTEANIFCL). The
assessment models essentially replicated the options that were adopted by the 12th WPTT
meeting. The model incorpdes catch data from 25 fisheries that are defined by gear type and
region, fishery specific length frequency data, CPUE indices derived from the Japanese and
Taiwanese longline fisheries and tag release and recovery data from the RTTP. Yellowfin tuna
growth is fixed in accordance with Fonteneau (2008) and-sjeific natural mortality was

fixed with a low average level. For the base model, a spatially aggregated model structure was
adopted using a five region spatial structure. An alternative spatialpgdiegated model was

also considered. The length frequency data are assigned a low weight in model due to
uncertainty regarding the representativeness of these data for most fisheries. Selectivity for the
principal longline fisheries was parameterised gsen cubic spline function, resulting in low
selectivity for the older age classes. The estimated regional biomass trajectories are consistent
with the corresponding LL CPUE indices which exhibit a strong decline for most regions. There
are corresponding taporal trends in recruitment in some regions, with strong declines in
recruitment in region 3 and 5. Overall, the model diagnostics indicate a good fit to the time
series of tag recoveries by the principal pusggne fishery. A range of sensitivity analysvere
conducted to investigate the influence of the spatial structural assumptions, the selectivity
parameterisation of the principal longline fisheries and the duration of the mixing period prior
to tag recovery. For the computation of MSY based refergoints, a range of steepness
values were assumed for the stoekruit relationshipd

182. The WPTTNOTED thefollowing with respect to the modelling approach presented at the meeting:

1 The main features of the model in the 2010 assessment included a fixgd gurve (with
variance) with an inflection, an agpecific natural mortality rate profile (M), the modelling
of 24 fisheries including the separation of two purse seine fisheries into three time blocks,
using a cubic spline method to estimate longiakectivities in the place of a logistic curve,
the downweighting of length frequency data in the fitting, separation of the analysis into five
regions of the Indian Ocean and the specification of four steepness parameters for the stock
recruitment relabnship (h=0.6, 0.7, 0.8 and 0.9).

1 In addition to another year of data, the 2011 assessment included several changes to the
previous assessment: the longline CPUE indices were modified (Japanese updated with latest
year which included information aboutitatde and longitude in the standardisation process
for Regions 25 was supplied and the Taiwan,China index was revised for region 1); major
historical catch revisions for fisheries in Region 5, splitting the longline fleet in Region 5 into
distant water ad fresh tuna logline fleets leaving 25 total fleets in the model; and the range of
steepness evaluated was expanded to h=D%5

183. The WPTTNOTED that while the biomass trends were very similar between the 2010 and 2011
assessments, the estimates of lstpmductivity and thus, the status, differed. There were several
reasons for this: there was poor convergence in the 2010 assessment, thus the fits were suboptimal and
alternative solutions were near optimal. Refitting the 2010 assessment is now maistieptAlso,
fitting the 2010 model to 2011 data was more optimistic. Thus, revisiting of key parameters and the
inclusion of the latest year of data in the 2011 assessment appeared to be important. These issues are
difficult to explore in the MFCL framewrk. The WPTT reviewed several alternative model structures
and parameter formulations for the model that were presented in the assessment. These included: the
new longline model structure for Region 5; alternative Japanese CPUE indices; a single relgibn mo
where all 5 Regions were collapsed into one; a Region 2 model estimated separately from other
Regions; the 5 values of steepness and atieentag mixing periods {4 quarters). Additionally, an
attempt was made to estimate agp e c i f i ¢ d4daosthe latten, this pagameter was not well
estimated and the WPTT adopted the low M profile as the most appropriate way to proceed.

184. The WPTTNOTED the problems identified in the catch data from some fisheries, and especially on
the length frequencies the catches of various fleets, a very important source of information for stock
assessments. Length frequency data is almost unavailable for some fleets, while in other cases sample
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sizes are too low to reliably document changes in abundance and dgldstidge. Moreover, in
general, catch data frosome coastdisheries is considered as poor.

185. The WPTT AGREED that the available tagging data has provided the WPTT with relevant
information on various biological parameters, such as natural mortalityraneh. Further use of
these data should better support the analyses conducted by the WPTT.

186. The WPTTNOTED that in the previous assessment purse seine selectivity in the peric@ D03
was separated into three blocks of time surrounding 2005 to accomentbdainusually large catches
in the middle of that time period. This was continued in the current assessment. However, the WPTT
guestioned whether this was the most appropriate way to do this. An alternative was suggested in
which the time blocks of PSeket were removed and the same selectivity was applied throughout the
period. This was explored in new model runs. Results were not demonstrably different.

187. The WPTTAGREED to revisit the issue of longline selectivity. It was suggested that this selectivity
might still be best described by a logistic @apped) model instead of a cubic spline approach,
whereby the resulting selectivity was doesteaped. This option reinvigorated a long standing debate
that has yet to be resolved. A run whereby logistiecirlities were imposed was evaluated.

188. The WPTTNOTED that generally, the runs with alternative parameter and model structures did not
suggest large differences in the approach and resulted in qualitatively predictable outcomes. The
WPTT felt that the altmative outcomes were an expression of uncertainties in the model, data and
assessment. Therefore, the WPTT focused on following basic alternatives for characterizing the
uncertainty: logistic versus cubic spline longline selectivity; using the low M Igraditernative
steepness of the steokcruitment relationship of 0.7, 0.8 and ,0éhd estimation of MSY based
reference points using the average recruitment for the whole time. dexies determined that with
current knowledge outcomes using thegerahtives are equally likely and a combined evaluated was
generated based upon this.

189. The finalrange of model options adopted by the WPTT included the 2 alternative parametrization of
longline selectivity (cubic spline and logisitic) and three steepoptsns (0.7, 0.8 and 0.9). For the
cubic spline model option, there is a strong temporal trend in recruitment and recent recruitments
(average of the last 15 years) is estimated to be lower (80%) than the long term recruitment level. On
that basis, it wasgreed toalso derived alternative MSY estimates basedtbe recent levels of
recruitmentfor comparative purposes

190. The WPTT NOTED Table 5 which provides an overview of the key features of the MFCL stock
assessment model used2011.

Table 5. Summary of finamodel features as applied to the Indian Ocean yellowfin tuna resource in 2011.

Model feature MFCL
Software availability Multifan-CL
Population spatial structure / areas 5
Number CPUE Series 2
Uses Catcfat-length Yes
Tagging data Yes
Age-structured Yes
Sexstructured No
Number of Fleets 25
Stochastic Recruitment No

191. The WPTT NOTED the key assessment results foe tMFCL stock assessmeas shown below
(Tables6 and7; Fig. 26).
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Table 6. Key management quantities from thi&-CL assessmentor theagreed scenarios of yellowfin tuna
in the Indian OceanValuesrepresent an equal weighting mean of the scenari@stigated. The range is
described by the range values between those scenarios.

Management Quantity Indian Ocean
2010catch estimate (1000 t) 2991
Mean catch from 208 2010 (1000 t) 326.7
MSY (1000 t) 357(290/ 435
Data period used in assessment 1972i 2010
Faood Fmsy 0.84(0.631.10
B.oodBusy 1.46 (1.351.59)
SB200d SBusy 1.61 (1.471.78)
B200dBo 0.49
SByodSBy 0.35(0.310.38)
BZOOS!BO, F=0 0.58
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Fig. 26. MULTIFAN -CL Indian Ocearyellowfin tuna stockassessment Kobe pldBlue circles indicate the
trajectory of the point estimates for the B ratio and F ratio for each y&&f 2A®9. The equal weighted

mean trajectory of the scenarios investigated in the assessment. The range is given by the different scenarios
investigaed.

192. The WPTTNOTED that the range of MSY estinestare between 290,000 t and 435,000 t based upon
therange of MultifanCL model options consideretiowever the upper range of the MSY estimates
are based on long terms level of recruitment. For model a@ptising longline domahaped
selectivity, recent recruitment is considerably lower than the long tewel and MSY estimatefr
those optiondased only on recent recruitment levels all approximate 300,000Ttbesnean catch
over the 20082010 period 300,000 t is in the low range of the MSY estimated while annual catches
over the period 2002006 (averaging 477,000 t) were substantially higher than any of the MSY
estimates.

193. The WPTTAGREED to undertakedeterministicprojections of stock status accang to theKobe
managemenstrategymatrix such thathe probabilities of exceeding,§ and of depletion below &y
were computed for 2013 and 2020 based upon altermatdel structure scenarios (6 explained before
+ 6 using average recruitment of rec&b years) and based on 2009 catch distributidrere was
considerable discussion on the ability of the WPTT to do this. On one hand it is clear that the true
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uncertainty is unknown and that the current characterization may not be complete. On tharather
the projections may provide a relative ranking of outcomes that might be useful to the Commissio

Table 7. MULTIFAN-CL Indian Oceanyellowfin tuna stockassessment Kobd# Strategy Matrix.
Percentag@robability ofviolating the MS¥based referenceomts for five constant catch projections (2010

catch level, + 20% and 40%) projected for 3 and 10 years. In the projection, however, 12 scenarios were
investigated: the six scenarios investigated above as well as the same scenarios but with a lower mean
recruitment assumed for the projected period.

Reference

point and Alternative catch projections (relative to 2A.0) and probability
projection (%) of violating reference point

timeframe

60% 80% 100% 120% 140%
(165,600) (220,800t) (276,000} (331,200} (386,400}

B2013< Bumsy <1 <1 <1 <1 <1
F013> Fusy <1 <1 58.3 83.3 100
B2020< Busy <1 <1 8.3 41.7 91.7
F2020> Fusy <1 41.7 83.3 100 100

194. The WPTTNOTED that projections for this stock over a 10 year period may not be appropriate
bearing h mind the large uncertainties in the outputs from the stock assessment model. It was
AGREED that projections could assist in providing management advice and responses to management
actions, while thewre estimated to be realistic.

195. The results of the st&qrojections are presented in Table 6. Over the next three years, it is estimated
that there is a very low probabilify1%) of the biomass declining below thed level, although the
10 year projection indicates there isveedium (41.7%) andhigh probaility (91.7%) of the stock
declining below Bsy for scenarios with increased, 20% and 408¢els of catchrespectivelyabove
the 2009 level). The probability of fishing mortality rates exceeding the &re higher than the
corresponding probability ofhe biomass levels being below,d both for short and lonterm
projections. This is due to the model assumptions regarding the regional distribution of future
recruitments and the resultant changes in thespgeific pattern of fishing mortality. Theahdity of
the assumptions regarding future recruitment need to be further evaluated

A comparison of MFCL and SS3

196. The WPTTNOTED paper IOTG2011 WPTT13 50 which provided a comparison of the 2010 Indian
Ocean yellowfin tuna assessment using MFCL and S8Ridimg the following abstract provided by
the authors:

fiRecent Indian Ocean yellowfin tuna stock assessments have been implemented in MFCL.
During the 12th WPTT meeting there was an attempt to implement a parallel assessment using
Stock Synthesis (SS). 88s also been the software platform used to undertake 10 stock
assessments for skipjack tuna and bigeye tuna. The 2010 yellowfin tuna stock assessment was
used as the basis for a comparison of the performance of SS and MFCL software platforms. The
2010 MFCL data sets were translated into SS input data sets and the SS model was configured
with comparable structural assumptions to the MFCL model, including a five region spatial
structure, quarterly time step, movement dynamics, key biological parametédrsry fis
selectivities and similar weighting to the various data sets. The SS model yielded similar
estimates of the key parameters and similar magnitude and trends in recruitment and total
biomass, although some differences are apparent in the regionabdigin of biomass. One

key limitation of SS in the application to the yellowfin tuna assessment was the lack in the
flexibility to parameterise growth patterns that deviate from standard growth models. However,
SS has a number of features, not availableMiRCL, that may have application in tuna
assessments, in particular the ability to address regional differences in growth (via growth
morphs) and temporal variation in key parameters (e.g. selectivity). Further, the formulation of
the SS catch equation rewes the need to estimate the large number of nuisance parameters
(effort deviates) estimated in MFCL, thereby, greatly reducing the number of parameters
estimated. As a result, it is feasible to estimate the statistical uncertainty of the SS model using
MCMC procedures.
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197. The WPTT AGREED that in 2012, both an &8 and MULTIFANCL as well as other stock
assessmennethodsshould be developed and presented to the WPTT, notingrtiations of SS3in
using a complex growth curve-ganza growth

198. The WPTTthanked Dr. Adam Langley (consultant) for his contributions and expertise on integrated
stock assessment models, @&RECOMMENDED that his engagement be renewed for the coming
year.

199. The WPTT RECOMMENDED that the IOTC stock assessment scientist and conswitark in
collaboration with Japanese scientists and other interested participants to produce an SS3 assessment
for yellowfin tuna in 2012 for presentation to the WPTT.

9.2 Selection of Stock Status indicators

200. The WPTTAGREED that management advice for yellowtuna should be based tre 2011 MFCL
stock assessmertiased upon the 6 scenarios investigated (logistic versus cubic spline longline
selectivity; alternative steepness of the stosdcuitment relationship of 0.7, 0.8 and 0.9, and
estimation of MSY ba=d reference points using the average recruitment for the whole time series).

Yellowfin tuna
INDIAN OCEAN STOCK I M ANAGEMENT ADVICE

201. The WPTTRECOMMENDED the following management advice for yellowfin tuna in the Indian
Ocean, for the consideration of thaetific Committee.

Stock status.The stock assessment model used in 2011 suggests that the stock is currently not
overfished (Bpoe>Bmsy) and overfishing is not occurring Jdo<Fusy) (Table 6 and Fig. 26).
Spawning stock biomass in 2009 was estimated t@3% (3138%) (from Table 6) of the
unfished levels. However, estimates of total and spawning stock biomass sharked decrease

over the last decade, accelerated inenécyears by the high catches of 200306. Recent
reductions in effort and, hence, catches has halted the decline.

The main mechanism that appears to be behind the very high catches in H20R60%eriod is an
increase in catchability by surface anddtne fleets due to a high level of concentration across a
reduced area and depth range. This was likely linked to the oceanographic conditions at the time
generating high concentrations of suitable prey items that yellowfin tuna exploited. A possible
increase in recruitment in previous years, and thus in abundance, cannot be completely ruled out,
but no signal of it is apparent in either data or model results. This means that those catches
probably resulted in considerable stock depletion.

Outlook. The decease in longline and purse seiner effort in recent years has substantially lowered
the pressure on the Indian Ocean stock as a whole, indicating that current fishing mortality has not
exceeded the MSYelated levels in recent years. If the security situmain the western Indian

Ocean were to improve, a rapid reversal in fleet activity in this region may lead to an increase in
effort which the stock might not be able to sustain, as catches would then be likely to exceed MSY
levels. Catches in 2010 (299MQ) are within the lower range of MSY valu@fie current
assessment indicates that catches of about the 2010 level are sustainable, at least in the short term.
However, the stock is unlikely to support higher yields based oestireatedevels of recruiment

from over the last 15 years.

In 2011, the WPTT undertook projections of yellowfin tuna stock status under a range of
management scenarios for the first time, following the recommendation of both the Kobe process
and the Commission, to harmonise techl advice to managers across RFMOs by producing Kobe

Il management strateggatrices. The purpose of the table is to quantify the future outcomes from a
range of management optiof&able 7). The table describes tipeesentlyestimatedorobability of

the population being outside biological reference points at some point in the future, where
Aout si ded was adfisitiors ofddiysytohBxBysl .€Theatimédframes represent 3

and 10 year projections (from the last datthe model), which corresponds to predictions for 2013

and 2020. The management options represent three different levels of constant catch projection:
catches 20% less than 2010, equal to 2010 and 20% greater than 2010.

The projections were carried auging 12 different scenarios based on similar scenarios used in the
assessment for the combination of those different MFCls:ruh selectivity flat top vs. ome
shape; steepness values of 0.7, 0.8 and 0.9; and computing the recruitment as an avezage of t
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whole time series vs. 15 recent years (12 scenarios). The probabilities in the matrices were
computed as the percentage of the 12 scenarios beingsBaBd F<ksy in each year. In that
sense, there are not producing the uncertainty related to anficspeenario but the uncertainty
associated to different scenarios.

There was considerable discussion on the ability of the WPTT to carry out the projections with
MFCL for yellowfin tuna. For example, it was not clear how the projection redistributed the
recruitment among regions as recent distribution of recruitment differs from historic; which was
assumed in the projections. The WPTT agreed that the true uncertainty is unknown and that the
current characterizatias not complete; however, the WPTT fediat the projections may provide

a relative ranking of different scenarios outcomes. The WPTT recognised at this time that the
matrices do not represent the full range of uncertainty from the assessments. Therefore, the
inclusion of the K2SM at this times iprimarily intended to familiarise the Commission with the
format and method of presenting management advice.

202. The WPTTRECOMMENDED that the Scientific Committee consider the following:

1 The Maximum Sustainable Yield estimate for the whole Indian Oce2Bvi®00 twith a range
between 290,00@35000t (Table6), and annual catches of yellowfin tuna should not exceed
the lower range of MSY (300,000it) order to ensure that stock biomass levels could sustain
catches at the MSYeVel in thdong term.

1 Recent recruitment isstimated to beonsiderably lower than thehole time serieswveragelf
recruitmentcontinues to be lower than average, catches below MSY would be needed to
maintain stock levels.

10.REeVIEW OF NEW | NFORMATION O N THE STATUS OF BIGEYE TUNA
10.1 Data for input into stock assessments (stock status indicators for bigeys
Republic of Korea Catch-per-unit-of-effort (CPUE)

203. TheWPTT NOTED paper I0OTC 2011 WPTT13 38 which provided a standardization of bigeye tuna
CPUE ofKorean tuna longline fisheries in the Indian Ocean, including the following abstract provided
by the authors:

ACPUE standardization for bigeye tuna of the Korean longline fisheries in the Indian Ocean
was conducted by GLM using fisheries data (120D9),i.e., catch (number), effort (humber

of hooks) and number of hooks between floats (NHF) by year, month and 5°x 5° (Lat. and
Long.) area. Explanatory variables for the GLM analysis are year, quarter, area and NHF.
Standardized (STD) CPUE showed the deatjrtrend in general except one jump in 1996. STD
CPUE between Korea and Japan are similar, while STD CPUE of Taiwan shows the flat trend,
which is different from those of Korea and Japan. This difference is likely caused by the fact
that Taiwan used sped@atios as for the targeting correction factor, while Korea and Japan,
number of hooks between flaat

204. The WPTTNOTED the similar trend between ti@&PUE series from the Republic ldbrea and Japan
longline fleetsand encouraged further investigation arsg of CPUE datérom the Rep. of Kore
the future.

Taiwan,China i Catch-per-unit-of-effort (CPUE)

205. The WPTT NOTED paper IOTC2011WPTT1339 which provided an updated CPUE
standardization for bigeye tuna caught by the Taiwanese longline fishery indiha Dcean using
generalized liner model, including the following abstract provided by the authors:

fiFor CPUE standardization of bigeye tuna caught by the Taiwanese longline fishery in the
Indian Ocean, the procedure adopted in the previous study (Yeh 201®) was used with
recent data updates and some adjustments. The adjustments involved the principle of data
extraction and the classification of target proxy factor used in the GLM. Preliminary data for
2010 was excluded in the study, since some pdesmeould not be estimated in the GLM with

the temporal factor being months. Relative standardized CPUE series obtained show a
relatively stable trend; but continually decreasing from 2003 to 2009

206. The WPTT NOTED that the CPUE series for the Taiwan,Ghilongline fleet conflicts with the
declining trends of the Japanese and Rep. of Korea series, except for the most recent years. It was
AGREED that the recent decline in the Taiwan,China CPUE series and the divergence between
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nominal and standardized serigvas thought to be due to changestargeting andthe spatial
distribution of effort, likely related to piracy activity in the northwest Indian Ocean.

Japan 1 Catch-per-unit-of-effort (CPUE)

207. The WPTTNOTED paper I0OTC2011 WPTT13 52 which provided an upded Japanese longline
CPUE for bigeye tuna in the Indian Ocean standardized by GLM for the period from 1960 to 2010,
including the following abstract provided by the authors:

fiStandardized Japanese longline CPUE for bigeye tuna was updated from 1962014 toy

using GLM (CPUELogNormal error structured model). Method of standardization was the
same as the one used for the bigeye assessment in 2010. NHF (Number of Hooks between Float)
and material of main and branch lines were applied to standardizehidnege in catchability of

longline gear. In the tropical Indian Ocean, CPUE continuously decreased from around 9.3
(real scale) in 1960 to 3.2 in 2002 when it has increased te 4.Z in 2004 through 2008,
about the same | ev e Howawrithds ddcreased aghitte abbua3d.3ean 19 9 0
2009 and 3.1 in 2010. Standardized CPUE in the south area which did not show clear trend
during the period between 1984 and 2000 (CPUE was 3.5 on average), decreased to 2.5 in
2003. It increased to 3.2 irDR4 after when it decreased to 1.3 in 2008 and increased to 1.7 in
2010. As a result, CPUE in all Indian Ocean, which had been kept in the same level around 5 to

7 until 1993 decreased to 3.0 in 2002, increased a little in 2003 and 2004 after when it
decreased to about 3.0 in 2008 and 2.5 in 2009 and 2040

Length-based yield per recruit analysis

208. The WPTTNOTED paper I0TC2013 WPTT13i 40 which providedan analysis of thegsformance
of different length information on stock assessment of bigeye tuna frondiza Ocean by length
based yield per recruit analysis, including the following abstract provided by the authors:

fiCatchat-size of longline fishery was estimated from both on board measurements and Taiwan
logbook data in 2006 and 2007, and this sort ohthly catchat-size was combined with those
of purse seine fishery for the corresponding time period into a complete atagide matrix.
The finalized catclat-size matrix is a representative of the bigeye tuna stock in the Indian
Ocean, and was used &valuate the fishing pressures of the stock and to estimate biological
reference points. First, the von Bertalanffy growth curve was estimated from theataizh
matrix. Second, the estimated von Bertalanffy growth parameters were used to estimhate tot
mortality coefficients by length converted catch curve. Third, the biological reference points
were then estimated using yield per recruit and spawning stock biomass per recruit models
analysis. And finally, a mulgear yield per recruit was applied testimate the biological
reference points by gears. The current stock status was evaluated by the estimated biological
reference points. Results of migear yield per recruit model analysis indicated that the purse
seine fishery competed with longlineshiery by harvesting different sizes, and results of
spawning stock biomass per recruit model analysis tend to be reduced with increases in fishing
mortality rates of both longline and purse seine fisheries, indicating that the spawning biomass
percentageswill be reduced more greatly when harvested by two or more fisheries
simultaneously. o

Age structured projection model development

209. The WPTTNOTED paperlOTCi 201T WPTT13 48 which provided an overview of the development

of an age structured projection modet bigeye tuna in the Indian Oceancluding the following

abstract provided by the authors:
fiA simple age structured projection model for bigeye tuRauinusobesu} in the Indian
Ocean for the years 2008 to 2037 was developed using the formal fislogmamp Age
Structured Projection Model (AGEPRO). Two constant harvest control variables, FMSY and
MSY derived from recent stock assessment, were examined under different steepness
assumptions for the-B model. A constant FMSY rule would result in the vecp of the stock
to MSY level in a few years under an assumptions of steepness being 0.9 or 0.8, while would
cause the stock to go down from 2008 to 2037 under an assumption of steepness being 0.7. A
constant MSY (89,000t) rule can increase the stocldiyetrom 2008 to 2037; however, the
model was projected only by including uncertainty associated with recruitment.

210. The WPTTNOTED that this was aneliminary study andhat further work is needed before the results
would be considered informative enoughbe used in the development of management advice. As
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such, the WPTTrequestthe authors to further refine the analysis and present an update at the next
WPTT meeting.

Virtual Population Analysis (VPA)

211. The WPTTNOTED paperlOTCi 2011 WPTT13 41 which proviled apreliminary assessment of
bigeye tundn the Indian Ocean based on a tusddual Population Analysisnalysis, including the
following abstract provided by the authors:

fA preliminary assessment of bigeye tuna in the Indian Ocean 2®H) was conducted

using a Virtual Population Analysis (VPA/ADAPT), based on a single stock assumption. Two
agestructure scenarios about plus age class, i.e.;stggcture covering age classd% (Base

case) and agstructure covering age classesl8+ (Alternativecase), were examined. Two
abundance indices (the index for the tropical area and the index for the whole Indian Ocean)
from the Japanese longline fishery (198108) with equal weighting were used for parameter
estimation. Both the Basmse model and Adtnativecase model did not fit well to the
abundance indices time series. The model overestimated CPUEs for the peried00838
while underestimated CPUEs for the period 19885. The assumption about agfeucture of

the VPA model may have large imfsaon stock parameter estimates. Retrospective errors were
obvious, both for the estimates of spawning biomass and fishing mabtality.

212. The WPTTAGREED that the model used did not fit tliata well and suggested that the model be
updated with the latest CBlJseries and growth curve, and for this to be presented to the next WPTT
meeting.

CPUE discussion summary

213. The WPTTRECOMMENDED that the following matters be taken into account when undertaking
CPUE standardisation analysis fbigeyetunaas well as yellafin tuna in 2012:

1 The WPTT AGREED that changes in species targeting is the most important issue to address in

CPUE standardisations, and that the following points should be taken into consideration:

i. While hooks between floats (HBF) provides some indicatib setting depth, it is generally
considered not to be a sufficient indicator of species targeting. HBF is just one aspect of the
setting technique, which can vary by species, aredinset and other factors.

ii. Highly aggregated (e.g. 5x5 degrees) data make it difficult to observe the factors driving
CPUE in a fishery, in particular the targeting effects. Operational data provides additional
information that may allow effort to be classified according to fishing strategy (e.g. using
cluster analysesraegression trees to estimate species targeting as a function of spatial areas,
bait type, catch species composition-td®e, vesseldentity, skipper, etc.). Operational data
also permits vessel effects to be included in analyses.

iii. The inclusion of othespecies as factors in a Generalized Linear Model (GLM) standardization
may be misleading, because the abundance of all species changes over time. Including these
factors may also fail to resolve problems due to changes in targeting, particularly when
mockling aggregated data. However, comparing models with and without the other species
factors can be useful to identify whether there is likely to be a targeting problem.

1 The WPTT AGREED that appropriate spatial structure needs to be considered careftiky as
density (and targeting practices) can be highly variable on a fine spatial scale, and it can be
misleading to assume that large areas are homogenous when there are large shifts in the spatial
distribution of effort. The following points should alse taken into consideration:

i. Addition of finer scale (e.g.XIL degree®r latitude/longitudgfixed spatial effects in the model
can help to account for heterogeneity within-segions.

ii. Efforts should be made to identify spatial units that are relativatydgeneous in terms of the
population and fishery to the extent possible (e.g. uniform catch size composition and targeting
practices).

iii. There may be advantages in conducting separate analyses for differeagisnl. The error
distribution may differ bysubregion (e.g. proportion of zero sets), and there may be very
different interactions among explanatory variables.

iv. If the selectivity differs among regions (e.g. due to spatial variability in the age composition of
the populatioly it may not be approgaie to pool supegional indices into a regional index.

v. The possibility of deftiinmendg wai ndemwr e siefnt ahi
identification of a fishery with homogeneous targeting practices, it is probably worthwhile.
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However, it may nobe possible to identify an appropriate window, or the window may be so
small that it is not representative of the larger population (or has a high variance).

1 The WPTT NOTED that the appropriate inclusion of environmental variables in CPUE
standardizationsi an ongoing research topithe WPTT AGREED that often these variables do
not have as much explanatory power as, or may be confounded with, fixed spatial effects. This may
indicate that modellerived environmental fields are not accurate enough at s &r there may

need to be careful consideration of the mechanisms of interaction to include the variable in the
most informative way.

214. The WPTTNOTED that of the CPUE series available for assessment purposes, listed below, only the
Japaneseeriesfrom the tropical areas of the Indian Oceaas used in the stock assessment model for
2011 ghown inFig. 28).

1 Taiwan,China data (1982010): Series from docwent IOTG 201T WPTT13 39 (Fig. 27).

1 Japan data (B®i 2010): Series 2 from document IOTZD1T WPTT13 52. Whole Indian
Ocean FEigs. Z and28).

1 Rep. ofKorean datal9774 2009: Series from document IOTQ01T WPTT13 38 (Fig. 27).

1

Japan data (196Q010): Series1 from document IOTZD1T WPTT13 52. Tropicalarea of
Indian OceanKig. 28).
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215. The WPTTNOTED the large increase in both the nominal and standardized bigeye tuna CPUEs for
longline fleets in the Indian Ocean (as well as in the Atlanfigjs(27 and28). The increase in CPUEs
may be due (1) to a large increase in the adult stock biomass, or (2) more probably to the introduction
of deep longline in 1977. The fishery data does not allow to estimate a fully realistic trend of adult
BET biomass durg the seventies

10.2 Stock assessments
Age-Structured Production Model (ASPM)

216. The WPTTNOTED paperlOTCi 2011 WPTT13 42, and subsequent revisionghich provided a
stock assessment of bigeye tuna in the Indian Ocean by AD Model Builder implemented Age
Structued Production Model (ASPM), including the following abstract provided by the authors:

fiwe applied an Ag8tructured Production Model (ASPM) to assess the status of the bigeye
tuna stock Thunnusobesu} in the Indian Ocean using 61 years of data (3286Q0. In
addition, risk assessments, based on the ASPM results, were conducted to evaluate the
probablities of the Spawning Stock Biomass (SSB) falling below MSY level and Fishing
mortality (F) exceeding this level in next 10 years (22020) under five catant catch
scenarios. The AD Model Builder (Otter Research) code for this ASPM is based on the
(previowsly used) Fortrarimplemeted ASPM software (Restrepo, 1997). The ADMB

i mpl emented ASPM software is det ai |bmttedion t he
this meeting (IOTQ011XWPTT1346). The assessment results suggested that the SSB (2010) is
near the MSY level (1.00), while F (2010) is way down from the MSY level (0.67). Risk
assessments suggest that catch can be increased by 20% (86,00Bamwnte 2010 catch
(71,000 ton) with the low risk (< 20%) to exceed the MSY levels (SSB and F).

217. The WPTTNOTED thefollowing with respect to the modelling approach preseéat the meeting:

1 The steepness value (h=0Was selected on the basis of thkelihood and was near the
lower boundary of what would be considered plausible for bigeye 8afection of steepness
on the basis of the likelihood was not considered reliable because i) steepness is difficult to
estimate in general, and ii) substansiatocorrelation in the recruitment deviates was ignored
in the likelihood term.

1 Cohortslicing to estimate ages from lengths introduces substantial ,efoortongliving
species such as bigeye tuaacept for the youngest ages.

1 Uncertainty in natural ortality was not considered.

218. The WPTTAGREED that it wasessential to include uncertainty in the steepness parameter as a
minimum requirement for the provision of management advice.

219. The WPTTNOTED that the general population trends and MSY parametdmsadst by the ASPM
model appeared to be plausibly consistent with the general perception of the fishery and the data.
However, these results are considered to be uncertain because of i) uncertainty in the catch rate
standardizatiorandii) uncertainty irrecent catches.

220. The WPTT NOTED Table 8 which provides an overview of the key features of A&%PM stock
assessment model used in 2011.

Table 8. Summary of finamodel features as applied to the Indian Odagayetuna resourcen 2011.

Model feature ASPM
Software availability ADMB_ASPM (v1.0)
Population spatial structure / area: 1
Number CPUE Series 1

Uses Catctat-length No
Tagging data No
Age-structured Yes
Sexstructured No
Number of Fleets 3
Stochastic Recruitment Yes

221. The WPTTNOTED the key assessment results for fge-Structured Production Model (ASPME
shownbelow (Tables9 and10; Figs. 29, 30 and31).
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Table 9. Key management quantities from the ASBMeye tuna stockssessment for the aggregate Indian
OceanMedian point estimate is adopted from the 2011 ASPM model using steepness value alfiesbdfv

0.6, 0.7 and 0.8 are considered to be pausible as these values but are not presented for simplification); the
range represents the 90 percentile Confidence Interval.

Management Quantity Aggregate Indian Ocean
2010 catch estimate (1000 t) 715

Mean catch from 20062010 (1000 t) 104.7

MSY (1000 t) (90% CI) 102.9(86.6'119.3)
Data period used in assessment 1950 2010
Fao1dFusy (90% CI) 0.67(0.480.86)
B201dBwmsy (90% Cl) i
SB,01dSBusy (90% CI) 1.00 (0.771.24)
B201dB1950(90% CI) 0.43(n.a)
SB,01dSBioso 0.39

B201dB19s0, F=0 ]

SBy01d'SBigso, =0 T

=FFmsy

] 1 2 3
SSB/SSBmsy

Fig. 29. Bigeye tuna: ASPM Aggregated Indian Oceamsessment Kobe plot. Red, yellow, blue and purple
linesindicate the trajectory of the point estimates for the SB ratioFaratio for ech year 195®010for
values of steepness 0.5, 0.6, 0.7, and 0.8, respectively

Table 10 Bigeye tuna: ASPMAggregated Indian Ocean assment Kobe Il Sitegy Matrix Probability
(percentagepf violating the MSY¥based reference points for five constaatch projections (2010 catch
level, £ 20% and #0%) projected for 3 and 10 yeakSM adopted from the 2011 ASPM model using
steepness value of 0.5 (values of 0.6, 0.7 and 0.8 are considered tddesdmepas these values but are not
presented forisplification).

Reference point and

Alternative catch projections (relative to 2010) and

fi)rrr?]e?f;r%r; probability (%) of violating reference point
60% 80% 100% 120% 140%
(42,9003 (57,2003 (71,500} (85,800} (100,100}
SBy013< Busy 4 8 15 24 35
F2013> Fusy <1 <1 1 8 33
SBr020< Busy <1 <1 1 11 41
F2020> Fusy <1 <1 <1 5 38
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10.3 Selection of Stock Status indicators

222. The WPTTAGREED that management advice for bigeye tuna should be based onlth& 33 stock
assessment and various steepness scenarios of the current 2011 ASPM stock assessment results
(Tableslliand1l2. For | ast year6s SS3 assess maforimativet he d
to justify the selection of any individual model and the results were combined on the basis of a model
weighting scheme that was proposed to, and agreed by, the WPTT in 2010.

Table 11 Key management quantities from tB@10SS3 and 201ASPM assessmesffor bigeye tuna in
the Indian Ocean.

Management Quantity 2010 SS3 2011 ASPM
2009 (SS3) an@010(ASPM) catch
estimate (1000 t) 102 715
Mean catcHfrom 2006 2010(1000 t) 104.7 104.7
MSY (1000 t) 114 (95183) 102.9(86.6'119.3)®
Data peiod used in assessment 19522009 1950 2010
0.79" .
Feur/Fusy® Rangd: 0.501 1.22 0.67(0.48 0.86)®
Bcurr/ BMSY @ T T
1.20%
SBeur/SBusy® Rangé- 0.881 1.68 1.00 (0.771.24)®
Beurn/Bo® T 0.43(n.a)
0.34Y
SBeur/SBo” Rang™: 0.267 0.40 0.39”

Bcurr/BO, F:()(a) I T
SBeurd SBo, r=¢” i i

! Central point estimate is agted from the 2010 SS3 modeé&rpentiles are drawn from a cumulative frequency distribution of
MPD values with models weighted asTiable 120f 2010 WPTT report(IOTCi 2010 WPTT12 R); the range represents 68

and 9% percentiles

2 Median point estimate is adopted from the 2083PM model using steepness value of 0.5 (values of 0.6, 0.7 and 0.8 are
considered to be as pausible as these values éutcarpresented for simplificationdhe range represents t8@ percentile
Corfidence Interval.

3 Current period ;) = 2009 for SS3 and 2010 for ASPM
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Table 12.Bigeye tuna: Combined010SS3 and2011ASPM Aggregated Indian Ocean assessment Kobe I
Strategy Matrix.Probability percentagedf violating the MS¥based reference points for five constant catch
projections (209 and 201CGatch leved, £ 20% and #0%) projected for 3 and 10 yeakSM adopted
from the 2011 ASPM model using steepness vafu@o(values of 0.6, 0.7 and 0.8 are considered to be as
plausible as these values but are not presented for simplification).

Reference point

. N . RN
and projection Alternative catch projections (relative to 2009 and probability (%)

of violating reference point

timeframe
2010 SS3
60% 80% 100% 120% 140%
(61,200t) (81,600t) (102,000t) (122,400t) (142,8001)

SByo12< Busy 19 24 28 40 50

Fo012> Fusy <1 6 22 50 68
SBy010< Busy 19 24 30 55 73

Fo019> Fusy <1 6 24 58 73

Reference point

. _— . o
and projection Alternative catch projections (relative to 2010) and probability (%)

of violating reference point

timeframe
2011 ASPM
60% 80% 100% 120% 140%
(42,900t)  (57,200t) (71,500t) (85,800t) (100,100t)

SByo13< Busy 4 8 15 24 35

F2013> Fusy <1 <1 1 8 33
SBo20< Busy <1l <1 1 11 41

F2020> Fusy <1 <1 <1 5 38

Bigeye tuna

INDIAN OCEAN STOCK I MANAGEMENT ADVICE

223. The WPTT RECOMMENDED the following management advice for bigeye tuna in the Indian
Ocean, for the consideration of the Scieni@mmmittee.

Stock statusBoth assessmenssiggest that the stock is above a biomass level that would produce
MSY in the long term and that current fishing mortalitypedow the MS¥based referencevel.

(i.e. SBunenSBusy > 1 and By enfFusy < 1). Qurrent spawning stock biomass was estimated to be
34i 40 % (Table 11) of the unfished levelsThe centraltendencies of the stock status restribm

the WPTT 2011lwhen using different values of steepnes=e similar to the ceral tendencies
presented in 2010.

Outlook. The recent declines in longline effort, particularly from the Japanese, T@khianand
Republic of Koredongline flees, as well as purse seiner effort have lowered the pressure on the
Indian Ocean bigeyéuna stock, indicating that current fishing mortality would not reduce the
population to an overfished state.

Catches in 2010 (72,000 t) were lower than MSY values and catches in 2009 (102,000 t) were at
the lower range of MS¥stimatesThe mean catch ovéine 20082010 period was 94,000 t which
is lower tharestimatedMSY.

The Kobe strategy matri(Combined SS3 and ASPMustrates the levels of risk associated with
varying catch levels over time and could be used to inform management &cabtesl?). Based

on the ASPM projectios this year (2011) with steepness 0.5 value for illustratiothee is
relatively a low risk of exceethg MSY-based reference points 12020 both when considering
current catches of 72,000 t (maximwinl5% risk of B<Bysy) or 2009 catches of 100,000 #B%

risk that Bo,s<Busy and koxe>Fusy). Moreove, the SS3 projectiongrom last year(2010) show
thatthereis a low risk of exceeding MSYased reference points by 2019 if catches are maintained
at the lower range of MSY levels or at the catch level of,Q02 tfrom 2009 (< 30% risk that
B,o1<Bumsy and < 25% risk that2519>F|\/|SY) (T ablell)
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224. The WPTTRECOMMENDED that the Scientific Gmmittee consider the following:

1 The Maximum Sustainable Yield estimate for the Indian Oaeanges between 102,000 and
114,000 t (range expressed as the median value for 2010 SS3 and steepness value of 0.5 for
2011 ASRM for illustrative purpose(seeTable 11 for further descriptior)) Annual catches of
bigeyetunashould not exceed the lower range of this estimated which corresteotias 2009
catches and last year management advice.

1 If the recent declines in effort continue, and catch remains substantially tredoestimated
MSY of 100,000114 000 t, then immediate management measures are not required. However,
continued monitoring and improvement in data collection, reporting and analysis is required to
reduce the uncertainty in assessments.

11.DEVELOPMENT OF TECHNICAL ADVICE ON THE STATUS OF THE STOCK S
Update of species Executive Summaries

225. The WA'T NOTED paperlOTCi 2017 WPTT13 09 whichaimed toencourage the WIF to develop
clear and concise draft Executive Summariestdapical tunador the consideration ahe Scientific
Committee.

226. The WAT NOTEDt hat Recommendation 30 from the |1 OTC p
guidelines for the presentation of more user friendly scientific reports in terms of stock assessments
should be devel oped. éo0.).

227. The WA'T NOTED that the IOTC currently uses the reference points @fsoBor Bysy) and Fysy in
providing its advice on stock status to the Commission and typically represents the advice as a ratio of
current spawning biomass (§B, total biomass (B;) or fishing rates/mortality to Siy, Busy and
Fusy respectively; species with current spawning biomass estimategs<8B<Bysy are considered
overfished, and fishing mortality ®ky is considered overfishing. There are currently no agreed
harvest strategies, diqit target of limit reference points or decision rules that are followed when
reference points are being approached or have been reached. Stocks of tunaldedsppeeies under
the IOTC mandate are currently classified independently in each of theategories described above
(overfished and overfishing). Within these two categories there is a positive and a negative, as well as
an uncertain status.

228. The WHAT NOTED that, at theFifteenth Session of the Indian Ocean Tuna Commission, the
Commission mael the following request of the Scientific Committee, agddefault, the Working
Parties:

fiThe Commission noted the provision by the Scientific Committee of the Kobe Il matrix for
bigeye tuna and swordfish, and recognized that it is a useful and neceasshryor
management. The Commission requests that such matrices be provided for all stock assessments
by the species Working Parties, in particular for yellowfin tuna, and for these to be included in
the report of the Scientific Committee in 2011 and ailife reports 0 (TROTSISR,

para. 37).

229. The WHA'T ENDORSED the new Executive Summary form@TCi 20117 WPTT13i 09) to be used
in developing thedraft tropical tunaresource Executive Summariesor t he Sci enti fi c
consideration.

230. The WA'T RECOMMENDED that the Scientific Committee:

1 NOTE the current definition fooverfishing used by the IOTGyhere fishing mortality is in
excess of frsy (Feun/Fusy > 1) is considered overfishing;

1 NOTE that fishing mortality in excess ofyky is not alwaysdefinedas overfishing(within
tRFMOSs) if the stock is well above the\By level, although no specific threshold has been
defined

1 CONSIDER the current definition of overfishing {R/Fusy >1), and determine that if in
situations where the biomass of a givercktis well above Bsy, but R,/Fusy >1, under what
circumstances should a stockdassfied as subject to overfishing;

1 NOTE the draft resourcstock statustesmmay for:

i. Bigeye tungdThunnus obesd$ Appendix VI
ii. Yellowfin tuna(Thunnus albacarg$ AppendixVIl
iii. Skipjack tungKatsuwonus pelamis AppendixVIlI
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231. The WA'T RECOMMENDED that the IOTC Secretariat update ttiraft stock status sumnes for
tropical unaswith the latest 2010 catch datand for these to be provided to the StfenCommittee
as part of the mft Executive Summaries, for its consideration

Review of current Conservation and Management Measurestfopical tunaspecies

232. The WPI'T NOTED paperlOTCi 2011 WPTT13 10 which aimed to encourage the VP to review
the existing Conservation and Management Measures (§M#lating totropical tunas and as
necessary to 1) provide recommendations to the Scientific Committee on whether modifitatyons
be required; and 2) recommend wieat other CMMs may be required, aAGREED that it did not
have the resources at the current meetimg\tiew the sciencbased components of the CMMs.

KOBE plot software

233. The WPTTNOTED paperlOTCi 2017 WPTT13 45 which provided an introduction to the Kobe Plot
| and Il software (ver. 1and encouragethterestedparticipants to collaborate with the authdos
further refine the software.

ADMB ASPM userds gui de

234. The WPTTNOTED IOTCi 2011 WPTT13 46 which provided an oveiew of the AD Model Builder
Implemented AgeStructured Production ModéADMB_ASPM) softwareUs er s 6 Guiatde ( v e
encouraged interested participants to collaborate with the authors to further refine the software.

Comparison of stock assessmentpiactes i n ot her RFMOOGs

235. The WPTT NOTED paper IOTCi 2015 WPTT13 47 which provided a comparison of stock
assessment practices in ttRRMOs,including the following abstract provided by the authors:

fiTuna and tundike species are important soegzonomic resages as well as a significant
source of protein for the society. They include approximately forty species occurring in the
Indian, Pacific and Atlantic oceans, with a current global production of almost 6 million tonnes.
The most commercially important aspecies are albacor@hunnusalalunga ALB), bigeye
(Thunnusobesus BET), Atlantic bluefin(Thunnusthynnus BFT), Pacific bluefin (Thunnus
orientalis PBF), skipjack (Katsuwonuspelamis SKJ, southern bluefiThunnusmaccoyij
SBH and yellowfin(Thunnusalbacares YFT). These species perform long migrations and their
spatial distribution includes the temperate and tropical regions of all oceans. The total catch of
the most important commercially tuna species increased continuously from 1950 tevit007
the highest level, arowh4.5 million tonnes, observed in 2005. In 2007, their catch was above
four million tonnes, which represents around 75 percent of the total catch of all tuna and tuna
|l i ke species. 0

236. The WPTTNOTED that, to date, theRFMOs hae tended to work independently concerning the
assessment of stocks under their responsibility, in spite of the fachdmgt species occur in multiple
oceansand are likelyto share similar life history traits

237. The WPTTAGREED on the need for increasedoperation amontRFMOs towards harmonization,
where appropriate, of the biological information that is used for spewanaged by two or more
RFMOs.

238. The WPTT RECALLED that recommendations issuéy participants athe first Kobe Meeting
which called fa collaborativework to be caied out under the Kobe proce§he ISSF hasnitiated
work towards this goand urged IOTCaentiststo contribute to tis, or any related, initiatives where
feasible.

239. The WPTTNOTED with concern,the lack of basic data obiological parameters in the tRFMO
databasesjncluding thoseused to derive live weights or standard lengths from-standard
measurements, stressing the need for WPTT scientists to forward all available information to the IOTC
Secretarigtwho would tlen make this information available via the IOTC website.

12. ANALYSIS OF TAGGING DATA

240. The WPTTNOTED that between 2002 and 2009, a total of 200,877 tunas were tagged and released in
the framework of the Indian Ocean Tuna Tagging Programme (IOTTP). The naai@ phthe project,
the EUfunded Regional Tuna Tagging Projédndian Ocean (RTTHO) tagged and released 84% of
the tunas while the remaining where tagged and released during pilot andcatelbperation taking
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241.

242.

243.

244,

245.

246.

247.

248.

place in both the western and eastedtian Ocean, i.e. Maldives, Lakshadweep and Andaman islands
(India), Mayotte, Indonesia, South Africa and by JAMARC, NRIFSF, SEAFDEC and IEO in the high
seas.

The WPTTNOTED that more than 31,000 (15.7%) tagged tunas have been recovered and reported to
the IOTC Secretariat, however, there are large discrepancies between recovery rates of the different
projects. While the number of tagged fish being recaptured is now very low, recovery activities are
being maintained in the Seychelles by the IOTC Secretaith the cooperation of the Institut de
Recherche pour le Développement (IRD) and the Oficina Espafiola de Pesca {hiERustained
scientific effort is of great importance as the expected long term recoveries of yeltandiand
bigeyetunawill be of major interest, for instance allowing to better estimate the growth of tuna and
theirmaximum length ().

The WPTTNOTED that in 2011, the large Maldivian release and recovery database has been verified
and validated and all the data from the sraedlle projects have been imported into the main database
developed for the RTTRO. This is now allowing the IOTC to provide complete datasets, including all

the releases and recaptures from the IOTTP, to researchers and scientists and in particular for the
integration into the integrated stock assessments for the three species. However, before being able to
obtain the maximum information from the newly added si@dle projects, in depth analysis of the

data gathered during these projects is requiredshidld be done prior to the next session of the
WPTT, in preparation for the Tagging Symposium to be held in late 2012.

The WPTT NOTED the progress achieved by the IOTC Secretariat regarding the validation and
integration of the smalcale tagging datanto the main IOTTP database aG@OMMENDED the
IOTC Secretariat for its work since 2002 in relation to the tagging activities.

The WPTTNOTED thatthe sex of most large taggedllowfin tunaand bigeyeunarecovered in
Seychelles otthe European purse seifleet have beeidentified since July 2009. This program offers
a unique potetial to evaluate if adult yellowfituna and bigeyetuna male andfemale show a
differential growth.The esults already obtained tend to confittme existence ofuchsexdifferential
growth Worldwide, this is the first time thaaggedyellowfin tunaand bigeydunahave been sexed by
scientistsThe WPTTRECOMMENDED that his sampling programme should be maintained as long
as these tunas are recoveiadyrder toideally sex 100% of the future recoveries

The WPTTAGREED to a revisedset of criteria to be used in the production of datasets for growth
studies, as provided iAppendix IX. The revised criteria will remove uncertain and likely remus
data from the existing tag dataset antbibe used in the estimation of growth curves for future stock
assessments.

The WPTTRECOMMENDED that more analyses on the tagging data should bertakdain 2011

and 2012, and should include tb&timationof mixing rates and tag induced mortality (in particular for

the smalscale projed). These analyses should be done in advance of the next Session of the WPTT in
order to be included in future analyses and stock assessment

TheWPTT NOTED thata taggig symposium, funded by the European Union, theGQ@hd the IRD,

will be held inMauritiusin late 2012 and that the IOTC has secured fsitmundertake analysis of the
tagging data (e.g. vestimation of the reporting rates, independent analyses ofphatation rates and

natural mortalities, in depth analysis of the Maldivian tagging project and interaction between the
surface fisheries of the Indian Ocean, estimation of growth curves for the 3 species and integration of
the tagging data into the stoassessment).

The WPTTRECOMMENDED that analysisof the tagging dat carried outin preparation for the
TaggingSymposiumand presentedt the next WPTT meeting

13.ANALYSIS OF THE TIME -AREA CLOSURES (INCL . RESOLUTION 10/01)

249.

250.

The WPTTNOTED IOTC Resolution ®/01 which instructed the Scientific Committee to provide at

its 2011 Session an analysis of the effects of the-éirea closure on international waters on the
Northwest IndianOcean FEig. 32), initially set to be in place forn@ month: November for purse
seiners and February for longliners. It also requested the Scientific Committee to investigate alternative
time areas if deemed necessary.

The WPTTRECALLED the analyses carried out in the past on the likely effect ofdirmaclosures
for the various fleets and stocks involved. Two possibilities for conducting such analyses were
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251.

252.

253.

254.

considered in previous exercises: reallocation of fishing effort to other areas, or a simple calculation of
‘potential loss', i.e. the maximum losscatches that would be obtained in the unlikely event of fleets
not moving to other areas during the closure. Document TQUQA SO5 R and 1I0TG 2003
WPTTO5I R contains the tables of such an analysis of 'potential loss' conducted for a range of spatial
and emporal scenarios in 2000 and 2003.

The WPTT RECALLED the analysis carried out for the 2010 SC which emphasized that catch
reduction expected from the tiraegea closure were negligible and that recent event in the Somali area
has affected in a major extetite population than the closure. In particular, as described inetkte
section, longliners do not operate anymore off the Somali coasinatied northwest India Ocean
despite purse seiner catch in the area are relatively small during the month wfiddogg.7 % of total
yearly yellowfin tuna catch, 4.5 % for bigeye tuna, and 6.1 for skipjack tuna in 2010), the total purse
seine vessels has been reduced in 30 % since 2006.

Noting that the requestontained in Resolution 10/Gdoes not specify the exged objective to be
achieved with the current aifternative time area closures, and that the WR&3 not clear about the
intended objectives of the tirarea closure taking into account recent reduction of effort riege
section) as well as recent lilke recovery of the vyellowfintuna population the WPTT
RECOMMENDED that the Commission specify clear objectives taswhat are the management
objectives to be achieved with this and/or alternative measures. This will, in turn, guide and facilitate
the ana}sis of the WPTTin 2012 and future years

The WPTTAGREED to undertake preliminargnalysis before th&cientific Committeemeeting in
December2011 The WPTT tasked a small group with the preparation, with the guidanice Ghair

of the WPTT,and in cdlaboration with the Secretariat, of a document presenting an analysis based on
maximum potential loss of catches, as estimatenh fthe catch statistics of IOT@he WPTT Chair

will also then request guidance from the Scientific Committee on any extygsesm#hat it would like
WPTT to conduct at its next meeting, for example on alternative times/areas for such a closure.

Noting the lack of papers examining tiragea closures in the Indian Ocean for WPTT13 as well as the
slow progress to address Commissiequest, the WPTRECOMMENDED that SC chair begins a
consultative process with the Commission in order to get clear guidance from the Commission about
the management objectives intended with the current or any alternative closure. This will allow the SC
to address the Commission request more thoroughly. At the same time, the SC needs to include the
issue of the time area closure as a priority in the research activity for 2011/2012 depending on
Commission feedback.
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14.EFFECT OF PIRACY ON TROPICAL TUNA CATCHES

255. The WPTTNOTED paper IOTC201T WPTT13 44 which provided a preliminary analyses of the
effect of Piracy on the catch and fishing patterns of Japanese longline fishery in the Indian Ocean,
including the following abstract provided by the authors:

AHIi storic Japanese |l ongline catch and effort
piracy off Somalia.As he activity of piracy increased and spread since 2007, Japanese
longliners have retreatd from West Indian Ocean, especially fritn@north. In 2008, the effort

off Somalia decreased and that of north of equator and west of 600E disappeared in 2009, and
most of effort disappeared from North of 100N and West of 800E in 2010. The numbsrof str

fished in the NW area has declined since 2007/2008, corresponding with the decline in effort.

For both bigeye and yellowfin tuna, CPUE calculated from 12005 using strata which were

active from 2006 to 2010 showed a similar trend to the CPUE caézlilzsing all data over the

same period. However, the CPUE from the data extracted by strata in 2010 for the NW region
showed a different trend to the CPUE based on all data or CPUE calculated from extracted
strata in other years. Although most differenbeswveen relative CPUEs based on all data and

those based on extracted data were <0.2, there were large fluctuations in the NW in 2010
ranging from-0.8 to 0.5 for bigeye and.6 to 0.9 for yellowfin. These results indicate that the

decline in effort andhift in fishing location due to piracy and/or a decline in yellowfin CPUE

have not critically affected yellowfin and bigeye CPUE in the Indian Ocean with the exception

of the NW region in 2010. This data from the NW Indian O@e&@910does not appear tbe
representative of the real CPUE trend due to the low and unusual distribution of effort, so
should be treated carefully during CPUE stand

256. The WPTTAGREED that the high resolution displayed in Figure 3 in paper (2021 WPTTL3/
44 would be god to see in future papers, rather than 5° by 5° data.

257. The WPTTNOTED thatmanypaperspresented to at the current meeting demonstrated clear impacts
of piracy on fishing operations in the western Indian Ocean. In particular, the impacts appear to have
been greatest on thengline fleets with effort having declined to negligible levels in recent years by
mostfleets(Figs. 33, 34 and35). Fishing effort of the purse seine dlehas also shifted east by at least
100 miles compared to the histodistribution of effort and piracy was reported to also be playing a
role in determining the behaviour of smadlale fishing vessels which have declined in the region.

258. The WPTTNOTED that there has also been a substantial reduction in total effort due to piracy,
evident from the decline in total effort from all major fleets. Of Taiwanese vessels, 10 have moved to
the Atlantic. These originally targeted bigeyma however according tmformation from observers,
some of the remaining vessels have now moved south to target albacore. Japan reported a reduction of
~90 vessels since 2006, with 85 remaining in 2Qd@liminary) which corresponds ta decrease of
total catch of about 780%. Rep. ofKorea reported thaine longline vessel was hijacked in0BCand
this had resulted ialarge reduction (50%)f the number oRep. ofKoreanactive vesseldrom 26 in
2006 to 13 in 2020while the remaining vesseisoved tothe Suthernindian Ocean.The number of
EU and associated purse seiners has also decreased from 51 in 2006 to 35 in 2010 (a 30% of
reduction).

259. The WPTT NOTED that some effort removed from the Somali area due to piracy has been
redistributed. Redistribution of effort occad fairly evenly across the Indian Ocean, rather than
relocation to a specific area.

260. The WPTTRECOMMENDED that given the peaintial impacts of piracy ofisheries in other areas of
the Indian Ocean tbugh the relocation of longlinets otherfishing grourls, specific analysis should
be carried out and presented at the next WPTT meeting by CPCs most affected by these activities,
including Japan, Rejplic of Korea and Taiwan,China
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Fig. 33. Distribution of the Taiwanese LL catches in the Indian Ocean ayfyem 2008 (top left panel) to
2010 (bottom panel).

Fig. 34. Distribution of the Japanese LL effort in the Indian Ocean by year from 2006 (top left panel) to 2010
(bottom right panel).
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