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Executive summary of the status of the albacore tuna resource
(As adopted by the IOTC Scientific Committee on 9 November 2007)

Marked changes are factual changes related mainly to the inclusion of the latest fisheries statistics. A stock assessment was undertaken in 2008 and relevant
sections have been updated using the text from the 2008 WPTe report and other related sources. All changes are suggestions only for the consideration of
the SC in Dec08

BioLOGY

Albacore (Thunnus alalunga) is a temperate tuna living mainly in the mid oceanic gyres of the Pacific, Indian
and Atlantic oceans. Indian Ocean albacore is distributed from 5°N to 40°S. In the Pacific and Atlantic oceans there
is a clear separation of southern and northern stocks associated with the oceanic gyres that are typical of these
areas. In the Indian Ocean, there is probably only one southern stock because there is no northern gyre.

Albacore is a highly migratory species and individuals swim large distances during their lifetime. It can do this
because it is capable of thermoregulation, has a high metabolic rate, and advanced cardiovascular and blood/gas
exchange systems. Pre-adults (2-5 year old albacore) appear to be more migratory than adults. In the Pacific Ocean,
the migration, distribution availability, and vulnerability of albacore are strongly influenced by oceanographic
conditions, especially oceanic fronts. It has been observed on all albacore stocks that juveniles concentrate in cold
temperate areas (for instance in a range of sea-surface temperatures between 15 and 18°C), and this has been
confirmed in the Indian Ocean where albacore tuna are more abundant north of the subtropical convergence (an
area where these juvenile were heavily fished by driftnet fisheries during the late 1980°s). It appears that juvenile
albacore show a continuous geographical distribution in the Atlantic and Indian oceans in the north edge of the
subtropical convergence. Albacore may move across the jurisdictional boundary between ICCAT and 10TC.

The maximum age reported for Indian Ocean albacore is eight years. However, this may be an underestimate as
albacore have been reported live to at least 10 years in the Pacific Ocean.

Little is known about the reproductive biology of albacore in the Indian Ocean but it appears, based on
biological studies and on fishery data, that the main spawning grounds are located east of Madagascar between 15°
and 25°S during the 4™ and 1% quarters of each year (Figure 1). In the Pacific Ocean, albacore grow relatively
slowly (compared to skipjack and yellowfin) and become sexually mature at about 5-6 years old. Like other tunas,
adult albacore spawn in warm waters (SST>25°C). It is likely that the adult Indian Ocean albacore tunas do yearly
circular counter-clockwise migrations following the surface currents of the south tropical gyre between their
tropical spawning and southern feeding zones. In the Atlantic Ocean, large numbers of juvenile albacore are caught
by the South African pole-and-line fishery (catching about 10.000 t yearly) and it has been hypothesized that these
juveniles may be taken from a mixture of fish born in the Atlantic (north east of Brazil) and from the Indian Ocean.

Overall, the biology of albacore stock in the Indian Ocean is not well known and there is relatively little new
information on albacore stocks.

FISHERIES

Albacore are caught almost exclusively under drifting longlines (98 %), and between 20° and 40°S (Table 1,
Figure 1), with remaining catches recorded under purse seines and other gears (Table 1).

A fleet using drifting gillnets targeting juvenile albacore operated in the southern Indian Ocean (30° to 40°
South) between 1985 and 1992 harvesting important amounts of this species. This fleet, from Taiwan,China, ceased
fishing with this gear in 1992 due to a worldwide ban on the use of drifting gillnets. Albacore is currently both a
target species and a bycatch of industrial longline fisheries and a bycatch of other fisheries.

The catches of albacore increased rapidly during the first years of the fishery, remaining relatively stable until
the mid-1980s, except for some very high catches recorded in 1973, 1974 and 1982. The catches increased
markedly during the 1990’s due to the use of drifting gillnets, with total catches reaching around 30,000 t. Catches
have steadily increased since 1993, after the drop recorded in 1992 and 1993 as a consequence of the end of the
drifting gillnet fishery. Catches between 1998 and 2001 were relatively high (ranging from 37,700 t to 40,600 t).
By contrast, the average annual catch for the period from 2003 to 2007 was 25,500 t.
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Longliners from Japan and Taiwan,China have been operating in the Indian Ocean since the early 1950s and
they have been the major fishers for albacore since then (Table 1). While the Japanese albacore catch ranged from
8,000 t to 18,000 t in the period 1959 to 1969, in 1972 catches rapidly decreased to around 1,000 t due to changing
the target species mainly to southern bluefin and bigeye tuna, then ranged between 200 t to 2,500 t as albacore
became a bycatch fishery. In recent years the Japanese albacore catch has been around 2,000 to 6,000 t. By
contrast, catches by Taiwanese longliners increased steadily from the 1950’s to average around 10,000 t by the
mid-1970s. Between 1998 and 2002 catches ranged between 21,500 t to 26,900 t, equating to just over 60 % of the
total Indian Ocean albacore catch. Since 2003 the albacore catches by Taiwanese longliners have been less that
16,900 t.

The catches of albacore by longliners from the Republic of Korea, recorded since 1965, have never been above
10,000 t. Important albacore catches of around 3,000 t to 5,000 t have been recorded in recent years for a fleet of
fresh-tuna longliners operating in Indonesia (Figure 3).

Large sized albacore are also taken seasonally in certain areas (Figure 5), most often in free-swimming schools,
by the purse seine fishery.

A feature of Indian Ocean albacore fisheries is that it is the only ocean where juvenile albacore are rarely
targeted by fisheries. In the Atlantic and Pacific oceans surface fisheries often actively target small albacore to the
extent that juveniles contribute to the majority of albacore catches. This, however, does not discount the possibility
that the juvenile albacore from the Indian Ocean are not being subjected to significant levels of fishing pressure as
the small fish targeted off the west coast of South Africa may have migrated to the Atlantic Ocean from the Indian
Ocean (Figure 1).

AVAILABILITY OF INFORMATION FOR STOCK ASSESSMENT
Nominal Catch (NC) Data

The catches of albacore recorded in the IOTC databases are thought to be complete, at least until the mid-
1980s. The fleets for which the majority of the catches of albacore are recorded have always reported good catch
statistics to the IOTC. The catches of albacore recorded for Illegal and/or Unregulated and/or Unreported (1UU)
fleets (recorded mostly as NEI- in the IOTC Database), which have been operating in the Indian Ocean since the
early 1980s, have always been estimated by the Secretariat. In recent years the quantities of the NEI catches have
decreased markedly.

Catch-and-Effort (CE) Data

Catch and effort data are fully or almost fully available up to the early 1990s but only partially available since
then, due to the almost complete lack of catch and effort records from IUU and the Indonesian longline fleet.

The effort statistics are thought good quality for most of the fleets for which long catches series are available,
with the exception of the Republic of Korea and Philippines. The use of data for these countries is, therefore, not
recommended.

Size Frequency Data

The size frequency data for the Taiwanese longline fishery for the period 1980-2006 is now available. In
general, the amount of catch for which size data for the species are available before 1980 is still very low. The data
for the Japanese longline fleets is available; however, the number of specimens measured per stratum has been
decreasing in recent years. Few data are available for the other fleets.

STOCK ASSESSMENT

In 2008, an age structured production model was used to examine the effect of the interaction between age at
selection by the fishery and age-at-maturity and how this might affect stock status. The total catch biomass (1950-
2007) and Taiwanese long-line CPUE data (1980-2006) was used to estimate the parameters of the model. Two
scenarios were examined: Case 1 where selection begins one age-class before maturation i.e selectivity is at age 4
and maturity is at age 5; and Case 2 where selection follows the maturity ogive i.e. selectivity is at age 5 and
maturity is at age 5, but spawning occurs before fishing.
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For both scenarios there was no outstanding indications that the stock was over-fished (B2007/BMSY >1), or that
overfishing is occurring (hcurrent < hMSY); however, there were considerable differences in the estimates of other
stock parameters (the current levels of exploitation rate and current relative to MSY levels). It appears that the
interaction of age-at-maturity and age-at-selection has a major influence on the results. In scenario 1 fish are
available to the fishery a little earlier than they mature (it does not fully select immature fish but assumes the
fishery begins to take fish before they can effectively spawn). For scenario 2 the ages at selection and maturation
are the same and, given that the population model assumes that fishing occurs post-spawning, all fish are allowed to
spawn at least once before they are exploited. This makes a large difference to the estimated MSY levels. For the
values of steepness here (in fact even for lower values) if the fish are permitted to spawn at least once before being
exploited then the model estimates that population can permanently sustain very high levels of exploitation.

For scenario 1, MSY was estimated to be 28,260 t (95% CI = 25,353t -31,333 t) and for scenario 2, MSY was
estimated to be 34,415 t (28,414t -38,037 t). Both scenarios indicated that annual catches at the historically high
level experienced over the period 1998 to 2001 (range 35,000 to 43,000 t, average 38,300 t) would likely exceed
MSY levels.

There appears to be a well defined spatial nature to the dynamics of albacore, with relatively few juvenile and
immature fish being available to the fishery compared to mature fish. With more information on the spawning
condition of fish by location, growth and maturity, as well as improvements to the current indices of abundance and
how to interpret the catch data, a well defined spatial assessment model for albacore may be possible in the future.

MANAGEMENT ADVICE
Current status

Based on the preliminary analyses undertaken in 2008 there are no indications that that the albacore stock is over-
fished (B2007/Bmsy >1) and overfishing is currently likely not occurring for the scenarios envisaged. Point
estimates of MSY ranged from 28,260 t to 34,415 t. HeoweverThis indicated, there—was—an—indication—that
continuous annual catches at a level approaching 38,000 t (equivalent to the historically high level of catch
experienced over the period 1998 to 2001) may not be sustainable in the long term.

Albacore catches have been around 26,000 t annually over the past five years (2003-2007) and this level is only
slightly higher than the historical average annual catch taken for the past 50 years (23,000 t). Other fisheries-based
indicators show considerable stability over long periods. The mean weight of albacore in the catches has remained
relatively stable over a period of more than 50 years. Furthermore, the average weight of albacore in the Indian
Ocean is higher than that reported in the other oceans and is likely to result in a higher yield per recruit. The catch
rates of albacore have also been stable over the past 20 years.

Because of the low value (Figure comparison of tuna and swordfish prices) and, as a likely result, low profitability
of the albacore longline fishery compared to the fisheries for other tuna species, there is likely to be very little
incentive for an increase in fishing effort on this species in the immediate future.

On balance of the information available, albacore is considered to be not overfished and overfishing is not
occurring.

Recommendation.

The WPTe acknowledges the preliminary nature of the albacore tuna assessment in 2008, but on balance of the
available stock status information and stable considers that the status of the stock of albacore is not geing-likely to
change markedly over the next 2-3 years and if the price of albacore remains low compared to other tuna species,
ang-no immediate action is-should be required on the part of the Commission. The WPTe recommend that a new
albacore tuna assessment be presented to the Scientific Committee at the latest in 2010.
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ALBACORE TUNA SUMMARY

Maximum Sustainable Yield: point estimates
ranged from 28,260 t
to 34,415 tunknown

Preliminary catch in 2007 32,200 t

(data as of October 2008)

Mean catch over the last 5 years (2003-07) 25,500t

Catch in 2006 24,700 t

Catch-in-2003 25;300¢

Current Replacement Yield -

Relative Biomass (Bgyrrent/Bmsy) >1

Relative Fishing Mortality (Feyrrent/Fmsy) hcurrent/hmsy point
estimates ranged
from 0.48 10 0.91 ¢

Note: This Executive Summary has been updated to take account of recent catch data. The management advice, and stock
assessment results are based on data up to 2006.
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Table 1. Best scientific estimates of the catches of albacore tuna (as adopted by the IOTC Scientific Committee) by gear and main fleets for the period 1958-2007 (in thousands of tonnes).

Data as of October 2008
Gear [ Fleet 58 [ 59 [ 60 [ 61 [ 62 | 63 | 64 | 65 | 66 | 67 | 68 [ 69 [ 70 [ 70 [ 72 | 73 [ 74 [ 75 [ 76 [ 77 78 [ 79 [ 80 [ 81 [ 82 | 83 | 84
Purse seine France 0.3
Spain 0.2
Other Fleets 00 00 00 00 00 00 00 00 00 00| OO 00 00 00 00 00 00 00 00 00| 00 00 00 00 00 00 01
Total 00 00 00 00 06
Longline China
Taiwan,China 10 12 11 14 13 16 15 11 17 16| 76 77 72 70 70 120 174 64 97 98 | 128 150 110 123 219 170 139
Japan 63 104 111 152 176 126 178 114 131 141|101 86 49 33 14 20 28 13 12 04| 04 04 06 12 13 17 18
Indonesia 00 01 01 01| 02 03 02 02 02 02 03
Korea, Republic of 05 06 62| 09 44 16 24 38 91 97 39 42 21| 46 20 18 09 06 06 04
Other Fleets 00 00 00 00 00 00 01 02 02 00| 0O8 02 06 05 05 04 02 0l 00 01| 01 00 00 01 01 02 02
Total 73 116 121 166 190 141 194 132 156 220 | 193 208 144 133 127 234 302 116 153 125 | 181 177 137 147 242 196 167
Gillnet Taiwan,China 0.1 0.1
Total 0.1 0.1
Other gears  Total 00 00 00 00 00 00 00 00 00 00| OO 00 00 00 00 00 00 00 00 00| 00 00 00 00 04 00 Ol
All Total 73 116 121 166 190 142 194 132 156 220 | 193 209 144 133 128 235 303 117 153 125 | 181 177 137 147 247 198 173
Gear | Fleet Av03/07 [ Avs58/07 | 85 | 86 | 87 | 88 | 89 [ 90 [ 91 [ 92 [ 93 [ 94 95 96 97 98 99 00 01 02 03 04 05 06 07
Purse seine  France 0.4 02| o5 02 02| 02 00 00 09 14 03 0.3 0.4 0.4 0.5 0.5 0.2 0.4 0.7 0.3 0.6 0.1 0.1 0.9 0.3
Spain 0.3 02 | o1 00 | 01 01 11 15 09 1.8 0.6 0.8 1.0 0.3 0.2 0.4 0.3 0.2 0.5 0.1 0.0 0.4 0.2
Other Fleets 0.2 01| 01 00 00| 00 00 02 03 04 01 0.5 0.4 0.4 0.5 0.8 0.2 0.4 0.3 0.3 0.4 0.1 0.0 0.3 0.2
Total 08 o5| 07 o0z 02| 03 00 03 22 33 13 26 1.3 16 20 16 0.6 12 1.3 0.8 15 02 02 15 0.7
Longline China
Taiwan,China 125 107 | 62 111 131 | 110 71 58 131 111 120 144 142 169 152 | 216 225 217 269 215 131 125 104 95 169
Japan 4.6 47| 23 25 23| 13 09 10 10 18 13 1.8 2.0 2.4 3.2 3.2 2.3 2.6 3.0 3.2 2.3 3.6 4.1 6.4 6.4
Indonesia 3.2 07| 03 01 03| 03 04 04 03 05 04 0.6 0.7 13 1.6 15 1.7 2.7 2.9 2.6 4.8 4.2 2.6 2.2 2.2
NEI-Deep-freezing 1.0 15 00 07 07| 1.7 10 12 25 18 32 4.2 42 7.3 4.8 9.0 9.5 8.2 5.8 3.8 1.4 0.7 1.8 0.7 0.5
France-Reunion 0.5 0.1 00 00 01 0.1 0.1 0.3 0.2 0.3 0.3 0.5 0.6 0.3 0.3 0.4 0.7 0.5 0.8
NEI-Fresh Tuna 0.5 0.1 00 00 00 00 00 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.1 0.2 11 1.1
Belize 0.5 0.1 1.4 0.6 0.2 0.1 0.7 0.7 0.7
Spain 0.4 0.1 0.0 0.0 0.0 0.1 0.2 0.2 0.1 0.1 0.8 0.6 0.6
Seychelles 0.4 0.1 0.0 0.4 0.8 11 1.2 0.1 0.1 0.1 0.4
Korea, Republic of 0.2 13| 05 04 04| 04 03 02 03 01 01 0.1 0.0 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.1 0.4 0.2 0.3 0.3
Other Fleets 0.8 03| 00 01 01| 02 05 05 06 07 06 0.8 0.4 0.2 0.2 0.7 0.5 0.2 0.3 0.2 0.3 0.4 0.6 1.0 1.7
Total 24.5 196 | 93 147 170 | 149 102 90 178 160 177 221 218 286 255 | 364 371 365 420 337 237 223 222 231 314
Gillnet Taiwan,China 0.0 19 | 07 182 140 | 144 106 257 90 2.6
Total 0.0 19| 07 182 140 | 144 106 257 90 26
Other gears  Total 0.1 01| oo 00 00| 00 00 00 01 00 00 0.1 0.1 0.1 0.1 0.1 0.1 0.1 02 0.1 0.1 0.1 02 0.1 0.1
Al Total 25.5 221 | 108 332 313 | 296 208 351 291 220 191 247 231 302 276 | 380 377 378 434 346 253 227 225 247 322
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Figure 1. Average albacore catches by gear during the period 2003-2007.
Map shows the distribution of albacore extending from the Indian Ocean to the
Atlantic Ocean. LL = longline, PS = purse seine, SU = pole and line. Data as of

October 2008

Figure 2. Catches of albacore per fleet and year recorded in the
I0TC Database (1958-2007). Data as of October 2008
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Figure 3. Annual of catches albacore (thousand of metric tonnes) by gear

from 1958 to 2007. Data as of October 2008

Figure 4. Catches of albacore in relation to the eastern and

western areas of the Indian Ocean (1957-2006).Data as of October
2007 (to be updated)
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Figure 5. Average sizes of albacore taken by various fisheries in the Indian
Ocean, longliners and purse seiners, and by the pole-and-line fishery in the

west coast of South Africa (Atlantic Ocean).’

Figure 6. Nominal and standardised CPUE indices for the Taiwanese
longline fishery for albacore in the Indian Ocean...
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ADD price figure comparing albacore with other species
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Executive summary of the status of the bigeye tuna resource
(As adopted by the IOTC Scientific Committee on 9 November 2007)

Marked changes are factual changes related mainly to the inclusion of the latest fisheries statistics. A preliminary stock assessment was undertaken in 2008
and relevant sections have been updated using the text from the 2008 WPTT report and other related sources. All changes are suggestions only for the
consideration of the SC in Dec08

BioLoGy

Bigeye tuna (Thunnus obesus) inhabit the tropical and subtropical waters of the Pacific, Atlantic and Indian Oceans
in waters down to around 300 m. Juveniles frequently school at the surface underneath floating objects with
yellowfin and skipjack tunas. Association with floating objects appears less common as bigeye grow older.

The tag recoveries from the RTTP-10 provide evidence of fast and large scale movements of juvenile bigeye in the
Indian Ocean, thus supporting the current assumption of a single stock for the Indian Ocean. The new information
on the apparent movements spatial-distribution-of tagged fish-bigeye (September 2008) compared-with-the-spatial
extent-of the-purse-seine-fishery-is presented in Figure 1. The average distance between bigeye tagging and
recovery positions is presently estimated at 525 naut. miles, an information dealing only for the juvenile
bigeye presently recovered. The range of the stock (as indicated by the distribution of catches) includes tropical
areas, where reproduction occurs, and temperate waters which are believed to be feeding grounds. Of the three
tropical tuna species, bigeye tuna lives the longest (probably more than 15 years) and that makes it the species most
vulnerable, in relative terms, to over-exploitation. Bigeye have been reported to grow to 200 cm (fork length) long
and over 200 kg and start reproducing when they are approximately three years old, at a length of about 100 cm.

The Preliminany-analyses using-theof tagging/recovery data of the RTTP-10 widely support the hypothesis of a

twemulti-stanza growth pattern for bigeye tuna, with slow growing juveniles—an-assumption-that-has-net-been
considered-so-far-in-stock-assessments. This pattern is similar to the multistanza growth pattern now estimated for

yellowfin. This growth curve will need to be modelled in order to be introduced in future stock assessment models.

THE FISHERIES

Bigeye tuna is mainly caught by industrial fisheries and appears only occasionally in the catches of artisanal
fisheries. Total annual catches have increased steadily since the start of the fishery, reaching the 100,000 t level in
1993 and peaking at 150,000 t in 1999. Total annual catches averaged 121,700 t over the period 2003 to 2007.
Bigeye tunas have been caught by industrial longline fleets since the early 1950's, but before 1970 they only
represented an incidental catch. After 1970, the introduction of fishing practices that improved the access to the
bigeye resource and the emergence of a sashimi market made bigeye tuna a target species for the main industrial
longline fleets. Total catch of bigeye by longliners in the Indian Ocean increased steadily from the 1950's to
reaching 100,000 t in 1993 and around 140,000-150,000 t for a short period from 1997-1999. (Figure 2). The
average annual catch by longliners for the period from 2003 to 2007 was 96,200t. Taiwan,China is the major
longline fleet fishing for bigeye and it currently takes just under 50% of the total catch (Table 1). Large bigeye tuna
(averaging just above 40 kg) are primarily caught by longlines, and in particular deep longliners (Figure 4). Since
the early 1990’s, bigeye tuna has been caught by purse seine vessels fishing on tunas aggregated on floating
objects. Total catch of bigeye by purse seiners in the Indian Ocean reached 40,700 t in 1999, but the average annual
catch for the period from 2003 to 2007 was 23,900 t (Table 1). Forty to sixty boats have operated in this fishery
since 1984. Purse seiners mainly take small juvenile bigeye (averaging around 5 kg) whereas longliners much
larger and heavier fish (Figures 4, 5 and 6)-), and while purse seiners take much lower tonnages of bigeye
compared to longliners (Figure 2), they take larger numbers of individual fish (Figure 7).

By contrast with yellowfin and skipjack tunas, for which the major catches take place in the western Indian Ocean,
bigeye tuna is also exploited in the eastern Indian Ocean (Figures 2 and 3). The relative increase in catches in the
eastern Indian Ocean in the late 1990°s was mostly due to increased activity of small longliners fishing for fresh
tuna. This fleet started operating around 1985. In the western Indian Ocean, the catches of bigeye are mostly the
result of the activity of large longliners and purse seiners.
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AVAILABILITY OF INFORMATION FOR ASSESSMENT PURPOSES

The reliability of the total catches has continued to improve over the past years, although still up to 25% of the
catch has to be estimated. The fact that most of the catch of bigeye tuna comes from industrial fisheries has
facilitated the estimation of total catches. Catch and effort data, potentially useful to construct indices of
abundance, is also considered to be of good overall quality. Size-frequency information is considered to be
relatively good for most of the purse-seine fisheries, but insufficient for the longline fisheries. This is due primarily
to a lack of reporting from the Korean fleets in the 1970’s, lack of reporting from Taiwanese fleets since 1989 and
insufficient sample sizes in recent years in the Japanese fishery.

Various infermation—information on biological parameters have been recently obtained from the tagging
programme and they have already widely is-searce—and-improvementsd our knowledge concerning the bigeye
growth and movement patterns. The recovery data that are alreadv avallable will also soon allow to dlrectlv
estimate the natural mortality of |uven|Ie blqeye 2

extstmgmfetmatlea These |mproved data WI|| be of ma|or |mportance to |mprove the use of analytlcal models that

are using indirectly or directly these information (such as ASPM or MF-CL).

In the case of the purse-seine fishery, it was not possible to derive indices of abundance from catch-and-effort
information, because the interpretation of nominal fishing effort was complicated by the use of FADs and increases
in fishing efficiency that were difficult to quantify. In the case of the longline fisheries, indices of abundance were
derived, although there still remain uncertainties whether they fully take into account targeting practices on
different species (Figure 8).

The Japanese longline standardised CPUE (1960 to 2004) for the Indian Ocean tropical waters is currently used to
derive the index of bigeye abundance. In 2006, sea surface temperature and gear characteristics were included in
the GLM standardisation procedure. This index generally declined from 1960 until 2002, with the exception of
higher values in 1977 and 1978. Abundance values in 2003 and 2004 were higher than the lowest historical value in
2002 (Figure 8). A similar analysis of the Taiwanese CPUE series was also presented in 2006. After
standardisation, this index shows a variable but generally decreasing trend, similar to that of the Japanese fleet
(Figure 8). This is in contrast with previous years, when significant differences could be observed between both
indices; and appears to be the result of an increase in the information input into the analysis by Taiwanese
researchers. Given that the standardisation procedure of the Taiwanese index is still work in progress, the WPTT
decided to apply the Japanese index in the recent stock assessment runs, while recognizing and encouraging the
significant improvements achieved in the generation of an index of abundance for the Taiwanese fleet.

Catch at size and catch at age data were updated in 2006. Given that a catch-at-size matrix is an integral part of
both length and age based assessment methods, the WPTT expressed their ongoing concerns about the low levels of
size sampling being collected in the Indian Ocean. Notwithstanding these concerns the WPTT was encouraged by
the potential of the information being obtained from the RTTP-10 in the belief that this programme is going to be
important alternative source of size data in the very near future.

STOCK ASSESSMENT

In 2006, five stock assessment models were applied to the Indian Ocean bigeye tuna stock using an agreed list of
input parameters. Ten year projections were also carried out for a range of scenarios.

Results

From the range of MSY estimates, the SC chose the value of 111,200 t. This was the MSY estimated by the ASPM
and it was reported ahead of the estimates from the other methods because ASPM results have been reported in
previous executive summaries; and the WPTT noted that several of the other assessment approaches used in 2006
needed further exploration and development. Given that the mean annual catch for the period 2003-2007 was
121,700 t and the preliminary catch estimate for 2007 is 117,900 t, it appears that the stock is being exploited at
around its maximum level. Results from the ASPIC analysis plotting the annual catches as a function of fishing
mortality illustrate the MSY and its uncertainty (Figure 9).
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Despite the broad agreement of the models in estimating MSY, they produced quite different estimates of absolute
levels of virgin and current biomass, and thus in the ratios of current levels of F and SSB to MSY. This was
probably due to how the variations in CPUE were interpreted by each model. While acknowledging the value of
assessing the status of bigeye from a wide range of modelling perspectives, the WPTT recommended that the
results of the ASPM (Table 2) would be used in the Bigeye Executive Summary in 2006.

The ASPM results indicate that the 2005 catch is close to the MSY. Furthermore, spawning stock biomass appears
to be above the level that would produce MSY, and the fishing mortality in 2004 appears to below the MSY level.

Biomass trajectories indicate that the spawning stock biomass is currently just above the MSY level, but it has been
declining since the late 1970’s (Figure 10). Similarly, the current fishing mortality is estimated be to just above the
MSY level, but fishing mortality has been increasing steadily since the 1980’s (Figure 11).

Ten year projections were carried out using the following scenarios:

. constant catch at 2004 levels
) with a 10% reduction in 2004 catch levels
. constant F at 2004 levels, at 2000-02 levels and at 1998-01 levels

If 2004 catch levels were to continue, SSB is predicted to decline gradually over the next 10 years (Figure 12). At a
constant catch equivalent to 10 % below the 2004 catch level, the rate of decline in SSB is less severe.

Three different fishing mortality at age scenarios were selected as they reflected different patterns of exploitation
for juvenile and adult bigeye. In the period 1998-2000, the fishing pressure on juveniles was higher than it was
during the period 2000-2002. The 2004 scenario reflects a fishery in which there was relatively lower pressure on
juveniles compared to the other time periods. Scenarios based on F levels were presented, and the results indicate
that the three levels considered (2004, 2000-02 and 1998-2001) would not have a strong effect in the trajectories of
future SSB, as the differences are relatively minor given the current level of uncertainty (Figure 13).

The effects of the three scenarios of fishing mortality were also considered in terms of yield per recruit. A multi-
fleet YPR analysis indicated that an exploitation pattern such as the one observed in 2004 would have a positive
impact on the yield per recruit obtained, when compared to the 2000-02 and 1998-01 fishing mortalities by fleet. A
slightly higher yield per recruit resulted from a pattern of exploitation in which there was lower pressure on
juveniles. Yield per recruit increased from 1.98 kg for the 1998-2001 pattern of exploitation, to 2.06 kg for the
2000-02 pattern, up to 2.22 kg if the 2004 pattern of exploitation were to be retained.

Despite the progress made in the 2006 assessments, uncertainties in the results and projections still exist. These
uncertainties relate to:

¢ Uncertainties concerning the available indices of abundance.

e How well the model structures used in the assessments approximate the true dynamics of the
population, and about the quality of the estimation of some of the model key parameters.

o Insufficient size information for the catches of longline fisheries, especially in recent years.
o Uncertainties associated with estimating catch-at-size and catch-at-age.

e Uncertainty about the natural mortality at various life stages, including uncertainty about the
functional form of its dependency with age.

¢ Uncertainty about the changes in catchability of the different fisheries involved, especially in the
purse-seine fishery. Future consideration of an increase in efficiency could result in a more
pessimistic appraisal of the stock status. For example, it is possible that the fishing mortality that
would result in the MSY has already been exceeded.

Notes about exploitation patterns

The exploitation patterns observed in 2003 and 2004 could be considered anomalous, and heavily influenced by the
high abundances of yellowfin tuna, which concentrated the activity of the surface fleets. The decrease in the fishing
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pressure on bigeye currently observed is likely to be temporal, as the fleets appear to have come back in the second
half of 2005 to their previous pattern of activity.

Two other factors could also influence the short term evolution of the fishery. Rising fuel costs appear to be having
an effect on the operating procedures of the surface fleets. Distances travelled at night, and consequently the
number of FADs visited, are being reduced to save on fuel costs. The effect of this change could be however
reduced by the increasing use of supply vessels, tasked with visiting FADs and informing purse seiners of the
abundance of fish around them. The second factor is the limitation on the activity of all fishing fleets on the coast
and EEZ of Somalia, due to the increase in the activity of pirates in the area. Some purse seine fleets have receive
indications from their governments not to venture into those waters. An important fishery on FADs has
traditionally taken place in this area on the last quarter of the year, with significant catches of juvenile bigeye.
Because of piracy acts off Somalia, the fishery has shifted into the South of the Arabian Sea where much lesser
proportion of bigeye is taken on FADs.

Another factor to consider when analysing the possible futures trends in SSB is the increasing trend in effective
fishing power observed in the fleets involved in this purse seine fishery on FADs.

In 2008 a simple surplus production model was applied to Japanese longline CPUE and total catch biomass data.
Parametric boot-strap approaches were used to explore the uncertainty in the key parameters. Monte Carlo
distributions for key parameters (M, age at maturity and steepness) were defined then used to estimate r the
intrinsic rate of increase parameter for the surplus production model.

This was considered to be a preliminary analysis; however, the results indicated that the probability of B2007 being
greater than Bysy was 0.863 and exploitation rates for ages 0-2 years appear to be below MSY levels.
Notwithstanding these results, given the limited nature of the work carried out on bigeye in 2008, no new advice
was provided for the stock.

MANAGEMENT ADVICE

The results of the stock assessments conducted in 2006 were broadly similar and, in general, were more optimistic
than previous ones. The ASPM results indicate that the 2005 catch is close to the MSY. Furthermore, spawning
stock biomass seems to be above the level that would produce MSY, and the fishing mortality in 2004 seems to
below the MSY level. Current (2004) catches of juveniles bigeye by the surface fleets are also less detrimental in
terms of yield-per-recruit that previous patterns.

However, the current outlook could revert to a more pessimistic one, if the exploitation pattern is to return to the
pre-2003 levels, as expected. Changes in the fishery occurred in 2003 and 2004, but these were due to the
exceptional catches of yellowfin, which seem to be the result of anomalous conditions. In 2005, the fishery is
already showing a return to the previous pattern of exploitation, which is likely to increase the catches of bigeye
tuna associated with floating objects.

If the level in catch in numbers of juvenile bigeye tuna by purse seiners fishing on floating objects returns to pre-
2003 levels, this is likely to be detrimental to the stock, as fish of these sizes are below the optimum size for
maximum Yyield-per-recruit.

The Scientific Committee also noted that juvenile bigeye tuna are caught in the FAD purse-seine fishery that
targets primarily skipjack tuna. Some measures to reduce the catches of bigeye tuna in this fishery could be
expected to result in a decrease in the catches of skipjack tuna.

In view of the most current assessment, the SC recommended that catches should not exceed the MSY and fishing
effort should not increase further from the 2004 levels.

BIGEYE TUNA SUMMARY

Maximum Sustainable Yield: 111,200 t (95,000 — 128,000)
Preliminary catch in 2007 117,900 t
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(data as of October 2008)

Catch in 2006 112,100t

Mean catch over the last 5 years (2003-2007) 121,700 t
Current Replacement Yield -

Relative Biomass (SSBgp4/SSBwsy) 1.34 (1.04 - 1.64)
Relative Fishing Mortality (Fog04/Fumsy) 0.81 (0.54 - 1.08)
90% Confidence intervals provided in brackets

Note: This Executive Summary has been updated to take account of recent catch data. The management advice, and stock
assessment results are based on data up to 2004.
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Table 1. Best scientific estimates of the catches of bigeye tuna (as adopted by the IOTC Scientific Committee) by gear and main fleets for the period 1958-2007 (in thousands of tonnes).

Data as of October 2008

Gear [ Fleet 58 | 59 [ 60 [ 61 | 62 | 63 | 64 | 65 [ 66 | 67 | 68 | 69 [ 70 | 70 | 72 | 78 [ 74 [ 75 [ 76 [ 77 [ 78 | 79 | 80 | 81 [ 82 [ 83 [ 84

Purse seine Spain 0.8

France 0.0 0.0 0.2 2.3

NEI-Other 00 05

Other Fleets 00 00 00 00 00 00 00 00 00 00| OO 00O 00 00 00 00 00 00 00 O0O| 00O 00 00 00 01 03 05

Total 00 00 00 00 01 06 40

Longline China

Taiwan,China 15 15 13 19 12 17 18 14 22 23| 72 80 100 56 55 40 60 53 42 62| 49 74 89 68 113 113 109

Japan 102 84 148 130 173 116 160 176 214 218 | 236 144 127 112 83 52 69 55 21 31| 109 42 59 78 114 183 140

Indonesia 00 02 04 03 03| 04 04 05 05 08 19 24

Seychelles 0.0 0.1

Korea, Republic of 02 02 06| 68 76 35 49 49 73 147 262 218 261 | 341 215 193 194 195 174 118

Other Fleets 00 00 00 00 00 00 02 04 04 01| 19 05 16 13 12 10 06 02 01 02| 02 00 02 03 03 05 06

Total 117 99 161 150 185 133 180 195 241 248 | 395 305 278 230 200 174 284 377 286 359 | 506 335 349 348 434 495 397

Othergears  Total 01 01 00 01 01 01 01 00 0L O01| 01 01 01 01 01 01 01 ©01 01 02| 01 01 01 02 01 02 04

Al Total 117 99 161 150 185 134 181 196 242 248 | 396 305 279 230 201 176 285 37.8 287 361 | 507 336 350 351 436 503 441
Gear [ Fleet Av03/07 | Av58/07 | 85 | 86 | 87 88 | 89 [ 90 [ 91 [ 92 | 93 | 94 [ o5 96 97 98 | 99 | 00 [ o1 [ 02 [ 03 | 04 [ o5 [ 06 | o7
Purse seine  Spain 9.4 38| 13 18 50| 68 59 49 60 36 5.4 59 122 114 159 | 112 160 113 78 109 8.5 86 103 100 9.8
France 5.8 28| 43 71 70| 62 36 46 54 38 5.0 5.4 7.3 6.9 7.8 6.4 8.5 6.7 5.5 7.3 5.3 5.8 6.5 5.3 6.1
Seychelles 4.0 0.7 00 00 0.9 2.0 3.0 1.8 2.8 3.7 3.4 4.4 48 35 3.9
Thailand 1.5 0.2 0.2 0.1 1.6 4.0 1.7

NEI-Ex-Soviet Union 1.3 0.5 0.0 0.4 1.0 0.3 1.3 11 1.2 1.9 3.9 2.9 2.6 0.7 2.4 2.2 1.4 0.7
NEI-Other 1.0 11| o6 10 08| 08 05 10 15 09 1.9 2.5 3.4 3.4 6.2 5.2 7.5 6.0 3.1 4.1 2.4 0.9 0.6 0.6 0.5
Other Fleets 0.9 08| 09 07 07| 13 20 22 26 25 2.6 4.8 4.2 1.7 2.0 1.6 1.7 1.1 1.8 2.4 0.8 0.5 0.8 0.7 1.8
Total 23.9 99| 72 106 134 | 151 120 127 156 113 160 189 284 245 340 | 283 407 299 237 290 228 224 261 247 237
Longline China 7.5 1.1 0.2 0.6 1.7 2.3 2.4 2.8 3.1 2.8 46 8.3 8.9 8.7 7.2
Taiwan,China 458 18.0 | 122 168 17.6 | 19.4 199 208 290 240 397 278 327 298 341 | 397 371 364 421 502 600 569  40.2 358  36.1
Japan 133 125 | 172 158 155 | 123 77 82 78 56 83 175 172 165 188 | 171 140 136 130 139 100 106 125 140  19.2
Indonesia 9.1 58 | 24 07 24| 32 45 45 45 76 79 108 122 232 279 | 261 305 209 211 263 118 103 8.8 7.2 7.2
Seychelles 5.3 06 | 01 0.0 0.0 0.1 0.0 0.1 0.1 0.5 1.0 2.2 3.7 7.0 6.1 4.1 5.6
NEI-Deep-freezing 4.4 32| o1 11 09| 29 28 44 55 38 107 8.1 97 130 108 | 167 167  14.0 8.3 8.3 5.6 6.5 45 25 2.9
NEI-Fresh Tuna 3.7 1.3 19 26 23 26 2.9 46 3.8 43 5.3 4.7 48 46 0.6 2.0 2.6 3.4 3.6 45 45
Korea, Republic of 25 84 | 128 119 144 | 171 122 107 23 48 5.3 8.8 66 117 111 3.6 1.5 3.6 1.6 0.2 1.2 2.5 2.7 3.1 3.1
Philippines 15 0.3 1.4 1.0 13 0.9 0.8 1.4 0.9 15 18 2.1
NEl-Indonesia  Fresh 0.0 15 0.1 20 75 92 94 114 92 119 6.5 2.7 2.9 0.2 0.0

Other Fleets 3.0 07| 00 03 03| 02 00 00 00 03 0.5 0.2 0.1 0.2 0.2 0.4 0.9 0.9 2.7 25 2.2 25 2.9 3.2 3.9
Total 96.2 533 | 449 466 512 | 57.0 566 604 608 601 845 897 889 1019 1129 | 1123 1090 986 943 109.2 1031 1090 917 850 919
Other gears  Total 17 05| 03 02 04| 22 07 07 07 05 06 0.7 12 0.9 0.9 09 12 06 11 12 3 12 12 24 22
All Total 121.7 63.7 | 524 575 650 | 743 693 738 771 719 1011 109.3 1185 1274 1477 | 141.6 1508 1291 1191 1394 1272 1326 1189 1121 1179
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Table 2. 2006 bigeye tuna stock assessment. Summary of results obtained by the ASPM stock assessment methods. B = Total
biomass, SSB = spawning stock biomass. Brackets contain 90 % CI’s.

ASPM Results

Bo 1,380,000 t
B2oos 720,000t
Bmsy

Ratio 82004/ By

0.52 (0.43-0.61)

Ratio 82004/ BMSY

SSBy 1,150,000 t
SSBo04 430,000 t

SSBusy 350,000t

Ratio SSByg04 / SSBusy 1.34 (1.04-1.64)
Ratio SSByg04 / SSBy 0.39 (0.31-0.47)
MSY 111,195t (94,738-127,652)
Cao04 126,518 t

Fa004 0.29

Fusy 0.30

Ratio F2004 / FMSY

0.81 (0.54-1.08)
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Figure 2. Yearly catches (thousand of metric tonnes) of bigeye tuna by gear from 1958 to 2007 (left) and by area (Eastern
and Western Indian Ocean, right (not updated)). Data as of October 2008
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Figure 3. Mean of annual total catches of bigeye tuna (t) by longline and purse seine vessels operating in the Indian Ocean
over the period 2003 to 2007. Data as of October 2008
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Figure 6. Mean weight of bigeye measured from purse seine

(PS) and longline (LL) catches over time. Data as of July 2007(to be
updated)
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Figure 8. Standardised CPUE indices for the Japanese and
Taiwanese longline fleets in the Indian Ocean tropical waters
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Executive summary of the status of the skipjack tuna resource
(As adopted by the IOTC Scientific Committee on 9 November 2007)

BioLoGy

Skipjack tuna (Katsuwonus pelamis) is a cosmopolitan species found in the tropical and subtropical waters of the
three oceans. It generally forms large schools, often in association with other tunas of similar size such as juveniles
of yellowfin and bigeye.

Skipjack exhibits characteristics that result in a higher productivity when compared to other tuna species.
Preliminary-tTagging recoveries of the RTTP-10 show that skipjack is exploited for at least 4 to 5 years in the
Indian ocean. This species has a high fecundity, and spawns opportunistically throughout the year in the whole
inter-equatorial Indian Ocean (north of 20°S, with surface temperature greater than 24°C) when conditions are
favourable. The size at first maturity is about 41-43 cm for both males and females (and as such most of the
skipjack taken by the fisheries are fish that have already reproduced).

Little-is—known-—abeut-tThe growth of skipjack_has now been fully estimated, based on the recently available
recovery data, and the meeting of the WP on tagging data analysis. These results are consistent with the results
obtained in the mid nineties by the IPTP tagging programme in Maldives.; Skipjack recoveries are also already
showing that the species is hyighly mobile, and covering great distances at sustamed speed. The average distance

between skipjack taqqmq and recovery posmons is presentlv estlmated at 640 naut mHesand—ne%exm#emtaHen

The tag recoveries from the RTTP-10 provide evidence of rapid, large scale movements of skipjack tuna in the
Indian Ocean, thus supporting the current assumption of a single stock for the Indian Ocean. The new information
on the spatial distribution of tagged fish compared with the spatial extent of the purse seine fishery is presented in
Figures 1 and 2.

Because of the above characteristics, skipjack tuna stocks are considered to be resilient and not prone to
overfishing.

FISHERIES

Catches of skipjack increased slowly from the 1950s, reaching around 50,000 t at the end of the 1970s, mainly due
to the activities of baitboats (or pole and line) and gillnets. The catches increased rapidly with the arrival of the
purse seiners in the early 1980s, and skipjack became one of the most important tuna species in the Indian Ocean.
Annual total catches exceeded 400,000 t in the late 1990’s and the average annual catch for the period from 2003 to
2007 was 509,000 t (Figure 3 and Table 1). Preliminary data indicate that catches in 2007 may have been the
lowest reported since 2002 447,100 t).

It should be noted that an important amount of the skipjack catch (an average of 75,000 t since 2000) is estimated
from data (mainly from some artisanal fisheries) which do not identify the species in the catch. Figure 4 illustrates
the evolution of the importance of the catch which has to be disaggregated.

In recent years, the proportions of the catch taken by the industrial purse seine fishery and the various artisanal
fisheries (baitboat, gillnets and others) have been fairly consistent, the majority of the catch originating from the
western Indian Ocean (Figure 3). In general, there is low inter-annual variability in the catches taken in the Indian
Ocean compared to those taken in other oceans.

The increase of skipjack catches by purse seiners is due to the development of a fishery in association with Fish
Aggregating Devices (FADs). Currently, 80 % of the skipjack tuna caught by purse-seine is taken under FADs.
Catch rates by purse seiners show an increasing trend in two of the three main fishing areas (Figure 5) possibly due
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to an increase in fishing power and to an increase in the number of FADs (and the technology associated with
them) in the fishery.

The Maldivian fishery has effectively increased its fishing effort with the mechanisation of its pole and line fishery
since 1974, and the use of anchored FADs since 1981. Skipjack represents some 75 % of its total catch, and catch
rates have regularly increased since the beginning of the 1980s (Figure 6).

Little information is available on the gillnet fisheries (mainly from Sri Lanka, Iran, Pakistan, India and Indonesia).
However, it is estimated that the gillnet fisheries take around 30 to 40 % of the total catch of skipjack.

The average weight of skipjack caught in the Indian Ocean is 2.8 kg for purse-seine (2000-2005 average), 3.0 kg
for the Maldivian baitboats and 4-5 kg for the gillnet (Figure 7). For all fisheries combined, it fluctuates between
3.0-3.5 kg; this is larger than in the Atlantic, but smaller than in the Pacific.

Declines of catch rates in 2007 have appeared in both the industrial purse seine fishery and Maldives artisanal
fishery. While the activities of pirates from Somalia have meant that vessels have been avoiding traditional
skipjack fishing grounds where catch rates were high, it appears that the decline of catches in the Maldives fishery
could be due to environmental causes such as anomalously high sea surface temperatures. The marked increase of
the fuel price has also substantially reduced the fishing operations in the Maldivian fishery.

AVAILABILITY OF INFORMATION FOR STOCK ASSESSMENT

In 2008, a review of skipjack was undertaken including a range of stock status indicators and an examination of

epr0|tat|on rates from external analyses of the taqqmq data Dunng—ns—last—assessment—m—%@%—the—\m

Fishery indicators

As an alternative, the WPTT decided to analyse various fishery indicators to gain a general understanding of the
state of the stock. Several of these indicators were updated in 20086.

1. Trends in catches: The trend in catches indicate a large and continuous increase in the catches of skipjack
tuna since the mid-1980’s (Figure 3). This is mainly due to the expansion of the FAD-associated fishery in
the western Indian Ocean. There is no sign that the rate of increase in the catches of skipjack is
diminishing.

2. Nominal CPUE Trends: Figure 5 shows the catch and nominal CPUE trends of the purse seine fishery for
three major skipjack fishing areas: East-Somalia, North-West Seychelles and Mozambique Channel. In the
Somalia and North-West Seychelles areas, catches have been variable but generally increasing. In each of
these areas, despite some inter annual variation, the current nominal CPUE’s are around the same as those
of the early 1990’s. Since this is a period during which it is believed that effective purse-seine effort has
increased substantially (increase of efficiency), it is likely that the true abundance in these areas has
decreased. In itself, this is not unexpected given the large increase in catches over that period. However, as
these areas may be source of skipjack recruitment to the Maldives artisanal fishery, there is a potential for
interactions to occur between these fisheries.

3. Average weight in the catch by fisheries: The Working Party noted that the average weights of the
skipjack taken from various areas and gears have remained relatively stable since 1991 (Figure 8). Figure 7
shows catches at size expressed as average weight from the major gears, purse seine, baitboat and gillnet
and others, as well as the mean weight for the total catch. The purse seine and the baitboat fisheries take the
greatest catch around 40-65 cm while catches taken from gillnet fisheries ranges from 70-80 cm.

4. Number of 1 CWP squares visited or fished: This indicator (Figure 9) reflects the spatial extension of a
fishery. Trends observed in the number of CWP with effort or catch since 1991 suggest that the area
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exploited by the purse-seine fishery has changed little since 1991, apart in 1998 when a particularly strong
El Nifio episode resulted in a much wider spatial distribution of the fishery.

Length-based analyses

The WPTT did not develop a formal stock assessment for skipjack tuna. However, a length-based cohort analysis
was carried during the-a previous meeting to analyze skipjack catches and length frequencies (Figure 10). In the
1980’s, there was a marked increase of catches of smaller size fish (40-60 cm) due to the development of the purse
seine fishery. The largest mode (60 cm+) reflects the artisanal fisheries (mainly the Maldives’s pole-and-line one).
The marked increase in the catch of large skipjack (60-70 cm) since 2000 is reflected for most gears by marked
increase of the mean weight of their catches (Figure 7).

The patterns of mean fishing mortality by fish for four 5 years periods (Figure 11) illustrate the evolution of the
fishery and highlight the increased mortality due to the purse seine and the artisanal fisheries in the recent period.

In 2008, attempts to calculate standardized CPUEs from the purse seine fishery were carried out with
incorporation of environmental covariates. CPUE was found correlated with 20° isotherm and chlorophyll
content in the north equatorial area but the standardization undertaken on spatially-aggregated data does not modify
the nominal CPUE. The CPUE series shows a declining trend from 1984 to 1998, then an increase till 2003 and a
marked decrease from 2006 to 2007. The similarity between the nominal and the standardized index is because
detailed information that reflect changes in the fishing power and efficiency of purse seiners (for instance the use of
supply vessels, or technological improvements in sonar, bird radar etc) over time were not available. New
developments to refine the PS-based standardization procedures are planned for 2009.

External analyses on tagging data were also conducted in 2008. For both 2006 and 2007 estimated abundances of
skipjack were large than estimates of recruits of both bigeye and yellowfin even though they cover older ages,
suggesting substantially larger numbers of skipjack than both yellowfin and bigeye tuna in the Indian Ocean.
Exploitation rates are generally fairly low - never exceeding 20% even over the most selected age-range of the
stock. Abundances in 2006 are predicted to be higher than those in 2007 and it is worth noting the stable age-
structure apparent in both years - there is a very similar decrease in relative abundance from ages 2 to 5. This hints
at a reasonably stable year-class regime at least for the cohorts that encompass these data (2000-2005).

Interaction between skipjack fisheries and other species

Purse seiners catch 40-60 cm skipjack whereas artisanal fisheries catch 60-70 cm fish, thus the fishing pressure
applied by purse seiners on smaller size skipjack is likely to affect the catches of larger sized skipjack by the
artisanal fisheries. Furthermore, large numbers of juvenile bigeye and yellowfin tuna are caught in the course of
purse-seine sets on FADs that target skipjack tuna.

Managers need to be aware that such interactions between fleets, gears and species have the potential to cause
competition and conflict and may affect the efficacy of management measures aimed at particular fleets or gears in
isolation. For example, the western Indian Ocean purse-seine fishery for small skipjack versus the Maldivian
baitboat fishery for larger skipjack; and the purse seine fishery for skipjack which catches juvenile bigeye versus
the bigeye longline fishery; the purse seine catch of juvenile yellowfin on FADs versus their catch of large free
school yellowfin). Such interactions have to be taken in account when management decisions are considered.

STOCK ASSESSMENT

No quantitative stock assessment is currently available for skipjack tuna in the Indian Ocean. The range of stock
indicators available to the Scientific Committee does not signal that there are any problems in the fishery currently.

The Scientific Committee also notes that in most fisheries, declining catches combined with increasing effort are
usually indicators that a stock is being exploited close or above its MSY. In the case of skipjack tuna, catches have
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continued to increase as effort increased. This is illustrated in the trend of yearly skipjack catches of the Indian
Ocean using Relative Rate of Catch Increase (RRCI), a modified version of the Grainger and Garcia index (Figure
12). Furthermore, the majority of the catch comes from fish that are sexually mature (greater than 40 cm) and
therefore likely to have already reproduced.

The SC noted that, although there might be no reason for immediate concern, it is clear that the catches cannot be

increased at the current rate indefinitely. Therefore, it recommends that skipjack be monitored regularly.
MANAGEMENT ADVICE

The high productivity life history characteristics of skipjack tuna suggest this species is resilient and not prone to

overfishing, and the stock status indicators indicate that there is no need for immediate concern about the status of
skipjack tuna.

SKIPJACK TUNA SUMMARY

Maximum Sustainable Yield: unknown

Preliminary catch in 2007
(data as of October 2008)

Catch in 2006 612,900 t
Mean catch over the last 5 years (2003-07) | 509,000 t

447,100 t

Current Replacement Yield: -

Relative Biomass (Bcy/Busy): unknown

Relative Fishing Mortality (Feu/Fmsy): unknown

Note: This Executive Summary has been updated to take account of recent catch data.—Fhe-managementadvice,—and-stock
cosossmonrest s bosedbendntone te 0000,

Page 23 of 44



Table 1. Best scientific estimates of the catches of skipjack tuna (as adopted by the IOTC Scientific Committee) by gear and main fleets for the period 1958-2007
(in thousands of tonnes).Data as of October 2008

Gear Fleet 58 [ 59 | 60 | 61 [ 62 [ 63 [ 64 | 65 | 66 | 67 | 68 [ 69 | 70 [ 74 [ 72 [ 73 [ 74 [ 75 [ 76 [ 77 | 78 | 79 [ 80 [ 81 [ 82 | 83 | 84
Purse seine Spain 6.4
France 0.2 1.0 9.4 27.3
NEI-Other 0.4 8.2
Indonesia 01 01 01 01 01 01 01 02 02 02| 02 02 01 02 02 03 03 04 06 04| 04 06 07 07 10 12 1.0
Japan 01| 09 06 04 01 05 06 0.7
Other Fleets 00 00 00 00 00 00 02 00 00 00| 00 00 00 00 00 00 00 00 00 00| 00 00 10 18 27 15 3.1
Total 01 01 01 01 01 02 04 02 02 02| 02 02 01 02 02 03 03 04 06 06| 13 12 21 27 52 131 468
Baitboat Maldives 100 100 90 80 80 80 80 141 169 189 | 175 196 276 280 175 195 225 149 186 137 | 132 173 222 196 153 193 323
Indonesia 08 08 08 10 10 10 11 12 13 13| 14 15 11 11 17 19 21 32 43 32| 31 47 52 53 77 91 7.8
India 03 02 04 06 02 04 03 03 02 03| 03 03 03 06 06 26 08 10 19 13| 17 23 27 17 22 25 32
Other Fleets 00 00 00 00 00 00 00 00 00 00| 00O 00 02 00 03 50 108 21 01 06| 08 04 00 02 07 06 0.4
Total 111 110 102 96 92 94 93 156 184 205 | 192 213 292 298 201 291 362 213 249 188 | 188 246 30.1 268 259 314 437
Gillnet Sri Lanka 18 19 24 30 45 61 58 56 64 71| 80 89 69 50 89 105 93 72 127 126 | 148 124 163 184 180 163 133
Indonesia 02 02 02 03 03 03 03 03 03 03| 04 04 03 03 05 05 05 08 11 08| 08 12 13 14 20 24 2.0
Pakistan 09 09 12 10 16 24 34 36 49 47| 47 43 39 32 38 30 41 45 42 38| 22 38 18 27 34 11 12
Other Fleets 03 03 05 08 02 04 04 03 03 04| 04 03 04 07 08 32 10 13 26 15| 20 28 02 03 06 03 0.4
Total 32 33 43 50 66 92 98 99 118 126 | 135 139 115 92 139 172 150 139 207 188 | 199 202 197 228 240 202 170
Line Indonesia 04 03 03 05 05 05 05 06 06 06| 06 07 05 05 08 09 10 15 20 15| 14 22 24 24 36 42 36
Other Fleets 05 05 06 07 10 14 13 12 14 16| 18 20 31 28 31 37 35 35 47 42| 42 38 47 51 33 34 3.4
Total 08 08 10 12 14 18 18 18 20 22| 24 27 36 33 39 46 44 50 67 57| 56 60 71 75 68 7.6 7.0
Other gears  Indonesia 02 02 02 03 03 03 03 03 04 03| 04 04 03 03 05 05 06 09 12 09| 08 12 14 14 21 24 21
Other Fleets 02 02 04 04 04 03 03 03 05 04| 06 03 02 01 02 00 00 00 00 00| 00 00 00 00 00 00 0.0
Total 04 04 06 06 07 05 06 07 09 07| 10 07 05 04 07 05 06 09 12 09| 09 13 14 14 21 24 21
Al Total 157 157 162 166 181 211 220 281 334 362 | 363 388 450 429 388 518 565 415 541 447 | 465 534 604 612 640 746 1165
Gear Fleet Av03/07 | Av58/07 | 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 | oo 01 02 | 03 | o4 05 06 07
Purse seine  Spain 86.1 285 | 186 191 279 | 397 639 479 418 467 513 616 696 663 629 | 586 743 794 685 913 880 644 943 1189 65.0
France 39.7 192 | 298 361 356 | 361 431 290 394 450 482 584 487 401 313 | 303 427 399 363 544 389 380 432 481 30.4
Seychelles 38.0 5.8 18 06 49 | 107 158 116 262 299 368 300 460 475 297
NEI-Ex-Soviet Union 11.3 4.0 0.7 10.1 8.7 82 184 147 112 | 102 173 198 192 68 247 178 113 28
NEI-Other 7.2 7.6 8.4 6.4 4.8 7.0 79 110 108 108 174 245 223 184 243 | 312 334 408 264 319 206 4.7 4.0 45 22
Thailand 6.7 0.7 11 05 80 169 8.4
Indonesia 6.4 1.6 11 11 13 14 16 14 15 16 1.9 2.0 1.9 2.7 3.1 2.9 3.0 3.0 3.6 23 2.4 33 30 117 1.7
Japan 2.6 3.6 0.3 06 0.9 23 34 109 159 316 313 201 161 7.0 6.7 5.7 4.6 23 1.8 1.9 2.4 15 3.1 2.0 4.0
Other Fleets 25 3.2 32 45 101 7.9 8.4 88 131 6.4 7.1 6.3 3.9 27 4.9 32 9.4 49 9.7 224 0.0 0.1 12 6.3 5.0
Total 200.6 744 | 615 677 806 | 943 1285 1097 1243 1530 1659 1812 180.9 1518 1494 | 1529 2006 2028 1921 2409 2140 1598 2141 2586  156.5
Baitboat Maldives 115.0 446 | 422 451 426 | 582 578 607 583 576 580 69.0 699 662 681 | 778 923 788 8.8 1139 1075 1045 1304 1367 95.8
Indonesia 145 8.6 85 81 100 | 105 123 107 115 121 144 151 145 198 234 | 216 222 221 265 173 180 247 221 38 38
India 4.4 2.9 3.1 4.0 5.4 4.7 5.9 5.4 5.6 59 127 6.8 6.9 7.2 7.8 2.0 23 4.6 2.7 32 31 4.0 0.4 7.2 7.2
Other Fleets 0.0 0.6 04 05 0.6 05 05 0.6 0.6 07 07 0.1 05 0.2 0.0 1.9 07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 133.9 567 | 542 577 587 | 739 765 775 760 763 858 908 918 934 993 | 1033 1174 1055 1161 1343 1286 1332 1529 1478 1068
Gillnet Sri Lanka 68.7 261 | 149 146 153 | 159 174 205 231 270 315 388  40.6 473 561 | 569 726 794 747 729 830 832 480 602 69.3
Iran, Islamic Republic 67.1 9.0 03 0.8 11 43 4.4 74 11 25 8.3 47 139 185 232 231 360 536 794 988 67.6
Indonesia 10.7 2.9 22 21 26 27 3.2 258 3.0 32 38 3.9 3.8 5.2 6.1 5.6 58 5.8 6.9 45 47 6.4 58 183 18.3
Pakistan 43 3.9 2.0 15 37 5.6 75 7.7 75 6.1 6.9 8.1 71 44 46 45 4.9 47 3.7 35 3.4 3.7 41 5.2 5.2
Other Fleets 1.0 0.9 05 05 05 0.6 0.9 0.9 0.6 07 11 12 14 12 18 0.6 07 08 11 04 05 0.7 1.0 13 13
Total 151.8 428 | 196 188 222 | 248 293 326 354 413 477 595 541 605 769 | 724 978 1091 1096 1044 1276 1476 1383 1837 1617
Line Indonesia 1.1 4.4 3.9 37 46 48 57 4.9 53 56 6.6 6.9 6.7 91 108 99 102 102 122 8.0 83 114 102 128 12.8
Other Fleets 7.1 3.9 32 33 33 3.4 6.2 6.3 63 107 7.7 45 4.7 45 48 45 35 3.9 4.0 4.8 4.0 95 6.2 8.2 7.7
Total 18.2 8.3 7.1 7.0 7.9 83 118 113 116 162 144 115 114 136 156 | 144 138 141 162 128 122 209 163 210 205
Other gears  Indonesia 43 23 23 22 2.7 2.8 33 2.9 3.0 32 38 4.0 38 53 6.2 57 5.9 5.9 7.1 4.6 53 7.0 6.2 1.4 14
Other Fleets 0.3 0.2 0.1 0.0 0.0 0.1 0.1 0.1 0.0 0.1 0.2 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.0 0.2 0.6 0.1 0.3 03 0.2
Total 46 25| 23 2z 27| 29 3.4 3.0 3.1 3.3 4.1 4.1 4.0 54 6.3 58 6.0 59 7.1 48 6.0 7.1 65 18 17
Al Total 509.0 184.7 | 144.7 1534 1722 | 2041 2495 2340 2504 2901 3178 3471 3422 3246 3475 | 3489 4356 4375 4410 4972 4884 4685 5281 6129 4471
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Figure 1. Tag recapture trajectories for skipjack tuna tagged in the south west Indian Ocean by the RTTP-10 and-location-of
purse-seine-fishing- 2006 The reference-circle represents-3000-t(September 2008).
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Figure 2. Mean spatial distribution of skipjack tuna catches in the Indian Ocean by gear type, 2003-2007.
BB = bait boat (pole and line); GILL = gillnet; LL = longline; PS = purse seine. Data as of October 2008

Tonnes (x1,000)

F/V

625
| M Other gears
500
OPurse seine
375 ] ELine
OGillnet
250 O Baitboat
125
0 I/

[0}
o

T
4 YN O MmO
© © © KR N N

T
A
o}

T T
n =)
[oe] o

T T T T T
S N O MmO
o o O O O

600
450

%’300

50

Hssan

0

BEast_ 10
DOWest_IO

1957 1962 1967 1972 1977 1982 1987 1992 1997 2002

Figure 3. Yearly catches (thousand of metric tonnes) of skipjack tuna by gear (left) and by area (Eastern and Western Indian
Ocean, top right (to be updated)) from 1958 to 2007. Data as of October 2008
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Figure 4. Total amount of the skipjack catches estimated from aggregated data (to be updated)
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Figure 5. Nominal CPUEs for three important purse seine fishing ground areas: East Somalia (top left); Mozambique Channel
(top right) and North-West Seychelles (bottom left).

Areas used for the calculation of the CPUE trends are represented (bottom right).
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Figure 6. Time series of CPUE, nominal and adjusted effort of
the Maldivian baitboats fishery, 1970-2002 (from IOTC-2007-

WPTT-R).

Figure 7. Skipjack tuna average weight by main gear (from
size-frequency data) and for the whole fishery (estimated from
the total catch at size), 1950-2006. Data as of June 2007 (to be
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Figure 9. Number of one degree CWP squares explored by the
purse seine fishery (IOTC-2007-WPTT-R) (to be updated)
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Figure 11. Estimated mean fishing mortality by size for four
periods: 1950-55, 1976-80, 1981-85, and 1996-2001 (to be
updated).

Figure 12. Relative Rate of Catch Increase (RRCI) for skipjack,
1960-2005) (to be updated)
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Executive summary of the status of the yellowfin tuna resource
(As adopted by the IOTC Scientific Committee on 9 November 2007)

Marked changes are factual changes related mainly to the inclusion of the latest fisheries statistics. A stock assessment was undertaken in 2008 and relevant
sections have been updated using the text from the 2008 WPTT report and other related sources. All changes are suggestions only for the consideration of
the SC in Dec08

BioLoGY

Yellowfin tuna (Thunnus albacares) is a cosmopolitan species distributed mainly in the tropical and subtropical
oceanic waters of the three major oceans, where it forms large schools. The sizes exploited in the Indian Ocean
range from 30 cm to 180 cm fork length. Smaller fish (juveniles) form mixed schools with skipjack and juvenile
bigeye tuna and are mainly limited to surface tropical waters, while larger fish are found in surface and sub-surface
waters. Intermediate age yellowfin are seldom taken in the industrial fisheries, but are abundant in some artisanal
fisheries, mainly in the Arabian Sea.

The tag recoveries of the RTTP-10 provide evidence of large movements of yellowfin tuna, thus supporting the
assumption of a single stock for the Indian Ocean. The average distance between skipjack tagging and
recovery positions is presently estimated at 525 naut. Miles. Fisheries data indicate that medium sized yellowfin
concentrate for feeding in the Arabian Sea, that-a dispersion that has been already net-being-yetpartially reflected
in the present set-ef-tag recovery-dataies. The new information on the spatial distribution of tagging and recovery

positions ed-fish-compared-with-the-spatial-extent-of the-purse-seine-fishery-is presented in Figure 1.

Longline catch data indicates that yellowfin are distributed continuously throughout the entire tropical Indian
Ocean, but some more detailed analysis of fisheries data suggests that the stock structure may be more complex. A
study of stock structure using DNA was unable to detect whether there were subpopulations of yellowfin tuna in
the Indian Ocean.

Spawning occurs mainly from December to March in the equatorial area (0-10°S), with the main spawning grounds
west of 75°E. Secondary spawning grounds exist off Sri Lanka and the Mozambique Channel and in the eastern
Indian Ocean off Australia. Yellowfin size at first maturity has been estimated at around 100 cm, and recruitment
occurs predominantly in July. Newly recruited fish are primarily caught by the purse seine fishery on floating
objects. Males are predominant in the catches of larger fish at sizes than 150 cm (this is also the case in other
oceans).

All the present analysis Preliminary-tag-data-of the RTTP-10 _recovery data now clearly support a twemulti-stanza
growth pattern for yellowfin, a complex pattern that is also confirmed by the new age readings of otoliths and by
modal progressions. —but-mMore work is needed to achieve an appropriate modelling of this complex growth

pattern in order to be able to introduce integration-of-otoliths-and-tagging-dataand-agree-en-athe modelled growth
model-te-be-used-in the assessment of this stock.

Fhere-are-ne-dDirect estimates of natural mortality (M) have been well estimated -(M)-for juvenile yellowfin (at
sizes between 40 cm and 1 meter) in the Indian Ocean_using the recovery data, and this result was a major result
obtained from the tagging program. This natural mortality is much lower that its previously assumed levels, and

this new M should be used in aII analvtlcal assessment models M—steeleassessmen%s—ne\MesHma{eSQf—M—at—leng%h

Fhere-is-little—information—en—yYellowfin movement patterns are now quite well identified from the apparent
trajectories of recoveries. These movements patterns should now be modelled incorporating the tagging and fishery
data, and the reporting rates estimated for each gear.
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opportunistic, with a variety of prey species being consumed, including large concentrations of crustacea that have
occurred recently in the tropical areas and small mesopelagic fishes which are abundant in the Arabian Sea.
Archival tagging of yellowfin has shown that yellowfin can dive very deep (over 1000m) probably to feed on meso
pelagic preys. It has also been observed that the sizes of these preys are often independent of the yellowfin sizes,
large fishes commonly feeding on very small preys, then widely increasing their potential target

FISHERY

Catches by area, gear, country and year from 1957 to 2006-2007 are shown in Table 1 and illustrated in Figure 2.
Contrary to the situation in other oceans, the artisanal fishery component in the Indian Ocean is substantial, taking
approximately 20-25 % of the total catch.

The geographical distribution of yellowfin tuna catches in the Indian Ocean in recent years by the main gear types
is shown in Figure 3. Most yellowfin tuna are caught in Indian Ocean north of 12°S and in the Mozambique
Channel (north of 25°S).

Although some Japanese purse seiners have fished in the Indian Ocean since 1977, the purse seine fishery
developed rapidly with the arrival of European vessels between 1982 and 1984. Since then, there has been an
increasing number of yellowfin tuna caught although a larger proportion of the catches is made of adult fish, when
compared to the case of the bigeye tuna purse-seine catch. Purse seiners typically take fish ranging from 40 to 140
cm fork length (Figure 4) and smaller fish are more common in the catches taken north of the equator (Figure 5).
Catches of yellowfin increased rapidly to around 128,000 t in 1993. Subsequently, they fluctuated around that level,
until 2003 and 2004 when they were substantially higher (224,200 t and 228,600 t, respectively). In recent years,
catches appear to be higher in the first quarter of the year (Figure 6). The amount of effort exerted by the EU purse
seine vessels (fishing for yellowfin and other tunas) varies seasonally and from year to year. Since 2000 between
800 and 1200 boat days per month were fished annually (Figure 7).

The purse seine fishery is characterized by the use of two different fishing modes: the fishery on floating objects
(FADs), which catches large numbers of small yellowfin in association with skipjack and juvenile bigeye, and a
fishery on free swimming schools, which catches larger yellowfin on mixed or pure sets. Between 1995 and 2003,
the FAD component of the purse seine fishery represented 48-66 % of the sets undertaken (60-80 % of the positive
sets) and took 36-63 % of the yellowfin catch by weight (59-76 % of the total catch). Since 1997, the proportion of
log sets has steadily decreased from 66 % to 48 %.

The longline fishery started in the beginning of the 1950’s and expanded rapidly over the whole Indian Ocean. It
catches mainly large fish, from 80 to 160 cm fork length (Figure 4), although smaller fish in the size range 60 cm —
100 cm have been taken by longliners from Taiwan,China since 1989 in the Arabian Sea. The longline fishery
targets several tuna species in different parts of the Indian Ocean, with yellowfin and bigeye being the main target
species in tropical waters. The longline fishery can be subdivided into an industrial component (deep-freezing
longliners operating on the high seas from Japan, Korea and Taiwan,China) and an artisanal component (fresh tuna
longliners). The total longline catch of yellowfin reached a maximum in 1993 (196,000 t). Since then, catches have
typically fluctuated between 80,000 t and 123,000 t.

Aurtisanal catches, taken by bait boat, gillnet, troll, hand line and other gears have increased steadily since the
1980s. In recent years the total artisanal yellowfin catch has been around 130,000-140,000 t, with the catch by
gillnets (the dominant artisanal gear) at around 80,000 t to 90,000 t.

Yellowfin catches in the Indian Ocean during 2003, 2004, 2005 and 2006 were much higher than in previous years
but have returned to a lower level in 2007, while bigeye catches remained at their average levels. Purse seiners
currently take the bulk of the yellowfin catch, mostly from the western Indian Oceana around Seychelles. In 2003,
2004, 2005 and 2006, purse seine total catches made in this area were 224,200 t, 228,600 t, 194,500 t, 159,800 t,
respectively. Similarly, artisanal yellowfin catches have been near their highest levels and longliners have reported
higher than normal catches in the tropical western Indian Ocean during this period. In 2007, purse seine catches
decreased to their lowest levels since 1990 with a total catch of 97,600 t.
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Yellowfin catches in number by gear (purse seine, longline and bait boat) are reported in Figure 8. Current
estimates of annual mean weights of yellowfin caught by different gears and by the whole fishery are shown in
Figure 9. After an initial decline, mean weights in the whole fishery remained quite stable from the 1970s to the
early 1990s. Since 1993, mean weights in the catches in the industrial fisheries have declined. Prior to 2003,
although total catch in biomass has been stable for several years, catches in numbers have continued to increase, as
there has been more fishing effort directed towards smaller fish. As described above, this situation changed during
2003 and 2004; where most of the very large catches were obtained from fish of larger sizes.

AVAILABILITY OF INFORMATION FOR ASSESSMENT PURPOSES

The reliability of the estimates of the total catch has continued to improve over the past few years, and the
Secretariat has conducted several reviews of the nominal catch databases in recent years. This has led to marked
increases in estimated catches of yellowfin tuna since the early 1970s. In particular, the estimated catches for the
Yemen artisanal fishery have been revised upwards sharply, based on new information, but they still remain highly
uncertain.-

Estimates of annual catches at size for yellowfin were calculated using the best available information prior to the
2008 WPTT meeting. A number of papers dealing with fisheries data, biology, CPUE trends and assessments were
discussed by the WPTT in 2008, and additional data analyses were performed during that meeting. Estimated
catches at age were calculated using the catch-at-size data and two alternative growth curves. The growth curves
were used to develop natural mortality at age, maturity at age and average weight at age schedules. M was assumed
to be higher on juvenile than adult fish.

In 2008, new areas were defined and a new standardised Japanese longline CPUE for yellowfin tuna (1960 to 2007)
was derived for each of the areas. The CPUE indices are variable from year to year but generally decline steeply
from 1960 until the late 1970’s. From the late 1970’s to the early 1990’s the index is relatively stable. From the mid
1990’s to 2007 the index is at lower levels than previously, but again relatively stable (Figure 10)._It has been
noticed that these areas should be modified in the future analysis in order to be more consistent with environmental

heterogeneity.

A new standardised CPUE for yellowfin tuna caught in the Taiwanese longline fishery (1979 to 2007) was also
developed in 2008. Overall, the indices have been variable from year to year, but relatively stable. The catch rate
has shown a slowly increasing trend since 1997 (Figure 11).

In 2008, attempts to calculate standardized CPUEs from the purse seine fishery were carried out with incorporation
of environmental covariates. For small yellowfin (<10 kg), GLM results showed no clear trend in standardized
CPUE through the whole period 1984-2007 with high interannual variations. No clear trend was also found on
large vyellowfin (> 30 Kg). Like skipjack, detailed information that reflect changes in the fishing power and
efficiency of purse seiners (for instance the use of supply vessels, or technological improvements in sonar, bird
radar etc) over time were not available. New developments to refine the PS-based standardization procedures are
planned for 2009.

Since the early 1990’s the Taiwanese fleet has concentrated its operation in the Arabian Sea area whereas the
Japanese fleet has operated more in the central and western Indian Ocean. It appears that the the-Japanese and
Taiwanese longline fisheries are now spatially distinct and both indices of abundance need to be viewed and
modelled separately.

STOCK ASSESSMENT

The assessment of yellowfin tuna stock in the Indian Ocean represents a particular and difficult case because of the
conflicting trends between total yearly catches and abundance index used based on the longline CPUE. Those
trends are not consistent with production-model dynamics, or really with any known theory of fishing. For any
fished stock, dramatic and continuous increase in yield that is not followed by subsequent decline in abundance,
cannot be explained, unless there is some major unknown factors.
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A range of assessments were presented in 2008, and the WPTT was able to consider in great detail their outputs as
well as elaborate on further scenarios and assumptions to be explored. Most of the models appear to provide similar
perspectives on the status of the stocks despite their different levels of complexity and the uncertainties.

An assessment model (Multifan-CL) was applied this year that was able to make use of the tagging data obtained
through the RTTP-1O programme. The results from this model demonstrated the value of the tagging information
for assessment purposes and improved the basis for the advice this group was able to provide compared with
previous assessments of this stock. The value of this source of information is likely to increase over time as more
tag are returned, over a wider area and for older fish, and as analyses on this dataset progress and improve.

All assessments are greatly dependent on the use of the longline CPUE series as indices of abundance of the stock.
Although current standardization procedures applied various technological and environmental variables into the
model it is uncertain if it could fully explain the change in fishing efficiency.

A simple surplus production model was used to explore the relative information content of the Japanese and
Taiwanese longline CPUE. The two CPUE series were used separately and in combination. Both series produced
very similar biomass trends over time and the early rapid declines in CPUE for low, stable catch levels seen in both
series cannot be explained as reductions in abundance. Based on the production model results, the predicted stock
status was very similar for all cases. Overall, the results indicated that the biomass is below the MSY-based level
and that the catch and harvest rates are slightly above MSY levels.

A Stock Synthesis 2 (SS2) model using catch-at-length data, growth and a CPUE series to model the stock
dynamics encountered difficulty in estimating some parameters and the MSY reference values. A model run using
both the Japanese and Taiwanese longline CPUESs, and separating the PS fishery according to fishing mode,
estimated values of MSY to be around the 300,000 t and would indicate that the stock was above the BMSY level.

An Age-structured Production Model (ASPM) used catch-at-age data and a CPUE series to estimate biomass trends
and management-related parameters. 82 scenarios were examined; however, only three scenarios were able to
produce converged estimates and provide biologically reasonable results. The results suggest that Indian Ocean
yellowfin tuna is now entering into an overfished status after four years of high catches (2003-2006) and the stock
will be likely recover to the SSBMSY level in a few years if the catch does not exceed the level of catch in 2007
(316,000 t).

Multifan-CL is a size-based, age- and spatially-structured population model that has the functionality to integrate
the tagging data obtained from the Indian Ocean Tagging Programme. The model integrates information on the
dynamics of the fish population, the fishery and tagged fish and creates observation models for the data and outputs
estimates of a range of fisheries management parameters. Results obtained appear to indicate that recent levels of
fishing mortality are at an historical high level and the stock has experienced a period of overfishing during 2003-
2006 (i.e. Fcurrent > Fysy) for all values of steepness. Current catches are likely to be higher than the estimated
MSY, which ranges from 250,000 to 300,000 t, depending on the shape of the stock-recruitment relationship.
Biomass based reference points also vary with the assumed level of steepness. For the lowest value of steepness
(0.60), spawning biomass in 2007 is estimated to be below the MSY level (SB/SBysy <1); i.e. the stock is in an
overfished state. For higher values of steepness, recent (2007) biomass is above the MSY level (SBcurrent >
SBusy) and the stock is not in an overfished state. The model estimates that recent recruitment has been lower than
average and on this basis total and spawning biomass could be expected to decline further over the next few years.

MANAGEMENT ADVICE

Current status

Page 34 of 44



Estimates of current status of the stock in relation to biomass and fishing mortality reference points were sensitive
to the value assumed for steepness of the stock-recruitment relationship so the following results are reported with
respect to a range of plausible steepness values (0.6 to 0.8).

Estimates of total and adult biomass are above or just below their respective MSY-based reference points (Busy
and SBysy), indicating that the stock is close to, or possibly has recently entered, an over-fished state (Figure 12).

Current (2007) fishing mortality estimates were above their respective MSY-based reference points for all but one
of the assessments examined, i.e. Fcurrent/Fmsy ratios range from 0.9 to 1.60 indicating that overfishing is
occurring (Figure 12). This current degree of overfishing is somewhat lower than that estimated occurred during
the 2003-2006 period when the F/Fysy ratio ranged from 1.22 to 1.75.

The stock assessments, including independent analyses of the tagging data, indicate that recruitment has declined in
recent years.

The estimates of MSY ranged between 250,000 t and 300,000 t based on the integrated assessment that used the
tagging data, although other model results expand this range to 360,000 t. The 2007 catch of 317,000 t may have
been above the MSY while annual catches over the period 2003-2006 (averaging 464,000 t) were substantially

higher than this range of MSY estimates.

Outlook

Catches in 2007 (317,000 t) were slightly lower than the average catch taken in period 1998-2002 (336,000 t) i.e.
preceding the 2003 to 2006 period when extraordinarily high catches of yellowfin were taken. Purse seine catches
in the first seven months of 2008 were slightly higher than those reported for the corresponding period in 2007
indicating that catch levels might be returning to pre-2003 levels. While there is a large amount of uncertainty
about likely future catches, recent events in 2008 where some vessels have left the fishery, together with fleets
avoiding the historically important fishing grounds in the waters adjacent to Somalia for security reasons, may
reduce catches in the short-term to below the pre-2003 levels.

Two hypotheses have been put forward in the past to explain the very high catches in the 2003-2006 period: (i) an
increase in catchability by surface fleets due to a high level of concentration across a reduced area and depth range,
and (ii) increased recruitment over the 1999-2001 period. Recent analyses of environmental and oceanographic
conditions appear to be consistent with the first hypothesis, which would mean that the catches likely resulted in a
depletion of the stock. Conversely, MFCL accounts for the period of higher catches by estimating substantially
higher than average levels of recruitment in 2001, 2002 and 2003. Environmental anomalies also appear to be a
factor linked to the lower catches in 2007.

The range of model runs indicate that overfishing is currently occurring. Under equilibrium conditions, the recent
(2003-2006) and current (2007) levels of fishing mortality will result in the stock becoming overfished
(Bcurrent<Bwmsy and SBcurrent<SBwmsy) in the medium term (3-5 years). Recent recruitments (in 2005, 2006 and
possibly 2007) are estimated to be below the equilibrium (long-term average) level and if lower recruitment persists
then the stock will decline below the MSY level more rapidly. Similarly, overfishing may continue to occur even if
fishing pressure returns to pre-2003 catch levels, especially if recruitment continues to be low and the expected
decrease in some age classes due to recent low recruitments eventuates.

Recommendation.

In spite of the the important progress in the quality and quantity of analyses conducted, there remain uncertainties
in the application of the models that prevented the SC to determine the current status of yellowfin tuna in a precise

way.

Nevertheless, most of the analyses conducted coincide in indicating that the stock is very close to an overfished
state, or already overfished, and that the exploitation rate in recent years has exceeded the optimal level.

Therefore, the Scientific Committee recommends that the catch of yellowfin tuna does not exceed the average catch
for the period 1998-2002 (i.e. 322.30 000 t) when catches were stable, prior to the exceptional years of 2003-2006
when the stock might have been overexploited.
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Similarly, the Scientific Committee recommends that the fishing effort does not exceed the level exerted in 2007

when the catch of yellowfin tuna returned to the pre-2003 levels.

YELLOWFIN TUNA SUMMARY

Maximum Sustainable Yield (2007): The results from 2008 assessment
results ranged from

(250,000 t - 360,000 t)

Preliminary catch in 2007 316,700 t
(data as of October 2008)

Catch in 2006 407,900 t
Mean catch over five years before 2003 (1998 — 2002) 336,500 t
Current Replacement Yield -

Relative Biomass Beyrent! Bumsy <1

Relative Fishing Mortality Feyrent/emsy 09to 1.60

Note: This Executive Summary has been updated to take account of recent catch data. The management advice, and stock
assessment results are based on data up to 2007.
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Table 1. Best scientific estimates of the catches of yellowfin tuna (as adopted by the IOTC Scientific Committee) by gear and main fleets for the period 1957 to 2007. Data as of October 2008

Gear | Fleet 58 | 59 [ 60 [ 61 | 62 | 63 [ 64 [ 65 | 66 | 67 | 68 [ 69 | 70 | 70 [ 72 [ 73 [ 74 | 75 | 76 [ 77 [ 78 [ 79 | 80 | 81 [ 82 [ 83 | 84
Purse seine  Spain 115
France 0.2 1.0 105 36.7
NEI-Other 07 8.4
Other Fleets 00 00 00 00 00 00 01 01 00 00| 00 01 00 00 01 01 01 00 00 02| 05 04 03 01 03 16 18
Total 00 00 00 00 00 00 01 01 00 00| 00O 01 00 00 01 01 01 00 00 02| 05 04 03 03 13 127 583
Baitboat Maldives 19 19 10 14 14 14 14 10 14 16| 16 17 23 14 25 69 50 46 52 49| 38 44 44 56 45 77 8.2
Other Fleets 00 00 01 01 01 01 01 01 01 01| 01 01 01 01 02 08 13 03 02 02| 04 05 05 06 05 02 03
Total 20 20 10 15 15 15 15 10 15 17| 17 18 24 15 27 77 63 49 54 51| 42 48 49 61 50 79 85
Longline China
Taiwan,China 18 24 22 29 35 34 29 22 44 34 | 227 211 149 119 118 57 44 46 34 81| 42 37 38 41 47 58 58
Japan 226 222 361 327 442 220 222 249 408 302 | 483 231 103 134 79 39 49 64 28 21| 46 33 32 49 73 78 7.9
Indonesia 01 03 07 10 13| 13 14 21 26 27 08 0.8
Korea, Republic of 01 01 04| 53 91 52 74 103 108 132 134 137 331 | 265 180 132 124 194 162 102
Other Fleets 00 00 00 00 00 00 03 05 05 01| 24 06 19 16 15 12 07 02 11 09| 02 04 05 04 04 07 0.7
Total 245 246 383 356 477 254 253 277 457 340 | 786 539 324 344 315 217 235 253 219 454 | 370 269 228 244 345 312 255
Gillnet Sri Lanka 11 12 15 18 27 36 35 33 37 41| 46 51 40 29 44 54 48 39 70 64| 69 76 83 96 95 91 6.4
Oman 03 04 03 03 03 03 03 03 03 04| 04 04 04 04 04 05 15 18 20 22| 24 22 27 25 19 08 25
Pakistan 07 07 09 08 12 18 25 27 36 35| 35 32 29 24 28 22 30 33 31 28| 16 28 13 20 25 08 0.9
Other Fleets 01 01 01 02 01 01 02 01 01 01| 01 01 01 01 02 06 02 03 08 03| 04 06 07 05 10 04 05
Total 22 23 28 31 43 58 64 64 77 81| 86 88 73 57 79 87 96 93 129 116 | 11.3 131 130 147 148 112 103
Line Yemen 03 03 03 03 03 03 03 03 03 03| 03 03 03 03 03 03 08 10 11 12| 13 12 13 10 09 16 26
Oman 02 02 02 02 02 02 02 02 02 02| 02 02 02 02 02 03 08 10 11 12| 13 12 15 14 10 05 13
Comoros 04 01 01 01 01 01 01 02| 02 02 02 02 02 02 0.2
Maldives 03 02 02 03 03 03 05 04| 05 07 07 07 03 03 03
Other Fleets 08 08 10 12 12 15 17 15 16 17| 19 20 15 16 22 31 22 18 27 61| 58 57 52 39 50 39 33
Total 12 13 14 16 16 19 21 19 20 23| 24 26 23 24 31 41 44 42 56 90| 90 89 89 71 74 65 7.7
Other gears  Total 02 02 02 02 02 02 02 02 02 02| 02 03 02 02 03 03 06 07 08 10| 13 14 13 09 09 05 1.0
Al Total 300 304 437 420 553 349 356 374 573 464 | 916 674 447 442 456 426 444 444 466 724 | 633 555 512 535 639 699 1112
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Gear Fleet Av03/07 | Av58/07 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07
Purse seine  Spain 69.2 23.0 18.4 20.0 26.3 44.9 41.1 43.7 44.0 37.8 47.8 43.1 65.1 59.4 61.0 38.6 51.9 49.4 47.7 53.4 79.0 80.8 77.5 70.9 37.8
France 52.2 20.2 39.1 43.3 46.8 59.9 38.4 45.3 38.1 45.3 39.5 35.8 39.6 35.6 31.2 22.4 30.8 37.7 34.1 36.4 63.3 63.5 57.2 44.3 32.7
Seychelles 32.6 45 0.4 0.2 2.8 7.4 9.8 11.6 12.9 16.6 33.3 48.8 36.5 28.1 16.1
NEI-Other 9.0 6.5 9.4 6.3 5.2 7.9 4.5 11.9 11.9 8.1 15.5 19.7 19.3 16.7 21.9 20.3 25.8 27.1 18.9 19.1 245 10.1 4.4 3.7 25
Iran, Islamic Republic 7.4 13 15 2.4 1.9 3.0 1.6 1.9 3.3 25 2.2 2.2 5.0 8.3 11.0 7.3 8.4 2.3
NEI-Ex-Soviet Union 7.4 2.7 0.8 52 8.7 5.8 14.6 11.7 9.8 5.3 11.8 10.9 8.9 2.2 15.1 13.8 7.8 0.4
Other Fleets 3.1 2.7 2.0 4.1 5.7 6.1 5.9 7.0 111 14.3 13.7 7.3 6.6 4.7 3.7 3.3 2.3 1.5 5.5 6.5 0.8 0.5 3.9 4.1 6.2
Total 181.0 60.8 69.0 73.8 84.0 | 118.8 89.8 108.7 1055 1124 1275 1137 1483 129.8 1323 | 100.5 1349 1404 1301 1391 2242 2286 1945 159.8 97.6
Baitboat Maldives 14.9 6.7 6.9 6.2 7.4 5.9 55 4.9 7.0 8.0 9.3 12.4 11.8 115 12.2 13.0 12.6 10.0 11.1 16.3 16.1 14.4 14.9 15.8 13.2
Other Fleets 1.4 0.5 0.6 0.5 0.5 0.3 0.3 0.4 0.5 0.6 0.6 0.6 0.6 0.6 0.7 0.6 0.7 0.8 0.7 0.7 0.8 0.6 2.7 1.5 15
Total 16.3 7.2 7.5 6.7 7.9 6.3 5.8 5.3 7.6 86 9.9 13.0 12.3 121 12.9 13.6 13.3 10.8 11.8 17.0 16.8 15.0 17.6 17.3 14.8
Longline China
Taiwan,China 415 17.9 7.3 16.2 22.3 22.7 22.4 31.6 30.7 56.0 88.2 34.1 23.1 27.9 18.4 23.4 17.7 17.4 26.9 33.2 29.7 49.8 67.6 34.7 25.7
Japan 19.6 14.9 9.5 10.7 8.3 9.3 4.6 6.3 4.4 5.7 5.7 9.7 8.0 12.8 15.6 16.8 14.7 15.5 13.9 13.9 17.2 16.0 21.5 23.1 20.3
Indonesia 12.9 7.6 0.8 0.7 1.3 2.3 3.8 4.6 55 9.3 10.8 14.8 16.7 31.8 38.2 35.7 41.7 29.6 28.4 24.2 20.2 15.3 12.0 85 8.5
NEI-Fresh Tuna 6.9 4.8 11.9 16.6 14.4 16.7 16.5 23.7 17.1 17.7 21.2 16.6 14.8 13.3 0.9 3.3 4.6 5.8 6.9 8.5 8.5
NEI-Deep-freezing 4.1 2.9 0.1 1.1 1.2 3.4 3.2 6.7 5.9 8.9 23.8 9.9 6.9 12.1 5.9 9.8 7.7 6.6 4.2 5.3 3.3 6.8 6.8 2.0 15
Korea, Republic of 3.3 7.2 12.5 15.5 13.2 14.1 8.7 7.5 3.2 4.4 4.3 3.9 2.6 3.8 4.0 2.6 1.0 2.0 1.6 0.3 2.2 4.2 3.5 3.4 3.4
NEI-Indonesia Fresh Tuna 0.0 2.0 0.1 2.7 10.3 12.6 12.9 15.6 12.6 16.3 8.9 3.7 4.0 0.3 0.0
Other Fleets 15.9 4.0 0.3 1.0 0.6 0.4 0.4 0.1 1.9 20.1 34.4 8.0 5.2 3.9 2.0 4.0 6.0 5.6 5.3 4.6 7.6 12.3 26.2 18.1 15.5
Total 104.2 61.2 30.5 45.2 46.9 54.9 65.2 86.0 788 136.7 1964 1204 886 1136 109.1 | 109.3 103.7 89.9 81.2 84.8 84.7 110.2 144.6 98.2 83.5
Gillnet Iran, Islamic Republic 30.1 7.3 1.0 2.3 3.2 12.1 13.3 19.5 225 28.5 20.0 18.0 24.3 135 18.0 19.0 29.5 39.7 35.8 32.1 13.6
Sri Lanka 375 13.3 6.9 7.1 7.4 7.7 8.3 9.6 11.6 13.9 16.6 215 18.9 23.7 29.5 29.2 37.0 33.8 30.7 324 38.5 39.3 26.5 38.9 44.1
Oman 6.3 3.0 1.2 1.4 3.1 8.3 8.7 7.7 2.8 7.0 5.9 5.0 9.5 4.6 3.4 6.3 3.8 3.7 3.3 3.0 7.2 13.8 7.9 1.4 1.4
Pakistan 3.2 2.9 15 2.6 2.4 3.8 8.6 3.3 4.9 3.9 2.6 2.4 2.1 3.2 3.9 3.9 9.3 5.3 3.9 3.4 3.6 3.4 2.2 1.7 5.1
Other Fleets 1.9 0.7 1.1 0.6 0.8 0.5 0.7 1.0 0.8 0.9 0.9 0.9 0.8 0.9 1.0 0.8 0.9 1.0 0.9 0.9 1.0 0.8 2.2 2.8 2.8
Total 79.0 27.2 10.7 11.6 13.8 20.4 27.3 23.8 234 37.8 39.3 49.3 53.8 60.8 57.8 58.2 75.3 57.2 56.7 58.7 79.7 97.0 74.5 76.8 67.1
Line Yemen 24.0 7.3 3.3 4.1 4.8 55 6.3 7.1 7.9 8.7 7.8 8.5 13.4 15.2 17.3 19.3 21.4 23.4 255 275 25.7 317 26.8 19.6 16.3
Oman 10.2 3.0 0.7 0.7 1.7 45 4.8 4.3 6.0 6.0 5.3 13.5 9.1 52 6.2 4.4 35 3.3 2.9 2.2 2.3 9.6 7.3 15.9 15.9
Comoros 6.2 2.1 0.2 0.2 0.2 0.2 3.7 3.7 3.7 5.0 5.0 5.9 5.9 5.8 5.6 5.6 5.5 5.9 55 5.9 6.1 6.2 6.2 6.2 6.2
Maldives 5.6 0.9 0.2 0.2 0.2 0.3 0.3 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.6 0.7 1.6 25 4.2 25 6.8 55 5.8 7.4
Other Fleets 6.8 3.6 5.0 5.7 4.7 4.3 3.1 3.6 3.9 3.9 4.3 4.4 4.4 4.3 4.3 3.8 4.1 4.7 4.4 4.3 4.3 4.4 111 7.2 7.1
Total 52.8 17.0 94 10.9 11.7 14.9 18.1 18.9 21.7 23.8 22.7 325 33.0 30.8 33.7 33.6 35.0 38.9 40.8 44.1 40.8 58.6 56.8 54.8 52.9
Other gears Total 15 0.9 0.9 12 15 32 3.0 27 0.4 0.7 0.6 12 3.3 22 0.6 1.0 0.6 0.6 0.5 0.5 14 1.9 2.3 0.9 0.8
All Total 434.8 174.3 | 128.0 149.4 165.8 | 2185 209.2 2454 237.4 320.0 396.5 330.1 339.3 349.4 346.4 316.2 362.9 338.0 321.1 344.4 447.7  511.2 4904 407.9 316.7
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Figure 1. Tag recapture trajectories for yellowfin tuna tagged in the south
west Indian Ocean by the RTTP-10_and limits between areas presently used in

the ME-CL model and-lecation-of purse-seinefishing-in-2006-The reference
circle-represents2000-t(September 2008).
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Figure 2. Yearly catches (tonnes x 1000) of yellowfin by (a) gear and (b) area (to be updated) from 1958 to 2007.

Data as of October 2007
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Figure 3. Location and size of yellowfin tuna catches in the Indian Ocean by gear type. GILL = gillnet, LL = longline, PS =

purse seine. Data as of October 2008
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Figure 4. Yellowfin tuna: mean catches at size in the Indian Ocean from 1970 to 2007
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Figure 5. Yellowfin tuna: location of catches of small (<3 kg) | Figure 6. Yellowfin tuna: quarterly catches by purse seiners in the

medium (3-10 kg) and large (>10 kg) sized fish taken by purse
seiners from 1997 to 2006.(to be updated)

Indian Oceans over the period 1999 to 2005 (to be updated)
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Figure 8. Numbers of yellowfin caught by gear-type.
Data as of July 2007 (to be updated)
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