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9.2 BET - Bigeye

A stock assessment for bigeye tuna was conducted in 2021 through a process that included a data
preparatory meeting in April and an assessment meeting in July. The stock assessment used fishery data
from the period 1950-2019 and indices of relative abundance used in the assessment were calculated
through 2019. The complete description of the stock assessment process and the development of
management advice is found in the Report of the 2021 Bigeye Tuna Data Preparatory Meeting
(ICCAT, 2021a) and the Report of the 2021 Bigeye Tuna Stock Assessment Meeting (ICCAT, 2021b).

BET-1. Biology

Bigeye tunas are distributed throughout the Atlantic Ocean between 502N and 459S, but not in the
Mediterranean Sea. This species swims at deeper depths than other tropical tuna species and exhibits
extensive vertical movements. Similar to the results obtained in other oceans, pop-up tagging and archival
acoustic tracking studies conducted on adult fish in the Atlantic have revealed that they exhibit clear diurnal
patterns: they are found much deeper during the daytime than at night. In the eastern tropical Pacific, this
diurnal pattern is exhibited equally by juveniles and adults. In the western Pacific these daily patterns have
been associated with feeding and are synchronized with depth changes in the deep scattering layer.
Spawning takes place in tropical waters when the environment is favourable. From nursery areas in tropical
waters, juvenile fish tend to diffuse into temperate waters as they grow. Catch information from surface
gears indicate that the Gulf of Guinea is a major nursery ground for this species. Dietary habits of bigeye
tuna are varied and prey organisms like fish, molluscs, and crustaceans are found in their stomach contents.
Bigeye tuna exhibit relatively fast growth: about 110 cm fork length at age three, 145 cm at age five and
163 cm at age seven. Recently, however, reports from other oceans suggest that growth rates of juvenile
bigeye are lower than those estimated in the Atlantic. Based on Indian Ocean tagging data, growth rates of
bigeye tuna differ between sexes, males reaching around 10 cm larger Linr than females. Bigeye tuna become
mature around 100 cm at around 3 years old. Young fish form schools mixed with other tunas such as
skipjack and young yellowfin tuna. These schools are often associated with drifting objects, whale sharks
and sea mounts. This association weakens as bigeye tuna grow.

Extensive growth information obtained during the Atlantic Ocean Tropical Tuna Tagging Programme
(AOTTP) has confirmed previous assumptions about growth rates and the Richards curve published by
Hallier et al. (2005) continues to be used in the bigeye stock assessment. It is assumed that natural mortality
(M) is larger for young fish than for old fish. Age-specific M assumptions were modified significantly from
the 2018 stock assessment (ICCAT, 2019). Modifications were based on new information recently obtained
by ageing otoliths of Atlantic BET showing that fish reach 17 years of age (in contrast to previous estimates
of 15 years) and by the decision to use a better procedure to derive natural mortality from maximum age.
Various pieces of evidence, such as a lack of identified genetic heterogeneity, the time-area distribution of
fish and movements of tagged fish, as confirmed by the recent data obtained from the AOTTP programme
(BET-Figure 1), suggest an Atlantic-wide single stock for this species. However, the possibility of other
more complex scenarios of stock structure should not be disregarded. Knowledge about the relationship
between recruitment and spawning stock remains limited, so assumptions about the steepness of this
relationship for small spawning stock sizes and the interannual variation in recruitment remain the same
as the assumptions of the 2018 stock assessment. These uncertainties in stock structure, natural mortality,
and the relationship between spawning stock and recruitment have important implications for the stock
assessment as described in the Report of the 2021 Bigeye Tuna Stock Assessment Meeting (ICCAT, 2021b).

BET-2. Fisheries indicators

The stock has been exploited by three major gears (longline, baitboat and purse seine fisheries) and by
many countries throughout its range. ICCAT has detailed data on the fishery for this stock since the 1950s.
Scientific sampling at landing ports for purse seine vessels from the EU and other fleets has been conducted
since 1980 to estimate bigeye tuna catches (BET-Figure 2, BET-Table 1). The size of fish caught varies
among fisheries: medium to large fish for the longline fishery and purse seine free school sets, small to large
for subtropical baitboat fishery, and small for tropical baitboat, western handline and purse seine floating
object (FOB) / fish aggregating device (FAD) fisheries.
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The major historical baitboat fisheries are located in Ghana, Senegal, the Canary Islands, Madeira and the
Azores. Since 2012, a “vessel associated-school” fishing method using handline, where the vessels acts as a
fish aggregating device developed in the western equatorial area, with bigeye catches increasing from 555 t
in 2012 to an average of 4,670 tin 2015-2019. The tropical purse seine fleets operate in the Gulf of Guinea
in the eastern Atlantic and across the tropical equatorial area. The longline fleets operate across a broader
geographic range, covering tropical and temperate regions (BET-Figure 2). While bigeye tuna is a primary
target species for most of the longline and some baitboat fisheries, this species has always been of secondary
importance for the other surface fisheries. In the purse seine fishery, unlike yellowfin tuna, bigeye tunas are
mostly caught while fishing on floating objects such as logs or manmade fish aggregating devices
(FOB/FADs). The estimated total numbers of FADs released yearly has increased since the beginning of the
FAD fishery, especially in recent years. During 2018-2023, bigeye landings in weight caught by longline
fleets represent 49%, purse seine fleets 32%, baitboat 11% and other surface fleets 8% of the total landings
(BET-Table 1).

The total annual Task 1 catch (BET-Table 1, BET-Figure 3) increased continuously up to the mid-1970s
reaching 60,000t and fluctuated over the next 15 years. In 1992, catch reached about 100,000 t and
continued to increase, reaching a historic high of about 135,000 t in 1994. Since then, reported and
estimated catch continuously declined and fell to 59,192 t by 2006. From the low level of 2006, catches
increased again and reached 80,000 tin 2015. Catches averaged close to 73,000 t in the period 2016-2020.
Catches of all tropical tunas declined considerably in 2021, and the reported catch of bigeye tuna was only
47,209 t. The preliminary catch reported for 2023 was 61,320 t.

After the historic high catch in 1994, all major fisheries exhibited a decline in catch while the relative share
of each fishery in total catch remained relatively constant until 2008. These reductions in catch were related
to declines in fishing fleet size (longline) as well as decline in catch per unit effort (CPUE) (longline and
baitboat). Although the general trend of decreasing catches continued for longline and baitboat, the purse
seiner catches increased, as did the relative contribution of purse seine in the total catches for the period
2010-2019. Other surface fisheries, from CPCs with no specific catch limits under Rec. 16-01, also increased
the catches from around 900 tin 2011 to around 5,700 t in 2016-2020, mainly due to the development of a
handline vessel associated-school fishery in the equatorial western Atlantic.

Rec. 19-02 requires the ICCAT Secretariat to work with the SCRS to prepare an estimate of capacity in the
Convention area, to include at least all the fishing units that are large-scale or operate outside the Exclusive
Economic Area (EEZ) of the CPC they are registered in. These capacity estimates were updated in 2024, and
these estimates in 2023 were 62 large scale purse seine vessels targeted tropical tunas, which is lower than
some previous estimates, but slightly larger than the estimate made by SCRS for 2018 (YFT-Table 2).
Currently, no capacity estimates are available for other large-scale fleets.

Small bigeye tuna continues to be diverted to local West African markets, predominantly in Abidjan, and
sold as faux poissons in ways that make their monitoring and official reporting challenging. Monitoring of
such catches has recently progressed through a coordinated approach that allows ICCAT to properly
account for these catches and thus increase the quality of the basic catch and size data available for
assessments. Currently those catches are included with those from the main purse seine fleet in the ICCAT
Task 1 data used for the assessments. The 2020-2022 catch for faux poissons was estimated by the Tropical
Tunas Species Group to be 4% of the total purse seine BET catch.

In the 2018 stock assessment mean average weight of bigeye tuna was reviewed. It showed mean weight
decreased prior to 2004 but has remained relatively stable at around 10 kg for the last decade. Average
weight, however, is quite different for the different fishing gears. In 2017 it was around 55 kg for longliners,
10 kg for baitboats, and 6 kg for purse seiners. Since 2000, several longline fleets have shown increases in
the mean weight of bigeye tuna caught, with the average longline-caught fish increasing from 40 kg to 60 kg
between 2000 and 2008. The average weight of bigeye tuna caught in free schools is more than double the
average weight of those caught around FOB/FADs. Since 1991, when tuna catches were identified
separately for FADs for EU and other CPCs purse seine fleets, the majority of bigeye tuna are caught in sets
associated with FADs; particularly since the mid-2000s (60%-80%). Similarly, baitboat-caught bigeye tuna
weighed between 6 and 10 kg up to 2011, but with greater inter-annual variability in average weight
compared to longline or purse seine caught fish.

21


https://www.iccat.int/Documents/Recs/compendiopdf-e/2016-01-e.pdf

ICCAT REPORT 2024-2025 (1)

During the 2018 stock assessment a Joint Longline standardized abundance index (Hoyle et al., 2019) was
used instead of each individual CPC’s standardized CPUE indices used in the 2015 assessment. The joint
longline standardized index for 1959-2017 was constructed using detailed operational data (including set
by set and vessel identifiers) from major longline fleets, (Japan, Korea (Rep.), United States and Chinese
Taipei). The index was broken down into two periods, 1959-1978 (“early”) and 1979-2017 (“late”) because
of changes in the level of information available on fishing operations.

The development of this joint standardized CPUE index was motivated to reduce data conflicts that arise
when CPUE trends differ for different fleets in the same period. This can occur when available data are
sparse, when the fishery occurs at the extremes of the spatial distribution of the stock and/or does not
represent a meaningful proportion of the stock biomass, or when the index references only a small portion
of the age or size distribution. This can also occur when there are important changes in fisheries operations
(e.g., targeting, regulations, spatial distribution) that cannot be addressed in the standardization process.

The 2018 joint longline indices were an improvement over fleet-specific indices and, for the “late” period,
was able to account for differences in fishing efficiency of longline vessels. The “early” joint longline index
developed in 2018 for the period 1959-1978 was included in the assessment of 2021 (BET-Figure 4).

A new joint longline index was produced in 2021 for the “late” period 1979-2019 (BET-Figure 4).
Unfortunately, it was not possible to update this index by using the same level of detailed data and same set
of fleet-specific longline data sets as it was done during the 2018 stock assessment due to restrictions on
analyses caused by the COVID-19 pandemic. The 2021 “late” joint longline index used data aggregated to
monthly catches by fleet and 1x1 latitude longitude. This index was developed without set-by-set data.

A new quarterly acoustic echosounder buoy index associated with FADs covering the period 2010-2019 is
now available for all three species of tropical tunas and helped the assessment account for changes in
abundance of juvenile BET (BET-Figure 5). This new index is a significant improvement in the available
information set for the stock assessment given the challenges faced up until now to develop an index from
the purse seine fisheries of tropical tunas. The index is developed from tuna biomass estimates obtained
from the acoustic buoys placed in FADs. Observations of tropical tuna species composition from purse seine
FAD catch sets conducted in similar places and times to the acoustic observations are used to develop a
buoy index for each species of tropical tuna.

In the assessment, the joint longline index was assumed to have a selectivity for older fish, equivalent to the
Japan longline fleet in the tropical Atlantic. As the acoustic buoy index represents BET abundance associated
with FADs it was assumed that it represents the same range of sizes and ages of BET as those caught in the
purse seine FAD fishery.

BET-3. State of the stock

The 2021 stock assessment was conducted using similar assessment models to those used in 2018, updating
the data until 2019, but with some significant changes in natural mortality assumptions, derived from new
information and new assumptions on maximum age, the relative abundance indices used and the fleet
structure of the model used for providing management advice. As in 2018, stock status evaluations for
Atlantic bigeye tuna used in 2021 several modelling approaches, ranging from non-equilibrium (MPB) and
Bayesian state-space (JABBA) production models to integrated statistical assessment models
(Stock Synthesis). Different model formulations considered to be plausible representations of the stock
dynamics were used to characterize stock status and the uncertainties in stock status evaluations.

The Stock Synthesis integrated statistical assessment model allows the incorporation of more detailed
information, both for the biology of the species as well as fishery data, including the size data and selectivity
by different fleet and gear components. As Stock Synthesis allows modelling of the changes in selectivity of
different fleets as well as to investigate the effect of the length/age structure of the catches of different
fisheries in the population dynamic, productivity and fishing mortality, it was the agreed model to be used
for the management advice. The Stock Synthesis uncertainty grid includes 27 model configurations, all of
which were given equal weight, that were investigated to ensure that major sources of structural
uncertainty were incorporated and represented in the assessment results (BET-Table 2). Although the
results of two production models, non-equilibrium and Bayesian state-space, are not used for management
advice they provide comparative perception of stock status. The median relative biomass (B/Bwusy) and
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relative fishing mortality (F/Fwmsy) trajectories from production models and the Stock Synthesis models
depicted similar patterns. The set of 27 Stock Synthesis models has wide uncertainty bounds for these
trajectories, and the biomass trajectories from all the production models are within these bounds.

Results of the uncertainty grid of Stock Synthesis runs show a long-term decline in spawning stock biomass
(SSB) from the beginning of the fishery, accelerating from 1970 to 2000 and a relative stable SSB in the last
20 years. Relative fishing mortality increased from the beginning of the fishery until 1999, rapidly declined
from 1999 to 2008 and has been relatively stable since. Recruitment estimates for the recent period of
2015-2019 show an increasing trend (BET-Figure 6), in spite of the relative stability of recent SSB
(BET-Figure 7).

The Stock Synthesis uncertainty grid shows 1950-2019 trajectories of increasing F and decreasing
biomass (B) towards the red area of the Kobe plot (F> Fusy and SSB<SSBwmsy) (BET-Figure 7 and 8).
Overfishing starts in around 1993, and the stock becomes overfished around 1997, therefore reaching the
red quadrant of the Kobe plot and mostly remained in the red quadrant until 2019 when overfishing ceased
(BET-Figure 8). The results of the assessment, based on the median of the entire uncertainty grid shows
that in 2019 the Atlantic bigeye tuna stock was overfished (median SSB2019/SSBmsy = 0.94 and 80%
confidence interval (CI) of 0.71 and 1.37) and was not undergoing overfishing (median F2019/Fmsy=1.00 and
80% CI of 0.63 and 1.35). The average of MSY was estimated as 86,833 t with (80% CI of 72,210 t and
106,440 t) from the uncertainty grid deterministic runs.

Calculations of the time-varying benchmarks from the stock synthesis uncertainty grid show a long-term
increase in SSBwmsy and a general long-term decrease in MSY. This change in benchmarks is the result of the
change in overall selectivity caused by the shift to catch greater proportions of smaller fish. The current
estimate of MSY is below what was achieved in past decades because of this shift. Other potential sources
of changes in stock productivity have not been accounted in the assessment as no evidence for such changes
has been presented to the Committee (BET-Figure 9).

Current estimates of stock status in 2019 are more optimistic than the 2017 stock status estimated at the
2018 stock assessment. Sensitivity analyses demonstrated that such changes in stock status partially result
from replacing the 2018 “late” joint longline index with the new “late” joint longline index and incorporating
new mortality at age vectors (BET-Figure 10).

The effect of natural mortality, steepness, and Sigma R (variability on the log of recruitment) on the
uncertainty around current stock status are shown in BET-Figure 11. Of the three axes of uncertainty,
natural mortality contributes the most to changing the perception of stock status. Assumptions about
natural mortality are the greatest contributors to this uncertainty (BET-Figure 11a).

Uncertainty regarding the change in the longline index methodology was not incorporated into the
uncertainty grid because it was not clear to the Committee on an appropriate way to do so. The scale of the
impact of such change in methodology can be seen in BET-Figure 10. Therefore, the current stock status
(BET-Figure 8) is more uncertain than the SCRS has been able to quantify with the uncertainty grid.

BET-4. Outlook

During the 2021 assessment projections were conducted for the uncertainty grid Stock Synthesis for a range
of fixed catches from 35,000 to 90,000 t for 15 years (which corresponds to 2 generation times of bigeye)
from 2020-2034. Projections results are driven by all the assumptions made for the projection period: by
the catch estimate for 2020, by the assumption that removals equal the TAC from 2021 onwards, by the
assumption that the relative contribution of different fleets to catches from 2020 onwards are the same as
the contributions for 2017-2019 and that future recruitment is determined by spawning stock. The 2020
catch in the projections is 22% lower than the average catches of the period 2015-2019, and, for the first
time since 2015, this catch did not exceed the TAC.

Under the projections of 2021 the assumed catch for 2020, and 2021 were 59,919 t and 61,500 t,
respectively. As of September 2023, the reported catch of 2020 was 57,971 t, smaller than the catch used in
the projections made in 2021. The 2021 catches reported of 47,568 t were lower in comparison, but the
2022 preliminary catches of 62,513 t were slightly higher than the TAC of 62,000 t. Therefore, projections
conducted in 2021 have to be interpreted with caution as none of the projection tables were calculated with
catches for 2020-2022 that match the current reported catches for such period.
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For some of the projections, the modelled stock could not sustain some of the constant high TACs in the long
term, as SSB was predicted to decline below a safe threshold (BET-Table 3). This safe threshold is an
indicator of very low SSBs that may compromise the rebuilding ability of a stock when such low levels of
biomass are reached. The value of 20% SSB at MSY is used by the Committee for both YFT and BET. The
results of projections of the Stock Synthesis are provided in the form of Kobe II Strategic Matrices (K2SMs)
including with probabilities that overfishing is not occurring (F<=Fwmsy), stock is not overfished
(SSB>=SSBwmsy) and the joint probability of being in the green quadrant of the Kobe plot (i.e., F<=Fmsy and
SSB>=SSBwsy) (BET-Table 4).

The rapid change in probabilities of overfishing and overfished during 2020 and 2021 (BET-Figure 12).
are the result of the fact that estimated stock status in 2019 is close to the centre point of the Kobe plot.
When a stock is at such centre point decreases in fishing mortality initially lead to large changes in these
probabilities as can be seen from the marginal histograms (BET-Figure 8).

The more optimistic outlook presented in the 2021 assessment compared to the one obtained in 2018, is
the result of a combination of factors: updates to the data and biological parameters, changes in the
methodology and data used for the joint longline index, use of the buoy index, changes to the fleet structure
in the stock synthesis models, and the assumed catches of BET for 2020 and 2021 which were low in
comparison to catches for 2015-2019. There was some disagreement among Committee members on
whether all these changes represent improvements to the information used to provide the determination
of stock status and the outlook for the stock. Therefore, the Kobe Il matrix should be interpreted with
caution.

BET-5. Effect of current regulations

During the period 2005-2008 an overall TAC was set at 90,000 t. The TAC was later lowered (Rec. 09-01
and later modified by Rec. 14-01) to 85,000 t. Estimates of reported catch for 2009-2015 (BET-Table 1)
have been always lower than 85,000 t. The TAC was again reduced to 65,000 tin Rec. 15-01 which entered
into force in 2016 and Rec. 18-01,and in Rec. 19-02 t0 62,500 tand 61,500 t for 2020 and 2021, respectively.
TACs for 2022-2024 were set to 62,000 t (Rec. 21-01, Rec. 22-01, and Rec. 23-01, respectively). Catches
exceeded the TAC by more than 20% every year from 2016-2019 except 2018 when catches were 12%
higher than the TAC. Note that because TACs do not limit catches of all countries and fleets that can catch
bigeye tuna, the total catch removed from the stock can exceed the TAC. Rec. 19-02 included new catch
limits for CPCs not previously under catch limits that took effect in 2020. Such limits were somewhat
modified in subsequent recommendations. Current limits are described in Rec. 22-01 and Rec. 23-01. Such
limits may have contributed to the declines in reported catch for 2020 and 2021 which were lower than the
TAC, although such decline may have also been partly due to the effects of COVID-19 in fishing operations.
Preliminary reported catches for 2023 were 61,320 t, lower than the TAC of 62,000 t.

Concern over the catches of small yellowfin and bigeye tunas led to the establishment of spatial closures to
surface fishing gear FAD sets in the Gulf of Guinea (Recs. 04-01, 08-01, 11-01, 14-01, 15-01) or entire
Atlantic (Recs. 19-02,21-01,and 22-01). The Committee evaluated the effectiveness of alternative temporal
closures (season and duration) using outputs of the most recent stock assessments of bigeye and yellowfin
tunas (item 19.38).

BET-6. Management recommendations

The Atlantic bigeye tuna stock in 2019 was estimated to be overfished but not undergoing overfishing.
According to the Kobe II Strategy Matrix (K2SM), a future constant catch of 61,500 t, which is the TAC
established in Rec. 19-02, will have a high probability (97%) of maintaining the stock in the green quadrant
of the Kobe plot by 2034. This would leave the stock in a state consistent with the Convention objectives
and the recovery plan in Rec. 19-02 (BET-Table 4). The K2SM incorporates some of the known main
sources of uncertainty, however, some other sources of relevant uncertainties were not being included in
the development of the K2SM, including the appropriateness of the range of natural mortalities used in the
uncertainty grid and the change in methodology used to develop the Joint Longline index. Therefore, current
stock status and the outlook for the stock are more uncertain than portrayed in the summary table and the
K2SM. Projection probabilities should be interpreted with caution. Until such additional sources of
uncertainty can be properly incorporated in the estimation of stock status and the K2SM, the Commission
should consider adopting a TAC that would shift the stock status of BET towards the green zone of the Kobe
plot with a high probability.
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The Commission should be aware that increased harvests on small fishes could have had negative
consequences for the productivity of bigeye tuna fisheries (e.g. reduced yield at MSY and increased SSB
required to produce MSY) (BET-Figure 9). Rec. 19-02 contains measures adopted by the Commission
aimed at increasing long-term sustainable yield by reducing the catch of juveniles of tropical tunas. It is too
early to know the extent by which these measures have reduced mortality of juvenile BET.

ATLANTIC BIGEYE TUNA SUMMARY

Maximum Sustainable Yield 86,833 t with (72,210 -106,440 t)*

Current (2023) Yield 61,320 t2

Relative Spawning Biomass (SSB2019/SSBwmsy) 0.94(0.71-1.37)1

Relative Fishing Mortality (F2019/Fumsy) 1.00 (0.63-1.35)!

Stock Status (2019) Overfished: Yes3
Overfishing: No3

Conservation & management measures in effect: ~ Rec. 16-02, Rec. 17-01 and Rec. 23-01

TAC for 2022-2024 was set to 62,000 t for Contracting
Parties and Cooperating non-Contracting Parties,
Entities or Fishing Entities.

No fishing with natural or artificial floating objects
from 1 January to 12 March in 2024, throughout the
Convention area.

No more than 300 FADs active at any time by vessel.
Use of non-entangling FADs.

Prohibition of discarding from purse seine.

I Combined result of stock synthesis 27 uncertainty grid runs. Median and 10 and 90% percentile in brackets.
2 Reports for 2023 reflect the most recent data but should be considered provisional.

3 Probability of overfished 58%, probability of overfishing 50%.

25


https://www.iccat.int/Documents/Recs/compendiopdf-e/2019-02-e.pdf
https://www.iccat.int/Documents/Recs/compendiopdf-e/2016-02-e.pdf
https://www.iccat.int/Documents/Recs/compendiopdf-e/2017-01-e.pdf
https://www.iccat.int/Documents/Recs/compendiopdf-e/2023-01-e.pdf

ICCAT REPORT 2024-2025 (1)

BET-Table 1. Estimated catches (t) of bigeye tuna (Thunnus obesus) by area, gear, and flag.
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BET-Table 2. Details of the specifications for the 27 Stock Synthesis models of the uncertainty grid for the
Atlantic bigeye tuna. The 27 models are constructed as a fully crossed design of the 3 uncertainty
parameters below (3x3x3=27). Max age represents the assumption of lifespan used to estimate age specific
natural mortality. Sigma R represents the variability of recruitment not explained by the spawning stock
recruitment relationship and steepness represents the shape of the SSB vs recruitment relationship. The
bold values represent the model combination that the Committee defined as “reference” case. This reference
case model was defined solely for the purpose of constructing the initial runs of the assessment and for
comparison with sensitivity runs. The reference case model was given the same weight than any of the other
models of the uncertainty grid in the estimation of stock status and development of forecasts.

Parameter Value 1 Value 2 Value 3
Max_Age 17 20 25
Steepness 0.7 0.8 0.9
Sigma R 0.2 0.4 0.6

BET-Table 3. Percent of the model runs that resulted in SSB levels <= 20% of SSBmsy during the projection
period for a given catch level (in 1000 t) for Atlantic bigeye tuna.

TAC (1000smt) 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

35 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
375 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
40 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
425 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
45 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
475 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
50 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
525 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
55 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
575 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
60 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
615 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
625 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
65 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
675 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
70 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
725 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
75 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
775 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
80 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
825 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1%
85 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 2% 8%
875 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 3% 13% 27%
90 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 3% 14% 28% 32%
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BET-Table 4. Estimated probabilities of the Atlantic bigeye tuna stock being below Fusy (overfishing not
occurring), above Busy (not overfished) and above Busy and below Fusy (green zone) in a given year for a
given catch level (‘000 t), based upon Stock Synthesis 2021 assessment outcomes.

a) Probability of Overfishing Not Occurring (F <= Fumsy).

2025

69%

825 67% 67% 65% 64%
85 63% 63% 60% 58%
875 59% 59% 55% 53%
90 55% 54% 50% 48%

67%
60%
53%
47%
41%

57% 55% 52% 50% 47% 46% 44% 43%
50% 47% 44% 41% 39% 38% 37% 36%
43% 40% 36% 34% 32% 31% 31% 31%
37% 33% 30% 28% 27% 26% 27% 26%

b) Probability of Not Overfished (SSB >= SSBusy).

2022 2023 2024 2025

2026
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c) Probability of Not Overfished (SSB >= SSBumsy) and Overfishing not occurring (F <= Fusy).

100% 100% 100%
100% 100% 100%
100% 100% 100%
99% 100% 100%
99% 100% 100%
99% 99% 100%
98%  99% 100%
97%  98% 100%
96% 97% 100%

95% 96% 99%
93%  94% 98%
92%  93% 97%
91%  92% 96%
88% 89% 93%
85% 85% 87%
81% 81% 81%

80 70% 70% 68% 64% 61% 57% 55% 52% 50% 48% 47% 46%
825 67% 67% 65% 63% 59% 55% 52% 47% 44% 42% 41% 40% 39%
85 63% 63% 60% 58% 53% 48% 45% 40% 37% 36% 34% 34% 34%
875 59% 58% 55% 53% 47% 42% 38% 34% 31% 30% 29% 29% 30%
90 55% 54% 50% 48% 41% 37% 32% 28% 26% 25% 25% 26% 25%
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BET-Figure 1. Apparent movements (straight line distance between the tagging location and that of
recovery) calculated from conventional tagging of Atlantic bigeye tuna from the historical ICCAT tagging
database (top panel) and the current AOTTP activities (bottom panel).
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BET-Figure 2 [a-f]. Geographical distribution of the bigeye tuna catch by major gears and decade. The maps are
scaled to the maximum catch observed during 1970-2022 (the last decade only covers 3 years).
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BET-Figure 3. Bigeye tuna estimated and reported catches for all the Atlantic stock (t). The red dotted line

indicates the TAC.
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BET-Figure 4. Annual joint longline index for 1959 to 2019 that include two series early period
(1959-1978, Joint LL Early Period) and the late period (1979-2019, 2021 joint LL_R2) used in the 2021
stock assessment. For comparison the 2018 joint index late period (1979-2017) is presented
(2018 Joint LL R2) which was used for sensitivity runs. Indices are splitin 1979 because of the lack of vessel
ID data prior to that year. 2018 index for the late period was developed with set by set and vessel data, but

2021 index for the late period was not.

33



ICCAT REPORT 2024-2025 (1)

Buoy Acoustic index

Year/Quarter

BET-Figure 5. Quarterly abundance index from acoustic buoys used in the FAD fishery for 2010 to 2019.

Log recruitment deviation
(@]

| | I [
1980 1990 2000 2010

Year
BET-Figure 6. Estimated recruitment deviations for the period 1974-2018 for Stock Synthesis reference

case (see BET-Table 2 for definition). The zero line represents the expected recruitment resulting from the
previous year spawning stock biomass. Positive values represent better than expected recruitments,
negative values, worse than expected recruitment.
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BET-Figure 7. Time series of stock status trends across the 27 Stock Synthesis models of the uncertainty
grid. Panels in each row represent the different assumptions of maximum age and thus natural mortality.
Left panels represent SSB/SSBwsy trends and right panels F/Fusy trends. Individual lines represent different
combinations of steepness and Sigma R.
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BET-Figure 8. Stock Synthesis: Kobe plot of SSB/SSBusy and F/Fusy for stock status of Atlantic bigeye tuna
in 2019 based on the log multivariate normal approximation across the 27 uncertainty grid model runs of
Stock Synthesis with an insert pie chart showing the probability of being in the red quadrant (48.9%), green
quadrant (41.1 %), orange (0.8%) and in yellow (9.2 %). Blue circle is the median and marginal histograms

represent distribution of either SSB/SSBwmsy or F/Fusy.
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BET-Figure 9. Dynamic estimated SSB at MSY (mt) and Catch at MSY (left panel) and estimated of fishing
mortality at MSY (right panel) benchmarks by year, demonstrating the effects of changes in selectivity for

bigeye tuna using the Stock Synthesis 2021 reference case.
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BET-Figure 10. Sensitivity runs showing time series of stock status trends (left panels 1950-2017, right
panels 1998-2017, upper panels SSB/SSBwmsy and lower panels F/Fusy) demonstrating the effects of changes
in stock status resulting from the incorporation of the 2021 joint longline index and the new assumptions
about natural mortality. Lines represent the 2018 (2018_ref) and 2021 (2021_ref) reference cases, the 2018
reference case replacing the 2018 joint longline index with the 2021 joint longline index
(2018_ref new_CPUE) and this last case with the replacement of the 2018 natural mortality with the 2021
natural mortality (2018_ref new_CPUE_new_M). The natural mortality of the 2021 reference case
corresponds to the maximum age of 20.

(a) effect of Maximum age(M) (b) effect of steepness (h)
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BET-Figure 11. Effects of the main axes of uncertainty parameters (a: Natural mortality associated with
maximum age assumption, b: Steepness, c: Sigma R) on Kobe phase plot for the 27 Stock Synthesis
uncertainty grid for Atlantic bigeye tuna. In each plot the cloud of points and the marginal histograms colors
match the level in each uncertainty parameter.
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BET-Figure 12. Deterministic projections of SSB/SSBwmsy (left panel) and fishing mortality (right panel) for
the 27 Stock Synthesis uncertainty grid runs at 35,000-90,000 t constant catch for Atlantic bigeye tuna. The
lines are the mean of 27 deterministic runs and the black line is for the current TAC (61,500 t). The grey bar
represents the period when catches for 2020 and 2021 are fixed to 59,919 t and 61,500 t respectively.
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