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REPORT OF THE 2017 ICCAT BLUEFIN STOCK ASSESSMENT MEETING

(Madrid, Spain 20-28 July, 2017)

1. Opening, adoption of agenda and meeting arrangements

The meeting was held at the ICCAT Secretariat in Madrid 20 to 28 July 2017. Dr. Clay Porch (USA), the Species
Group (“the Group”) Coordinator and meeting Chairman, opened the meeting and welcomed participants. Drs.
Gary Melvin (Canada) and Ana Gordoa (EU-Spain), the Rapporteurs for the western Atlantic and eastern
Atlantic and Mediterranean stocks, respectively, served as co-Chairs. Mr. Driss Meski (ICCAT Executive
Secretary) welcomed the participants and highlighted the importance of the meeting due to the high
Commission expectations of the assessment as regards to the revisions to the old data, availability of new data,
and the updating of the indices of abundance. The Chairs proceeded to review the Agenda which was adopted
with minor changes (Appendix 1).

The List of Participants is included in Appendix 2. The List of Documents presented at the meeting is attached
as Appendix 3. The following served as rapporteurs:

Sections Rapporteur

Items 1 and 9 M. Neves dos Santos

[tem 2 G. Melvin

Item 3

Item 3.1 and 3.2 G. Diaz, M. Ortiz, A. Kimoto

Item 3.3 and 3.4 A. Hanke

Item 3.5 J. Hoenig, L. Ailloud

Item 3.6 H. Arrizabalaga, L. Kerr

Item 3.7 A. Gordoa, G. Melvin

[tem 4 J.J. Maguire, S. Cadrin

Item 5 T. Itoh, C. Porch, S. Nakatsuka, A. Kimoto, ]. Walter
Item 6 C. Brown, T Rouyer, J. Walter, S. Cadrin, M. Lauretta, R. Sharma
Item 7 A. Hanke, C. Porch, G. Melvin, A. Gordoa and D. Die
Item 8 G. Melvin and A. Gordoa

2. Review of the scientific papers presented at the Working Group

The Coordinator noted that 26 documents and 1 presentation had been submitted for review. The respective
summaries are compiled in Appendix 4, as provided by the authors. Priority was given for those documents
directly related with the 2017 bluefin tuna stock assessment. Due to the lack of time, the four papers were not
presented nor reviewed by the Group. The first of these papers refer to Task I (SCRS/2017/171), of which a
first draft was presented and accepted during the Data Preparatory meeting to update the French and Spanish
purse seine catch-at-size for the Mediterranean bluefin tuna fisheries between 1970 and 2010. The second
corresponding to Task I data (SCRS/2017/169) comprised the revision of Atlantic bluefin tuna nominal catches
from EU-Spain. Document SCRS/2017/149 provided a preliminary report of the ICCAT GBYP aerial survey for
bluefin tuna spawning aggregations conducted in 2017. Finally, document SCRS/2017/131 provides the
distribution of both conventional and electronic tags that were deployed in the Atlantic Ocean and in the Strait
of Gibraltar, and later recovered or popped-off in the Mediterranean Sea.
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3. Review and update data for stock assessment
3.1 Biology

Document SCRS/2017/083 presented five different hypothesis of natural mortality (M) for western bluefin
tuna. All five hypotheses were confronted with empirical survival estimates from a discrete Brownie tag return
model applied to the conventional tagging data for the period 1965 to 2016. Although the conventional tagging
data contained considerable information on survival over time, no one hypothesis of natural mortality could
be selected from the set of candidates based on the analysis. However, if the survival estimates for the period
1995 to 1999 are an accurate measure of total survival and representative of larger fish compared to other
periods, then a natural mortality rate greater than 0.12 per year for this group is inconsistent with the results.

The Group noted that the Brownie model provided estimates of total survival for tag cohorts, aggregated across
ages, which were used to refute several hypotheses about the natural mortality rate of Atlantic bluefin. The
Group asked how the estimates of M at age values were obtained. It was explained that the estimates were
obtained using a Lorenzen function based on the mean weight-at-age estimated from the adopted growth curve
and length-weight relationship, and scaled to an asymptotic rate of 0.1. It was noted that the estimated survival
patterns from the tagging analysis were different from the apical fishing mortality (F) trends estimated by the
VPA. However, the Group discussed that this result was not unexpected because both the age composition of
the tagged fish and the overall selectivity of the fleets have changed over time. For example, in the 1970s most
tag deployments and recaptures were of small bluefin tuna from the U.S. purse seine fishery. Survival estimates
from the tagging analysis indicate lower survival during this time period, consistent with both tagging of
younger fish and higher levels of F on younger fish as estimated in the VPA. Tag-based survival estimates have
increased, largely due to a shift towards tagging larger fish rather than reflecting the overall pattern of apical F
from the VPA. The Group also discussed whether M might have changed over time. While there was a general
agreement that this could be the case, the Group felt that it had insufficient data to estimate this and thus agreed
to assume a constant M-at-age vector for the assessment. Furthermore, the Group was informed of the results
of a new study that estimated western bluefin tuna natural mortality using acoustic tags in Canada. This study
estimated M ranging from 0.04 to 0.09 (pers. comm. A. Boustany 2017). It was also pointed out that the CCSBT
considers in the operating model a range of values for M at age 10 whose median of about 0.07 is somewhat
lower than 0.1 (pers. comm. R. Hillary 2017). The Group acknowledged this issue and proposed scaling the
Lorenzen function to asymptote at a value of M=0.07 for the oldest fish as a sensitivity run.

Document SCRS/2017/164 presented estimates of the fraction of the western bluefin tuna that spawn by age
based on a comparison of the age frequency of fish collected on the Gulf of Mexico spawning grounds with the
age frequency estimated from the 2014 assessment (Anon. 2015). The results suggest that fish under the age
of nine seldom spawn in the Gulf of Mexico and that peak spawning frequency is not achieved until about age
15. The authors recommended a procedure for estimating the fraction spawning at age based on the estimated
selectivity of fish on the presumed spawning grounds (rather than relying on out of date assessments).

The age and length composition from the landings used in the study was assumed to be representative of the
length composition of the bluefin tuna in the Gulf of Mexico. The Group also acknowledged that since the data
were collected by scientific observer programmes, data quality was probably not an issue of concern. It was
discussed if size selectivity could have affected the results of the analysis and if selectivity could be dome
shaped. The Group noted that if that is the case, then the results would be even more skewed towards older
ages. Finally, it was noted that the Mexican bluefin tuna fishery has shown a broader range of sizes in some
years, including fish as small as 120 cm FL, and it was suggested that these data should be included in future
analysis. However, the Group agreed that the fraction of those small fish in the total catch was negligible and
using that data would not significantly change the results of the current analysis.

Document SCRS/2017/170 provided the results of using direct ageing to estimate a length-age key and a
growth curve of eastern bluefin tuna. The study used otoliths and spines collected between 1984 and 2013.
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The Group noted that the growth fitting results showed a relatively poor fit of ages eight and above. It was
noted that it seems to be a selectivity bias in the fitting of smaller fish. It was mentioned that the Group might
want to consider using different growth functions for different age ranges. It is well known that energy
allocation shifts from growth in the earlier ages to reproduction output in the older ages. Therefore, it is not
implausible that growth can be better described using more than just one growth function. For example, the
Group could consider using the growth estimated by Cort (1991) and Cort et al. (2014) for the earlier ages and
the Allioud et al. (2017) growth function for the older ages. The Group also discussed using observed mean
length at age from the raw data instead of the growth curve for using cohort slicing. The Group decided to apply
the Cort (1991) growth curve for cohort slicing despite apparent miss-fitting to older ages. However, the Group
noted that a growth function is needed for stock status projections.

Apart from these new contributions, a summary of the current assumptions concerning life history attributes
as used in the assessment is provided in the Table 1 for the West Atlantic and East Atlantic and Mediterranean
stocks.

3.2 Catch estimates

During the March data preparatory meeting (Anon., in press) the Group reviewed the basic Task I and Task II
CAS and size data (refer to section 3.1 of that report for details). During the intersession, the Secretariat
finalized the consultations with scientists and CPCs to classify the catches by gear from the unknown category.
As agreed by the Working Group, the Task [ was updated to include the so-called “inflated catches” as part of
the best estimate of total removals for East bluefin tuna for the period 1998-2007. The inflated catches were
all assigned to the purse seine gear. Table 2 and Figure 1 present the total catch used in the current assessment
for each stock for the period 1950-2015. The Secretariat also provided a compilation of the historical catches
of bluefin tuna since 1512, recovered primarily under the ICCAT GBYP initiatives (Figure 2).

For assessment models that require fleet-specific catch statistics (see section 4), the Secretariat, in
collaboration with the lead analysts, prepared the distribution of the Task I into the fleet-structure. A total of
13 fleet-gear categories were created for the East bluefin tuna, and 11 fleet-gear categories for the West bluefin
tuna. These fleet-gear categories were also directly associated with the corresponding size frequency samples
as input for the catch statistical models. Table 3 shows the fleet-gear structure and the corresponding
allocation of catch by year (Figure 3).

3.2.1 Review Task I statistics to be used for projections

During the data preparatory meeting it was agreed to use 2015 as the terminal year for assessment purposes.
The Secretariat informed the Group that prior to this meeting there were incomplete reports of bluefin catches
for 2016. During the meeting scientists from the main fleets reported their preliminary estimates of 2016
catches for the western stock: Japan 345.4 t, Canada 480 t, and USA 1,025 t. For the other flags it was agreed to
carry-over the catches of 2015. In total, the estimated catch for West bluefin tuna was 1,912.4 t in 2016. For
the assessment model that required fleet-gear specific catches, the same fleet-gear proportions as in 2015 were
assumed. Table 4 summarizes the estimates for 2016 West bluefin tuna catches. For the East bluefin tuna,
there were no preliminary reports available, therefore the Working Group agreed using the TAC allocation for
2016 (19,296 t) for projections.

3.2.2 Task Il size

Document SCRS/2017/166 presents a detailed review and preliminary analyses of size frequency samples for
bluefin tuna. In relation to the Task II size frequencies (T2SZ) harmonization task, progress was reported at
the data preparatory meeting (Anon. in press). During the intersession, there were important updates to the
size data:
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West bluefin tuna:

i) Update of the size samples for the Canadian hand-line fishery for the period 1974-1985. These size
samples were also used for the construction of the CAS and CAA for this particular gear-fleet.

ii) Review of the size samples from the USA Gulf of Mexico longline fleet where some fish had been
miscoded in the ICCAT data base as fork length measurements when in fact they were pectoral fin to
fork measures. Scientist will provide updated values and appropriate conversion factors for these size
samples. In the meanwhile, these samples were converted to SFL for statistical catch-at-length analysis.

East bluefin tuna:
i) Update of the size samples for the EU-France and EU-Spain purse seine fleets (SCRS/2017/171) for the
period 1970-2010, based on mean weight per set operation.
ii) Update of the stereo-camera size measures from the caged bluefin tuna 2014-2015.
iii) Update of the estimated size at capture from harvested farm bluefin tuna (SCRS/2017/024) for the
period 2008-2015.

Most of the new size samples were also integrated into the estimation of the CAS and CAA. For the East bluefin
tuna, some size samples were available from two or more sources (e.g. stereo-camera, back calculated size at
catch from harvested farm fish, and Annual Reports), creating a potential duplication of information mainly
from purse seine and trap fisheries. A priority scheme was applied when overlapping of size data was available.
This scheme gave highest priority to samples from the stereo-camera reports, followed by back-calculation
from harvested fish, and least importance to Annual Reports.

All size samples were revised and allocated into the fleet-gear structure for the catch-statistical models,
creating annual size frequency samples (SCRS/2017/166). A minimum of 75 measured fish per year was
imposed for each size-frequency samples, fleet-gear strata. Samples with extreme skewness or kurtosis were
also carefully revised and checked before being included, and fish greater than 350 cm SFL were excluded.
Figure 4 shows the size distribution in each fleet-gear category for the West and East stocks.

3.2.3 Catch at size and Catch at Age

Most of the new size samples were also integrated into the estimation of the CAS and CAA. The CAS was
constructed by the Secretariat following similar guidelines as in prior assessments for substitutions by fleet,
gear, area and quarter when size samples, CAS or CAA were unavailable. Table 5 presents the substitutions
used in the current CAS. During the intersession the Secretariat created a CAA using the ‘cohort slicing’ method
as done in prior assessments based on the monthly estimated size at age from the growth models; von
Bertalanffy growth model for the East and Mediterranean bluefin tuna stock (Cort, 1991; Cort et al.,, 2014) and
Richards growth model for the West bluefin tuna stock (Ailloud et al, 2017). An alternative ageing protocol
was used to generate a CAA, using a parametric growth (same growth models) that uses variance of size at age
to estimate a probability distribution of ages for a given size. Document SCRS/2017 /181 compares both ageing
protocols using a catch curve analyses on the estimated CAA. Overall both ageing protocols estimated
comparable CAA and estimates of total mortality from the catch curve were similar for the west stock, some
more variable for the east stock.

3.3Relative abundance estimates and CPUE

The relative abundance indices recommended for use in the stock assessment were outlined in detail at the
data preparatory meeting and are briefly listed under “Methods”. The reader is referred to the data preparatory
report for further details (Anon. in press).

Document SCRS/2017/082 provided three standardized relative indices of bluefin tuna abundance using fish
caught by the Atlantic Moroccan and EU-Portugal traps in the area close to the Strait of Gibraltar. These were
based on factors such as year, month and TrapID/location. A single index covered 1998 to 2016 and two
separate indices were created for 1998 to 2011 and from 2012 to 2016 in response to possible changes in the
fishing operation (e.g. the quotas was reached in short time).
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The following paragraphs describe several index papers presented to the assessment but not used in the
current assessment.

Document SCRS/2017/180 provided a standardized relative index of bluefin tuna abundance based on data
from Tunisian purse seiners (2009 to 2016). The annual values of the CPUE have been high in the past three
years and the overall trend was similar to the trend in the mean weight of the fish.

The Group noted that VMS data was available and could be used to improve future estimates of effort and it
was indicated that this data was available for all the purse seine vessels.

Document SCRS/2017/172 provided an updated nominal index of relative bluefin tuna abundance using the
Balfeg6 purse seiners and a second index based on the Balfeg6 joint purse seine fishing fleet. Both indices
exhibited trends similar to the Japanese longline indices. The CPUE based on the joint fishing fleet was more
stable than either the Japanese index or Balfego vessels over the last three years. The average weight of fish in
2017, as estimated by skippers, did not differ from stereo-camera estimated weights of 2016.

The Group noted that joint fishing operations that caught fish for farms would affect the estimates of effort and
consequently the CPUE trend and inquired about the availability of VMS data to correct or better define the
effort. It was noted that this information should be available for the Balfegd vessels. The Group also inquired
about the availability of echo sounder or sonar data to provide school density estimates. It was indicated that
the area fished is small and did not correspond with the whole aerial survey area and that commercial echo
sounders do not generally have the ability to record.

Document SCRS/2017/184 provided a nominal index of bluefin tuna abundance based on Japanese longline
fishing operations on the Algerian territorial waters and under Algerian catch quota conducted between 2000
and 2006. The yield was shown to improve with increasing SST and temperatures of 20° C were optimal. The
prevalence of females also increased with increasing SST. Data for purse seine operations was also available
(2010-2017) but did not produce an index of abundance due to the difficulty of defining a consistent unit of
fishing effort.

The Group inquired about the measure of fishing effort used in the CPUE. It was indicated that the number of
vessels was used for effort. The Group suggested that more appropriate measures of effort should be
considered in the future.

3.4Tagging

No new information was presented, although both electronic and conventional tagging data presented at the
data preparatory meeting were summarized for input into mixing models. The Group noted that the data base
for electronic tags did not include any information to indicate whether the tag had been recovered by the
fishery or not. Several investigators provided this information during the course of the meeting, but the data
set remained too incomplete for use in models during the meeting.

3.5Age composition (age-length keys)

Document SCRS/2017/170 dealt with re-examination of historical spine readings and established that the
historical method used for aging provides equivalent results to those obtained by using the currently adopted
standardized methodology, and that these records can therefore be used for estimating growth and age
composition. It also attempted to develop a new growth curve for the eastern Atlantic using the same
methodology used for the west (e.g., the methodology of Ailloud et al., 2017). Both the new von Bertalanffy and
the Richards model gave rise to patterns in the residuals. The reason for the misfit was largely due to the lack
of older individuals in the dataset as well as possible differences in selectivity pattern between young and old
fish. Consequently, it was proposed to explore more flexible models. The Group proposed two possible
alternatives when no acceptable parametric growth model is available: i) using mean lengths at age (from the
raw data) to form an empirical growth curve and use this for cohort slicing the catch-at-size; or ii) use a
“morphed curve” linking the Cort (1991) and Cort et al. (2014) model for younger ages and the Ailloud et al.
(2017) model for older ages.
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Document SCRS/2017/179, presented estimates of catch at age for both the eastern and western stocks based
on the combined forward-inverse age-length key (Hoenig et al., 2002). After initial problems in maximizing the
likelihood, an ad hoc procedure was developed that bounded the estimates of probability-at-age away from
zero and facilitated convergence. The Group noted that the catch at age matrix for the western Atlantic seemed
to track strong and weak cohorts well. In general, the combined key gave results similar to cohort slicing with
some differences in the magnitudes of the cohorts and the year class assigned to one strong cohort (Figure 5).
However, three concerns about the combined key were raised by the Group: 1) Some cohorts seem to nearly
disappear only to reappear a year later, causing instability in the VPA, 2) the calculated mean weight in the plus
group was lower than that of the 15 year olds due to small sample sizes for age 15, and 3) a strong 2002 year
class appears throughout the western catch at age matrix whereas there was concern that this might be the
2003 year class. For the eastern Atlantic, there were greater problems with convergence of the combined
forward-inverse key due to small sample sizes of larger individuals; additionally, the estimates of age
composition varied greatly from year to year for the most recent three years.

The catch at age estimates for the west from the combined forward-inverse key were run through the VPA and
it was noted that it produced some odd patterns of extremely high F’s followed by extremely low F’s due to the
apparent disappearance and reappearance of cohorts. It was therefore decided by the Group to conduct a run
of the western VPA where the age composition for the most recent five years (2010-2015) was obtained from
the combined forward-inverse age length key, and the age composition for years prior to 2010 obtained from
cohort slicing. The plus group for the run was set at age 16+. The results were presented to the Group. Concern
was expressed that there was an apparent shift in selectivity due to the change in method for estimating age
composition. It was therefore decided to use cohort slicing to create the base VPAs and use the catch-at-age
matrix from the combined forward-inverse key only as a sensitivity run. For the eastern VPA, it was decided to
use the age composition obtained from cohort slicing based on the Cort (1991) and Cort et al. (2014) curve,
despite being aware that there is a misfit to old specimens, since Loo is poorly estimated due to the lack of old
fish in the fitting.

For the stock synthesis (SS3) models the age-length pairs were input as age frequency distributions by length
bins (at 4 cm intervals for the East and 5 cm intervals for the West) for each year and fishery from which the
data were collected. This effectively uses the data analogous to an age length key rather than as age
composition. This input allowed the integrated models to use the information from sparse age-length data
without assuming that the data was representative of ages across the full range of sizes. Aging data was input
with both aging error and an aging bias, described below.

Upon further examination of the age data the Group noted that the mean size at age of spine samples appeared
systematically larger than the mean size at age in the otolith samples (Figures 6 and 7). Ageing experts
explained that spine readings for young fish (<7 years) are thought to be very reliable but expressed concern
over the estimated ages of the otolith samples up to age 7 because young fish are known to deposit bands that
can be misinterpreted as being annual in samples of young individuals, making otolith ages more likely to be
overestimated. The data used to build the combined forward-inverse age-length key for the west stock consists
mainly of otolith data (~10 spine samples), which could explain why the strong cohort apparent in the catch at
age derived from the combined forward-inverse key was being assigned to the 2002 year class instead of the
2003. The Group recommended that an ageing bias vector be added to the Stock Synthesis model since it is able
to account for that potential source of bias. Upon request, an ageing bias vector was produced using data from
paired otolith-spine samples collected in the past (Rodriguez-Marin et al., 2016) by assuming spine readings
are correct for fish up to age 7 (Table 6). A vector of bias corrected aged otoliths was created by taking the
weighted average of the age readings of otolith samples associated with each age group of the corresponding
spine samples.

3.6 Stock composition (otolith microchemistry, genetics)

No new documents on stock composition were presented during the meeting. The Group agreed to rely on the
stock composition data compiled during the 2016-2017 data preparatory meetings into an ICCAT Stock
Composition Database. The database includes stock composition data from the ICCAT GBYP, Canada, USA and
the EU. During the meeting, new stock composition data from the USA was added to the Database. This data is
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composed of assignments based on otolith chemistry of US-collected Atlantic bluefin tuna from the Gulf of
Maine for the period 2010-2011. Individual assignment of this data was based on the random forest procedure
(Hanke et al, 2016). In addition, corrections to the database were made in the assignment of year and area to
the individual assignments of origin. The final database was made available for the different models being used
for stock assessment as well as the MSE approach.

The combined database includes 6,886 individuals with information on their probability of being eastern origin
(Figure 8). Following the criteria adopted during the 2016 and 2017 data preparatory meetings, fish were
assigned to origin only when the probability of eastern origin was lower than 0.3 (assigned to the west, n=2773)
or higher than 0.7 (assigned to the east, n=2727).

Currently, the database allows for estimation of stock composition for all bluefin areas except the SC_ATL.
Figure 9 illustrates the proportion of eastern origin fish by area estimated from the ICCAT Stock Composition
Database. Stock composition information by area suggests no mixed stock composition within the two main
spawning areas (i.e. 100% western origin fish within the GOM and nearly 100% eastern origin fish within the
MED), minimal mixed stock composition within SE_ATL, E_ATL, NE_ATL, and NC_ATL and greater mixed stock
composition within the W_ATL, CAR, and GSL. Atlantic areas defined within the eastern stock boundary showed
eastern origin proportions higher than 0.6, while western areas showed eastern proportions below 0.8.

Data to inform the estimates of stock proportions are most abundant since 2009, when most analyses have
been conducted. However, data from the late 1970s and 1990s are available for certain areas (W_ATL and
GOM). Results suggest that there is substantial inter-annual variation in the proportions estimated within a
given area. Within single areas, proportions can also vary between fishing gears, especially in large areas (e.g.
W_ATL) where different gears (e.g. longline and rod and reel) operate in different areas (Figure 10).

Information from the ICCAT Stock Composition Database was examined for the purpose of informing revision
to population-of-origin VPAs (SCRS/2017/174). Temporal trends in proportion east were examined by fleet
(defined by area and gear) to determine stock composition assumptions for population-of-origin VPAs. The
following rules were used in determining stock composition to inform this model and resulting estimates are
shown in Figure 11:

i) Ifdata suggests annual differences in the proportion of eastern fish, time-varying estimates of stock
composition are proposed by fleet.

ii) Multi-year estimates of proportion of eastern fish are proposed to be used for years with no data
or sample sizes less than 14 (based on the minimum sample size needed to detect a difference
between 0.7 and 0.3).

iii) Considering some apparent anomalies, median proportions among aggregated samples were used
to determine stock composition by fleet.

3.7 Other data

No information was presented.

4. Methods relevant to the stock assessment

The 2017 stock assessment was conducted for both stocks of Atlantic bluefin tuna. In addition to substantial
revisions to historical fishery data, new fishery-independent series of relative abundance, and new information
on life history, a wide range of estimation models were applied to both stocks, including revised configurations
of the virtual population analyses (VPAs), statistical catch-at-length, statistical catch-at-age and other
integrated assessment models. Of these, the only models deemed to have progressed enough at the conclusion
of the meeting to be considered as the basis of management advice were the VPA applications for the eastern
stock (section 4.1) and the VPA and Stock Synthesis applications for the western stock (section 4.2). The
specifications for the remaining models are given together in section 4.3.



BFT STOCK ASSESSMENT MEETING — MADRID 2017

4.1 Methods - East
4.1.1 VPA Specifications applied to the East Atlantic and Mediterranean stock

A revised configuration of the VPA-2Box software was used (Porch et al, 2001, ICCAT Catalogue
https://github.com/ICCAT /software/wiki/2.10-VPA2Box). In previous assessments, the approach was to start
from the last assessment and progressively make modifications in a step by step process. Because of the large
number of changes in the input data, the revision of Task I and Task II data, the revision of stock size indices,
and the length of the time series, as a result of the various data preparatory meetings, such a progressive
approach was impractical, and no continuity run was conducted. In this context, the ICCAT GBYP has been
extremely useful in recovering and making available data, particularly on size composition (SCRS/2017/166).

An exploratory data analysis was conducted of the eastern Atlanticand Mediterranean bluefin dataset prepared
for the Virtual Population Analysis in SCRS/2017/123. These data include the catch-at-age of the whole stock,
catch per unit effort and their partial catches. The analysis explored correlations and conflicts between the
CPUE series, the selection patterns of the main fleets and fishing mortality of the terminal ages the main
parameter estimated by VPA. The analysis was used to help develop scenarios for use in the assessment.

Stock assessment models are vulnerable to abnormal observations (outliers), which may result in biased
estimates of parameters, underestimation of uncertainty, and poor prediction skill. Therefore influential points
should be identified and their impact explored. SCRS/2017/104 and SCRS/2017/124 therefore presented a
cross-validation of the East Atlantic and Mediterranean Virtual Population Analysis assessment to show how
to estimate bias and validate stock assessment scenarios.

Prior to the assessment meeting, a large range of options and parameters were explored such as testing
different scenarios (SCRS/2017/168) for the ratio of the fishing mortality in the plus group to the last true age
fishing mortality (Fratio), the number of years and strength of the recruitment and vulnerability penalties, as
well as consideration of the variance scaling of the indices of stock size. Two methods to calculate the average
weights at age (WAA) were tested: i) based on the growth curve, ii) by dividing the total catch at age in weight
by the total catch at age in numbers. Both approaches produced strongly decreasing WAA in the plus group
(10+). This provided too many models to compare to one another. To reduce the number of runs, a first
selection was made by excluding inappropriate ones. Models were considered inappropriate if they provided
median SSB for the time series that were unrealistically high (>500,000 t), if the retrospective patterns of SSBs
were too severe, and if model diagnostics were poor. The best of the remaining models were then ranked in
terms of the Akaike information criterion (AIC). It was pointed out, however, that the model selection process
cannot be based on AIC if constraints or data are changed among runs. Nevertheless, the results provided useful
guidance for subsequent formulations developed during the meeting.

The model input parameters used in the analyses described below are summarized in Table 1.

The stock indices of abundance were as agreed at the March 2017 data preparatory meeting (Table 7):
1. ‘MOR_SP_TP’, Combined Morocco - EU-Spain trap for 1981 to 2011

‘MOR_POR_TP’, Combined Morocco - EU-Portugal trap for 2012 to 2015

‘IPN_LL_EastMed’, Japanese longline in the East and Mediterranean for 1975 to 2009

‘JPN_LL1_NEA’, Japanese longline in the Northeast Atlantic for 1990 to 2009

‘JPN_LL2_NEA’, Japanese longline in the Northeast Atlantic for 2010 to 2015

‘SP_BB1’, EU-Spain baitboat for 1952 to 2006

‘SP_BB2’, EU-Spain and EU-France baitboat for 2007 to 2014

‘FR_AER’, French aerial survey for 2000 to 2003, 2009 to 2012 and 2014-2015

‘WMED_LARV’, Larval index in the western Mediterranean for 2001 to 2005 and 2012 to 2015
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The EU-France aerial survey index is based on the number of schools observed taking into account the
detectability of various size of schools. While the number of small, medium and large schools has been recorded
the actual size of what is a small, a medium or a large school in any given year is not known. Noting that the
proportions of the various sizes of schools differed between the first and the two following periods, the Group
decided to treat the first period (2000 to 2003) as a separate index (FR_AER1 and FR_AER2).

The Group noted that the depth sampled by oblique plankton tows for the larval survey had changed from
about 69m in the first period (2001 to 2005) to 24 to 32m depending on the year in the second period (2012
to 2015). The authors explained to the Group by correspondence how the index had been standardized for
account for the change in depth. Concerns remained that the series should be split; however, the Group decided
to use it as a single series.

A three-year constraint on vulnerability (stdev=0.4, see document SCRS/2017/168 for details) and no
constraints on recruitment or on the stock recruitment relationship were applied (for details on the VPA2-box
a manual is available at https://github.com /ICCAT/software/wiki/2.10-VPA2Box). All CPUE indices belonging
to the same gear class were equally weighted, whereas each fishery-independent survey series was weighted
separately. Terminal year F’s were estimated for ages 1 to 9. The F-ratios were estimated for 1968-1980, 1981-
1995, 1996-2007, 2008-2015. The periods were decided based on the F-ratio trends estimated as a random
walk (Runs 1-11 in Table 8), which appeared consistent with expectations based on major changes in
regulations and other developments in the fishery.

The input and output files for the base VPA are included as Appendix 5 (not included in the Report).
A brief description of the primary runs made during the meeting is provided in Table 8.

4.2 Methods - West

4.2.1 VPA Specifications applied to the West stock

A revised configuration of VPA-2Box, was used for the assessment (Porch et al,, 2001, available in the ICCAT
software catalogue: https://github.com/ICCAT /software/wiki). A continuity configuration of VPA-2Box run
from the 2014 assessment was updated with fishery and survey data through 2015 (SCRS/2017/173). The age
range 1-16+ years was maintained for the base case configuration. Consistent with decisions made at the data
preparatory meeting, the major changes for the 2017 assessment include:

e The natural mortality (M) assumption was revised from a constant instantaneous rate of M=0.14 to an
age-varying rate derived from the Lorenzen method scaled to M=0.1 at the oldest ages. This decision was
supported by an analysis of tag-recovery data (SCRS/2017/083);

e Two spawning-at-age scenarios were assumed to represent the fraction of each age class that spawns
for the western stock; younger (25% spawning at age-3, 50% spawning at age-4, 100% spawning at
ages-5+, as in the eastern bluefin tuna stock), and older (logistic function with 0% spawning at age-5,
50% spawning at age-10, and 100% spawning at age-15) based on age distribution in the Gulf of Mexico
(SCRS/2017/164);

e Catch-at-age estimates were substantially revised with new growth curve (Ailloud et al,, 2017), new
Task I (total catch) and Task II (age and size composition) data;

e The starting year of the assessment was revised from 1970 to 1974, because there were limited size
composition samples before 1974;

e The Canadianrod and reel indices, 'CAN_GSL' and 'CAN_SWNS', were combined to form a single Canadian
CPUE series (‘CAN_Combined_RR’) 1984-2015;

e The Japanese longline index in the western Atlantic West of 45°W, was split to two series, 1976-2009
‘JPN_LL’ and 2010-2015 “JPN_LL_RECENT', and the partial catch-at-age was revised to reflect recent
changes in selectivity;

e (Canadian Acoustic Survey was included as an index, ‘CAN_GSL_Acoustic’ 1994-2015; and

o Revised age ranges for tuning indices.


https://github.com/ICCAT/software/wiki/2.10-VPA2Box
https://github.com/ICCAT/software/wiki/2.10-VPA2Box
https://github.com/ICCAT/software/wiki
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The following relative indices of abundance were used to calibrate the VPA as agreed at the 2017 data
preparatory meeting (Table 9):

e ‘Larval Survey’, Gulf of Mexico larval survey 1977-2015

o ‘CAN_GSL_Acoustic’, Canadian Gulf of St. Lawrence acoustic survey, 1994-2015

¢ ‘CAN_Combined_RR’ (GSL and SWNS), Canadian combined large fish index for the Gulf of St. Lawrence
and Southwestern Nova Scotia 1984-2015

e ‘US_RR_66_114’, US rod and reel of fish 66-114cm 1993-2015

e ‘US_RR_115_144’, US rod and reel of fish 115-144cm 1993-2015

e ‘US_RR<145’, US rod and reel of fish <145cm 1980-1992

e ‘US_RR>195’, US rod and reel of fish >195cm 1983-1992

¢ ‘US_RR>177’, US rod and reel of fish larger than 177cm

¢ JPN_LL’, Japanese longline in the western Atlantic West of 45°W 1976-2009

¢ JPN_LL_RECENT’, Japanese longline in the western Atlantic West of 45°W 2010-2015

¢ JPN_LL_GOM’, Japanese longline in the Gulf of Mexico 1974-1981

e ‘US_LL_GOM’ US Gulf of Mexico pelagic longline 1992-2015

Many exploratory configurations were considered, including alternative catch-at-age derived from age-length
keys, time-varying catchability of indices from the western Atlantic area, relative statistical weights of indices,
fishing mortality rate of age-16+ relative to age-15 (F-ratios), time varying selectivity of the Japanese longline
in the western Atlantic for 2010 to 2015, a penalty on vulnerability changes for the last three years, a younger
oldest age group (age-10+), and alternative starting seeds for the iterative solution. The VPA Results were
somewhat sensitive to the estimation of F-ratios, but the estimated ratios were not well determined. After
considering and comparing the F-ratio estimates from SS3, the VPA F-ratios were fixed at 1 for the base case.
Results were relatively insensitive to the age of the plus group (10Plus or 16Plus), except for estimates from
1970s. Results were relatively insensitive to the vulnerability penalty and alternative approaches to modelling
selectivity of the JPN_LL_RECENT index. Absolute estimates of stock size varied among explorations, but
general trends were consistent (Figure 12). Run 30 was selected as the base model based on the diagnostics
from all exploratory analyses and other estimation models.

Revised estimates of catch-at-age based on a combined forward-inverse age-length key (SCRS/2017/179) did
not adequately track cohorts to support the VPA assumption of no measurement error in the catch-at-age.

With some conflicting trends among indices, VPA results were sensitive to the statistical weighting of the
indices. The conflicting recent trends in Canadian CPUE vs. US rod and reel CPUE of large fish (US_RR>177)
were considered to reflect a shift in distribution from US to Canadian waters, and several model revisions were
explored to resolve the conflict: i) Time-varying catchability was explored for western Atlantic indices, ii)
Adjusted indices in the western Atlantic area were also explored to account for their relationship with the
Atlantic Multidecadal Oscillation (AMO), and iii)several alternative approaches to index weighting.

The Group decided that, for the final west bluefin tuna VPA model: i) to exclude the Canadian CPUE
(CAN_Combined_RR) and the US rod and reel index of large fish (US_RR>177); ii) to weight the two fishery
independent indices according to their input CV (with a minimum CV of 0.3) and the fishery CPUE series by
their input CV plus an additional variance term estimated within the VPA to account for additional process
error. The CAN_Combined_RR' and the US_RR>177 indices were ultimately removed because they indicated
opposing trends and were believed to be the indices most sensitive to the hypothesis of shifting spatial
distribution of fish.

4.2.2 Stock Synthesis Specifications applied to the West stock
An application of Stock Synthesis (SS3) was developed for western Atlantic bluefin tuna with 1951-2015 catch
(assumed to have no measurement error) from thirteen fleets (JAPAN_LL, USA_CAN_PSFS, USA_CAN_PSFB,

USA_TRAP, USA_CAN_HARPOON, USA_RRFB, USA_RRFS, OTHER_ATL_LL, CAN_HOOKLINE, GOM_LL_US_MEX,
JLL_GOM, CAN_TRAP, CAN_GSL1). Fleet structure and data inputs follow (SCRS/2017/166) with some
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modifications to achieve homogenous fleets and similar composition data: The US_CAN traps series was split,
the US_CAN purse seine was split between PS-FS (<145 cm SFL) and PS_FB (>145 cm SFL), and the US_RR was
split between RR-FS (<145 cm SFL) and RR_FB (>145 cm SFL).

The SS model was fit to eleven indices of stock size: IND1_JPN_LL, IDX2_US_RR_66_114, IDX3_US_RR_115_144,
IDX4_US_RR<145, IDX5_US_RR>177, IDX6_US_RR>195, IDX7_US_LL_GOM, IDX8_JPN_LL_GOM,
IDX9_CAN_Combined_RR, IDX10_Larval_Survey, IDX11_JPN_LL_Recent, and IDX12_CAN_GSL_ACOUSTIC (see
Table 9) assuming lognormal error with CV of 0.2 for each index value in each year. Index selectivities were
generally assumed to be identical to their respective fleet except for several size-specific indices for (e.g.
US_RR_115_144), where the selectivity parameters were fixed to only select between these size ranges.

Size frequency data was input from 1955-2015 assuming multinomial distributions with iterative weighting of
effective sample size, and age-length observations 1975-2015, assuming an aging error CV of 0.1 (Busawon
D.S., et al. 2015). During the meeting a concern was raised that the otoliths may give an age estimate biased
high due to a false band for young ages. A revised aging error and aging bias vector was obtained based upon
paired otolith-spine readings and was used to account for aging bias:

Age 0.58 1.86 2.79 3.82 5.10 5.93 7.31 8.83 8.50 9.50 10.50
11.50 1250 13.50 14.50 1550 16.50 17.50 1850 19.50 20.50 21.50
22.50 2350 2450 2550 26,50 27.50 2850 29.50 30.50 3150 32.50
33.50 34.50

SE 0.14 0.41 0.54 0.62 0.73 0.75 0.89 1.07 1.09 1.14 1.22
1.34 1.52 1.85 2.04 1.76 1.66 1.44 1.53 2.20 2.31 2.43
2.54 2.65 2.77 2.88 2.99 3.10 3.22 3.33 3.44 3.56 3.67
3.78 3.89

Size at age was initially input with a CV as a function of age but was switched to be a function of length during
the meeting to more closely match growth assumptions of Ailloud et al. (2017).

The initial SS model had 93 estimated parameters. Final model estimate parameters due to the inclusion of time
blocks on selectivity and coefficients on the AMO relationship with catchability. Size-based selectivity was
estimated as a logistic function for some fleets (CAN_HL, GOM_LL_US_MEX, JLL_GOM, CAN_TRAP,
US_CAN_HARPOON, OTH_ATL_LL) and double-normal functions for the other fleets (JPN_LL, US_CAN_PSFS,
US_CAN_PSFB, US_TRAP, US_RRFB, US_RRFS). Selectivity of CAN_GSL_Acoustic survey was assumed to be the
same as the early CAN_GSL1 fisheries because of similar availability. In some cases severely confounded
parameters were fixed to avoid high correlations between confounded parameters of the double normal
selectivity.

A ‘near virgin’ stock was assumed for 1950, with an estimate of fishing mortality in the first year from two fleets
(SA_CAN_HARPOON and USA_TRAP). A Beverton-Holt stock-recruitment function was assumed, and annual
recruitment deviations were estimated from 1961 to 2015 with bias adjustment for back-transformation of
recruitment deviations estimated on the log scale to recruitment on the arithmetic scale: The bias adjustment
ramps up according to the amount of information in the data to estimate recruitment so years with good data
have a large bias adjustment and years without have less (Methot and Taylor, 2011).

Growth was estimated internally with a Richards function and was estimated to be similar to Ailloud et al.
(2017). The natural mortality rate M was assumed to be 0.1 for age-20, scaled with Lorenzen function of
growth. Two spawning-at-age scenarios were assumed to represent the spawning scenario assumed for the
eastern stock: younger (25% spawning at age-3, 50% spawning at age-4, 100% spawning at ages-5+) and older
(logistic curve with 0% spawning at age-5, 50% spawning at age-10, 100% spawning at age-15, based on age
distribution in the Gulf of Mexico SCRS/2017/164). Steepness h was estimated to be 0.55 (older spawning) and
0.47 (younger spawning).
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Similar to the VPA, there was poor fit to some CPUE indices (e.g, all positive residuals from
IDX9_CAN_Combined_RR 2003-2015, and all negative residuals from IDX5_US_RR>177 2005-2015) and the
recent time series of JPN_LL composition data (2010-2015). The poor composition data in early time period
during peak catches resulted in high CVs on estimated recruitments.

Several alternative SS configurations were explored to investigate alternative M assumptions, alternative
approaches to estimating selectivity of the JPN_LL, IDX2_US_RR_66_114, IDX3_US_RR_115_144, USRRFS and
CAN_HOOKLINE, the addition of the JLL Brazil index, the inclusion of the AMO as a covariate to inform time-
varying catchability (see Schirripa et al., 2017), alternative approaches to estimating recruitment (including a
test for regime shift, and unconstrained from a stock-recruit relationship).

Conditional likelihood profiles suggest that the data is consistent with a range of M=0.05 to M=0.1 and a
relatively narrow range of steepness (h~0.55 to 0.6), but size composition data are more consistent with a
lower value of h and age composition data are more consistent with a higher value of h.

Runs 8 (older spawning) and 9 (younger spawning) were selected as the base models based on diagnostics of
all exploratory analyses and comparisons with results from other models.

4.3 Other methods
4.3.1 Alternative Assessments of the eastern and western Stocks (without mixing)
Stock Synthesis 3, ASAP 3, SAM and SCAL were also run using the same or very similar data.

Applications of SS3 were developed for both the West Atlantic (SCRS/2017/176) and eastern Atlantic and
Mediterranean bluefin tuna stocks (SCRS/2017/175). Both sets of models were altered considerably during
the meeting. The SS3 model for the western stock was considered sufficiently advanced by the close of the
meeting to potentially be used along with the VPA as a primary basis for management advice and is described
in detail in section 4.2.2 In contrast, some issues concerning the SS3 model for the eastern stock remained
outstanding by the close of the meeting and the Group remained undecided as to whether to use the results as
a primary basis for management advice. Accordingly, the description of the application to the eastern Atlantic
and Mediterranean bluefin tuna stocks is included in the present section.

The SS3 application for the eastern Atlantic and Mediterranean bluefin tuna stock (SCRS/2017/175) grew from
an earlier exploration detailed in Irie and Takeuchi (2015). It includes catch data for the years 1950-2015
(assumed to have no measurement error) from fifteen fleets (Baitboat 1 1952-2006, Baitboat 2 2007-2014, LL
Japan EastMed 1960°s-2009, LL Japan NEA1 1990-2009, LL Japan NEA2 2010-2015, Other LL 1950-2015,
PS_Norway 1950-1981, PS_ EU (Croatia) 1990-2015, PS_EU (France and Spain) 1970-2015, PS Other 1951-
2015, PS Inflated 1995-2006, Trap Morocco_EU (Spain) 1951-2011, Trap Morocco_EU (Portugal) 2012-2015,
Trap Other 1951-2015, and Other 1951-2015). The SS3 model was fit to indices of abundance (SP_BB1 1952-
2006, SP_BB2 2007-2014, JPN_LL_EastMed 1975-2009, JPN_LL1_NEA 1990-2009, JPN_LL2_NEA 2010-2015,
MOR_SP_TP 1981-2011, MOR_POR_TP 2012-2015, WMED_LARV 2001-2015 with a gap in 2006-2011,
FR_AER1 2001-2003, and FR_AER2 2009-2015 with a gap in 2013) assuming lognormal error with CV=0.4 for
the larval and aerial surveys and CV=0.2 for all other indices. The SS3 model was fit to size frequency data 1951-
2015 assuming multinomial distributions with a range of effective sample sizes, and age-length observations
1984-2015, fit to predicted length at age according to the growth parameters of Cort (1991) and assuming a
CV of 0.1 at age-0, decreasing to CV=0.06 at age-25+.

Size-based selectivity was estimated as a spline for PS and BB, double-normal for LL, and logistic for Trap and
Other. A Beverton-Holt stock-recruitment function was assumed, with fixed steepness (h=0.9), and annual
recruitment deviations were estimated from 1951 to 2014. M was assumed to be 0.1 for age-20, scaled with
Lorenzen function of growth. The spawning-at-age scenario for eastern stock was assumed (25% spawning at
age-3, 50% spawning at age-4, 100% spawning at ages-5+). The base model (Run 60) included the conditional
age at length data. An alternative configuration was tried with three selectivity periods for PS_EU (France and
Spain) (1950-1993, 1994-2006, 2007-2014), but it failed to converge unless conditional age at length data
observations were removed from the likelihood.
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Document SCRS/2017/182 applied the Statistical-Catch-at-Length (SCAL) methodology of Butterworth and
Rademeyer (2017) to the catch, abundance index and proportions-at-length data available for the western and
eastern North Atlantic bluefin tuna areas. Results were updated during the meeting in an attempt to be as
comparable as possible to grouping of fisheries and selectivity blocking as specified (and re-specified) as the
meeting progressed for the corresponding SS3 assessments. Specifying selectivity functions that provided
satisfactory results which were reasonably compatible with the data proved challenging, particularly for the
eastern area, as a result (in part) of the inconsistencies both within and between the abundances indices and
catch-at-length information. For the western area, the SCAL results were broadly consistent with those for
comparable runs of SS, particularly after about 1990, though they tended to show less variability in annual
recruitment. This last result is unsurprising, as with only length information available, adjacent cohorts tend to
be smeared together when their relative strengths are estimated. These SCAL analyses also indicated that the
data were unlikely to be able to distinguish appreciably different assumptions concerning the spawner
biomass-recruitment relationship. For the eastern area assessments, the agreement was not as close (and
adequate convergence may not have been achieved in the time available), with the spawner biomass tending
to be higher in absolute terms for SCAL compared to SS3, though the recruitment trends estimated by the two
approaches were broadly similar.

These eastern analyses suggested to some that the data available may have insufficient information content to
estimate biomass reliably in absolute terms.

Document SCRS/2017/153 presented ASAP runs for the West Atlantic, first run with the data from the 2014
stock assessment for ages 1 to 16plus from 1970 to 2013 (Run 4). Trends for SSB, recruitment and fishing
mortality were similar to those estimated by the 2014 base VPA. Incorporating the new catch at age produced
a different SSB trend when either the 2014 (Run 6) or the updated stock size indices (Run 7) were used (Figure
13). The new catch at age, weights at age and stock size indices were then used to extend the analyses to 1960
and 1950 (Figure 14, Runs 8 and 9). Extending to 1960 produced very high initial SSB with a declining trend
overlapping the SSB estimates from the analysis starting in 1970. However, extending the analysis to 1950 (Run
9) produced substantially lower initial biomass that remained lower than in the other two analyses (Runs 7
and 8) until the late 1980s when SSB estimates were similar for those three analyses. While the runs starting
in 1960 and in 1970 produced relatively high SSBs, the exploitable biomass (i.e. the total biomass times the
selectivity) were very similar regardless of the starting year. The problem of high SSBs when starting in 1960
or 1970 was solved by setting Lambda =1 on initial numbers and using a low CV=0.1. This solution was first
applied to East Atlantic and Mediterranean bluefin tuna and presented to the Group for comparison with the
VPA results. The solution was later applied to western Atlantic bluefin tuna but there was insufficient time for
the Group to consider the results.

The configuration for the East Atlantic and Mediterranean was similar to that for the West Atlantic: ages 1 to
16plus, catch at age for a single fleet 1950 to 2015, the same biological parameters as agreed at the 2017 bluefin
tuna data preparatory meeting in 2017 for M and fraction spawning. Weights at age were from the ratio of total
yield in mass to the total numbers caught. The same stock size indices as in the VPA were used. The fits to the
stock indices were similar to those in the VPA, but those to the proportions at age could be improved with fine
tuning of the selectivity blocks. The SSB trends with all the indices included were close to those of the VPA from
the early 1980s onward and almost identical during 2007-2015. Following discussions of the influence of the
larval index and the EU-France aerial survey on the overall results, a run was made without the larval index
and one with both indices split in two periods. Both resulted in much lower SSBs with the lowest SSB estimates
from the run where the two indices are split (Figure 15). Interestingly, while the larval index is an index of
SSB, using it in the calibration produces, like in the VPA, a number of relatively strong year classes post 2003.
Removing the larval index from the calibration considerably reduces the size of the year classes since 2003
(Figure 16).

A State Space assessment model (SAM) was used to better evaluate the impact of uncertainty on the stock
assessment advice for the eastern Atlantic and Mediterranean Sea population (SCRS/2017/146). SAM uses the
same datasets as the VPA, allows processes such as selectivity to evolve gradually over time, and has fewer
parameters than full parametric statistical assessment models (such as SS, SCAL and ASAP). It separates
process and measurement error, and quantities such as recruitment and fishing mortality are modelled as
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random effects, and the projection procedure is an integral part of the assessment rather than a separate
procedure. SAM also allows a variety of validation procedures to be applied. The intention of using SAM was
not to provide an alternative assessment to the VPA but to help identify the impact of uncertainty on the advice
and to propose potential solutions that could be simulation tested using the MSE.

4.3.2 Mixing models: VPA-2Box overlap, population-of-origin VPAs

Input data from the most recent stock assessments of Atlantic bluefin tuna fisheries were revised to account
for estimates of stock composition (SCRS/2017/174). Assessments of eastern and western fisheries were
compared to assessments of eastern-origin and western-origin fish to evaluate the sensitivity of results to stock
mixing, as well as to demonstrate a practical approach to operational assessments to account for stock mixing.
Estimates of stock size and fishing mortality from the VPAs of both eastern- and western-origin Atlantic bluefin
were generally similar to the 2014 ICCAT estimates based on eastern and western Atlantic mixed-stock
fisheries, but the western VPA estimates were more sensitive to the assumption of no stock mixing than the
eastern VPA. The analysis was revised to apply all available data on stock composition.

Document SCRS/2017/177 developed a simulation model to represent the spatial dynamics of Atlantic bluefin
tuna and to test the performance of alternative stock assessment models. A simulation framework previously
developed to explore how stock mixing affects the resource and fisheries was conditioned on the available
information for Atlantic bluefin tuna and used to generate pseudo data with the same properties as the
information available for stock assessment. The analytical framework was a stochastic, age-structured, stock-
overlap model that was seasonally and spatially explicit with movement of eastern- and western-origin tuna
informed by fishery-independent telemetry information. The operating model was conditioned with 1970
abundance at age, 1970-2013 age-1 abundance, and fishing mortality at age from the 2014 ICCAT stock
assessments, which were modified to reflect decisions from the 2017 data preparatory meeting.

Document SCRS/2017/178 simulation tested the performance of VPAs for assessing mixed Atlantic bluefin
tuna stocks. Pseudo-data with the typical patterns, quantity, and quality of data available for the most recent
stock assessment of Atlantic bluefin tuna were generated using the operating model framework described in
SCRS/2017/177. Separate eastern and western stocks were assessed using VPA-2BOX as the estimation model,
and model performance was assessed by comparing results across simulations and to the stock and population
views of the operating model. The estimation model was sensitive to process error (i.e., stock mixing) and
measurement error, biasing estimates of spawning stock biomass, recruitment, and apical fishing mortality.
The results suggest that separate virtual population analyses of eastern and western stocks accurately reflect
general stock and population trends, but absolute estimates are considerably biased and may provide
misleading management advice if the simulations are realistic. The operating model and estimation models will
be revised to reflect decisions made at the 2017 ICCAT Atlantic bluefin tuna stock assessment session.

Analyses were also conducted during the meeting that examined the eastern and western populations
simultaneously using the two-stock overlap model in VPA-2BOX following the methods described in Porch et
al. 2001 and the 2008 ICCAT bluefin tuna stock assessment report (Anon. 2009). The approach assumes the
two stocks overlap in time and space, but that the degree of overlap (proportion of the stock that moves from
one area to the other) is constant in time and space. The boundary between the two areas was assumed to be
45°W. The overlap VPA was run using the eastern base case VPA (but removing the years 1968-1973) and a
version of the western base case adapted to age 10+ (the overlap model requires the same years and age range).
Preliminary runs used either the stock composition data (discussed above) or conventional tagging data to
estimate the mixing rates. Future runs will also use the electronic tagging data, but this could not be done during
the workshop because information indicating whether or not the tagged fish had been caught by the fishery
had not yet been included in the database available at the workshop.
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5. Stock status results

As discussed in section 4 (Methods), stock assessments were conducted for the eastern and western stocks
separately (without mixing) using five different frameworks: VPA-2BOX, Stock Synthesis 3, ASAP 3, SAM and
SCAL. In addition, two methods were used to examine the possible effects of stock mixing (based on
applications of VPA-2BOX). Only the single-stock VPA and, in the case of the western stock, Stock Synthesis,
were deemed sufficiently advanced at the conclusion of the meeting to be considered as the basis of
management advice. Moreover, the Group requested several additional analyses to be presented during the
forthcoming Species Group meeting in 27-29 September 2017. including an analysis explaining the reasons for
differences between the VPA and SS3 results for the western stock (SCRS/2017/186), a detailed analysis of the
catch at length and composition data from the different models to check for evidence of the recent high
recruitments estimated for the eastern stock (SCRS/2017/187), updates on the analysis of bluefin tuna stock
mixing (SCRS/2017/188, SCRS/2017/190) and a non-technical summary of major changes between the
“synthesis” of the advice of the 2014 and 2017 stock assessment. Accordingly, the Group elected to defer the
development of management recommendations to the Species Group meeting.

5.1 Stock status - East

The results from five stock assessment platforms were presented during the course of the meeting (VPA, Stock
Synthesis, ASAP, SCAL and SAM). Of these, only the VPA was considered sufficiently advanced at the conclusion
of the meeting to be considered as the primary basis for management advice for the eastern stock. Nevertheless,
the Group expressed considerable concern over the reliability of the VPA given its assumption that catch-at-
age is known exactly when in fact the size composition of many eastern Atlantic and Mediterranean fleets is
poorly characterized for a number of years before the implementation of stereo video camera in 2014.
Accordingly, the Group recommended considering the four other models (SS, ASAP, SCAL, and SAM) when
developing the scientific advice at the September Species Group meeting.

5.1.1VPA
VPA Diagnostics

The model diagnostics were examined. The fits to the available CPUE indices show some variance around the
model predicted values; however strong temporal trends in the residuals were not observed (Figure 17). The
retrospective analysis for the VPA was conducted back to 2010 (Figure 18). There is a high degree of
retrospective inconsistency in recruitment estimates whereby the absolute levels of recruitment change
substantially with the addition or removal of a single year of data. This inconsistency is most pronounced with
the addition of the 2015 data where the 2004-2007 cohorts are now estimated to be equal to and often higher
than the 2003 cohort.

The “jackknife” sensitivity analyses (removing one index of abundance at a time) showed generally similar
trends, with some variations in recruitment, SSB and F of older fish (Figure 19). Estimates of SSB and F10+ for
the years 1990-2009 were most sensitive to the removal of the Japanese longline CPUE for the East Atlantic
and Mediterranean, Japanese longline CPUE in the northeast Atlantic, and the combined Morocco_EU (Spain)
trap CPUE, because they are longer time series that target larger fish. The recent SSB trend became less
optimistic without the larval survey index, and more optimistic without the Japanese longline CPUE in the East
Atlantic and Mediterranean or the historical EU (Spain) baitboat CPUE.

VPA Results

The VPA base case results, which start in 1968, estimate that SSB peaked at about 350,000 t in the mid-1970s
after increasing initially, followed by a decline to 170,000 t in 1991 and remained at around that value up to
the mid-2000s. From the late 2000s, SSB exhibits a substantial increase up to 610,000 t in 2015 (Figure 20). A
similarly strong increase was also estimated in the 2014 assessment; SSBs in 2013 were 650,000 t and 510,000
t in the 2014 and 2017 assessments, respectively. However, as in the 2014 assessment, there is uncertainty
about the amplitude of the recent SSB increase estimated by the VPA as indicated by the results shown in
Figure 19.
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Recruitment (age 1) varied between 0.8 and 1.8 million fish until the 1980s, followed by a steady increase
towards “high recruitment period” in the mid-1990s and mid-2000s when recruitment fluctuates at around 3
million to 4.5 million. It sharply decreased shortly from 2008 to 2010, but again increased sharply to over 4
million in 2012. Note that the last three year classes (2013-2015) were not shown because VPA generally does
not provide reliable estimates of recent recruitment due to limited information about incoming year class
strength and uncertainties in the indicators used to track recruitment. The 2014 assessment estimated
extraordinarily large year classes in 2004-2007, the plausibility of which was questioned because they were
much larger than the estimate for the 2003 year class. In the current assessment, the estimates for the 2004-
2007 year-classes are still very large, but more comparable to the estimate for 2003. Nonetheless concern
remains owing to the high degree of inconsistency observed in retrospective estimates of recruitment,
suggesting that there are conflicting signals in the data as to the absolute magnitude of recent recruitment. In
particular, the model estimates very high 2004-2007 year classes when the 2015 data are included that are not
evident in earlier retrospectives. As these recruitments form much of the basis for the very high estimates of
current SSB, the results from the VPA should continue to be interpreted with caution.

The estimated fishing mortality rates on the younger ages (i.e., average F for ages 2 to 5) displayed a continuous
increase until the late 1990s and then showed a sharp decline to reach very low levels after the late 2000s
(Figure 20). This result was not surprising because the reported catches at ages 2 to 3 have been reduced
dramatically (i.e., being about 10% or less of what they were prior to 2007) in the recent years in response to
the new minimum size regulations implemented in 2007. The trend of F in young ages was similar to that in
the 2014 assessment. The fishing mortality for older fish (i.e. F at plus group for ages 10 and older) in the base
case run showed an initial decline from 1968 to 1973, and slightly fluctuated around 0.06 afterwards. It sharply
increased in 1994 and continued increasing up to 2007 (F10+=0.55). This period (from the mid-1990s to the
mid-2000s) observed the highest level on fishing mortality of larger fish. Since 2008, there is a rapid decrease
in F10+, as already noted in the previous assessments, which related to the regulation, i.e. the drastic reduction
of TAC. The trend of F for large fish was similar to that in the 2014 assessment, though the value was generally
higher in the 2017 assessment.

The Group also evaluated the results of a sensitivity analysis to the data and parameters used to examine some
potential effects of structural uncertainties unaccounted in the base case (Figure 21). Changing the F-ratios led
to a different perception of the stock status, a result which has been also reported in the previous assessments.
In general, all the sensitivity runs resulted in a similar trend to the base case with increasing SSB in recent
years, but the rate and amplitude of the increase in SSB remain sensitive to technical assumptions, such as the
F-ratios and natural mortality for older ages. The estimated SSB for the last year ranged between 500,000 and
900,000 t. The case of M equal to 0.07 for the plus group showed more pessimistic results with high Fs, low
recruitment and low SSB. The run that estimates F-ratio using a random walk without splitting the EU-France
aerial survey series was most optimistic, leading to the highest final year SSB.

5.1.2 Other models

VPA results were compared to those from other assessment models, including Stock Synthesis 3 (SS3), ASAP,
and SCAL (Figure 22). The SSB trend and its values since the mid-1980s were generally similar between ASAP
and VPA, although ASAP did not show the peak in the mid-1970s estimated by VPA. SSB estimated by ASAP
decreased from 450,000 tin 1950 to 210,000 t in 1970, then slightly increased to 250,000 t in the early 1980s
followed by a slow decrease to 160,000 tin 2004. SSB showed a sharp increase since 2007 to 660,000 tin 2015.
The values of SSB estimated by SS3 were lower than the others, and the trends were not similar except the
recent increase since 2007. The SSB estimates from SS3 started at 470,000 t in 1950, decreased to 65,000 t in
1968, and remained at around 100,000 t until the mid-2000s with a slight increase to 150,000 t in the late
1990s. Similar to the other models, SS3 estimated SSB to increase from 110,000 t in 2005 to 240,000 tin 2015.

SSB estimated by an initial application of SCAL was the largest among the model results; SSB started at 170,000

tin 1950 and kept increasing with small fluctuation up to 2015 0£ 910,000 t. Across all the models, an increase
of SSB since 2007 was commonly observed, however, the rate and amplitude were different among models.
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In the comparison of estimated recruitment among models, it was a common feature that they were generally
lower by the mid-1980s and higher afterwards (Figure 23). Recruitment estimates from SCAL were higher
than other models before the mid-1980s, but similar to the other models thereafter. SS3 showed spikes in 1994
and 2004 for age 1, while SCAL showed spikes in 2003 and 2004. In the context that the 2003 year class has
been considered to be a strong year class, SS3 and SCAL catch the feature well, whereas VPA and ASAP also
catch the feature but are shown as moderate multiple peaks. These differences are considered mainly due to
the differences on how to convert catch-at-size to catch-at-age. VPA and ASAP use the same catch-at-age data
which relied on the cohort slicing with the substitution rules for missing data. SS3 and SCAL are more flexible
than VPA in fitting to the actual size data and set fleet groups which do not require the complex substitution
rules used for VPA. Recruitments after 2010 were variable, probably due to the low reliability of recruitment
estimates in recent years mentioned above, especially since there was not enough information for younger ages
as the catches were gradually shifted to larger fish due to the regulations and the nature of the fishery.

The Group discussed the appropriateness of using the results of the VPA base case to establish the status of the
eastern bluefin tuna stock. Even with the incorporation of substantial revisions to historical fishery data, new
fishery-independent series of relative abundance, and new information on life history, the VPA results still
demonstrated substantial instability as indicated by retrospective and jackknife analyses. This was considered
mainly due to continued poor quality of catch and size data, particularly in the past, and the general problem
of aging using the cohort slicing method. Several cohorts may be included in one “slice” of cohorts in older ages.
The Group sought to use an age-length key method instead, but the proposed approaches experienced
difficulties due to the data sparsity. The statistical catch-at-length models, such as SS3 and SCAL, showed very
different results particularly for the absolute value of biomass. However, the Group felt the settings for those
models needed further work and therefore that the results from them were not more reliable than those of the
VPA. Given the uncertainty in estimated biomass, the Group considered it was not advisable to use the biomass-
related results to evaluate the current status of the stock and recommended not to include a Kobe plot in the
Executive Summary. Moreover, the Group considered that catch advice based on Fo.1 would be more robust
than if based on Fusy, which is more dependent on assumptions regarding recruitment. It was noted that the
current TAC corresponds to the long term yield under Fo1 based on the low recruitment scenario (19,410 t).

5.1.3 Summary

This section summarizes the results from the analyses described in Sections 5.1.1 and 5.1.2. The input and
output files for the base VPA (Run 24) are included as Appendix 6b (not included in this Report). The input
and output files for the SS3 model were too voluminous to include in an appendix and can be obtained upon
request from the ICCAT Secretariat. The output files contain a complete description of the results, including the
matrices of estimated fishing mortality rates, abundance-at-age, stock biomass, recruitment, fits to indices, and
estimated selectivities.

5.2 Stock status - West

Two stock assessment platforms (VPA and Stock Synthesis, detailed in section 4.2) were considered sufficiently
advanced at the conclusion of the meeting to be considered as the basis of management advice for the western
stock. In addition, two other models (ASAP and SCAL, detailed in section 4.3) were presented that provided
useful insights.

52.1VPA
VPA Diagnostics

The fits to the indices of abundance for the base VPA were generally improved in comparison to previous
assessments (Figure 24). The improvement was mostly due to the exclusion of the CAN_Combined_RR and
US_RR>177 CPUE indices, which showed conflicting trends for roughly the same age ranges that could not be
reconciled by the VPA model. As discussed in section 4.2, the two indices were removed from the base model
because the conflicting signals were deemed to be largely a reflection of a perceived northward shift in the
abundance of large bluefin tuna (making them less available to the U.S. rod and reel fishery and more available
to Canadian fisheries). Including the two indices also resulted in significant temporal trends in the residual
patterns for these and other indices, which degraded model performance.
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Bootstrapped estimates of 2015 spawning biomass and current apical fishing relative to Fo1 suggested
relatively little bias in the new base VPA (the median of the bootstraps was close to the point estimates, Figure
25). Aretrospective analysis was also conducted for the base run by sequentially removing inputs of catch and
abundance indices in annual increments back to 2010 (Figure 26). The long-term trend in estimated SSB was
not highly sensitive to the retrospective removal of data owing to the fixed F-ratios. However, the SSB for the
most recent years systematically increased as data were sequentially removed, suggesting the model may have
a tendency to overestimate recent SSB. The estimated recruitment was less sensitive to the retrospective
removal of data and showed little evidence of a consistent bias except that the addition of more years tended
to mute the signal of the 2003 recruitment, probably as a result of the smearing of cohorts that tends to occur
as a consequence of the slicing method for converting size to age. The estimates of fishing mortality rate
similarly show little retrospective pattern except for the two oldest ages (Figure 27), which under the high
spawning faction scenario contribute most to SSB.

The results of a ‘jack-knife’ sensitivity analyses, in which indices were removed from the base model one at a
time, are summarized in Figure 28. In most cases the results were relatively insensitive to removing a single
index. The exceptions were removal of the larval survey, which caused the model to estimate substantially
higher SSB in recent years relative to the base, and removal of the US_RR>145 CPUE, which caused the model
to estimate substantially lower SSB in recent years with little change since 1980. The estimates for the early
years until 1980 were nearly identical among all runs because the F-ratio was fixed and the only flexibility the
VPA has to respond to the changing information is in the terminal year fishing mortality rates for ages 1 to 15.
Thus, only the most recent 15 cohorts are directly affected and earlier cohorts are indirectly affected to a
decreasing extent with time.

VPA results

The 2017 base model results are consistent with previous analyses in that the SSB was estimated to decline
sharply between 1974 and 1985, level off through the 1990s, and then begin increasing over the last decade
(Figure 29). The estimates of recruitment (age 1) fall sharply after 1975 and then fluctuate around a lower
level with little trend except for a relatively strong year-class in 2003 and exceptionally weak year classes in
2010 and 2011. The estimated apical fishing mortality rate was very high during the 1970s, but decreased
substantially during the following decade when catch limits were imposed (Figure 30). Estimated fishing
mortality rates fluctuated around 0.2 for the period from 1984 to 2005, with an observed decline since 2006.
Until very recently (2012-2015), fishing mortality rates have exceeded Fo.1 substantially.

The recruitment estimates from the 2017 base VPA were generally higher than for the 2014 base and 2017
continuity run (set up as closely as possible to the 2014 base VPA). The trends in the estimated age 9+ biomass
(the proxy for spawning biomass in previous assessments) were similar from 1974 to the mid-1990s, but
diverged for more recent years (Figure 31). In general, the 2017 base model estimated a more rapid increase
in SSB over the last decade compared to the previous assessment.

Sensitivity analyses were conducted to evaluate the robustness of the base case model to several key
uncertainties: the use of the two large fish CPUE indices (CAN_Combined_RR and US_RR>177), a lower natural
mortality rate (0.07 on the oldest age rather than 0.1), and equally weighting the indices (rather than the
additional variance approach). Reducing the natural mortality rate resulted in lower estimates of recruitment
and spawning biomass, but did not change the relative trends (Figure 32). Including the two large fish indices
resulted in slightly larger recruitment estimates and a more rapid increase in estimated SSB since about 1985.
Equally weighting all indices had relatively little effect, largely because the two conflicting indices
(CAN_Combined_RR and US_RR>177) had been removed. Estimates of cohort strength and year class varied
somewhat when an age-length key was applied to the recent years, but did not substantially alter the overall
trend in SSB estimates. The Group was informed of an unquantified systematic error in the aging of younger
fish, and therefore did not recommend using the age-length keys until the bias could be corrected. Use of the
‘younger’ spawning fraction ogive (i.e., assuming fish as young as age 3 contribute to SSB) increased the
magnitude of SSB in comparison to the older spawning fraction ogive, but does not greatly change the rate of
SSB increase in recent years (Figure 33). The sensitivity of the western assessment to stock mixing was also
examined and is discussed in Section 5.3.
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The Group noted that previous stock assessments determined stock status based on MSY-related benchmarks
that were predicated on two alternative measures of long-term recruitment potential: a ‘low recruitment’
scenario based on recruitment levels estimated since 1975 and a ‘high recruitment’ scenario based on a
Beverton and Holt spawner-recruit function fit to the SSB and recruitment estimates for all years (i.e., since
1970). Inasmuch as the size data prior to 1974 were deemed too unreliable to use in the 2017 VPA assessment,
there are no longer enough data from the early period of the fishery to provide sufficient contrast for estimating
the steepness of the Beverton-Holt curve. Accordingly, the Group could no longer bracket the range of possible
MSY-based reference points from the VPA results and elected to focus on giving short-term advice based on Fo.1
(the fishing mortality rate corresponding to 10% of the slope of the yield per recruit curve at the origin) and a
range of short-term assumptions about recruitment (see section 6.2 on projections).

5.2.2 Stock synthesis
Stock Synthesis Diagnostics

The fits to the indices of abundance for the base SS3 model were comparable to those of the VPA (Figure 34).
In contrast to the VPA, CAN_Combined_RR and US_RR>177 CPUE indices were not excluded. Instead the
respective scaling coefficients for the two CPUE indices and CAN_GSL_acoustic survey were linked to an index
of the AMO (as discussed in section 4.2). This approach effectively reconciled the conflicting signals from the
three indices consistent with the perception of a general northward shift in the abundance of large bluefin tuna
(making them less available to the U.S. rod and reel fishery and more available to Canadian fisheries). Estimates
of the coefficients for the effect of the AMO on CAN_Combined_RR, CAN_GSL_Acoustic and US_RR>177 indices
were, respectively, 2.0, 0.88, and -0.83, indicating strong positive relationships for the Canadian indices and
negative relationships for the US index. Estimated selectivities (Figure 35) were taken to be asymptotic for
several major fleets and dome-shaped for the Japan longline. Fits to the length composition overall years
(Figure 36) indicate relatively good fit to the composition data.

A retrospective analysis was conducted for the base run by sequentially removing inputs of catch, size/age
composition and abundance indices in annual increments, back to 2010 (Figure 37). The long-term trend in
estimated SSB was not highly sensitive to the retrospective removal of data. The estimated recruitment was
also not sensitive to the retrospective removal of data and showed little pattern or evidence of a consistent
bias. However, inclusion of the most recent ageing data increased the signal of the 2003 recruitment and
decreased the signal of the 2002 recruitment compared to the retrospective model runs. This was likely a result
of the additional years of age length data that informs upon the magnitude of the 2003 cohort.

The results of a ‘jack-knife’ sensitivity analyses, in which indices were removed from the base model one at a
time, are summarized in Figure 38. Estimates for the early years prior to 1980 were nearly identical among all
runs indicating little sensitivity of the model key scaling parameters to index inclusion. The results for more
recent years were also relatively insensitive to removing a single index, with a few exceptions. Removal of the
larval survey caused the model to estimate substantially higher SSB in recent years relative to the base. The
model was also sensitive to the removal of either the CAN_Combined_RR index (lower biomass) or the
US_RR>177 index (higher biomass) even with the environmental modulator (AMO index) on catchability
(although not so sensitive as the VPA, which did not use the AMO index).

Stock Synthesis results

The base SS3 models with the older and younger ages of spawning are compared in Figure 39. The estimated
total biomass and SSB showed a decline starting in 1965 that continues into the 1980s. Fishing mortality on
older ages (10-20) was lower than Fo.1 but above Fusy during this period of steep decline. However F on younger
ages was quite high, resulting in the estimated declines. As for the VPA, the assumed age at spawning has little
impact on the results except for the calculation of SSB itself, in which case assuming a lower age at spawning
implies a higher total SSB (but with similar trends to the run with a higher age at spawning).

In contrast to the VPA, the SS3 model brings a longer term historical perspective to the assessment (back to
1950) and, when a Beverton-Holt spawner-recruit relationship is assumed (Figure 40), estimates steepness at
0.47 with the younger age of spawning and 0.55 with the older age of spawning. These estimates of steepness
are similar to that estimated from the 2014 base VPA (0.58, Anon., 2015) and statistically preferred to 1.0
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(based on AIC). Interestingly, the longer term historical view of the SS3 models is more consistent with the
notion that recruitment declined after the 1970s due to a decline in SSB (Figure 41) than is the shorter term
view afforded by the VPA, which appears to suggest that recruitment declined before the SSB. As in previous
assessments, the perceived status of the stock differs dramatically when future recruitment is assumed to
remain at recent (low) levels or assumed to follow the estimated Beverton-Holt relationship (see section 6.2).

A comparison of the various sensitivity runs to the base SS3 models is presented in Figures 42 and 43. A total
of 11 sensitivity runs were conducted, many of which were simple additions to the models to improve fit or to
account for necessary fleet structural changes or data inputs. The overall trends were similar for all runs, but
some of them differ in scale. Use of the aging bias vector (run 7) sharpens the estimate of the 2003 cohort rather
than blurring it between 2002 and 2003. Use of the AMO environmental index to scale potential changes in the
availability of bluefin tuna to the CAN_Combined_RR fishery, CAN_GSL_ Acoustic survey and US_RR>177 fishery
indices (run 8) has the effect of reducing the conflict in the three indices and slightly reduces recent SSB (Figure
43). Models with the greatest divergence were the low M=0.07 run and the model with no stock recruitment
relationship imposed (Figure 43). Changing the weight-length relationship from previous assessments to the
new relationship accepted by the SCRS (Rodriguez-Marin et al., 2016) had a relatively minor effect (Figure 43).

5.2.3 Summary

The SS3 and VPA runs show relatively consistent patterns in that the SSB was estimated to decline between
1970 and 1985, level off through the 1990s, and then begin increasing over the last decade (Figure 44).
However, the SS3 runs estimate higher SSB levels throughout most of the time series and especially for the
period prior to the 1980s. Both models suggest the fishing mortality rate was very high during the 1970s, but
decreased substantially during the following decade when catch limits were imposed (Figure 45). Both models
estimate that the fishing mortality rates on age 10 and older fish have fluctuated around an average of 0.12-
0.14 yr! since the 1980s with a marked decline after 2003, although the VPA estimates higher mortality rates
during the late 1970s than does SS. The estimates of recruitment (age 1) fall sharply after 1975, and showed
less annual fluctuation since that period. Relatively strong year-classes were estimated for 1988 and 2003,
similar to results from previous assessments (e.g. 2012). SS3 diverges from the VPA in estimating a very strong
1994 cohort and a larger 2003 cohort (Figure 44). Previous VPA assessments have noted the appearance of
1994 as a strong cohort that eventually diminishes in subsequent VPAs. While SS3 and the VPA had similar
absolute recruitment levels, the VPA has lower variability and then higher levels of F which result in lower
levels of spawning biomass.

It was noted that, technically speaking, estimates of the steepness and the variance in recruitment about the
predicted curve are not necessarily comparable in modeling frameworks such as VPA and SS3. However, the
level of bias is unclear, and the Group postponed further discussion of how to use the results for management
advice until the Species Group meeting in September 2017. It also became apparent during the meeting that
the allotted time was insufficient to examine the SS results with the same level of scrutiny given to the VPA, or
to determine the causes for the differences between the two frameworks. Nonetheless, the SS3 model provided
an historical perspective that the VPA does not, and the Group considered it potentially of use to develop
management advice. The Group recommended that the analytical team compare the WBFT SS3 and VPA results
to determine the reason for differences and document them in an SCRS paper to be presented to the bluefin
Species Group meeting in September (SCRS/2017/186).

5.2.4 Other models

The results of the base VPA and SS3 models are compared with the alternative stock assessment models
presented at the assessment workshop (ASAP and SCAL) in Figure 46 (older spawning) and Figure 47
(younger spawning). The estimates of age 1 recruitment were similar across the 4 models with the exception
of the years prior to 1960, for which the recruitments are not well-determined in any of the models. The ASAP
model estimated somewhat higher recruitments after 1990 than were estimated by the other models, but
otherwise the trends were similar. All models estimated generally higher recruitment levels in the 1960s and
early 1970s than in subsequent years. They also consistently estimated relatively strong year classes in 1994
and 2003, followed by weaker year classes that are among the lowest in the time series. The estimates of SSB
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were similar in magnitude and trend for SCAL and SS3, showing a marked decline beginning in the 1960s that
levels off around 1990 and increases again after about 2003. The trends estimated by the VPA suggest a less
dramatic decline from 1974 to 1990 than is indicated by SCAL and SS3, but similar trends after 1990. The ASAP
model, in contrast, estimates a much more moderate decline in SSB during the 1960s and 1970s than the other
models do, and a more rapid increase in recent years to the highest levels in history.

5.3 Stock status -VPA with mixing between the eastern and western stocks

Two types of mixing analyses were presented to the Group. The first analysis (Cadrin et al, 2017)
deterministically assigned catch of eastern and western fisheries to population of origin using stock
composition samples (see section 3.6). Estimates of stock size and fishing mortality from VPAs of eastern-origin
and western-origin bluefin tuna were generally similar to the 2014 ICCAT estimates based on eastern and
western Atlantic mixed-stock fisheries, but the western VPA estimates were more sensitive to the assumption
of no stock mixing than the eastern VPA. Essentially, this approach assumes the ratio of eastern and western
fish was constant during much of the historical period (implying that both the degree of overlap and relative
abundance of the two stocks is constant, or else that the degree of overlap changes to exactly balance changes
in relative stock abundance). The Group recommended that the population of origin VPAs to be updated
through 2015, revised to apply 2017 base case VPA settings, and to apply time-varying estimates of stock
composition for periods when adequate samples are available. This analysis will be included in a SCRS paper
to be presented to the bluefin Species Group meeting in September (SCRS/2017/190).

The second analysis conducted during the meeting assumed the eastern and western populations overlap in
time and space, but that the degree of overlap (proportion of the stock that moves from one area to the other)
is constant in time and space. While in fact the degree of overlap may change through time, it is arguably a less
restrictive assumption than the aforementioned approach. Preliminary analyses suggested that the estimates
of the fraction of the eastern-origin population that sojourns in the west (eastern overlap) depended strongly
on the type of data used (Figure 48). The tagging data suggested the overlap was very low for all age groups,
whilst fitting to the proportion data suggested overlap rates of 0.5 percent for ages 1-3, over 1.5 percent for
ages 4-9, and 0.01 percent for age 10+. The estimated overlap of western-origin fish into the eastern
management zone was even more sensitive. Fitting to the tagging data produced estimates on the order of 15
percent for ages 1-3, but negligible for older ages. Fitting to the proportion data on the other hand produced
estimates of very high overlap for ages 1-3 (over 50%) and 30% for ages 10+. The estimated trends in spawning
biomass for both the east and the west were relatively insensitive to the use of the tagging data, except the rate
of increase of the eastern stock was subdued somewhat compared to the runs without mixing or tagging data
(Figure 49). On the other hand, the estimates of spawning biomass were very different when stock composition
data were used. The trends for the western stock were similar to the runs without mixing, but the absolute
abundance was lower and a slight downturn was estimated in the most recent years. The trends for the eastern
stock suggest that, while the SSB has increased rapidly in recent years, it is not as dramatic as estimated by the
runs with no mixing or using the tagging data, and is still below the levels estimated for the 1970s. Essentially,
the model cannot reconcile the historic high eastern biomass levels estimated by the no mixing/tagging models
with the relatively flatter indices in the western Atlantic and still fit the stock composition data.

In summary, the stock composition data were more informative than the conventional tagging data regarding
stock status and perceptions of the degree of overlap of each population. However, it should be kept in mind
that both data sets are incomplete in the sense that they do not represent random samples of the overall
population. The Group noted that there was insufficient time to fully develop these mixing analyses during the

course of the meeting and recommended that the authors refine their analyses and present them in the form of
an SCRS document (SCRS/2017/188) to the Species Group meeting in September.

6. Projections
6.1 Review of the Rebuilding Plans for the Atlantic bluefin tuna and 2016 SCRS advice

The Group did not have the time to discuss this Agenda item.
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6.2 Projections - East
6.2.1 Methods
VPA

Projections were carried out using the software PRO-2BOX (Porch, 2017) based on the VPA estimates for the
base case. When projecting it is necessary to specify, biological parameters, selectivity patterns (including any
modifications due to management measures that may be implemented), recruitment, and any modifications
that may be made to circumvent the poorly estimated numbers-at-age for recent year classes from the VPA.
The projections were investigated similarly as was done in 2014, i.e. three similar recruitment options (high
recruitment being calculated over the 1990-2010 years, the medium one over the 1968-2010 years and the low
one over the 1968-1980 years), but only one selectivity pattern was used over 2012-2014. Compared to the
last assessment, the selectivity pattern was believed to be stabilized and therefore no further assumption was
needed.

Biological parameters were identical to those used in the VPA. Natural mortality and proportion spawning
varied by age, but were time invariant. Weights-at-age in the projections were derived from the average
weights-at-age for ages 1 to 9 and the growth curve for the plus group (which allows changes in the mean
weight of the plus group according to changes in the age composition due to the rebuilding/decline of the SSB).
Since the most recent year-classes in VPA numbers-at-age tend to be poorly estimated, especially for the
younger ages, the recruitment estimates for the 5 most recent year classes (2010, 2011, 2012, 2013, and 2015)
were replaced with a random value from the stochastic recruitment specifications. These values were then
projected forward in time accounting for the observed catches and the assumed natural mortality at age. This
results in changes to both the number at age in 2016 (i.e. the first projection year) and the fishing mortality-at-
age for the replaced 5 year-classes.

Kobe stock-status plots (quantifying the probability of the stock being in each of the four quadrants) were
developed for the year 2016 from the bootstrapped VPA output under each of the three recruitment scenarios.
Projections for future years assume the catch limits for 2016 (19,296t) and 2017 (23,655 t) were exactly met
and then for subsequent years assume constant catch levels ranging from 0-50,000 t or one of two fishing
mortality rates (Fcurent and Fo.1). Current F (Fcurent) is computed as the apical geometric mean of fishing
mortality at age over the last three years.

Stock Synthesis

For comparison, projections were also made using SS3 run 60 for the eastern stock, using the conditional catch
at age and assuming future recruitment followed a Beverton-Holt stock-recruit function estimated within the
model. For all scenarios, fixed catches were assumed for 2016 (19,296 t) and 2017 (23,655 t), based upon the
catch limits for those years. Different fixed catch and F level scenarios were then projected for 2018 through
2026. The projected fixed catch levels ranged from 20,000 to 35,000 tons. The F based projections included the
average F estimated by the model for 2012-2014, Fo.1 and 80% of Fusy.

6.2.2 Results

VPA

The Kobe phase plots of 2016 stock status, based on Fo.1 and SSBo.1, under the 3 different recruitment scenarios
are shown in Figure 50. A Kobe pie chart was also constructed to show the proportion of bootstraps that lay
in each coloured quadrant of the phase plot (Figure 51). The results suggest the stock is unlikely to be
undergoing overfishing and, if the low or medium recruitment scenarios are correct, that the stock may have
already recovered. If the high recruitment scenario is correct, the stock could still be overfished. If future
catches are maintained near the 2017 TAC (23, 655 t), the stock is projected to have a greater than 60% chance
of recovering by 2018 (and remaining so through 2025) under all three recruitment scenarios (Table 10).
Current estimates also indicate that the rebuilding could be achieved by 2022 with catch limits up to 30,000 t
with higher 60% probabilities for the 3 recruitment scenarios (Figure 52). The Group, however, reiterates
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that it has little confidence in the Kobe 2 matrices because of the poor fits of the VPA (see above) as well as
unquantified uncertainties in the projections (especially future recruitment levels, current and future
selectivity patterns).

Stock Synthesis

Results of the Stock Synthesis deterministic projections are shown in Figure 53 and compared to reference
levels of 40% Bo, and SSBwmsy as derived from the models. Model projections with catch levels are shown in
Table 11 and observed SSB levels are shown in Table 12. The results suggest the stock will not be rebuilt by
2022 unless the catch limit is less than 20,000 t.

6.3 Projections - West
6.3.1 Methods
VPA

The projections for the western stock were made using the software PRO-2BOX (Porch 2017) based on the
bootstrap replicates of the fishing mortality-at-age and numbers-at-age matrices produced by the VPA-2BOX
software. Short-term catch projections were computed based on 3 levels of future recruitment: the geometric
mean of estimated recruitments for the periods 2010-2012, 2007-2012, and 2003-2012. Future recruitment
was allowed to deviate stochastically from the geometric mean as a first-order multiplicative (lognormal) auto-
correlated process. The standard deviation (sigmaR) and autocorrelation parameter (Rho) were estimated on
a bootstrap by bootstrap basis. Recruitment estimates from the VPA for recent years, 2013 to 2015, were
replaced with the geometric mean level of recruitment (calculated independently for each bootstrap).

Short-term catch projections were estimated based on two reference points: Feurrent (apical geometric mean of
fishing mortality at age over the last three years) and Fo.1. As for the eastern stock, the reference point Fo.1 was
considered appropriate because the stock-recruitment relationship is unknown and estimates from the VPA
were uninformative in terms of absolute biomass scaling owing to the removal of the early time series prior to
1974 when SSB and recruitment were expected to be higher. It should be noted that Fo1 is calculated
independent of any underlying stock recruitment relationship, and that in some cases Fo1 can exceed Fusy
because of stock-recruitment relationship effects.

Stock Synthesis

Deterministic projections were conducted in SS3 during the course of the meeting (stochastic projections will
be conducted intersessionally and presented to the Species Group in September). Recruitment projections
were conducted for the years 2015-2021 as 2015 recruitment was not estimated in the model. Projections were
conducted for four recruitment scenarios and two spawning scenarios. The first recruitment scenario assumed
a Beverton-Holt stock-recruitment relationship with steepness = 0.55 (older spawning) or 0.47 (younger
spawning) and sigmaR = 0.73 (older spawning) or 0.69 (younger spawning). The other three recruitment
scenarios assume constant recruitment equal to the geometric mean recruitment (1000s age 0) over three
periods:

3 years 2010-2012 117.3 118.9
6 years 2007-2012 127.9 129.5
10years  2003-2012 165.9 167.1

To implement this in SS3, the recruitment deviations were adjusted to achieve recruitment approximately
equal to the geometric mean for the three time periods using the SSB in 2015. These recruitment deviations
were then input as forecast deviations. This input constant recruitment deviations, however the resulting
recruitment was close to but not exactly the geometric mean recruitment.
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Ten fixed catch limits (1000, 1250, 1500, 1750, 2000, 2250, 2500, 3000, 3250, and 3500 t) and two fishing
mortality rates (Fo.1, Fmsy) were projected. The value of Fo1 was obtained from the yield per recruit curve
(Figure 54). The value of Fusy was projected assuming deterministic recruitment provided by the stock-
recruitment relationship. The resulting benchmark reference points are shown in Table 13.

Selection patterns and relative fishing mortality patterns are the average of 2006-2009 (pre-change in Japan
longline selectivity). Preliminary reported catches were assumed for 2016 for each fleet in the model (total=
1,912 t) and the catch limit (2,000 t) was assumed to have been met in 2017 (allocated according to 2016
proportions across fleets). Yields from 2018-2021 were then calculated or fixed accordingly. Projections were
then conducted for 2016-2021.

6.3.2 Results
VPA

The following results differ somewhat from those presented to the Group during the meeting, which were
completed on the last day of the meeting and based on only a few bootstrap replicated. They should be
considered preliminary until they are reviewed by the Group at the September Species Group meeting (as is
noted earlier in the report under section 5).

Three alternative scenarios for future recruitment were projected to assess the effect on projected yield
through the year 2022. The projected recruitments were the geometric mean recruitment over three recent
periods prior to 2013, the prior three years (2010-2012), prior six years (2006-2012), and prior 10 years
(2003-2012) (Figure 55). Since the most recent three years of recruitment (2013-2015) are not well estimated
in the VPA, they were replaced by the geometric mean recruitment (calculated on a bootstrap by bootstrap
basis). Projections were conducted on 500 non-parametric bootstraps of the base VPA.

The current status of the fishery estimated for 2015 was that overfishing was not occurring (Table 14). Current
F (apical geometric mean of fishing mortality at age over the last three years) was estimated to be 0.078 (80%
confidence interval of 0.065 to 0.096). Since estimates of stock-recruitment over the period of the VPA did not
contain information to inform asymptotic recruitment levels, a benchmark fishing mortality proxy was used to
estimate status, the fishing mortality rate of Foi (see previous section on SS projections for detailed
description), and biomass based benchmarks were not used. Fo.1 was estimated to be 0.11 (80% confidence
interval of 0.10 to 0.12). The estimated ratio of current F to Fo.1in 2015 was 0.72 (80% confidence interval of
(0.59 to 0.85). The estimated probability of overfishing in 2015 was 0.004 based on nonparametric
bootstrapping of the VPA.

The projected yield at Foa (0.11) was estimated over the next three years (Table 14). Dependent on the
projected recruitment level, the projected yield in 2018 is 2,403 mt, 2,444 mt (, and 2,498 mt for the three-
year, six-year, and 10-ear recruitment scenarios, respectively. Yield is projected to decline over the next three
years, with 2019 projected yields of 2,313 t (3yr), 2,338 t (6yr), and 2,422 t (10yr); 2020 projected yields are
2,208t (3yr), 2,252 t (6yr), and 2,400 t (10yr). Eighty percent confidence intervals around the yield projections
are shown in Table 14.

The probability of overfishing was estimated across a range of fixed catch limits and the three alternative
recruitment scenarios (Tables 15 to 17). In general, a decrease in the probability of not overfishing was
predicted across the scenarios at yields near the current. These results are consistent with the decline in yield
predicted at a constant F of 0.10.

The predicted trends in stock total biomass and spawning biomass across the range of fixed catch limits are
shown in Figures 56 and 57. The estimates of total biomass are independent of the age at spawning
assumptions, however, the estimates of spawning biomass are dependent on the age at spawning, and therefore
spawning biomass is shown for both the younger and older age-at-spawning assumptions (Figure 57). In
general, total biomass was predicted to decline under the three-year and six-year recruitment scenarios and
across most fixed catch limit levels. However, total biomass under the 10-year recruitment level showed a more
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optimistic trend across the range of projected yields. Projections of spawning biomass under the younger
spawning assumption were similar to the total biomass predictions. Under the older spawning assumption,
spawning biomass was predicted to decline across a large range of projected yields (Figure 57). The primary
cause is the lower recruitment levels estimated after the 2003 year class. As the 2003 (and possibly adjacent)
year class matured, an increase in spawning biomass occurred in the recent period, but later year classes were
not estimated to be as strong, resulting in a predicted decline in spawner biomass into the future.

Stock Synthesis

Benchmarks for the western stock from SS runs 10 (older spawning) and 11 (younger spawning) are shown in
Table 13. Fixed catch limit projections across all recruitment scenarios indicate that the level of assumed
recruitment has little influence on 2018 catch limits (Figure 58) and that, across most recruitment and F
scenarios the SSB will decline as the 2003 year class declines. Yields in the range of 1,500-2,000 t would be
necessary to avoid the stock declines in these projections.

The projections suggest that, under all recruitment scenarios, fishing at the rate of Fo.1 could produce a catch of
around 2,800 t in 2018, with a subsequent decrease to 2,400 t by 2021 (Table 18, Figure 59). A large
component of these projected yields is made up of the 2003 year class, which becomes less important with time,
causing the yields to decline after 2018. Projected yields at Fusy are lower (~1,450 t), but also assume that
recruitment will revert to the stock recruitment relationship which would assume higher recruitment than
estimated for the three geometric mean time periods (Figure 60).

7. Recommendations
Recommendations statistics and research

e Noting the divergent trends in the handline (rod and reel) indices from the western Atlantic Ocean and
the potential role of environmental factors, the Group recommends that effort be directed towards both
identifying environmental factors that affect catchability at basin and local scales and incorporating
these factors in the index standardization. The potential for combining the data and creating a joint
handline index should also be explored.

e Recognizing the presence of gaps in the age-length data, the Group recommends that production aging
of the backlog of eastern and Mediterranean otoliths focus primarily on the gaps in size and spatio-
temporal fishery (ies) representativeness. Also, the effect of bin-size on age-length keys construction
should be investigated. And, it also recommends that future sampling be structured to be representative
of the temporal and spatial fishing patterns and provide sufficient calcified structures for annual age-
length keys (~500 fish per year and stock, using length stratified sampling with fixed sample sizes per
length bin to cover the range of sizes observed in the catch). The structure of the sampling can be guided
by the effective sample sizes identified by the models.

e The Group recognizes the importance of collecting stock composition data and recommends that this
effort include all the major fishing areas over the entire fishing season to be representative of the
temporal and spatial fishing patterns.

e The Group requests that the historical and future time series of Mediterranean purse seine catches
between small (<160 SFL) and large (>160 cm SFL) fish be better partitioned.

e The Group reiterates the importance of all CPCs to review and submit their Task II size frequency data

by fleet. Furthermore an effort must be made to fill in the gaps in the size composition data (historical
and future) to be representative of the temporal and spatial fishing patterns.
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e The Group recommends that the comparability over time of the Mediterranean EU-France aerial survey
and the larval survey be investigated further.

e The Group recommends that the data preparatory meeting agenda should prioritize evaluation of the
key uncertainties in the assessment.

e The Group recommends that the bias issue detected in the direct ages from calcified structures be
explored further with a view to correcting previously aged hard parts as well as providing a protocol
that avoids the bias in future readings. Furthermore, the Group requests that paired hard parts be
collected in both the East and West to help estimate the bias across all ages. Consideration should be
given to conducting an ageing workshop.

e Upon resolution of the ageing discrepancies, an updated growth curve analysis for the East Atlantic
should be attempted.

8. Other matters

No additional issues were discussed.

9. Adoption of the report and closure

Due to the limited time, some Agenda items were only partially reviewed prior to the close of the meeting:
methods relevant to the stock assessment (4) and research recommendations (7). The review of the scientific
papers presented at the Species Group (2), updating stock status (5) and other matters (8) were adopted by
correspondence. No management recommendations were formally adopted as several key analyses were still
pending. It is expected that management advice will be formulated as part of the Executive Summary at the
September Species Group meeting. The remainder of the report was adopted during the meeting. The meeting
was adjourned.
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Table 1. Summary of the current assumptions concerning life history attributes for the West Atlantic and East Atlantic and Mediterranean Bluefin tuna
stocks (revised based on BFT 2012 stock assessment).

L:ft”fil;g;:y Assumption used by the SCRS “Sl'z,lég"; 1{;5:;;‘;; Notes
Growth West: Ailloud et al. (2017) For the west, the SCRS adopted the
(length at Richards model growth curve of Ailloud et al. (2017)
age) A1=0; A2=34; L1=33.0; L2=270.6; K=0.22; p=-0.12 in 2017.
East & Med.:
Von Bertalanffy model Cort (1991)
K=0.093; Lo=319 cm; t0=-0.97
Growth Area and season specific conversions are used, overall equations: Rodriguez-Marin et | The seasonal specific conversions by
(length- al. (2015) area are in ICCAT Manual (BFT-
weight) West: Table2, conversion factor)
W=0.0000177054*L 3.001251847
East & Med.:
W=0.0000350801*L 2878451
Natural West and East & Med.: Lorenzen (1996) SCRS/2017/083
mortality Starting atage 1: 0.41, 0.32, 0.26, 0.22,0.19,0.17, 0.15, 0.14, 0.13, 0.12 | mortality vector
(ages 10-11), 0.11 (ages 13-20), and 0.10 yr-! (ages 20 plus) based on the growth | Size-weight relationship (Rodriguez-
model (Ailloud et al., Marin et al,, 2015)
2017) and rescaled to
have a value of 0.1 at
age 20
Longevity West: 32 yr Neilson and Campana | Based on radiocarbon traces.

East & Med.: > 20 yr

(2008)

Fromentin and
Fonteneau (2001)

Based on tagging data.

Spawning-at-
age

West older spawning:
Starting at age 1: 0, 0, 0, 0, 0, 0.001, 0.007, 0.039, 0.186, 0.563, 0.879,

0.976,0.996, 0.999, 1, 1 (age 20)

Porch and Hanke
(2017)

Porch and Hanke (SCRS/2017/164)
estimated spawning fraction oogive
based on age composition data from
the U.S. longline fishery in the Gulf of
Mexico 2009-2014. Recent findings
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West younger spawning:
Same as East Atlantic

East & Med.:
50% spawning at age 4 (115 cm / 30 kg).
Starting at age 1: 0, 0, 0.25, 0.5, 1 (ages older 5)

Anon. 1997

indicate fish were mature at age 5
(SCRS/2012/161).

Mso at 105¢cm, (age 3.5) from Corriero
etal. (2005)

Spawning West: Gulf of Mexico. Multiple sources, see | Other spawning areas have been
area Rooker et al. (2007) | identified, but not yet demonstrated
East & Med.: Around Balearic Islands, Tyrrhenian Sea, central | and Fromentin and | to be important.
Mediterranean and Levantine Sea. Powers (2005) or
Mather et al (1995) | See presentation 2012/149 for
for reviews. further information on spawning in
the Mediterranean.
Spawning West: April to mid-June. As above. Timing of the spawning season can
season change from year to year due to

East & Med.:
eastern Med.: mid-May to mid-June
western Med.: mid-June to mid-July

environmental conditions.
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Table 2. Task | NC best estimate BFT catch by stock
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Table 3. Fleet definitions for the statistical catch at size/age models.

East & Med BFT West BFT Values
Fleet_SS GearGrp Flag Min Year Max Year( Fleet_SS GearGrp Flag Min YearC Max YearC
BB_SPA BB EU.Espafia 1953 2006 JAPAN_LL LL Japan 1957 2015
BB_SPAFRA BB EU.Espafia 2007 2015 JPN_LL_GOM LL Japan 1973 1981
EU.France 2013 2015 OTHER_LL LL Canada 1986 2015
LL_JPN_EM LL Japan 1956 2010 Chinese Taipei 1983 1997
LL_JPN_NE LL Japan 1990 2015 FR.St Pierre et Miquelon 2010 2013
LL_ OTH LL Algerie 2000 2009 Japan (foreign obs.) 1981 1988
Canada 1999 2014 US.A. 1983 2015
China PR 1995 2015 UK.Bermuda 2009 2009
Chinese Taipei 1983 2006 OTHER_LL_GOM LL Cuba 2002 2002
EU.Croatia 2009 2013 Mexico 1994 2015
EU.Cyprus 2005 2015 U.S.A. 1984 2015
EU.Espafia 1984 2015 US_CAN_PSFB  PS Canada 1977 1981
EU.France 2014 2015 US.A. 1979 2015
EU.Greece 1999 2013 US_CAN_PSFS  PS Canada 1977 1981
EU.Italy 1990 2015 U.S.A. 1979 1990
EU.Malta 2005 2015 USA_CAN_HPN HP Canada 1993 2015
EU.Portugal 2005 2015 U.S.A. 1983 2015
Iceland 2012 2014 US_RR_FB HL US.A. 1983 2013
Korea Rep. 1983 1983 RR US.A. 1972 2015
Libya 2002 2009 CAN_HL HL Canada 2015 2015
Turkey 2014 2014 RR Canada 1991 2015
PS_FRA PS EU.France 1970 2015 L Canada 1974 2015
PS_HRV PS EU.Croatia 2002 2015 US_RR_FS HL US.A. 1983 1991
PS_NOR PS Norway 1950 1984 RR U.S.A. 1976 2015
PS_OTH 1975 2015 USA_TRP ™ US.A. 1955 1961
TRP_MARPOR TP EU.Portugal 2012 2015 CAN_TRP TP Canada 1975 2015
Maroc 2012 2015 OTHER 1984 2013
TRP_MARSPA TP EU.Espafia 1956 2011
Maroc 2006 2011
TRP_OTH TP Algerie 1992 1992
EU.Espafia 2012 2015
EU.Italy 1956 2011
EU.Portugal 1958 2011
Libya 1964 2005
Tunisie 1990 1997
Turkey 1976 1993
OTHER 1952 2015
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Table 4. Preliminary estimates of total removals for the West BFT 2016 used for projections in the assessment
models. Allocation by gear for 2016 used the same proportion as in 2015. No preliminary estimates of catch
were available for East BFT 2016.

Decade 2010 T

Stock BFT-W -

Sum of Qty_t YearC .r

Flag ~ GearCode - 2010 2011 2012 2013 2014 2015 2016

Brazil LLFB 1

Brazil Total 1

Canada HAND 2 2
HARPE 37 30 31 25 11 26 23
LL-surf 89 112 65 67 61 74 67
RR 324 295 347 325 331 389 350
TL 40 30 34 52 40 35 32
TRAP 39 26 17 11 20
TRAW
TROL 16

Canada Total 530 510 493 480 463 533 480

FR.St Pierre et Miquelon LL 8 0 0 0 9

FR.St Pierre et Miquelon Total 8 0 0 0 9 9

ICCAT (RMA) RR 0

ICCAT (RMA) Total 0

Japan LL 353 578 289 317 302 347

Japan Total 353 578 289 317 302 347 345

Mexico LL 14 14 52 23 51 53

Mexico Total 14 14 52 23 51 53 53

U.S.A. HAND 3 1 1 0
HARP 29 70 52 45 68 77 88
LL 239 241 295 208 222 89 101
PS 2 43 42 39 44
RR 694 792
RRFB 571 419 420 250 378
RRFS 111 173 149 115 100
TRAW 0

U.S.A. Total 953 905 919 661 810 899 1025

UK.Bermuda LLSWO 0 0
RR 0 1

UK.Bermuda Total 0 0 1 0

UK.British Virgin Islands RR 0 0

UK.British Virgin Islands Total 0 0

UK.Turks and Caicos LLFB 0

UK.Turks and Caicos Total 0

Grand Total 1857 2007 1754 1482 1626 1842 1912
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Table 5. Substitution table scheme for creating CAS/CAA for Atlantic bluefin tuna stocks.

t1Stock tlGearG

t1FlagN

BB
EU.Esp
ELE]

HL

Croatia

EU.Esp
afia

EU.Cypr EU.Esp

Used sz/cs series (P= previous year, D=discards)

PS
EU.Mal EU.Fran
ELE) EU.ltaly ta Japan Mexico US.A. ce

SP TP TW
EU.Port EU.Fran

EU.ltaly Turkey EU.Italy ugal ce

BB
HL
LL

PS
UN

EU.France
EU.France
China P.R.
EU.France
EU.Portugal
EU.Portugal

EU.France

HL

LL

PS

SP

P

UN

U

Croatia
EU.France
EU.Greece
EU.Cyprus
EU.France
EU.Greece
EU.Malta
Maroc
Croatia
EU.Espaiia
EU.Greece
EU.Malta
Libya
Maroc
Syria Rep.
Tunisie
Turkey
EU.Espafia
EU.ltaly
EU.Italy
EU.France
EU.France
EU.ltaly

I><
xX X X X X >

LL

Canada

Mexico
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Table 6. Age readings from paired otolith/spine samples obtained from 262 individuals (a) and resulting
differences in otolith ages compared to reference spine ages (b).

a.
AGE READING FROM OTOLITH

w o 1 2 3 4 5 6 7 8 9 10 11 12
& 0o 22 2
3 1 4
E 2 5 11 11 1
z 3 2 18 10 1
2 4 14 25 3
2 5 23 11 7 2
=
S 6 4 11 10 11

7 1 9 7 9 2 1
b.

Spine reference age 0 1 2 3 4 5 6 7

bias corrected otolith age reading  0.083 1.36 229 332 4.6 543 681 8.333
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Table 7. Abundance indices used for East Atlantic in 2017 stock assessment.

JPN LL Eatl&Med JPN LL NEAtI1 JPN LL NEAtIZ French Aerial French Aerial ‘WMed Larval
series SPN BB SPN-FRBB  MOR-SPN TRAP MOR-POR TRAP survey 1 survey 2 Survey
age 2-3 3-6 6+ 10+ 6-10 4-10 4-10 2-4 24 Spawners
indexing Weight Weight Number Number Number Number Number Number of schools Number of schools
area  East Atlantic East Atlantic  East Atl and Med East Atl and Med East Atl and Med NEast Atl NEast Atl West Med West Med West Med
method Delta lognormal Deltalognormal  Neg. Binom. Neg. Binom.  Delta Lognormal Delta Lognormal Delta Lognormal
time of the year Mid-year Mid-year Mid-year Mid-year Mid-year Begin-year Begin-year Mid-year Mid-year
source SCRS/2014/054 SCRS/2015/169 SCRS/2014/060 SCRS/2017/XXX SCRS/2012/131 SCRS/2017/025 SCRS/2017/025 SCRS/2016/153 SCRS/2016/153 SCRS/P/2017/033
Year 5td. CPUE  CV  5td.CPUE CV 5td.CPUE CV 5td.CPUF CV 5td.CPUE CV 5td.CPUF CV 5td.CPUE CV Index (4% Index (4% Index (4%
1952 179.22 043
1953 184.74  0.53
1954 22646  0.41
1955 187.01  0.42
1956 470.53  0.43
1957 315.05  0.41
1958 25225 041
1959 506.79  0.41
1960 485.16  0.43
1961 327.29 041
1962 180.12  0.46
1963 312.09 049
1964 457.40  0.42
1965 22891 041
1966 34910 0.42
1967 34589 041
1968 447.00  0.42
1969 610.62  0.40
1970 594.66  0.43
1971 744.71 0.40
1972 525.63  0.41
1973 535.63  0.40
1974 24539  0.44
1975 484.22 041 1.90 0.15
1976 48396  0.41 215 0.12
1977 54756  0.41 3.53 0.14
1978 70526  0.41 1.50 0.15
1979 623.01  0.41 2.70 0.14
1980 634.81  0.45 1.69 0.16
1981 510.66  0.42 76836  0.57 1.63 0.17
1982 503.78  0.42 1038.12  0.35 3.32 0.13
1983 625.14  0.43 1092.05 0.35 212 0.13
1984 33171 045 1200.27 0.35 1.62 0.12
1985 1125.74 0.41 814.46  0.35 175 0.15
1986 751.21 0.42 394.33 0.28 132 0.14
1987 1008.43  0.42 433.53 0.28 2.16 0.13
1988 1394.68 0.42 1014.56 0.28 135 0.14
1989 1285.60  0.40 53145 0.26 1.05 0.16
1990 986.51 0.41 614.37  0.23 1.41 0.14 0.47 0.35
1991 901.20  0.42 72786  0.23 1.21 0.13 0.53 0.31
1992 695.16  0.43 313.95 0.23 1.03 0.14 0.87 0.24
1993 2093.55 0.40 32536  0.23 1.04 0.14 0.74 0.22
1994 1007.03  0.42 34190 0.23 112 0.16 0.93 0.23
1995 123591 0.41 223.43 0.23 1.42 0.15 0.97 0.22
1996 1739.29  0.40 375.22 0.25 0.50 0.22 2.84 0.22
1997 2246.41  0.40 992.41 0.25 0.53 0.21 1.51 0.24
1998 879.51 0.41 925.14  0.25 0.71 0.17 0.87 0.25
1999 339.77 0.44 1137.45 0.25 0.64 0.22 1.25 0.22
2000 960.44  0.40 739.23 0.23 0.74 0.20 0.98 0.22 0.02 0.39
2001 704.49  0.45 1284.62  0.23 0.96 0.17 1.83 0.21 0.01 0.37 5.50 0.18
2002 687.42  0.42 113042 023 2.05 0.15 0.82 0.22 0.01 0.50 2.76 0.26
2003 44491 048 662.66  0.24 170 0.13 110 0.24 0.01 0.35 13.40 0.25
2004 1210.46  0.42 33236 0.23 0.82 0.18 0.84 0.22 9.03 0.20
2005 2383.57 0.40 677.39  0.23 0.88 0.15 0.75 0.21 3.56 0.17
2006 850.09  0.48 633.94 0.23 1.91 0.15 0.83 0.22
2007 2179.98 0.31 1000.60 0.23 0.94 0.19 0.84 0.22
2008 2154.01 030 63418 0.23 122 0.17 117 0.21
2009 955.38 0.30  876.71 0.23 1.04 0.24 1.50 0.21 0.06 0.42
2010 2126.20 031 1042.24 0.24 2.22 0.22 0.04 0.52
2011 2785.47 030 67497 0.23 4.45 0.26 0.09 0.34
2012 2306.99 0.39 41.15 0.49 7.70 0.31 0.04 0.32 41.05 0.07
2013 1569.13  0.44 88.58 0.54 6.11 0.26 21.83 0.08
2014 678.29 0.41 48.54 0.50 9.70 0.30 0.17 0.38 25.41 0.10
2015 66.98 0.54 591 0.30 0.09 0.34 54.29 0.07
2016 64.03 0.53 5.47 0.28 0.41 0.28
2017 7.19 0.30
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Table 8. Description of VPA runs made for the eastern Atlantic and Mediterranean stock during the 2017
bluefin tuna stock assessment meeting.

Fratio estimated as random walk, starting value fixed at 0.5, aerial survey not split,
Run_1 | vulnerability of 0.4 over the three last years, weight of indices multiplicative and
computed by group of gears, Longlines, Traps, Baitboats and each survey separately

Fratio estimated as random walk, starting value fixed at 0.75, aerial survey not split,
Run_2 | vulnerability of 0.4 over the three last years, weight of indices multiplicative and
computed by group of gears, Longlines, Traps, Baitboats and each survey separately

Fratio estimated as random walk, starting value fixed at 1.25, aerial survey not split,
Run_3 | vulnerability of 0.4 over the three last years, weight of indices multiplicative and
computed by group of gears, Longlines, Traps, Baitboats and each survey separately

Fratio estimated as random walk, starting value fixed at 1.5, aerial survey not split,
Run_4 | vulnerability of 0.4 over the three last years, weight of indices multiplicative and
computed by group of gears, Longlines, Traps, Baitboats and each survey separately

Fratio estimated as random walk, starting value estimated, aerial survey not split,
Run_5 | vulnerability of 0.4 over the three last years, weight of indices multiplicative and
computed by group of gears, Longlines, Traps, Baitboats and each survey separately

Fratio estimated as random walk, starting value fixed at 0.5, aerial survey not split,
Run_6 | vulnerability of 1 over the three last years, weight of indices multiplicative and
computed by group of gears, Longlines, Traps, Baitboats and each survey separately

Fratio estimated as random walk, starting value fixed at 0.75, aerial survey not split,
Run_7 | vulnerability of 1 over the three last years, weight of indices multiplicative and
computed by group of gears, Longlines, Traps, Baitboats and each survey separately

Fratio estimated as random walk, starting value fixed at 1.25, aerial survey not split,
Run_8 | vulnerability of 1 over the three last years, weight of indices multiplicative and
computed by group of gears, Longlines, Traps, Baitboats and each survey separately

Fratio estimated as random walk, starting value fixed at 1.5, aerial survey not split,
Run_9 | vulnerability of 1 over the three last years, weight of indices multiplicative and
computed by group of gears, Longlines, Traps, Baitboats and each survey separately

Fratio estimated as random walk, starting value estimated, aerial survey not split,
Run_10 | vulnerability of 1 over the three last years, weight of indices multiplicative and
computed by group of gears, Longlines, Traps, Baitboats and each survey separately

Fratio estimated as random walk, starting value fixed at 1, aerial survey not split,
Run_11 | vulnerability of 0.4 over the three last years, weight of indices multiplicative and
computed by group of gears, Longlines, Traps, Baitboats and each survey separately

Fratio estimated as blocks (1968-1980, 1981-1995, 1996-2007, 2008-2015) starting
value fixed at 0.75, aerial survey not split, vulnerability of 0.4 over the three last years,

Run_12 weight of indices multiplicative and computed by group of gears, Longlines, Traps,
Baitboats and each survey separately
Fratio estimated as blocks (1968-1980, 1981-1995, 1996-2007, 2008-2015) starting
Run 13 value fixed at 1, aerial survey not split, vulnerability of 0.4 over the three last years,

weight of indices multiplicative and computed by group of gears, Longlines, Traps,
Baitboats and each survey separately
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Run_14

Fratio estimated as blocks (1968-1980, 1981-1995, 1996-2007, 2008-2015) starting
value fixed at 1.25, aerial survey not split, vulnerability of 0.4 over the three last years,
weight of indices multiplicative and computed by group of gears, Longlines, Traps,
Baitboats and each survey separately

Run_15

Fratio estimated as random walk, starting value fixed at 1, aerial survey split,
vulnerability of 0.4 over the three last years, weight of indices multiplicative and
computed by group of gears, Longlines, Traps, Baitboats and each survey separately

Run_16

Fratio estimated as blocks (1968-1980, 1981-1995, 1996-2007, 2008-2015) starting
value fixed at 0.75, aerial survey split, vulnerability of 0.4 over the three last years,
weight of indices multiplicative and computed by group of gears, Longlines, Traps,
Baitboats and each survey separately

Run_17

Fratio estimated as blocks (1968-1980, 1981-1995, 1996-2007, 2008-2015) starting
value fixed at 1, aerial survey split, vulnerability of 0.4 over the three last years, weight
of indices multiplicative and computed by group of gears, Longlines, Traps, Baitboats
and each survey separately

Run_18

Fratio estimated as blocks (1968-1980, 1981-1995, 1996-2007, 2008-2015) starting
value fixed at 1.25, aerial survey split, vulnerability of 0.4 over the three last years,
weight of indices multiplicative and computed by group of gears, Longlines, Traps,
Baitboats and each survey separately

Run_19

Fratio estimated as random walk, starting value fixed at 1, aerial survey split,
vulnerability of 0.4 over the three last years, weight of indices additive and computed by
group of gears, Longlines, Traps, Baitboats and each survey separately

Run_20

Fratio estimated as random walk, starting value fixed at 1, aerial survey split,
vulnerability of 0.4 over the three last years, weight of indices multiplicative and all
equal

Run_21

Fratio estimated as random walk, starting value fixed at 1, aerial survey split,
vulnerability of 0.4 over the three last years, weight of indices additive but one estimate
for each index

Run_22

Fratio estimated as random walk, starting value fixed at 1, aerial survey split,
vulnerability of 0.4 over the three last years, weight of indices additive but one estimate
for each survey and another for all CPUES

Run_23

Fratio estimated as random walk, starting value fixed at 1, aerial survey split,
vulnerability of 0.4 over the three last years, weight of indices additive and not
disaggregated by groups of gears

Run_24

Base case, Fratio estimated as blocks (1968-1980, 1981-1995, 1996-2007, 2008-2015)
starting value estimated, aerial survey split, vulnerability of 0.4 over the three last years,
weight of indices multiplicative and computed by group of gears, Longlines, Traps,
Baitboats and each survey separately

Run_25

Fratio estimated as blocks (1968-1980, 1981-1995, 1996-2007, 2008-2015) starting
value estimated, aerial survey split, vulnerability of 0.4 over the three last years, weight
of indices multiplicative and computed by group of gears, Longlines, Traps, Baitboats
and each survey separately. Natural mortality using rescaled Lorenzen at 0.07.

Run_26

Fratio estimated as blocks (1968-1980, 1981-1995, 1996-2007, 2008-2015) starting
value estimated, larval survey dropped, vulnerability of 0.4 over the three last years,
weight of indices multiplicative and computed by group of gears, Longlines, Traps,
Baitboats and each survey separately.
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Table 9. Abundance indices used for West Atlantic in 2017 stock assessment.

USRR 66- USRR 115- CAN combined
series 114cm 144cm USRR>177cm  USRR<145cm USRR>195cm  USGOMPLLL  USGOMPLLZ  Larval Survey JPN LL1 JPN LL2 JPN LL GOM RR Acoustic survey
age  66-114cm 115-144cm >177em <145cm >195cm 8-16 8-16 816 4-10 5-16 9-16 7-16 8-16
indexing  Number Number Number Number Number Number Number Number
area GOM GOM GOM West Atl West Atl GOM GSL & SWNS off PEI
Delta Lognormal Delta Lognormal Delta Lognormal
method GLMM GLMM GLMM GLMM GLMM RE RE RE
time of the year Begin-year Begin-year

source SCRS/2016/198 SCRS/2016/198 SCRS/2016/198 SCRS/1993/067 SCRS/1993/067 SCRS/2015/199 SCRS/2015/199 SCRS/2014/057 SCRS/2016/122 SCRS/2016/122 SCRS/1991/071 SCRS/2017/020 SCRS/2017/016

Year 5td. CPUE CV_ 5td.CPUE  CV_ 5td.CPUE  CV_ 5td.CPUE  CV_ 5td.CPUE  CV_ 5td.CPUE  CV_ 5td.CPUE  CV 5td.CPUE  CV 5td.CPUE CV  5td.CPUE  CV  5td.CPUE  CV  5td.CPUE  CV_ 5td.CPUE  CV

1970

1971

1972

1973

1974 097 027

1975 0.53 0.21

1976 0.39 0.40 0.67 0.21

1977 242 048 089 031 0.91 0.22

1978 4.63 0.23 0.73 0.33 0.88 0.23

1979 0.82 0.28 129 0.28

1980 0.80 043 140 028 116 027

1981 0.40 0.52 115 0.81 111 0.26 0.55 0.24

1982 2.10 0.33 136 1.20 0.78 0.27

1983 111 026 281 0.10 0.90 1.02 046 034

1984 1.25 0.19 0.31 0.32 0.67 0.29 0.57 0.14

1985 0.63 0.64 086 030 0.83 0.27 0.31 0.16

1986 0.78 0.43 0.50 110 0.34 0.42 0.01 1.55 0.18 0.21

1987 122 0.40 0.53 0.48 131 0.29 0.31 0.46 0.37 0.33 0.22 0.37

1988 099 038 094 036 064 032 113 0.32 0.35 0.37 0.60  0.14

1989 0.99 0.43 0.76 0.36 0.99 0.31 0.70 0.36 0.69 0.30 0.64 0.13

1990 0.90 0.34 0.63 0.34 0.77 0.32 0.34 0.35 0.48 0.32 0.23 0.11

1991 126 035 0.82 028 129 030 0.31 057  0.60 030 0.22 0.11

1992 0.82 0.42 0.91 0.28 114 0.35 0.43 0.34 1.09 0.26 0.24 0.11

1993 116 0.36 110 0.21 0.66 0.30 0.64 0.36 0.47 0.66 0.98 0.27 0.24 0.12

1994 0.27 0.44 0.28 0.38 0.89 0.28 0.47 0.39 0.53 0.34 0.90 0.27 0.21 0.12 0.03 0.28
1995 115 0.34 0.61 0.22 1.09 0.26 0.44 0.39 0.23 0.54 0.59 0.34 0.48 0.11 0.03 0.14
1996 171 037 073 022 357 025 026 040 078 049 224 027 027 011 0.07  0.10
1997 2.47 0.32 0.21 0.35 142 0.37 0.46 0.36 0.34 0.38 1.64 0.26 0.23 0.10 0.04 0.12
1998 1.44 0.36 0.77 0.17 1.56 0.25 0.50 0.37 0.11 0.54 0.76 0.29 0.35 0.10 0.04 0.21
1999 139 042 085 031 199 028 085 033 046 051 114 026 0.51 0.11 0.04 012
2000 0.99 0.50 133 0.39 0.60 0.27 124 0.33 0.24 0.51 113 0.27 0.32 0.11 0.02 0.14
2001 0.48 0.34 159 0.20 151 0.29 0.71 0.38 0.44 0.32 0.92 0.27 0.50 0.10 0.04 0.15
2002 154 039 255 0.26 185 023 0.66 039 024 062 078 0.28 075 011 0.02 0.19
2003 0.42 0.33 0.63 0.15 0.47 0.27 119 0.32 0.77 0.39 1.23 0.29 0.96 0.11 0.04 0.14
2004 231 031 061 019 074 027 108 032 050 067 111 0.30 109 011 0.04  0.07
2005 2.26 0.30 0.57 0.18 0.62 0.27 0.82 0.34 0.18 0.29 0.99 0.26 0.99 0.10 0.05 0.05
2006 0.61 0.33 145 0.19 0.49 0.35 0.58 0.39 0.50 0.35 1.53 0.29 127 0.10 0.06 0.07
2007 046 030 165 013 031 0.37 078 038 046 038 099 040 125 011 0.04 013
2008 0.36 0.32 114 0.16 0.38 0.35 178 0.33 0.32 0.38 1.36 0.45 111 0.11 0.03 0.08
2009 0.36 0.31 0.50 0.20 0.27 0.40 146 0.35 0.59 0.32 2.34 0.35 197 0.11 0.06 0.09
2010 0.63 032 120 017 103 026 122 034 034 051 060 037 231 0.12 0.07  0.04
2011 0.82 0.34 1.06 0.21 0.63 0.28 1.09 0.48 1.04 0.39 2.04 0.26 1.87 0.11 0.05 0.08
2012 0.41 0.40 112 0.23 0.72 0.25 3.39 0.37 0.28 0.47 2.54 0.27 2.08 0.11 0.10 0.07
2013 057 035 177 020 047 029 123 042 099 034 191 0.26 169 011 0.06  0.06
2014 0.70 0.37 0.94 0.26 0.64 0.27 1.02 0.44 0.26 0.37 2.38 0.28 171 0.11 0.08 0.06
2015 045 039 035 033 109 023 102 047 039 031 146 027 157 011 0.08  0.10
2016 114 0.47 247 0.26 3.67 0.29 2.35 0.12

2017 3.64 0.31
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Table 10. Projected probability that the fishing mortality rate on the eastern stock is less than Fo1 based on projections of the VPA results under three
recruitment levels (low, medium and high recruitment).

low med high
so000- 28 24 16 11 7 & 2 1 59 55 63 51 49 44 40 36 80 82 86 89 91 91 93 93
45000- 53 44 31 22 15 11 8 8 81 78 76 76 73 70 67 64 92 93 95 97 97 97 98 98
40000- 80 74 63 48 36 25 18 13 92 92 92 92 91 90 89 86 97 97 98 99 100 100 100 100
ss000- 93 92 88 80 71 62 48 38 98 98 98 98 97 98 97 97 99 99 100 100 100 100 100 100
sooo0- 97 97 96 95 93 91 88 80 99 99 100 99 100 100 99 100 100 100 100 100 100 100 100 100
28000- 98 98 97 97 96 95 94 9N 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
26000- 99 99 99 98 98 97 96 96 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
24000- 100 99 99 99 99 99 99 98 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
23655- 100 100 99 99 99 99 99 98 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
22000- 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
%emoo 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
*~19296- 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
igooo- 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

16000- 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
14000- 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
12000- 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
toooo- 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
gooo- 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
gooo- 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
4000- 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
2000- 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

o- 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

2018 2019 2020 2021 2022 2023 2024 2025 2018 2019 2020 2021 2022 2023 2024 2025 2018 2019 2020 2021 2022 2023 2024 2025
year

P(F<Fo.1)" 55 50 75100
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Table 11. Short term projections, based on SS3 results, for eastern Atlantic and Mediterranean bluefin tuna
stock based on different assumptions and catch limits.

Year 0.8Fwmsy F o1 10000 20000 25000 30000 35000
2016 19296 19296 19296 19296 19296 19296 19296
2017 23655 23655 23655 23655 23655 23655 23655
2018 20723 11802 10000 20000 25000 30000 35000
2019 20428 12093 10000 20000 25000 30000 35000
2020 20024 12288 10000 20000 25000 30000 35000
2021 19766 12527 10000 20000 25000 30000 35000
2022 19814 12916 10000 20000 25000 30000 35000
2023 20191 13486 10000 20000 25000 30000 35000
2024 20829 14212 10000 20000 25000 30000 35000
2025 21618 15033 10000 20000 25000 30000 35000
2026 22441 15878 10000 20000 25000 30000 35000

Table 12. SSB:/SSBumsy Ratios, based on SS3 results, for eastern Atlantic and Mediterranean stock for each of
the projection scenarios.

Year 0.8Fmsy Fo1 10000 20000 25000 30000 35000

2016 0.89 0.89 0.89 0.89 0.89 0.89 0.89
2017 0.87 0.87 0.87 0.87 0.87 0.87 0.87
2018 0.85 0.85 0.85 0.85 0.85 0.85 0.85
2019 0.84 0.87 0.88 0.87 0.84 0.82 0.80
2020 0.84 0.91 0.92 0.91 0.85 0.81 0.77
2021 0.85 0.95 0.97 0.95 0.85 0.80 0.74
2022 0.87 0.99 1.02 0.99 0.86 0.79 0.71
2023 0.88 1.03 1.07 1.04 0.87 0.78 0.68
2024 0.90 1.07 1.12 1.08 0.89 0.77 0.66
2025 0.92 1.11 1.17 1.12 0.90 0.77 0.63

2026 0.93 1.15 1.23 1.17 0.92 0.77 0.61
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Table 13. Benchmarks for the western stock from SS3 runs 10 (older spawning) and 11 (younger spawning).

Run 10, older Run 11, younger
spawning spawning

SSB_Unfished 193516 243585
Total Biomass_Unfished 248007 250213
Recruits_Unfished 625.6 631.4
SSB_Btgt40%B0 77406.3 97434
SPR_Btgt40%B0 0.5241 0.5682
Fstd_Btgt40%B0 0.0440 0.0481
TotYield_Btgt40%B0 4543 4430
SSB_SPRtgtSPR40% 47133 40509
Fstd_SPRtgtSPR40% 0.0652 0.0866
TotYield_SPRtgtSPR40% 4357 3295
SSB_MSY 67006 94519
Spawning potential ratio at MSY 85.9167 0.5596
Recr_1997 248.8440 0.0496
Recr_1998 131.781 4432.2
F(avg 10-20) at MSY 0.0485 0.0496
F0.1(avg F 10-20) 0.0863 0.0863
SSB_F0.1 25910 39951
Yield_FO0.1 3235 3144
Feurrent (avg F 10-20) 2013-2015 0.0483 0.0483
Feurrent/Fo.1 0.56 0.56
Feurrent/Fumsy 0.996 0.974
current SSB 27612 38467
current SSB/SSBro.1 1.066 0.963
current SSB/SSBumsy 0.412 0.407
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Table 14. Projected yields, based on VPA results, of the western stock at a fishing mortality rate of 0.11 (Fo.1)

under alternative recent recruitment scenarios.

F_current
F 0.1
F_current/F 0.1

Fishery Status

0.078 (0.065-.096)
0.11 (0.10-0.12)
0.72 (0.59-0.85)

not overfishing

Recruitment_Level
Projected_Recruits (2018)
Projected_Recruits (2019)

Projected Recruits (2020)

3-yr (2010-2012)
81910 (54970-126100)
82310 (55070-122500)

82495 (56040-123100)

6-yr (2006-2012)
92455 (62390-138400)
94505 (64170-148000)

93885 (61110-150000)

10-yr (2003-2012)
134300 (71240-254100)
130550 (70260-249500)

129450 (73800-262700)

Projected_Catch_Fo1_ 2018
Projected_Catch_Fo;_2019

Projected Catch Fo1 2020

2403 (1914-3084)
2313 (1825-2963)

2208 (1745-2852)

2444 (1943-3095)
2338 (1871-2972)

2252 (1798-2879)

2498 (2010-3212)
2422 (1957-3121)

2400 (1915-3050)
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Table 15. Projected probability, based on VPA results, of not overfishing (F<Fo.1) the western stock under the
3-yr recruitment level.

Yield 2018 2019 2020 2021 2022
0 100 100 1.00 1.00 1.00

250 1.00 1.00 1.00 1.00 1.00

500 1.00 1.00 1.00 1.00 1.00

750 1.00 1.00 1.00 1.00 1.00
1000 100 1.00 100 100 1.00
1250 1.00 100 100 100 1.00
1500 1.00 099 099 099 0.97
1750 097 094 090 0.88 0.83

0.86 0.79

Table 16. Projected probability, based on VPA results, of not overfishing (F<Fo.1) the western stock under the
6-yr recruitment level.

Yield 2018 2019 2020 2021 2022
0 100 100 1.00 1.00 1.00

250 1.00 1.00 1.00 1.00 1.00

500 1.00 1.00 1.00 1.00 1.00

750 1.00 1.00 1.00 1.00 1.00
1000 100 100 100 100 1.00
1250 100 100 100 100 1.00
1500 100 100 0.99 099 0.98
1750 097 095 093 091 0.89

0.88 0.81
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Table 17. Projected probability, based on VPA results, of not overfishing (F<Fo.1) western stock under the 10-
yr recruitment level.

Yield 2018 2019 2020 2021 2022

0 100 100 1.00 1.00 1.00

250 1.00 1.00 1.00 1.00 1.00

500 1.00 1.00 1.00 1.00 1.00

750 1.00 1.00 1.00 1.00 1.00

1000 100 1.00 100 100 1.00

1250 100 100 100 100 1.00

1500 1.00 100 100 100 1.00

1750 098 098 098 097 0.97
0.90 0.88
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Table 18. Projected yields for the western stock from SS runs at various F levels and recruitment assumptions.

Run 10: older spawning

Assumed recruitment SRR 3yr 6yr 10yr SRR
Fmetric Foa Foa Foa Foa Fusy
Prelim. Catch 2016 (t) 1912 1912 1912 1912 1912
TAC_2017 (t) 2000 2000 2000 2000 2000
ForeCatch 2018 (t) 2862 2815 2818 2830 1451
ForeCatch 2019 (t) 2768 2654 2662 2689 1457
ForeCatch 2020 (t) 2717 2507 2521 2572 1481
ForeCatch 2021 (t) 2680 2366 2387 2464 1509
rec 2015 (1000s) 279 120 131 170 279
rec 2016 (1000s) 281 121 132 171 281
rec 2017 (1000s) 282 121 132 172 282
rec 2018 (1000s) 281 121 132 171 281
rec 2019 (1000s) 274 118 129 167 281
rec 2020 (1000s) 264 113 124 160 278
Run 11: younger spawning
Assumed recruitment SRR 3yr 6yr 10yr SRR
Fmetric Foa Foa Foa Foa Fusy
Prelim. Catch 2016 (t) 1912 1912 1912 1912 1912
TAC_2017 (t) 2000 2000 2000 2000 2000
ForeCatch_2018 (t) 2862 2822 2835 2846 1449
ForeCatch_2019 (t) 2754 2659 2675 2702 1449
ForeCatch_2020 (t) 2685 2510 2531 2580 1463
ForeCatch_2021 (t) 2627 2366 2393 2466 1480
rec 2015 (1000s) 253 119 130 167 253
rec 2016 (1000s) 252 118 129 166 252
rec 2017 (1000s) 249 117 128 165 249
rec 2018 (1000s) 245 115 125 162 245
rec 2019 (1000s) 238 111 121 156 245
rec 2020 (1000s) 233 106 116 151 247
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Figure 1. Bluefin tuna stocks best estimate of total catch removals 1950-2015.
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Figure 2. Atlantic bluefin tuna reconstructed catch 1512-2015. Blue area corresponds to the East stock, red
to the West stock unit.
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models.
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Figure 4. Bluefin tuna size frequency distribution by fleet-gear category used for stock synthesis models.
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Figure 5. Histograms comparing the catch at age estimates from cohort slicing (red) and the combined forward inverse age-length key (blue).
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Figure 6. Histogram of eastern and western otolith and spine samples used in the combined forward inverse age-length key. Y-axis = number of samples.
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Figure 7. Normal distributions fitted to the eastern and western otolith and spine samples used in the combined forward inverse age-length key.
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Figure 8. Histogram of stock composition data from the ICCAT Stock Composition Database indicating
probability of being eastern origin.
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Figure 9. Boxplot of stock composition data from the ICCAT Stock Composition Database indicating
proportion of eastern origin fish by area.
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Figure 10. Estimated annual eastern proportions by area and gear from the ICCAT Stock Composition
Database indicating proportion eastern origin.
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Figure 12. Estimates of SSB and recruitment for exploratory VPAs for the western stock (gray lines)
compared to the eventual base case (black line).
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Figure 13. Effect of including the new CAA in ASAP runs for the western stock. Run 4 uses the 2014 CAA
and stock size indices. Run 6 includes the new CAA and old stock size indices. Run 7 includes the new CAA
and new stock size indices.
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Figure 14. Effect of extending CAA to 1960 and 1950 in ASAP runs for the western stock. The discrepancy
was later resolve in using lambda = 1 for initial numbers and CV=0.1.
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Figure 15. ASAP estimates of the SSB for the eastern stock with and without the larval index and when
using split series for the larval index and the EU-France aerial survey
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Figure 16.ASAP estimates of recruits (age 1) showing the influence of the Larval index. Removing the

larval index reduces the size of the year classes after the 2003 year class.
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model predicted shown as lines).
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Figure 18. Retrospective patterns in the VPA base case run for the eastern stock.
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Figure 19. Jack-knife analysis demonstrating the effects of removing individual relative abundance indices
from the VPA base case for the eastern stock.
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Figure 20. Recruitment (in number of fish at age 1), spawning stock biomass (in metric tons), and fishing
mortality (for ages 2 to 5 and 10+) estimates from VPA base case run for the eastern stock.
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Figure 21. Sensitivity runs of the VPA against the base case for the eastern stock.
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Figure 22. Spawning stock biomass (in metric ton) estimated by VPA and the other assessment models for
the Eastern Atlantic and Mediterranean stock (assuming younger spawning). The base case or the most
representative runs were used from each model.
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Figure 23. Recruitment (in number of fish at age 1) estimated by VPA and the other assessment models for
the eastern stock. The base case or the most representative runs were used from each model.
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Figure 24. Fits to CPUE indices and model residuals for the VPA base case assessment of the western stock
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Figure 25. Distribution of bootstrapped estimates for the ratio of the geometric mean fishing mortality rate
from 2012-2014 to Fo1 (histogram and red cumulative frequency curve) compared to the maximum
likelihood (deterministic) estimate (yellow) for the VPA base case assessment of the western stock.
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Figure 26. Retrospective patterns of recruitment and spawning biomass (calculated assuming older
spawning) in the VPA base case assessment of the western stock.
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Figure 27. Retrospective patterns in the VPA base case estimates of the fishing mortality rate on the western

stock.
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Figure 28. Jack-knife analysis demonstrating the effects of removing individual relative abundance indices
from the VPA base case for the western stock. Spawning biomass is calculated here assuming older
spawning.
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Figure 29. VPA base case estimates of the spawning biomass (assuming older spawning) and recruitment
(age 1) for the western stock with 80% confidence intervals derived by bootstrapping.
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Figure 30. VPA base case estimates of the apical fishing mortality rate on the western stock with 80%

confidence intervals derived by bootstrapping. Top graph gives the absolute scale and the bottom graph
gives the values relative to Fo..
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Figure 31. Comparison of 2017 base VPA (black: older spawning, and grey: younger spawning), 2017
continuity VPA (blue and green) and 2014 base VPA (red) for the western stock.
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Figure 32 VPA results of sensitivity runs for the western stock (coloured lines) compared to the base case
(black) when the older spawning ogive is used to calculate SSB: lower natural mortality rate M (red), equal
weighting of indices of abundance (dark blue), including the CAN_Combined_RR and US_RR>177 CPUE
(‘With_handlines_indices’, light blue), and catch-at-age estimated with and age-length key (ALK) for 2010 to
2015 (green).
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Figure 33. VPA results of sensitivity runs for the western stock (coloured lines) compared to the base case
(black) when the younger spawning ogive is used to calculate SSB: lower natural mortality rate M (red),
equal weighting of indices of abundance (dark blue), including the CAN_Combined_RR and US_RR>177
CPUE (‘With_handlines_indices’, light blue), and catch-at-age estimated with and age-length key (ALK) for
2010 to 2015 (green).
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Figure 34. Fits to CPUE indices for SS run10 (assuming older spawning, and the results for SS run 11,
younger spawning, are not shown as they are nearly identical) for the western stock.
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Figure 35. Estimated selectivity for SS run 10 (assuming older spawning, and the results for SS run 11,
younger spawning, were essentially the same) for the western stock. For JPN_LL and US_RRFS time varying
selectivity is shown on bottom.
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length comps, sexes combined, whole catch, aggregated across time by fleet
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Figure 36. Fits to length composition data over all years for SS3 run 10 (assuming older spawning, and the
results for SS3 run 11, younger spawning, are not shown for brevity as it is essentially the same) for the
western stock.
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Figure 37. Retrospective plots of SSB and recruitment (age 0) for SS3 runs 10 (older spawning) and 11
(younger spawning) for the western stock.
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Figure 38. SSB and recruitment (age 0) estimates of ‘jackknife’ procedure of removing one index at a time
for SS runs 10 (older spawning) and 11 (younger spawning) for the western stock.
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Figure 39. Time series of total biomass, SSB, recruits (age 0), and F (average F on ages 10-20) for SS3 runs
10 (older spawning) and 11 (younger spawning) for the western stock.
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Figure 40. Estimated Beverton-Holt Spawner-recruit relationship and recruitment (age 0) deviations for
SS runs 10 (older spawning - top) and 11 (younger spawning - bottom) for the western stock. Green line is
the adjusted recruitment level during the period where recruitment deviations are estimated. The level of
the adjustment, or reduction in recruitment level is determined by a bias correction factor that makes the
mean recruitment level during the recruitment deviation estimation period equal to RO. Steepness was
estimated to be 0.54 and 0.45, respectively, for SS3 runs 10 and 11. Blue points are ‘future’ recruitment
deviations that are partially estimated for 2015 and not estimated for 2016.
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Figure 41. Time series of SSB, and recruits (age 0) from base SS3 model assuming older spawning (high in
black) and younger spawning (low in red) for the western stock.
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Figure 42. Time series of SSB and recruits (age 0) for all SS3 model sensitivity runs for the western stock
except the unconstrained stock recruitment relationship which estimated recruits out of the scale of the
runs for some years. Lower panel isolates the difference with or without the aging bias vector.
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Figure 43. Time series of SSB and recruits (age 0) for SS3 sensitivity runs for the western stock. Upper
panel isolates the difference with or without the environmental factor on catchability for three indices.
Middle panels isolate the difference between the old and new length-weight relationship and lower panel
shows runs with the greatest divergence compared to the base, older spawning run which was the lower
M=0.07 and the run without a stock recruitment relationship imposed.
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Figure 44. Comparison of VPA and SS3 estimates of SSB and recruits (age 1) for the western stock.
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Figure 45. Comparison of VPA and SS3 estimates of F on ages 10+ and F for the western stock.
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Figure 46. Comparison of several models (VPA, SS, and SCAL) SSB and recruits for the western stock
assuming older spawning.

WABFT SSB from various models (younger spawning) WBFT Recruits from various models (younger spawning)
300000 —8—5SSB_VPA 1200000 —8—Recruits VPA
—8—SSB_S53 = —@—Recruits_SS3
250000 G 1000000
—8—5SB_ASAP b —e—Recruits ASAP
S 200000 T 800000
[=3 =]
= £
2 >
£ 150000 S 600000
£ P
2 2
2 100000 £ 400000
2
E
50000 3 200000
o
0 0
1940 1950 1960 1970 1980 1990 2000 2010 2020 1940 1950 1960 1970 1980 1990 2000 2010 2020
Year Year

Figure 47. Comparison of several models (VPA, SS3, and ASAP) SSB and recruits for the western stock
assuming younger spawning.

83



0.020

0.015

0.010

0.005

Age 1-3

BFT STOCK ASSESSMENT MEETING — MADRID 2017

East to west

B Stock

Composition

B Conventional

tags

Age 4-9 Age 10+

0.600
0.500
0.400
0.300
0.200
0.100
0.000

West to East

B Stock
Composition

B Conventional
tags

Age 1-3

Age 4-9 Age 10+

Figure 48. Estimated fraction of the eastern stock that moves to the west (left graph) and fraction of the
western stock that moves east (right graph) by age groups using the overlap model in VPA-2box.
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Figure 49. Estimated spawning biomass (computed with younger spawning oogive ) of the western (WBFT)
and eastern (EBFT) stocks using the overlap model with conventional tag data (blue) and stock composition
data (green) compared to the results obtained with no mixing (and without tagging or stock composition

data).
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Figure 50. Kobe phase plot representing the Eastern Atlantic and Mediterranean stock status for VPA base
case run and its uncertainty, under different recruitment scenarios.
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Figure 51. Kobe pie chart representing the percentage of bootstraps falling within the different status
categories in 2016.
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Figure 52. Projected spawning stock biomass, based on VPA results, of the eastern stock relative to the
equilibrium value at Fo.1 under the three alternative recruitment scenarios with catch limits ranging from
0-50,000 t and with two fishing mortality rates (Fcurrent and Fo.1). Note that the calculation of SSBo.1 assumes
that recruitments will remain at the same levels into the future.
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Figure 53. Projections based on different assumptions of F and catch limits from 2017 to 2026, from the
SS3 model for the Eastern Atlantic and Mediterranean bluefin tuna.
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Figure 54. Western stock yield per recruit for SS3 runs 10 (older spawning - left) and 11 (younger spawning
- right).
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Figure 55. Projected recruitment levels (age 1) derived from the base-case VPA for the western stock under
three alternative scenarios ( geometric mean recruitment over 3 years, 6 years, and 10 years).
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Figure 56. Projected total biomass, based on VPA results, for the western stock under the three recruitment
scenarios and different constant yield levels.
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Figure 57. Projected spawning stock biomass, based on VPA results, for the western stock under alternative
recruitment scenarios and spawning-at-age assumptions.
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Figure 58. Projected SSB (top) and recruits (age 0, bottom) across the fixed catch limits and Fo., Fusy and
average of the current F scenarios from SS3 for the western stock, assuming older spawning (left) and
younger spawning (right). Recruitment is drawn from the Beverton and Holt stock recruitment relationship
assuming the long-term average recruitment for these runs.
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Figure 59. Projected yields from SS3 for the western stock assuming older (right) and younger spawning
(left), at Fo.1 for the 3, 6 and 10 year recruitments and Fusy assuming that recruitment deviations from the
Beverton and Holt stock-recruitment relationship are drawn from the high (2003-2012), medium (2007-
2012) or low (2009-2012) years or revert to the long-term average recruitment (SRR).
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Figure 60. Historical estimated and future projected spawning biomass and recruitment (age 0) for older
(Hi) and younger (Lo) spawning from SS3 for the western stock. Right panel shows the same plots for a
short time period (2000-2025). Recruitments are generated from recruitment deviations from the Beverton
and Holt stock-recruitment relationship from high (2003-2012), medium (2007-2012) or low (2009-2012)
years or revert to the long-term average recruitment (SRR).
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AGENDA

Opening, adoption of the Agenda and meeting arrangements.
Review of the scientific papers presented at the Working Group
Review and update data for stock assessment

3.1 Biology

3.2 Catch estimates

3.3 Relative abundance estimates and CPUE

3.4 Tagging

3.5 Age composition (age-length keys)

3.6 Stock composition (otolith microchemistry, genetics)
3.7 Other data

Methods relevant to the stock assessment

4.1 Methods - East

4.2 Methods - West

4.3 Other methods

Updating Stock status

5.1 Stock status - East

5.2 Stock status - West

5.3 Stock status - alternative models

Projections

6.1 Review of the Rebuilding Plans for the Atlantic bluefin tuna and 2016 SCRS advice

6.2 Projections - East

6.3 Projections - West
Recommendations

7.1 Research and statistics - East
7.2 Research and statistics - West

Appendix 1

7.3 Management - East, including advice on the odds of achieving the current Rebuilding Plan
objectives without further adjustment
7.4 Management - West, including advice on the odds of achieving the current Rebuilding Plan
objectives without further adjustment

Other matters

9. Adoption of the report and closure
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Appendix 4

SCRS Document Abstracts as provided by the authors

SCRS/2017/082 - Relative abundance indices of bluefin tuna (Thunnus thynnus) caught by the Moroccan
and Portuguese traps in the area close to the Strait of Gibraltar were estimated for the period 1998- 2016.
Data from four Moroccan and one Portuguese tuna traps were compiled and used in the analysis. The trend
of the nominal CPUE series shows a relatively low and flat period between 1998 and 2009, followed by a
steep increase in the more recent years. Standardized CPUEs were estimated with Generalized Linear Mixed
Models (GLMMs) with Negative Binomial distribution, and using the factors year, month and
trapID/location. Due to possible changes in the fishery operation patterns since the year when the quotas
started to be reached, the time series and standardization models were split in 2 periods: 1998-2010 and
2011-2016. The standardized CPUEs followed in general the nominal CPUE trends, with a relatively low
values and a flat period until 2009, followed by increased values for the more recent years.

SCRS/2017/083 - Survival estimates from Brownie tag return models provided an estimate of the upper
limit of natural mortality, as they comprised tag removals from natural mortality, fishing mortality, and
chronic tag loss (tag loss post year 1). It should be noted that tag return rate is a function of discrete tag
loss, fishing mortality, reporting rate and handling mortality. Although the conventional tagging data
contained considerable information on survival over time, no one hypothesis of natural mortality could be
selected from the set of candidates based on the analysis. However, if the survival estimates for the period
1995 to 1999 are an accurate measure of total survival and representative of larger fish compared to other
periods, then a natural mortality rate greater than 0.12 yr-1 for this group is inconsistent with the results.

SCRS/2017/104 - Stock assessment models are vulnerable to abnormal observations, which may result
in biased estimates of parameters, underestimation of uncertainty, and poor prediction skill. This is
especially true when the number of observations are relatively small since there are fewer cases to
counter abnormalities. It is therefore advisable to identify influential points, explore their impact, and
to try and find reasons for their occurrence, e.g. are they due to miscodes, exclusion of important
explanatory variables, incorrect model structure, fisher behaviour, management or non-stationarity
in biological processes? In this paper we use regression diagnostics, the jackknife and crossvalidation
to evaluate the influence of individual observations from the catch per unit effort series used to
calibrate the East Atlantic and Mediterranean bluefin Virtual Population Analysis assessment.

SCRS/2017/123 - An exploratory data analysis is conducted of the Eastern Atlantic and Mediterranean
bluefin dataset prepared for the Virtual Population Analysis. These data include the catch-at-age of the
whole stock, catch per unit effort and their partial catches. The analysis explored correlations and conflicts
between the CPUE series, the selection patterns of the main fleets and fishing mortality of the terminal ages
the main parameter estimated by VPA. The consequences for developing scenarios for use in the assessment
are discussed.

SCRS/2017/124 - Stock assessment models are vulnerable to abnormal observations, which may result in
biased estimates of parameters, underestimation of uncertainty, and poor prediction skill. This is especially
true when the number of observations are relatively small since there are fewer cases to counter
abnormalities. It is therefore advisable to identify influential points, explore their impact, and to try and find
reasons for their occurrence, e.g. are they due to miscodes, exclusion of important explanatory variables,
incorrect model structure, fisher behaviour, management or non-stationarity in biological processes? In this
paper we use regression diagnostics, the jackknife and crossvalidation to evaluate the influence of
individual observations from the catch per unit effort series used to calibrate the East Atlantic and
Mediterranean bluefin Virtual Population Analysis assessment.

SCRS/ 2017/131 - This paper shows the distribution of both conventional tags and electronic tags that were
deployed in the Atlantic Ocean and in the Strait of Gibraltar when they have been recovered or popped-off
in the Mediterranean Sea. For better understanding the geographical distribution of those migrant fish, it
was decided to divide the Mediterranean in five different areas and then asses the presence. Most of the
tags are reported from the Strait of Gibraltar (47%), while the percentage in other areas (Med Gate, Balearic
and Central Med) is lower, between 13 and 20%. The lowest percentage is in the eastern Med, due to many
factors, including the W-E “filter” which accounts for the accumulation of fishing activities and low tag
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reporting rate. It is confirmed that migrant fish are able to reach every part of the Mediterranean Sea,
possibly with different abundance and with interannual variability. Further analyses of the tag data will be
necessary, as well as a better reporting of natural marks.

SCRS/2017/146 - The assessment of the Mediterranean and Atlantic bluefin tuna was always conducted
using the VPA approaches. The uncertainties around the estimates of such approaches make difficult the
provision of scientific advice. In this paper a state-space stock assessment model SAM is used as a new
approaches to evaluate the impact of uncertainty. A comparison of the results of VPA and SAM was
conducted based on the 2014 datasets and the preliminary 2017 datasets. To evaluate the robustness of
SAM a range of diagnostics and scenarios was ran according the 2017 bluefin data preparatory meeting.

SCRS/2017/149 - The fifth ICCAT GBYP aerial survey was carried out in 2017, after the previous survey
done in 2010, 2011, 2013 and 2015. The last survey included 4 areas, overlapping with the corresponding
areas in previous surveys. It was carried out during the peak of the Bluefin tuna spawning period (mostly
in June), by 3 companies which used 4 aircrafts. It was necessary to get a new survey design in 2017, always
using the DISTANCE methodology, adopting an updated protocol. The survey reports were provided each
week in real-time and the survey ended on the 3rd July and therefore the data analyses have been available
for the first year in real time, according to what was set by the ToRs of the contract. The elaboration provides
the estimates for each area (number of schools, number of tunas and quantities), with the usual details,
comparing the results with those obtained in previous years in the same areas. The results, again, shows a
high interannual variability of the quantities in total and by area, but anyway a high potential SSB, taking
into account that the oceanographic situation in 2017 was again quite peculiar and different from 2015 and
2016. Possibly, we detected in real-time an important shifting in the abundance between areas.
Furthermore, it is again evident that a reliable trend can be obtained only when considering various areas
together.

SCRS/2017/153 - We use ASAP of the USA NOAA Toolbox to explore various combination of model
configurations and length of the data series. Using the data from the 2014 assessment, ASAP provided SSB
and recruitment trends similar to those in the accepted VPA in some runs but considerably higher SSB in
1970 for one of the runs. Compared with the VPA, run 4 has lower SSB in 1970 and higher SSB in 2013.
Using the new catch at age for 1970 to 2013 calculated for the 2017 assessment but keeping the same stock
size indices resulted in considerably higher SSB in 1970 and slightly higher SSB in 2013. Extending the catch
at age to 2015 and using the updated stock size indices provides similar SSB for 1970 to 1990, but SSB
increases more rapidly subsequently than when using the new catch at age to 2014. Extending the catch at
age to 1960 provides even higher initial SSBs, but extending it further to 1950 suggests low SSBs in the
1950s and 1960s.

SCRS/2017/164 - The report of the 2017 ICCAT Bluefin Tuna Data Preparatory workshop recommended
using two alternative vectors for the proportion of fish contributing to the spawning output of the
population (spawning fraction) as a function of age. One vector essentially assumes that maturity alone
determines contribution to the spawning stock and is similar to the vector currently used for the East
Atlantic and Mediterranean (Corriero et al., 2005) where fish as young as three years old are considered to
spawn effectively. The second vector was to be based on the approach of Diaz (2011), which infers spawning
frequency from the age composition of fish caught on longlines in the Gulf of Mexico. It was pointed out,
however, that the analysis of Diaz (2011) relied on cohort-slicing to infer age from size using a growth curve
that has since been revised. Accordingly, the Data Preparatory workshop report recommended updating
the Diaz (2011) oogive by using an age-length key rather than the cohort slicing approach.

SCRS/2017/166 - Size frequency data of Atlantic bluefin was reviewed and preliminary analysis performed
for its use within the stock evaluation models. Size data is normally submitted to the Secretariat by CPCs
under the Task Il requirements; optionally CPCs can submit Catch at Size, size samples or both for the major
fisheries catching tropical tunas. The size samples data was revised, standardized and aggregated to size
frequencies samples by fishery, calendar year and quarter. Preliminary analyses indicated a minimum
number of 75 fish measured per size frequency sample. For the Atlantic stocks, the size sampling
proportion among the major fishing gears is not consistent with the proportion of the catch; in general purse
seine is poorly sampled compared to other fisheries. The number of fish measured has increased
substantially in the last decades for the Mediterranean fisheries; however some potential duplicate
reporting was uncovered and appropriate corrections were done.
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SCRS/2017/168 - Compared to 2014, the present assessment differs on several respects. During the 2017
data preparatory meetings, number of changes have been presented, among which the revision of the task
I and task II statistics, the selection of the indices of abundance. In particular, this led to completely revisit
the catch at age matrix. As a consequence, previous model specifications could not be used anymore.
Whereas the 2014 assessment updated the catch and abundance index data up to 2013 and used the same
model specifications as in the 2012 stock assessment, the present assessment present a complete
revisitation of these. VPA2-Box was used to estimate the stock status, using a broad spectrum of settings.
The resulting models were tested and compared on the basis of their diagnostics, so that the best models
could be identified. In particular, different scenarios for Frato, variance scaling for indices, recruitment
constraints and vulnerability were tested. This document will serve as a basis for the 2017 EBFT stock
assessment.

SCRS/2017/169 - This document presents a revision of Spanish bluefin tuna nominal annual catches over
the period 1950 to 2015. The revision has not affected the total catches. Changes are mainly related to gap
completion, errors correction, time series improvement and reduction of unclassified gears.

SCRS/2017/170 - This paper analyzes the available direct ageing information for Atlantic bluefin tuna
caught in the eastern management area. Historical fin spine readings were incorporated into the biological
database, after having established that the age estimation was equivalent to that performed following the
standardized methodology. This allows having a database of aged structures (otoliths and spines) from
1984 to 2013, which can be used for generating catch at age estimates. An integrated analysis of tag-
recapture and age-length data was carried out in an attempt to update growth parameter estimates for the
eastern stock. Neither the von Bertalanffy nor the Richards parameterization was able to adequately
describe growth. The reason for the misfit was largely due to the lack of older individuals in the dataset as
well as possible differences in selectivity pattern between young and old fish.

SCRS/2017/171 - Since the 1970’s, Purse seiners is one of the main fisheries targeting Atlantic bluefin tuna,
particularly in the Mediterranean Sea. At the beginning of the fishery, French and Spanish vessels operated
near the coast and mainly targeted small young schooling bluefin tuna. At the end of the 80s the French and
Spanish vessels started targeting spawner aggregations as they discovered the Balearic spawning ground.
Since then, the fleet gradually adapted its capacity and technology to target bigger tuna on distant grounds.
By the early 2000s, the purse seine fishery became the main provider of live fish to the developing farming
operations in the Mediterranean Sea. Although this fishery represents on average more than 50% of the
catch since the 1980s, basic fisheries information on size of the catch and/or its age distribution is very
limited. Indeed, past assessments has identified this lack of information as one of the major sources of
uncertainty in their evaluations. The present manuscript reviews and incorporates paste and new
information available on size distribution of the catch of PS in the Mediterranean.

SCRS/2017/172 - This study updated the unstandardized CPUE index of the Balfeg6 purse seiners jointly
with a new CPUE index estimated from the Balfeg6 joint fishing fleet. Both CPUE index are contrasted with
the Japanese longline standardized CPUE series to examine its reliability. The results showed that both
Balfegd CPUE series highly correlates with Japanese indices. The CPUE of the joint fishing fleet remained
stable over the last three years while Japenese index and Balfegé vessels were more variable and with
opposite trends in 2017. Overall these results are indicative that Balfeg6 vessels and fleet might be consider
a reliable abundance index of the ABFT eastern population and should be taken into account. Moreover, it
will correct the deficient spatial representativeness of abundance indices used to date. On the other hand,
the average weight estimated from 2017 fishing sets, according to skipper estimation, did not differ from
those estimated last year from stero cameras.

SCRS/2017/173 - This report documents the methods for updating the virtual population analysis of West
Atlantic bluefin tuna for the period 1974 to 2015. The analysis was conducted by a joint-CPC assessment
team in accordance with the specifications of the bluefin tuna work plan. The team implemented proposed
changes to the model and model sensitivity analyses outlined in the 2017 ICCAT Bluefin Data Preparatory
Meeting Report. The assessment files are available on the assessment meeting OwnCloud/Analysis/WBFT
folder and in the attached appendices. An accompanying R script is also provided which precisely
documents each modification to the continuity VPA, and the set of model sensitivities conducted by the
team. These tools allow rapid integration of data modifications and replication of each model run conducted
for evaluation by the Bluefin Tuna Species Workgroup at the upcoming assessment workshop.
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SCRS/2017/174 - Input data from the most recent stock assessments of Atlantic bluefin tuna fisheries were
revised to account for estimates of stock composition. Assessments of eastern and western fisheries were
compared to assessments of eastern-origin and western-origin fish to evaluate the sensitivity of results to
stock mixing, as well as to demonstrate a practical approach to operational assessments to account for stock
mixing. Estimates of stock size and fishing mortality from the VPAs of both eastern- and western-origin
Atlantic bluefin were generally similar to the 2014 ICCAT estimates based on eastern and western Atlantic
mixed-stock fisheries, but the western VPA estimates were more sensitive to the assumption of no stock
mixing than the eastern VPA.

SCRS/2017/175 - A stock assessment of the Eastern Atlantic Ocean Bluefin tuna (Thunnus thynnus, BFT)
population from 1950 to 2016 using Stock Synthesis is presented here. We present initial scoping runs,
base model runs, and structural uncertainty across various assumptions of steepness, growth, maturation,
natural mortality, effective sample size weights on length composition data, fits to different indices of
abundance, assumptions on changes in q for some LL fleets, and shape of selectivity function on the LL
fisheries is tested. Diagnostics for the base model run are presented along with retrospective analysis and
jack-knifes. Overall model performance appears stable across a range of assumptions though derived
reference parameters can differ substantially. The current models use all available indices (other than
Spanish BB as it fails to converge when we add this index) and appear unable to estimate key parameters
such as steepness. The results presented here should be considered preliminary, however the model set up,
data and structure will likely remain similar for final model advice.

SCRS/2017/176 - This document describes a stock assessment model using Stock Synthesis for the Western
Atlantic population of Bluefin tuna. This document describes initial model set up, fleet definitions, selectivity
and parameterizations. The model runs from 1950 to 2015 and was fit to length composition data,
conditional length at age (otolith age-length pairs input as an age-length key), 13 indices and 12 fishing
fleets. Growth was internally estimated in the model and natural mortality was scaled with a Lorenzen
function. Two models with high (100% at age 13) and low age at maturity (100% at 5) are presented. Model
diagnostics indicate some conflict between length and index data but generally robust diagnostic
performance. A Beverton-Holt stock recruitment relationship was estimated in the model with steepness,
sigmaR and RO freely estimated. Overall fits to length composition were fairly good and the two model runs
showed very similar behavior with the stock decreasing during the 1970s remaining relatively low during
the 1980-2000 period and showing a pattern of steady population growth since 2000. The results presented
here should be considered preliminary as benchmarks and final model specifications are still under
consideration, however the model set up, data and structure will likely remain similar to what was
presented in this document.

SCRS/2017/177 - We developed a simulation model to represent the spatial dynamics of Atlantic bluefin
tuna and to test the performance of alternative stock assessment models. A simulation framework
previously developed to explore how stock mixing affects the resource and fisheries was conditioned on the
available information for Atlantic bluefin tuna and used to generate pseudodata with the same properties
as the information available for stock assessment. The analytical framework was a stochastic, age-
structured, stock-overlap model that was seasonally and spatially explicit with movement of eastern- and
western-origin tuna informed by fishery-independent telemetry information. The operating model was
conditioned with 1970 abundance at age, 1970-2013 age-1 abundance, and fishing mortality at age from
the 2014 ICCAT stock assessments, which were modified to reflect decisions from the 2017 data
preparatory meeting. The operating model is well-suited to test the current virtual population analyses for
eastern and western Atlantic bluefin tuna fisheries and can be used to test alternative estimation models as
well as the performance of alternative management procedures.

SCRS/2017/178 - The purpose of this investigation was to simulation test the performance of calibrated
virtual population analysis for assessing mixed Atlantic bluefin tuna stocks. Pseudodata with the typical
patterns, quantity, and quality of data available for the most recent stock assessment of Atlantic bluefin tuna
were generated using a previously developed operating model framework that incorporated movement and
mixing between stocks conditioned on previous Atlantic bluefin tuna stock assessments. Separate eastern
and western stocks were assessed using VPA-2BOX as the estimation model, and model performance was
assessed by comparing results across simulations and to the stock and population views of the operating
model. The estimation model was sensitive to process error (i.e., stock mixing) and measurement error,
biasing estimates of spawning stock biomass, recruitment, and apical fishing mortality. The results suggest
that separate virtual population analyses of eastern and western stocks accurately reflect general stock and

103



BFT STOCK ASSESSMENT MEETING — MADRID 2017

population trends, but absolute estimates are considerably biased and may provide misleading
management advice if the simulations are realistic.

SCRS/2017/179 - Estimates of catch at age are presented for the western stock of bluefin tuna using the
combined forward-inverse age-length key approach of Hoenig et al. (2002). Numerous sets of starting
values were used to ensure the global maximum of the likelihood function was found. Convergence issues
linked with years with little to no age data still need to be resolved. Until then, we recommend that cohort
slicing catch at age estimates in the most recent years be replaced by catch at age estimates resulting from
the forward-inverse age-length key analysis presented here.

SCRS/2017/180 - Bluefin catch rates of Tunisian purse seines from 2009 to 2016 were standardised. Data
were analyzed following a General Linear Modelling (GLM) approach under log-normal error assumption.
The GLM showed the significant effect of the factor year on the catch per unit of effort CPUE. We note some
similarity in the evolution of the CPUE and the mean weight of fish. The minimum standardized CPUE was
recorded in 2011 (1436 kg/day). Maximum CPUE was reached in 2014 (6554 kg/day). Higher values were
recorded in the last two years 2015 (4558 kg/day) and 2016 (4778 kg/day).

SCRS/2017/181 - The current assessment of Atlantic Bluefin tuna stocks is based on age structure models
(VPA), for which the CAA is estimated using a slicing ageing protocol. An alternative ageing protocol has
been used for generating the CAA for the upcoming assessment, based on a statistical age at size parametric
growth model. This document compares the estimated CAA using a simple catch-curve analysis by stock
and main gear type. A range of estimated total mortality (Z) are presented; results show similar values of Z
for the W-BFT in general for both ageing protocols, while for the E-BFT the slicing protocol indicated a larger
Z compared to the parametric growth model.

SCRS/2017/184 - Les CPUE du thon rouge (Thunnus thynnus) réalisées par les thoniers palangriers japonais
ayant opérés dans les eaux sous juridiction nationale pendant la période allantde2000 a 2006 ont été
calculées ainsi que celles réalisées par les senneurs de 2012 a2016.Cependant il est important de préciser
que méme si la comparaison a été faite dans le cadre de ce travail, le mode opératoire est différent pour les
deux types de péche, en effet, la péche a la palangre effectue plusieurs opérations de péche moyennant des
palangres dont le nombre d’hamegon peut varier ainsi que la longueur, a I'inverse de la senne qui cible le
thon vivant peut effectuer un seul coup de senne et faire tout son quota.
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Appendix 5

Control file for Western Bluefin tuna SS run 10 (high age at maturity)

For low age at maturity uncomment out line 33 and comment line 34 to change the assumed age at maturity.
This Appendix is available as an electronic document.
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Appendix 6

Control file for Western Bluefin tuna for VPA-2BOX

This Appendix is available as an electronic document.
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