SAILFISH STOCK ASSESSMENT MEETING — MIAMI 2016

REPORT OF THE 2016 SAILFISH STOCK ASSESSMENT
(Miami, USA — 30 May to 3 June 2016)

1. Opening, adoption of Agenda and meeting arrangements

The Meeting was held at the Rosenstiel School of Marine and Atmospheric Science, University of Miami, Miami,
USA from 30 May - 3 June 2016. Local arrangements were made by Dr. David Die with financial support of
NOAA through the Cooperative Institute of Marine and Atmospheric Studies (CIMAS). Dr. Paul de Bruyn, on
behalf of the ICCAT Executive Secretary, thanked the University of Miami for hosting the meeting and providing
all logistical arrangements.

Dr. Freddy Arocha, the Billfish Species Group Rapporteur, chaired the meeting. Dr. Arocha welcomed the meeting
participants (hereinafter “the Group™) and proceeded to review the Agenda which was adopted with minor changes
(Appendix 1).

The List of Participants is included as Appendix 2. The List of documents presented at the meeting is attached
as Appendix 3.

The following participants served as Rapporteurs for various sections of the report:
Section Rapporteurs

P. de Bruyn

J. Hoolihan, P. de Bruyn, G. Diaz, H. Perryman

M. Schirripa, R. Sharma, M. Lauretta, M. Fitchett, E. Babcock, B. Mourato
R. Sharma, C. Brown

F. Forrestal, J. Costa, F. Arocha

M. Perez Moreno, F. Arocha

P. de Bruyn
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2. Summary of available data for assessment
2.1 Biology
2.1.1 Genetics

SCRS/2016/P/025 described preliminary results of a study investigating genetic differentiation among groups of
Atlantic sailfish. Mitochondrial DNA was compared using a 645 base pair sequence from the control region. So
far, analyses have been undertaken on samples from the western North Atlantic (Florida), Senegal, and Brazil
(Figure 1). An AMOVA comparison indicated a moderate to strong (®st = 0.1020, p = 0.011) differentiation
between northern and southern hemispheres, and moderate differentiation (®st = 0.0783, P = 0.010) between
eastern and western Atlantic samples. In pairwise comparisons, the largest population differentiation was observed
between the western North Atlantic (Florida) and African (Senegal) groups, and the smallest differentiation
between the Brazil and African (Senegal) groups (Table 1). Preliminary results suggest genetic stock structure
between both the eastern and western Atlantic, and northern and southern hemispheres. Further work is needed to
elucidate and confirm the presence of stock structure. Additional collection and analyses of samples from Cote
d’Ivoire, EU-Portugal, E-U-Spain, d Uruguay and Venezuela, are anticipated.

2.1.2 Distribution

SCRS/2016/099 used general additive models (GAMS) to predict the spatial distribution of sailfish across the Gulf
of Mexico (GOM) using data from the U.S. PLL Observer Program (2005-2010).

A delta approach fitting a Bernoulli GAM with binomial data, and a Gamma GAM with zero-truncated catch rate
data (fish/100 hooks) was used. Model factors included year, season, day/night, sea bottom depth, altimetry, sea
surface temperature, and minimum distance from a front. Results indicated that both the probability of catching a
sailfish and the CPUE are most influenced by sea bottom depth and sea surface temperature. Seasonal distribution
profiles were developed across the GOM by predicting across grids of NCEI and AVISO environmental data
(Figure 2). Profiles indicated a seasonal flux, with increased sailfish CPUE between April and September, and
higher catch rates associated to fronts.
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2.1.3 Age, Growth, Natural Mortality and Maturity at size

The Group reviewed and compared growth parameters based on relevant information compiled from sailfish age
and growth studies conducted in the Atlantic and Pacific Oceans. Discussion and comparison of growth curve
estimates (Table 2, Figure 3) resulted in the Group’s conclusion that the growth trajectory estimated by
Cerdenares-Ladrén et al. (2011) was the most plausible, and agreement to use the following growth parameters in
the exploratory assessment model runs: Linf =206.83; K =0.36; TO =-0.24.;

The Group discussed the estimate of M. It was noted that appropriate methods to estimate M based on tag-recapture
and maximum age were those described in Hoenig (1983) and in Then et al. (2015). Considering that the estimates
of M were high, the Group considered applying the estimate of M obtained using the method by Hoenig (1983)
and to be consistent with prior billfish stock assessments (BUM). Therefore, an estimate of M = 0.35 (based on
Hoenig equation from 1983) and a mean maximum age of 12 years was selected based on information available
from age and growth, and tagging information reviewed during the meeting.

It was noted to the Group that a new estimate of maturity at size was presented and discussed in the 2014
Intersessional meeting of the 2014 Billfish Species Group held in Mexico (Anon. 2015), and during the 2015 SCRS
Species Groups meeting (Anon. 2016), which resulted in an new L50 estimate of 142.12 cm LJFL (@ 3 years) by
the combination of Brazilian and Venezuelan reproductive samples to produce the new L50 estimate for west
sailfish.

2.2 Catch, effort, and size

The Task I nominal catch (TINC) statistics of sailfish by stock, flag and gear, are presented in Table 3 and by
stock in Figure 4. The Secretariat informed the Group that updates were made to the historical catch series for
Venezuela (Longline artisanal).

The Group noted that for two key fisheries, data was either absent (Grenada) or the reported catches were extremely
low (Mixed flags (FR+ES)) in recent years. In the case of Grenada, the Group decided that for the assessment, an
average of the catch reported between 2007 and 2009 (the final three years of reported data from that CPC) would
be carried over for the years 2010 to 2014 (191t per year). For the Mixed flags fleet, estimates of the eastern stock
of sailfish caught as by-catch in the EU tropical tuna purse seine fleet were made by the Group using the stratified
ratio estimator method and the EU Purse Seine observer database. The observed sailfish by-catch were linearly
related to the observed tuna catch in both FAD and free sets. Observed sets and the tropical tuna catch from the
Task Il database were stratified by year and fishing mode. By-catch ratio estimators for sailfish were calculated
using the mean observed sailfish by-catch in each stratum divided by the mean observed tuna catch for each
stratum. This ratio estimator was then applied to the total reported tuna catch for each stratum, yielding total
estimates of sailfish by-catch. The results from this analysis are presented in Tables 4a and b for FAD and free
school catches, respectively. The Group noted that this analysis indicates that the catches reported in the Task |
data are almost certainly lower than the true catches. As such, the Group decided for assessment purposes to use
the average of the catches reported between 2008 and 2010 as a carry over for the years 2011 to 2014 (275 t per

year).

The Group noted the strong decline in total reported sailfish catches since 2010. Although it was not clear how
accurate total captures were prior to this period, several potential factors may have resulted in decreased reporting
in recent years. For example, these reduced captures could potentially be a product of management actions or
changes in fishing operations (such as switches in targeting for many commercial longline vessels). With regards
to management, there may have been some reduction in sailfish captures due to the Billfish rebuilding plan which
was enacted in 2005. It was noted that this plan was only focused on marlin species but there was speculation that
this may have had an effect on sailfish catches as well. Related to this management action, the Group noted that
live release information is not provided and, thus, if management has discouraged retaining any billfish catches,
these potential releases have not been recorded. Very few fleets report any dead discard information for sailfish
and this makes the quantification of these potential captures impossible. The Group considered the possibility that
the recent decline of catches could be a result of increased, but unrecorded live releases and dead discards. Overall,
the Group expressed its concern that high uncertainty still remains with respect to total removals.
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During the 2009 Sailfish Stock Assessment Session (Anon. 2010), it was reported that the catch and effort data
from Ghana used in the standardization of CPUE for the gillnet fishery had very different patterns in the
relationships between CPUE, trips and number of canoes when you compared data prior or after 1992. Such
differences led the Group in 2009 to exclude the Ghana CPUE data prior to 1992. Such pattern was also seen again
when the data were standardized in preparation for the current assessment (SCRS/P/2016/027). Furthermore, catch
levels prior and after 1990 are very different and prior to 1992 the species composition of billfish landings reported
by Ghana is very different to that prior to 1989. The Group concluded that catches of sailfish for Ghana between
1956 and 1989 may have been incorrectly estimated.

To test the sensitivity of assessment results to the estimates of sailfish catch from Ghana, an alternative catch series
of sailfish catches for Ghana for the period 1957-1989 was developed during the meeting (Appendix 4).

The data catalogues for sailfish regarding Task Il catch and effort (T2CE) and Task Il size information (T2SZ),
were presented to the Group for the Atlantic West and East stocks. This information is presented in Tables 5a and
5b respectively. The Group noted that many gaps exist in these datasets which limits the ability of the Group to
use integrated stock assessment models. The Group noted, however, that much data regarding size information
exists (especially for Venezuela) from the Enhanced Program for Billfish Research and the JDMIP (Arocha et al.
2016) and this data is being compiled for inclusion in the ICCAT database even though it is not official Task II
data submitted by the CPC. In addition, the Task Il CE data is not often used in sailfish stock assessments as CPCs
usually provide standardised CPUE indices using more comprehensive data than is available in the Task 11 dataset.

The sailfish conventional tagging data available in the ICCAT database is presented in Table 6. There are a total
of 115,743 sailfish individuals released between 1950 and 2011. The total number of individuals recovered is
2,020, which represents on average a recovery ratio of about 1.7%. The apparent movement (straight displacements
between release and recovery positions) shown in Figure 5 (complemented by the release and recovery density
maps of Figure 6) indicates that the largest amount of the sailfish tagging took place in the western Atlantic. The
Group acknowledged the important work (national scientists and the Secretariat) behind the ICCAT tagging
database on sailfish and noted the large number of individuals that had been tagged. The Group recommended in
the future exploring methodologies to include this important information into the stock assessments framework.

2.3 Relative Indices of Abundance

The following documents with indices of abundance for the western stock were presented to the Group during
the meeting:

Document SCRS/2016/075 indicated that catches of sailfish (Istiophorus albicans), white marlin (Tetrapturus
albidus) and blue marlin (Makaira nigricans) and effort data were available from the recreational rod and reel
fishery based at the Playa Grande Yacht Club, Central Venezuela, from 1961 to 2001. Data were also available
from an artisanal drift-gillnet fishery in the same area from 1991 to 2014. Each dataset was standardized
independently using a generalized linear mixed model (GLMM). The two datasets were also combined ina GLMM
analysis that included the year, season, fishery and some two-way interactions as potential explanatory variables.
The combined analysis produced a CPUE index of abundance that runs from 1961 to 2014. The index shows a
decline followed by a period of stability for both sailfish and white marlin.

The Group inquired if trips with no catches were included in the analysis. It was indicated that the data for both
gears (recreational rod and reel and gillnet) corresponded to monthly summaries and that nearly all the monthly
summaries have positive catches. It was also discussed that since both fisheries are conducted in an area considered
to be a ‘hot spot’, the possibility of trip with no sailfish catch was extremely low. The Group noticed that some of
the model diagnostics showed some deviance from the assumptions. It was discussed that adding a constant value
to the model might have created the pattern seen in the residuals. Following the advice from the authors, the Group
agreed to use the individual indices instead of the combined index, as it was initially suggested in Babcock and
Arocha, 2015.
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Document SCRS/2016/093 presented an index of abundance for sailfish from the United States recreational billfish
tournament fishery for the period 1972-2014 and for non-tournament recreational fisheries for the period 1981-
2014. Tournament catch-per-unit-effort (number of fish caught per 100 hours fishing) was estimated from catch
and effort data submitted by recreational tournament coordinators and U.S. National Marine Fisheries Service
observers under the Recreational Billfish Survey program. A selection process was applied to restrict the data to
tournaments that primarily target sailfish, using live bait only, along the Florida East coast. Non-tournament
recreational data was compiled from the Marine Recreational Fisheries Statistical Survey (MRFSS). The catch per
unit effort standardization procedure included the variables year, area, and season. Standardized indices were
estimated using Generalized Linear Mixed Models under a Delta lognormal model approach.

The authors explained that the data from MRFSS covered a larger area (the data included covered from the State
of North Carolina through Texas) than the tournament data, and therefore it was used to see if there was any
indication of the stock moving or expanding further north as it has been hypothesized for North Atlantic swordfish.
However, the authors indicated that there was no evidence of this being the case. The Group discussed the
difficulties in identifying the target species in the MRFSS data, which could affect the number of trips with zero
catches included in the analysis. It was also noted by the Group that the model diagnostics for the MRFSS index
showed strong evidence that the assumption of normality was violated. Therefore, the Group supported the
decision made in the 2009 Sailfish Stock Assessment Session (Anon. 2010) of not including the MRFSS index in
the 2016 Sailfish Stock Assessment and only including the tournament index.

Document SCRS/2016/092 catch and effort data from 73,810 sets done by the Brazilian tuna longline fleet,
including both national and chartered vessels, in the equatorial and southwestern Atlantic Ocean, from 1978 to
2012, were analyzed. The fished area was distributed along a wide area of the equatorial and South Atlantic Ocean,
ranging from 3° W to 52° W of longitude, and from 11° N to 40° S of latitude. The CPUE of the sailfish was
standardized by a Generalized Linear Mixed Model (GLMM) using a Delta Lognormal approach. The factors used
in the model were: year, fishing strategy, quarter, area, sea surface temperature, and the interactions year:strategy,
year:quarter and year:area. The standardized CPUE series of the sailfish showed a gradual decreasing trend,
particularly after the year 2000.

The Group asked the author how was the SST data used in the standardization obtained and it was indicated that
it was from satellite data. The Group also suggested that it is preferably to incorporate SST data into the models
as a categorical variable (bins) instead of as a continuous variable because many species have a range of preferred
temperatures and their response to temperature is not linear. As it was the cases with other species groups, the
Group held an extensive discussion with regard to the methodology used to define the three fishing strategies (FS).
The Group was concerned that the FS:Year interaction was significant which means that the catchability of those
3 FS changed with time. It was discussed that such effect might be masking true changes in stock abundance. As
a potential fix, the Group suggested to estimate individual CPUEs for each FS, or to do so only for the FS with the
highest mean CPUE. Alternatively, the Group also suggested to exclude the FS:Year interaction from the model.
If the nominal and the standardized CPUEs are similar then keeping the interaction in the model should not raise
much of a concern.

- The following documents with indices of abundance for the eastern stock were presented to the Group during the
meeting:

Presentation SCRS/P/2016/026 introduced a standardized index of abundance for the artisanal fishery in Senegal
for the period 1981-2015. The main gears in the fishery are troll, handline, and gillnet which incidentally catches
sailfish. The catch and effort data used corresponded to monthly summaries of catch and effort (n=1076). The
standardized index was estimated using a GLMM. The main factors tested in the model were year, area, month
and gear. Two models were considered, one with only the main factors and a second one with the main factors and
the interactions. Model selection was based on the AIC. The final model used to estimate the standardized index
included the factors year, area, gear, and month and the interactions year:area, year:gear, area:gear, and
gear:month. The estimated standardized index showed no discernible trend in the first 20 years of the time series
and a declining trend after year 2000.

The Group noted that monthly aggregated data was used in the analysis and the data used in the model
corresponded to the positive observations (N=1072 positive observations). The examination of the mean CPUE
by factor showed a consistency among the results and what is known about the fishery. More specifically, troll
gear has higher catches than seine gear (which targets sardines), and that highest catches occur during the
upwelling months. The significant Year:Month interaction supports the anecdotal observation that the length of
the period when sailfish are present in the area of the study has shortened. The Group noted that the estimated
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CPUE for years 2013 and 2014 were significantly lower than the rest of the time series and the author indicated
that was the result of new management regulations. Therefore, the Group requested that the index be re-estimated
without including the last two years of data (2014-2015). A new estimated index without the last two years of data
was provided by the author during the meeting.

Presentation SCRS/P/2016/027 introduced a standardized index of abundance for the Ghanaian drift gillnet
artisanal fishery for the period 1974-2013. The data used corresponded to monthly summaries of catch and effort
data. No data for years 1983 and 2010 were included as part of the time series. The standardization procedure used
a GLM. The factors tested in the model were year, quarter, fishing season, number of canoes, and the interactions
Year:Quarter and Year:Fishing Season. The factors included in the final model were year, quarter, and the
interaction year:quarter. Although variable, highest CPUE values were observed in the late 80s and in the 90s. The
index values for the last three years of the time series (2011-2013) were the lowest since 1991. The Group requested
that a new split index for the periods 1974-1990 and 1991-2013 be estimated. Such indices were provided during
the meeting.

Document SCRS/2016/098 analyzed the catch, effort, and standardized CPUE trends for the eastern stock of
Atlantic sailfish (Istiophorus albicans) captured by the Portuguese pelagic longline fleet between 1999 and 2015.
Nominal annual CPUESs were calculated as kg/1000 hooks and were standardized with Generalized Linear Models
(GLM) with Tweedie distribution and using year, quarter, area, and targeting effects (ratios) as explanatory
variables. Model goodness-of-fit was determined with AIC and the pseudo coefficient of determination, and model
validation was analyzed with residual analysis. The final standardized CPUE series shows a general decrease in
the initial years, between 1999 and 2010, followed by a general increase in the more recent years, until 2015, with
some inter-annual oscillations. This paper presents the first index of abundance for Atlantic sailfish estimated from
captures from the Portuguese pelagic longline fleet in the east Atlantic and can be used for future stock assessments
of the species.

It was recommended by the Group that future versions of this index also include the estimated mean CPUE for
each factor in the model.

- The following documents with indices of abundance for both the eastern and western stocks were presented to
the Group during the meeting:

Document SCRS/2016/071 introduced standardized catch rates of the sailfish (Istiophorus albicans) obtained from
10,615 trip observations of EU-Spain surface longline fishing targeting swordfish during the period 2001-2014. In
roughly 28% of these trips at least one individual belonging to this species was found. Because of the low
prevalence of this species in this fishery, the standardized CPUE was developed using a Generalized Linear Mixed
Model assuming a delta-lognormal error distribution. The results obtained indicate that the overall trend of the
standardized CPUE was similar for the total Atlantic areas and for the East and West stocks. An overall increasing
trend was identified for the total Atlantic areas and for the East and West stock for the whole 2001-2014 period
with some fluctuations in the most recent years.

The Group inquired what was the rationale used to define the different areas used in the CPUEs standardization.
It was pointed out that the areas defined were similar to those used for the analysis of the same fleet for target and
other species, and they represent an approximation of the sea temperatures at 50 m depth. Other elements that were
also taken into consideration to define the spatial structure for the analysis included the current stock boundaries
assumed by ICCAT for this species, and environmental conditions in the surface layers between East and West
areas as well as North and South were also considered. Moreover, the distribution of the fleet in the respective
areas throughout the year and observations available also plays an important role in deciding the spatial-temporal
definitions for analysis. The Group agreed to use in the assessment the individual indices presented for each stock
(East and West) instead of the index also presented for the entire Atlantic.

Document SCRS/2016/094 presented estimated standardized CPUEs for sailfish caught by Japanese tuna longline
fishery in the western and eastern Atlantic Ocean using logbook data during 1994-2014. Delta lognormal model
was used to standardize the nominal CPUEs. Annual changes in the standardized CPUEs for the western Atlantic
stock showed a large fluctuation. The time series had a slight decreasing trend from 1994 to 2007 and after that
the time series had sharply increased and maintained at higher values. Annual changes in the standardized CPUEs
for the eastern Atlantic stock were considerably stable. The time series had a slight decreasing trend during 1994
and 2001, while the time series showed an increasing trend since then. The 95% confidence intervals were not
wide for the western and eastern Atlantic sailfish stocks. These results suggest that the current adult stock level of
sailfish in the western and eastern Atlantic increased in recent years compared with those in the 1990s and 2000s.
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It was indicated by the authors that the use of the habitat model should be dismissed due to the lack of vertical
distribution information for sailfish. However, the Group noted that vertical distribution information has been
available since 2009 and recommended that this information be incorporated in the future. The Group noted that
the standardized index for the western stock was below the nominal index for the entire time series. It was discussed
that the indices start in 1994 because prior to that year the data did not separate catches of sailfish and spearfish.
In the 2009 Sailfish Stock Assessment Session (Anon. 2010), a JPN index that covered the period 1960-2007 was
included in the analysis. It was indicated to the Group that such index was developed during the assessment
meeting using CATDIS data and the estimated sailfish/spearfish ratios in the catch. The Group inquired if the
presence of spearfish in the estimated ratios was significant and it was informed that in some areas up to 30-40%
of the catches were spearfish. The Group noted that in eastern Atlantic, the Japanese longline fleet of yellowfin
catches in numbers were higher than bigeye catches when less than 15 hooks—between-float were used, while the
opposite was true when more than 15 hooks—between-float were used. However, the same trend was not evident
in the western Atlantic. The Group discussed the implication of these observations, but it was agreed that there
was not enough information available to interpret this particular results. The Group agreed to use in the assessment
the newly estimated index for each stock for the period 1994-2014 and use (as a separate index) the historical
CPUE estimated by the Group in the 2009 Sailfish Stock Assessment Session (Anon. 2010), only for the period
1960-1993. The Group noted that the strong year:area interaction and notably an apparent increase of catches in
the western Caribbean might require a finer spatial partitioning than the current coarse areas used in the model,;
this could be the areas chosen by the adaptive partition method originally proposed in the document. To address
this concern, the index was split into two different periods in the stock synthesis model (see Section 3.2.3 for
details).

Document SCRS/2016/102 introduced catch and effort data of sailfish (Istiophorus platypterus) collected and
analyzed for the Chinese-Taipei distant-water longline fishery in the Atlantic Ocean for the period 2009-2015.
Catch in number observed in logbooks and that estimated using catch ratio of sailfish over the two species (sailfish
and spearfish Tetrapturus pfluegeri) were used to calculate nominal CPUE (catch per unit of effort), and then
CPUE was standardized using generalized linear models (GLMs). Two separate eastern and western stocks of
sailfish were considered in the standardization, with information on operation type (i.e., hooks per basket) included
as a potential effect in the models. All of the main effects were statistically significant in the GLM analyses, except
for month and longitude in the standardization of the western stock. However, relative abundance indices showed
similar and consistent trends for the two scenarios on catch data. The standardized CPUE of eastern Atlantic
sailfish increased from 2009 to a higher level but then dropped in recent two years (2014-2015), while for the
western stock the CPUE showed a decreasing trend during 2010 and 2014 with a slightly increase in 2015.

The Group noted that the data used did not include observations with zero catches. The author indicated that about
19% of the observations had sailfish positive catches and that the percentage was fairly constant. The Group
inquired how stable was the ratio sailfish-spearfish. It was indicated that the ratio was very variable since catches
for these species are a rare event. The author indicated that Logbook data was used to estimate the ratios by area
and it was assumed that the ratios remained constant with time. The Group indicated that the ratios might not have
been constant throughout the entire time series. However, with that assumption it should be possible to use the
ratios to estimate CPUE series prior to 2009.

The Group discussed the possibility of combining the data from the EU-Spain and EU-Portugal longline fisheries
to estimate a combined index for eastern sailfish, and potentially expand this approach to combine data from other
fleets. This approach of combining data from different fleets to estimate indexes of abundance is currently being
explored for other species like bluefin tuna. The Group acknowledged the importance of having standardized
indices from the artisanal fisheries of Senegal and Ghana, and those from EU-Spain and EU- Portugal longline
fisheries. The Group thanked the authors of these documents and their significant contribution to the assessment
process.

The Group also have available other indices of abundance that were presented at the 2014 Intersessional meeting
of the Billfish Group (Anon. 2015) and the 2015 SCRS Species Groups meeting (Madrid, 21-25 September 2015).
Tables 7 and 8 (and Figures 7 and 8) show the indices of abundance used for the western and eastern stocks,
respectively.
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3. Stock Assessment

3.1 Eastern stock

3.1.1 Bayesian production models
Methods

For the eastern Atlantic population, Bayesian production models were run using both the BSP model that is
available from the ICCAT catalog of methods (BSP-VB, Babcock 2007, McAllister and Babcock 2003) and a
JAGS version of the same model based on Millar and Meyer (1999, BSP-JAGS). See Appendix 5 for details on
model specification, diagnostics and sensitivity analyses.

For all model runs, the prior for biomass in the first year relative to K (Bo/K) was lognormal with mean of 1 and
a CV of 0.2, except for a sensitivity that fixed Bo/K at 1. The prior for K was uniform on log(K) between log(10)
and log(1E6). The prior for r was calculated using the demographic method of Carruthers and McAllister (2011),
as shown in Appendix 6. Because the annual time step was used, the input parameters were a mean of 0.57, and
CV of 0.3. In a sensitivity analysis, the mean was set equal to 0.3 with a CV of 0.3. Uninformative priors were
used for the catchability coefficient for each CPUE index (q), using a uniform distribution in BSP-VP and an
inverse gamma distribution in BSP-JAGS. The same priors were used for the residual variance, in cases where
sigma was estimated.

None of the BSP-VB models included process error. For the BSP-JAGS models, process error was fixed at 0.05,
except in sensitivity runs in which sigma was set to either 0.00001 or 0 to evaluate the effect of removing process
error. The models varied in which indices were included, how the indices were weighted, and the priors for r and
Bo/K (Table 9). The indices included were either those that had an increasing trend (Chinese Taipei, EU- Japan-
early, Japan-late, Spain) or those that had decreasing trend (Céte d’Ivoire, EU-Portugal, Ghana, Japan-early,
Senegal). Indices were weighted equally with an estimated variance, or weighted by catch (input precision equal
to the fraction of the total catch associated with each index), or each index had its own estimated residual variance.

Results

The BSP-VB models without process error did not converge well, particularly for the case with an estimated
variance for each series. The Hessian estimate of variance for some parameters was near zero, although the
importance sampling estimated very wide distributions for the parameters indicating that the model may not have
accurately estimated the mode of the posterior distribution. The model posteriors were very similar to the priors
for both K and r, even though K had an uninformative prior. Thus, the mean values of K were orders of magnitude
higher than the values from other models applied to the same dataset. Because the model was unable to find any
information in the data, these model results are not credible. See Appendix 5 for details.

The BSP-JAGS models with process error provided better convergence diagnostics. The catch weighted models
gave posterior distributions for r that were quite similar to the priors (see Appendix 5), probably because the data
were given very low weights relative to the priors. Because of this, the results were highly uncertain, and the 95%
confidence intervals for B/Bmsy included a range from near zero to more than 4 for some years (Table 10, Figure
9). The models that estimated residual variance provided more narrow credible intervals for B/Busy and F/Fusy.
All the models other than the catch-weighted ones estimated a posterior mean of r that was higher than the prior;
these high r values may not be biologically realistic.

All of the models estimated a starting biomass that was below Bwmsy, probably because the models attempted to fit
the large variability in the Japanese longline series in the 1960s combined with very low catches. All the runs were
similar during the early part of the time series, but the runs with increasing versus decreasing indices diverged in
recent years as the median biomass trajectory follows the indices. Estimates of MSY were between 5,000 t and
13,000 t, and the current stock status was below Busy in all runs. That the population was depleted despite the fact
that catches were never above MSY was surprising, but may be explained by the fact that the process error allowed
the model to follow the decreasing trend in the indices despite the relatively low catches. Incorporating process
error implies that biomass is allowed to vary randomly, without necessarily following the catch time series exactly.
Thus, the population estimates could decline if the indices are declining, even if reported catches are low. Three
possible scenarios that may explain this are: (1) that the reported catches are lower than real catches, (2) there is a
decline in abundance not caused by catch, and/or (3) the actual MSY may be lower than the model estimate due to
data uncertainty.
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Current fishing mortality is below Fusy in some of the runs with increasing indices, and far above Fmsy in the
models with decreasing indices. In general, the BSP-JAGS runs are consistent with a population that has declined,
and may or may not be rebuilding depending on which indices, if any, are tracking abundance. However, these
results are highly uncertain.

3.1.2 ASPIC

During the 2009 assessment ASPIC 5.0 was used for fitting production models for sailfish in the eastern Atlantic.
In this assessment, ASPIC 7.0 was used. Although ASPIC 7.0 allows for input of priors for initial parameters, this
option was not used in the present assessment for sailfish in the eastern Atlantic.

After examining the different indices available for the assessment of the eastern stock the Group agreed, similarly
to the approach used for the western stock, to group the indices into two different scenarios. One scenario contains
the indices that showed positive trends in the last years of the time series and the other scenario the indices that
showed negative trends. Additionally the Group agreed that the relative abundance index for Ghana should be split
into two series Ghanal (1974-1987) and Ghana2 (1992-2014).

The following scenarios of CPUE indices were used in ASPIC runs:

e E1) Recent trends in indices is negative: Japanl, Ghanal, Ghana2, Senegal, Cote d’Ivoire, EU-Portugal
(‘Neg”)

e E2) Recent trends in indices is positive: Japanl, Japan2, Ghanal, EU-Spain, Chinese Taipei (‘Pos’)

e E3) All indices: Chinese Taipei, Cote d’Ivoire, EU-Spain, Ghanal, Ghana2, Japanl, Japan2, Portugal,
Senegal

e E4) Like E1 but with a recalculated catch for Ghana prior to 1990

e Eb5) Like E3 but with a recalculated catch for Ghana prior to 1990

e EB6) Like E1 but with the Ghana CPUE as a single uninterrupted series

In all cases, CPUE indices were given equal weighting in the fit. As part of model diagnostics, retrospective
patterns were run by using data up to 2013, 2011, 2009 and 2007. Uncertainty was assessed by running 500
bootstraps in ASPIC.

Results

Estimates for Fusy, MSY, and K appear highly sensitive to the CPUE trends used, Therefore, results for different
scenarios were significantly different (e.g. E1 vs E2). ASPIC fits better the scenarios that omit data for the
period1988-1990 from the Ghanal index and separate the Ghana series into two indices (E1-E5). ASPIC have
problem converging, or didn’t converge, for the scenarios with a single Ghana series (E6).

Runs that use CPUE with positive trends yielded different estimates of current biomass and exploitation than runs
that use CPUE with negative trends or all indices combined. However, fits and parameter estimates for Fusy, K,
and MSY with positive trajectories were highly sensitive to which catch series was used (Task 1 or alternative
Task | series) and fit observed indices quite poorly. Runs with alternative catch either did not converge or bounded
out at the upper limit of Fusy (1.5). Runs that use CPUE with negative trends and both Ghana series appeared the
least sensitive to the use of different catch series and exhibited the highest value of contrast in ASPIC. Furthermore,
historical trends of B/Busy and F/Fusy for the period up to 2007 for scenarios are consistent with results from the
previous 2009 assessment.

Scenarios (E2 and E5) with recent positive trends did not fit the model and solutions kept hitting the upper
constraint of Fusy (1.5) (Table 11). It was considered that such high values are not biologically plausible and,
therefore, results for these scenarios were not considered any further.

The other two scenarios (E1 and E4) allowed the model to converge and both suggested that the stock is overfished
and is undergoing overfishing. Scenario E4 is more optimistic and suggested that in the last two years overfishing
is not occurring; while Scenario E1 indicated that overfishing continues.

For scenarios E2 and E5, deterministic results suggest the stock was previously overfished in prior decades and is
not presently undergoing overfishing, ASPIC Run E3 suggests that overfishing may have stopped over the last two
years and the stock is recovering.
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Unfortunately, scenario E3 was not able to be bootstrapped so the only bootstrap results available are those for E1.
Retrospective analyses for E1 show what is expected from the addition of the recent CPUE data that show increases
in the index and catch data that show decreases (Figure 10). As data are added the Biomass estimates become
larger and the fishing mortality smaller. Boostraps for E1 converged for 100% of runs and yielded reasonable
intervals for parameters (Table 12).

E3 exhibits a retrospective pattern with great inconsistencies in the use of all indices for the recent 7 years. The
ASPIC run E3 produced results consistent to E1; however, using all indices create issues with consistency for
estimates of Fusy, B/Bmsy, and F/Fyvsy (Figure 11).

3.2 Western stock
3.2.1 ASPIC

Production models were fitted for western sailfish using different combinations of the available indices of
abundance. The first model included all indices and was run with both ASPIC 5 and ASPIC 7 using the least
squares estimation method. Both software versions solved to the same solution; however, the estimates of Fusy
were not biologically plausible (Fmsy>1.2). ASPIC 7 was used for all other model runs, using maximum likelihood
estimation or maximum a posterior with priors. Uniform priors were included for MSY and fleet catchabilities
across a range of logical values. A beta prior was included on Fusy (alpha=2, beta=8; Figure 12), based on the
prior developed for the Bayesian Surplus Production model for r. Multiple model runs were conducted using this
parameterization, which included multiple scenarios of selected indices: (1) all indices, (2) those which showed an
increasing trend in recent period, versus (3) those that showed a decreasing trend in the recent period, and (4) catch
weighting versus (5) equal indices weighting. A base model was selected by the Group which included all available
indices except the Brazilian rod and reel which was excluded due to concerns about extremely low samples sizes
in 2009. Multiple sensitivity runs were conducted on the base model, including an indices jackknife, model
bootstrap, and retrospective analysis. An additional run was made with the Japan longline index split at 2008 to
account for a change in spatial distribution (see section 2.3), consistent with the stock synthesis assessment model.

The base deterministic model runs showed poor model fit to the indices and a lack of convergence without prior
on Fusvy, hitting the upper bounds on either Fusy or MSY. To better understand model convergence, the negative
log-likelihood objective function was profiled across the range of hypothesized MSY (200 to 4,000 t) and Fmsy
(0.01 to 1.0) values. The profile surface indicated a flat contour at the upper ranges of MSY, and little gradient
across the range of Fusy (Figure 13). This profile across the range of logical parameter values demonstrated that
the ability to estimate Fmsy was poor, and that values of MSY greater than 1,400 t are plausible. The scaled
likelihood surface (Figure 13) indicated the maximum likelihood at the upper bound of Fusy, which believed to
be biologically implausible.

Estimates of MSY and Fwsy varied greatly between the different model runs, with little agreement between the
base model and alternative positive and negative indices models. Estimates of current stock status were also highly
variable with no agreement across models. Bootstrap estimates of parameter uncertainty were evaluated to
determine the quality of the fit of the base model. Many bootstrap runs bounded at the upper limit of MSY or Fusy;
however, these runs were overwritten with runs that solved within the bounds, until 500 valid bootstraps were
completed. Overall convergence was approximately 72% of trials. The resulting bootstrap estimate of Fusy and
MSY showed a wide distribution across the range of parameter bounds (Figure 14), indicating poor model
performance and lack of convergence to a stable solution. It was concluded that the ASPIC model for western
sailfish did not produce reliable estimates of Fmsy or current stock status. The information in the data did indicate
that MSY is not likely to be less than 1,400 t; however, the determination of stock status was highly uncertain.

3.2.2 Bayesian state space surplus production model

SCRS/2016/103 presented initial results of the stock assessment of the western Atlantic sailfish. The assessment
model was implemented in JAGS (Just Another Gibbs Sampler) and consisted of fitting a Bayesian state-space
surplus production model to CPUE data for western Atlantic sailfish. The catch time series is derived from the
Task | table in the 2015 SCRS Report (Anon. 2016) and relative abundance indices consisted of standardized catch-
per-unit effort (CPUE) for Brazil, Chinese Taipei, EU-Spain, Japan, United States and Venezuela, including
longline, recreational and gillnet fisheries. One run that included all input CPUE series (9 indices) and prior mean
values was developed. The full specifications of the initial model presented are detailed in this SCRS document.
Based on model outputs the western Atlantic sailfish population biomass has slightly declined over the available
time series but it is above Busy and has remained stable since middle 1980s. The estimated harvest rate in 2014
was 0.025, which is lower than the estimated Husy of 0.065.
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Several assumptions regarding data weighting, including equal weights, weights proportional to the catches and
weights developed by applying the Francis method (Francis, 2011) were considered. However, none of the models
could converge. A model with all indices together (except Brazilian recreational rod and reel fishery) was also
tested, but it did not converge either. This lack of convergence might be related to the presence of conflicting trends
in the CPUE. Thus, additional runs were performed to address the conflicting trends in the CPUESs in a similar way
as agreed for the Stock Synthesis model (see Section 3.2.3) which also resulted in a lack of convergence in all runs.
Also, the Group noted that the available data did not provide sufficient information for any of these models to
reliably estimate the model parameters.

3.2.3 Stock Synthesis (ASPM) 3 parameters, steepness, RO and M

The initial model was presented (SCRS/2016/100) with the following details. Comparisons were made with the
old and new models on data used in the previous assessment and what was used in current years. In the 2009
assessment of the western stock, a composite index that was averaged across all series (weighted by-catch and
area) was used. In the current examination of the Age Structured Production Model (ASMP), 11 fleets were
modelled assuming full selectivity. It was noted that the CPUE series had conflicting trends, as five of the series
were increasing, and five were decreasing. This would cause conflicting results based on alternative trends. In the
model presented, no Brazilian Rod & Reel catches were available in recent years. A combined index was generated
based on catches and landings across fisheries (so larger fisheries got more weight). Four models/approaches were
examined, (1) unweighted CPUE with no recruitment deviates, (2) use all CPUEs with no recruitment deviates,
(3) add catch weighted with no recruitment deviates, and (4) add catch weighted CPUE and recruitment deviates.
It was noted that the results of model 1, 2 and 3 were not convincingly plausible, and model 4 results were more
consistent with the known history of the fishery. Likelihood profiling approaches were used, and the data were
found to be non-informative on natural mortality or steepness. It was noted that the Japanese and Spanish CPUE’s
were informative, though steepness very large or very low if it were fit to those series. Possible reasons for this are
that the CPUE data are not informative, and mostly a one way trip is evident. A new set of length/age structured
models were used, where the growth was modified as Priors, and size at age 1 was fixed at 100 cm LJFL. However,
trying to introduce more uncertainty with growth, provided an unrealistic answer.

Additional work was accomplished following that described in SCRS/2016/100. With the length composition data,
five models were examined that combined CPUE weighted by catch, 3 gears selectivity, gillnet, rod and reel and
longline, with bias correction to the stock-recruitment function used. The Dome shaped selectivity was used for
gillnet, the longline and rod and reel was fixed as a logistic. As per the 2009 assessment, one CPUE series was
generated where the combined CPUE was applied across all fisheries. The Length Composition data resulted in a
better fit to the gillnet fleet than longline fleet, due mostly to the larger sample size of the gillnet fishery which
resulted in that data series getting a higher weighting (based on the Francis weighting scheme; Francis, 2011).
Mean length fits to the gillnet gear and longline gear were acceptable, but not so much for the Rod & Reel fishery
(again because of the low sample size). Profiling on steepness indicated the overall data/model ‘preferred’ a very
high steepness and natural mortality values (M). In addition, the posteriors were similar to MLE’s analyzed.

The Group discussed the different inputs of the model and particularly whether the western sailfish catches were
recorded completely and/or accurately. In addition, it was noted that in previous sailfish meetings the Group have
not adopted growth and M estimates, and that additional time should be used by the Group to decide on an
appropriate estimate of M and a growth curve. It was also noted that fixing M and steepness (h) would have a
strong influence on the outcome of the estimates of stock productivity. As a result, the posteriors distributions of
the -MCMC may be misleading and should be viewed with appropriate skepticism. For example, the steepness
appeared to be estimated at the upper bound. In addition, all information on ASPM comes from the CPUE’s.

Given the conflicting CPUE time series and no means to objectively discern which of the trends were more
accurate, it was suggested that two separate models for the two separate scenarios (alternative hypothesis) be
constructed, one represented by only the CPUE’s with increasing trends (Model 1) and another by only the
CPUE’s with decreasing trends (Model 2). While the size frequency data was seen as informative, improving the
fit was not a worthwhile pursuit. The Group agreed that the use of a combined index (across all conflicting CPUE
time series) would be hiding the uncertainty associated to the different CPUEs trends and that models should be
constructed that use data across all CPUE series, rather than one series, and be transparent with the datasets being
used.
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A long discussion ensued and the Group agreed to group the CPUES based on the prevailing trend in the time
series, which resulted in the following groupings (Figure 15):

1. Those with increasing trends:
a) Japan longline, 1994-2015
b) US rod and reel tournaments
c) Venezuela gillnet
d) Spanish longline

2. Those with decreasing trends:
a) Brazil rod and reel
b) Brazil longline
c) US longline (observer)
d) Venezuela longline
e) Chinese Taipei recent (2009-2014)

3. Those used in both data sets based on being the only long term time series:
a) Japan longline 1960-1993
b) Venezuela Rod and Reel

The input biological population parameters for the SS model are those discussed and agreed in Section 2.1 under
the item on Age, Growth, Natural Mortality and Maturity at Size.

Model_1.0 and Model_2.0

The Group examined two scenarios, one based on positive (Model_1.0) and another on negative (Model_2.0)
trending CPUESs. The standard deviation on the steepness prior was tightened from 20% to 10%. Both scenarios
were considered plausible with different datasets. It was noted that the fits to the survey index (CPUEs) were
comparable across the two different scenarios (Figure 15). Estimated and observed mean lengths from gillnet and
rod and reel fisheries were comparable, but were better for the longline fishery from Model_1 (Figure 16). It was
noted that the average size of fish in the gillnet fishery declined (Figure 17). A larger sample and less variable
sizes were observed and as such, created tighter fits of the selectivity to the length information. Longline fleets
changing selectivity over time are a possible reason why the model was not fitting the data very well.

It was noted that the two models agreed in the stock biomass trend fairly well up until the year 2005. This was
because the last few data points of the CPUE time series had a large influence on biomass trajectories. One model
(Model_1) suggests a high fishing mortality and lower biomass, and the other (Model_2) vice-versa (Figure 18).
As a mean to further differentiate between the two scenarios a retrospective analysis was suggested for each as a
diagnostic. An examination of the retrospective analysis showed no retrospective pattern or bias apparent for
Model_1. However, Model_2 showed a strong difference in biomass estimates when excluding data after 2010.
However, it was noted that recent upward trend in Model 1 was being driven by the Japanese (recent) CPUE as
well as the U.S. rod and reel index. The recent declining trend in Model_2 was being driven almost entirely by
the Brazilian rod and reel index (Figure 19).

Model 1.1 and Model 2.1

Given the strong influence on the current perception of stock status driven by the Japanese longline index
(Model_1.0) and the Brazilian rod and reel index (Model_2.0) the Group revisited the fundamentals of these two
CPUE time series.

Model_1.1. Two observations were made regarding the Japanese CPUE times series. The first observation was
that there was a marked increase in the index between 2007 and 2008. The second observation was that the CV’s
associated with the second stanza of this index (2008-2014) were much smaller than the first stanza (1994-2007).
These two aspects resulted in the assessment model making a large jump in the estimates of biomass between 2007
and 2008. The small CV’s for the second stanza accentuated the fit to this jump. The Group determined that it
would be appropriate to let catchability change between the two periods by using time blocks in CPUE series for
the Japanese series (in effect breaking it into two surveys). Effects of having a catchability change indicates that
the models performed better than the previous models, and recruitment deviates are not exceedingly large (Figure
20).

11



SAILFISH STOCK ASSESSMENT MEETING — MIAMI 2016

Model_2.1. The Group then discussed the sudden drop in biomass in recent years as estimated by the Brazilian rod
and reel index. Closer examination of this index revealed that the 2009 data point was being estimated from only
three sampling days. The Group concluded that this point was unlikely to be representative and also influenced the
standardization of the other annual estimates of relative biomass. In addition, the Group was unable to estimate an
alternative index excluding the 2009 data during this meeting and, therefore, decided to exclude the entire index
from further analysis. Once removed, no retrospective patterns or bias was evident (Figure 21). Furthermore, the
two scenarios were much more in agreement with each other, at least with regard to the current status of the stock
(Figure 20). The Group made a final examination of the four candidate models (Model_1, 2, 1.1, and 2.1), and
made the determination to adopt Model_1.1 and Model_2.1 as two plausible scenarios to represent the current
status of the stock.

In an effort to further refine the plausibility of the two candidate models chosen above, MCMC analysis was
conducted on each of the estimated parameters and the deterministic estimate of stock status (i.e. F/Fmsy and
B/Bwmsy) compared to the distribution of stock status evaluations from the MCMC analysis. A total of 501,000
MCMC runs were made with the first 1,000 runs being discarded as a “burn in” period. The remaining runs were
thinned by 1,000 resulting in a total of 5000 runs for analysis. Examination of the MCMC distributions of
Model_1.1 showed that the median of the posterior values of the steepness parameter was being estimated
considerably higher (approximately 0.90) than the informative prior value used (0.70) (Figure 22). The distribution
of the posteriors was rather tight relative to the distribution of the prior, suggesting a strong signal in the data for
a higher steepness value. Three of the gillnet selectivity parameters were well estimated, as evidenced from the
“normal” shape of the posterior distributions, while two were not, either resulting in a uniform distribution
(parameter number 1) or one highly skewed to the left (parameter number 6). The resulting Kobe plot from
Model_1.1 showed that while the point estimates of stock status were in the green zone (neither overfished or
under going over fishing), the MCMC cluster of points were 87% in the red zone (both overfished and under going
over fishing) (Figure 23). This disparity in results makes any perception of stock status highly uncertain.

Examination of the MCMC distributions of Model_2.1 posteriors suggested that the median value of steepness
was closer (approximately 0.8) to that of the prior (0.7) and had a shape that would be expected from that parameter
(beta-like) (Figure 24). The estimates of the gillnet selectivity parameters were similar to those of Model_1.1. The
resulting Kobe status plot had more desirable diagnostics than Model_1.1 in that the point estimate of the 2014
status was within the 95% confidence intervals of the MCMC, however not within the 75% confidence intervals
(Figure 25). The point estimate of stock status from Model_2.1 suggested the stock is neither overfished or under
going over fishing; however, the centroid of the MCMC cluster suggests the stock is in the red zone (both
overfished and under going over fishing) (Figure 24). This disparity in results makes any perception of stock status
from Model_2.1 also uncertain.

3.3. SRA Section (Catch-MSY Methods)

In standard stock assessments conducted in the Atlantic, indices of abundance are essential elements to capture
trends in biomass over time. For Sailfish in the Atlantic, CPUE data showed conflicting trends in both the eastern
and the western stocks and, therefore, the Group attempted a catch only method. The primary method used is a
technique called Stock reduction Analysis (Zhou et al. 2012, Walters et al. 2006, Martell and Froese 2012, Kimura
and Tagart 1982) which required assumptions about initial biomass, biomass level at the middle of the time series,
and what the biomass depletion levels range for the last year. The technique builds on simple surplus production
models (like Shaefer, 1954), that use removal data and some estimate of carrying capacity and r. Ideally, these
models should have some measure of the changes in abundance over time, but as shown in Martell and Froese
(2012) and Walters et al. (2006), a narrow range of r-K parameter can be obtained through simulation techniques
that maintain the population, so that it neither collapses nor exceeds the carrying capacity K. This is the primary
basis of the method that was developed and used during the assessment.

Methods

This method of Martell and Froese (2012) is based on catch data and does not require fishing effort or CPUE data.
The method involves several steps. It applies a simple population dynamics model, starts with wide prior ranges
for the key parameters, and includes the available catch data in the model. The model systematically searches
through possible parameter spaces and retains feasible parameter values. Mathematically and biologically
unfeasible values are excluded from the large pool of data. The model progressively derives basic parameters and
carry out stochastic simulations using these base parameters to get biomass trajectories and additional parameters.
This simple model has two unknown parameters, r and K. The Group set reasonably wide prior range, for example,
K between Cmax and 500 * Cna. The Group used the approach proposed in Martell and Froese (2012) for
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“resiliency” estimates that tied to the productivity parameter r (low resiliency levels indicated r between 0.05-0.5,
medium resiliency indicated a r between 0.2-1, and high between 0.5-1.5). These were compared to values obtained
in the literature and alternative methods.

The Group run model (1) to find all mathematically feasible r values by searching through wide range of Ks for
all depletion levels. If the feasible choice of r and K chosen meets the intermediate (0.1 and 1 level of depletion in
1980), and last point depletion levels (the range specified was 0.3-0.7 level of depletion for these billfish stocks)
itis kept. The summary of all runs which meet these criteria are then used, and geometric mean values are reported
to be the better representation of yield targets (Martell and Froese 2012). Biological parameters, including K, r,
MSY, are derived from the retained pool of [r, K] values. The geometric mean values of these are then used to
assess the stock dynamics over time and reported using a plot.

SRA West

The catch only method for western sailfish estimates an MSY equal to 1,317 t (95% confidence interval is 1,130
to 1,534) and Fmsy equal to 0.18 (95% confidence interval was 0.09 to 0.33). Figure 26 shows the posterior
distributions of r, K, and MSY. A summary of the parameter estimates is provided in Table 13. Stock status was
estimated to be overfished (B2o14/Bmsy =0.46, 95% confidence interval of 0.23 to 0.61) and overfishing occurring
(F2014/Fmsy=1.37, 95% confidence interval of 0.69 to 2.45). The large uncertainty in current fishing status is noted,
while the confidence intervals of biomass status were below 1 indicating that the stock is currently overfished. The
catch and overall stock biomass trajectory is shown in Figure 27.

SRA East

The catch only method for eastern sailfish estimated MSY equal to 1,977 t (95% confidence interval was 1,812 to
2,157) and Fmsy equal to 0.13 (95% confidence interval was 0.10 to 0.18). Figure 28 shows the posterior
distributions of r, K, and MSY. A summary of the parameter estimates is provided in Table 14. Stock status was
estimated to be overfished (Bzo14/Bmsy =0.49, 95% confidence interval of 0.22 to 0.70), but overfishing not
occurring (F2014/Fmsy=0.96, 95% confidence interval of 0.16 to 2.42). Similar to western sailfish, it was noted that
the estimates of stock biomass status were much less uncertain the fishing mortality rate in relation to Fusy. The
catch and overall stock biomass trajectory is shown in Figure 29.

3.4 Summary of assessment results

Both the eastern and western stocks of sailfish may have been reduced to stock sizes below Bwmsy in recent years,
but there is considerable uncertainty, as many models examined had convergence problems, and the maximum
likelihood surfaces were flat and not well defined.

Western Atlantic Ocean

In the ASPIC models examined in the west was heavily influenced by the priors used in the models. They couldn’t
provide stock status due to large uncertainty in estimates of benchmarks, and general poor model convergence.
The BSPM model did not converge in the western Atlantic Ocean. Integrated models were equally inconclusive
as the ASPIC and BSPM models as to the status of the stock. Although the MLE estimates indicated that the stock
was not overfished nor overfishing was occurring, the MCMC diagnostics indicated otherwise. Alternative models
using data limited methods suggested that the stock in the western Atlantic was overfished with overfishing
occurring. There is a large uncertainty in these results, and these results should be interpreted with caution.

Eastern Atlantic Ocean

The BSPM, ASPIC and SRA models in the east showed similar trends in biomass trajectories and fishing mortality
levels; trends in abundance suggest that the eastern stocks suffered their greatest declines in abundance prior to
1990. Different model runs indicate a declining/increasing trend in recent years depending on the CPUE series
selected. The majority of the models examined in the BSPM/ASPIC/SRA indicate that the stock is overfished, but
overfishing status is uncertain.
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4. Management recommendations

Considerable uncertainty still remains in the assessments of both the eastern and western stocks. Available
abundance indices demonstrate conflicting trends for both stocks, and there are concerns that reported catches,
including dead discards, may be incomplete. Nevertheless, it should be noted that there have been significant
improvements since the last assessment. There are more abundance indices available, and the standardizations
have seen general improvement, fostered in part by the CPUE workshop held in advance of this meeting. In
addition, this assessment incorporated new data and new modelling approaches. As it was the case during the 2009
Sailfish Stock Assessment Session (Anon. 2010), the results for the eastern stock were more pessimistic than the
western stock in that more of the results indicated recent stock biomass below Busy.

4.1 Eastern stock

East Atlantic sailfish appear to have declined markedly since the 1970s, reaching a low in the early 1990s. There
is broad agreement across model results that the stock is currently overfished. Since 2010, catches appear to have
declined substantially. However, models disagree over whether or not overfishing is occurring and whether the
stock is recovering. Based on the assessment results, and considering the associated uncertainty, the Group
recommends at a minimum that catches should not exceed current levels. Furthermore, taking into account the
possibility that overfishing may be occurring, the Commission may consider reductions in catch levels.

4.2 Western stock

The assessment models agreed on MSY estimates between 1,200 — 1,400 t. Although current catches are well
below this level, it is possible that the biomass is below Bmsy — in which case overfishing could be occurring.
Based on the assessment results, and considering the associated uncertainty, the Group recommends that the West
Atlantic sailfish catches should not exceed current levels. One approach to reduce fishing mortality could be the
use of non-offset circle hooks as terminal gear. Recent research has demonstrated that in some longline fisheries
the use of non-offset circle hooks resulted in a reduction of marlin mortality, while the catch rates of several of the
target species remained the same or were greater than the catch rates observed with the use of conventional J hooks
or offset circle hooks. Currently, three ICCAT Contracting Parties (Brazil, Canada, and the United States) already
mandate or encourage the use of circle hooks on their pelagic longline fleets.

5. Recommendations on research and statistics

1. The Group examined available life history parameters, and noted that several new life history parameters
have been estimated in recent years. The Group recommended that the sailfish section in the ICCAT
Manual reflect those new estimates.

2. The Group noted that robust growth estimates for Atlantic sailfish are not available. The Group
recommended that growth parameters be estimated for the Atlantic sailfish stocks.

3. The Group recommended that new information about stock structure be considered prior to future
assessments.

4. The Group examined the available tagging data for sailfish, and noted that over 118,000 tag releases are
documented for the species. The majority of releases have occurred off the east coast of the U.S., but
tagging has also occurred off Venezuela and Brazil. The Group recommended that the data be further
evaluated prior to the next assessment to determine if the data can be formatted for inclusion in Stock
Synthesis models for western sailfish.

5. The Group continues to express concern regarding the quality and completeness of the Task | and |1 data.
Therefore, the Group recommends that all CPCs report dead discards as well as complete landings, and
representative size samples from all their fisheries.

6. The Group recommended that sailfish catches reported by Ghana be reviewed due to differences in time
periods.

7. The Group recommended that future assessments of billfish stock status include combined indices of fleets
with similar operational characteristics.
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8. Noting the severe difficulties in interpreting and fitting indices within stock assessment model, the Group
recommends work to consider how to reconcile divergent CPUE patterns that may be a function of
changes in fleet spatial distribution, oceanography, or targeting.

6. Other matters

Document SCRS/2016/095 (The Caribbean Billfish Management and Conservation Plan) was available to the
Group since the deadline for document submission to the ICCAT Secretariat. Due to time constraint during the
assessment meeting, the document was not presented during the meeting. Any comments and information on the
document can be addressed to the author.

7. Adoption of the report and closure

The report was adopted during the meeting. The Rapporteur thanked the local organizers for the excellent meeting
arrangements and the participants for their efficiency and hard work. The Secretariat reiterated it’s thanks to the
hosts for the exceptional organization of the meeting and for the warm support provided to participants. The
meeting was adjourned.
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Table 1. Mitochondrial DNA differentiation among Atlantic sailfish groups showing pairwise Fg values (below
diagonal) and respective p values (above diagonal).

NW Atlantic (Miami) Brazil Africa (Senegal)
NW Atlantic (Miami) - 0.8823 0.00430
Brazil 0.04049 - 0.10523
Africa (Senegal) 0.14204 0.02774 -

Table 2. Different growth studies published on sailfish used to assess likely parameter structure.

Species t0 k LINF Sex Region Citation Measurement LINF LIFL LINF EFL Converted k

Sailfish -0.24 0.36 180.6 Combined Mazatlan  Cerdenares-Ladron De Guevara et a EFL 206.82 180.60 0.36
Sailfish -0.004 0.37 207.46 Combined  Eastern Pacif Fitchett and Ehrhardt, 2016 (Disserrt EFL 236.26 207.46 0.37]
Sailfish -3.312 0.1586 183 F Florida Hedgepeth and Jolley 1983 EFL 209.46 183.00 0.16]
Sailfish -1.959 0.3014 147 M Florida Hedgepeth and Jolley 1983 EFL 170.00 147.00 0.30]
Sailfish -0.0015 0.8 203.6 Combined  Mexico Alvarado-Castillo and Felix-Uraga, 1¢LJFL 203.60 178.92 0.73]
Sailfish -4.207 0.11 2614 F Taiwan Chiang et al 2004 LJFL 261.40 233.57 0.10
Sailfish -2.99 0.138 250.3 F Taiwan Chiang et al 2004 LJFL 250.30 223.30 0.13
Sailfish 0 0.617 221 F Atlantic US  Ehrhardt and Deleveaux 2006 LJFL 221.00 196.17 0.57
Sailfish -1.08 0.18 2514 F Tehauntepec Ramirez-Pérez et al., 2012 LIFL 251.40 224.31 0.17|
Sailfish -3.916 0.115 252.6 M Taiwan Chiang et al 2004 LIFL 252.60 222.35 0.10|
Sailfish -2.781 0.145 240.4 M Taiwan Chiang et al 2004 LJFL 240.40 211.26 0.13
Sailfish 0 0.583 160.8 M Atlantic US  Ehrhardt and Deleveaux 2006 LIFL 160.80 138.90 0.53]
Sailfish -1.37 0.16 256.7 M Tehauntepec Ramirez-Pérez et al., 2011 LIFL 256.70 226.08 0.15
Sailfish -1.246 0.1466 179.6 Combined NE Brazil Freire et al, 1999 EFL 205.73 179.60 0.13]
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Table 4. Estimates of the eastern stock of sailfish caught as bycatch in the EU tropical tuna purse seine fleet for
a) FAD and b) free school sets

a)

FAD Sets | Sets Obs. (mt) Est.(mt) SD
2003 - - - -
2004 - - - -
2005 5 0.27 1250 544
2006 3 0.65 1140  8.06
2007 4 0.14 420 193
2008 3 1.17 24.77 16.67
2009 5 0.19 497 256
2010 4 0.14 2.11 1.13
2011 4 0.17 6.26  4.01
2012 7 0.24 829 348
2013 7 0.17 2.82 1.19

b)

Free Sets | Sets Obs. (mt) Est. (mt) SD
2003 16 0.86 98.57 37.45
2004 - - - -
2005 8 0.72 38.06 18.86
2006 7 1.40 56.37 30.41
2007 15 4.99 98.64 4881
2008 19 1.00 1154 314
2009 22 1.46 3435 918
2010 46 3.22 3081 7.95
2011 43 6.36 131.84 38.55
2012 43 3.69 113.44 4273
2013 32 2.38 223.89 88.24
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Table 5. Data catalogues for Task Il data for the a) Western and b) Eastern Sailfish stocks.

a)

Species Stock  Status FlagName GearGrp DSt 1990 1991 1992 1993 1994 1995 199 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
AT

SAI W CP Venezuela LL 11 94 129 170 271 148 139 167 165 333 227 190 186 188 233 387 476 907 363 269 320 409 498 404 262 112 142
AT

SAl w CcpP Venezuela LL t2 - b ab ab ab ab ab ab ab ab a - a a a a a a a a a a a a -
AT

SAI W CP Brazil LL t1 98 65 285 201 60 97 76 69 106 278 531 412 325 347 208 415 82 59 75 73 76 135 106 25 57
AT

SAl w CcpP Brazil LL t2 a a ab a a a a a a ab ab ab a a a ab ab ab ab ab ab ab ab a a
AT

SAI W CP EU.Espafia  LL tl 0 8 13 13 19 36 5 30 42 7 14 354 449 196 181 113 148 248 393 451 306 233 239 229 244
AT
AT

SAI W CP U.S.A. RR t1 242 341 290 201 179 342 230 349 267 163 76 58 103 0 0 0 0 3 3 0 0 7 3 2
AT

SAl w CcpP US.A. RR t2 ab ab ab ab ab b ab b ab b b - b b b b b b b ab b b b b b
AT

SAl w CpP Venezuela GN t1 41 25 60 65 41 88 114 182 140 71 64 88 93 122 131 135 186 113 96 89 92 139 79 98
AT

SAI w CP Venezuela GN t2 a a a a
AT

SAI w NCO Grenada UN tl
AT

SAl W NCO Grenada UN t2
AT Dominican

SAI W NCO Republic SU t1
AT Dominican

SAI w NCO Republic suU t2
AT

SAI W NCO Grenada LL tl 151 171 112 147 159 174 216 183
AT

SAI w NCO Grenada LL t2
AT

SAI w CcP Brazil SuU tl
AT

SAI W CP Brazil SU 2
AT

SAI W CP Brazil UN t1
AT

SAI w CcP Brazil UN 2
AT

SAl w NCO Cuba UN t1 83 70 42 46 37 37 40 28 196 208 68 32 18 50 72 47 56
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b)

Gear

Sp. Stock _Status FlagName Grp Set 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
AT

SAI E CP Ghana GN tl 395 463 297 693 450 353 303 196 351 305 275 568 592 566 521 542 282 420 342 358 417 299 201 220 191
AT

SAI E CP Ghana GN t2 _ a - b ab b ab ab ab ab ab ab ab ab a ab a a a a a
AT

SAI E CP Senegal HL tl 957 429 692 448 67 135 182 488 228 186 551 767 98 282 219 143 46 189 108 497 357 122 30 114 5
AT
AT Mixed flags

SAI E NCO (FR+ES) PS tl 595 174 150 182 160 128 97 110 138 131 353 400 365 413 336 264 274 205 251 308 265 56
AT Mixed flags

SAI E NCO (FR+ES) PS t2
AT

SAI E CP Senegal TR tl 53 27 141 11 90 29 52 59 24 44 213 155 123 337 343 296 177 512 158 18 104 25
AT
AT

SAI E CP EU.Espafia  LL tl 0 13 3 42 8 13 42 38 15 20 8 150 210 183 148 177 200 192 206 280 174 154 201 203 302
AT
AT S. Tomée

SAI E CcP Principe TR tl 92 96 139 141 141 136 136 136 136 515 346 292 384 8 8 10
AT S. Tomée

SAI E CP Principe TR t2
AT Cote

SAl E CP d'lvoire GN tl 58 38 69 40 54 66 91 65 35 80 45 47 65 121 73 93 78 52 448 74 24 108 192 80 99
AT Cote

SAl E CpP d'lvoire GN t2 ab ab ab ab ab ab ab ab ab ab ab ab ab ab ab - a _ a a a ab
AT

SAI E CP Japan LL tl 31 6 15 27 45 52 47 19 58 16 26 6 20 22 70 50 62 144 199 94 115 142 157 71 59 47
AT

SAl E CpP Japan LL t2 b b - a ab a a ab ab ab ab ab ab ab ab ab a ab ab ab ab ab ab ab -
AT Chinese

SAI E NCC Taipei LL t1 5 4 80 157 38 58 24 56 44 66 45 50 62 49 15 25 36 109 121 80 21 52 59 46 53
AT Chinese

SAI E NCC Taipei LL 2 a a a a a a a ab ab ab ab ab ab a
AT

SAI E CP Liberia GN tl 33 85 43 136 122 154 56 133 127 106 122 118 115
AT
AT

SAI E NCO  Cuba UN tl 184 200 77 83 72 533
AT
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Table 6. Tag releases and recaptures by year in the ICCAT tagging database.

Years at liberty

Year Releases Recaptures <1 1-2 2-3 3-4 4-5 5-10 10+ 15+ ERROR % recapt*
1950 2 1 1 50.0%
1951 1 1 100.0%
1952 2 2 100.0%
1953 1 1 1 100.0%
1954 3 0
1955 13 2 2 15.4%
1956 2 1 1 50.0%
1957 59 2 1 1 3.4%
1958 31 2 1 1 6.5%
1959 252 1 1 0.4%
1960 926 5 3 2 0.5%
1961 1303 7 5 2 0.5%
1962 1497 10 7 3 0.7%
1963 1423 8 8 0.6%
1964 1305 6 0.5%
1965 1316 9 8 1 0.7%
1966 1277 17 13 2 1 1 1.3%
1967 877 13 12 1 1.5%
1968 847 10 8 2 1.2%
1969 819 5 1 1 0.9%
1970 632 1 0.3%
1971 1074 2 1 0.4%
1972 920 6 3 3 0.7%
1973 914 17 7 8 1 1 1.9%
1974 870 10 4 4 2 1.1%
1975 1017 17 14 3 1.7%
1976 1464 22 15 7 1.5%
1977 1391 32 24 4 1 2 1 2.3%
1978 1549 32 18 11 2 1 2.1%
1979 1860 37 23 4 5 2 2.0%
1980 2125 49 24 9 2 1 11 1 2.3%
1981 1853 43 34 4 4 1 2.3%
1982 1643 32 20 7 2 2 1 1.9%
1983 1824 13 8 4 1 0.7%
1984 2212 32 16 7 4 2 1.4%
1985 1912 41 26 8 3 2.1%
1986 2238 44 32 8 4 2.0%
1987 1999 46 24 10 6 3 3 2.3%
1988 2487 50 30 7 4 4 2 2.0%
1989 2183 50 24 18 7 1 2.3%
1990 3403 85 48 23 6 6 1 1 2.5%
1991 4912 140 75 41 17 3 2.9%
1992 5878 147 87 41 13 2 1 3 2.5%
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1993 5540 124 80 29 11 1 3 2.2%
1994 5708 93 57 16 7 1 3 1.6%
1995 6512 96 57 23 7 6 1 2 1.5%
1996 4933 118 63 31 17 2 3 2 2.4%
1997 5454 106 58 26 13 5 2 2 1.9%
1998 5021 106 56 30 12 5 1 1 1 2.1%
1999 7174 127 83 24 12 5 1 2 1.8%
2000 5148 54 36 9 7 1.0%
2001 3866 43 27 8 2 2 3 1.1%
2002 4186 31 21 6 1 0.7%
2003 2977 17 12 4 1 0.6%
2004 447 17 8 7 1 1 3.8%
2005 448 23 17 6 5.1%
2006 8 8 7 1 100.0%
2011 5 1 1 20.0%
Grand Total 115743 2020 1222 471 181 63 28 32 13 3 7 1.7%
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Table 7. Indices of abundance used for the assessment of SAI western stock: US-LL (US longline estimated
from observer data), US-RR (US rod and reel, recreational tournaments), VEN-RR (Venezuela recreational rod
and reel), VEN-GILL (Venezuela gillnet), VEN-LL (Venezuela longline), BRA-LL (Brazil longline), BRA-RR
(Brazil recreational rod and reel), JPN-LL1 (Japan longline 1994-2014), JPN-LL2 (Japan longline 1960-1993),
SPA-LL (E.U. Spain longline), CH-T-LL (China-Taipei longline).

VEN- VEN- VEN- BRA- BRA- JPN- JPN- CH-T-
US-LL USRR | RR GILL | LL LL RR LL1 LL2 SPA-LL (|
Units number number | number | weight | number | number | number | number | number | weight | number
8 3 8 i 3 S 3 3 5 = g
o 9 e 9 Q 9 g ~ £ ~ |
2 S 3 S 2 S 2 S 2 S 3
Source | § S S S | & | S S S 2 S S
%) %) %) %) %) %) %) %) © %) %)
o o o o ad o ad o o} o o
@) O @) @) @) O @) O = O O
[72] w [72] w w w w w ~ w w
1960 0.804
1961 0.33 1.103
1962 0.27 1.397
1963 0.12 1.355
1964 0.16 1.525
1965 0.18 1.867
1966 0.38 1.973
1967 0.22 2.215
1968 0.3 3.308
1969 0.3 2.272
1970 0.25 2.159
1971 0.37 1.435
1972 0.49 0.31 1.182
1973 0.97 0.26 1.397
1974 0.55 0.25 1.377
1975 14 0.15 0.75
1976 1.02 0.2 0.754
1977 1.39 0.09 1.665
1978 14 0.06 0.35 1.252
1979 1.29 0.06 0.501 1.145
1980 141 0.09 0.411 0.925
1981 1.13 0.08 0.389 1.291
1982 0.35 0.04 0.232 1.305
1983 0.36 0.12 0.435 1.35
1984 0.54 0.21 0.153 1.001
1985 0.4 0.17 0.089 0.752
1986 0.77 0.1 0.13 0.844
1987 0.62 0.17 5.627 0.334 0.926
1988 0.61 0.09 2.118 0.277 0.69
1989 0.5 0.12 1575  0.483 0.506
1990 0.67 0.931 0.094 0.376
1991 0.62 0.04 16.04 0.899 0.296 0.611
1992 1.965 0.6 0.07 29.02 0.742 0.213 0.519
1993 1.645 0.73 24.03 0.271 0.476 0.467
1994 0.913 1.12 0.08 2221 0.759 0.081 0.079
1995 0.681 0.94 0.05 23.24 0.664  0.258 0.029
1996 0.707 1.09 0.02 20.16 0.75 0.236 0.19 0.053
1997 0.906 1.06 0.01 29.17 0.676 0.246 0.38 0.127
1998 0.666 111 0.02 28.55 0.933 0.225 0.29 0.075
1999 1.854 0.66 0.01 28.92 2.397 0.16 0.17 0.152
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2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

2.689
1.002
0.661
0.456
0.791
1.011
0.521
0.608
1.105
0.796
0.877
0.768
1.087
0.631
0.658

0.61
0.74
0.83
0.94
0.99
0.97
1.14
0.97
1.57
1.74
1.79
2.03
2.08
1.45
1.33

0.06
0.06

23.83
2242
20.51
19.74
21.12
25.17
28.43
31.02
31.75
32.35
31.56
37.75
36.13

37.8
40.24

0.693
0.431
0.507
0.314
0.347
0.405
0.726

1.84
0.462
0.526
0.511
0.724
0.946
0.784
0.442

0.218
0.304
0.154
0.241
0.213
0.443
0.186
0.152
0.077
0.271

0.05
0.179
0.033

0.45
0.23
0.26
0.42
0.29
0.43
0.58
0.62
0.46
0.02
0.16
0.11
0.14
0.19
0.07

0.094
0.017
0.047
0.098
0.046
0.118
0.082
0.017
0.227
0.223
0.213
0.272
0.122
0.105
0.234

0.61356
0.78549
0.68082
0.35385
0.66841
0.62019
0.81285
1.18685
1.40152
1.39395

1.238
1.22106
1.86786
1.15559

0.054
0.083
0.068
0.086
0.058
0.027
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Table 8. Indices of abundance used for the assessment of SAI eastern stock: CIV-ART (Cote d’Ivoire artisanal),
SEN-ART (Senegal artisanal), GHA-ART (Ghana artisanal), JPN-LL1 (Japan longline 1994-2014), JPN-LL2
(Japan longline 1960-1993), SPA-LL (E.U. Spain longline), CH-T-LL (China-Taipei longline), POR-LL (E.U.

Portugal longline).

SEN-
CIV-ART ART GHA-ART JPN-LL1 JPN-LL2 SPA-LL CH-T-LL POR-LL
Units number weight weight number number weight number weight
3 N N < > — N 0
S| 8 S 2 & 5 - 2
z = g g = g g =
Source = Y Y S o S S S

c o o D g & B >
- 2 5 S 5 5 5
N Q Q D e D D D

1960 0.736

1961 5.036

1962 1.080

1963 0.778

1964 2.405

1965 2.028

1966 1.951

1967 0.660

1968 1.799

1969 2.846

1970 4.269

1971 1.086

1972 1.007

1973 0.579

1974 0.211895562 0.470

1975 0.861368814 0.449

1976 0.957747662 0.612

1977 0.112948668 0.375

1978 0.163621417 0.686

1979 0.212812227 0.262

1980 0.180083326 0.527

1981 0.748 0.086482684 0.325

1982 1.104 0.935583116 1.078

1983 0.695 0.421

1984 0.480 0.201801942 1.147

1985 0.975 0.175561492 0.635

1986 1.127 0.509489735 0.670

1987 1526 0.262844857 0.485

1988 0.610 1.268 4.668112227 0.483

1989 0.300 1.904 0.028988173 0.398

1990 0.350 1479 1.526036311 0.250

1991 0.400 1491 3.314307472 0.198

1992 0.180 1.293 1.931277986 0.212

1993 0.180 0.780 1.863091017 0.379

1994 0.240 0.335 1.626846167 0.046

1995 0.120 0.612 0.775487009 0.048

1996 0.110 1.263 2.386733581 0.040

1997 0.190 1.892 1.294619842 0.028

1998 0.160 1.244 0.823348625 0.038

1999 0.250 0.951 0.564210346 0.029 3.980
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2000 0.110 1.133  0.36950505 0.037 1.520
2001 0.180 1.847  0.93782419 0.013 0.136 1.400
2002 0.200 1.448 1.756970257 0.029 0.725 2.120
2003 0.100 2.116 2.219196392 0.035 0.483 0.740
2004 0.200 0.692 0.818136506 0.072 0.471 1.280
2005 0.200 0.811 1.327515512 0.078 0.574 1.180
2006 0.200 0.523  0.70223582 0.062 0.672 0.410
2007 0.250 0.609 0.645313986 0.094 0.812 0.470
2008 0.741 0.611763543 0.115 1.066 0.290
2009 0.556 1.526725834 0.071 1.187 0.054 0.370
2010 0.382 0.073 0.874 0.050 0.080
2011 0.296 0.496332575 0.122 0.773 0.056 0.900
2012 0.412 0.712631818 0.104 1.408 0.078 0.830
2013 0.269 0.200548261 0.114 2.339 0.090 0.710
2014 0.076 2.480 0.056 1.770
Table 9. Bayesian production model runs in the East.
Process r prior

Number Index trend Weighting Software error Bo/K mean  converged

la up equal BSP-VB 0 prior 0.54 yes

1b up catch BSP-VB 0 prior 0.54 yes

1c up by seriess BSP-VB 0 prior 0.54 no

2a down equal BSP-VB 0 prior 0.54 yes

2b down catch BSP-VB 0 prior 0.54 yes

2c down by series BSP-VB 0 prior 0.54 no

la up equal JAGS 0.05 prior 0.54 yes

1b up catch JAGS 0.05 prior 0.54 yes

1c up by series  JAGS 0.05 prior 0.54 yes

2a down equal JAGS 0.05 prior 0.54 yes

2b down catch JAGS 0.05 prior 0.54 yes

2c down by series  JAGS 0.05 prior 0.54 yes

3a down, 2 GHN equal JAGS 0.05 prior 0.54 yes

3b down, GHN 92+ equal JAGS 0.05 prior 0.54 yes

1d up equal JAGS 0.05 prior 0.3 yes

2d down equal JAGS 0.05 prior 0.3 yes

le up equal JAGS 0.05 fixed=1 0.54 yes

2e down equal JAGS 0.05 fixed=1 0.54 yes

1f up equal JAGS 1E-06 prior 0.54 yes

1g up equal JAGS 0 prior 0.54 no
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Table 10. Means and CVs of parameters from BSP-JAGS models in the east.

K Beur/ HRcur/
Model (1000) r Bo/K MSY (1000) Bmsy HRmsy
23.41 0.45 6.8 0.33
E-up-equal wt (0.96) 1.23(0.22) (1.1) (0.75) 0.67 (0.43) (0.33)
66.35 8.98 0.4 2.85
E-up-catch wit. (1.18) 0.59 (0.31) 0.45(1.57) (1.1) (2.07) (2.44)
27.04 7.67 0.45
E-up-series wit. (0.48) 1.17(0.22) 0.45(1.12) (0.41) 0.41(0.38) (0.29)
15.7 5.08 0.61
E-down-equal wt. 0.77) 1.39(0.24) 0.44(1.07) (0.57) 0.71(0.86) (0.81)
71.94 9.6 2.85
E-down-catch wt. (1.27) 0.59 (0.31) 0.43(1.56) (1.16) 0.36 (1.61) (2.51)
18.94 5.79 1.35
E-down-series wit. (0.5) 1.28 (0.22) 0.46 (1.08) (0.42) 0.32(0.94) (1.19
E-down-equal-2 24.23 1.6 0.40 8.58 0.61
GHN (2.99) (0.2) (1.13) (2.36) 0.41(0.62) (0.52)
E-down-equal- 20.94 0.42 7.03 0.62
GHN 92+ (1.58) 1.42 (0.21) (1.1) (1.21) 0.41(0.62) (0.55)
91.08 0.7 0.51
E-up-prior.3 (2.14) (0.27) 0.56(1.17) 13.48(2.01) 0.52(0.59) (0.37)
62.43 8.58 63.97
E-down-prior.3 (2.22) 0.63 (0.28) 0.61(1.15) (2.08) 0.14 (2.46) (3.23)
21.68 6.4 0.66 0.34
E-up-Bo=K (0.37) 1.22(0.22) 1 (0.33) (0.4) (0.33)
17.25 4.83 38.58
E-down-B0=K (0.82) 1.21(0.25) 1 (0.6) 0.29 (2.16) (3.74)
22.73 0.46 6.65 0.34
E-up-low process (0.62) 1.22(0.22) (1.1) (0.49) 0.66 (0.42) (0.33)

Table 11. Results for sailfish eastern Atlantic with varying catch scenarios, indices used, separation of Ghana
series (Ghanal and Ghana?2), and omission of 1988-1990 from Ghana index.

Run Trend Catch Notes Contrast | B1/K MSY Fmsy K B/Bmsy cur | F/Fmsy Cur
E1 Neg Task 1 2 separate Ghana 0.87 1 1635 0.08 42980 0.2722 2.55
E1 Neg Task 1 Ghana2 only 0.87 1 1751 0.091 38620 0.2822 2.33
E2 Pos Task 1 0.86 1 2724 0.439 12410 1.667 0.267
E2 Pos Task1 Model failed None * *| Fixed 0.4 No converge| No converge
E3 All Task1 2 separate Ghana 0.86 1 2759 0.46 12030 0.808 0.62
E3 All Alternative 2 separate Ghana 0.533 1 1267 0.0403 62780 0.93 1.01
E4 Neg Alternative 2 separate Ghana 0.82 1 789| 0.0259 60580 0.3524 4.14
E4 Neg Alternative Ghana2 only 0.81 1 906( 0.0325 57700 0.372 3.43
E5 Pos Alternative Model failed 0.47 1 2494 1.5% 3325 1.716 0.28
E5 Pos Alternative |  With Ghana1, model failed 0.45 1 2253 1.5% 3365 1.721 0.276
E6 Neg Task 1 Combined Ghana CPUE 0.77 1 3084 0.632 9753 1.763 0.221
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Table 12. Bootstrap results for ASPIC runs for ASPIC Run E1 with CPUE Indices Exhibiting a Negative Trend.

80% 80% 50% 50% Interquartile Relative

Parameter | Estimate lower upper lower upper range IQ Range
B1/K 1.00 NA NA NA NA NA NA
MSY | 1657.00 | 1152.00 1951.00 1448.00 1855.00 406.80 0.25
Fmsy 0.08 0.03 0.13 0.06 0.11 0.05 0.70
Ye(2015) | 780.30 518.10 1260.00 685.10 1040.00 354.50 0.45
Y.(Fmsy) | 464.60 291.50 849.70 388.50 655.00 266.50 0.57

21480.0

Bmsy 0 14900.00 | 33580.00 | 16800.00 | 26150.00 9343.00 0.44
B./Bmsy 0.27 0.16 0.43 0.21 0.34 0.14 0.51
F./Fmsy 2.55 141 3.92 1.86 3.00 1.15 0.45
Ye./MSY 0.47 0.30 0.68 0.37 0.57 0.20 0.43

Table 13. Key parameters associated with the stock production analysis for SAI_west.

Parameter Lower 80% ClI Geometric Mean Upper 80% CI
r 0.18 0.35 0.67
K 10233 15250 25592
MSY 1130 1317 1534
Bumsy 18727 36470 71025
B2o14/Bmsy * 0.23 0.42 0.61
Fa014/Fmsy * 0.69 1.37 2.45

*Based on Shaefer models

Table 14. Key parameters associated with the stock production analysis for SAI_east.

Parameter Lower 80% ClI Geometric Mean Upper 80% CI
r 0.194 0.263 0.356
K 18727 36470 71025
MSY 1812 1977 2157
Bumsy 9363 18235 35513
B2014/Bmsy * 0.22 0.49 0.70
Fao14/Fimsy * 0.16 0.96 2.42

*median est (other pars Gem. Mean)
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Figure 1. Spatial distribution of sailfish mitochondrial DNA sampling.

Figure 2. Sailfish abundance indices predicted from the fitted delta generalized additive models for Jan. — Mar.
(@), Apr. —Jun. (b), Jul. — Sep. (c), and Oct. — Dec. (d). Predictions were generated from data fishnets (0.1° latitude
by 0.1° longitude) representing seasonal averages of numerical model descriptors for the year 2010. Fishnets were
generated using data from NCEI and NOAA. Plots were generated from the daytime fishnets (nighttime fishnets
displayed similar patterns with slightly larger abundance indices).
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Figure 3. VVon Bertalanffy growth plots examined to determine appropriate sailfish growth parameters to be used
in assessment.
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Figure 4. Sailfish Task | nominal catches (t) by year for western (red line) and eastern stock (blue line).
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Figure 5. Straight displacements between release and recovery positions (apparent movement), from conventional

tagging of sailfish.
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Figure 6. Density (5 by 5 degrees squares) of SAI releases (left) and recoveries (right).
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Figure 7. Indices of abundance used for the western sailfish stock.
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Figure 8. Indices of abundance used for the eastern sailfish stock.
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Figure 10. Retrospective Analyses for ASPIC run E1 for F/Fusy (upper panel) and B/Busy (lower panel).
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Figure 11. Retrospective Analyses for ASPIC run E3 for F/Fusy (upper panel) and B/Bmsy (lower panel).
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Figure 12. Prior on Fusy for ASPIC surplus production model of western Atlantic sailfish.
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Figure 13. Upper panel: Surface profile of the objective function for the ASPIC base model of western sailfish.
The contour flattens at a MSY of approximately 1,600 t across the full range of hypothesized Fusy. Lower panel:
Likelihood profile scaled to the maximum likelihood showing the model convergence to the upper bound on Fusy.
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Figure 14. Bootstrap estimates of Fusy from the ASPIC base model for western sailfish. The distribution of
estimates is spread across the lower (0.01) and upper bounds (0.8) defined in the model.
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Figure 15. Fit to indices of abundance used in each of Model_1 (left) and Model_2 (right).

41



i
K

Ve
§

3

iy i

-y

e
Francis data weighting mmodﬂl 8 Gilinet_1
Fummmmwﬂﬂw Sugpested sample size adjustment (with 95% interval) for len data from Gilinet_1:
sample 3. (with 95% interval) for len data from Gilinet_1: 1.0295 (0.6393-3.2897)
1.0992 (0.6981-3. )956) Bhe: Conm_leof_deta_meutition TALS Giewt_La0g
.
-

oy e

ﬁmmeVAllew

lrmwnmmmuxtwlmz sample B2 > (with 95% intecval) for lan data from Longlne 2.
{with 95% interval) for len data from Longline_2: l $55 (0 8533-4. 6“))

| !MM!lll!iwull‘u"'"' Mo L

nmmwmuum
W(-mu&mu)mummm Reel_3:

Suggested sample uze
Francis data weighting method 1A1 8 Rod_Reel 3 1.0726 (0.7305-1.9627)
numﬂou.mm«(wmosmmmu)wmaumm Reel_3: B com

Suggest:
1.2879 (0.9984-1.934)
e TALE Ao Rec_loog

S SALE S Aol _1sxa

Figure 16. Observed (bars) and expected (blue line) mean weight of catch from the three gear types for Model_1
(left) and Model_2 (right).

42



length comps, whole catch, aggregated across time by fleet

025 | GlIneLT ml=1e79 Rod_Reel 3 i
0.20
0.15
0.10
s 0.05
§. o T T T T T T T T
E 025+ Longat oNei%Sq 50 100 150 200 250 100 30 400
0.20
0.15
0.10 4
0,05
0.00

100 150 200 m 300 350 400
Length (cm)

length comps, whole catch, aggregated across time by fleet

0z5 | GlIneLd 22 I Rod_Reel 3 REE
020
0.15
0.10
0.05
g 0 T T T T T T T T
& 025+ Rt eN217 S0 100 150 20 250 0 30 400

0.20 +

0.15
0.10 +
005 -
0.00

100150200250300350400
Length (cm)
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Figure 18. Estimated historic trends in spawning stock biomass (upper left), recruitment (upper right), F/Fumsy
(lower left) and B/Bwmsy (lower right) for Model_1 (blue) and Model_2 (red).
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(lower left) and B/Bwmsy (lower right) for Model_1 (dark blue) and Model_2 (dark red), Model_1.1 (light blue) and
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Figure 21. Retrospective analysis for Model_2.1.
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Appendix 4

Ghana data estimations

During the 2009 assessment it was reported that the catch and effort data from Ghana used in the standardization
of CPUE for the gillnet fishery had very different patterns in the relationships between CPUE, trips and number
of canoes when you compared data prior or after 1992. Such differences led the group in 2009 to disregard the
Ghana CPUE data prior to 1992. Such pattern was also seen again when the data were standardized in preparation
for the current assessment (SCRS/P/2016/027).

At the current assessment it was pointed out that the reported catch of Ghana changed greatly prior an after 1992.
Catches from the 1970s contain values five to ten times greater than those after 1992. During the mid 1970s the
Ghana catch represent more than 80% of all Atlantic catch. Such high catches prior to 1992 occurred at a time
when the number of canoes was not very different to levels post 1992, so they cannot be explained by simply the
presence of a larger fleet in the historical period (Figure 1). Furthermore, prior to 1992 the species composition
of billfish landings reported by Ghana is very different to that post 1989 (Figure 2). The post 1989 species
composition is, however, similar to the species composition of the gillnet fishery of neighboring Cote d’Ivoire
(Figure 3), except that Ghanaian catches have relatively more sailfish than Céte d’Ivoire.

All these observations suggest that the Task | reported catch of billfish for Ghana may not be accurate. The Group
recommends that Ghanaian landings prior to 1972 should be reviewed thoroughly, however, the group agreed the
reported catches from task 1 were to be used for the assessment.

The Group, however, estimated an alternative series of Ghanaian landings of billfish for the period 1956-1989 to
be used as a sensitivity analysis. Alternative catches were obtained by estimating an average species composition
of billfish for the period 1990-1999 and calculating the average catch of each billfish per canoe from the data for
that same period. The billfish catch for each year was then calculated as the product of the number of canoes that
year and the average annual catch per canoe for each species.

The alternative catch estimated for Ghana from 1973-1989 (Table 1, Figure 4) is much lower than that reported
to ICCAT in Task | but similar to catches in the 1990s, however, the catch estimated prior to 1973 is significant,
even though no catch was reported to ICCAT. It is important to note that these calculations assume that the catch
composition does not change through time, that annual catch per canoe was constant and that the number of canoes
is a good index of gillnet effort. Nunoo et al. 2015 point out that the Ghanaian fishing fleet existed long before it
started being mechanized in the 1940s, so it is possible that the catches of sailfish extend back to the 1950s and
possibly earlier.
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Table 1. Alternative time series of billfish catch for Ghana gillnet. Catch is calculated as the product of the average
catch per canoe (1991-1999) and the number of canoes. Bold number of canoes are those reported (Nunoo et al.
2015). Other number of canoes were calculated with linear interpolation for years were there was no canoe census.

SAl BUM SWO WHM Canoes SAl BUM SWO WHM Canoes

1955 4800

1956 216 211 55 6 4940 1973 361 351 92 10 8238
1957 223 222 57 6 5080 1974 363 354 93 10 8297
1958 229 217 59 6 5220 1975 366 356 94 10 8355
1959 237 229 60 6 5360 1976 369 359 94 10 8414
1960 241 235 62 7 5500 1977 371 361 95 10 8472
1961 257 250 66 7 5859 1978 354 345 91 10 8089
1962 272 265 70 7 6217 1979 337 329 86 9 7705
1963 288 281 74 8 6576 1980 321 312 82 9 7322
1964 304 296 78 8 6935 1981 304 296 78 8 6938
1965 319 311 82 9 7293 1982 315 307 81 9 7193
1966 335 326 86 9 7652 1983 326 318 84 9 7448
1967 351 342 90 10 8011 1984 337 329 86 9 7704
1968 367 357 94 10 8369 1985 349 339 89 10 7959
1969 382 372 98 10 8728 1986 360 350 92 10 8214
1970 377 367 97 10 8606 1987 357 348 92 10 8160
1971 372 362 95 10 8483 1988 355 346 91 10 8106
1972 366 357 94 10 8361 1989 353 343 90 10 8052
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Figure 4. Reported Task | catches of Ghana gillnet (red) and alternative catch for 1956-1989. Alternative catch
developed as the product of the number of canoes and the average catch per canoe for 1990-1999.
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Appendix 5
Bayesian surplus production models in the East

For the eastern Atlantic population, Bayesian production models were run using both the BSP model that is
cataloged in the ICCAT catalog of methods (BSP-VB, Babcock 2007, McAllister and Babcock 2003) and a
JAGS version of the same model based on Millar and Meyer (BSP-JAGS, Meyer and Millar 1999). The JAGS
version differed from the Millar and Meyer formulation in that it included a boundary condition by which
combinations of parameter values that caused the biomass to be lower than the catch in any year were down-
weighted in the likelihood. This was implemented using the ones trick (Lunn et al. 2013). The BSP-VB model
similarly throws out parameter draws that crash the population.

The BSP-VB did not converge at all for the series weighted models, since the percent of the importance weight
on a single draw was larger than 0.5%. For the other models, the convergence diagnostics were adequate, but the
Hessian estimates of variance and covariance were not believable (Table 1). The catch weighting series put very
high weights on the Japanese longline series, and then on the Ghana series (Figure 1). The models appeared to
fit the CPUE series fairly well (Figure 2). However, the posterior distributions of both r and K were nearly
identical to the prior (Figure 3) implying that the data did not provide any information on the values of the
parameters. Because of the very wide posterior distribution of K, the population was estimated to be very large
and not heavily fished (Figure 4).

The JAGS models applied to the same datasets had much better convergence diagnostics (Table 2). Except for
the runs with catch weighting, all the runs estimated posterior distributions of r that were higher than the prior
(Figure 5). The posteriors of K were fairly well estimated.
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Table 1. Convergence diagnostics for BSP-VP models. The percent maximum weight diagnostic should be less
than 0.5. The Hessian variance of K should be large (i.e. 1000s).

Diagnostic E-up-equal E-up-catch E-up-series E-down-equal E-down-catch E-down-series

% max wt 0.49 0.02 49.82 0.29 0.09 45.00
var(K) 3.98E-03 9.97E-07 8.80E-17 9.55E-17 5.08E-02 9.52E-17

Table 2. Convergence diagnostics for the BSP-JAGS runs in the Eastern Atlantic.

Number Description Rhat  n.eff converged
1a E-up-equal wt 1.01 1800 yes
1b E-up-catch wt. 1.00 920  yes
1c E-up-series wit. 1.02 200  yes
2a E-down-equal wt. 1.12 180  yes
2b E-down-catch wt. 1.00 1300 yes
2 E-down-series wt. 1.00 990 vyes
3a E-down-equal-2 GHN 1.01 1500 yes
3bh E-down-equal-GHN2  302.75 2 no
1d E-up-prior.3 1.61 6 no
2d E-down-prior.3 1.15 35 yes
1e E-up-Bo=K 1.01 230  yes
2 E-down-B0=K 1.00 900 vyes
1f E-up-low process 1.04 99 yes
19 E-up-no process 8.08 2 no
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Appendix 6
Demographic estimate of r

For the Bayesian production models used in the 2009 assessment, the prior for the intrinsic rate of population
growth (r) had a mean of 0.3, implying a moderately productive stock. Carruthers and McAllister (2010) used a
demographic method to estimate a prior distribution of r, and found a mean value of 0.08, implying the
population was less production. There have been some updates to the demographic information for sailfish since
the last assessment. Therefore, the working group used the Carruthers and McAllister method with the updated
values of the biological parameters (Table 1) to produce a new demographic prior for r.

The demographic method uses estimates of the survival to each age (l.), and the fecundity at each age (m,) to
calculate the population growth rate at low population sizes (r), using the Euler-Lotka equation. Assuming the
natural mortality (M) is constant, the survival to each age is calculated as exp(-Ma). Fecundity at age is
calculated from the fraction mature at age times the weight at age (calculated from length at age) times the
expected number of age 1 recruits per kg of SSB at low population size, which is calculated from steepness. The
life history parameters at age calculated from the mean values of the parameters shown in Table 1 are shown in
Figure 1.

A Monte Carlo method was used to develop a prior distribution for r. Each input parameter was given a
distribution (Table 1), with the mean agreed to be the working group, and a distribution and variance that gave a
reasonable range of values. Values of each input parameter were drawn from the specified distributions (Figure
2), and each set of parameters was used to calculate r. The resulting distribution of r values (Figure 3) is well
described by a lognormal distribution with a mean of 0.45 and CV of 0.30. This implies a much more productive
stock than was assumed in the 2009 assessment.

The Euler-Lotka method gives a value of r as an instantaneous rate. For models that use an annual time step, the
mean value of r would be exp(0.45)-1=0.57.
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Table 1. Parameters used in the demographic analysis of r.

Parameter | mean cv | distribution Source Description
M 0.35 0.2 norm working group | Natural mortality (1/year)
Linf 206.8 | 0.05 norm working group | Von Bertalanffy Asymptotic length
K 0.36 0.05 norm working group | Von Bertalanffy growth parameter
t0 -0.24 0.05 norm working group | Von Bertalanffy age at zero length
1.00E-06 | O fixed manual Weight at length parameter
3.2683 0 fixed manual Weight at length parameter
0.7 0.2 beta SS model Steepness h=0.2 + 0.8 Beta()
a50 3 0.1 norm SCRS/2015/SAIl | Age at 50% maturity
dos 3.4 0.1 norm SCRS/2015/SAl | Age at 95% maturity
amax 12 0 na manual Maximum age
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Figure 1. Length (L), weight (W), natural mortality (M), survival to age (l,), maturity (G), and fecundity at
age(m,), at mean values of the input parameters.
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Figure 2. Distributions of parameters used in the demographic analysis.
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Figure 3. Histogram of r from Monte Carlo simulations. Red solid line is a lognormal distribution with the same
mean and variance, used as a prior forr.
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