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REPORT OF THE 2009 SAILFISH ASSESSMENT
(Recife, Brazil, June 1-5, 2009)

1. Opening, adoption of Agenda and meeting arrangements

Dr. Fabio Hazin, Chairman of the Commission, and Dr. Sergio Matyos, of the Brazilian Special Secretariat for
Aquaculture and Fisheries, welcomed participants and offered to do anything necessary to facilitate an efficient
meeting. Dr. Victor Restrepo (ICCAT Secretariat) thanked the Brazilian hosts for the excellent arrangements
made for the meeting.

The meeting was chaired by Dr. David Die (USA). Dr. Die welcomed Working Group participants and reviewed
the objectives of the meeting in the context of the work-plan for the billfish species group (Appendix 4). The
Agenda (Appendix 1) was adopted with a minor change in the order of items. The List of Participants is
attached 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

1,8 V. Restrepo

2 C. Wor, F. Arocha, M. Ortiz, G. Diaz

3 D. Die, V. Restrepo

3.1 E. Prince and F. Hazin

32 M. Ortiz, V. Restrepo, H. Andrade, D. Die,
33 G. Scott, P. Goodyear, F. Arocha

4 P. Goodyear, J. Hoolihan

5-7 D. Die

2. Update of data for assessment
2.1. Catch estimates

The group spent considerable effort to split historical SAI/SPF catches into the two species for those fleets that
required it because for many years they reported sailfish and spearfish together: Japan, Korea and Chinese
Taipei. Analyses were conducted on the proportion of sailfish in the sailfish/spearfish aggregate reported by
scientific observers for all longline fleets. Although sailfish and spearfish spatial distributions broadly overlap,
there are significant differences in relative concentrations by location and fleet (Figures 1-3). Inspection of the
proportion of sailfish indicates that sailfish represent higher proportions of the total along coastal areas and in the
tropics, while spearfish proportions are higher in mid-ocean to the north and south of the tropics.

Ratios of sailfish counts versus the sum of sailfish and spearfish counts from observer data by 5 degree grid have
a very uneven distribution in time, space (Table 1) and between fleets (Figures 1-3). The same can be said about
the relative distribution of longline catch of the aggregate of sailfish and spearfish (Table 2). A review of the
ratio of observer counts per reported ton caught by 5x5 degree square showed also an unbalanced distribution
(Table 3). Most of the equatorial areas have larger number of observer counts per ton, while the temperate and
higher latitudes have very few observations relative to the catch of sailfish and spearfish (Table 3). A binomial
model (Appendix 5) was used to smooth these differences and obtain predictions of the proportion of sailfish for
each location where some data were available for a given fleet. Such model predictions reflect the effects of the
factors incorporated in the model, fleet, quarter, area (coastal/equatorial, or elsewhere) and distance from the
equatorial convergence zone (3 degrees North). Predictions by quarter can only be made for those fleets where
data by quarter is available, namely USA, Taipei, Spain, Venezuela and Brazil. In the case of the Japanese fleet,
and because the only data available to the group for such fleet is aggregated for the entire year, predictions are
made for the entire year and not by quarter. For a given fleet these predictions were only made for the grid and
quarter combinations for which there were at least 20 observations for a given quarter.

In order to develop predicted ratios for quarter-grids were no observer data was available a combined ratio was
calculated for each grid. This combined ratio was calculated as the average of the model predictions available for
such grid from all fleets and all quarters. This ratio therefore represents an average of the predictions for a grid
and does not vary with quarter. For the Korean fleet only these ratios are used. For those grids were there were

1



no predictions available because there was no observer data for any fleet, an average of the neighboring cell-
ratios was used. Any grid at latitudes greater than those in the matrix (~50 degrees) are assumed to have 0%
sailfish.

The resulting ratios were then used to separate the catches of sailfish and spearfish for the fleets that had reported
them as combined (Table 4).

The Secretariat updated the Task I sailfish/spearfish dataset up to 2007 based on the latest reported data and the
catches of longliners calculated during the meeting. For those fleets that had recent catches but no reported catch
for 2007, the group decided to use the average 2004-2006 catch. The resulting catches by flag and stock (Table
5) were used in the assessment.

2.2 Biology
Sex ratio

New information on the seasonality of sex ratio-at-size was presented for the western central Atlantic from the
Venezuelan pelagic longline fishery and the artisanal drift gillnet fishery (SCRS/2009/025). The overall sex ratio
of sailfish caught by the two Venezuelan fisheries was 0.346, indicating a strong dominance by males. Seasonal
(quarterly) sex ratio by size for the combined fisheries throughout most of the season was at its lowest for sizes
<165 cm LJFL. Sex ratio at size increased steadily up to 185 cm LJFL, where it levels or stops at 0.75, for
sizes >165 cm LJFL. Seasonal (quarterly) sex ratio by size and by fishery displayed different trend patterns. In
the pelagic longline fishery the trend reversed in comparison to the combined fisheries trend and that of the
artisanal fishery. Males were more dominant at larger sizes (>170 cm LJFL). It can be concluded that the
findings presented in relation to the proportion of female-at-size suggests that fishing mortality may differ by
sex, dependent on gear and season, but its patterns are not yet fully understood.

Tagging data

SCRS/2009/47 presented an update on the US conventional tagging data for the Atlantic sailfish, spanning over
55 years, comprising 92,201 tagged sailfish and 1,896 recaptures. No trans-Atlantic or trans-equatorial
movements were registered, suggesting that sailfish in the western North Atlantic have a rather coastal
distribution with no evident movement to the eastern Atlantic and South Atlantic Ocean.

Depth and temperatures preferences based on data from PSAT tags were presented for both western North and
South Atlantic Ocean (SCRC- 2009/048, and SCRS- 2009/063, respectively). Data from the western North
Atlantic referred to 16 sailfish tagged in the southern Gulf of Mexico and the Straits of Florida. The results
demonstrated a close association of sailfish with the warm shallow layers (<20 m), although presenting
numerous repeated short-duration vertical movements below the local thermocline to depths of 50-150 m. The
PSAT temperature data showed that sailfish spent over 90% of their time in waters ranging from 25°C to 29°C.
The information obtained from two sailfish tagged in the western South Atlantic, off the Brazilian southeast
coast, showed a similar pattern to those tagged in the North Atlantic; that is, both fish spent most of their time in
the upper ten meters, displaying occasional deep dives.

Behavior

A reference paper (Mourato et al., in review) presented a Generalized Regression Analysis and Spatial
Prediction (GRASP) model, applied to catch and effort data from the Brazilian tuna longline fleet (1998-2006)
and size (lower jaw-fork length) data from ICCAT. The results suggested that the spatial catch probabilities are
related to distance from coast; and, that larger specimens are more frequent to the west of 40°W, as well as to the
east of 25°W. The largest proportion of the sailfish caught off the Brazilian coast, from 25°W to 40°W, is
comprised of individuals <155.0 cm LJFL.

2.3 Catch rates and Relative Abundance Estimates

Three documents were presented to the Group that were related to catch rate issues but did not provide estimates
of indices of abundance. These are described below.



Document SCRS-09-048 presented the characterization of sailfish habitat utilization based on data collected
from 16 PSATs deployed in the southern Gulf of Mexico between 2005 and 2007 aboard a commercial longline
vessel. The results indicated the sailfish were primarily associated with surface waters less than 20 m depth. But,
they exhibited numerous repeated vertical movements below the local thermocline to depths of 50-150m. These
results indicated that sailfish vertical distribution coincides with the depths fished by shallow-set pelagic
longlines and that the repeated deep dives may still allow for interactions with deep-set longlines to occur.
However, the Group discussed that because the data was collected from short-term deployments (10 days), the
results might not fully reflect normal sailfish behavior. It has been suggested that after a catch-release event
sailfish behavior may be erratic for up to 10 days.

Document SCRS-09-049 applied a habitat-based standardization methodology (statHBS), which is based on
assumptions about temperature preferences of species and the depth distribution of longline hooks, to develop
relative abundance indices of sailfish based on US longline observer data. Inspection of the observer data
indicated that sailfish were almost never caught by the US longline fleet east of 73°W and declined rapidly at
surface temperatures less than 24°C. Most encounters by the US longline fleet were along the eastern coast of
the US and in the Gulf of Mexico. The analyses of catch per unit of effort were restricted to those areas and to
the months when sea surface temperature was =24°C. The time series of observer data available for analysis was
from 1992 to 2006, with preliminary data from 2007 also available. The statHBS methodology is based on
matching preferred habitat variables for the species to the depths of the longline hooks recorded in the longline
observer database. Observed temperatures occupied by sailfish from PSAT data were used to form priors of their
habitat preferences. The CPUE fitted with statHBS was similar to the nominal CPUE. Both series showed wide
variation in relative abundance that was probably a result of low sample sizes and annual variations in the
distributions of the fishery, as a result of time-area closures implemented in 2001. More detailed computations of
hook depths and spatial treatment may improve the results, but the paucity of the data suggests this may not lead
to useful results.

Document SCRS-09-051 analyzed billfish catches obtained during a survey conducted on the Spanish
commercial surface longline in which three types of hooks and two types of baits were tested in the inter-tropical
areas of the Atlantic using 263,210 hook-bait observations. The catch rates and proportion of positive sets were
analysed using a GLM (Delta-lognormal) at the species level. Zone was the most important factor (alone or in
interaction with others) in explaining the catch rates and/or the proportion of positive sets of most billfish species
caught. The factors tested (hook and bait) were not significant for any of the billfish species. Despite the lack of
significance found for both factors, the results suggest that alternative hooks could produce changes in the mean
CPUE of billfish of between —13% and +9% depending on the species and hook type used. The alternative bait
(squid) might also produce changes in mean CPUE from around —7% to +18%. The interaction between the
alternative hooks and bait could lead to changes in mean CPUE of between —24% to +45% depending on the
combination of both factor and species considered. The model assumed was appropriate for both BUM and SPF
but for other billfish species alternative error distributions could be explored. The selection of the area and the
experimental design could play a decisive role when predicting the advantages or disadvantages of using certain
elements in a fishing gear, particularly in the case of species with low prevalence in which the proportion of zero
observations tends to be high.

Relative abundance estimates

Document SCRS-09-032 presented standardized catch rate from the Cote d’Ivoire artisanal fishery. This
artisanal gillnet fishery was very active between 1988 and 2008 and landings include large tuna, tuna like,
billfishes and swordfish. A generalized linear model was used to provide standardized CPUE indexes for

Atlantic sailfish. The model included three explanatory factors, namely “year”, “month” and “quarter” with
interaction between them. The standardized CPUE, for the period considered, showed a strong downward trend.

Document SCRS-09-054 presents the updated version of the analyses of the Senegalese artisanal fishery that
were presented originally during the 2008 sailfish data preparatory meeting. It contains estimates of relative
abundance indices for the period (1989-2006) and suggest a slight downward trend in abundance albeit in the
presence of high inter-annual variability.

Document SCRS-09-033 presented standardized catch rates from the Venezuelan pelagic longline fleet (kg/1000
hooks) estimated using data collected by scientific observers. The period covered by the index was 1991-2007.
The standardization procedure used a GLM model with a delta-lognormal error assumption. Variables included
in the analysis were year, vessel, area, season, bait, and fishing depth. The estimated index showed a declining
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and highly variable trend from 1991 through 2001, when it reached the lowest value of the time series, and a
clear increasing trend from 2001 through 2007.

Document SCRS-09-045 presented standardized CPUE estimates for the US pelagic longline fleet for the period
1986 through 2008. Standardization was performed using a GLM approach assuming a delta lognormal error
distribution. Separate models were fitted to the proportion of positive sets (proportion of longline fishing sets
that caught at least one sailfish) and the catch rate of positive sets. Standardization procedures included the
variables location, season, and year. Other variables that were included to reflect different fishing practices were
hook type, number of lightsticks, target species, mainline length and a categorical classification of US vessels
based on a predefined set of variables (e.g., size and type of vessel, area of operation, etc.). Indexes of abundance
were estimated from mandatory logbook records (in number of fish and weight / 1000 hooks) and from data
collected by scientific observers (weight / 1000 hooks). All three indexes showed similar trends with a decline
from 1992 through about 2005 and an increase in the last 2 years of the time series. It was indicated that in the
last 2 years the US greatly increased the observer coverage in the Gulf of Mexico to 75-80% (of the number of
fishing sets). Therefore, the increasing trend observed in those 2 years could be an artifact reflecting better
coverage and reporting.

Document SCRS-09-046 presented standardized indexes of abundance for the US recreational fishery estimated
from 1) fishing tournaments during 1973-2008 (RBS), and 2) a data collection survey of recreational fisheries
during 1981-2008 (MRFSS). Catch rates were estimated as the number of fish / 1000 fishing hours. Only data
from tournaments targeting sailfish using live bait were used in the estimation of catch rates. A GLM approach
was used and the variables included were year and season. Location was not included because all tournaments
were located in the same US domestic management area (Florida East Coast). Because more than 95% of the
records (catch and effort per day) showed catches of sailfish, only one model was fitted (catch rate) assuming a
lognormal error distribution. In the case of the index estimated from the data collection survey, a GLM assuming
a delta lognormal error distribution was used. Separate models were fitted to the proportion of positive trips
(proportion of recreational fishing trips that caught at least one sailfish — binomial error distribution) and the
catch rate of positive trips (lognormal error distribution). The variables included were area, season, type of trip,
and inshore vs. offshore waters. Although both indexes were estimated using data covering different geographic
ranges and data collection systems, they showed remarkably similar abundance trends. The lowest value of both
indexes corresponded to year 1982 and an increasing trend was observed from 1982 through the late 1990s. A
sharp drop was observed in the period 2000-2001 and an increasing trend since then.

Document SCRS-09-066 presented standardized catch rates for the Brazilian longline fishery for the period
1978-2008. A GLM approach with a delta lognormal error assumption was used to estimate two standardized
indexes. Both indexes included the factors year, area, and quarter in the standardization procedure. One index
also included a ‘target’ factor estimated through cluster analysis. Both indexes showed similar trends but the
index that included the factor ‘target’ was much more variable. For that reason, in the assessment, the Group
decided to use the index without the ‘factor’ target.

Document SCRS-09-067 presented standardized CPUE of sailfish caught by Japanese longliners in the Atlantic
updated to 2007. The sensitivity test of Habitat model for the vertical distribution pattern of sailfish revealed that
the model was very robust for the change of distribution probability in shallower layers but sensitive to the
change in deeper layer. The result by GLM approach in off Africa area was similar to the one by Habitat model
with swordfish vertical distribution pattern was applied as sailfish one. As this hypothesis is unrealistic, the
result by GLM approach supposed to be biased.

The group thought that the lack of an uninterrupted time series of relative abundance for the Japanese longline
and the Chinese Taipei longline would difficult assessments. Thus an attempt was made to calculate such indices
during the meeting by analyzing 5x5 CATDIS data available at ICCAT (Appendix 6). The group reached the
same conclusion regarding the lack of an index for the Ghanaian fishery, and similarly decided to make an
attempt to use the available data at the meeting to develop an index for such fishery (Appendix 7).

The final list of indices of abundance (Table 6) that were available to the Group included those reported earlier
in this section plus a few available from previous assessments: the Venezuelan recreational (SCRS/2000/075),
Japanese longline (SCRS/2001/149) and Chinese Taipei (SCRS/2001/025) from the 2001 assessment, and the
Venezuelan Gillnet (SCRS/2008/040) and Brazil sport (SCRS/2008/081) from the 2008 data preparatory
meeting. Annual values for each index are available on Table 7 and Table 8 and are displayed in Figure 4.



Calculation of Combined Indexes of Abundance

The combined indices were estimated using a GLM approach assuming a log-error for the CPUE and the factors
included in the model were ’fleet’ and ‘year’. Final estimates were obtained by back-transforming the least
square means (LSMEANS) and correcting for bias using the standard error of the final model. Three alternative
combined indexes were estimated: 1) un-weighted, 2) weighted by the annual catch of each fleet, and 3)
weighted by the number of 5x5 degree grids fished by each fleet in each year. Combined indexes of abundance
were estimated for the western and eastern stocks, respectively.

Western stock

The indexes used for the western stock were the JPN LL-1, JPN LL-2, TAI LL-1, TAI LL-2, TAI LL-3, US RR-
RBS, US LL-PLL (kg), VEN RR, VEN GIL, VEN LL, BRZ RR, and BRZ LL.

In the case of the recreational fisheries of Brazil and the US, catches of 0.1 MT were assigned for those years
when recreational catches were not included in the Task I table (Brazil 1996-2007 and US 2003-2007). The
number of 5x5 degree grids fished by each commercial fishery was obtained from CATDIS, which provides the
catch of each fleet by grid and by quarter. For each fleet, the quarter with the largest number of grids fished was
identified for each year and that number of grids was assigned to the entire year.

In the case of the Brazil longline fishery, which had no information in CATDIS for the last six years of the time
series (2003-2008), the average number of grids fished during the period 2000-2002 was assigned to the missing
years. For the recreational fisheries the Group used a number of grids estimated using the knowledge and
experience of national scientists. The number of grids for the Brazil, Venezuela, and US recreational fisheries
were estimated to be 2, 4, and 5, respectively. The estimated combined indexes of abundance are shown in Table
9 and Figure 5.

Eastern stock

The combined index for the eastern stock was estimated using the indexes CIV GIL, GHN ART, SEN ART, JPN
LL-1, and JPN LL-2. Combined indexes were estimated using the same statistical models and weighting
schemes used for the western stock and are shown in Table 9 and Figure 5.

3. Assessment

The group agreed to use several methods, focusing primarily on production model analyses. Several variants of
these were used: ASPIC (Prager, 1994, assuming a Schaefer production function), Schaefer-type and Fox-type
models programmed in EXCEL, and a Bayesian Schaefer-type model (Andrade and Kinas 2007). In addition,
there were other analyses with less data demands: Two analyses based on CPUE trends (without taking catch
into account), and an analysis of trends in mean sizes and the spread of size distributions.

3.1 Stock structure: alternative scenarios

The initial analyses for defining Atlantic sailfish stock structure were first conducted at the Second ICCAT
Billfish Workshop in Miami, FL, in 1992 (ICCAT 1994, Orbesen et al. 2008). At this meeting, the billfish
working group examined three kinds of data for this purpose: genetic analyses (Graves and McDowell (1994),
tagging data (Bayley and Prince 1994), and average size of the landings in the western and eastern Atlantic
(ICCAT, 1994). There were no indications of multiple genetic stock structures, nor were there tag recapture
evidence indicating trans-Atlantic or trans-equatorial movements. However, the 1992 billfish working group did
find that there were highly significant differences in average size (in length, lower jaw fork length, cm) of
sailfish landings between east/west and thus a east/west management unit was considered appropriate at that time
(ICCAT, 1994). There was a recommendation during the current meeting that these three protocols might be a
basis for choosing alternative stock structure hypotheses provided time constraints permit this option.

It was concluded that for consistency/continuity with past sailfish assessments, the working group, at a
minimum, should proceed under a two stock structure hypothesis; i.e. West and East Atlantic. Discussions on
possible exploratory runs with alternative stock structure hypotheses were discussed and most of the comments
had a caveat that in a 5 day assessment meeting, it was unlikely that the working group would have time to make
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additional runs. Opinions ranged from recommending no exploratory runs to running a possible South West or
East/South West aggregate alternative (because of the geographical proximity of the eastern tip of Brazil and
West /Africa).

Orbesen et al. (SCRS2009/047) updated conventional tagging data on sailfish and pointed out that even though
conventional tag deployments for sailfish were nearly twice as high as any of the other major target species
(almost 100,000), no trans-Atlantic nor trans-equatorial movements have been documented over the past 55
years. Given the total number of deployments and sailfish having the highest recovery rate among istiophorid
billfish (second highest recovery rate among target species), the fact that sailfish are the only target species that
has not had a documented trans-Atlantic nor trans-equatorial movements was significant. Orbesen et al.
(SCRS/2009/047) suggested that this further demonstrates the more coastal distribution of this species compared
to the marlins and spearfish. The longest confirmed sailfish displacement movement was about 2,100 nautical
miles (Orbesen et al. SCRS/2009/047), so this species can move long horizontal distances but the exact route of
this movement cannot be determined with conventional tagging. SCRS/2009/047 also offered other insights on
data that might be considered in selecting alternative stock structure hypotheses. For example, it was pointed out
that the eastern edge of the hypoxic plume that extends eastward off the west African coast (Prince and
Goodyear, 2006) comes within 148 nm of coastal Brazil and thus this dominant oceanographic feature might be
shared between the these two groups of sailfish (SW and E). The authors felt that this might support combining
these groups. In addition, the geographical proximity of Brazil to the west coast of Africa (about 1,500 nautical
miles) suggests it might be more likely that sailfish trans-Atlantic movements could eventually be documented
with sufficient tag release efforts, rather than from the western north Atlantic to the African coast (~ 3,500
nautical miles) or to the south Atlantic (about 3,000 nautical miles). Mourato et al. (SCRS/2009/067) reported on
2 PSAT deployments off southern Brazil and also hypothesized that trans-Atlantic movements of sailfish might
be most probable between Brazil and west Africa, although the tracks of these fish did not necessarily support
such movements. Mourato et al., (in review) discussed their findings and found that sailfish in the east Atlantic
off the west coast of Africa were larger than those in the SW Atlantic off Brazil. These findings confirm
previous reports that eastern Atlantic sailfish landings are larger than in the western Atlantic (Beardsley 1980,
ICCAT 1994, Prince and Goodyear 2006).

At the end of the discussion, the working group felt that an alternative to the currently accepted two-stock
east/west scenario would be to consider two stock scenario but with a Northwest stock and a South & East stock.
Nevertheless, due to time constraints, it was decided that alternative hypotheses should only be made after the
initial model runs were done if time allowed it. At the end, there was no time available during the meeting to
conduct assessments for the later scenario.

3. 2. Production model assessments

Production models were fitted with ASPIC, to Schaefer-type and Fox-type models programmed in EXCEL, and
to a Bayesian Schaefer-type model (Andrade and Kinas 2007). A large number of different combinations of
models and relative abundance sets were fitted by various scientists present at the meeting. After all results were
made available, the group jointly developed a synthesis of production model results.

3.2.1 ASPIC model runs

Production models were fitted for the eastern and western Sailfish stock units using different combinations of the
available indices of abundance and different versions of the ASPIC package. All runs were conducted with
different versions of ASPIC 5. Details of the many combinations of indices attempted are presented in Appendix
9, but they ranged from using only combined indices developed by the group to using combinations of single
indices. Cases that used combinations of indices varied from those cases that used all available indices, to some
cases where only the indices of certain type of fishery were used (only longline indices, only artisanal etc...).
Some cases used different versions of a given index, such as the different versions of the Japanese longline index
or the US recreational indices. All together there were 9 cases considered for the east and 15 for the west. Many
of the estimations used the standard FIT procedure in ASPIC but others did provide bootstrapped estimates.
Iterative reweighting was only attempted in two cases. In all cases it was necessary to constraint the initial
biomass to K for ASPIC to converge. Initial parameter guesses were provided for the carrying capacity K, MSY,
and the catchability (q) coefficients for each index series used.

Results of the various fits were very variable, especially for the Eastern stock were the number of data series is
smaller and their historical extend is shorter. Management parameters (MSY, Biomass ratios and Fishing
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mortality ratios) and population productivity parameters (r and K) showed great variation among cases. For both
stocks, however, there were cases that produced parameter estimates that were not likely to be plausible,
indicating that certain combinations of abundance indices do not contain enough information for a reasonable fit.

If one uses the bootstrap estimates of parameter uncertainty to evaluate the quality of the fit it is clear that those
cases that have less uncertainty in the estimates were obtained when all available indices were used without been
combined into a single index (Figure 6 and Figure 7).

The resulting biomass and fishing mortality patterns predicted by these fits vary greatly and sometimes indicate
severe depletion of biomass whilst others suggest little effects of fishing. The same can be said about fishing
mortality with some cases indicating large increases leading to strong overfishing whilst others do not (Table
10).

Estimates of current stock status are generally highly uncertain for any given case, as shown by the distribution
of estimates produced by the bootstrap for the most recent values of fishing mortality rates and biomass (Figure
8), and the estimates of recent biomass and fishing mortality ratios are highly correlated. Also correlated are the
estimates of Fmsy and Bmsy (Figure 9).

3.2.2 Effects of down-weighting of historical data and of the choice of surplus production function

The effect of downweighting the earlier CPUE data in the production model using the combined index was
examined by implementing a production model in EXCEL. The combined index (obtained by weighting the
available series in proportion to their catch) was used in the production model, with equal weights by year in one
case, and with a tri-cubic downweighting of the data in the other case. The corresponding weights in a given year
(y;) were either equal to 1.0, or given by:

W) = [1 - {(2007 - Yi)/47}3]3

The effect of model choice was examined by fitting either a Schaefer or a Fox-type model:

Byyy =B, + 1B, (1 - %) — C; for the Schaefer model, and

B.y; = B, + 1B, (1 - %) — C; for the Fox model.

In all cases, the initial (1956) biomass was assumed to equal K (Figure 10 and Table 11). Not surprisingly, for a
given surplus production function, results obtained with the down-weighted CPUEs were more optimistic than
were those obtained with equal weighting. And, generally, for a given choice of weights, the Fox model gave
more optimistic results. The only exception to this was the current ratio of F/F, estimated with the Fox model
with equal weighting, which was higher than the same ratio estimated with the Schaefer model (5.40 vs 4.25).

During discussion, the Group noted that production model fits obtained with downweighting historical data and
using a single CPUE index were similar to the fits obtained using multiple indices with equal weighting. This
phenomenon has been observed with other assessment tools as well.

3.2. 3 Bayesian production model

A Bayesian production model, as described in Appendix 8, was applied to combined indices weighted by catch.
After some discussion two priors (informative and non-informative) were built using multivariate student
distributions. Marginal densities of the priors used in both Bayesian models for the west and east Atlantic are
shown in Figure 11.

Preliminary results showed that the mixed importance functions obtained using adaptive importance sampling
(AIS) were similar to the posteriors as indicated by entropy calculations. Empirical distributions, as obtained
using SIR after the AIS approximation to the posterior, showed to be different than the priors. This was
encouraging in the sense the data appears to be somewhat informative. Nevertheless, the fit of models as
evaluated by comparing the observations and the predictions were very poor. The model was not able to track
down the indices for the early years. Therefore the group decided to also try the following weighting function in
order to assign heavier weights to indices for recent years:
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where Y is the vector with the years, Wi is the weight for the i year and Nis the number of years that has
information about the index of abundance. The results obtained with the weighting function were similar to those
gathered by not using it, hence only the results as calculated with the original indices are shown here.

West

Fittings of the models are poor to the large indices observed in the early years and the decrease in the 1970's no
matter if a penalty function was applied (Figure 12). Biomass decreases since the very beginning of the data
series. Finally linear models fitted to the predictions for the more recent years suggest negative slopes though the
slope of linear models fitted to observed indices are close to zero.

A summary of the parameters and of reference points as calculated using the posterior estimations are in Table
12. All estimations points to pessimistic scenarios. If we rely on the median estimations (50% quantiles) the
actual biomass is close to half the By, while the catch in the last year of the time series is 1.3 times the catch in
the MSY. Nevertheless, one might keep in mind that those estimations are from a model that do not fit well the
observed data.

East

Fittings of the models are poor just like in the analysis for the west Atlantic. The large indices and variability
observed in the early years cannot be fitted by the model (Figure 13 - left panels). Biomass decreases since the
very beginning of the data series. Finally linear models fitted to the predictions for the more recent years tends to
be negative though the slope of linear models fitted to observed indices are close to zero.

A summary of the parameters and of reference points as calculated using the posterior estimations are in Table
13. All estimations points that depends on biomass estimations are even more pessimistic than those gathered for
the west. If we rely on the median estimations (50% quantiles) the actual biomass is close to 0.15 times Bmsy.
Although the catch in the last year of the time series analyzed (2007) is bellow the Cmsy but, notice that most of
the catches in the last decade were larger than Cmsy. Like in the analysis for the west, one might keep in mind
that those estimations are from a model that do not fit well the observed data.

3.2.4 Summary of production model analyses

Examination of the estimates of r and K for the different cases suggested that not all cases provided satisfactory
fits. Three cases in particular produced results that are clearly no plausible, cases O3, O4 and O11 with the first
two estimating r values of 4.0 for the eastern stock and the last one a carrying capacity of close to 900,000 tons
for the western stock. These cases are not considered in further analyses. Of the remaining cases some produced
parameter estimates that also were unlikely to be plausible. To identify such cases the values of r and K for all
production model fits were plotted together (Figure 14). Most estimates line up along a curve of the type shown
in the estimates obtained through bootstrapping an individual case, but a few clearly depart from such pattern.
Cases G3, G4 for the east and G1 and W3 for the west produced estimates of r less than 0.01 and case O2 and
the tri cubic Fox EXCEL fit for the west produced r values greater than 0.9. These six cases were also not
considered in subsequent analyses leaving a total of six useful cases for the Eastern stock and nineteen for the
western stock.

It is important to note the type of parameter/model combinations that these excluded cases represent (Table 14).
In general, ASPIC, had difficulty fitting to the combined indices for the eastern stock and tended towards a
solution with very low r, often smaller than 0.01. As expected, the Bayesian production model was able to
provide solutions with more reasonable values of r, in spite of the fact that it did use the combined index for the
east. Although a similar thing was observed for a few of the cases that used the combined indices for the west,
most often than not ASPIC was able to find reasonable solutions when combined indices were used for the
western stock. In those cases where only one type of fleet index was used, (such as only recreational indices or
only longline indices in the west), again ASPIC tended not to converge to reasonable solutions. In summary,
simple production models, such as ASPIC or the EXCEL implementation developed by the group successfully
provided estimated of population parameters for many, but not all cases where different combination of indices
were attempted. On the other hand, the Bayesian production model, provided more consistent results, most likely
helped by the establishment of reasonable, albeit not always informative, priors for these population parameters.
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Still, it is clear that the choice of indices used often changed the estimates of production model parameters
including those that have management implications such as the ratios of biomass and fishing mortality that
inform us about present stock status.

Once these non-plausible solutions are excluded from the analysis a clearer picture appears on the condition of
these stocks. First, the group examined the uncertainty associated with process error: here considered only as the
choice of production model (ASPIC, EXCEL or Bayesian) and relative abundance index (Figure 14). There is
large uncertainty in the values of r for both stocks, but there is a tendency for those of the eastern stock (0.1-0.6)
to be greater than those for the western stock (0.02-0.3), suggesting that the stock off the coast of Africa is more
productive. This is consistent with other observations related more directly to productivity (Goodyear and Prince
2006). The range of sizes of the virgin stock is also wide, from 20,000 to 60,000 tons, however, it is not clear
whether the eastern stock is larger than the western stock.

The estimates of MSY and K are strongly correlated for the different cases of the eastern stock (Figure 15). This
probably reflect the fact that there are fewer number of indices for the east and those available are often shorter
in time, therefore there was less of an opportunity to establish different hypotheses (thus the reduced number of
ASPIC cases) for the east. All cases attempted are therefore finding maxima of the likelihood along a ridge of
the response surface that really has no clear overall maximum. The MSY estimates obtained for the eastern stock
range from 1,300 to 2,500 tons. Estimates of MSY and K for the western stock are more variable. K has a similar
range than that for the east, but MSY estimates are lower, varying mostly from 500 to 1,200 tons but with two
low estimates of 100 and 300 tons respectively (Figure 15).

All except one of the estimates of the recent biomass ratio (Bygos/Bmsy) and fishing mortality ratios (B2gg7/Bmsy)
for the eastern stock indicate overfishing is taking place and the stock is overfished (Figure 16). For the western
stock results are again more variable, with 9 cases indicating that there is overfishing and that the stock is
overfished and 7 indicating that there is either no overfishing, or that the stock is not overfished or both (Figure
16). In general the most pessimistic cases in the west are those that used combined indices, and those that are
more optimistic those that used various combinations of single indices.

To examine the uncertainty associated with “observation error” the group used the results of the bootstrapped
estimations from ASPIC and the posterior estimates from the Bayesian model. Estimates of uncertainty for
model parameters are also greater for the eastern stock than for the western stock, but they remain large for both
(Tables 10, 12 and 13). For example, the ratio of Byyos/Busy estimated from the Bayesian model with informative
priors for the Eastern stock and with a combined index was 0.15, but 25% and 75% percentiles corresponded to
0.11 and 0.22 respectively. For the western stock equivalent numbers were 0.47, for the estimate and 0.36 and
0.60 respectively for the same percentiles. Estimates of the same ratio obtained from bootstraps of ASPIC fits to
an eastern combined index (case F1) were 0.24, for the estimate and 0.12 and 0.39 for the 25% and 75%
percentiles. Similarly ASPIC fits to a complete set of available indices for the west (case O9) provided a best
estimate of 1.01, and estimates of 0.91 and 1.24 for the 25% and 75% percentiles (Figure 17). In general cases
that used individual indices lead to smaller uncertainty than those that used combined indices. Bootstrap and
Bayesian estimates of uncertainty show that there is considerable uncertainty in the recent biomass and fishing
mortality ratios with some solutions differing completely on the questions of whether there is or no overfishing
or the stock is or not overfished, as illustrated in Figure 17.

3.3 Other assessment analyses

In addition to production model fits additional analyses were conducted to provide insight on stock status. These
included examination of recent trends in relative abundance on the basis of cpue indices alone, development of
model free reference points and an analysis of changes in size structure of the catch.

3.3.1 Recent trends in abundance

Analyses of CPUE indices where conducted to investigate the trends in abundance that do not make any
assumption of whether there is an underlying production model or any other population model. Additionally,
other analyses following the procedures outline in ICCAT (2007) were conducted to determine recent changes in
abundance.

In order to compare the recent abundance trends (1990-2006) that can be inferred from CPUE indices these were
scaled by the mean of each index (Table 15, Figure 18). These scaled indices were smoothed using Generalized
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Additive Models with a Loess function (GAMLoess). Most of these indices fluctuate without a trend during this
period and only few show a clear declining trend such as the US Pelagic longline indices for the western stock or
a clear increasing trend such as the US MRFSS index, also for the western stock (Figures 19 and 20).

Correlations between indices

Robust estimates of the correlation between the various available recent CPUE indices for SAI-West and SAI-
East (1990-2007) were obtained using the Pearson method (Table 16). Generally, there is poor correlation
between the twelve available indices with the exception of the Japanese Longline and the US MRFSS indices for
the western stock that are strongly positively correlated. These later indices fluctuate without a trend over the
period 1990-2006.

Median changes in relative abundance

Another approach applied to examine relative changes in abundance as evidenced by the available CPUE indices
was a robust procedure to estimate confidence intervals for the median ratios of the indices in one year relative to
the indices in another year. We estimated the 95% confidence intervals using the binomial distribution for the
median of the CPUE ratios relative to the standard year 2000, following the procedures described by Conover
(1980). Ten indices were used for SAI-West and four for SAI-East. For each index in a given year, the ratio of
that index value relative to 2000 was computed. Then, estimates of the confidence interval for the ratio each year
were obtained from the relative values (Figure 21 and Figure 22).

3.3.2 Model-free reference points

Estimates of B/By,, were made for each of the three combined indices for the eastern and western stock using
the methods in Goodyear (2003). The method exploits the change in relative abundance (CPUE) between the
beginning and ending of the available time series. It was also assumed that a Beverton-Holt stock recruitment
relation was appropriate for sailfish. For the eastern stock, the average relative abundance at the beginning of the
time series was estimated as the average of the first 5 years of CPUE (1967-1971) and the most recent relative
abundance was estimated as the average for the last 5 years of available CPUE (2003-2007). The resulting
estimates of B/B,,s, for the eastern stock ranged from 0.08 to 0.19 with a mean of 0.13 for the unweighted, and
the two weighted CPUE time series (Table 17). Restricting the analysis to begin with the 1980 data which omits
the early years of high abundance estimates resulted in a more optimistic range for B./Bmsy of 0.43 to 0.71 with
a mean of 0.54.

B/Bsy Was similarly estimated for the western stock using the 1961-1965 mean CPUE for the beginning of the
time series and the mean for the last 5 years of available data (2004-2008) as a measure of recent relative
abundance. These assumptions lead to B/B,, estimates for the western stock that ranged from 0.58 to 1.83 with
a mean of 0.77 (Table 17). Restricting the analysis to begin with the 1973 data which omits the early years of
high abundance estimates resulted in a more optimistic range for B./Bmsy of 0.80 to 1.99 with a mean of 1.32.

3.3.3 Size data trends

Using the length frequency information (centimeters, lower jaw-fork length) for six fleets from SAI-West and
five fleets from SAI-East, we looked for signals suggesting change in year-class strength over the period 1970-
2007. In addition, basic statistical information (25% quartile, median and 75% quartile) was calculated for each
fleet by year to elicit any possible trend of catch-at-size. The lengths of the individual fleet time series varied
greatly and were often sparse.

The size frequency quartiles are illustrated for the western stock are presented in Figure 23 and Table 18. Both
the Brazil and Venezuela long-term plots had slight variability, but overall were largely flat and stable. On the
other hand, the Japanese data indicated high variability, a factor possibly attributable to the spatial distribution of
fishing effort. The Chinese Taipei series was too short (1980-1983) to suggest a trend.

The size frequency quartiles for the eastern stock are illustrated in Figure 24 and Table 19. Here, the Cote
d’Ivoire gillnet data suggested a slight variability in year-class strength, but was largely stable over the period
1984-2006. The Japanese longline data were highly variable for the period spanning 1974 to 2005. Again, this
may be associated with the spatial distribution of fishing effort. The data from Ghana gillnet, Brazil longline, and
Chinese Taipei longline all suggested year-class variability, but the time series were too short to conclude any
trends.
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3.4 Summary of assessment results

It is the first time that ICCAT has been able to conduct a full assessment of both Atlantic sailfish stocks through
a range of models and by using different combinations of data sources. It is clear that there remains considerable
uncertainty regarding the stock status of these two stocks, however, many assessment model results present
evidence of overfishing and of evidence that the stocks are overfished, more so in the east than in the west.
Although some of the results suggest a healthy stock in the west, few suggest the same for the east. The eastern
stock is also assessed to be more productive than the western stock, probably providing a greater MSY. The
eastern stock is likely to be suffering stronger overfishing and most probably has been reduced further below the
level that would produce the MSY than the western stock. Reference points obtained with model free methods
reach similar conclusions.

Examination of recent trends in abundance suggest that both the eastern and western stocks suffered their
greatest declines in abundance prior to 1990 and since then there is no strong evidence of abundance being
declining or increasing for either of them. In general there is low correlation between individual indices for this
period although some individual indices clearly decline or increase.

Examination of available length frequencies provide similar results to those obtained before for marlins, namely,
that average length or length distribution have not changed much during the period where there are observations,
thus reducing the value of using length as an indicator of fishing pressure.

4. Management implications

Both the eastern and western stocks of sailfish may have been reduced to stock sizes below By, in recent years,
but there is considerable uncertainty, particularly for the west as various production model fits indicated the
biomass ratio B/By,, both above and below 1.0. The results for the eastern stock were more pessimistic in that
more of the results indicated recent stock biomass below Bg,.

4.1 Eastern stock

East Atlantic sailfish appear to have declined markedly since the 1970s, reaching a low in the early 1990s. The
biomass of the stock shows little, if any, signs of recovery. Inspection of smoothed trends of the individual
relative abundances for the most recent years does not reveal a consistent shift in the recent population
trajectory. Based on the available information, the Group recommends that catches should be reduced from
current levels. It should be noted, however, that artisanal fishermen harvest a large part of the sailfish catch along
the African coast. The Commission should consider practical and alternative methods to reduce fishing mortality
and to assure data collection systems and timely reporting of catch and effort.

4.2 Western stock

The current western Atlantic assessment suggests that the stock declined over the available time series but has
remained relatively stable since the 1980s. Inspection of the smoothed trends in the individual relative
abundance time series for the last 18 years indicates differences amongst the time series which foster uncertainty
with respect to the current trajectory of this stock. These observations lead the Group to recommend that the
West Atlantic sailfish catches should not exceed current levels. It should be noted however, that the recreational
fisheries in this area are almost entirely a catch and release fishery. Also this component of the fishery for
sailfish has been adopting technologies in recent years to minimize the mortality of released sailfish even
without management intervention. Commercial landings are prohibited in the U.S. Also, artisanal fishermen
harvest a large part of the western sailfish catch.

4.3 Other issues

The distribution of sailfish indicates a relatively high concentration extending across the tropical Atlantic from
Brazil to the western coast of Africa. This relatively continuous band strongly suggests genetic exchange
between the eastern and western stocks, and may also imply that at least some of the sailfish biomass of the
Eastern stock is supported by production from the southern component of the Western stock off Brazil. Whether
this connection is sufficiently important that mixing between the eastern and western stock should be explicitly
considered for assessment and management purposes is uncertain. However, the current relative biomass of the
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Eastern stock appears to be lower than that in the west. This observation supports the notion that the eastern and
western stocks should be considered separate management units.
5. Executive Summary for SAI

This items was postponed to be addressed during the 2009 Species Group meetings

6. Other matters SAI

The group agreed that the SAI stock assessment work carried out during the meeting was to be used as the basis
for 2009 SCRS advice and, as such, no more model runs would be conducted during the Species Group or SCRS
meetings.

7. Other matters, all billfish

The group reviewed progress of the billfish work plan as well as the Enhanced research program for billfish.
Suggestions were made to modify both. It was agreed to circulate these after the meeting to interested scientists,
with a view to having further discussion during SCRS 2009.

8. Report adoption and closure

The report was adopted by correspondence. The Chairman thanked participants for their hard work. He also
thanked the meeting hosts for the excellent logistical support provided, and then he declared the meeting closed.
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Figure 12. ASPIC fit model results of case W2. Left panel presents the estimated biomass ratio and fishing
mortality ratios and the right panel the fit of the estimated cpue to the observed cpue.
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Precision of 2008 Estimates of Biomass
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Figure 13. Results of fits for ASPIC cases Q9 (top row) and O7 (lower row). Probability distribution and
cumulative distribution (circles) for the last year (2008) of total stock biomass (left panel) and fishing mortality
rates (right panel).
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Figure 14. Results of ASPIC fit of case 09. Boostratpped estimates of Biomass and fishing mortality ratios of

terminal year with the median value (red-circle).
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Figure 15. Results of ASPIC fit of case O9. Countours represent non-parametric density quantiles of the 500
bootstrap runs and points each of the runs. Frequency distribution histograms are also shown at the side of each
variable correspondly. Left panel Fishing mortality and biomass ratios, right panel Fishing mortality and

biomass at msy.
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Figure 16. Results of ASPIC fit of case O7. Countours represent non-parametric density quantiles of the 500
bootstrap runs and points each of the runs. Left panel Fishing mortality and biomass ratios, right panel Fishing

mortality and biomass at msy.
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Figure 17. Results of ASPIC fits of cases 09 (upper panels) and O7 (lower panels). Trends of biomass ratios
(left panels) and fishing mortality ratios (right panel) from 500 non-parametric bootstraps. Line with marker
reflect the median results and single lines the estimated 80% confidence bounds.
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