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Annex 8 
 

REPORT OF THE BILLFISH WORKING GROUP WORKSHOP 
 

International Scientific Committee for Tuna and Tuna-like Species  
In the North Pacific Ocean  

 
 24 May – 1 June 2011 
Chinese Taipei, ROC 

 
 

1.0 INTRODUCTION 
 
An intercessional workshop of the Billfish Working Group (BILLWG) of the International 
Scientific Committee for Tuna and Tuna-like Species in the North Pacific Ocean (ISC) was 
convened in Chinese Taipei, ROC from 24 May – 1 June 2011.  The goals of this workshop 
were: (1) finalize the North Pacific striped marlin (Kajikia audax) data and stock assessment 
work plan, (2) develop a work plan for completing a blue marlin assessment, and (3) elect a new 
Chairperson of the ISC BILLWG working group. 
 
Gerard DiNardo, Chairman of the BILLWG, welcomed participants from China, Chinese Taipei, 
Japan, the Secretariat of the Pacific Community (SPC), and the United States of America (USA) 
(Attachment 1).  Dr. Chin-Lau Kuo, Deputy Director-General of the Fisheries Agency, Council 
of Agriculture, provided the welcoming remarks. Rapporteuring duties were assigned to Jon 
Brodziak, Yi-Jay Chang, Shelton Harley, Minoru Kanaiwa, Ai Kimoto, Hui-Hua Lee, Kevin 
Piner, Tim Sippel, Nan-Jay Su, Chi-Lu Sun, Darryl Tagami, and Lyn Wagatsuma.  Wagatsuma 
served as the lead rapporteur with overall responsibility of assembling the workshop report. 
Working papers were distributed and numbered (Attachment 2), and the meeting agenda was 
adopted (Attachment 3).  The working papers that were agreed to be posted on the ISC website 
where they will be available to the public were: ISC/11/BILLWG-2/01, ISC/11/BILLWG-2/03, 
ISC/11/BILLWG-2/07, ISC/11/BILLWG-2/08, and ISC/11/BILLWG-2/12. The working papers 
that will not be posted on the ISC website were: ISC/11/BILLWG-2/04, ISC/11/BILLWG-2/05, 
ISC/11/BILLWG-2/09, and ISC/11/BILLWG-2/11 (Attachment 2).   
 
 
2.0 STATUS OF WORK ASSIGNMENTS 
  
The assignments that stemmed from the January 2011 ISC BILLWG workshop were as follows: 
 

• Finalize all working papers submitted at this meeting by February 28, 2011.  
 

• Submit late striped marlin Category I, II, and III data to Kevin Piner by February 15, 
2011.  

 
• Finalize data tables for distribution by February 28, 2011.  
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• Update striped marlin data for the most recent year by May 15, 2011.  
 

• Continue to submit Category I data for all billfish (marlins and swordfish) species. 
 

The ISC Chair reported that the catch tables were completed at the meeting and that the working 
papers submitted at the last intercessional BILLWG workshop were finalized.  The deadline for 
the rest of the assignments, which included submission of standardized CPUE and quarterly 
fishery size composition data, was rescheduled to be June 30, 2011.  
 
 
3.0 ANNUAL BILLFISH CATCH AND EFFORT  
 
Prior to the presentations of annual billfish catch and effort data, the WG discussed a few 
important issues. First, it was noted that the Billfish WG needed regular, timely, and reliable 
reporting of catch data from all ISC members in order to conduct stock assessments that would 
be useful for fisheries management. Second, the WG Chair emphasized that it was essential that 
the WG receive complete datasets for the striped marlin stock assessment by the end of the 
current meeting. 
 
3.1 Striped Marlin Catches in the North Pacific from WCPFC Data presented by Darryl  
 Tagami (ISC/11/BILLWG-2/01) 
 
This working paper presented catch summaries and distribution plots of striped marlin in the 
North Pacific from non-ISC member countries. The data were provided by the WCPFC for 
longline catches of striped marlin only. The purpose was to provide the ISC Billfish Working 
Group with billfish catch data that were not available to the ISC or were not part of the ISC 
Working Groups data holdings.  This represented the first time that striped marlin catch data 
submitted to the WCPFC from non-ISC countries were made available to the ISC for stock 
assessment purposes. 
 
Discussion 
 
The WG noted that it would be useful to check the catch data values from the ISC catch tables 
for the WCPO and compare these to the reported WCPFC data submitted by ISC countries. It 
was also agreed to include reported WCPFC catches of striped marlin from non-ISC countries in 
the assessment. For Chinese catches, it was noted that there was one year where the catch 
appeared to be anomalously high (124 t in 2008) and that this value would be checked and 
confirmed by China in discussion with SPC prior to its inclusion in the ISC striped marlin catch 
data table. 
 
The summaries of reported WCPFC catches of striped marlin were aggregated across all years in 
the working paper. The WG requested that a table of annual catch values be provided for the 
reported WCPFC striped marlin catches. This was accomplished and the table was presented to 
the WG. This table provided necessary documentation and the WG agreed to include it as an 
appendix in the meeting report (Appendix). 
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It was noted that the striped marlin catches reported to the WCPFC by some countries had 
missing values. It was also suggested that Indonesia and Philippines catches were probably not 
reliably estimated on an annual basis. That is, it appeared that long-term averages of striped 
marlin catches were being reported instead of annual estimates. The WG considered the likely 
effect of such catches on the stock assessment and noted that the reported catches were not large 
enough to drive the stock assessment results in comparison to the large catches of other 
countries.  Nevertheless, SPC would also determine if improved catch estimates could be 
attained for the Philippines and Indonesian longline fleets.   
 
The WG requested that the missing values of striped marlin catches by non-ISC countries be 
filled in, or estimated, to produce a complete catch table.  It was also agreed that the missing 
catch values would only be filled in after the first appearance of a positive catch value for the 
non-ISC reported catches by country. The WG considered this important because it did not want 
to inflate catches in years where it was unlikely that striped marlin were caught by non-ISC 
countries based on their self-reported data.  
 
Brodziak and Tagami produced a method to fill in the catches of non-ISC countries in years after 
their first positive catch report of striped marlin. The method was applied sequentially to the 
annual rows in the WCPFC catch table and had two steps for filling in values of the current year. 
In the first step, the proportions of total reported catch by country were calculated in the previous 
year. The produced a set of proportions for all countries (ISC and non-ISC) of striped marlin 
catch proportion by weight in the previous year. In the second step, the missing values of catch 
for the non-ISC countries in the current year were estimated. The estimates of missing catch for 
the non-ISC countries were calculated by multiplying the catch proportions in the previous year 
by the total reported catch in the current year. This produced a new total reported catch in the 
current year that included the estimates of unreported catch from non-ISC countries. The two 
steps were then repeated for all successive years and the results were summarized (Table 1, 
Figure 1). 
 
The WG discussed the method of estimating unreported catches and concluded that it was a 
viable approach. The WG noted that the approach was based on a simple assumption that the 
previous year’s information on catch provided a reasonable estimate of the current year’s catch 
patterns; this assumed that the estimation of catch could be approximated by a one-step ahead 
Markov process. The WG agreed to adopt the approach for estimating unreported catches of non-
ISC countries. Overall, the WG concluded that that the reported WCPFC data for the North 
Pacific would be included in the current North Pacific striped marlin stock assessment where 
such data filled in gaps in the ISC catch table. 
 
3.2 Biological information and catch rate of striped marlin captured by Chinese observer  
 programme in the Pacific Ocean (ISC/11/BILLWG-2/10) 
 
This report summarized the biological information and nominal catch rate (CPUE) data for 
striped marlin Tetrapturus audax collected in the Chinese longline observer programs in the 
tropical central-eastern Pacific Ocean from 2003 to 2010.  The minimum size of captured striped 
marlin was 121 cm LJFL.  The sex ratios of captured striped marlin seemed to be temporally and 
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spatially dependent.  The CPUEs of striped marlin were lower than 0.001 individuals per 1000 
hooks. 
 
Discussion 
 
The WG noted that the historical Chinese billfish data were broken down by species beginning in 
2008, reported in Table 1 of the WP. As a result, the WG noted that the Chinese catches of 
billfishes reported striped marlin catches from 2008-2010 and reported aggregate billfish catches 
reported from 2002-2007. The WG was interested in how the WCPFC estimates of Chinese 
striped marlin catches were determined using fishery sampling information. It was requested of 
China that data prior to 2002 be provided but it was clarified that there was no data collection 
system established prior to 2002. The WCPFC-based estimates of Chinese striped marlin catch  
prior to 2008 were derived by the SPC from log sheet, observer, and port sampling data from 
Chinese vessels fishing in Pacific Island EEZs. The WG concluded that the best available 
information on Chinese catches reported to the WCPFC would be included in the striped marlin 
stock assessment. 
 
The WG also discussed the lack of catch data for striped marlin from some ISC countries in the 
ISC Billfish WG catch data tables for recent years. It was noted that these ISC countries had 
already submitted striped marlin catch data for the recent missing years in their catch data 
submitted to the WCPFC. It was recognized that these data may not be fully complete for a 
variety of reasons but that the catch data submitted to WCPFC represented the best available data 
for the current striped marlin stock assessment. As a result, the WG considered the catch data for 
striped marlin submitted to WCPFC for recent years where the ISC Billfish WG data were not 
reported would be the best available data. 
 
3.3 Update of USA Billfish Catches in the North Pacific for 2008-2010 presented by Darryl  
 Tagami (ISC/11/BILLWG-2/03) 
 
This working paper provided data updates to the USA catch of swordfish, striped marlin, and 
blue marlin in the North Pacific for 2008 to 2010.  The USA catch summaries were based on 
longline, troll, and handline fisheries for Hawaii, and the longline, gillnet, harpoon and sport 
fisheries for California.  Catch estimates prior to 2005 were also corrected when necessary. 
 
Discussion 
 
This WP provided an update of USA catches of striped marlin and other billfishes for inclusion 
in the ISC catch tables. The WG noted that these catch data were the same as that submitted to 
the WCPFC for 2008-2010. For the EPO, it was noted that the data were most likely the same as 
that submitted to IATTC, but that it would be useful to check and verify this. The WG requested 
further information on some Hawaii fisheries for striped marlin. In this context, it was reported 
that the Hawaii troll fishery represented commercial fishing effort. It was also reported that the 
Hawaii recreational fishery caught some striped marlin but the amount was likely very small and 
was currently unknown. The WG also requested information on catches of striped marlin in the 
California gillnet fishery. In this case, it was noted that it is illegal to land striped marlin in all 
USA states except Hawaii. As a result, any striped marlin catches in the gillnet fishery would be 
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discarded although such catches would be expected to be very low. Overall, the WG accepted the 
updated catch data from the USA for inclusion in the Billfish WG catch tables and the North 
Pacific striped marlin stock assessment. 
 
 
4.0 STRIPED MARLIN CPUE TIME SERIES 
 
4.1 Japanese Longline 
 
4.1.1 CPUE standardization of Japanese offshore and long-distance longline fishery between  
 1975 and 2009 in North Central Pacific Ocean 
 
Analyses were conducted to standardize Japanese offshore and long-distance longline CPUE 
during 1975-2009 in the North Central Pacific Ocean. The structural model used to standardize 
CPUE was based on the GLM equation, log(cpue + min( positive cpue) / 10) ~ year * area + year 
* s(hpb) + qt * area + normally distributed error term and this model was used for all analyses. 
The GLM-tree model applied to CPUE trend estimation was used to estimate an optimal area 
stratification for the North Central Pacific Ocean. The iterative algorithm to separate areas was 
stopped after nine steps and the ten separated areas were adopted for analysis because further 
separations would have required additional computing resources. Two optimal time separation 
points were detected by applying the GLM-tree to the predictor year. The time periods 1975 - 
1992 and 1993 - 2009 were put forward as separate time strata. Thus there were two initial 
recommended CPUE indices for this fishery and these indices covered all areas. By following 
the WG recommendations about considering the totality of information on changes of 
operational, HPB distribution, targeted fish and length distribution of catch, the analyses of 
CPUE trend led to the selection of three separate areas and nine subareas to be used for CPUE 
standardization. Time separation points in 1986 and 1999 were also adopted based on similar 
information. As a result, there were 9 time series of CPUE stock indices by area and these were 
provided to the WG as alternatives to the original set of recommended indices. 
 
Discussion 
 
The working group discussed the appropriate stratification for developing fishery CPUE series to 
describe the Japanese Longline fleet. Discussion focused on two alternatives: 1) a single WCPO 
index and 2) three area-based fishery indices.  Initial results of the CPUE standardization showed 
that developing CPUE for 3 areas resulted in residual patterns that were not normally distributed. 
Residual patterns for a single WCPO CPUE index were noticeably better but were also not 
normally distributed. However, the working group noted that there was some indication of 
smaller fish in the southern areas and that trends in CPUE were different by area. The working 
group also noted that changes in targeting sharks in recent years may have caused some of the 
residual patterns in the CPUE analysis. The working group recommended using 3 areas to 
characterize the longline fishery. The working group also endorsed a proposal for 3 temporally 
separate indices in each area defined as years: 1975-1986, 1987-1999 and 2000-2009. The WG 
agreed to the consideration of these CPUE time series for use in the striped marlin stock 
assessment. The WG also noted that it would be important to conduct a sensitivity analysis for 
the stock assessment that used a single area-combined CPUE index.   



BILLWG 
 

6 
 

 
Four requests for additional information were made to the authors during the meeting and are 
listed below: 
 
Request 1: Consider the use of three areas and three time periods for CPUE standardization. 
Reason: Spatial and temporal heterogeneity was evident in the Japanese fishery data. 
Outcome: This request was completed with analyses conducted during the meeting. 
 
Request 2:  Present an ANOVA table of model results for each model. 
Reason:  The ANOVA table is important for understanding and interpreting the results of 

the CPUE modeling. 
Outcome:  ANOVA tables were provided for all model runs. 
 
Request 3:  Perform sensitivity analyses with smaller (one-half) and larger (double) additive 

constants for the observed CPUE.  
Reason:  This request was made to better understand the effect of the additive constant on 

the estimated CPUE trend. 
Outcome:  Trends in the recent CPUE were examined and the estimated trends were nearly 

identical using different additive constants. The WG agreed that the additive 
constant did not have an important effect on the results of this analysis. 

 
Request 4: Include smaller subareas as spatial factors in the GLM analyses for CPUE 

standardization.  
Reason:  It was hypothesized that the fishery may have switched targets and that this 

switching may have been responsible for some of the residual patterns. It was 
thought that using subareas may better account for this effect. 

Outcome:  Although finer-scale spatial information could not be included in the model, the  
  authors proposed to change the time strata from 1987-1994 and 1995-2009 to  

1987-1999 and 2000-2009 to account for operational changes (i.e., some new 
shark targeting as well as changes in the frequency of albacore versus bigeye tuna 
targeting). It was noted that the spatial structure in the GLM may have already 
accounted for this effect to some extent. The WG agreed to use the proposed 
temporal stratification for developing indices for the stock assessment. 

  
 
4.1.2 CPUE standardization of Japanese offshore and long-distance longline fishery between  
 1952 and 1974 in North Central Pacific Ocean  
 
Analyses were conducted to standardize CPUE of the Japanese offshore and long-distance 
longline fishery between 1952 and 1974 in North Central Pacific Ocean. The structural model 
used to standardize CPUE was based on the GLM equation, log(cpue + min( positive cpue) / 10) 
~ year * area + qt * area + normally distributed error term; this model was used for all analyses. 
The GLM-tree model applied to CPUE trend was used to estimate a set of optimal area strata for 
the CPUE standardization. A total of nine separate fishery strata were estimated from this 
analysis. The set of optimal strata were applied to estimate a single standardized CPUE index 
and this was presented to the WG for consideration. 
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Discussion 
 
The working group focused discussion on area stratification.  Discussion focused on two 
alternatives: 1) use of a single WCPO area and 2) use of three area-based fishery definitions.  
The authors proposed to treat the pre-1975 fishery as a single fishery in the WCPO. The working 
group noted that the fishery had not expanded into the entire WCPO during the 1950s, which 
may result in hyper-stability (i.e. CPUE declining slower than actual relative abundance) in the 
early part of this series. It was noted that size composition data were available for the years 
1970-1974. The working group endorsed a single area fishery and CPUE definition for the 1952-
1974 period. The working group agreed to the consideration of this series for use in the 
assessment, preferably using only the years 1962-1974 which would be consistent with the last 
stock assessment. The WG also recommended that the effects of using an alternative 
standardized CPUE series estimated for 1952-1974 and of eliminating the estimated CPUE series 
for 1962-1974 from the stock assessment should be explored. 
 
One  request was made to the authors during the meeting and is listed below: 
 
Request:  Produce a standardized CPUE series for 1962-1974. 
Reason:  Prior to the 1960s the fishery expanded across the North Pacific. As a result, a 

separate GLM analysis was needed to estimate the 1962-1974 trends. 
Outcome:  A CPUE index was produced using the new area stratification and will be used in 

the assessment.   
 
4.2 Japanese Driftnet 
 
4.2.1 Standardized CPUE of striped marlin caught by Japanese coastal large-mesh drift  
 fishery in the northwest Pacific in the periods between 2001 and 2009. 
 
The CPUE of striped marlin caught by the Japanese coastal large-mesh drift fishery in the north 
Pacific was standardized for 2001 to 2009. The CPUE data used in the analysis were obtained 
from the skippers of coastal drift net boats for vessels that were larger than 70 GRT tons and that 
targeted striped marlin. These fishery data represented about 10% to 25 % of the total annual 
catch. Overall, the results of the CPUE analysis suggested a moderate downward trend in relative 
abundance of striped marlin on this fishing ground.  
 
Discussion 
 
This fishery operated in a small area during a short season but caught a relatively large amount 
of striped marlin. The WG questioned whether the CPUE of this fishery was representative of the 
relative abundance of striped marlin in the northwest and central Pacific. It was noted that this 
fishery seasonally targets striped marlin and that the fishing grounds coincided with a major 
migration corridor for striped marlin. There were also large differences in fishery CPUE between 
the 3rd and 4th quarters. These differences in quarterly CPUE were thought to be affected by the 
migratory pattern of striped marlin. In particular, the fishing grounds of this fishery coincide with 
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the northern part of a striped marlin migration area from which striped marlin migrate as water 
temperature seasonally decreases. 
 
The WG noted the limited spatial extent of the data. The authors pointed out that the driftnet 
fishery catch was relatively large (average annual catch of approximately 1200 t during 2001-
2008), although the CPUE series was derived from a subset of the fishery operations. The 
working group noted that effort standardization did not include soak time or net depth. The 
authors clarified that operations were typically one night and that fishing nets were made by a 
single company and therefore uniform in depth. The working group also noted that the seasonal 
coefficients in the CPUE standardization were very different.  Authors clarified that the seasonal 
effect was due to migration patterns and that the proportion of zero catches was low in season 3 
but was nearly 50% in season 4. It was also noted that the mesh size effect in the CPUE analysis 
may have been aliased with a vessel captain effect. Furthermore, the working group noted that 
the Year*Quarter interaction term used in the model was not significant, did not explain much 
deviance, and may not be appropriate. Due to the small spatial coverage and modeling issues, the 
working group recommended that this CPUE index be evaluated in the stock assessment model 
for consistency with other data.  
 
4.2.2 Standardized CPUE of striped marlin caught by Japanese (High Seas) large-mesh drift  
 fishery in the north Pacific for the periods between 1977 and 1993 presented by Kotaro  
 Yokawa (ISC\05\MAR&SWOWG\18) 
 
Estimates of standardized CPUE of striped marlin caught by Japanese high seas drift netters in 
the period between 1977 and 1993 were re-examined (ISC/05/MAR&SWO-WGs/18). During 
1977-1993, large mesh drift net targets were used to target swordfish, albacore, skipjack as well 
as striped marlin. The net size of this fishery was larger than that for targeting frying squid 
whose data were excluded from this analysis.  The CPUE of striped marlin was defined by the 
catch number of striped marlin per 10km of net, and it was standardized using factors of year, 
area, quarter and size of mesh.  The main fishing ground of this fishery occurred in the 
subtropical and temperate area in the northwest Pacific (west of the international dateline), but 
similar fishery effort also occurred in the northeastern Pacific as well as in the East China Sea. 
Overall, estimates of standardized CPUE decreased in the part of the time series and then 
increased in the later part. This pattern of CPUE decline followed by increase was robust to the 
selection the data used in the analysis (e.g., the results using all data were similar to the results 
using only data from the main fishing ground). 
 
Discussion 
 
The additive constant used for the GLM analysis in this study was 5% of the mean CPUE. 
Sensitivity analyses were conducted for alternative values of the additive constant, including 
10% of the minimum value of observed CPUE. These sensitivity analyses showed that the CPUE 
time series based on the alternative additive constants had trends that were similar to the 
estimates of standardized CPUE in the WP. It was also noted that most of the size composition 
data for this fishery were processed weight data (gilled and gutted weights) which were 
converted to eye-fork length data using the conversion factors calculated from port sampling data 
obtained in recent years. 
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The working group discussed the fact that area 1 (South China Sea) was far away from the other 
high seas driftnet areas. The authors explained that this area had little influence on the estimated 
CPUE series. The working group also noted that the constant added to observed CPUE was 
larger than the constant used in the longline analysis (see below). Based on the analyses 
presented, the working group recommended consideration of this index for use in the stock 
assessment. 
 
One request was made to the authors during the meeting and is listed below: 
 
Request:  Show the effects of assuming alternative additive constants for CPUE 

standardization. 
Reason:   This request was made to better understand the effect of the assumed additive 

constant on the estimated CPUE trend. 
Outcome:  The choice of additive constant did not have a strong impact on the CPUE trends. 
 
4.3 Japanese Coastal Longline 
 
Estimates of standardized CPUE of striped marlin caught by Japanese coastal longliners were 
updated through 2009 using GLM analyses. The trend of standardized CPUE decreased rapidly 
until 2000, and then exhibited a moderate decrease. The results of CPUE standardizations using a 
GLM and a Delta-Lognormal model had similar trends. The distribution of CPUE residuals was 
skewed, which was similar to the pattern in the analysis for the previous assessment. 
 
Discussion 
 
The working group noted that the coastal longline fleet had a wider distribution of effort than just 
around the Japan coast. It was also noted that the standardized CPUE of the coastal fleet was 
used in previous assessment as two series. The WG agreed to the consideration of this series for 
use in the assessment. 
 
The main fishing ground of Japanese coastal longliners was in the area north of 20°N and west of 
160°, but there were some coastal longline operations south of 20°N and east of 160°. These 
southern data were mostly obtained from longliners unloading their catch in foreign ports such as 
Guam, but the number of trips was relatively small. It was noted that the main source of size 
composition data for this fishery was from port sampling. Because the landing ports of coastal 
longliners differ from the ones of offshore and distant-water longliners, the size composition data 
for the coastal longline fishery were easy to identify using reported landing port. 
 
 
5.0 BIOLOGICAL AND ECOLOGICAL DATA 
 
5.1 Age and growth of striped marlin (Kajikia audax) in the waters off Taiwan: A revision  
 presented by Nan-Jay Su (ISC/11/BILLWG-2/07) 
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Age and growth patterns of striped marlin in waters off Taiwan were re-examined from counts of 
growth rings on cross sections of the fourth spine of the first dorsal fin with length measurements 
on lower jaw fork length (LJFL), instead of eye fork length (EFL) which was used in the 
previous working paper to fit the growth model of striped marlin (ISC/11/BILLWG-1/09), for 
comparison with results of other studies. A total of 241 and 206 spines were successfully aged 
for males and females respectively. The back-calculated lengths for each age were computed 
using Fraser-Lee’s and Monastyrsky’s methods, and then used to fit the standard von Bertalanffy 
growth function (VBGF) and the Richards growth function. Results showed that the fits to the 
Richards function were substantially better than those for standard VBGF based on AIC 
statistics. The estimated growth equations for male and female striped marlin were not 
statistically different based on an analysis of residual sum of squares (ARSS, P>0.05). The 
estimated values of growth parameters of Richards function for striped marlin in waters off 
Taiwan were: Linf = 263.44 cm LJFL (or 228.30 cm EFL), t0 = -0.40 year, K = 0.04 year -1, and 
m = -2.05. 
 
Discussion 
 
The working group discussed comparisons of the new growth curve with the growth curve 
presented in the last meeting in January, 2011 (ISC/11/BILLWG-1/09). The presenter stated that 
the growth patterns were similar, but there were slight differences in the estimated growth 
parameters. The WG indicated that the maximum size in the Japanese drift net and harpoon 
fishery (> 250 EFL) was larger than the observed maximum size of this working paper. Several 
discussions focused on Linf (or maximum age) for the striped marlin population, values of age-at-
maturity and the meaning of the plus group for the stock assessment model. The WG discussed 
size measurements and suggested EFL as the standard measure for data analysis. The WG also 
discussed the variability of the estimated size-at-age and considered how to justify the variability 
for the quarterly length-frequency fitting in SS3. The initial size-at-age (i.e., 0.5 year-1) was also 
discussed, and the presenter suggested that the result of spine ageing was adjusted based on 
reading the daily rings of otoliths. However, the WG suggested that the sample size and 
sampling month for the smaller sized fish may have influenced the results of otolith ageing. The 
authors clarified the aging method using in WP was consistent with other striped marlin age and 
growth studies (e.g. Kopf 2010).  Finally, the WG discussed the growth models for striped 
marlin in comparison to historical studies (e.g., Melo-Barrera et al. (2003), Linf =221 cm LJFL) 
and concluded that the growth parameters of this working paper were the best available scientific 
information to represent the mean pattern of growth for striped marlin in the North Pacific 
Ocean. However, the WG also recommended that further aging samples be collected to improve 
the available information on striped marlin growth. 
 
5.2 Correction to Meta-analysis of striped marlin natural mortality presented by Kevin Piner  
 (ISC/11/BILLWG-2/08) 
 
Natural mortality (M) estimates for North Pacific Ocean striped marlin were derived from a 
meta-analysis of 9 different estimators and presented to the ISC Billfish Working Group in 
January 2011. The M estimators relied on a range of life history parameters (e.g. maximum age, 
maximum size, growth rate) to predict M and a broad range of levels within each factor was used 
to estimate within-method uncertainty. Changes were made to the previous analysis to 
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incorporate new information on age and growth as well as maturation presented during the 
current meeting. In particular, a revision was made to the age and growth paper presented at the 
January meeting. The new paper resulted in changes to the growth form and resulting age at 50% 
maturity. We accounted for these developments in a new analysis conducted using the same 
methods described in the January meeting.  
 
The overall M estimate was based on a random effects inverse variance weighting of each 
method (0.38 –yr +- 0.028 SE). The estimate of M was assumed to represent adult M and a 
Lorenzen size-M relationship was used to rescale adult M to represent juvenile M. Age-classes 
corresponding to juveniles was based on two studies by Sun et al. (ISC/11/BILLWG-1/09, 
ISC/11/BILLWG-1/11) and adopted by the Working Group. Natural mortality estimates for ages 
0 to 3, and ages 4 and older were: 0.54, 0.47, 0.43, 0.40, and 0.38, respectively. The age-specific 
estimates of M are summarized below. 
 

Age Natural Mortality Rate 
0 0.54 
1 0.47 
2 0.43 
3 0.40 

4+ 0.38 
 
Discussion 
 
This presenter provided an updated estimate of natural mortality based on the revision of the age 
and growth working paper presented at this meeting. There was no further discussion of this 
paper. 
 
 
5.3 Reproductive biology of male striped marlin, Kajikia audax, in the waters off Taiwan  
 presented by Yi-Jay Chang (ISC/11/BILLWG-2/09) 
 
The reproductive biology of male striped marlin, Kajikia audax, was examined using data 
collected from July 2004 to September 2010 in the waters off Taiwan. Testis maturity was 
classified into five stages (i.e., immature, developing, mature, ripe, and resting) on the basis of 
morphological changes in the germinal epithelium. The estimated minimum size-at-maturity was 
120.8 cm eye-to-fork length (EFL) and the size-at-50% maturity was 146.96 cm EFL. It was 
difficult to clearly differentiate the testis maturity stage based solely on the gonadosomatic index 
(GSI) class because each GSI class contained mature fish. Although mature individuals 
dominated throughout the year, monthly changes in mean GSI values and the proportions of 
testicular maturity stage generally indicated a seasonal cycle. These results imply that male 
striped marlin in this area showed evidence of spawning activity throughout the year with a peak 
spawning season from April to August. 
 
Discussion 
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The WG discussed the spawning season of male striped marlin. The monthly changes in mean 
GSI values and the proportions of testicular maturity stage generally indicated a seasonal cycle, 
and suggested that male striped marlin showed evidence of spawning activity throughout the 
year with a peak spawning season from April to August. Similar reproductive cycles were found 
in other billfishes in different areas, and the presenter suggested that the estimated spawning 
season of this working paper can be applied to the North Pacific Ocean. 
 
5.4 Probable value of steepness for north Pacific striped marlin presented by Jon Brodziak  
 (ISC/11/BILLWG-2/11) 
 
The simulation method of Mangel et al. (2010) was applied to estimate probable values of stock-
recruitment steepness for a Beverton-Holt stock-recruitment curve for Western and Central 
North Pacific striped marlin (Kajikia audax). In this application, new information on the mean 
batch fecundity per body mass, spawning frequency, and spawning season of striped marlin 
along with existing information on striped marlin life history parameters consistent with the 
proposed stock assessment model for Western and Central North Pacific striped marlin was 
gathered. Results of the baseline steepness model indicated that the mean steepness estimate was 
uh = 0.87 with a standard deviation of sigma = 0.05. This steepness estimate was roughly equal 
to the average of the two values of steepness that were assumed in separate assessment scenarios 
(uh = 0.75 and uh = 1) for the 2007 North Pacific striped marlin assessment in the absence of any 
empirical information on the probable value of stock-recruitment steepness. Overall, the results 
of our analyses suggested that the stock-recruitment dynamics of North Pacific striped marlin 
were probably highly resilient. Our results also indicated that the estimated mean steepness of 
North Pacific striped marlin was significantly lower than unity (i.e., µh =  1) based on the best 
information currently available for stock assessment. Further, sensitivity analyses indicated that 
the new life history parameters to be used in the current stock assessment implied a higher 
steepness than those used in the previous assessment. 
 
Discussion 
 
This working paper presented probable values of the steepness parameter for the Beverton Holt 
stock-recruitment relationship. The simulation-based approach followed in the analysis was the 
same as that previously applied to Pacific bluefin tuna and published in Mangel et. al (2010). The 
approach utilized available biological data for striped marlin including: growth, maturity, length 
of spawning season, the length/weight relationship, relative fecundity (eggs per gram of body 
weight), frequency of spawning, natural mortality, and the length of the egg/larvae/juvenile stage 
durations (analogous to the t0 parameter from the Von Bertalanffy growth curve). The analysis 
used the most recently updated estimates of the biological parameters presented at this meeting 
(ISC/11/BILLWG-1/09, ISC/11/BILLWG-1/11).  
 
For many of these parameters uncertainty was included in this simulation approach and a 
distribution of probable values for steepness. The distribution could be approximated by a 
distribution with mean 0.87 and standard deviation of 0.05 (beta distribution parameters of 
a=24.44 and b=4.68, which were based on the maximum likelihood fit to the empirical 
distribution of steepness estimates). Additionally the analysis considered alternative hypotheses 
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regarding some of the processes that were not currently included in the simulation approach, in 
particularly, the length of the spawning season and the duration of the early life history period.  
 
The later sensitivity analysis was considered particularly important as the value for early life 
history stage duration used in the analysis was based on a value for Pacific bluefin rather than 
from the striped marlin growth study. The t0 value from the striped marlin growth curve was not 
considered appropriate as this parameter was likely to be poorly estimated in the analysis 
because it was outside the range of the data. 
 
The WG agreed that the base case distribution be used as one scenario in the assessment (Figure 
1.1 from the WP), but that it would be important to consider alternative scenarios for sensitivity 
that took into account some of the uncertainty in the length of the spawning season and the 
duration of the early life history period. The WG noted that additional research on the early life 
history and spawning dynamics of striped marlin would help refine the range of probable values 
of steepness. 
 
5.5 Biological information and catch rate of striped marlin captured by Chinese observer  
 programme in the Pacific Ocean, presented by Xiaojie Dai (ISC/11/BILLWG-2/10 ) 
 
This report summarized the biological information and nominal catch rate (CPUE) data for 
striped marlin Tetrapturus audax collected in the Chinese longline observer programs in the 
tropical central-eastern Pacific Ocean from 2003 to 2010. The minimum size of captured striped 
marlin was 121 cm LJFL. The sex ratios of captured striped marlin seemed to be temporally and 
spatially dependent. The CPUEs of striped marlin were lower than 0.001 individuals per 1000 
hooks. 
 
Discussion 
 
The WG discussed the availability of length frequency data as input for an SS3 model. There 
was also a discussion of the variation in sex ratio reported in this working paper, and it was 
suggested that variation in sex ratios, in particular skewed ratios, may be related to spawning 
activity. The presenter indicated that there may have been a bias in determining sexes due to the 
lack of experience of some observers in sex identification. The WG also discussed the fact that 
the mean size of fish in one trip (trip 4 in WP) was relatively larger than the other trips. The 
presenter explained that there may have also been some bias in size measurements due to in-
experienced observers. 
 

 
5.5 Multinational Pacific Billfish Tagging Program – Status of Electronic Tagging in Eastern 

Taiwan presented by Wei-Chuan Chiang (ISC/11/BILLWG-2/12) 
 
This program utilized the local eastern Taiwan harpoon fishing fleet to deploy pop-up satellite 
archival tags (PSATs) on billfish to determine habitat and ecosystem characterizations, as well as 
data to advance the development of a multinational Pacific Ocean billfish tagging program. To 
date, a total of 27 PSATs have been deployed via harpoon on 2 striped marlin, 7 black marlin 
and 18 blue marlin in eastern Taiwan coastal waters. Continuing these deployments of PSATs on 
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marlin using harpoon vessels or longline vessels would increase the data resources and enable us 
to better characterize marlin movements and habitat preferences in northwest Pacific Ocean. 
These results can provide useful data to parameterize a simulation model to help develop a 
statistical sampling protocol for a Pacific-wide billfish tagging research effort. 
 
Discussion 
 
The WG agreed that more tagging and simulation studies were needed to improve the design of 
this study.  The WG noted that obtaining tagging data for the blue marlin stock assessment 
would be important, via acknowledgements and cooperation with data owners.   
 
There was some concern in the WG about using electronic tagging data directly in the stock 
assessment. However, it was noted that there is currently a PFRP project funded to look at 
inclusion of electronic tagging data in assessment. It was also noted that the current tagging 
sample sizes may be insufficient for determining mixing and movement rates that could be 
assumed to represent the overall population of Pacific blue marlin. 
 
 
6.0 COLLABORATIVE EFFORTS  
 
6.1 Report of the PIFSC and IATTC collaborative sensitivity analysis of EPO striped marlin  
 stock assessment presented by Kevin Piner (ISC/11/BILLWG-2/04) 
 
A series of model sensitivity analyses were conducted on the 2010 IATTC stock assessment of 
EPO striped marlin. Model sensitivity runs were focused on examining the causes of model 
misfit. Results indicated a conflict between the purse seine observations and other data 
components owing to the unusually large size of fish in the purse seine samples. However 
resolving these conflicts may not change the management interpretation of the assessment. 
 
Discussion 
 
The working group noted that the collaboration produced a model with an overall better fit to the 
data than the current base model. The IATTC will be noting the results of this work, which 
indicated that the statement of stock status by the IATTC was robust to the issues examined The 
WG encouraged further collaborative efforts on the EPO striped marlin stock assessment. 
 
6.2 Billfish Biological Sampling 
 
The ISC BILLWG Chairman reviewed the available biological data for stock assessment.  At 
this point, insufficient funding limits the implementation of the ISC sampling program.  
Biological sampling is a critical component of all stock assessment efforts. 
 
SPC informed the WG that it has been collecting biological samples from bigeye and albacore 
tuna throughout the WCPO and trains observers in the collection of biological samples. It might 
be possible in the future to coordinate the collection of billfish samples with SPC (if training 
materials can be provided).   
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7.0 WORK PLAN 
 
Gerard DiNardo discussed the work plan for the upcoming blue marlin stock assessment 
previously scheduled for completion in July 2012.  This deadline has been postponed until 
December 2012 due to the delay in completion of the North Pacific striped marlin assessment.  
After the blue marlin assessment is completed in December 2012, it will be presented at the ISC 
Plenary 2013 for endorsement.   
 
The Chair informed the WG of the peer review process that has already been used for the 2009 
ISC BILLWG North Pacific swordfish assessment, and intends to use the same review process 
for the 2012 ISC BILLWG blue marlin assessment, as well as the 2012 North Pacific striped 
marlin assessment, at no cost to the ISC. This independent peer review process will be run by the 
Center for Independent Experts (CIE). The CIE is a program designed to conduct independent 
peer reviews of the science carried out by NOAA Fisheries. 
 
Discussion 
 
The WG discussed that a desktop-style peer review of the striped marlin assessment may be 
insufficient for providing a comprehensive review.  It was noted that in some cases, having a 
face-to-face review process with an expert panel, was essential for identifying and resolving 
some key problems in stock assessments. It was also noted that desktop-style peer reviews can be 
appropriate in certain circumstances, for example, when the reviewers have access to the 
assessment scientists.   
 
The WG noted that because blue marlin is currently considered a pan-Pacific stock, the 
engagement from many agencies would be advantageous in completing the stock assessment.   
 
 
8.0 FUTURE MEETINGS 
 
The ISC11 Plenary meeting will be held in San Francisco, California, USA from 20-25 July 
2011. 
 
The next intercessional BILLWG workshop is scheduled for the first two weeks of December 
2011 in Honolulu, Hawaii, USA.  Because many of the BILLWG members overlap with the ISC 
Shark WG, and to reduce the amount of travel for WG members, the next intercessional 
BILLWG workshop will be scheduled in conjunction with the ISC Shark WG workshop.   
 
The following intercessional workshop is tentatively scheduled for April 2012.The decision on 
location and exact dates for this meeting will be decided at a later time. 
 
 
9.0 OTHER BUSINESS 
 
9.1 ISC Billfish Chairperson Elections 
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Jon Brodziak was unanimously elected the next ISC Billfish Chairman.  The WG thanked the 
outgoing Chairperson Gerard DiNardo for a job well done.   
 
9.2 Work Assignments 
 
The BILLWG were given a number of assignments: 
 

• Submit all outstanding catch, standardized CPUE, and size composition data for the 
striped marlin stock assessment by June 30, 2011 to the Billfish WG Chair. 
 

• Finalize all working papers submitted at this meeting by June 30, 2011. 
 

• ISC member countries need to submit maps of effort by fishery at the appropriate and 
temporal resolution (e.g. 5x5 maps).  The ISC BILLWG Chairman will clarify the details 
at a later time.   

 

The Chairman of the ISC BILLWG was assigned: 
 

• Send request detailing the maps of effort by fishery that BILLWG members need to 
submit. 
 

• Revise striped marlin catch data tables (i.e., Tables 2 and 3) to reflect new catch data 
provided at this meeting. 

 
• The ISC BILLWG Chair will inquire with the STATWG about data for mapping fishing 

effort.   
 
 
10.0 ADJOURNMENT 
 
The ISC BILLWG intercessional workshop was adjourned at 11:30am on 1 June 2011. The 
Chairman expressed his appreciation to all participants for their contributions and cooperation in 
completing a successful meeting. Chi-Lu Sun and his staff were also especially thanked for 
hosting the meeting.   
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Figure 1.  Catches of North Pacific striped marlin (t) reported to the WCPFC by Japan, Korea, Chinese Taipei, 
and USA (solid circle) and other countries (open circle) along with estimates of unreported striped marlin catch 
(t) by other countries (solid triangle).  
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Table 1.  Estimates of unreported North Pacific striped marlin catches (t) by non-ISC countries.  
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Table 2.  Striped marlin catches (in metric tons) by fisheries, 1952-2010.  Blank (“ “) indicates no effort.  Dash 
(“–“) indicates data not available. Zero (“0”) indicates a catch of less than 1 metric ton.  
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Table 2. (Continued) Striped marlin catches (in metric tons) by fisheries, 1952-2010.  Blank (“ “) indicates no 
effort.  Dash (“–“) indicates data not available. Zero (“0”) indicates a catch of less than 1 metric ton.  
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Table 3.  Swordfish catches (in metric tons) by fisheries, 1952-2010. Blank (“ “) indicates no effort.  Dash (“–“) 
indicates data not available. Zero (“0”) indicates a catch of less than 1 metric ton.  
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Table 3. (Continued) Swordfish catches (in metric tons) by fisheries, 1952-2010. Blank (“ “) indicates no 
effort.  Dash (“–“) indicates data not available. Zero (“0”) indicates a catch of less than 1 metric ton.   

 



BILLWG 
 

25 
 

Appendix.  Annual North Pacific striped marlin catches (t) reported to the WCPFC by country. 
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a. Review of Data 
b. Catch Projections for Recent Years (through 2011) 
c. Update and Adoption of Catch Tables 

 
7.  Striped Marlin Catch & Size-at-Catch Data by Assessment Area (WCPO-EPO) 

a. Review of Data 
b. Adoption of Catch & Size-at-Catch Data 

 
May 27(Friday), 930-1700 
 
 8.  Striped Marlin CPUE Time Series 
  a. Review of Available Data   
  b. Adoption of CPUE Time Series 
  c. ISC/IATTC Collaboration 
 
May 28 (Saturday), 930-1600 
 
 8.  Striped Marlin CPUE Time Series (con’t) 
  a. Review of Available Data   
  b. Adoption of CPUE Time Series 
 
May 29 (Sunday), No Meeting 
  
May 30 (Monday), 930-1300 
 

9.  Review and Adoption of Biological/Ecological Data  
  a. Growth 
  b. Natural Mortality 
  c. Steepness 
 
 10. Blue Marlin Work Plan 
  a. Tagging 
  b. Biological Sampling 
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11. Other Business 

  a. Future Meetings 
  b. ISC Billfish Chairperson Election 
 
May 30 (Monday), 1400-1700 
 

12. Rapporteurs and participants complete sections 
 
May 31 (Tuesday), 930-1700 
 

13. Complete report and circulate; WG reviews report 
 
June 1 (Wednesday), 930-1200 
 
 14. Clearing of Report 
 
 15. Adjournment 

 

 

 

 

  

 

 

 

 


