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REPORT OF THE BILLFISH WORKING GROUP WORKSHOP 

International Scientific Committee for Tuna and Tuna-like Species 

in the North Pacific Ocean 

13-19 January, 2026 

Yokohama, Japan 

1. Opening and Introduction 

a. Welcoming Remarks 

Michelle Sculley, Billfish Working Group chair opened the data preparatory meeting for the Pacific blue 
marlin stock assessment. Chinese Taipei, Japan, United States of America (USA), Pacific Community 
Oceanic Fisheries Program (SPC), and the Inter-American Tropical Tuna Commission (IATTC) participated 
in the meeting. The participating scientists are listed in Attachment 1. 

b. Introduction 

The Billfish Working Group (WG) of the International Scientific Committee for Tuna and Tuna-Like 
Species in the North Pacific Ocean held a five-day meeting in Yokohama, Japan, with some members 
joining virtually. The primary goal of the meeting was to agree on the input data and the model settings 
for conducting a benchmark stock assessment for Pacific blue marlin using Stock Synthesis 3. 

c. Standard Meeting Protocols 

The WG chair introduced protocols for the webinar meeting. Cisco Webex was used for this meeting, 
and working papers on the agenda were presented and discussed. 

2. Adoption of Agenda and Assignment of Rapporteurs 

The WG adopted the draft agenda of the data preparatory meeting (Attachment 2). The WG Chair 
assigned the rapporteurs for the agenda items as follows: 

Item              Rapporteurs 

1-3                M. Sculley 

4                   M. Jusup, M. Kinney, E. Bohaboy, J. Bober, Y. Chang, M. Kai, Y. Semba 

5                   M. Kinney, Y. Chang, M. Kai 

6                   E. Bohaboy, Y. Chang, J. Brodziak, C. Minte-Vera 

7  C. Minte-Vera, M. Kinney, M. Kai, M. Jusup, Y. Chang, J. Brodziak 

8                        M. Sculley, J. Brodziak 
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9  E. Bohaboy 

10  M. Kinney, J. Brodziak 

11-12                 M. Sculley               

3. Numbering Working Papers and Distribution Potential 

The WG chair distributed numbered working papers (Attachment 3). The WG agreed to post all but WP-
02 on the ISC website and make them publicly available, as WP-02 will be published soon. 

4. Updates to IBBS projects 

Progress on Japan’s Biological Sampling of Three Billfish Species caught in the North Pacific from 2019 
to 2025.  Yuki Ishihara (ISC/26/BILLWG-01/01) 

Summary 

In 2020, Japan, the United States, and Taiwan initiated the International Billfish Biological Sampling 
Program (IBBS) to accurately estimate the key life history parameters, such as maturity and growth, of 
three billfish species—swordfish, striped marlin, and blue marlin—across the North Pacific Ocean. This 
working paper summarizes the current progress of the biological sampling undertaken by Japan and the 
number of samples shared with the United States and Taiwan. The total number of gonads, otoliths, and 
spines collected by Japan from swordfish in the western North Pacific Ocean between January 2019 and 
November 2025 has reached the predetermined target. However, south of 30°N, there is a substantial 
bias in the location and size of sampled swordfish. On the other hand, specimens of striped marlin less 
than 100 cm EFL and greater than 210 cm EFL are scarce. Although efforts to collect these specimens 
were intensified starting in 2024, none were obtained. The number of swordfish gonad samples from 
three countries collated by Japan, including both fresh and frozen samples, has reached the target value 
in the western and central areas. Future studies include establishing a method for analyzing frozen 
gonads and conducting sampling in areas where only few specimens have been obtained. The number of 
striped marlin otolith and dorsal spine samples collated by Japan for small and large specimens alike is 
small across all three regions. Additionally, there are a few large geographic areas where very few 
samples have been collected. A more efficient sampling plan will be required to effectively collect these 
missing samples in the future. 

Discussion 

The WG discussed plans for obtaining samples from areas where limited longline fishing occurs. Japan 
intends to collect samples from the waters south of Japan in the coming year (2026). For the areas east 
of Hawaii (off the west coast of California), there have been some efforts to collect samples, but due to 
limited personnel, training, and expertise, sampling in that area is very limited and looks to remain that 
way going forward. It was also noted that some larger BUM samples are now being collected from the 
Hawaii tournament fishing and are being shared with Taiwan. 

The WG also discussed the collection of gonads from Taiwan’s fisheries for use in the reproduction 
studies by Japan. It was clarified that the gonads are frozen onboard fishing vessels, and that Taiwanese 
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The WG also discussed potential paths for validation of the ages. At this time there are no specific 
projects addressing age validation, however IBBS collected eye-lenses to use for bomb-radiocarbon 
dating. A pilot project has already been started by the USA to evaluate the effectiveness of this method, 
but is currently on hold due to funding. At this time, age validation of growth of all billfish species is 
needed, but funding is not available. 

 Protocol for sharing genetic samples of Striped Marlin collected by Japan, Taiwan, and the United 
States to elucidate stock structure and dynamics in the North Pacific Ocean Johanna Bober, Masashi 
Sekino, Yoji Nakamura, Motoshige Yasuike, Yuki Ishihara, and Mikihiko Kai (ISC/26/BILLWG-01/03) 

Summary 

The accuracy of stock assessments for Striped Marlin (Kajikia audax) in the Pacific Ocean continues to be 
affected by uncertainties related to stock structure, seasonal population dynamics and mixing scenarios 
across stock management area boundaries. In particular, unresolved stock structure in the North Pacific 
Ocean has led to discrepancies between the groups identified through genetic studies and the stocks 
recognized by Regional Fisheries Management Organizations. These discrepancies compromise the 
effectiveness of management measures and ultimately impact the overall stability of fishery resources. 
Here, we discuss an approach to evaluate the genetic stock structure in relation to temporal dynamics 
such as putative seasonal migrations to feeding and spawning grounds and life history characteristics 
across the entire North Pacific Ocean, over a continuous multi-year time frame. This approach aims to 
address key fundamental uncertainties and improve stock assessments. Furthermore, we present a 
protocol for sharing genetic samples of Striped Marlin collected by Japan, Taiwan, and the United States 
to facilitate future studies on stock structure in the North Pacific Ocean. 

Discussion 

The WG noted that sample preservation has become a critical component of collaborative stock 
structure studies, as some participating countries currently lack the capacity to process genetic samples 
domestically. The use of appropriate buffering methods is essential to ensure DNA quality, maintain 
sample integrity during storage and transport, and enable reliable comparisons among samples 
processed in different laboratories. The WG also emphasized that DNA analysis should be conducted not 
only for stock structure studies but also for CKMR-type studies and other related research. 

The WG agreed that a memorandum of understanding (MOU) for genetic research studies among the 
participating countries should be developed prior to the initialization of any genetic research using IBBS 
samples. The WG decided that the three members (Japan, Chinese Taipei, and the US) would hold 
discussions during the meeting period to develop a draft of this MOU.  

The WG discussed the proposed “TNES Urea buffer” for sample storage and acknowledged that there 
are no restrictions in shipping this buffer. However, the WG expressed concern that this methodology is 
not a globally standardized approach for DNA analysis, as it is used primarily by Japan.  Adoption of a 
unified preservation protocol will help reduce methodological inconsistencies and improve the 
robustness and comparability of genetic analyses across participating countries. 



DRAFT 

 6 

The WG agreed on the MOU concerning genetic research studies such as stock structure and CKMR etc. (see 
the Attachment 4 for details). 

Progress report on the histological analysis of gonads for estimating the maturity schedule of 
swordfish Xiphias gladius caught in the North Pacific. Hiroshi Ashida, Yuki Ishihara, Michael Kinney, 
Kristen Dahl, Yi-Jay Chang, Zi-Wei Yeh, and Mikihiko Kai (ISC/26/BILLWG-01/04) 

Summary 

This document reports the recent progress in sample treatment for estimating the maturity schedule of 
swordfish in the North Pacific. A total of 913 swordfish gonads were collected between 2020 and 2024 
for histological analysis, and the maturity status of each gonad was assessed through histological 
observation. The sex ratio varied depending on eye-fork length (EFL) class and subarea, skewing toward 
females in larger size classes. Mature and spawning females were primarily distributed south of 30°N, 
whereas mature males were found throughout the entire sampling area. Mature and spawning females 
were mainly observed from January to August, while mature males were present year around. In the 
present study, the minimum size at maturity was 130 cm EFL for females and 74.5 cm EFL for males. 

The results of present study suggest that the distribution of mature and spawning females is latitudinally 
biased. Therefore, to accurately estimate the maturity schedule and characterize the reproductive traits 
of swordfish, gonad sampling efforts should be intensified in areas south of 30°N in the North Pacific. 

Discussion 

The WG discussed the few observations of spawning capable females in the samples analyzed. It was 
noted that there may be various factors to cause this observation, including the size composition of 
samples (dominance of juveniles), the criteria for maturity, as a strict criteria was used in the analysis, 
more may be observed if a less conservative classification scheme was used, there may be a mismatch 
of sampling effort in relation to the distribution of spawning females, or spawning females in longline 
fishery may have a different catchability (e.g., mismatch of vertical distribution). 

The WG also noted that the presented data were from fresh gonads only, and discussed the feasibility of 
using frozen samples.  It is possible to use the “ova diameter” to classify the maturity status of 
individuals and this method can be applied to this study in the future, which would allow for the 
expansion of the number of samples as samples from TWN are all frozen. This method has been 
presented to the WG in the past.  

Update on the US Progress of the International Billfish Biological Sampling Program Michael Kinney 
(Presentation 01) 

Summary 

The US presented on their 2025 sampling progress for the International Billfish Biological Sampling 
(IBBS) project. Sampling proceeded much as it did in previous years, with the total billfish sampling from 
the US reaching 1,426 individual fish (557 Swordfish, 552 Striped Marlin, and 317 Blue Marlin) from over 
600 fishing trips. The US did note that sampling in 2025 dropped in comparison to 2024, which was 
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expected as the observer programs coverage of the fishery was reduced in 2025.  The US also outlined 
several new supplemental sampling efforts that were carried out in 2025, one to address the lack of 
samples coming from the area between Hawaii and the US mainland, and another to gather samples of 
thousand-pound blue marlins that are sometimes caught in the billfish fishing tournaments on the Big 
Island of Hawaii. In terms of laboratory processing the US has kept pace with sampling during 2025 and 
organized another sample exchange with project partners from Japan and Taiwan.  Finally, the US 
reported on progress related to Striped Marlin maturity. Currently, the histology work for nearly all 
Striped Marlin gonads has been completed. The US has also completed a set of reference collection 
slides and is working to finalize a gonad staging document that will act as a training tool for slide 
readers. The US is on track to produce maturity estimates for Striped Marlin in 2026. 

Discussion 

The WG questioned the lack of samples in the central Pacific west of Hawaii, and it was noted that there 
was little fishing activity in that area due to the Papahanaumokuakea National Marine Monument which 
is closed to fishing in the 200-mile EEZ around the northwestern Hawaiian Islands. The WG also 
discussed the expected timeline for the MLS maturity work. A completed analysis of the maturity 
samples for MLS should be completed by September in time for the WCNPO MLS assessment scheduled 
for 2027. The WG noted that work is being done to try to collect samples in the EPO, however, it is 
expected that samples will be limited. 

Update on Chinese Taipei progress on the International Billfish Biological Sampling Program. Yi-Jay 
Chang (Presentation 02) 

Summary 

This presentation summarizes the statistical overview of biological sampling for three billfish species, 
striped marlin (MLS), blue marlin (BUM), and swordfish (SWO), based on Taiwanese observer and port-
based sampling programs in the North Pacific. Including the most recent sampling, a total of 125 BUM, 
207 MLS, and 247 SWO specimens were collected. Port-based sampling was mainly concentrated in 
Taiwan’s coastal waters, while samples from small-scale longline (STLL) fisheries were more common in 
tropical regions, and distant-water longline (LTLL) samples were primarily distributed in temperate 
waters. Sampling coverage in the eastern North Pacific, particularly east of 160°W, remained limited. 
Multiple biological tissues were collected, including muscle, gonads, fin spines, otoliths, eye lenses, and 
vertebrae, along with sex information. Muscle, gonad, and dorsal fin spine samples had the largest 
sample sizes and the broadest spatial coverage. Most immature SWO samples were distributed in 
tropical regions. Eye lens and vertebra samples have only been collected during the past two years, 
resulting in smaller sample sizes concentrated in the western (west of 160°E) and central North Pacific 
(160°E–160°W). Based on IBBS sampling recommendations, notable data gaps remain, particularly in the 
eastern Pacific. BUM and MLS lack samples from smaller size classes, while SWO lack medium-to-large 
size samples. Most samples were male-biased, except for SWO in the central Pacific. Blue marlin 
samples shared with Taiwan comprised gonad, fin spine, and otolith tissues from Japan (18, 54, 56) and 
the U.S. (168, 291, 132). 

Discussion 
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The authors confirmed that the fewer samples recorded in 2025 were due to a lag in data entry, and 
that the collected eye-lenses were stored frozen. The authors also discussed a new project to explore 
migration and dispersal of North Pacific swordfish using a stable isotope analysis and SNP-based 
genomic population structure. 

5.       Pacific Blue Marlin Biology 

The WG reviewed the biological parameters and updated population dynamics information since the 
2021 stock assessment. New information was provided on growth (Chang et al., 2025) and natural 
mortality (WP-05). Additionally, the working group reviewed information that provided context for a 
draft conceptual model. Recent genetic studies (Chen et al., 2016; Williams et al., 2020) supported the 
assumption of a single pan-Pacific blue marlin stock that occurs primarily in the tropical waters of the 
North and South Pacific. Tagging data suggests blue marlin can make long distance movements in short 
periods of time and have been shown to cross the equator.  The WG identified the need for an updated 
length-weight relationship for BUM that is representative for a broad spatial range of BUM, and noted 
that the IBBS samples predominately do not include weight. The WG also recommended estimating 
growth internally in the model using the aging data from the Chang et al., 2025 paper. 

Natural Mortality Rates for the Pacific Blue Marlin Stock. Jon Brodziak (ISC/26/BILLWG-01/05) 

Summary 

Pacific blue marlin (Makaira nigricans) life-history inputs, particularly age and growth, remain a key 
source of uncertainty in Pacific-wide stock assessment advice. In the 2021 assessment, the Billfish 
Working Group could not reach agreement between an “old” and a “new” growth curve. These 
alternatives differed in functional form and in sensitive parameters such as L∞. The assessment 
therefore advanced an equally weighted two-model ensemble and explicitly noted substantial 
uncertainty in life-history parameters, especially growth. Despite this uncertainty, the 2021 ensemble 
indicated the stock was likely not overfished and very likely not experiencing overfishing relative to MSY-
based reference points. For example, the assessment reported an estimated probability of about 81% 
that the stock was not overfished and greater than 90% that overfishing was not occurring in 2019.  

This working paper updates sex- and age-specific natural mortality M for Pacific BUM. First, it develops 
an alternative estimator based on the Hamel and Cope (2022) maximum-age approach with Lorenzen 
rescaling (Lorenzen 1996, 2022). Both approaches are implemented using the new two-stanza growth 
model (TSGM) with age-determination uncertainty developed by Chang et al. (2025). Second, it revises 
the Brodziak (2021) meta-analysis framework, which combines multiple adult M estimators and rescales 
juvenile M using the Lorenzen allometric relationship. 

The Chang et al. (2025) TSGM was fit in a Bayesian errors-in-variables framework and better captures 
late-age growth than a von Bertalanffy curve. The intent is for this TSGM to supplant the growth model 
options used in the 2021 assessment ensemble. Using this updated growth model, the Lorenzen-scaled 
maximum-age estimator and the revised meta-analysis yield different point estimates for adult female 
natural mortality (0.20 versus 0.24) and for adult males (0.30 versus 0.26). Adult female and male M 
estimates from the Lorenzen-scaled maximum-age approach are substantially more variable (CV 
approximately 33%) than the meta-analytic estimates (CV less than 5%). These results show how the 



DRAFT 

 9 

growth model choice and the estimation approach affect sex-specific M and provide alternative natural 
mortality rates for future Pacific BUM assessments. 

Discussion 

The WG requested that the author provide some figures showing natural mortality at weight and length 
to better understand the differences between the Lorenzen natural mortality estimates for fish <1 year. 
These were provided and the WG agreed that the natural mortality at weight for male and female fish 
<1 year were reasonably similar, considering the uncertainty in the estimation method.  The WG agreed 
to prioritize the Lorenzen estimates over the updated meta-analysis natural mortality estimates, but 
that the latter should be included as a sensitivity run. Estimating natural mortality within the model was 
also discussed, but it was noted that there is insufficient data from an unfished population for an 
independent estimate of M. The WG agreed to use a sex- and age-specific natural mortality schedule 
based upon the sex-specific Lorenzen estimation with Hamel and Cope (2022) maximum-age approach 
in this WP as the base-case model and the meta-analysis for a sensitivity run. 

Pacific-wide distribution of blue marlin: implications for stock structure and assessment. Martin C 
Arostegui (Presentation 03) 

Dr. Martin Arostegui (Woods Hole Oceanographic Institution) presented ongoing research into billfish 
bycatch hotspots in the Pacific Ocean, including a BUM species distribution model (SDM) generated as 
part of the project. Leveraging > 500,000 occurrence records from conventional tagging, Hawaiian 
longline, Taiwanese longline, and Inter-American Tropical Tuna Commission purse-seine and longline 
datasets, he and his colleagues built a boosted regression tree model in which sea surface temperature 
was the most important variable and sea surface height, sea surface salinity, chlorophyll a 
concentration, eddy kinetic energy, and mixed layer depth were secondarily important. Seasonal 
climatologies from 2013 - 2022 highlighted a predominantly tropical distribution, including equatorial 
and subtropical gyre waters, with an apparent cline in habitat suitability increasing from the Eastern to 
Western Pacific. The SDM represented seasonal variability at large and small scales, matching 
distributional dynamics known from commercial and recreational fisheries. Comparison to SDM outputs 
for shortbill spearfish from the same project highlight the consistency of the BUM SDM outputs with the 
best-knowledge hypothesis of a single, panmictic blue marlin stock. However, noting the challenge in 
translating SDM outputs to stock structure, he addressed the current state of reproduction, movement, 
and genetic data knowledge and gaps therein, emphasizing the degree of (un)certainty appropriate to 
what each discipline suggests regarding stock structure and the prevailing hypothesis of how population 
connectivity is achieved. 

Discussion 

The WG appreciated Dr. Arostegui for joining the meeting and providing additional context to our 
understanding of Pacific BUM population dynamics. There was discussion around the primary driver of 
habitat suitability from the SDM. SST was the dominant contributor to the model, accounting for ~75% 
of the distribution model. The WG discussed the hypothesis that the thermal tolerance for blue marlin 
changes with body size, which was supported by the observed size distributions from the fishery data 
which showed higher mean size of fish caught in the more temperate “boundary” areas of BUM 
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preferred habitat. The WG also discussed how the preferred habitat for BUM might change seasonally 
and during climatic events such as marine heat waves or ENSO events. Dr. Arostegui indicated that there 
are plans for the exploration of these events, but it was a work in progress. The WG also discussed the 
suggestion of lower spawning activity in the EPO, and that this could be an artifact of low larval sampling 
in that area, and that there are still substantial gaps in our understanding of the spawning grounds for 
BUM. 

6. Abundance Indices 

Update of the Japanese longline abundance index for Pacific blue marlin (Makaira nigricans) using the 
habitat model (1994-2024). Marko Jusup and Mikihiko Kai (ISC/26/BILLWG-01/06) 

An updated standardized catch-per-unit-effort (CPUE) index for Pacific BUM (Makaira nigricans) was 
developed for the period 1994-2024 to inform the upcoming stock assessment. The analysis was based 
on the established habitat model methodology, applied to Japanese longline fishery logbook data. The 
model incorporated monthly environmental data, including Mixed Layer Depth and subsurface Potential 
Temperature, from the Copernicus Marine Service. The resulting standardized index shows a degree of 
divergence from the nominal CPUE trend, underscoring the importance of accounting for temporal shifts 
in fishing strategy and environmental conditions. The time series is characterized by a decline from high 
levels in the mid-1990s, followed by a multi-decade period of fluctuation without a strong directional 
trend, and culminates in a sharp increase in the terminal year. The index, with uncertainty estimated via 
a non-parametric bootstrap procedure, is presented for consideration as a primary input for the 
upcoming ISC stock assessment for Pacific BUM. 

Discussion 

The WG discussed the increase in nominal and standardized CPUE in 2024 and noted that a large 
increase in catch in the Western Pacific was observed for most fisheries, largely driven by a high number 
of small fish caught. The WG also examined the difference between the absolute effort and effective 
effort estimated in the model, as the fleet footprint and number of hooks set has declined substantially 
in the last few decades. The authors presented a figure showing that nominal effort has declined by a 
factor of about 3.5 while the effective effort has only declined by a factor of around 2, suggesting that 
there are fewer hooks set but more of them are in areas likely to catch BUM. The WG further requested 
the authors provide an abundance index restricted to 20°N to 20°S in the tropics to account for the 
contraction of the operational area, and also requested to separate a CPUE index in this area into east 
and west of 170°W which roughly corresponds to a change in the mean size of fish from small fish in the 
west to larger fish in the east. After reviewing this additional information, the WG agreed to use these 
two CPUE indices east and west of 170°W and between 20°N and 20°S as they most likely represent 
abundance indices of adult and juvenile BUM. 

The WG also discussed several model-structure and data-treatment issues that could affect how the 
habitat-model standardization is interpreted through time. In particular, the WG noted that different 
approaches to handling gear configuration data could influence the standardized index, including either 
imputing missing configurations or leaving them unimputed. The WG also observed that the Copernicus 
environmental data treatment had been corrected and the CPUE standardization analysis was re-run 
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with similar results. However, they noted some remaining uncertainty about potential hyperstability 
effects that may not be fully captured by standardized CPUE. 

CPUE standardization of blue marlin (Makaira nigricans) for the Taiwanese distant-water tuna 
longline fishery in the Pacific Ocean during 1971 - 2024. Zi-Wei Yeh and Yi-Jay Chang (ISC/26/BILLWG-
01/07) 

Pacific blue marlin (Makaira nigricans) is a highly migratory pelagic species widely distributed across the 
Pacific Ocean and is considered to form a single Pacific-wide stock. This study updates standardized 
catch-per-unit-effort (CPUE) indices for Pacific BUM from the Taiwanese distant-water tuna longline 
(DWLL) fishery for the period 1971 – 2024, in support of the forthcoming BUM stock assessment. 
Operational logbook data were analyzed using a spatio-temporal delta-lognormal generalized linear 
mixed modeling framework implemented in the sdmTMB package. To account for temporal changes in 
data availability, fishing practices, and fleet behavior, CPUE standardization was conducted separately 
for three periods: 1971 – 1978, 1979 – 1999, and 2000 – 2024. The models incorporated spatial and 
spatio-temporal random effects, vessel effects, and period-specific catchability covariates, including 
total hook numbers and hooks per basket (HPB). Model diagnostics based on probability integral 
transform residuals indicated satisfactory model performance with no strong spatial or temporal misfit. 
The resulting standardized indices show high interannual variability and large uncertainty during the 
early period, an overall declining trend during 1979 – 1999, and a relatively stable pattern with 
interannual variability during 2000 – 2023. Notably, the relative abundance index in 2024 increased 
sharply, reaching the highest level observed in the time series. 

Discussion 

The WG discussed the rationale for splitting the TWN index into three time periods. It was explained 
that this approach was driven by the data availability at the time and is consistent with the treatment 
used in the previous assessment. The WG generally agreed that this approach was adequate for the 
current assessment. The WG also requested the authors produce an index restricted to the area 
between 20°N and 20°S and east and west of 170°W, consistent with the treatment of the JPN CPUE, to 
account for the substantial shift in mean size from predominantly small fish in the west to larger fish in 
the east. This work was presented to the WG, and the WG agreed to use the split index for the late time 
period in the model. The WG also noted that, in the western index, there was a large increase in the 
nominal and standardized CPUE observed in the TWN CPUE. This fleet also showed a large increase in 
catch of small BUM in 2024. 

The WG also discussed an increase in the TWN catch series around 2000 and how it should be treated in 
assessment inputs. The WG noted that the apparent increase in reported blue marlin catch around 2000 
could reflect a change in reporting rather than a true jump in removals, because landings at foreign 
ports began to be included in official statistics at that time. The WG further noted that foreign-port 
landings likely occurred before 2000 but were not captured consistently in earlier records, and that the 
emergence of TWN’s tropical tuna fishery around 2000 provided additional context for changes in 
fishing patterns. The WG agreed that this discontinuity should be documented and considered when 
interpreting historical catch and CPUE trends. 
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Standardization of Pacific Blue Marlin Catch Per Unit Effort in the Hawaii Longline Fishery from 1995-
2024. Michelle Sculley (ISC/26/BILLWG-01/08) 

This working paper provides the standardization of the Hawaii-based longline fishery Pacific blue marlin 
(Makaira nigricans) catch per unit effort (CPUE) data. A lognormal generalized linear mixed model 
(GLMM) was fit to the combined data with 13 operational and environmental covariates considered. 
Results showed that the environmental covariates did not contribute substantially to the deviance of the 
models. Overall, the standardized CPUE index is relatively flat with a slight dip in the late 2000s to early 
2010s. 

Discussion 

The WG discussed the amount of deviance explained by the two components of the delta-lognormal 
model (<10% each), and requested additional model runs including interaction terms to explore whether 
more of the variability could be explained. This work showed that adding interaction terms did not 
increase the variance explained, but a mathematical error was identified, revealing that positive catch 
component actually explained 50% of the deviance rather than 10%. Additionally, the WG requested a 
model run using only the deep-set sector data, consistent with the last assessment, as this fleet catches 
the majority of the BUM and overlaps more with the distribution of BUM than the shallow-set fishery. 
Also, the proportion of shallow sets to deep sets declined dramatically after the year 2000 and that 
imbalance may affect the standardization. The shallow-set fishery operates seasonally and shows high 
variability in the catches of BUM, which is more likely due to annual and seasonal shifts in the 
distribution of fish rather than changes in abundance. The shallow-set fishery also catches fish that are 
slightly larger than the deep-set fishery.   

The WG also examined the difference in trend between the positive catches model, which showed a 
marked declining trend, and the joint model, which was generally flat. The WG agreed to use the delta-
lognormal CPUE index from the deep-set fishery only.  

The WG also compared nominal CPUE patterns with the standardized index and discussed why they 
diverged most strongly in the early period. The WG noted a large drop in nominal CPUE in the 1990s that 
was largely standardized out into a more modest decline followed by a flatter plateau, and they 
discussed how pre-2000 operational changes could confound interpretation, including shifts in hooks-
per-float, mixtures of shallow and deep sets, and fewer mixed-gear years in later periods. The WG also 
emphasized representativeness and diagnostics, noting that most sets caught fewer than 5 fish, while a 
small fraction had much higher catches, and that this fleet may not reflect the selectivity for larger fish 
seen in other fisheries. 

The author noted that there were plans to explore a spatio-temporal model for the HI-based longline 
CPUE index, as previously discussed by the WG, but due to the US government shutdown, this work was 
not completed. Evaluating different assumptions regarding error distribution may help better 
characterize the heterogeneous nature of the data between the two set-types, improve model 
diagnostics, and enhance the robustness of CPUE standardization.  

7. Catch and Size Data 
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Update of the Japanese catch and length-frequency data for Pacific blue marlin (Makaira nigricans) 
from 1971 to 2024. Marko Jusup and Mikihiko Kai (ISC/26/BILLWG-01/09) 

This working paper documents the update of Japanese catch and size composition data for Pacific blue 
marlin (Makaira nigricans) in preparation for the upcoming stock assessment. The analysis covers the 
period from 1971 to 2024 and categorizes fisheries into six fleets: early and late offshore & distant-
water (ODW) longline, coastal longline, driftnet, bait fishing, and others. Catch estimation methods 
largely follow protocols established in previous assessments, with a refinement for the coastal longline 
fleet (F3), where logbook data were supplemented with ratio-adjusted yearbook statistics since 2008. 
The updated catch time series confirms a historical peak in the mid-1980s followed by a decline to 
stabilized low levels in recent years. Size composition analysis of the ODW fleet reveals a stable long-
term size structure dominated by immature fish, though clear spatiotemporal heterogeneity and sexual 
dimorphism are evident. 

Discussion 

Japan’s catch time series is typically split into pre-1994 and post-1994, but given the consistency of the 
size distribution the WG decided that the early and late catch should be combined into one fleet. The 
WG asked if there were substantial discards or misidentification of small blue marlin.  It was indicated 
that observer coverage is low but there is some data and it would be possible to compare observer data 
and logbook data to see what discards look like.  This has not been done before but it is possible to do. 
The WG indicated that for SWO and MLS, port sampling data can underrepresent small individuals as 
they tend to not make it to port in many fisheries, this could be the case with BUM as well but it will 
need to be investigated. The WG suggested that this work may be useful for the next assessment. 

The WG asked about the inclusion of sex-specific length-frequency longline data in the assessment. It 
was mentioned that the small unknown sex individuals likely have a sex ratio close to 1:1 male to 
female, this would mean that the size distribution of known females is potentially biased high and could 
be problematic if exclusively applied to the catch. The WG indicated that within SS there is a mechanism 
to allow male, female, and unknown sex information into the model, and then the model uses other 
information (natural mortality, growth, etc.) to decide how to apportion unknown sex individuals into 
either male or female. The working group indicated that this would be the preferable approach as it 
allows all the available data into the model. 

The WG asked about the drift net size distribution based on quarters. Japan provided information that 
the data were insufficient to separate the fleet by quarter and that the fleet should be maintained as 
one fleet. 

Blue marlin (Makaira nigricans) catch and size data of Taiwanese fisheries in the Pacific Ocean. Zi-Wei 
Yeh and Yi-Jay Chang (ISC/26/BILLWG-01/10) 

Blue marlin (Makaira nigricans) is a highly migratory pelagic species widely distributed throughout the 
Pacific Ocean and assessed as a single Pacific-wide stock. This study compiles updated fishery-
dependent information on blue marlin catches and size composition from Taiwanese fisheries operating 
in the Pacific Ocean to support ongoing stock assessment efforts. Nominal catch data were assembled 
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from official statistics, logbooks, landing declarations, and market records for distant-water tuna 
longline, offshore longline, and coastal fisheries. Size data, expressed as lower jaw fork length (LJFL), 
were obtained from onboard sampling and logbook records. The average annual blue marlin catch 
during 2009 – 2024 was approximately 5,310 metric tons, with offshore longline fisheries contributing 
the majority of catches, primarily from the North Pacific Ocean. Catches from the distant-water tuna 
longline fishery increased after 2000, while coastal fisheries accounted for only a small proportion of 
total landings. Length-frequency analyses for 2009 – 2024 showed relatively stable size composition, 
with most individuals ranging from 150 to 200 cm LJFL and limited interannual or seasonal variation. 
Mean LJFL remained consistent over time, although sample sizes declined in recent years and juveniles 
(<100 cm LJFL) were rarely observed. These updated catch and size data provide essential inputs for 
regional blue marlin stock assessments. 

Discussion 

The WG noted that in the early years, the fishery primarily targeted albacore, then shifted during the 
1990s to include high-seas drift nets, followed by a transition toward more tropical tuna species. Later, 
the albacore fishery moved northward, focusing on northern albacore. The authors indicated that the 
weight data for large-scale distant water tuna longline (LTLL) in 2004 were less reliable. For blue marlin, 
weight data from 2005 were reliable, while length data prior to 2004 exist but are of questionable 
quality. The WG recommended using weight data from both LTLL and small-scale distant water tuna 
longline (STLL) in the assessment. The WG confirmed that CPUE standardization should be applied only 
to LTLL because the logbook quality for STLL was low before the implementation of the elogbook 
system.  

The WG requested an east–west comparison to better interpret regional differences in size patterns for 
LTLL and STLL fleets. Using 170°W as the boundary, the authors split Taiwan size composition by region 
and standardized CPUE separately for the eastern and western strata. The results supported this 
regional structure, with different sample sizes and higher mean weights with lower coefficients of 
variation in the east and an approximate 10 kg difference between regions. 

The WG noted a sharp increase in STLL catches around 2000, as shown in the time-series bar chart in the 
WP. This issue was documented in the previous working paper and attributed to the introduction of 
foreign-port landing reports starting in 2000. The WG discussed possible unreported catch prior to 2000 
but concluded that back-calculation is difficult. This represents a step change in catch reporting 
beginning in 2000. The WG requested clarification on which foreign ports were involved; the presenter 
will contact the relevant officer for confirmation. The WG recommended that a sensitivity run using 
estimated catch from foreign fleets prior to 2000 be included to explore how the missing data may 
affect the model results. 

Summary of US Catch and Size of Pacific Blue Marlin. Michelle Sculley (ISC/26/BILLWG-01/11) 

Summary 

U.S. fisheries for blue marlin (Makaira nigricans) in the Pacific Ocean can be categorized according to 
three distinct gear types: longline, troll, and handline. The Hawaii longline fishery is the largest and 
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includes Hawaii and California-based vessels. This fishery catches blue marlin incidentally on sets 
targeting tuna or swordfish. The American Samoa longline fishery also catches blue marlin incidentally 
and is primarily in the South Pacific Ocean. Troll fisheries in Hawaii, Guam, and the Commonwealth of 
the Northern Mariana Islands (CNMI) take the second largest catches of marlins. These fisheries 
opportunistically target marlins on a seasonal basis. The Hawaii handline fishery represents the third 
category, with small incidental catches of marlin. Blue marlin are also caught by recreational fisheries 
but there is no mandatory data collection program for this fishery sector, therefore, only the U.S. 
commercial fisheries are discussed in this report. 

Discussion 

The WG discussed the potential to include the American Samoa size data, however due to the low 
sample size agreed not to use it. The American Samoa longline catch data will be included with the 
Hawaii longline data and the Hawaii size data included. The size data will exclude the shallow-set data as 
it is a small component of the catch and a slightly different selectivity. The author also agreed to see if 
data before 1994 could be obtained and if those data were in weight, they would be included in the 
small boat fleet (which uses the same selectivity as the longline fleet). There was also a discussion 
around the availability of tournament data for BUM, and it was agreed to see if any of that data were 
available to be included in the assessment. 

Summary of catch and size data available from the Western Central Pacific Fisheries Commission and 
Inter-American Tropical Tuna Commission. Michelle Sculley (Presentation 04) 

A summary of the publicly-available data from other fleets in the WCPFC and IATTC databases were 
presented. The size data available from the IATTC purse seine fleet was also presented. 

Discussion 

The WG agreed to contact WCPFC and IATTC to see if any additional catch and size data were available 
for inclusion in the assessment. The WG also agreed to use the yearbook data for catch data for BUM if 
it was available. The WG further discussed the difference between the yearbook data and the 
summarized data presented and noted the summarized data did not include catch from the US, Japan, 
and Chinese Taipei, and that these are the dominant fleets catching blue marlin in the Pacific. 

8. Draft Conceptual Model 

The WG drafted a conceptual model of Pacific blue marlin population dynamics (Figures 1-2). Generally, 
BUM are found in the warm tropical waters of the Pacific Ocean and are known to make long distance 
movements over relatively short periods of time, even crossing the equator (Su et al., 2011; Carlisle et 
al., 2016). Sea surface temperature appears to be a significant driver of habitat suitability, with BUM 
preferring to remain in the warm mixed layer between 25-30℃ (Su et al., 2011; Carlisle et al., 2016). 
Larger adult BUM have better physiological capacity to stand cold water, they are believed to move into 
the cooler, more temperate waters north and south of the equator near the subtropical convergence 
zone, seasonally, for feeding in the highly productive waters (Shimose et al., 2012).  
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Spawning is believed to occur in the north Pacific between 5°N and 20°N, potentially year-round, but 
peaking in the boreal summer (May-September). There is also evidence of seasonal spawning around 
Taiwan and southern Japanese islands (Sun et al., 2009; Shimose et al., 2009). Large female BUM are 
believed to make periodic feeding excursions to the northern feeding grounds during spawning season, 
while the smaller males and juveniles remain in the warmer tropical waters (Shimose et al.,2012). 
Similarly, in the South Pacific, spawning is believed to occur between the equator and 10°S, year-round 
but peaking in the austral summer (November - March), with large females making feeding excursions to 
the southern temperate productive regions.  

Additionally, some spawning activity may occur in the eastern Pacific seasonally when sea surface 
temperatures are conducive to spawning. Larvae of blue marlin are found in high abundance in the 
western Pacific Ocean, but larval studies have limited sampling in the EPO (Nishikawa et al., 1985). 
Larvae could also have moved from the spawning areas due to the strong currents around the equator. 
Larger average fish weights were found in the TWN longline fleet in tropical areas east of 170°W, while 
west of that meridian the average sizes were smaller. The WG decided that the indices that would 
represent the adult female component should be obtained from the tropical latitudes east of 170°W.  

 

Figure 1. A diagram of the conceptual model developed by the BILLWG for female Pacific blue marlin. 
Arrows show general exchange of fish not directed movement. Red boundary represents approximate 
habitat range of BUM. 
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Figure 2. A diagram of the conceptual model developed by the BILLWG for male Pacific blue marlin. 
Arrows show general exchange of fish not directed movement. Red boundary represents approximate 
habitat range of BUM. 

9. Model configurations 

a. Version of the Stock Synthesis 3 

The WG discussed the version of Stock Synthesis 3. The WG agreed to use the latest version V3.30.24.1 
released September 19, 2025 and the most recent version of the r4ss package. 

b. Fleet definition and data sets 

The WG Chair proposed that the definition of the SS fleets be generally based on the 2021 stock 
assessment, but combining fleets which use the same selectivity as much as possible to simplify the fleet 
structure. The WG agreed that the stock assessment includes the fleets outlined in Table 1. The WG 
agreed to combine the WCPFC and IATTC longline fleets if size data were not available to estimate 
separate selectivities of the fleets. Additionally, the WCPFC and IATTC purse seine fleets would be 
combined if no size data were available for the WCPFC fleet. The WG also decided to split the recent JPN 
and TWN longline fleets into east and west of 170°W following the conceptual model for the stock that 
indicates that fish east of 170°W are larger than those west of that meridian. 

c. Biological parameters 

The WG agreed upon the biological parameters for the model (Table 2). The WG agreed to use the 
newly published sex-specific two-stanza growth curves for BUM (Chang et al., 2025) and the updated 
sex-specific natural mortality schedules based on these growth curves from WP-05. The WG also agreed 
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to explore estimating the growth curves internally to the model using the conditional length-at-age data 
from the Chang et al., 2025 paper, and explore the possibility of estimating steepness. The WG also 
agreed to use a quarterly time-step model and to apportion age-0 recruitment across quarters to match 
the Japanese larval survey patterns, while using spawning biomass in May for the stock–recruitment 
relationship. 

d. Future projection 

The WG discussed the future projections. In the new stock assessment, the WG agreed to use the future 
projection function of SS3. The WG reviewed the projection scenarios in the 2021 stock assessment and 
agreed that the future projection scenarios are: Scenario 1 (F = FHigh), Scenario 2 (F = FMSY), Scenario 3 (F 
= F2021-2023), and Scenario 4 (F = F30%). 

e. Sensitivity analysis 

The WG reviewed the proposed sensitivity analyses and agreed to include sensitivity runs on biological 
parameters for natural mortality, steepness, maturity ogive, and weight-length (Table 3). The WG also 
agreed to consider alternative input data and other scenarios after agreeing on a base case model. 

10. Other items 

NC21 tasked the ISC BILLWG to initialize an MSE for WCNPO SWO. The WG was tasked to: “to begin 
technical work on a management strategy evaluation (MSE) for Western and Central North Pacific Ocean 
swordfish once additional capacity for MSE is provided. Specifically, the NC requests the ISC to develop a 
detailed MSE workplan that will be presented to NC in 2026, outlining steps and timeline to conduct and 
complete an MSE.” At NC21 the USA indicated that they would be able to provide the additional 
capacity. An initial workplan for the MSE development was presented to the WG for consideration to 
address the NC request. 

 Development of an MSE for North Pacific Swordfish. Adrian Hordyk (Presentation). 

The WCPFC NC plans to develop and adopt a simulation-tested harvest strategy for the North Pacific 
swordfish. This provides a general overview of a management strategy evaluation (MSE) process and 
provided a brief demonstration of an MSE framework that is being developed. An MSE process involves 
stakeholder engagement to determine the management objectives and the key sources of uncertainty 
that need to be included in the MSE. Mathematical models called operating models are developed to 
simulate the fishery dynamics, incorporating the system uncertainties identified by stakeholders. 
Quantitative performance metrics are developed from the management objectives, and used to 
evaluate the performance of the different management procedures tested in the MSE. A set of simple 
example management procedures were used to demonstrate the MSE framework. The presentation 
also outlined a proposed workplan for the North Pacific swordfish MSE and recommended the 
establishment of a technical team who would focus on the technical aspects of building operating 
models and developing the candidate management procedures to evaluate in the analysis. 

Discussion 

The WG discussed the workplan and the MSE project. It was emphasized that a workplan and initial 
model development was requested by NC21 and would need to be provided to NC22. The WG also 
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noted that the WG would only be responsible for developing the technical side of the MSE, and that NC 
had already tasked itself with developing management procedures and stakeholder engagement. While 
the WG was able to agree to continuing to develop operating models, data inputs, and identifying key 
sources of uncertainty, agreement was not reached on the proposed workplan.  

Japan and Taiwan indicated that they were not able to reach agreement on the schedule for developing 
the swordfish MSE proposed by the United States due to concerns over the short timeline and the 
assessment schedule for the BILLWG, in addition to other responsibilities in RFMOs and teaching and 
research loads. In addition, these members were concerned that there would not be sufficient 
stakeholder engagement during the proposed time frame. 

Japan and Taiwan also expressed concerns around developing candidate Management procedures when 
the management objectives have not been established by the NC. They stated that work on the MSE 
should not be undertaken until after the NC has decided the management objectives and that the NC 
should develop a workplan, not the BILLWG. 

The WG agreed to revisit the workplan at the BUM assessment meeting in April, and gain feedback from 
other members at the ISC plenary meeting in June, 2026, noting that a draft workplan must be 
presented to NC22 in July, 2026. 

Date of the stock assessment meeting 

The WG agreed that the stock assessment meeting for the Pacific blue marlin would be conducted as 
follows. 

Date: 8:30 AM - 4:00 PM 28 April - 4 May 2026 (HST) 

Venue: Honolulu, HI, USA 

  

9. Circulate workshop report 

The WG Chair prepared a draft of the workshop report and reviewed it with the WG members. The 
provisional report was editorially revised by the WG Chair and distributed via email for WG members to 
finalize. 

 10. Adoption 

The WG adjourned the data preparatory meeting of Pacific blue marlin stock assessment at 12:10PM on 
19 January 2026 (JTS). The WG Chair expressed appreciation to the participating scientists for their 
collaboration in the stock assessment work. 

 11. References 

Brodziak, J., and Mangel, M., 2011. Probable values of stock-recruitment steepness for north 
Pacific striped marlin. ISC/11/BILLWG-2/11. 
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 Table 1. Fleet definitions for the Pacific blue marlin stock assessment. Fleets starting with F indicate harvest (catch) fleets, fleets starting with 
S indicate index (CPUE fleets). Units are available catch in metric tons (B) or in thousands of fish (Num). Selectivity is the proposed selectivity 
for each fleet, subject to change. 

Fleet No Name Member Description Units Size data Source Selectivity 

F1 JPN_EarlyLL Japan 
Coastal, offshore, and 
distant water longline, other 
gears, 1971-1993 

B Length, 1971-1993 
Ijima 
2020a, 
WP09 

Dome 

F2 JPN_LateLL_East Japan 
Offshore and distant water 
longline east of 170°W, 
1994-2024 

B Length, 1994-2024: female, 
male, unk WP09 Dome 

F3 JPN_LateLL_West Japan 

Coastal, offshore, and 
distant water longline, other 
gears, west of 170°W, 1994-
2024  

B Length, 1994-2024: female, 
male, unk WP09 Dome 

F4 JPN_DRIFT_BAIT Japan 
High-seas large-mesh 
driftnet, coastal driftnet, and 
bait fishing 1972-2024 

B Weight, some years from 
1977-1998 WP09 Asymptotic 

F5 US_LL USA 
American Samoa and Hawaii, 
longline shallow and deep 
combined, 1991-2024. 

Num Length, 1994-2024: female, 
male, unk 

WP8, 
WP11 Dome 

F6 US_Oth USA 
(Hawaii) 

Troll and handline (and early 
80s LL), 1987x-2024 B None, mirror US_LL WP11 Dome 

F7 TWN_LTLL Chinese 
Taipei 

Large tonnage longline, 
1971-2024 B Weight, 2014-2024 WP10 Dome 

F8 TWN_STLL Chinese 
Taipei 

Small tonnage longline, 
1971-2024 B Weight, 2017-2024 WP10 Dome 
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F9 TWN_Other Chinese 
Taipei 

Coastal longline, gillnet, 
setnet, harpoon, and others, 
1971-2024 

B N (Mirror LTLL_west) WP10 Dome 

F10 WCPFC_LL 
Various 
flags Longline (1971-2024) B Length, 1971-2024 WCPFC Dome 

F11 IATTC_LL 
Various 
flags Longline (1971-2024) B Length, 1971-2024 IATTC Dome 

F12 VAR_PS_Oth Various 
flags 

All gears and flags not 
otherwise included: purse 
seine, troll, handline, 
harpoon, others, 1971-2024 

B Length, 1990-2024 IATTC Dome 

S1 S_JPN_EarlyLL Japan Offshore and distant water 
longline 1971-1993 Num Length, 1971-1993 Ijima 

2020a Dome 

S2 S_JPN_LateLL_East Japan 
Offshore and distant water 
longline east of 170°W, 20°S-
20°N, 1994-2024 

Num Length, 1994-2024: female, 
male, unk 

WP06, 
WP09 Dome 

S3 S_JPN_LateLL_West Japan 
Offshore and distant water 
longline west of 170°W, 
20°S-20°N, 1994-2024 

Num Length, 1994-2024: female, 
male, unk 

WP06, 
WP09 Dome 

S4 S_US_LLdeep USA 
(Hawaii) 

Longline, deep-set only, 
1995-2024 Num Length, 1995-2024: female, 

male, unk 
WP8, 
WP11 Dome 

S5 S_TWN_LTLL_Early Chinese 
Taipei 

Large tonnage longline, 
1971-1978  None, mirror TWN_LTLL WP07 Dome 

S6 S_TWN_LTLL_Mid Chinese 
Taipei 

Large tonnage longline, 
1979-1998  None, mirror TWN_LTLL WP07 Dome 

S7 S_TWN_LTLL_Late_East Chinese 
Taipei 

Large tonnage longline east 
of 170°W, 20°S-20°N, 1999-
2024 

 Weight, 2014-2024 
Chang, 
Pers. 
Comm. 

Dome 
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S8 S_TWN_LTLL_Late_West Chinese 
Taipei 

Large tonnage longline west 
of 170°W, 20°S-20°N, 1999-
2024 

  Weight, 2014-2024 
Chang, 
Pers. 
Comm. 

Dome 
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Table 2. Biological parameters for the Pacific blue marlin stock assessment models. Values will be 
confirmed in shaded cells before commencement of the stock assessment meeting. 

Parameter Base Reference 
Growth_Age_for_L1 0.5   
Growth_Age_for_L2 20   
NatM_Lorenzen_refAge_F 27 WP05 
NatM_Lorenzen_MrefAge_F 0.19 WP05 
L_at_Amin_Fem_GP_1 136.13 Chang et al. 2025 
L_at_Amax_Fem_GP_1 249.1 Chang et al. 2025 
VonBert_K_Fem_GP_1 0.31 Chang et al. 2025 
Richards_Fem_GP_1 0.000468 Chang et al. 2025 
CV_young_Fem_GP_1 0.13 Chang et al. 2025 
CV_old_Fem_GP_1 0.15 Chang et al. 2025 
NatM_Lorenzen_refAge_M 18 WP05 
NatM_Lorenzen_MrefAge_M 0.28 WP05 
L_at_Amin_Mal_GP_1 136.13 Chang et al. (2025) 
L_at_Amax_Mal_GP_1 206.4 Chang et al. (2025) 
VonBert_K_Mal_GP_1 0.18 Chang et al. (2025) 
Richards_Mal_GP_1 0.000468 Chang et al. (2025) 
CV_young_Mal_GP_1 0.2 Chang et al. (2025) 
CV_old_Mal_GP_1 0.1 Chang et al. (2025) 
Wtlen_1_Fem 0.0000184 Brodziak 2013 
Wtlen_2_Fem 2.956 Brodziak 2013 
Mat50%_Fem 179.76 Sun et al. (2009), 

Shimose et al. (2009) 

Mat_slope_Fem -0.2039 Sun et al. (2009), 
Shimose et al. (2009) 

fraction_female 0.5   
Fecunditiy Proportional to spawning 

biomass 
Sun et al. (2009) 

first mature age 2   
Wtlen_1_Mal 0.0000137 Brodziak 2013 
Wtlen_2_Mal 2.975 Brodziak 2013 
Model start year 1971   
Time step quarterly   
Spawning season 2 Sun et al. (2009) 
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Recruitment season apportion to each quarter, 
estimate 

  

R0 Estimate   
Steepness 0.87 Brodziak and Mangel 

(2011) 

SigmaR 0.6   
Initial F estimate for JPN_EarlyLL   
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Table 3. List of proposed sensitivity runs. Changes to this list may occur based upon the development of the base-case model. 

Run name Description 

Alternative input data (based on the base case model) 

base_case_catch_1950 
Model start 1950s (as early as possible); complete catch estimates for all 
fleets 

base_case_catch_TWNearly TWN_LTLL estimate missing catch from foreign ports. 

base_case_catch_yrbk Use yearbook catch data for all fleets 

base_case_catch_discards Adjust catch for discards and species mis-ID 

Alternative life history parameters 

base_case_lowM Updated Lorenzen NatM vector -1stddev 

base_case_highM Updated Lorenzen NatM vector +1stddev 

base_case_metaanalysis Updated meta-analysis 

Alternative life history parameters: stock recruitment steepness 

base_case_h065 Alternative stock-recruitment steepness, lower h, h = 0.65 

base_case_h075 Alternative stock-recruitment steepness, lower h, h = 0.75 

base_case_h095 Alternative stock-recruitment steepness, higher h, h = 0.95 

Alternative life history parameters: growth curve (depend on the base case model) 

base_case_tvgrowth time-varying growth 

base_case_75growth 25th percentile posteriors from Chang et al. 2025 

base_case_25growth 75th percentile posteriors from Chang et al. 2025 
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Alternative life history parameters: maturity ogives 

base_case_high_L50 Alternative maturity, +10%(base): L50 = 197.7 cm 

base_case_low_L50 Alternative maturity, -10%(base): L50 = 161.8 cm 

Alternative life history parameters: L-W 

base_case_betahigh Brodziak (2013) meta-analysis beta high 

base_case_betalow Brodziak (2013) meta-analysis beta low 

base_case_beta3 beta = 3 
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Attachment 2. Meeting agenda 

INTERNATIONAL SCIENTIFIC COMMITTEE FOR TUNA 

AND TUNA-LIKE SPECIES IN THE NORTH PACIFIC 

BILLFISH WORKING GROUP 

DATA PREPARATORY MEETING FOR THE PACIFIC BLUE MARLIN STOCK ASSESSMENT 

ANNOUNCEMENT AND AGENDA 

Meeting Site: Japan Fisheries Research and Education Agency. 2-12-4 Fukuura, 
Kanazawa-ku, Yokohama, Kanagawa, 236-8648 JAPAN 

  

Virtual Option: A virtual option via WebEx will be provided for participants unable to 
attend in person. See the connection information for each day under 
the agenda. 

  

Dates: January 13-19, 2026 

  

Goals: The Billfish Working Group will be holding a meeting to complete the 
data preparation for the Pacific blue marlin (Makaira nigricans) stock 
assessment including catch by quarter, CPUE standardization, size 
frequency data, tagging data, and life history parameters. The goal is 
to finalize all blue marlin stock assessment data for a 2026 
benchmark stock assessment at this meeting. 
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c.       Standard meeting protocols 

2.       Adoption of Agenda and assignment of rapporteurs 

3.       Numbering of working papers 

4.       Updates to IBBS Projects 

5.       Pacific Blue Marlin Biology 

a.       Biological Parameters 

b.       Movement and Stock Structure 

Wednesday January 14, 2026 8:30AM-4:30PM JST 

5.       Pacific Blue Marlin Biology 

a.       Biological Parameters 

b.       Movement and Stock Structure 

6.       Abundance Indices 

a.       Japanese CPUE 

b.       Chinese Taipei CPUE 

c.       USA CPUE 

Thursday January 15, 2026 8:30AM-4:30PM JST 

6.       Abundance Indices 

a.       Japanese CPUE 

b.       Chinese Taipei CPUE 

c.       USA CPUE 

7.       Catch and Length Data 

a.       Japanese catch and length data 

b.       Chinese Taipei catch and length data 

c.       USA catch and length data 

d.       WCPFC and IATTC catch and length data 

Friday January 16, 2026 8:30AM-4:30PM JST 
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7.       Catch and Length Data 

a.       Japanese catch and length data 

b.       Chinese Taipei catch and length data 

c.       USA catch and length data 

d.       WCPFC and IATTC catch and length data 

8.       Draft Conceptual Model 

9.       Model Configuration 

a.       Modelling platform 

b.       Fleet definition and data set 

c.       Biological Parameters 

d.       Future projections 

e.       Sensitivity runs 

Saturday January 17, 2026 8:30-AM-4:30PM JST 

9.       Model Configuration 

a.       Modelling platform 

b.       Fleet definition and data set 

c.       Biological Parameters 

d.       Future projections 

e.       Sensitivity runs 

10.   Other items 

a.       Date and location of the next BILLWG meeting 

b.       Update on WCNPO SWO MSE 

Sunday January 18, 2026 – Day Off 

Monday January 19, 2026 8:30AM-4:30PM JST 

11.   Clearing of the meeting report 

12.   Close of meeting 
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Attachment 3. The list of working papers.  

 

Number Title 

ISC/26/BILLWG-01/01 
Progress on Japan’s Biological Sampling of Three Billfish Species caught in the 
North Pacific from 2019 to 2025 

ISC/26/BILLWG-01/02 
The progress report on age and growth of striped marlin (Kajikia audax) in the 
western North Pacific Ocean 

ISC/26/BILLWG-01/03 

Protocol for sharing genetic samples of Striped Marlin collected by Japan, 
Taiwan, and the United States to elucidate stock structure and dynamics in 
the North Pacific Ocean 

ISC/26/BILLWG-01/04 
Progress report on the histological analysis of gonads for estimating the 
maturity schedule of swordfish (Xiphias gladius) caught in the North Pacific 

ISC/26/BILLWG-01/05 Natural Mortality Rates for the Pacific Blue Marlin Stock 

ISC/26/BILLWG-01/06 
Update of the Japanese longline abundance index for Pacific blue marlin 
(Makaira nigricans) using the habitat model (1994-2024) 

ISC/26/BILLWG-01/07 
CPUE standardization of blue marlin (Makaira nigricans) for the Taiwanese 
distant-water tuna longline fishery in the Pacific Ocean during 1971 - 2024 

ISC/26/BILLWG-01/08 
Standardization of Pacific Blue Marlin Catch Per Unit Effort in the Hawaii 
Longline Fishery from 1995-2024 

ISC/26/BILLWG-01/09 
Update of the Japanese catch and length-frequency data for Pacific blue 
marlin (Makaira nigricans) from 1971 to 2024 

ISC/26/BILLWG-01/10 
Blue marlin (Makaira nigricans) catch and size data of Taiwanese fisheries in 
the Pacific Ocean 

ISC/26/BILLWG-01/11 Summary of US Catch and Size of Pacific Blue Marlin 

Presentation 1 
Update on the US Progress of the International Billfish Biological Sampling 
Program 

Presentation 2 
Update on Chinese Taipei progress on the International Billfish Biological 
Sampling Program.  

Presentation 3 
Pacific-wide distribution of blue marlin: implications for stock structure and 
assessment. 

Presentation 4 
Summary of catch and size data available from the Western Central Pacific 
Fisheries Commission and Inter-American Tropical Tuna Commission 
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Presentation 5 Development of an MSE for North Pacific Swordfish 
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Attachment 4. Memorandum of Understanding for genetic IBBS projects. 

1 MEMORANDUM OF UNDERSTANDING 

 

 
between 

 

 

 

Billfish and Shark Group, Highly Migratory Resources Division, Fisheries Resources 
Institute 

 

 

 

and 

 

 

 

NOAA National Marine Fisheries Pacific Islands Fisheries Science Center, Assessment 
and Research Branch 

 

 

 

and  
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National Taiwan University, Institute of Oceanography, Quantitative Fisheries Lab 
(PI: Yi-Jay Chang) 

 

 

 

January, 2026 
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1.1.1 MEMORANDUM OF 

UNDERSTANDING SCIENTIFIC RESEARCH 

COOPERATION 

 

This Memorandum of Understanding (Hereinafter referred to as the Memorandum) is concluded on 
the agreement by the participating parties 

 

 

This Memorandum is made 

 

 

BETWEEN (1) Billfish and Shark Group, Highly 

Migratory Resources Division, 

Fisheries Resources Institute 

whose offices are situated at: 

 

2-12-4 Fukuura, 

Kanazawa, Yokohama, 

Kanagawa 236-8648, 

Japan 

Tel No: +81-45-788-7951 

(Hereinafter referred to as “FRA’’) 
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AND (2) National Atmospheric and 

Oceanographic Administration 

National Marine Fisheries Service 

Pacific Islands Fisheries Science 

Center Assessment and Research 

Branch whose offices are situated at: 

   
1845 Wasp Blvd.,  

Bldg 176 

Honolulu, HI 96734 USA 

Tel No: (808) 725-5360 

(Hereinafter referred to as “PIFSC’’) 

 

AND (3) National Taiwan University, 

Institute of Oceanography, 

Quantitative Fisheries Lab (PI: Yi-

Jay Chang) whose offices are 

situated at: 

No. 1, Section 4, Roosevelt Road 

Taipei, 10617, Taiwan 

  Tel No: +886-2-33661392 

(Hereinafter referred to as “NTU’’) 

 

FRA, PIFSC, and NTU hereafter referred to as the “Parties” 
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1.1.2 RECITALS 

WHEREAS FRA consists of the scientific delegation responsible for the billfish 

assessments in the International Scientific Committee for Tuna and Tuna-like 

Species in the North Pacific (hereafter ISC) on behalf of Japan, and is in charge 

of the sampling and research components of the International Billfish 

Biological Sampling Program for Japan (hereafter IBBS). 

 PIFSC consists of the scientific delegation responsible for the billfish 

assessments in the ISC on behalf of United States of America, and is in charge 

of the sampling and research components of the IBBS on behalf of the USA. 

NTU consists of the scientific delegation responsible for the billfish 

assessments in the ISC on behalf of Chinese Taipei, and is in charge of the 

sampling and research components of the IBBS on behalf of the Chinese 

Taipei. 

 

1.1.3 THE PARTIES HEREBY AGREE AS FOLLOWS: 

 

 

1. Purpose 

The purpose of this memorandum is to formalize the collaboration between FRA, PIFSC 
and NTU with regard to projects using the genetic samples collected within the bounds of 
the IBBS for Pacific striped marlin (Kajikia audax), Pacific swordfish (Xiphius gladius), and 
Pacific blue marlin (Makaira nigircans). This entails conceptualization and joint 
implementation of research projects and programs, trainings, exchange visits and 
networking among others. This Memorandum applies solely to genetic research projects 
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using IBBS samples, and all individual projects shall require an approved written annex 
prior to any exchange or use of samples. 

2. General Rules of Collaboration 

2.1 Joint Research Projects 

The parties agree that any genetic research projects undertaken on IBBS samples will 
adhere to the guidelines outlined in this MOU. Prior to the commencement of a 
proposed research project, the responsible party will need to present a proposal of 
research to the ISC Billfish Working Group (hereafter BILLWG). As part of this 
presentation, a written annex to this MOU will be provided to all parties and agreed 
upon prior to sample exchange. This template (Annex 1) will cover the proposed 
research question, authorship of any publications or results, methodology for the 
research plan, and details on how samples should be exchanged, including preferred 
buffer and shipment method. The parties agree that the exchanged genetic samples will 
not be used for any other research project without the completion and approval of a new 
or amended annex and agreement from all parties. Additional projects can be proposed 
by any party for any species, and projects will be negotiated on an as-needed basis. 
Project approval shall follow the sequence of presentation to the BILLWG, agreement by all 
parties on the project annex, and subsequent exchange of samples. 

2.2 Authorship 
The parties agree that one representative from each party will be included as an author 
on any publications from research projects using IBBS genetic samples. These authors 
should include: Dr. Michael Kinney (USA) as lead for the USA IBBS; Dr. Mikihiko Kai (JPN) 
as lead for the Japanese IBBS; and Dr. Yi-Jay Chang (TWN) as lead for the Chinese Taipei 
IBBS. Additional authors should be included as necessary to ensure proper 
acknowledgement of BILLWG members and additional analysts involved in the project. 

2.3 Sample storage 
The parties agree to, whenever possible, maintain a subsample of each genetic sample as 
a frozen sample without buffer, and that in each project annex submitted, the appropriate 
buffer and storage method is provided which each party will follow when exchanging 
samples. Long-term storage practices shall be maintained by each party, while project-specific 
sample exchange methods shall be defined and agreed upon in the approved project annex. 

 

3. Period of Collaboration 
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Cooperation under this Memorandum of Understanding shall be effective from the 
19/01/2026 or the effective date of execution of this memorandum by the parties’ 
authorized officer, as shall be agreed by the parties. 

The parties shall be at liberty, upon consultation and express consensus of all contracting 
parties, to vary the duration of the agreement as shall be agreed by the parties to the 
memorandum. 

The memorandum shall remain in effect until modification or termination by the parties 
via mutual consent or as prescribed in this agreement. 

 

 

4. Reporting requirements/Reporting provisions 

The party responsible for each research project should present the results and 
appropriate updates to the BILLWG as needed. Party leads will be responsible for 
assessing all the work done and completed as part of the MoU. Reporting shall be done 
at intervals expressly agreed by both parties with regard to the modalities of the reporting 
procedures. 

 

 

5. Deliverables 

Deliverables will be as detailed in specific approved project annex or any other relevant 
agreements entered into between all parties. Amendments to the deliverables shall be in 
writing subject to consensus between the parties to this memorandum. 

6. Assignment and Third-Party Provisions 
Where the parties deem it fit, helpful or convenient, by common decision or consensus, 
individuals and entities from the private, public, academic, research, and other sectors 
may be invited to support the cooperative activities described herein, provided that they 
can directly and meaningfully contribute to the achievement of the objectives of this 
Memorandum of Understanding. 

 

7. Intellectual Property/Publishing Rights 
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All intellectual property rights in all material (including but not limited to reports, data, 
designs whether or not electronically stored) produced by the parties pursuant to the 
performance of the services shall be the property of the respective party in the 
memorandum generating them unless otherwise agreed expressly in writing, and 
communicated to the parties in the memorandum. 

8. Conflict of interest 
Each party confirms that no conflict of interest exists or is likely to arise in relation to the 
performance of its obligations under this MoU and will endeavor to ensure that no such 
conflict of interest arises. Each party agrees to immediately notify the other party if such 
a conflict arises or is likely to arise in which case the parties will deliberate and agree on 
the necessary action(s) to ensure the resolution or avoidance of the conflict of interest. 

 

9. Funding provisions 

 

The parties shall agree to the finance projects developed in the framework of this 
Memorandum of Understanding with resources allocated in the respective budgets as 
shall be developed for the purposes of execution of this memorandum. As these 
resources become available and as stipulated by their own legislation/internal policies, 
the parties shall agree the modalities with regard to the expenses relating to their 
participation, taking into account alternative financial mechanisms can be used for 
specific activities, as appropriate and as approved by their respective authorizing officers. 
Nothing in this Memorandum shall be construed as obligating funds, and participation in 
activities is subject to the availability of resources and each party’s internal policies and 
authorities. 

 

10. Amendment 
Any changes made to the activities as set out in this Memorandum will be evaluated by 
both parties and where such changes are required these will be renegotiated. The 
amendments shall be subsequent to adequate prior express notice being provided to the 
parties of the memorandum. 

 

The parties shall then convene a meeting to canvass and pass a resolution with regard to 
the proposed amendments upon which a decision shall be made by consensus on the 
amendments proposed to the memorandum and appurtenant provisos. 
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Signed on behalf of FRA: 

 

 

 

 

1.1.3.1 Name Dr. Mikihiko Kai Date: 
 Title 

 

 

 

Signed on behalf of PIFSC: 

 

 

 

Name  Dr. Felipe Carvalho Date: 

Title 

 

Signed on behalf of NTU: 

 

 

 

Name  Dr. Yi-Jay Chang Date: 

Title 
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2 ANNEX 1 

Project Proposal 

Completion and approval of this annex by all parties is required prior to any exchange 
or use of IBBS genetic samples for the proposed project. 

  

Title: This should be the title of your proposed research project 

Lead Party: Japan, USA, or Chinese Taipei 

Lead Analyst: 
Scientist leading the project from the Lead Party (does 
not have to be the IBBS lead) 

Species: Specify which species you will be using 

Region: Specify which region (Western, Central, Eastern, All) 

Target Sample Size: 
Indicate an estimated sample size in order to achieve 
project goals 

Proposed Authors: 

List the proposed authorship of the paper/report. This 
must include one representative from each party and 
preferably Mikihiko Kai, Michael Kinney, and Yi-Jay Chang. 

Project Summary: 
Provide a description of your project and expected 
outcomes. 
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Timeline: 

Provide a proposed timeline for your research, including 
when you expect to update the BILLWG on progress and 
when a final publication/report could be completed (can 
be tentative) 

Sample Exchange Methodology: 
Provide a detailed description of how samples should be 
stored and exchanged, including buffer type, etc. 

Sample Analysis Methodology: 
Provide a detailed description of how the samples will be 
processed including DNA extraction and data analysis. 
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2.1 TABLES 

 

Table 1. List of fleets with catch, CPUE indices, and size composition data in the base model for the 2026 Pacific blue marlin stock 
assessment. Catch and CPUE units are either biomass (B) or numbers (N). Size data were available as combined sex (U), female (F), 
and male (M), in either length or weight. 

Fleet name Fleet 
number Member Description Units Size data Source 

F1_JPN_EarlyLL 1 Japan 

Coastal, offshore, and 
distant water longline, 
other gears, 1971–
1993 

B Length (U), 1971–
1993 Ijima (2021); Jusup and Kai (2026b) 

F2_JPN_LateLL 2 Japan 
Offshore and distant 
water longline east, 
1994–2024 

B Length (U), 1994–
2024 Jusup and Kai (2026b) 

F4_JPN_DRIFT_BAIT 4 Japan 

High-seas large-mesh 
driftnet, coastal 
driftnet, and bait 
fishing 1972–2024 

B 
Weight (U), some 
years from 1977–
1998 

Jusup and Kai (2026b) 

F5_TWN_LTLL 5 Chinese 
Taipei 

Large tonnage 
longline, 1971–2024 B Length (U), 2014–

2024 Yeh and Chang (2026b) 

F6_TWN_STLL 6 Chinese 
Taipei 

Small tonnage 
longline, 1971–2024 B 

NA: Selectivity 
mirrors  
F5_TWN_LTLL 

Yeh and Chang (2026b) 

F7_TWN_Other 7 Chinese 
Taipei 

Coastal longline, 
gillnet, setnet, 
harpoon, and others, 
1971–2024 

B 
NA: Selectivity 
mirrors  
F5_TWN_LTLL 

Yeh and Chang (2026b) 
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Fleet name Fleet 
number Member Description Units Size data Source 

F8_IATTC_LL 8 Various 
flags Longline, 1983–2024 B 

NA: Selectivity 
mirrors  
F5_TWN_LTLL 

Minte-Vera, pers. com. 

F9_WCPFC_LL 9 Various 
flags Longline, 1971–2024 B 

NA: Selectivity 
mirrors  
F5_TWN_LTLL 

WCPFC 

F10_VAR_PS_Other 10 Various 
flags 

All gears and flags not 
otherwise included: 
purse seine, troll, 
handline, harpoon, 
others, 1971–2024 

B 

Length (U), 2006–
2024 from IATTC 
purse seine (only 
fleet w/ a priori 
logistic selectivity) 

Minte-Vera, pers. com.; WCPFC 

F11_US_LL 11 U.S. 

American Samoa and 
Hawaii, longline 
shallow and deep 
combined, 1993–
2024. 

Num 
Length (U/F/M), 
2004–2024. Sex-
specific selectivity 

Sculley (2026b) 

F12_US_Other 12 U.S. 
(Hawaii) 

Troll, handline, 1971–
2024, and longline, 
1971–1992 

B 
NA: Selectivity 
mirrors  
F11_US_LL 

Sculley (2026b) 

S1_JPN_EarlyLL 13 Japan 
Offshore and distant 
water longline, 1975–
1993 

Num 
NA: Selectivity 
mirrors  
F1_JPN_EarlyLL 

Ijima (2021) 

S4_TWN_LTLL_Early 16 Chinese 
Taipei 

Large tonnage 
longline, 1971–1978 Num 

NA: Selectivity 
mirrors  
F5_TWN_LTLL 

Yeh and Chang (2026a) 
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Fleet name Fleet 
number Member Description Units Size data Source 

S5_TWN_LTLL_Mid 17 Chinese 
Taipei 

Large tonnage 
longline, 1979–1999 Num 

NA: Selectivity 
mirrors  
F5_TWN_LTLL 

Yeh and Chang (2026a) 

S8_US_LLdeep 20 U.S. 
(Hawaii) 

Longline, deep-set 
only, 1995–2024 Num 

NA: Selectivity 
mirrors 
F11_US_LL 

Sculley (2026a, 2026b) 

S9_JPN_LateLL 21 Japan 
Offshore and distant 
water longline, 1994–
2024 

Num 
NA: Selectivity 
mirrors  
F2_JPN_LateLL 

Jusup and Kai (2026a) 

S10_TWN_LTLL_Late 22 Chinese 
Taipei 

Large tonnage 
longline, 2000–2024 Num 

NA: Selectivity 
mirrors  
F5_TWN_LTLL 

Chang, Pers. Comm. 
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Table 2. Timeseries of catch by fleet submitted for the 2026 Pacific blue marlin stock assessment. Catch units are thousands of fish for 
fleet F11 and metric tons for all fleets. Fleets are F1_JPN_EarlyLL, F2_JPN_LateLL, F4_JPN_DRIFT_BAIT, F5_TWN_LTLL, F6_TWN_STLL, 
F7_TWN_Other, F8_IATTC_LL, F9_WCPFC_LL, F10_VAR_PS_Other, F11_US_LL, F12_US_Other, and described in more detail in Table 
1. 

Year Season F1 F2 F4 F5 F6 F7 F8 F9_ F10 F11 F12 
1971 1 1938.189   26 332.75 151  15 42.5  13.637 
1971 2 1707.881   26 332.75 151  15 42.5  12.929 
1971 3 1934.985   26 332.75 151  15 42.5  16.156 
1971 4 1444.607   26 332.75 151  15 42.5  7.688 
1972 1 2612.648  3.689 50.75 301.25 138.5  15.75 44.5  4.697 
1972 2 2307.136  3.689 50.75 301.25 138.5  15.75 44.5  8.033 
1972 3 2189.031  3.689 50.75 301.25 138.5  15.75 44.5  9.903 
1972 4 1647.288  3.689 50.75 301.25 138.5  15.75 44.5  2.394 
1973 1 2949.208  71.574 56.25 412.5 138  18.75 54  8.664 
1973 2 2694.06  71.574 56.25 412.5 138  18.75 54  4.258 
1973 3 1745.656  71.574 56.25 412.5 138  18.75 54  17.303 
1973 4 2087.311  71.574 56.25 412.5 138  18.75 54  7.91 
1974 1 2553.676  71.82 40.25 534.75 127.75  21.75 60.25  6.451 
1974 2 2142.61  71.82 40.25 534.75 127.75  21.75 60.25  9.04 
1974 3 1797.688  71.82 40.25 534.75 127.75  21.75 60.25  28.342 
1974 4 1807.085  71.82 40.25 534.75 127.75  21.75 60.25  12.922 
1975 1 1722.561  231.939 37 657 157.75  29.5 61.25  13.848 
1975 2 1405.744  231.939 37 657 157.75  29.5 61.25  11.345 
1975 3 1745.073  231.939 37 657 157.75  29.5 61.25  14.749 
1975 4 1323.689  231.939 37 657 157.75  29.5 61.25  7.856 
1976 1 1659.145  192.832 44 322.75 170.5  197 52.25  5.4 
1976 2 2006.91  192.832 44 322.75 170.5  197 52.25  5.366 
1976 3 2237.052  192.832 44 322.75 170.5  197 52.25  36.81 
1976 4 1995.421  192.832 44 322.75 170.5  197 52.25  38.863 
1977 1 2272.466  293.183 36.25 293.75 128  163.25 72.5  31.814 
1977 2 2199.572  293.183 36.25 293.75 128  163.25 72.5  32.467 
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Year Season F1 F2 F4 F5 F6 F7 F8 F9_ F10 F11 F12 
1977 3 2001.008  293.183 36.25 293.75 128  163.25 72.5  72.454 
1977 4 2045.534  293.183 36.25 293.75 128  163.25 72.5  29.341 
1978 1 2645.89  266.619 15.75 408.25 96.75  191.75 46.25  23.156 
1978 2 2933.715  266.619 15.75 408.25 96.75  191.75 46.25  87.912 
1978 3 2427.544  266.619 15.75 408.25 96.75  191.75 46.25  105.154 
1978 4 2012.679  266.619 15.75 408.25 96.75  191.75 46.25  27.46 
1979 1 2527.729  167.498 105.5 406.5 137  347.25 58.75  25.619 
1979 2 3020.767  167.498 105.5 406.5 137  347.25 58.75  68.214 
1979 3 2401.972  167.498 105.5 406.5 137  347.25 58.75  79.98 
1979 4 2448.51  167.498 105.5 406.5 137  347.25 58.75  24.844 
1980 1 3625.266  247.926 122.5 283.5 162.25  267.75 53.5  23.439 
1980 2 2974.496  247.926 122.5 283.5 162.25  267.75 53.5  58.56 
1980 3 2351.92  247.926 122.5 283.5 162.25  267.75 53.5  76.264 
1980 4 2287.105  247.926 122.5 283.5 162.25  267.75 53.5  42.585 
1981 1 3032.218  332.782 115.75 453.25 104.5  316.75 59.75  38.507 
1981 2 3337.029  332.782 115.75 453.25 104.5  316.75 59.75  56.196 
1981 3 2522.765  332.782 115.75 453.25 104.5  316.75 59.75  86.69 
1981 4 2194.676  332.782 115.75 453.25 104.5  316.75 59.75  37.412 
1982 1 3321.002  277.195 76 532.25 108.25  349.25 54.25  31.084 
1982 2 3409.028  277.195 76 532.25 108.25  349.25 54.25  61.635 
1982 3 2781.276  277.195 76 532.25 108.25  349.25 54.25  75.359 
1982 4 2293.791  277.195 76 532.25 108.25  349.25 54.25  38.597 
1983 1 3377.449  285.804 68 530.25 223.5  197 60.5  15.511 
1983 2 3125.871  285.804 68 530.25 223.5 7.74 197 60.5  40.869 
1983 3 2294.869  285.804 68 530.25 223.5 0.22 197 60.5  66.238 
1983 4 2512.001  285.804 68 530.25 223.5  197 60.5  37.909 
1984 1 4425.009  105.516 95.5 447.25 273.25  283.5 110  19.892 
1984 2 3742.992  105.516 95.5 447.25 273.25  283.5 110  25.246 
1984 3 2973.921  105.516 95.5 447.25 273.25  283.5 110  81.734 
1984 4 2898.345  105.516 95.5 447.25 273.25  283.5 110  30.89 
1985 1 3559.643  173.155 53 296.75 202.5  327.25 128  30.995 
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Year Season F1 F2 F4 F5 F6 F7 F8 F9_ F10 F11 F12 
1985 2 3081.567  173.155 53 296.75 202.5  327.25 128  42.657 
1985 3 2009.548  173.155 53 296.75 202.5  327.25 128  50.545 
1985 4 2109.275  173.155 53 296.75 202.5  327.25 128  23.83 
1986 1 3643.409  134.785 46 430.75 260 0.29 312.5 135.5  35.908 
1986 2 3903.544  134.785 46 430.75 260 1.99 312.5 135.5  59.356 
1986 3 2562.946  134.785 46 430.75 260 9.68 312.5 135.5  82.965 
1986 4 2337.911  134.785 46 430.75 260 11.21 312.5 135.5  47.598 
1987 1 3168.561  133.31 49.5 1154.25 249 72.9 901.75 116.5  36.205 
1987 2 3948.979  133.31 49.5 1154.25 249 91.74 901.75 116.5  66.079 
1987 3 3567.206  133.31 49.5 1154.25 249 65.72 901.75 116.5  96.252 
1987 4 2734.977  133.31 49.5 1154.25 249 95.39 901.75 116.5  65.322 
1988 1 4218.267  146.591 80 705.5 318.75 49.19 874.75 126.25  39.036 
1988 2 3301.101  146.591 80 705.5 318.75 14.04 874.75 126.25  38.791 
1988 3 2347.824  146.591 80 705.5 318.75 25.63 874.75 126.25  110.8 
1988 4 1881.076  146.591 80 705.5 318.75 14.16 874.75 126.25  102.952 
1989 1 2629.04  169.22 111.25 661 168.25 19.74 628 129.5  75.938 
1989 2 2801.753  169.22 111.25 661 168.25 7.72 628 129.5  122.161 
1989 3 2440.935  169.22 111.25 661 168.25 16.64 628 129.5  155.996 
1989 4 2277.036  169.22 111.25 661 168.25 41.28 628 129.5  156.957 
1990 1 2710.658  124.455 109.25 432.5 149.25 25.85 575 177.5  76.841 
1990 2 2528.48  124.455 109.25 432.5 149.25 53.4 575 177.5  139.96 
1990 3 1659.312  124.455 109.25 432.5 149.25 105.15 575 177.5  228.888 
1990 4 2210.48  124.455 109.25 432.5 149.25 133.75 575 177.5  99.942 
1991 1 2793.152  86.086 180 538 136 173.72 506.5 222.5  41.298 
1991 2 3034.564  86.086 180 538 136 148.37 506.5 222.5  93.591 
1991 3 1816.205  86.086 180 538 136 71.43 506.5 222.5  125.074 
1991 4 2128.408  86.086 180 538 136 80.15 506.5 222.5  87.422 
1992 1 3207.383  77.231 30.5 942.75 152.25 171.07 764.5 200.75  74.166 
1992 2 3203.273  77.231 30.5 942.75 152.25 164.54 764.5 200.75  53.484 
1992 3 2210.511  77.231 30.5 942.75 152.25 65.92 764.5 200.75  92.214 
1992 4 2018.331  77.231 30.5 942.75 152.25 154.72 764.5 200.75  42.059 
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Year Season F1 F2 F4 F5 F6 F7 F8 F9_ F10 F11 F12 
1993 1 3165.133  82.642 112.25 969 141.75 113.67 813.75 200 3.9 24.624 
1993 2 3260.163  82.642 112.25 969 141.75 132.71 813.75 200 9.24 39.27 
1993 3 2560.441  82.642 112.25 969 141.75 42.07 813.75 200 7.18 140.183 
1993 4 2649.125  82.642 112.25 969 141.75 30.13 813.75 200 6.64 109.407 
1994 1  3266.94 73.542 150.75 751.75 63.75 96.84 919.5 267.5 4.19 70.875 
1994 2  3390.493 73.542 150.75 751.75 63.75 35.05 919.5 267.5 6.22 67.671 
1994 3  3046.626 73.542 150.75 751.75 63.75 18.33 919.5 267.5 10.9 131.785 
1994 4  3057.104 73.542 150.75 751.75 63.75 12.88 919.5 267.5 5.3 29.82 
1995 1  2941.082 77.723 81.5 955 237.75 60.47 1224.75 296 4.94 13.065 
1995 2  3198.674 77.723 81.5 955 237.75 74.94 1224.75 296 12.7 73.163 
1995 3  2811.798 77.723 81.5 955 237.75 44.54 1224.75 296 13.2 136.585 
1995 4  2263.451 77.723 81.5 955 237.75 51.44 1224.75 296 15.5 93.006 
1996 1  1597.717 70.59 46.75 824.5 82 47.3 866.75 325.5 7.64 123.15 
1996 2  1661.194 70.59 46.75 824.5 82 31.21 866.75 325.5 9.43 90.288 
1996 3  1356.846 70.59 46.75 824.5 82 22.53 866.75 325.5 9.57 135.632 
1996 4  1227.759 70.59 46.75 824.5 82 30.79 866.75 325.5 9.31 59.712 
1997 1  1396.189 76.985 26 906.25 71.25 41.02 838.25 311.25 3.732 35.004 
1997 2  1887.216 76.985 26 906.25 71.25 52.98 838.25 311.25 16.18 91.678 
1997 3  1982.923 76.985 26 906.25 71.25 56.3 838.25 311.25 17.919 141.326 
1997 4  1915.203 76.985 26 906.25 71.25 178.14 838.25 311.25 7.48 111.587 
1998 1  1764.11 84.118 52.25 900.75 39.75 159.43 1334.75 368 4.524 58.937 
1998 2  1922.456 84.118 52.25 900.75 39.75 113.57 1334.75 368 7.164 24.34 
1998 3  1604.024 84.118 52.25 900.75 39.75 17.15 1334.75 368 8.048 93.24 
1998 4  1379.239 84.118 52.25 900.75 39.75 17.74 1334.75 368 8.795 66.486 
1999 1  1409.89 61.49 32.75 840.5 47.5 19.02 1340.25 398.75 5.004 61.662 
1999 2  1335.951 61.49 32.75 840.5 47.5 21.02 1340.25 398.75 8.659 33.134 
1999 3  1272.847 61.49 32.75 840.5 47.5 54.66 1340.25 398.75 8.255 138.973 
1999 4  1230.688 61.49 32.75 840.5 47.5 59.69 1340.25 398.75 4.827 60.693 
2000 1  1197.462 53.619 28.5 1934.25 63 16.87 1143.5 198.5 2.72 52.051 
2000 2  1238.522 53.619 28.5 1934.25 63 25.1 1143.5 198.5 4.493 28.082 
2000 3  1551.745 53.619 28.5 1934.25 63 33.46 1143.5 198.5 11.206 75.54 
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Year Season F1 F2 F4 F5 F6 F7 F8 F9_ F10 F11 F12 
2000 4  1319.071 53.619 28.5 1934.25 63 23.48 1143.5 198.5 6.343 41.575 
2001 1  1086.394 73.788 146.25 2181.5 76 42.48 1549 192.25 2.564 20.059 
2001 2  1463.463 73.788 146.25 2181.5 76 62.92 1549 192.25 8.822 67.925 
2001 3  1387.675 73.788 146.25 2181.5 76 87.96 1549 192.25 12.87 143.643 
2001 4  1334.622 73.788 146.25 2181.5 76 93.86 1549 192.25 12.48 48.608 
2002 1  1260.516 63.211 123.75 2171.25 28.5 38.8 1677.75 227.75 8.17 41.44 
2002 2  1399.692 63.211 123.75 2171.25 28.5 20.04 1677.75 227.75 8.01 65.622 
2002 3  1062.324 63.211 123.75 2171.25 28.5 0.68 1677.75 227.75 6.12 89.773 
2002 4  973.032 63.211 123.75 2171.25 28.5 35.44 1677.75 227.75 5.27 14.103 
2003 1  1402.109 52.881 301.75 1894.25 45.75 12.61 2342.5 258.75 6.69 10.027 
2003 2  1257.097 52.881 301.75 1894.25 45.75 14.49 2342.5 258.75 12.5 60.468 
2003 3  1004.038 52.881 301.75 1894.25 45.75 5.38 2342.5 258.75 4.75 75.968 
2003 4  1077.036 52.881 301.75 1894.25 45.75 11.1 2342.5 258.75 10.85 33.479 
2004 1  1287.348 52.881 364 1605.25 38 95.93 1816.25 256.75 7.171 49.782 
2004 2  1164.564 52.881 364 1605.25 38 120.59 1816.25 256.75 7.35 49.51 
2004 3  1062.343 52.881 364 1605.25 38 69.64 1816.25 256.75 6.01 54.33 
2004 4  1086.79 52.881 364 1605.25 38 66.45 1816.25 256.75 6.84 14.556 
2005 1  1231.145 57.062 376.5 1851 34.25 69.26 2105.5 421.5 5.827 17.419 
2005 2  1029.065 57.062 376.5 1851 34.25 60.6 2105.5 421.5 8.787 64.63 
2005 3  953.277 57.062 376.5 1851 34.25 17.14 2105.5 421.5 4.469 82.826 
2005 4  715.445 57.062 376.5 1851 34.25 6.41 2105.5 421.5 6.2 18.986 
2006 1  734.294 42.551 419.5 1437.75 14.25 41.3 1964 407.5 4.75 16.223 
2006 2  1042.93 42.551 419.5 1437.75 14.25 73.71 1964 407.5 9.25 35.234 
2006 3  923.813 42.551 419.5 1437.75 14.25 84.28 1964 407.5 9.41 57.005 
2006 4  865.033 42.551 419.5 1437.75 14.25 30.38 1964 407.5 10.04 40.434 
2007 1  962.555 58.538 317.75 1280 10 61.55 1463.25 468 4.54 24.961 
2007 2  920.85 58.538 317.75 1280 10 45.79 1463.25 468 6.98 40.068 
2007 3  748.014 58.538 317.75 1280 10 42.52 1463.25 468 4.71 47.385 
2007 4  707.439 58.538 317.75 1280 10 20.59 1463.25 468 6.68 9.514 
2008 1  761.425 57.8 227.5 1370.25 10.5 19.29 1422.25 382.25 5.43 14.481 
2008 2  999.711 57.8 227.5 1370.25 10.5 11.37 1422.25 382.25 9.55 32.079 
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Year Season F1 F2 F4 F5 F6 F7 F8 F9_ F10 F11 F12 
2008 3  940.621 57.8 227.5 1370.25 10.5 11.6 1422.25 382.25 4.62 88.492 
2008 4  724.275 57.8 227.5 1370.25 10.5 6.37 1422.25 382.25 7.17 44.084 
2009 1  841.456 53.619 334.5 1189 7.75 37.08 1553 328 5.27 35.032 
2009 2  925.166 53.619 334.5 1189 7.75 38.28 1553 328 9.91 40.766 
2009 3  799.999 53.619 334.5 1189 7.75 46.17 1553 328 7.23 69.496 
2009 4  860.634 53.619 334.5 1189 7.75 76.91 1553 328 3.76 21.608 
2010 1  908.439 78.953 372.5 1423.5 12 66.59 1446 385.75 3.45 29.014 
2010 2  1324.062 78.953 372.5 1423.5 12 153.87 1446 385.75 8.93 30.094 
2010 3  1035.322 78.953 372.5 1423.5 12 79.54 1446 385.75 5.84 59.776 
2010 4  793.931 78.953 372.5 1423.5 12 144.61 1446 385.75 3.47 18.442 
2011 1  830.403 83.626 332.75 1266.25 11.75 87.65 1384.75 417.25 6.259 19.882 
2011 2  1141.486 83.626 332.75 1266.25 11.75 79.82 1384.75 417.25 8.48 36.833 
2011 3  843.766 83.626 332.75 1266.25 11.75 107.92 1384.75 417.25 4.284 99.699 
2011 4  663.179 83.626 332.75 1266.25 11.75 16.84 1384.75 417.25 6.05 35.819 
2012 1  680.837 72.312 321 1217 10.5 370.12 1537 584.25 3.85 27.525 
2012 2  931.594 72.312 321 1217 10.5 170.36 1537 584.25 7.243 27.483 
2012 3  900.875 72.312 321 1217 10.5 230.53 1537 584.25 3.201 61.981 
2012 4  724.471 72.312 321 1217 10.5 226.44 1537 584.25 4.98 14.522 
2013 1  806.997 46.732 263.75 1402 6 321.98 1670.75 651.25 3.597 21.921 
2013 2  1098.224 46.732 263.75 1402 6 385.7 1670.75 651.25 6.534 39.556 
2013 3  888.656 46.732 263.75 1402 6 172.83 1670.75 651.25 4.808 71.463 
2013 4  586.877 46.732 263.75 1402 6 94.68 1670.75 651.25 6.61 15.544 
2014 1  677.288 46.24 306.25 1415.75 36 224.64 1986.25 762 5.23 20.46 
2014 2  899.851 46.24 306.25 1415.75 36 130.16 1986.25 762 10.674 58.338 
2014 3  736.728 46.24 306.25 1415.75 36 163.99 1986.25 762 4.954 52.15 
2014 4  520.674 46.24 306.25 1415.75 36 274.46 1986.25 762 6.823 25.39 
2015 1  590.868 49.684 507 1194 48.5 200.68 1942.75 819.75 5.626 13.582 
2015 2  722.469 49.684 507 1194 48.5 177.92 1942.75 819.75 15.079 58.252 
2015 3  661.903 49.684 507 1194 48.5 145.32 1942.75 819.75 3.219 75.71 
2015 4  556.801 49.684 507 1194 48.5 233.22 1942.75 819.75 13.172 45.874 
2016 1  816.468 44.027 442 989.5 46.75 397.52 1824 1392.75 7.208 21.209 
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Year Season F1 F2 F4 F5 F6 F7 F8 F9_ F10 F11 F12 
2016 2  897.26 44.027 442 989.5 46.75 82.72 1824 1392.75 10.1 32.719 
2016 3  578.669 44.027 442 989.5 46.75 72.02 1824 1392.75 4.378 58.113 
2016 4  551.047 44.027 442 989.5 46.75 117.68 1824 1392.75 8.687 37.516 
2017 1  524.664 33.942 314.75 1155.75 36.25 231.08 1265.25 769.5 7.35 25.998 
2017 2  583.317 33.942 314.75 1155.75 36.25 262.84 1265.25 769.5 10.614 48.141 
2017 3  632.392 33.942 314.75 1155.75 36.25 339.67 1265.25 769.5 10.538 47.537 
2017 4  476.458 33.942 314.75 1155.75 36.25 224.64 1265.25 769.5 9.911 30.006 
2018 1  407.709 44.273 227.5 969.5 29.75 250.3 1305.5 798.5 7.741 26.188 
2018 2  603.367 44.273 227.5 969.5 29.75 252.3 1305.5 798.5 12.512 55.491 
2018 3  505.213 44.273 227.5 969.5 29.75 326.99 1305.5 798.5 7.818 43.702 
2018 4  397.805 44.273 227.5 969.5 29.75 409.08 1305.5 798.5 9.084 38.402 
2019 1  355.438 43.781 171 949.75 30.25 253.69 1345.75 786 9.987 23.639 
2019 2  614.39 43.781 171 949.75 30.25 111.29 1345.75 786 20.958 46.979 
2019 3  482.637 43.781 171 949.75 30.25 94.75 1345.75 786 14.025 62.162 
2019 4  335.606 43.781 171 949.75 30.25 235.83 1345.75 786 15.59 30.616 
2020 1  283.106 30.253 111 603.75 36.75 440.09 996.17 1039.29 9.19 41.247 
2020 2  397.416 30.253 111 603.75 36.75 298.23 996.17 1039.29 9.477 21.863 
2020 3  290.137 30.253 111 603.75 36.75 281.59 996.17 1039.29 9.708 21.425 
2020 4  227.499 30.253 111 603.75 36.75 386.72 996.17 1039.29 10.184 16.3 
2021 1  255.263 41.567 93.5 581.25 35 411.8 891.82 681.89 6.912 20.973 
2021 2  398.478 41.567 93.5 581.25 35 141.56 891.82 681.89 9.134 27.603 
2021 3  309.551 41.567 93.5 581.25 35 56.5 891.82 681.89 6.46 36.822 
2021 4  238.329 41.567 93.5 581.25 35 82.78 891.82 681.89 9.194 34.109 
2022 1  210.038 32.958 91.75 650.75 54.75 117.52 885.08 786.05 7.511 54.954 
2022 2  393.443 32.958 91.75 650.75 54.75 60.4 885.08 786.05 8.955 20.71 
2022 3  307.612 32.958 91.75 650.75 54.75 133.41 885.08 786.05 7.98 27.597 
2022 4  238.622 32.958 91.75 650.75 54.75 172.78 885.08 786.05 9.596 19.387 
2023 1  290.273 40.583 97 669 28.75 62.44 1136.81 365.66 7.24 30.072 
2023 2  366.868 40.583 97 669 28.75 80.21 1136.81 365.66 8.413 21.37 
2023 3  269.304 40.583 97 669 28.75 75.64 1136.81 365.66 4.204 30.716 
2023 4  306.66 40.583 97 669 28.75 84.5 1136.81 365.66 7.005 14.836 
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Year Season F1 F2 F4 F5 F6 F7 F8 F9_ F10 F11 F12 
2024 1  310.978 40.583 151.5 907.75 87.75 78.02 1494.48 169.79 8.396 13.95 
2024 2  492.787 40.583 151.5 907.75 87.75 106.84 1494.48 169.79 15.649 29.604 
2024 3  441.405 40.583 151.5 907.75 87.75 67.31 1494.48 169.79 16.048 49.702 
2024 4  362.652 40.583 151.5 907.75 87.75 86.34 1494.48 169.79 19.565 34.346 
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Table 3. Standardized catch-per-unit-effort (CPUE; in number per 1000 hooks) indices and input standard error (SE) in natural log-
scale (i.e., ln(SE)) of CPUE for the 2026 Pacific blue marlin stock assessment. See Table 1 for detailed descriptions of each survey 
index. 

 S1_JPN_EarlyLL S4_TWN_LTLL_Early S5_TWN_LTLL_Mid S8_US_LLdeep S9_JPN_LateLL S10_TWN_LTLL_Late 
Year CPUE SE CPUE SE CPUE SE CPUE SE CPUE SE CPUE SE 

1971   0.77 0.22         

1972   1.18 0.29         

1973   0.79 0.19         

1974   1.02 0.27         

1975 0.33 0.19 1.11 0.35         

1976 0.33 0.19 1.37 0.47         

1977 0.25 0.19 0.64 0.21         

1978 0.4 0.19 1.13 0.36         

1979 0.46 0.2   1.77 0.27       

1980 0.47 0.2   1.33 0.21       

1981 0.55 0.2   1.43 0.21       

1982 0.55 0.2   1.27 0.2       

1983 0.44 0.2   1.01 0.17       

1984 0.7 0.21   1.16 0.2       

1985 0.48 0.2   1.43 0.27       

1986 0.49 0.2   0.94 0.18       

1987 0.48 0.2   0.8 0.13       

1988 0.46 0.2   1.01 0.15       

1989 0.48 0.2   0.77 0.14       

1990 0.46 0.2   0.97 0.19       

1991 0.44 0.2   0.91 0.17       

1992 0.45 0.2   0.45 0.12       

1993 0.57 0.2   0.74 0.14       

1994     1.5 0.24   1.88 0.19   

1995     0.72 0.15 0.29 0.35 2.22 0.18   

1996     0.66 0.12 0.24 0.3 1.3 0.19   
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 S1_JPN_EarlyLL S4_TWN_LTLL_Early S5_TWN_LTLL_Mid S8_US_LLdeep S9_JPN_LateLL S10_TWN_LTLL_Late 
Year CPUE SE CPUE SE CPUE SE CPUE SE CPUE SE CPUE SE 

1997     0.52 0.11 0.23 0.29 1.22 0.19   

1998     0.79 0.14 0.18 0.27 1.34 0.19   

1999     0.84 0.16 0.17 0.25 1.16 0.21   

2000       0.14 0.23 1.21 0.19 0.6 0.08 
2001       0.21 0.28 1.11 0.19 0.82 0.15 
2002       0.16 0.23 1.14 0.19 0.95 0.27 
2003       0.2 0.26 1.11 0.19 0.94 0.14 
2004       0.16 0.22 1.23 0.2 1.02 0.14 
2005       0.16 0.21 1.25 0.2 1.24 0.15 
2006       0.17 0.22 1.1 0.2 0.96 0.14 
2007       0.11 0.18 1.07 0.21 0.83 0.14 
2008       0.13 0.18 0.88 0.21 0.72 0.14 
2009       0.13 0.18 0.95 0.21 0.74 0.09 
2010       0.11 0.17 1.25 0.19 0.93 0.13 
2011       0.12 0.18 1.02 0.2 0.85 0.12 
2012       0.09 0.15 0.93 0.2 1 0.15 
2013       0.11 0.16 1.13 0.19 1.15 0.16 
2014       0.13 0.17 1.1 0.2 1.05 0.15 
2015       0.16 0.19 1.04 0.2 1.16 0.07 
2016       0.13 0.16 1.28 0.2 1.21 0.09 
2017       0.15 0.17 1.06 0.21 1.15 0.12 
2018       0.14 0.17 0.97 0.21 0.98 0.11 
2019       0.17 0.19 1 0.21 1.12 0.16 
2020       0.13 0.16 0.75 0.21 0.96 0.1 
2021       0.11 0.14 0.72 0.22 1.02 0.12 
2022       0.12 0.15 0.94 0.22 0.96 0.14 
2023       0.1 0.14 0.84 0.22 0.9 0.15 
2024       0.16 0.18 1.39 0.22 1.71 0.18 
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Table 4. Life history and model specification parameter values for the Pacific blue marlin base 
case stock assessment model. 

Parameter 
Value 

Reference 
Female Male 

Growth Age for L1 0.5  

Growth Age for L2 27  

Length at Amin 134.69 133.28 Chang et al. (2025) 

Length at Amax 267.54 199.52 Chang et al. (2025) 

Von Bertalanffy K 0.22 0.12 Chang et al. (2025) 

Richards growth 
coefficient 0.77 4 × 10-4 Chang et al. (2025) 

CV L1 0.08 0.07 Chang et al. (2025) 

CV L2 0.09 0.08 Chang et al. (2025) 

Weight-length alpha 1.844 × 10-5 1.37 × 10-5 Brodziak (2013) 

Weight-length beta 2.956 2.975 Brodziak (2013) 

Fraction female at 
settlement 0.5   

Length at 50% 
maturity 

179.76  Shimose et al. (2009); Sun et al. 
(2009) 

Maturity at length 
slope -0.2039  Shimose et al. (2009); Sun et al. 

(2009) 

Fecundity Proportional to mature female 
spawning biomass  

Spawning timing July  

Settlement timing August  

Virgin recruitment (R0) Estimated  

Spawner-recruit 
steepness (h) 0.87 Brodziak et al. (2015) 

Sigma R 0.4  

Model start year 1971  

Initial fishing mortality Estimated for F1_JPN_EarlyLL with input equilibrium catch equal to 
average 1968–1972 (8,402 mt annually).  
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Table 5. Natural mortality rate at age values and standard deviation for female and male Pacific 
blue marlin in the base stock assessment model (Brodziak 2026). 

 
Natural Mortality Rate 
at Age 

Standard Deviation 

Age Female Male Female Male 

0 0.40 0.45 0.13 0.15 

1 0.32 0.37 0.11 0.12 

2 0.29 0.35 0.10 0.12 

3 0.26 0.33 0.09 0.11 

4 0.25 0.32 0.08 0.11 

5 0.23 0.31 0.08 0.10 

6 0.22 0.30 0.07 0.10 

7 0.22 0.30 0.07 0.10 

8 0.21 0.29 0.07 0.10 

9 0.21 0.29 0.07 0.10 

10 0.20 0.29 0.07 0.10 

11 0.20 0.29 0.07 0.10 

12 0.20 0.29 0.07 0.10 

13 0.20 0.28 0.07 0.09 

14–27 0.19 0.28 0.06 0.09 

 

Table 6. Number of observations (N), mean input standard error (SE) in natural log-space (i.e., 
ln(SE)), root-mean-square-errors (RMSE), additional additive ln(SE), and total ln(SE) for the 
relative abundance indices in the Pacific blue marlin base model. 

Fleet N Mean Input 
ln(SE) 

RMSE Additional 
ln(SE) 

Total ln(SE) 

S1_JPN_LL_early 19 0.198 0.156 0.002 0.2 

S4_TWN_LTLL_Early 8 0.295 0.281 -- 0.295 

S5_TWN_LTLL_Mid 21 0.174 0.326 0.176 0.35 

S8_US_LLdeep 31 0.204 0.221 0.058 0.262 
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S9_JPN_LateLL 31 0.202 0.13 -- 0.202 

S10_TWN_LTLL_Late 25 0.136 0.181 0.06 0.196 

Table 7. Effective sample size (effN) adjustment values applied to size composition data by fleet 
in the Pacific blue marlin base model. Size composition data were in weight for  
F4_JPN_DRIFT_BAIT and length for all other fleets. 

Fleet name 

Suggested 
Francis T.A1.8 
value ln(value) 

Scaled to 
maximum 
0.2 

Final effN 
adjustment values 

F1_JPN_EarlyLL 3.807 1.337 0.189 0.189 

F2_JPN_LateLL 1.038 0.037 0.005 0.1 

F4_JPN_DRIFT_BAIT 1.944 0.665 0.094 0.1 

F5_TWN_LTLL 2.463 0.901 0.127 0.127 

F10_VAR_PS_Oth 3.294 1.192 0.168 0.168 

F11_US_LL 4.126 1.417 0.200 0.2 
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Table 8. Selectivity assumptions by fleet for the Pacific blue marlin base case stock assessment. 
The selectivity curves for fisheries lacking size composition data were assumed to be the same 
as (i.e., mirrored to) closely related fisheries or fisheries operating in the same area. Survey 
fleets (fishery-dependent catch per unit effort indices), which are denoted by S, were mirrored to 
the fishing fleets from which the indices were calculated. 

Fleet Selectivity Function  

F1_JPN_EarlyLL Double-normal 

F2_JPN_LateLL Double-normal; time-varying (blocks 1994–
2003 and 2004–2024). 

F4_JPN_DRIFT_BAIT Double normal 

F5_TWN_LTLL Double-normal 

F6_TWN_STLL Mirror F5_TWN_LTLL 

F7_TWN_Other Mirror F5_TWN_LTLL 

F8_IATTC_LL Mirror F5_TWN_LTLL 

F9_WCPFC_LL Mirror F5_TWN_LTLL 

F10_VAR_PS_Other Logistic 

F11_US_LL Double-normal, sex-specific 

F12_US_Other Mirror F11_US_LL 

S1_JPN_EarlyLL Mirror F1_JPN_EarlyLL 

S4_TWN_LTLL_Early Mirror F5_TWN_LTLL 

S5_TWN_LTLL_Mid Mirror F5_TWN_LTLL 

S8_US_LLdeep Mirror F11_US_LL 

S9_JPN_LateLL Mirror F2_JPN_LateLL 

S10_TWN_LTLL_Late Mirror F5_TWN_LTLL 
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Table 9. Complete list of sensitivity runs conducted for the 2026 stock assessment of Pacific blue 
marlin. 

Run name Run number Description 

Catch estimates 

base_case_catch_1950 1 Model start 1950s (as early as possible); complete catch 
estimates for all fleets 

base_case_catch_TWNearly 2 TWN_LTLL estimate missing catch from foreign ports. 

base_case_catch_misID 3 Adjust catch for discards and species mis-ID - decrease catch 
by 10% for all years/fleets 

base_case_catch_discards 4 Adjust catch for discards and species mis-ID - increase catch 
by 10% for all years/fleets 

Data inputs and error assumptions 
base_case_estimateCPUEVar 5 Estimate additional CPUE variance within the model 

base_case_eastwestSplit 6 Split TWN and JPN CPUE indices into East and West 

base_case_TWNcatchabiltiy 7 Use time block on catchability for S10 starting in 2012 

base_case_TWNweight 8 Use weight composition data for TWN STLL and LTLL 
Natural mortality 
base_case_lowM 9 Updated Lorenzen NatM vectors -1stddev 

base_case_highM 10 Updated Lorenzen NatM vectors +1stddev 

base_case_metaanalysis 11 Updated meta-analysis 
Stock recruitment steepness 
base_case_h065 12 Alternative stock-recruitment steepness, lower h, h = 0.65 

base_case_h075 13 Alternative stock-recruitment steepness, lower h, h = 0.75 

base_case_h095 14 Alternative stock-recruitment steepness, higher h, h = 0.95 
Growth 
base_case_75growth 15 25th percentile posteriors from Chang et al. 2025 

base_case_25growth 16 75th percentile posteriors from Chang et al. 2025 

base_case2021NewGrowth 17 Use biological parameters from the 2021 New Growth model 
Maturity 
base_case_high_L50 18 Alternative maturity, +10%(base): L50 = 197.7 cm 

base_case_low_L50 19 Alternative maturity, -10%(base): L50 = 161.8 cm 
Length-Weight 
base_case_betahigh 20 Brodziak (2013) meta-analysis β high - increase by 10% 

base_case_betalow 21 Brodziak (2013) meta-analysis β low - decrease by 10% 

base_case_beta3 22 β = 3 

Initial conditions 

base_case_FreeF 23 Estimate F freely in the model 

base_case_LowCatch 24 Set equilibrium catch to 0.5x 1968–1972 average 

base_case_HighCatch 25 Set equilibrium catch to 2x 1968–1972 average 

base_case_MainRecDevs 26 Start main rec devs in 1990, early rec devs 1981 
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Table 10. Relative negative loglikelihoods of abundance index data components in the base 
model over a range of fixed levels of virgin recruitment in log-scale (ln(R0)). Likelihoods are 
relative to the minimum negative log-likelihood (best-fit) for each respective data component. 
Colors indicate relative likelihood (green: low negative log-likelihood, better-fit; red: high 
negative log-likelihood, poorer-fit). Maximum likelihood estimate of ln(R0) was 6.98. See Table 1 
for a description of the abundance indices. 

ln(R0) S1 S4 S5 S8 S9 S10 
6.28 6.74 0.02 3.41 1.04 6.51 5.31 
6.38 0.20 0.91 6.94 1.69 6.82 3.39 
6.43 0.0 1.07 6.35 1.60 7.52 4.83 
6.48 4.17 0.11 3.10 1.24 6.84 5.09 
6.53 4.26 0.15 4.39 0.59 6.75 6.22 
6.58 4.77 0.23 2.03 0.62 4.01 4.34 
6.63 5.70 0.27 1.09 0.55 3.50 4.54 
6.68 5.59 0.30 0.73 0.49 2.50 3.97 
6.73 4.79 0.37 0.97 0.47 1.88 3.63 
6.78 4.37 0.39 0.47 0.31 1.35 3.70 
6.83 3.56 0.36 0.08 0.12 0.82 3.69 
6.88 2.71 0.28 0.05 0.00 0.37 3.37 
6.93 2.07 0.20 0.04 0.03 0.08 2.97 
6.98 1.65 0.15 0.0 0.22 0.00 2.59 
7.03 1.39 0.11 0.0 0.51 0.07 2.19 
7.08 1.23 0.09 0.02 0.83 0.20 1.80 
7.13 1.14 0.07 0.06 1.14 0.36 1.45 
7.18 1.07 0.05 0.11 1.42 0.52 1.16 
7.23 1.03 0.04 0.17 1.66 0.67 0.92 
7.28 1.00 0.03 0.22 1.88 0.81 0.72 
7.33 0.98 0.03 0.28 2.07 0.94 0.57 
7.38 0.96 0.02 0.33 2.25 1.06 0.44 
7.43 0.95 0.02 0.38 2.40 1.18 0.33 
7.48 0.94 0.01 0.42 2.54 1.28 0.24 
7.53 0.93 0.01 0.47 2.66 1.39 0.16 
7.58 0.92 0.01 0.51 2.77 1.48 0.10 
7.63 0.92 0.00 0.54 2.87 1.57 0.05 
7.68 0.91 0.00 0.58 2.97 1.66 0.00 
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Table 11. Relative negative log-likelihoods of length composition data components in the base 
model over a range of fixed levels of virgin recruitment in log-scale (ln(R0)). Likelihoods are 
relative to the minimum negative log-likelihood (best-fit) for each respective data component. 
Colors indicate relative likelihood (green: low negative log-likelihood, better-fit; red: high 
negative log-likelihood, poorer-fit). Maximum likelihood estimate of ln(R0) was 6.98. See Table 1 
for a description of the composition data. 

ln(R0) F1 F2 F5 F10 F11 
6.28 35.98 22.32 7.43 5.86 8.12 
6.38 23.13 17.31 7.34 4.97 7.73 
6.43 15.00 22.03 6.05 4.57 7.57 
6.48 6.62 31.08 4.58 4.00 6.57 
6.53 3.11 34.85 5.11 3.46 4.98 
6.58 3.53 12.65 3.18 3.87 8.93 
6.63 19.69 11.03 2.21 3.73 5.22 
6.68 18.35 8.19 1.90 3.19 4.66 
6.73 0.34 5.01 1.86 2.67 4.22 
6.78 0.00 2.99 1.48 2.27 3.57 
6.83 0.25 1.57 1.02 1.69 2.67 
6.88 0.73 0.62 0.87 0.77 1.80 
6.93 1.40 0.11 0.82 0.10 1.17 
6.98 2.13 0.00 0.67 0.00 0.77 
7.03 2.76 0.20 0.53 0.48 0.51 
7.08 3.29 0.58 0.45 1.43 0.34 
7.13 3.72 1.05 0.40 2.64 0.22 
7.18 4.09 1.54 0.36 3.94 0.13 
7.23 4.42 2.04 0.33 5.22 0.07 
7.28 4.72 2.53 0.29 6.44 0.03 
7.33 5.01 3.01 0.25 7.57 0.01 
7.38 5.28 3.47 0.21 8.61 0.00 
7.43 5.53 3.92 0.17 9.56 0.00 
7.48 5.77 4.34 0.13 10.43 0.01 
7.53 6.00 4.74 0.10 11.22 0.03 
7.58 6.22 5.12 0.06 11.95 0.05 
7.63 6.42 5.49 0.03 12.61 0.07 
7.68 6.62 5.83 0.00 13.21 0.09 
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Table 12. Relative negative log-likelihoods of size frequency data components in the base model 
over a range of fixed levels of virgin recruitment in log-scale (ln(R0)). Likelihoods are relative to 
the minimum negative log-likelihood (best-fit) for each respective data component. Colors 
indicate relative likelihood (green: low negative log-likelihood, better-fit; red: high negative log-
likelihood, poorer-fit). Maximum likelihood estimate of ln(R0) was 6.98. See Table 1Error! 
Reference source not found. for a description of the composition data. 

ln(R0) F4 
6.28 0.01 
6.38 0.18 
6.43 0.13 
6.48 0.16 
6.53 0.12 
6.58 0.12 
6.63 0.02 
6.68 3.65 
6.73 0.03 
6.78 0.01 
6.83 0.00 
6.88 0.01 
6.93 0.02 
6.98 0.04 
7.03 0.05 
7.08 0.06 
7.13 0.07 
7.18 0.08 
7.23 0.09 
7.28 0.10 
7.33 0.11 
7.38 0.12 
7.43 0.12 
7.48 0.13 
7.53 0.13 
7.58 0.14 
7.63 0.14 
7.68 0.15 
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Table 13. Time series of mature female spawning stock biomass (SSB, metric ton), total biomass 
(age 1 and older, metric ton), age-0 recruitment (thousands of fish), fishing mortality as annual 
exploitation of biomass, and instantaneous fishing mortality (age 1–10) for the Pacific blue 
marlin base model. SD = standard deviation. 

 

Spawning Stock 
Biomass (mt) Age 1+ Biomass (mt) 

Recruitment 
(1000 age-0 fish) 

Fishing Mortality 
as Annual 
Exploitation of 
Biomass 

Instantaneous 
Fishing 
Mortality Ages 
1–10 

Year Estimate SD Estimate SD Estimate SD Estimate SD Estimate SD 
1971 133084 14276 217857 22752 944 262 0.04 <0.01 0.06 0.01 
1972 127466 14126 213388 22817 955 261 0.05 0.01 0.07 0.01 
1973 122364 14081 209618 22836 878 229 0.06 0.01 0.08 0.01 
1974 118698 14078 204002 22394 647 180 0.06 0.01 0.07 0.01 
1975 115685 13943 194799 21460 738 201 0.06 0.01 0.07 0.01 
1976 111250 13543 186007 20654 1001 270 0.06 0.01 0.08 0.01 
1977 105124 13033 182653 20362 1048 306 0.07 0.01 0.08 0.01 
1978 100650 12668 183512 20548 1141 328 0.08 0.01 0.09 0.01 
1979 98720 12603 185903 21076 1169 328 0.08 0.01 0.1 0.01 
1980 98269 12797 189428 21703 982 289 0.08 0.01 0.1 0.01 
1981 99132 13152 189689 22158 1102 310 0.09 0.01 0.1 0.01 
1982 99043 13502 189193 22577 1410 360 0.09 0.01 0.11 0.01 
1983 98573 13766 194951 23342 1010 293 0.09 0.01 0.09 0.01 
1984 100066 14107 197794 23866 962 269 0.1 0.01 0.11 0.01 
1985 101777 14525 192528 23677 970 266 0.08 0.01 0.09 0.01 
1986 101394 14627 190283 23332 1073 281 0.09 0.01 0.11 0.01 
1987 97508 14473 187503 23009 1085 284 0.13 0.02 0.14 0.02 
1988 91861 14247 180230 22814 1062 288 0.12 0.01 0.13 0.02 
1989 90042 14102 176877 22647 1053 285 0.1 0.01 0.11 0.01 
1990 89791 13989 176483 22378 1005 277 0.09 0.01 0.1 0.01 
1991 90047 13847 177216 22076 1293 335 0.1 0.01 0.1 0.01 
1992 89290 13636 181646 21513 1099 326 0.11 0.01 0.11 0.01 
1993 88524 13249 183150 20511 1093 319 0.13 0.01 0.14 0.01 
1994 86403 12646 179048 18938 734 225 0.14 0.01 0.12 0.01 
1995 82111 11793 168591 17812 814 232 0.16 0.02 0.15 0.02 
1996 77332 11115 153212 16665 753 214 0.12 0.01 0.11 0.01 
1997 73483 10484 146830 15623 624 178 0.14 0.02 0.13 0.01 
1998 67379 9823 135582 14673 614 176 0.15 0.02 0.14 0.01 
1999 61372 9250 123318 13847 941 254 0.15 0.02 0.14 0.02 
2000 54952 8690 119659 13157 1000 282 0.18 0.02 0.15 0.02 
2001 48886 8074 119522 12772 920 274 0.21 0.02 0.18 0.02 
2002 44979 7648 115833 12477 1070 285 0.21 0.02 0.18 0.02 
2003 42652 7395 116195 12284 1000 243 0.23 0.02 0.2 0.02 
2004 41770 7269 114777 12297 806 194 0.21 0.02 0.18 0.02 
2005 41845 7301 112571 12258 819 191 0.23 0.02 0.2 0.02 
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Spawning Stock 
Biomass (mt) Age 1+ Biomass (mt) 

Recruitment 
(1000 age-0 fish) 

Fishing Mortality 
as Annual 
Exploitation of 
Biomass 

Instantaneous 
Fishing 
Mortality Ages 
1–10 

Year Estimate SD Estimate SD Estimate SD Estimate SD Estimate SD 
2006 40789 7329 106563 12085 768 185 0.22 0.02 0.19 0.02 
2007 39401 7272 101626 11912 849 197 0.19 0.02 0.17 0.02 
2008 38954 7186 101440 11732 886 207 0.19 0.02 0.16 0.02 
2009 38894 7063 103128 11661 880 208 0.19 0.02 0.16 0.02 
2010 39168 6976 105190 11659 888 211 0.2 0.02 0.17 0.02 
2011 39709 6956 105870 11653 925 221 0.19 0.02 0.16 0.02 
2012 40517 6954 108568 11647 971 226 0.19 0.02 0.16 0.02 
2013 40778 6932 111543 11714 951 224 0.2 0.02 0.16 0.02 
2014 40920 6927 113210 11724 936 209 0.21 0.02 0.17 0.02 
2015 40672 6926 112730 11750 759 185 0.22 0.02 0.18 0.02 
2016 39594 6932 108443 11772 876 187 0.23 0.02 0.19 0.02 
2017 38868 6983 104023 11845 777 175 0.2 0.02 0.16 0.02 
2018 38946 7036 103193 12003 761 168 0.19 0.02 0.16 0.02 
2019 39065 7126 101913 12137 737 171 0.2 0.02 0.17 0.02 
2020 39099 7236 99122 12289 673 171 0.17 0.02 0.13 0.02 
2021 40365 7370 98388 12461 727 190 0.14 0.02 0.11 0.01 
2022 42117 7518 100637 12765 1044 268 0.14 0.02 0.11 0.01 
2023 43633 7675 108435 13653 1386 440 0.12 0.02 0.09 0.01 
2024 47244 8012 127300 16849 931 379 0.14 0.02 0.11 0.02 
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Table 14. Estimated biological reference points derived from the base model for Pacific blue 
marlin where F is the fishing mortality rate, expressed as exploitation of biomass or 
instantaneous annual F of ages 1–10. SPR is annual spawning potential ratio, SSB is spawning 
stock biomass (mature female biomass), SSB0 is virgin unfished SSB, and MSY is maximum 
sustainable yield. 

Reference Point Estimate 

F as exploitation(biomass) 
FMSY 0.26 
F20%SSB0 0.23 
F2003 0.23 
F2021–2023 0.13 
Average F ages 1–10 
FMSY 0.22 
F20%SSB0 0.20 
F2003 0.20 
F2021–2023 0.11 
Spawning Stock Biomass (SSB, mt) 
SSB0 192,529 
SSBMSY 31,651 
20%SSB0 38,506 
SSB2003 42,652 
SSB2021–2023 42,038 
Catch (C, mt) 
CMSY 24,306 
C20%SSB[0] 24,119 
C2003 27,073 
C2021–2023 13,662 
Spawning Potential Ratio (SPR) 
SPRMSY 0.196 
SPR20%SSB0 0.230 
SPR2003 0.209 
SPR2021–2023 0.381 
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Table 15. Projected median values of blue marlin spawning stock biomass (SSB, mt) and catch 
(mt) in 2025–2034 for each future catch scenario. 

Year 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 

 Scenario 1: FHigh 

 SSB  53,390 50,126 47,384 45,292 43,642 42,530 41,649 40,950 40,418 39,970 

 Catch  28,998 27,390 26,414 25,647 25,233 24,833 24,506 24,263 24,129 24,001 

 Scenario 2: FMSY  

 SSB  51,646 46,467 42,614 40,069 38,360 37,143 36,262 35,680 35,140 34,765 

 Catch  32,992 30,396 28,563 27,326 26,518 25,875 25,437 25,110 24,899 24,705 

 Scenario 3: FRecent  

 SSB  56,574 60,297 62,837 65,475 67,469 69,089 70,349 71,131 71,741 72,218 

 Catch  16,158 16,873 17,505 18,102 18,566 18,930 19,147 19,293 19,408 19,514 

 Scenario 4: F30%SPR  

 SSB  54,642 54,136 53,702 53,663 53,502 53,386 53,290 53,090 53,045 53,019 

 Catch  23,256 23,050 23,009 22,901 22,902 22,874 22,861 22,873 22,863 22,874 
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2.2 FIGURES  

 

Figure 1. A diagram of the conceptual model developed by the BILLWG for female Pacific blue 
marlin. Arrows show general exchange of fish, not directed movement. The red boundary 
represents approximate habitat range of Pacific blue marlin. 
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Figure 2. A diagram of the conceptual model developed by the BILLWG for male Pacific blue 
marlin. Arrows show general exchange of fish not directed movement. The red boundary 
represents approximate habitat range of Pacific blue marlin. 
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Figure 3. Catch, CPUE index, and size composition data included in the 2026 Pacific blue marlin 
stock assessment. The size of the bubble indicates the relative number of observations 
available.. 



50 

DRAFT 

 

 

Figure 4. Total annual catch of blue marlin 1971–2024. See Table 1 for descriptions of each 
fishing fleet. 
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Figure 5. Plot of CPUE index by fleet with a simple LOESS smoother fit to each time series. 
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Figure 6. Time series of residuals from the overall LOESS smoother fit to each CPUE index. 
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Figure 7. Pairwise scatterplots with blue regression lines (lower left), correlation coefficients (top 
right), and the range of observations to illustrate correlations among all CPUE indices (central 
diagonal). 
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Figure 8. Plot of the correlation matrix for CPUE indices. Blue indicates a positive correlation and 
red indicates a negative correlation. The order of the indices and the rectangular boxes are 
chosen based on a hierarchical cluster analysis using a set of dissimilarities for the indices being 
clustered. 
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Figure 9. Length composition data for 5 fleets in the 2026 Pacific blue marlin stock assessment. 
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Figure 10. F4_JPN_DRIFT_BAIT weight composition data by year and quarter. 
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Figure 11. Length as a function of age for female (red) and male (blue) Pacific blue marlin in the 
base model following the two-stanza growth model from Chang et al. (2025). Shaded areas are 
the 95% distribution of length. 

 

 

Figure 12. Weight as a function of length for female (red) and male (blue) Pacific blue marlin in 
the base model. 
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Figure 13. Pacific blue marlin female proportional maturity as a function of length in the base 
model. 
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Figure 14. Estimated length-based selectivity of fishing fleets with constant selectivity over time 
in the base model. 

 

F1_JPN_EarlyLL F4_JPN_DRIFT_BAIT 
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Figure 15. Time-varying selectivity at length of F2_JPN_LateLL. Selectivity was roughly logistic 
1994–2003 and dome-shaped 2004–2024. Note F2_JPN_LateLL does not have data before 1994, 
hence the apparent selectivity for years 1971–1993 is not applied within the model.  

 

Figure 16. Estimated annual deviations from the stock-recruit relationship for the base model. 
Error bars show the 95% confidence interval. 
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Figure 17. Spawning stock biomass (mt) timeseries for 28 jitter runs of the base model. 

 

Figure 18. Plot of ln(R0) against total -loglikelihood for 28 jitter runs (blue circles) of the base 
model (ln(R0) = 6.98437; red triangle). 
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Figure 20. Aggregated length (cm) composition input data (gray) and base model fits, which are 
shown for females and males separately for F11_US_LL (red and blue lines, respectively) but are 
for combined sex for all other fleets (green lines). 
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Figure 21. Aggregated weight (kg) composition input data (gray) and base model fits (green 
lines) for F4_JPN_DRIFT_BAIT. 
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Figure 23. Residuals between the base model and size composition by fleet. Solid symbols 
represent positive residuals (composition data were greater than model predicted composition) 
and open symbols represent negative residuals (composition data were less than model 
predicted composition). When available, size composition data were sex-specific for females 
(red) and males (blue). 

F1_JPN_EarlyLL F2_JPN_LateLL 

F5_TWN_LTLL F10_VAR_PS_Oth 
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Figure 23. Continued. 

 

F11_US_LL F4_JPN_DRIFT_BAIT 
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Figure 24. Runs tests of the base model for each CPUE index. 
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Figure 25. Runs tests of the base model for each length composition time series. 
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Figure 26. Runs tests of the base model for the F4_JPN_DRIFT_BAIT weight composition data. 
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Figure 27. Loglikelihood profile over ln(R0) by likelihood component for the base model. 

 

 

Figure 28. Loglikelihood profile over ln(R0) by CPUE index for the base model. 

 


