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Executive Summary
Variation in catch size composition is a key input to integrated stock assessment models, including the
MULTIFAN-CL assessment of bigeye tuna (Thunnus obesus, BET) in the Western and Central Pacific Ocean
(WCPO). This study re-examines size composition across the WCPO longline fishery using generalised additive
models (GAMs) fitted via mgcv, extending Langley (2006).

A region-wide multi-fleet model fitted to 1990–2020 longline data (log mean weight, Gaussian family, sample-
size weights; global temporal, seasonal, and spatial smooths, a flag random intercept, and flag-specific temporal
deviations, structures compared by AIC) shows mean weight declining on average from approximately 47 kg
in the early 1990s to around 31 kg by 2020, with substantial flag-to-flag heterogeneity around that global
trend (e.g. CN persistently below trend; SB peaking around 2010–2015 then falling sharply).

Single-fleet analyses were run for Japan distant-water longline (JPDW, 1957–2018) and US Hawaii longline
(USHW, 2000–2019). JPDW mean weight declines from approximately 46 kg in the mid-1960s to 35 kg
by 2015, with the decline concentrated before 2000 and continuing at a reduced but still discernible rate
thereafter; USHW shows no trend in mean weight over 2000–2019. A fixed-area decomposition holding the
JPDW final-period footprint fixed indicates that within-area change (about 9 kg) accounts for the majority of
the JPDW decline, with fleet redistribution responsible for a smaller secondary component.

Over their 2000–2018 overlap both fleets are similar and trendless, so neither shows evidence of a strong
recent decline in mean weight within its sampled region. As USHW does not extend into the JPDW period of
decline, the comparison cannot establish whether that decline was basin-wide in the north west Pacific; size
signals are best treated as fleet-, region-, and time period-specific. A key outcome is that the declining JPDW
weight trend was consistent even for the restricted area analysis. The trend may reflect a genuine decline in
the underlying mean weight of the exploited BET population, and does not appear to be an artefact of fleet
contraction. However, a change in JPDW selectivity over time cannot be ruled out. The observed trend may
therefore reflect some combination of a real population-level decline and a selectivity shift, rather than either
process alone.

Considerations for the BET stock assessment

• Treat the within-area decline as a candidate signal about BET size structure to be considered in the
2026 assessment; resolve its mechanism (truncation, growth-rate change, or recruitment) through the
follow-up analyses identified in this paper.

• Recognise the fleet-redistribution component as a secondary bias under temporally-constant selectivity;
its influence can be bounded with an in-assessment sensitivity run (time-block selectivity, or down-
weighting the contracted-period composition).

• Fleets with stable spatial footprints (e.g. USHW) may provide useful complementary indicators of
temporal size-structure change and should be evaluated alongside fleets with substantial footprint
contraction, whose within-area size change is confounded with spatial redistribution.

• Standardising the composition data to remove the spatial/footprint effect at the data stage offers a more
direct route to a population-level signal than relying on selectivity adjustments within the assessment
alone.
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1 Introduction
The Scientific Committee at its twenty-first regular session (SC21) recommended that the Stock Assessment
and Modelling team (SAM) of the SPC Oceanic Fisheries Programme undertake a detailed analysis of bigeye
tuna (BET) mean weight trends by space, time, and fleet over the past 10 to 20 years. The analysis is intended
to improve understanding of these patterns and to inform the 2026 BET stock assessment. The present work
responds to that recommendation.

The size composition of the catch is a key input to integrated stock assessment models, including the
MULTIFAN-CL [MFCL; Fournier et al. (1998); Hampton et al. (2002)] assessment of bigeye tuna (Thunnus
obesus, BET) in the Western and Central Pacific Ocean (WCPO). Mean weight — examined here by year,
quarter, and spatial cell — is an integrated summary of the weight-composition signal that the assessment fits.
Spatiotemporal heterogeneity in fish size composition has two implications for the assessment: it informs the
regional and fishery structure assumed by the model, and it interacts with fleet-specific selectivity functions,
which are assumed to be temporally constant in the assessment (Waterhouse et al., 2014).

The foundational analysis of spatiotemporal variation in BET and yellowfin tuna size composition in the
WCPO was conducted by Langley (2006) using descriptive median-by-block methods on Japanese distant-
water longline data from 1948 to 2004. Langley’s analysis identified persistent spatial heterogeneity in
size composition that informed the regional structure of the current MFCL assessment, and raised the
methodological concern that spatial shifts in fishing effort can substantially alter the size composition of
the catch even when the underlying population size structure is unchanged. Two decades later, around
fourteen years of additional data and the opportunity to move beyond descriptive median-by-block methods
to continuous, uncertainty-quantified smoothing motivate a re-examination.

The present analysis has three objectives:

1. Re-examine spatiotemporal variation in BET longline mean weight using flexible statistical methods
(generalised additive models, joint estimation of fleet, temporal, and spatial effects, with confidence
intervals on the fitted trends).

2. Extend the temporal coverage of Langley (2006)’s analysis by approximately 14 years for the Japanese
distant-water longline fleet (JPDW), the longest-running BET weight sampling programmes available
for the WCPO.

3. Provide complementary single-fleet analyses of the Japanese distant-water (JPDW) and US Hawaii
(USHW) longline fleets, treated separately, and compare the two trajectories to assess whether size-
structure signals are consistent across fleets — bearing directly on the constant fleet-selectivity assumption
in the assessment.

The analysis is restricted to longline-caught BET. Purse-seine composition data are excluded because longline
and purse seine target different size-classes of the BET population through fundamentally distinct selectivity
processes; combining them in a single mean-weight model would conflate gear selectivity with biological
size variation. Within the BET stock assessment, gear-specific composition data are integrated through
gear-specific selectivity functions (Day et al., 2023).
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2 Methods
2.1 Data
Weight samples for BET were extracted from the WCPFC operational longline composition database held by
the Pacific Community (SPC). The underlying samples derive from a range of port-sampling and auction
programmes contributing to SPC’s data holdings; full details of these data sources and their relationship to
the flag-fleet attribution are provided in a companion working and information paper (Hamer et al., 2026;
Peatman, 2026). We note that sampling sources for size data for individual flags vary across time, as we do
not have specific details of these changes, we assume the sampling is consistent in its representation of catch
size compositions.

The five assessment regions are defined as longitude–latitude boxes (shown in Figure 1; longitudes in the
Pacific-centred [0°, 360°] format), following the regional structure of the 2026 WCPO BET assessment (Kim
et al., 2026):

• Region 1 (North): lon ∈ [120°, 210°), lat ∈ [10°, 50°)
• Region 2 (Northwest): lon ∈ [110°, 140°), lat ∈ [−10°, 20°)
• Region 3 (Central West): lon ∈ [140°, 185°), lat ∈ [−10°, 10°)
• Region 4 (Central East): lon ∈ [185°, 210°), lat ∈ [−10°, 10°)
• Region 5 (South): lon ∈ [140°, 210°), lat ∈ [−40°, −10°)

Composition records are binned to 5° cells by their lower-left corner (longitude and latitude floored to the
nearest 5°), so the lower bound is included and the upper excluded — a cell at 205°E spans [205°, 210°), with
the 210°E meridian forming the eastern edge. In code these bounds are applied with >= on the lower edge and
< on the upper.

Spatial coordinates were aggregated to 5° × 5° grid cells. For each combination of fleet 𝑓 , year-quarter 𝑡, and
spatial cell, the response is the sample-weighted mean weight:

𝑤̄𝑓,𝑡,cell =
∑𝑖 𝑤𝑖 ⋅ freq𝑖

∑𝑖 freq𝑖
, (1)

with sample size 𝑛𝑓,𝑡,cell = ∑𝑖 freq𝑖 used as the modelling weight.
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Figure 1: The five WCPFC stock-assessment regions used for the 2026 assessment used to filter the BET
longline composition data. Note: longitudes follow the Pacific-centred 0–360°E convention throughout this
paper.

The region-wide multi-fleet analysis applies the following filters:

• Weight samples restricted to the five assessment regions defined above.
• Records with missing coordinates excluded; coordinates binned to 5° × 5° cells.
• Individual weights ≤ 200 kg (larger fish removed as outliers).
• Restricted to 1990–2020 to ensure model convergence over a period of stable multi-fleet coverage.
• Flags with fewer than 15,000 individual fish weight samples removed as too data-sparse for reliable

modelling; several further flags (AU, TWDW, TWOS, VN, NZ) removed on data-quality concerns and/or
data-sparsity and restricted spatial coverage grounds (Section A.5). The flag codes used throughout
(e.g. JPDW, USHW, CN, SB) denote national longline fleets and are defined in full in Table 8.

The full source dataset ranged from 1952 to 2024 and included weight and frequency data from over 13
million fish across 29 flags. The spatial and temporal coverage of several flags was too sparse for inclusion
(Section A.5, Figure 18, Figure 19). After filtering, the region-wide analysis covers 1990–2020 and contains
8,455 cell-quarter observations from 8 flags: CN, FM, JPDW, MH, PW, SB, TO, USHW.

2.2 Region-wide multi-fleet model
2.2.1 Exploratory data analysis

A map of all sampling effort, across all time periods and flags, is given in Figure 2. For flag-specific effort, see
Figure 3. The temporal coverage of sampling varies by flag (Figure 4).

A key structural feature of the data is that most flags fish almost exclusively within a single model region,
making flag and region effects near-inseparable in any model (Table 1). With the exceptions of JPDW (which
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spans Regions 1 and 3) and CN (which spans Regions 2 and 3), each flag contributes more than 90% of
its weight samples from a single region. Flag-level and region-level temporal effects therefore cannot be
independently estimated, and a model should include one or the other, not both.
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Figure 2: Map of total sample size (top panel) and mean weight (bottom panel), averaged over all flags and
years, for the region-wide analysis.
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Figure 3: Map of sample size, summed across all years, for each flag retained in the region-wide analysis.
Black outlines show the five assessment regions.
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