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Executive Summary

Biological parameters for Indian Ocean albacore are relatively poorly understood. Better estimates of
these parameters are required, because they are influential for the stock assessment. In this report,
literature on albacore growth and reproductive parameters in all oceans is reviewed. Representative
estimates of growth require the sampling of fish from a range of sizes, and across potential sources
of variation such as longitude. Similarly, representative estimates of reproductive parameters require
sampling across potential sources of variation, which include latitude and seasons, and may also
include longitude.

Availability at size is reviewed. The best potential source of small fish appears to be longline fisheries
south 35 °S between April and August.

Analysts should consider dropping the Taiwanese logbook length frequency data from the stock
assessment, given the inconsistencies in its pattern though time, while retaining Taiwanese observer
data, as in the tropical tuna assessments. Stock assessments need to fit well to their input data, and
the model cannot fit well to size data that conflict either with other sizes or with CPUE data.

Both the Japanese and the Taiwanese size data show increasing mean sizes through time. These
trends will be influential if used uncritically in the stock assessment, to the extent that they conflict
with increasing fishing pressure. Analysts should consider the hypothesis that the increasing sizes are
caused by increasing growth rates due to lower predator densities. The alternative explanation is
trends in sampling bias in both datasets. In either case, the model should prioritize fitting the CPUE
data over fitting the composition data.

1. Introduction

A simulation study conducted in 2019 (Moore et al., 2019) indicated that bias in the estimates of
biological parameters could substantially affect the results of albacore tuna stock assessments. A
coordinated age and growth sampling program was considered useful to address the bias on juvenile
growth and quantify the variance of length at age.

This paper conducts a desktop review of the spatiotemporal patterns in growth and reproductive
variability of albacore tuna in the Indian Ocean and other oceans, to provide a better understanding
of the population structure and dynamics of the species, as well as to pinpoint knowledge gaps and
future research needs.
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First, | review the literature on albacore growth and reproductive parameters, to report patterns
observed in other oceans, and to identify gaps in data and knowledge for the Indian Ocean. In
addition, | analyse available data on spatial patterns in the sizes of Indian Ocean albacore sizes.

Life history: Young albacore (up to 3 years old) in the Indian Ocean primarily inhabit cooler
temperate waters (15-18°C), often found south of the subtropical convergence zone. Their
distribution seems continuous with Atlantic juveniles, suggesting that transoceanic movement may
occur. As they mature, albacore shift towards warmer waters (17-26°C). The spawning season occurs
between October and March, primarily in tropical and subtropical waters between 10 and 30S where
temperatures exceed 24°C (Dhurmeea et al., 2016; Schaefer, 2001).

Albacore grow to around 80-90 cm fork length by age 5 and may reach up to 140 cm. Age is typically
estimated through otolith analysis (Farley et al., 2019; Farley et al., 2013a), but uncertainties exist
due to variable growth patterns and challenges in interpreting seasonal marks.

There is ongoing debate regarding the existence of multiple albacore stocks within the Indian Ocean,
which has implications for management strategies (Labonne et al., 2024; Nikolic et al., 2020).

2. Background

WPTMTO08.01 (para 71) noted the absence of small albacore (<75 cm fork length) in the sample used
for estimating the current growth curve (Farley et al., 2019) and the fact that most otoliths in the
sample were collected in the southwestern Indian Ocean (Figure 1) . Given that spatial variability in
growth has been observed in albacore in the Pacific Ocean (Williams et al., 2012), the WPTmT
recommended to the SC that the collection and analysis of otolith samples is expanded to cover the
whole Indian Ocean, with a particular focus on obtaining a broad range of sizes and locations,
including fish from the eastern part of the ocean.

3. Growth

Growth estimates are a fundamental component of age-structured length-based stock assessments,
and the growth curve used is highly influential for assessment outcomes. This is particularly true for
models that fit to length data, as in most tuna assessments. Assumed distributions of length at age
are used by the model to translate size structure observations into age structure. Both the mean and
the variation of length at age are important and influential for model outcomes. Growth is also a key
determinant of stock productivity.

Fish growth often varies spatially and through time (Gertseva et al., 2017; Williams et al., 2012).
However, growth curves in fish stock assessments are almost always assumed to be uniform in space
and time, due to limitations of the assessment software. Explicitly modeling spatiotemporal growth
variation in assessments can be prohibitively expensive in terms of both model complexity and
computing resources.

Nevertheless, omitting these sources of variation from the assessment will introduce bias (Correa et
al., 2021). It is therefore important to understand the sources of variability and the consequences for
assessment outcomes of ignoring variation, and to use methods that nevertheless produce good
outcomes.

Issues associated with estimating growth of fishes are summarized by Lee et al. (2024), and studies
of tuna growth are reviewed by Murua et al. (2017).



IOTC albacore growth and reproduction IOTC-2025-WPTmT09(DP)-08

3.1. Sources of variation in growth estimates
One of the key components of growth estimation for stock assessment is identifying factors
associated with growth variation.

Natural variation occurs among individuals, due to factors such as individual quality and local habitat
variation. This source of variability may be lower for tunas than for many other species.

Growth differences between sexes have been clearly identified for albacore tuna in multiple oceans
(Chen et al., 2012; Farley et al., 2019; Megalofonou, 2000; Williams et al., 2012). It may be relatively
strong for albacore compared to other species of tuna (Farley et al., 2021b; Farley et al., 2021c;
Pacicco et al., 2021).

Temporal growth variation will occur for species to some degree, given changes in ocean productivity
and population densities, but the degree of variation has not been estimated for albacore due to the
lack of long-term data series. Statistically significant variation has identified for several tuna species
where long-term studies have been undertaken, including southern bluefin tuna (Farley and Gunn,
2007) and eastern Atlantic bluefin tuna (Andrews et al., 2023).

Similarly, spatial growth variation is likely to occur due to nutrient availability, temperature, and
other factors that may affect metabolic rates (Lee et al., 2024). Mediterranean albacore have
consistently been found to grow to smaller sizes than in the Atlantic and elsewhere (Murua et al.,
2017), but it is unclear whether this is due to lower nutrients of a local adaptation. Bergmann’s rule
states that, across taxa, body sizes tend to increase with distance from the equator. However, their
seasonal north-south movement pattern may preclude this from being a factor for albacore.

Relatively large discrepancies in estimates of albacore growth rate have been observed both within
and between geographic areas (Murua et al., 2017). Some variation is likely due to differences
between study methods. For example, there are different estimates of length at age one, one at 20—
30 cm and a second at 40-55 cm FL (Murua et al., 2017) (though the estimate of 40-55 cm appears
more likely based on counts of daily micro-increments (Farley et al., 2013a)).

Growth comparisons within a single study are more reliable, given consistent methods for sampling,
ageing, and modeling, and the availability of statistical tests for genuine differences. Spatial variation
has been identified in South Pacific albacore (Farley et al., 2021a; Williams et al., 2012), with slightly
larger lengths at age further east. No latitudinal variation in length at age was found, with similar
estimates for north, central, and southern areas. In the eastern North Pacific, juvenile length-at-age
was larger for fish caught south of 40°S relative to fish caught north of 40°S (Renck et al. 2014),
although again this may be due to faster growing fish moving to spawning grounds at younger ages,
rather than growth differences in those areas.

Prior to 2019, Indian Ocean growth studies used scales, spines, and length frequency analysis, and
provided growth parameters that were different other oceans. Estimates of asymptotic length were
larger and growth coefficients were smaller (Murua et al., 2017). However, growth curves based on
otolith data (Farley et al., 2019) provided asymptotic lengths that were smaller than previous Indian
Ocean estimates, and consistent with North and South Pacific estimates. Growth coefficients,
however, were much larger than previous estimates and higher than most Pacific estimates. These
new Indian Ocean estimates were probably affected by the lack of small fish in the samples, with
positively biased lengths at age in younger age classes due to preferential sampling of faster growing
fish in the longline fishery (Farley et al., 2019). Similarly, mean lengths at age estimated for young
fish were larger than estimates for the Pacific but older fish were similar to the Pacific.
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3.2. Sampling effects
The size selectivity associated with fishing gear can affect estimates of length at age. This effect is
commonly seen in albacore sampling, with longline fisheries dominated by large fish and small fish
taken in troll, pole-and line, and driftnet fisheries (Langley and Hoyle, 2016; Moore et al., 2020).

Spatial variation in numbers at length also affects estimation of length at age. Albacore sizes vary
with latitude in all oceans, with smaller immature fish found at higher latitudes, and larger mature
albacore found in the subtropics and tropics (Nikolic et al., 2017). Although the smallest albacore
caught at higher latitudes are taken in fisheries that select small fish, such as troll, pole and line, and
net fisheries (Castillo-Jordan et al., 2021; ISC Albacore Working Group, 2023; Rice, 2022), longline
fisheries also tend to catch progressively smaller albacore at higher latitudes (Bromhead et al., 2009).

Gear selectivity and ontogenetic movement can affect estimates of length at age, since the young
fish that move first to lower latitudes, like the young fish that are caught first in longline fisheries,
tend to be those with faster growth. This is why sampling only at lower latitudes or with longline gear
tends to overestimate length at age for young fish. In the South Pacific, otolith sampling for ageing
has occurred across a range of latitudes, including in New Zealand troll fisheries in temperate waters
(Williams et al., 2012). Although sampling of the NZ troll fishery was necessary to compensate for
biases associated with subtropical longline sampling, it remains difficult to achieve a precisely
balanced, representative sample of numbers at length and age across the population.

When developing a growth curve for the north Pacific, Chen et al. (2012) sampled 244 albacore from
longline vessels, and 49 smaller fish from pole and line vessels. Wells et al. (2013) sampled larger fish
from longline vessels in the western and central north Pacific, and smaller fish from troll and
recreational fishers in the eastern Pacific.

To develop a growth curve for the Indian Ocean, Farley et al. (2019) sampled fish east of Madagascar
by longline and off South Africa by pole and line, with a small number collected from purse seine
fishing between 0-10° S (Figure 1). There was difficulty obtaining small fish, with the smallest
measuring 66 cm, and the next smallest 74 cm (Figure 2). Size data from South Africa’s pole and line
port sampling programme suggest that fish as small at 60 cm are likely to be available in most years
(Figure 3). However, there is uncertainty about whether the fish caught in the pole and line fishery
on the west (Atlantic) coast of South Africa are part of the Indian Ocean stock (Labonne et al., 2024;
Nikolic et al., 2020).

Considering other options for obtaining small fish from the Indian Ocean as a whole, fish less than
60cm are recorded in reasonable proportions in the gillnet, offshore gillnet, offshore ringnet and troll
fisheries (Figure 4). However, the troll size data reported from Indonesia near the equator (Figure 5),
where small albacore are generally considered unlikely, may actually be misreported skipjack or
another small tuna species (IOTC Secretariat, 2013) . Similarly, the offshore ring net and offshore
gillnet data are reported from Sri Lanka near the equator where small albacore are unlikely.

Size-selective sampling is usually used to obtain samples across a broad range of sizes for ageing,
although this affects estimates of length at age in a similar way to gear selectivity and spatial patterns
of availability. Potential otolith sampling strategies include random (ROS), fixed (FOS), and
proportional (POS) otolith sampling (Chang et al., 2019; Goodyear, 2019; Schemmel et al., 2022).

Random sampling (Kimura, 1977) is associated with modeling growth as length at age, but this type
of sampling tends to be inefficient, and estimates are affected by the sources of size-based selectivity
discussed above (Schemmel et al., 2022). Supplementing the least abundant size strata with
additional samples can lead to biased estimates of growth parameters. Targeted sampling of small
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fish from a fishery with size-dependent selectivity will compensate for the size selection to some
extent but not in a systematic way. Results will not be statistically robust. Targeted sampling of large
fish will lead to overestimation of lengths at age for large fish (Chang et al., 2019).

There is a need to adjust the modeling method used to estimate lengths at age so that it is consistent
with the sampling method.

Albacore stocks generally have large datasets of catch at length. Sampling is commonly size-
dependent

Analysis of the growth of albacore tuna in the Atlantic has used a wide range of methods, including
ageing from the hard parts scales, vertebrae, and spines (first dorsal fin ray), growth increments from
mark-recapture experiments, and analysis of length frequency data (Nikolic et al., 2017; Santiago and
Arrizabalaga, 2005). No otolith work has yet been published which makes comparisons difficult.
Some spatial variation in growth has been inferred (Bard, 1981).

3.3. Indian Ocean estimates
The Indian Ocean albacore stock assessment (Langley, 2019; Rice, 2022) now uses growth from
sampling in the Indian Ocean (Farley et al., 2019). However, samples used to develop this growth
curve come from a relatively limited area, with the majority taken between latitudes 23°S to 15°S,
and longitudes 48°E to 62°E (Figure 1). There was a lack of small fish in the samples: only one fish
was less than 74 cm FL, and the majority were over 90 cm. Fish tend to be relatively large in the
areas sampled (Figures 11 and 12).

The small spatial coverage is likely to have affected estimation of the growth curve. Size-dependence
in availability is likely to have positively biased the growth curve estimates of length at age for
younger age classes. In future, more sampling in latitudes south of 30 °S, and preferably south of 35
°S, is needed to increase the number of small fish and provided better estimates of length at age.
Availability in longline fisheries of small fish by latitude is shown in Figure 6. Length frequencies by
month and flag for fish sampled since 2000 south of 35 °S (Figure 7) suggest that, when there is
sampling within a latitude band, similar proportions of fish < 70 cm are found across months.
However, most of the size sampling south of 30 °S occurs during between April and August (Figure 8).
Comparing these length frequency data with the drift gillnet fisheries (Figure 4 and Figure 9) and the
South African pole and line fishery (Figure 3) suggest that the sizes are comparable. If we accept that
the small fish from the northern 10 are not albacore, no Indian Ocean fishery can provide consistent
access to as small as those caught in South Pacific troll fisheries (Figure 10).

In addition, coverage across more longitudes will be needed to permit analysts to investigate spatial
variation in growth.

4. Reproductive potential

Reproductive potential is a fundamental component of the albacore stock assessment, representing
the adult stock size in terms of its potential reproductive output. Stock assessments generally use the
term spawning stock biomass (SSB) to represent the size of the reproductive population, with SSB
included in the stock recruitment relationship. SSB can be seen as a generic term for reproductive
output, which is not necessarily based on biomass alone. In its simplest form it is the summed
product of numbers at age, weight at age, and maturity at age. However, other factors can affect the
reproductive output of a population. For example, the spawning stock biomass per recruit (SSBR),
which represents the expected lifetime reproductive potential of an average recruit, also allows for
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the sex ratio and fecundity at age (Goodyear, 1993). Total egg production (TEP) has been included in
stock assessments as a substitute for SSB, calculated as

m
TEP = Z NqQaWafa
a—-1

where n, is the number of females at age, Q, proportion mature, w, mean weight, f, fecundity, and
m is the maximum age (Kell et al., 2016). The proportion of active females and the daily spawning
fraction at age may also be considered, when they are likely to improve the representation of
reproductive output. Egg viability can also vary substantially with age and affect reproductive output,
though this relationship is uncertain and little-studied for tunas (Medina, 2020).

Each of these factors can affect the pattern of SSB through time and its relationship with recruitment,
and thereby change MSY-related parameters (Hoyle, 2008; Minte-Vera et al., 2019).

Stock assessments for Indian Ocean albacore since 2014 (Hoyle et al., 2014; Langley and Hoyle, 2016;
Rice, 2022) have used estimates of SSB based on the product of female numbers, weight, and
reproductive potential. In these cases, reproductive potential is calculated at length as the product of
maturity, fecundity, and spawning fraction. Given the limitations of available data from the Indian
Ocean, the ogives used in these assessments are based on calculations for South Pacific albacore
(Hoyle et al., 2012).

Developing ogives of reproductive potential for a stock assessment can be complex and data
intensive. A representative ogive for the entire stock requires broadly-based sampling and
appropriate statistical analysis. Albacore tunas, like many fish species, show considerable spatial and
seasonal variability in the length of 50% maturity. During the spawning season mature fish tend to be
found in spawning areas, where the proportion mature at every length is therefore higher than
elsewhere and in other seasons. Raising the proportion mature also reduces the length at 50%
maturity. Conversely, length at 50% maturity is higher in non-spawning areas and seasons. Samples
from different areas and seasons will therefore provide different ogives.

To develop reproductive potential ogives for the whole population, the analyst needs to account for
this spatial and seasonal variation. Farley et al. (2014) analysed data for South Pacific albacore to
estimate spatial and seasonal patterns of maturity at length and used these models to predict
maturity across the whole population, with relative abundances based on CPUE indices. The resulting
ogives indicated 50% maturity at 3 cm larger than estimates based on the raw data.

Similarly reweighting should be applied to estimates of spawning fraction and fecundity at length,
since they too have potential to vary within the population. Analyses for South Pacific albacore
(Farley et al., 2013b) found that the best models for activity, spawning fraction (which included
activity), and fecundity all included both fork length and month. There was also some support for
spatial variables, but more statistical power (data) would be needed to estimate them reliably.

These parameters were integrated into an ogive used in the 2012 stock assessment for South Pacific
albacore tuna (Hoyle et al., 2012). The aggregation method has not previously been documented.
Fecundity and spawning fraction by length and month were predicted across all combinations of
months and lengths from models fitted to the South Pacific albacore dataset (Farley et al., 2013b).
The spatially and seasonally integrated ogive of maturity at length was multiplied by these two
ogives at month and length, and the product was then aggregated across the year to produce relative
reproductive potential at length for females. This approach would have introduced a small bias by
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aggregating across the seasonality in the maturity ogive before multiplying by the other two
components.

5. Maturity

Estimates of length at 50% maturity (Lso) for females are available for most oceans, albeit affected by
the difficulty of obtaining population-level estimates as discussed above. Estimates at age are also
available for some oceans but are less reliable due to both smaller datasets and ageing uncertainties.
A review of data suggests Lso of about 90cm in all oceans except the Mediterranean where, although
the Lso is not available, estimates appear to be smaller (Nikolic et al., 2017). The different
reproductive strategy of Mediterranean albacore (shorter spawning season and higher relative batch
fecundity) may represent adaptation to local environmental conditions (Saber et al., 2015). In that
case, information from Mediterranean albacore may not be relevant to studies in Indian Ocean.

Sampling in the western Indian Ocean carried out from 2013 to 2015 provided data to inform an
estimated Lso of 85.3 cm (Dhurmeea et al., 2016). One difficulty with this study was that only 4% (24
or 27 depending on the method) of the 665 sampled and staged females were immature, which was
too few to explore spatial and seasonal patterns in the L50. The proportions mature at length by
region were not reported, but females less than 82 cm were all sampled in region D south of 30S,
and most of the immature fish were likely to have been sampled from here. Dhurmeea et al. (2016)
note that “latitudes south of 30S are inhabited mainly by immature fish while the regions north of
30S are mostly occupied by mature fish”. If there was a spatial effect on length at maturity as
observed in the South Pacific, increasing the proportion of samples from region D may have
increased the estimated Lso.

6. Reproductive activity, spawning fraction, and fecundity

Albacore spawning occurs generally in tropical and subtropical waters in summer when sea surface
temperatures (SST) exceed 24 °C (Schaefer, 2001). Albacore are batch spawners with asynchronous
oocyte development and indeterminate annual fecundity. Annual fecundity can be estimated from
batch fecundity and spawning frequency (Nikolic et al., 2017).

There have been few studies of reproductive activity in the Atlantic. Some information on spawning
locations has come from larval surveys (Ueyanagi, 1971), which suggested two spawning areas. In
2021 a project commenced to study reproductive biology for the northern Atlantic stock, including
maturity schedules (Lso) and egg production (size/age related fecundity), and to clearly identify
spawning areas and seasons (Ortiz de Zarate et al., 2024). This work is ongoing.

The spawning area for South Pacific albacore is located between 10-25°S, and spawning occurs
primarily between November and January (Mondal and Lee, 2023). Mean spawning frequency during
peak spawning months (1.7 and 1.3 days) and mean relative batch fecundity (50.5 and 64.4 oocytes
per gram) were estimated to be similar in the North Pacific and South Pacific respectively (Chen et
al., 2010; Farley et al., 2013b). In the South Pacific spawning fraction (the inverse of spawning
frequency) was found to increase with fish size and vary by month, with peak spawning fraction from
October to December. Batch fecundity was found to increase with fish length and vary by month,
with peak fecundity at the start of the season in October.

In the Indian Ocean, spawning was observed only between 10°S and 30°S, from October to January
with a peak in November and December. The mean spawning frequency in the spawning region
between November and January was estimated to be 2.2 days, which is a longer interval than in the
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Pacific. Batch fecundity was estimated to be 53 £ 23 oocytes per gram of body weight, which is
consistent with the Pacific.

7. Methods

| applied several approaches to explore spatial patterns of size distribution in the longline size data.

The size database reports the number of fish in each length bin per time-area-fleet stratum. The
lengths are in columns and each row represents a time (year + month) x location x fleet x gear type
stratum. | extracted the longline data (gear code LL, ELL, ELLOB or LLOB) for Taiwan and Japan, at all
spatial stratification levels (5 x 5 - TW and JP, and 10 x 20 — JP only).

For the length analyses, the data were processed to provide a row for each length bin in each
stratum.

First, | applied a simple standardization model to size data by location and year-quarter, with the
formula: size ~ year-quarter + location, implemented as follows using the R package mgcv (Wood,
2011). These models were applied separately to the Taiwanese and Japanese length data.

mod <- gam(len ~ yrqgtr + te(lon, lat, k = ¢(10,10)), data=dat, weights = datSnfish).

Analyses to explore quarterly size distributions employed the same model but restricted the input
data to samples obtained during a single quarter. These models were applied to the Taiwanese
length data only.

datq <- filter(dat, gtr = q)
mod_qtr <- gam(len ~ yrqtr + te(lon, lat, k = ¢(10,10)), data=datq, weights=datgSnfish).

Similar models were applied to standardize the means weights reported in the size database, though
these weights may have been calculated from the length frequency data rather than collected
independently.

mod <- gam(meanwt ~ yrqtr + te(lon, lat, k = ¢(10,10)), data=dat, weights=sqrt(datgStnofish)).

Different stratifications and flags were standardized separately. Taiwanese data were also
standardized separately by quarter. Expected sizes through time were predicted for the median
location in each dataset. Expected spatial sizes were predicted for the median year-quarter in each
dataset.

8. Results

Standardization of Japanese and Taiwanese longline data consistently showed trends by latitude,
with smaller fish found further south, particularly beyond about 25 °S (Figures 11 and 12). Smaller
fish tended to be found further north in the eastern Indian Ocean then in the west. There was some
seasonal variation in distribution, though issues with data quality in the Taiwanese dataset made this
difficult to characterize (Figures 13 and 14).

Analyses of temporal size indices after adjusting for location showed different patterns in the
Japanese and Taiwanese data, and by sampling stratification level in the Japanese data. Note that the
different stratifications and flags were standardized separately, and mean lengths through time were
predicted for the median location in each dataset. Quarterly plots were also based on separate
standardization by quarter. Thus, groups may differ due to changes in average fishing location, rather
than due to selectivity, sampling bias, or changes in fish size.
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Japanese data sampled at 10x20 resolution showed an increase in mean size from an average of
about 95cm in 1970 to almost 100 cm in 1985. This was followed by stable sizes at about 100 cm
through to 2000 (Figure 15). Subsequently there was a large reduction in sample sizes at this spatial
resolution and estimates became noisy, but the mean sizes appeared to drop considerably to average
around 96 cm. Japanese 5x5 sampling was available from 2009 to 2020, and they showed relatively
stable mean weights through this period.

In contrast, the standardized Taiwanese size data showed a large increase in standardized mean sizes
between 1980 and 2022, by almost 10cm or 5kg (Figure 16). There were also periods of large
variation, with a spike of large mean sizes over 105 cm around 1990 soon followed by a dip as low as
80cm. Seasonal estimates suggest similar variation through time in each season, but with different
average sizes. Fish caught in the austral spring and summer of quarters 1 and 4 tended to be larger
than those caught in quarters 2 and 3 (Figures 17 and 18).

9. Conclusions

This working paper provides support for efforts to develop representative biological parameters for
the Indian Ocean albacore assessment, including a growth curve and reproductive parameters.
Estimating biological parameters will require broadly-based sampling across the major sources of
variation. For the growth curve the main requirement is to obtain enough small fish, which is
affected by latitude and season. The data show some consistent seasonal size variation at the same
latitude (gam analysis not presented here), most of the increase in availability of small fish during the
austral winter is due to increased sampling further south.

If growth rate varies spatially with longitude as seen in south Pacific albacore (Williams et al., 2012),
it would be useful to distribute sampling across longitudes. The current analyses indicate that small
fish are available further north in the eastern Indian Ocean.

For reproductive parameters, the main sources of variation are latitude and season. Like sampling for
growth, sampling for reproductive parameters should be broadly based. In particular, it should cover
both spawning and non-spawning areas and seasons.

Two notable features of the standardized size data are a) the high variability of the estimates from
the Taiwanese data, and b) the increasing trends in mean size through time in both the Japanese and
Taiwanese data.

Analysts should seriously consider dropping the Taiwanese logbook length frequency data from the
albacore stock assessment. Fitting observed size data is important for stock assessment outcomes,
and the model cannot fit conflicting patterns in size data, or size trends that conflict with CPUE data.
Recent assessments of tropical tuna species have dropped logbook length measurement data but
included logbook weight measurement data and length data sampled by observers, as recommended
by a review of tropical tuna size data (Hoyle et al., 2021).

An increasing trend is observed in the standardized size estimates in both the Japanese data from
1970 to 2000 and in the Taiwanese data from 1980 to 2022. These trends will be influential if used
uncritically in the stock assessment, to the extent that they conflict with increasing fishing pressure
on the stock. Analysts should consider the hypothesis that the increasing sizes are caused by
increasing growth rates due to lower predator densities. The alternative explanation is trends in
sampling bias in both datasets. In either case, the model should prioritize fitting the CPUE data over
fitting the composition data, as recommended by Francis (2011).
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Table 1: Number of albacore lengths measured per year by flag, held in the I0TC size database.
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Figure 1: Map of albacore otolith sampling locations in the Indian Ocean (Farley et al., 2019). Green triangles indicate
samples that were selected for ageing.
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Figure 2: Length frequencies (2-cm) of Indian Ocean albacore selected for age estimation by sex.
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Figure 3: Length frequencies by year of albacore sampled from the South African pole and line fishery, which mostly
operates on the Atlantic coast.
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Length Frequency (Summed) for 10 gear types
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Figure 4: Length frequencies by gear type for albacore size data held in the IOTC databases. ELL: longline targeting
swordfish; ELLOB: observer longline targeting swordfish; FLL: longline fresh; GILL: driftnet; GIOF: offshore gill net; HAND:
hand line; LL: longline; LLOB: longline with observer; PS: purse seine; PSS: small purse seine; RNOF: offshore ring net; TROL:
troll.
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Figure 5: Reported catch locations from all fisheries catching smaller fish than those caught in the longline fishery. These are
the offshore gillnet fishery (GIOF), the Indonesian small purse seine fishery (PSS), several troll line fisheries (TROL), offshore

ringnet fisheries (RNOF), and the drift gillnet fishery (GILL).
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Longline LF by latitude
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Figure 6: Length frequency distribution south of 30 °S by fleet and latitude, aggregated across years, for the 3 longline fleets
with the most data.
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Longline LF by month and fleet
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Figure 7: Length frequency distributions of fish sampled since 2000 and south of 35 °S, by month and flag. The red dashed
line is at 70cm in each plot.
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Figure 8: Mean number of samples per month and year by fleet for the period since 2000.

24



IOTC albacore growth and reproduction IOTC-2025-WPTmT09(DP)-08

Length Frequency (Summed) Eastern Drifinet
1989 1990

600 -
=
2
S 400-
=0
L=
ol
L
200 - I‘
0- ——— _.jll ‘.“LI-I-._- - - _.__.nlh-II ‘l.“h.l.--.._
40 B0 80 100 40 B0 80 100
Length
Length Frequency (Summed) Western Drifinet
1988 1989
1000 -
500 - l
> . __ ._.I|.||'|hli_ JJ‘ |L.._
g
> 1990 1991
ol
L
1000 -
- ‘ ‘ I‘i
':I i 1 J 1 ‘ |lllh-- 1 1 1 1 1
40 B0 80 100 40 B0 80 100
Length

Figure 9: Length frequencies by year of albacore sampled from the driftnet fishery in the South Pacific Ocean, to the east
(above) and the west (below) of 180° longitude.
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Figure 10: Length frequencies by year of albacore sampled from the New Zealand troll fishery in the South Pacific.
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Figure 11: Spatial size patterns in Japanese longline catch samples of albacore tuna stratified at 10 by 20 resolution and
sampled between 1965 and 2008 (above); and stratified at 5 x 5 resolution and sampled between 2009 and 2022 (below).
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Figure 12: Spatial patterns of length frequency (above) and mean weight (below) in Taiwanese longline catch samples of
albacore tuna, stratified at 5x5 resolution and sampled between 1980 and 2022.
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Figure 13: Spatial patterns of length frequency by quarter in Taiwanese longline catch samples of albacore tuna stratified at 5 by 5 resolution and sampled between 1980 and 2022.
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Figure 14: Spatial patterns mean weight by quarter in Taiwanese longline catch samples of albacore tuna stratified at 5 by 5 resolution and sampled between 1980 and 2022
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Figure 15: Temporal size patterns in Japanese longline catch samples of albacore tuna stratified at 10 by 20 resolution and
sampled between 1965 and 2008 (left); and stratified at 5 x 5 resolution and sampled between 2009 and 2020 (right).
Estimates are based on length frequency data (above) and mean weights (below).

31



IOTC albacore growth and reproduction IOTC-2025-WPTmT09(DP)-08

LF meanwt

110-

} JH
“"INE 1}‘ o i J*WF ]

e T

90 -

Length {cm)
::._'_t-.m
T
=

80-

1980 1990 2000 2010 2020 1930 1990 2000 2010 2020
Year-qgtr Year-gtr

Figure 16: Temporal size patterns by quarter in Taiwanese longline catch samples of albacore tuna stratified at 5 by 5
resolution and sampled between 1980 and 2022. Estimates are based on length frequency data (left) and mean weights
(right).
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Figure 17: Temporal length frequency patterns by quarter in Taiwanese longline catch samples of albacore tuna stratified at
5 by 5 resolution and sampled between 1980 and 2022.
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