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series of publications throughout the project, as well as at its completion. Each sub-project shall be published in
a timely manner and shall be submitted no later than 12 months after the end of the research. In the sections that
follow, the expected publications from each research stream and cross-stream are defined.

5. Core focal areas — Background

The main activities of the IRMP involve 1) monitoring (fisheries-dependent and —independent data collection),
2) research (biological, ecological), and 3) modelling (FISS, stock assessment, and MSE), as outlined in the
following sub-sections. These components are closely linked to one another, have goals that are integrated across
the organisation, and all feed into management decision-making (Fig. 4). Additionally, management-supporting
information constitutes a range of additional decision-making inputs within and beyond IPHC’s current research
and monitoring programs. The current program builds on the outcomes and experiences of the Commission arising
from the implementation of the previous two (2) plans, and which are summarised in IPHC-2023-5YPIRM and

Appendix |, respectively.

l l Monitoring ﬂ

- N
Basic biological Stock assessment Management
understanding and MSE decision making

4
Biological and
ecological research
Management—
’ supporting
External Scientific information

publications

Funding

Figure 4. Flow of information from basic biological understanding of the Pacific halibut resource, through IPHC
research components (monitoring, biological and ecological research, stock assessment, and MSE) to
management decision-making. Management-supporting information (grey) constitutes a range of additional
decision-making drivers within and beyond IPHC’s current research and monitoring programs. Arrows indicate
the strength (size of the arrow) and direction of information exchange. Also identified (in black) are the external
links from funding and scientific publications, which supplement the IPHC’s internal process.

5.1 Research

5.1.1 Stock Assessment

To improve the accuracy and reliability of the current stock assessment and the
Focal Area Objective | characterisation of uncertainty in the resultant stock management advice provided to
the Commission.

IPHC Website portal | https://www.iphc.int/management/science-and-research/stock-assessment

The IPHC conducts an annual stock assessment, using data from the fishery-independent setline survey (FISS),
the commercial Pacific halibut and other directed and non-directed fisheries, as well as biological information
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from its research program and programs from other fisheries agencies. The assessment includes the Pacific halibut
resource in the IPHC Convention Area, covering the Exclusive Economic Zones of Canada and the United States
of America. Data sources are updated each year to reflect the most recent scientific information available for use
in management decision-making.

All recent stock assessments have relied on an ensemble of four population dynamics models to estimate the
probability distributions describing the current stock size, trend, and demographics. The ensemble is designed to
capture both uncertainty related to the data and stock dynamics (due to estimation) as well as uncertainty related
to our understanding of the way in which the Pacific halibut stock functions and is best approximated by a
statistical model (structural uncertainty).

Stock assessment results are used as inputs for harvest strategy calculations, including mortality projection tables
for the upcoming year that reflect the IPHC’s harvest strategy policy and other considerations, as well as the
harvest decision table. The harvest decision table uses the probability distributions from short-term (three-year)
assessment projections to evaluate the trade-offs between alternative levels of potential yield (catch) and the
associated risks to the stock and fishery.

The stock assessment research priorities have been subdivided into three categories:
1) Assessment data collection and processing;
2) technical development;
3) biological understanding and fishery yield

It is important to note that ongoing monitoring, including the annual FISS and directed commercial landings
sampling activities, is not considered research and is therefore not included in this research priority list despite
the critical importance of these collections. These are described in the sections below.

5.1.2 Management Strategy Evaluation (MSE)

To develop an accurate, reliable, and informative MSE process to appropriately
characterise uncertainty, investigate reasonable hypothetical scenarios, and provide
for the robust evaluation of the consequences of alternative management options,
known as harvest strategies, using defined conservation and fishery objectives.

Focal Area Objective

https://www.iphc.int/management/science-and-research/management-strateqy-
evaluation

IPHC Website portal

Management Strategy Evaluation (MSE) is a process to evaluate alternative management options, known as
harvest strategies. MSE uses a simulation tool to determine how alternative harvest strategies perform given a set
of pre-defined fishery and conservation objectives, taking into account the uncertainties in the system and how
likely candidate harvest strategies are to achieve the chosen management objectives. An additional benefit of
MSE is the potential to analyse scenarios that define a specific portion of the uncertainty or may be outside of the
identified uncertainty to understand the management implications if the future did not follow past realizations.

The MSE uses an operating model that includes each part of the management cycle: the population and all
fisheries, management decisions, the monitoring program, the estimation model, and potential ecosystem effects
using a closed-loop simulation.

MSE is a simulation technique based on modelling the population and fisheries with closed-loop feedback from
each part of the management cycle. An operating model (OM) represents aspects that are not controlled by
management, such as fishery behavior, recruitment into the population, natural sources of mortality, and potential
environmental and ecosystem effects. The management procedure (MP) represents the elements of the decision-
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making process, including data collection, estimation models (e.g. stock assessment), and harvest rules such as
fishing intensity. The MP also characterizes uncertainty in the decision-making process through sampling error,
estimation error, and decision-making variability.

MSE reveals the trade-offs among a range of possible management decisions, given alternative harvest strategies,
preferences, and attitudes to risk. The MSE was an essential part of the process of developing, evaluating, and
adopting the IPHC Harvest Strategy Policy, and is now used to maintain and update that Harvest Strategy Policy.

The MSE process involves:
e Defining fishery and conservation objectives with the involvement of stakeholders and managers;
e |dentifying harvest strategies (a.k.a. management procedures) to evaluate;
e Simulating a Pacific halibut population using those harvest strategies;
e Evaluating and presenting the results in a way that examines trade-offs between objectives;
e Applying a chosen harvest strategy for the management of Pacific halibut;
e Repeating this process in the future in case of changes in objectives, assumptions, or expectations.

There are many research priorities that would continue to improve the MSE framework and the presentation of
future results to the Commission; they can be divided into five general categories:

1) Objectives: The goals and objectives that are used in the evaluation.

2) Management Procedures (MPs): Specific, well-defined management procedures that can be
coded in the MSE framework to produce simulated Total Constant Exploitation Yields (TCEY)
for each IPHC Regulatory Area.

3) Framework: The specifications and computer code for the closed-loop simulations, including the
operating model and how it interacts with the MP, specification of uncertainty, and the
identification of scenarios.

4) Evaluation: The performance metrics and presentation of results. This includes how the
performance metrics are evaluated (e.g. tables, figures, and rankings), presented to the
Commission and its subsidiary bodies, and disseminated for outreach.

5) Application: Specifications of how an MP may be applied in practice and re-evaluated in the
future, including responses to exceptional circumstances.

All these categories provide inputs and outputs of the MSE process, but the Framework category benefits most
from the integration of biological and ecosystem research because the operating model, the simulation of the
monitoring program, the estimation model, and potential ecosystem effects are determined from this knowledge.
Outcomes of the MSE process inform the Commission on updates to the Harvest Strategy Policy.
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5.1.3 Biology and Ecology

To identify and assess critical knowledge gaps in the biology and ecology of Pacific
Focal Area Objective | halibut within its known range, including the influence of environmental conditions
on population and fishery dynamics.

IPHC Website portal | https://www.iphc.int/research/biological-and-ecosystem-science-research/

Since its inception, the IPHC has had a long history of research activities devoted to describing and understanding
the biology of and fisheries for the Pacific halibut. At present, the main objectives of the Biological and Ecosystem
Science Research activities at the IPHC are to: 1) identify and assess critical knowledge gaps in the biology of
the Pacific halibut; 2) understand the influence of environmental conditions in the biology of the Pacific halibut
and its fisheries; and 3) apply the resulting knowledge to reduce uncertainty in the stock assessment and MSE.

The primary biological research activities at the IPHC follow Commission objectives, are selected for their
important management implications, and are identified and described in this current IRMP. An overarching goal
of the IRMP is to promote integration and synergies among the various research activities led by the IPHC to
improve our knowledge of key biological inputs that feed into the stock assessment and MSE process. The goals
of the main research activities of the IRMP are therefore aligned and integrated with the IPHC stock assessment
and MSE processes.

The biological research activities contemplated in the IRMP and their specific aims are detailed in Section 6.
Overall, the biological research activities at the IPHC aim to provide information on 1) factors that influence the
biomass of the Pacific halibut population (e.g. distribution and movement of fish among IPHC Regulatory Areas,
growth patterns and environmental influences on growth in larval, juvenile and adult fish, drivers of changes in
size-at-age); 2) the spawning (female) population (e.g. reproductive maturity and fecundity, skipped spawning,
reproductive migrations); and 3) resulting changes in population structure and dynamics. Furthermore, the
research activities of IPHC also aim to develop and evaluate methods for estimating and reducing incidental
mortality of Pacific halibut, to investigate modifications of fishing gear and/or methods to reduce whale
depredation and bycatch of non-targeted species, and to investigate changes in the directed Pacific halibut fishery
in response to environmental, biological, and technological drivers.

5.2 Monitoring

To collect representative fishery-dependent and fishery-independent data on the
distribution, abundance, biology, and demographics of Pacific halibut through
Focal Area Objective | ongoing monitoring activities. Monitoring also includes the management and
stewardship of these data to ensure their quality, accessibility, and effective use in
research and management.

Fishery-dependent data:
e https://www.iphc.int/data/time-series-datasets/
e https://www.iphc.int/fisheries/commercial-fisheries/
e https://www.iphc.int/fisheries/recreational-fisheries/

IPHC Website portal e https://www.iphc.int/fisheries/subsistence-fisheries/
e https://www.iphc.int/fisheries/non-directed-commercial-discard-mortality-
fisheries/

Fishery-independent data:
e https://www.iphc.int/data/fishery-independent-setline-survey-fiss/
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e https://www.iphc.int/data/water-column-profiler-data/

5.2.1 Fishery-dependent data

The IPHC estimates the magnitude and demographics of all Pacific halibut removals within the IPHC Convention
Area and uses this information in its annual stock assessment and other analyses. These data are collected and
compiled by the IPHC Secretariat and include information provided by Federal and State agencies of each
Contracting Party. Specific activities in this area are described below.

5.2.1.1 Directed commercial fisheries data

The IPHC Secretariat collects logbooks, otoliths, tissue samples, and associated sex-length-weight data from
directed commercial landings coastwide (Fig. 5). For each IPHC Regulatory Area, a sampling rate is determined
by port and calculated annually based on the current year’s mortality limits and the estimated proportion of Pacific
halibut weight landed and sampled in each port. This ensures that an adequate number of biological samples is
collected by IPHC Regulatory Area.

Details on the data collected and sampling methods are provided in the annually updated /PHC Directed
Commercial Landings Sampling Manual (e.g. for 2026: IPHC-2026-PSMO01). Complementary to these efforts,
the IPHC provides training to Tribal commercial fishery stakeholders in IPHC Regulatory Area 2A that supply
additional data. In addition, the IPHC Secretariat summarises annually directed commercial fishery landings
recorded by Federal and State agencies of each Contracting Party. Discard mortality for the directed commercial
fishery is currently estimated using a combination of logbook, research survey, and observer data.

5.2.1.2 Recreational fisheries data

Recreational removals of Pacific halibut, including estimated recreational discard mortality, as well as
demographic information (otoliths, sex-length-weight) where available, are provided by Federal and State
agencies of each Contracting Party. These data are compiled annually for use in the stock assessment and other
analyses.

5.2.1.3 Subsistence fisheries data

Subsistence fisheries refer to non-commercial, customary, and traditional use of Pacific halibut for direct personal,
family, or community consumption, sharing as food, or customary trade. The primary subsistence fisheries
include:

e the Treaty Indian Ceremonial and Subsistence fishery in IPHC Regulatory Area 2A off northwest
Washington State (USA),

e the First Nations Food, Social, and Ceremonial (FSC) fishery in British Columbia (Canada), and

e the subsistence fishery in Alaska (USA), carried out by rural residents and federally recognised Native
Tribes under the Subsistence Halibut Registration Certificate (SHARC) program.

Subsistence fishery removals of Pacific halibut, including estimated subsistence discard mortality, are provided
by State and Federal agencies of each Contracting Party. These data are compiled annually for use in the stock
assessment and other analyses.

5.2.1.4 Non-directed commercial discard mortality data

Non-directed commercial discard mortality estimates and associated demographic data (primarily length
frequencies) by IPHC Regulatory Area and sector are provided by State and Federal agencies of each Contracting
Party and compiled annually for use in the stock assessment and other analyses.
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Non-directed commercial discard mortality of Pacific halibut is estimated because Pacific halibut are encountered
in fisheries that do not permit their retention, and not all discarded Pacific halibut are assumed to die. In most
fisheries, non-directed commercial discard mortality is estimated directly using data from observer programs
operated by Contracting Party agencies. In cases where observer data are unavailable, estimates are based on non-
IPHC research surveys or other sources.
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Figure 5. Ports where the IPHC has sampled directed commercial landings throughout the fishing period in recent
years (note: ports sampled may change from year to year for operational reasons).

5.2.2 Fishery-independent data

Data collection and monitoring activities aimed at providing a standardised time-series of biological and
ecological data that is independent of the fishing fleet.

5.2.2.1 Fishery-independent setline survey (FISS)

The IPHC Fishery-Independent Setline Survey (FISS) provides catch-rate information and biological data on
Pacific halibut that are independent of the fisheries. These data, collected using standardised methods, bait, and
gear, are used to estimate the primary index of population abundance used in the stock assessment. The FISS is
restricted to the summer months but encompasses almost all known Pacific halibut habitat in Convention waters
outside the Bering Sea, including the commercial fishing grounds in the Pacific halibut fishery. The standard FISS
grid totals 1,890 stations from which a subset is sampled each year (Fig. 6).

Biological data collected on the FISS (e.g. the length, weight, age, and sex of Pacific halibut) are used to monitor
changes in year-class strength, biomass, growth, and mortality. Tissue samples are collected from all Pacific
halibut sampled by the FISS for use in genetic and other analyses. In addition, records of non-target species caught
during FISS operations provide the basis for estimating bait competition and are used to index species abundance
over time, making them valuable to the potential management and avoidance of non-target species. Environmental
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data are also collected, including water column temperature, salinity, dissolved oxygen, pH, and chlorophyll
concentration, to help identify the conditions in which the fish were caught, and these data can serve as covariates
in space-time modeling used in the stock assessment. An example of the data collected and the methods used is
provided in the annually updated FISS sampling manual (e.g. IPHC FISS Sampling Manual 2025: IPHC-2025-
VSMO01).
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Figure 6. IPHC Fishery-Independent Setline Survey (FISS) with full sampling grid and charter regions.

Following a program of planned FISS expansions from 2014-19, a process of rationalisation of the annual FISS
designs was undertaken. Currently, sampled stations are prioritised each year so that coastwide, Biological
Region- and IPHC Regulatory Area-specific density indices will be estimated with high precision and low
potential for bias. Based on funding and previous FISS results, potential FISS designs for the subsequent three
years are evaluated. The resulting proposed designs and their evaluation are presented for review at the June
Scientific Review Board (SRB) meetings and modified following SRB input and in-year FISS sampling results
before presentation to the Commissioners at the Work Meeting and Interim Meeting. Annual biological sampling
rates for each IPHC Regulatory Area are calculated based on the previous year’s catch rates and an annual target
of 2000 sampled fish (with 100 additional archive samples).

5.2.2.2 Fishery-independent Trawl Survey (FITS)

The IPHC relies on the NOAA Fisheries trawl surveys operating in the Bering Sea (Fig. 7), Aleutian Islands and
Gulf of Alaska. The information collected from Pacific halibut caught on the Bering Sea trawl survey, together
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with data from the IPHC Fishery-Independent Setline Survey (FISS) is used in estimating indices of abundance,
while data from all three trawl surveys are used to monitor population demographics.
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Figure 7. Representative sampling design for the NOAA Bering Sea bottom trawl survey. Black dots are stations
sampled in the 2018 Northern Bering Sea trawl survey and black plus signs are stations sampled in prior Northern
Bering Sea trawl surveys.

5.2.2.3 Norton Sound trawl survey

The Alaska Department of Fish and Game’s annual Norton Sound trawl survey data are also used in the estimation
of Pacific halibut indices of abundance in IPHC Regulatory Area 4CDE.

5.2.3 Age composition data (both fishery-dependent and fishery-independent)

Biological samples collected annually from commercial fisheries and FISS include otoliths, crystalline calcium
carbonate structures found in the inner ear of fish whose growth patterns can be analysed to estimate the age of
fish. Fish age is a key input to stock assessment models that inform management decisions related to fish
exploitation and harvest strategies. Since its inception, the IPHC has aged over 1.5 million otoliths by trained
readers under the stereoscopic microscope.

The IPHC Secretariat continues to age otoliths manually to provide the high-quality age estimates for the stock
assessment. However, substantial progress has now been made toward an Al-assisted workflow. A deep-ensemble
convolutional neural network (CNN) model has been developed and trained on otolith images. Through an
iterative fine-tuning process, the model progressively improves predictive accuracy. The deep ensemble approach
also provides uncertainty estimates, allowing low-confidence predictions to be flagged for expert review. This
facilitates a mixed-method protocol where high-confidence estimates are fast-tracked while manual verification
is retained for the remainder.
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In addition to Al-based methods, the IPHC is exploring epigenetic ageing that may offer comparable precision to
traditional human-read methods, potentially expanding the toolkit for robust and scalable age estimation in the
future.

5.2.4 Data management and storage

Monitoring data collected through the IPHC’s programs are subject to standardised data management procedures,
including quality assurance and quality control, documentation, and secure storage. These procedures ensure that
fishery-dependent and fishery-independent datasets are accurate, consistent, and traceable over time. Data are
maintained in IPHC databases and are curated to support ongoing monitoring activities, stock assessment, and
other scientific analyses.

Where appropriate, datasets and derived products are made available through IPHC data portals, reports, and
other dissemination mechanisms. Effective data stewardship supports transparency, facilitates collaboration with
Contracting Party domestic agencies and research partners, and ensures that monitoring data remain accessible
and usable for scientific research and fisheries management decision-making.

5.3 Management-supporting information

To support science-based decision-making and advance the Commission’s objective of developing the Pacific
halibut stock to the level that permits the optimum yield from the fishery over time, the IPHC Secretariat
undertakes a range of supplementary analyses that provide direct input into management procedures and policy
evaluations. These efforts complement the stock assessment and biological data streams by addressing specific
questions raised by the Commission, domestic agencies, and other stakeholders.

In recent years, the IPHC Secretariat has undertaken a project evaluating Pacific halibut multiregional economic
impact, illustrating economic interdependencies between sectors and regions to bring a better understanding of
the role and importance of the Pacific halibut resource to regional economies of Canada and the United States of
America. Other work has focused on regulatory questions, such as evaluating size limits and associated tradeoffs
between yield optimisation, reducing discards, and economic outcomes, as well as assessing the socioeconomic
and logistical challenges of implementing year-round fishing.

The IPHC Secretariat remains well-positioned to respond to requests from the Commission or Contracting Parties
for technical support on a broad range of management-relevant topics. These may include, among others,
socioeconomic considerations, community development, political constraints, or logistical feasibility analyses to
inform emerging policy needs. Such analyses are developed collaboratively, leverage a range of available data
sources and partners, and can be tailored to specific regulatory or planning contexts.

6. Core focal areas — Planned and opportunistic activities

The IPHC Secretariat works with IPHC advisory bodies and the Commission to identify research priorities and
refine hypotheses. This process occurs via an annual schedule of meetings, as shown in Fig. 8. The Management
Strategy Advisory Board (MSAB) typically meets once a year. Recommendations related to the MSE and the
Harvest Strategy Policy are then directed to the Commission. The SRB holds two meetings each year: one in
June, where requests are typically directed to the IPHC Secretariat, and one in September, where
recommendations are made to the Commission. The June SRB meeting has a focus on research; the September
meeting represents a final check of science products to be presented to the Commission for use in management.
The Research Advisory Board (RAB) meets in November to discuss ongoing research, provide guidance, and
recommend new research projects. The Work Meeting (WM) is held in September to allow the IPHC Secretariat
and the Commission to prepare for the Interim Meeting (IM) held in November and the Annual Meeting (AM)
held in January. Outcomes from the AM include mortality limits (coastwide and by IPHC Regulatory Area),
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directed fishery commercial fishing period dates, domestic regulations, and requests and recommendations for
the IPHC Secretariat. In conjunction with the AM are meetings of the Finance and Administration Committee
(FAC), the Conference Board (CB), and the Processor Advisory Board (PAB). The Commission may also hold
Special Sessions (SS) throughout the year to take up and make decisions on specific topics.

Calendar Year | Calendar Year
Fiscal Year Fiscal Year
AM MI;EI SRB I IQJ;J I:| !SRBIIMDBDM
MSAB MSAB

JIFIM|A|M|J|J|A[S|O|N|D|J|IFIM|A|M|J|J|A[S|O|N|D

Figure 8. The typical IPHC annual meeting schedule with the calendar year and fiscal year shown. The meetings,
shown in the middle row are: Annual Meeting where the Commission makes many final decisions for that year
(AM), an MSE informational session (MSE), Scientific Review Board meetings (SRB), the Commission Work
Meeting (WM), the Management Strategy Advisory Board meeting (MSAB), the Research Advisory Board
Meeting (RAB), and the Interim Meeting (IM). The annual FISS schedule is also shown.

In addition to the annual meeting process at IPHC, individual core focal areas of research may identify and
prioritise research for other core focal areas. For example, stock assessment research often identifies gaps in the
knowledge of Pacific halibut biology and ecology, which then motivates priority research for the Biology and
Ecology core area. Vice versa, basic biological and ecological research can identify concepts that could be better
understood and result in improved implementation in any of the core areas. Furthermore, Management Strategy
Evaluation can be used to identify priority research topics for any core areas by simulation testing hypotheses to
identify research that may have the largest benefit to improving the management of Pacific halibut.

The top priorities of research for various categories in each of the core focal areas are provided below. The top
priorities are a subset of the potential research topics in each core focal area. More exhaustive and up-to-date lists
of research topics can be found in recent meeting documents related to each core focal area.

6.1 Research

6.1.1 Stock Assessment

Within the three assessment research categories, the following topics have been identified as top priorities in order
to focus attention on their importance for the stock assessment and management of Pacific halibut. A brief
narrative is provided here to highlight the specific use of products from these studies in the stock assessment.
More extensive lists of research topics are produced every three years as part of each full stock assessment
analysis.

6.1.1.1 Stock Assessment data collection and processing

6.1.1.1.1 Commercial fishery sex-ratio-at-age via genetics

Commercial fishery sex-ratio information has been found through sensitivity analyses to be closely correlated
with the absolute scale of the population estimates in the stock assessment and has been identified as the greatest
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source of uncertainty since 2013. With only a short time-series (2017-24) of commercial sex-ratio-at-age
information available for the 2025 stock assessment, the annual genetic assay of fin clips sampled from the
landings remains critically important. When the time series grows longer, it may be advantageous to determine
the ideal frequency at which these assays need to be conducted. This assessment priority directly informs 6.7.3.2
Reproduction as described below.

6.1.1.1.2 Whale depredation accounting and tools for avoidance

Whale depredation represents a source of unobserved and unaccounted-for mortality in the assessment and
management of Pacific halibut. Stock assessment sensitivity analyses have shown that unobserved mortality can
result in stock assessment bias and that trends in unobserved mortality may affect current status estimates.
Reduction of depredation mortality through improved fishery avoidance and/or catch protection would be a
preferable extension and/or solution to methods for estimation. As such, research to provide the fishery with tools
to reduce depredation is considered a high priority. This assessment priority directly informs 6.1.3.4.2 Fishing
Innovations as described below.

6.1.1.2 Stock Assessment technical development

6.1.1.2.1 Maintaining coordination with the MSE

The stock assessment and MSE operating models have been developed in close coordination in order to identify
plausible hypotheses regarding the processes governing Pacific halibut population dynamics. Important aspects
of Pacific halibut dynamics include recruitment (possibly related to extrinsic environmental factors in addition to
spawning biomass), size-at-age, movement/migration, and spatial patterns in fishery catchability and selectivity.
Many approaches developed as part of the tactical stock assessment have been explored in the MSE operating
model, and conversely, the MSE operating model has highlighted areas of data uncertainty or alternative
hypotheses for exploration in the assessment (e.g. movement rates). Although these two modelling efforts target
differing objectives (tactical vs. strategic), continued coordination is essential to ensure that the stock assessment
and the MSE represent the Pacific halibut stock similarly and provide consistent and useful advice for tactical and
strategic decision-making.

6.1.1.2.2 Estimation of natural mortality

The stock assessment has been shown to be extremely sensitive to the value of natural mortality. The current
approach uses four separate models to estimate management quantities, with three of these models estimating
natural mortality directly from the data and one using a fixed historical assumption. Further work to determine
the conditions under which natural mortality is estimable in the fourth model and plausible ranges of values for
this parameter could reduce perceived and actual uncertainty in the stock assessment and the management
information arising from it. As time-series of critically informative data sources like the FISS and the sex-ratio
of the commercial landings grow longer, it may be possible to better integrate this source of uncertainty into the
stock assessment ensemble.

6.1.1.2.3 Development of state-space models

The IPHC has relied on statistical catch-at-age models for most of its stock assessment history (Stewart and
Martell 2014). New programming environments (e.g., TMB; Kristensen et al. 2016) have led to an increased use
of state-space models for stock assessment (e.g. SAM, WHAM; Nielsen and Berg 2014; Nielsen et al. 2021; Stock
and Miller 2021). These models provide extremely efficient capabilities for modelling random effects and sparse
matrices. As the Pacific halibut stock assessment models include time-varying processes (i.e. recruitment,
selectivity, and catchability), it would be ideal to treat them as random effects, rather than using the penalised
likelihood approach currently employed. Although few such applications include sex-specific dynamics that can
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accommodate the necessary dimorphic growth capability to be applicable to Pacific halibut, development of a
state-space model for Pacific halibut is prioritised in this research plan.

6.1.1.3 Stock Assessment biological inputs

6.1.1.3.1 Maturity, skip-spawning, and fecundity

Management of Pacific halibut is currently based on reference points that rely on relative female spawning
biomass. Therefore, any changes to the understanding of reproductive output — either across age/size (maturity),
over time (skip spawning), or as a function of body mass (fecundity) are crucially important. Each of these
components directly affects the annual reproductive output estimated in the assessment. Ideally, the IPHC would
have a program in place to monitor each of these three reproductive processes over time and use that information
in the estimation of the stock-recruitment relationship and the annual reproductive output relative to reference
points. This would reduce the potential for biased time-series estimates created by non-stationarity in these traits
(illustrated via sensitivity analyses in several of the recent assessments). Building on the success of the previous
research plan, we now have an updated maturity relationship included in the 2025 stock assessment. Moving
forward, we will extend that research to include an updated fecundity relationship and an investigation of the
potential for skip-spawning. After updated stock-wide estimates have been achieved, a program for extending
this information to a time-series via transition from research to monitoring can be developed. This assessment
priority directly informs 6.1.3.2 Reproduction as described below.

6.1.1.3.2 Factors affecting size-at-age

Changes in size-at-age, along with recruitment, have been the largest contributors to the historical trends in
biomass and fishery yield from the Pacific halibut stock. The relative role of potential factors underlying changes
in size-at-age is not currently understood. Delineating between competition, density dependence, environmental
effects, size-selective fishing, and other factors could allow improved prediction of size-at-age under future
conditions and a better understanding of how management can adapt to changing trends.

6.1.2 Management Strategy Evaluation

MSE priorities have been subdivided into three categories: 1) biological parameterisation, 2) fishery
parameterisation, and 3) technical development. Research provides specifications for the MSE simulations, such
as inputs to the Operating Model (OM), but another important outcome of the research is to define the range of
plausibility to include in the MSE simulations as a measure of uncertainty. The following topics have been
identified as top priorities.

6.1.2.1 MSE biological and population parameterisation

6.1.2.1.1 Movement, distribution of life stages, and spatial spawning patterns

Research topics in this category will mainly inform parameterisation of movement in the OM but will also provide
further understanding of Pacific halibut movement, connectivity, and temporal variability. This knowledge may
also be used to refine specific MSE objectives. For example, further research into sub-population structure and
connections between those sub-populations would provide an understanding of the importance of spatial
heterogeneity in the Pacific halibut population. This includes the identification of important spawning locations,
connections between spawning areas, spawning area contributions to juvenile distribution, temporal variability in
spawning and recruitment, ontogenetic movement, and the importance of spawning locations to a sustainable
population and efficient fisheries across the IPHC Convention Area. Larval and juvenile distribution is a main
source of uncertainty in the OM and continued research in this area will improve the OM and provide justification
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for parameterising temporal variability. Outcomes may also provide information on recruitment strength and the
relationship with environmental factors. For example, recent work by Sadorus et al (2021) used biophysical and
spatio-temporal models to examine connectivity across the Bering Sea and Gulf of Alaska. Furthermore,
improved understanding of the distribution of adults resulting from ontogenetic movement will assist with
conditioning the OM, verify patterns simulated from the OM, and provide information to develop reasonable
sensitivity scenarios to test the robustness of MPs. Research under Section 6.1.3.1 will inform this MSE priority.

6.1.2.1.2 Understanding growth variation

Changes in the average weight-at-age of Pacific halibut is one of the major drivers of changes in biomass over
time. The OM currently simulates temporal changes in weight-at-age via a random autocorrelated process which
is unrelated to population size or environmental factors. Ongoing research in drivers related to growth in Pacific
halibut will help to improve the simulation of weight-at-age. Research under Section 6.1.3.3 will inform this MSE
priority.

6.1.2.1.3 Understanding the effects of productivity scenarios

Pacific halibut have experienced a wide range of productivity scenarios, mainly influenced by average recruitment
and size-at-age. Understanding the consequences of productivity scenarios on management outcomes will help to
understand past observed trends and current experiences, and to identify optimal harvest strategies for the future.
Using the MSE to simulate scenarios assuming different productivity regimes can test alternative management
procedures to identify a robust management procedure, or possibly differences between them given different
productivity. The MSE scenarios would be informed by research described in Sections 6.1.3.1 and 6.1.3.3.

6.1.2.2 MSE fishery parameterisation

The definition of fisheries and their parameterisations in the MSE operating model involved consultation with
Pacific halibut stakeholders, but some aspects of those parameterisations would benefit from targeted research.
One specific example is knowledge of discarding and discard mortality rates in directed and non-directed
fisheries. Discard mortality can be a significant source of fishing mortality in some IPHC Regulatory Areas, and
appropriately modelling that mortality will provide a more robust evaluation of MPs. Research under Section
6.1.3.4 will inform this MSE priority.

6.1.2.3 MSE technical development

Technical improvements to the MSE framework will allow for rapid development of alternative operating models
and efficient simulation of management strategies for future evaluation and support of the Harvest Strategy Policy.
Coordination with the technical development of the stock assessment (Section 6.1.1.2.1) is necessary to ensure
consistent assumptions and hypotheses for tactical (i.e. stock assessment) and strategic (i.e. MSE) models.
Investigations done in the stock assessment will inform the MSE operating model, which will then inform
management and stock assessment development through investigations using the closed-loop simulation
framework. MSE development, simulations, and outcomes may also inform further development of the stock
assessment. Conducting assessments at intervals longer than annually may allow for additional opportunity to
coordinate between stock assessment and MSE.

6.1.2.3.1 Realistic simulations of estimation error

Closed loop simulation uses feedback from the management procedure to update the population in the projections.

The management procedure consists of data collection, an estimation model, and harvest rules; currently IPHC

uses an ensemble stock assessment, which is difficult to mimic as an estimation model. Future development of an

efficient simulation process to mimic the stock assessment will more realistically represent the current
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management process. This involves using multiple estimation models to represent the ensemble and appropriately
adding data and updating those models in the simulated projections. Improvements to the current MSE framework
include adding additional estimation models to better represent the ensemble stock assessment, ensuring that the
simulated estimation model accurately represents the stock assessment now and in the future, and incorporate
efficiencies to speed up the simulation process.

6.1.2.3.2 Incorporate additional sources of implementation uncertainty

Implementation uncertainty consists of three subcategories: 1) decision-making uncertainty, 2) realised
uncertainty, and 3) perceived uncertainty. Decision-making uncertainty is the difference between mortality limits
determined from the management procedure and those adopted by the Commission. This uncertainty is currently
implemented in the MSE framework but improvements could be made. Realised uncertainty is the difference
between the mortality limit set by the Commission and the actual mortality realised by the various fisheries. This
type of uncertainty is currently partially implemented in the MSE framework. Finally, perceived uncertainty is
the difference between the realised mortality and the estimated mortality limits from the various fisheries, which
would be used in the estimation model. This third type of implementation uncertainty has not been implemented
in the MSE framework and relies on improvements to the estimation model (Section 6.1.2.3.1). Improving the
implementation of decision-making uncertainty is a priority for the MSE and will assist in understanding the
performance of management procedures given the flexibility desired by the Commission.

6.1.2.4 Potential Future MSE projects

Management Strategy Evaluation is an iterative process where new management procedures may be evaluated,
current management procedures may be re-evaluated under different assumptions, and the understanding of the
population, environment, and fisheries may be updated with new information stemming from the stock assessment
and biological/ecological research. The current research priorities focus on technical development, but various
elements of Management Procedures will likely be of interest once technical improvements are made. The
research being done now will inform the development of the MSE in the future to ensure a robust evaluation of
any management procedure.

6.1.3 Biology and Ecology

Capitalising on the outcomes of the first 5-year plan (IPHC-2019-BESRP-5YP), the second 5-year plan (IPHC-
2022-5YPIRM) developed five research areas to provide key inputs for stock assessment and the MSE process.
In addition to linking genetics and genomics with migration and distribution studies in the area of Migration and
Population Dynamics, a novel research area on Fishing Technology was incorporated in the IPHC-2023-5YPIRM.
The outcomes of IPHC-2023-5YPIRM are provided in Appendix I, and the resulting peer-reviewed publications
are provided in Appendix Ill. The present plan (IPHC-2026-5YPIRM) describes the continuation of these five
research areas into the next phase of management-serving research goals, with Fishing Technology being
incorporated into a new research area that includes Mortality Estimations and Fishery Practices and Behavior. A
series of key objectives for each of the five research areas has been identified that integrate with specific needs
for stock assessment and MSE processes and that are ranked according to their relevance (Appendix IV and
Appendix V, respectively). To further describe the IPHC Secretariat’s rationale for establishing research
priorities, a ranked list of biological uncertainties and parameters for stock assessment and the MSE process, and
their links to research activities and outcomes derived from the IRMP are also provided.

6.1.3.1 Migration and Population Dynamics

Studies aimed at improving current knowledge of Pacific halibut distribution and population dynamics throughout
all life stages in order to achieve a complete understanding of stock structure and distribution across the entire
range of Pacific halibut in the North Pacific Ocean and the biotic and abiotic factors that influence it through
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multiple approaches. Specific objectives in this area include:

Integrate analyses of Pacific halibut population dynamics, connectivity, and distribution changes by
incorporating genomic approaches.

Improve our understanding of the influences of oceanographic and environmental variation on
connectivity, population structure, and adaptation at a genomic level using seascape genomics approaches.

Improve our understanding of migration and basin-wide population structure between the Eastern and
Western components of the Pacific halibut stock in the North Pacific Ocean.

Improve our understanding of the contribution of known and putative (e.g. Washington coast) spawning
areas to nursery/settlement areas in relation to year-class, recruit survival and strength, juvenile genetic
diversity, and environmental conditions in the North Pacific Ocean.

Improve our understanding of the relationship between the presence of juveniles in mapped
nursery/settlement areas and adult distribution and abundance over temporal and spatial scales.

Build upon the current conceptual model of Pacific halibut movement through a synthetic analysis of
existing tagging data.

Apply methods for individual identification based on computer-assisted tail image matching systems as
an alternative for traditional mark and recapture tagging.

Horizon scan:

Evaluate the potential use of environmental DNA (eDNA) for improving current understanding of Pacific
halibut distribution and assist with mapping of juvenile habitat.

Examine the feasibility of close-kin mark-recapture-based approaches to improve estimates of population
size, migration rates among geographical regions, and demographic parameters (e.g. fecundity-at-age,
natural mortality).

6.1.3.2 Reproduction

Studies aimed primarily at addressing several critical issues for stock assessment analysis based on estimates of
female spawning biomass: 1) the sex ratio of the commercial catch; 2) revised maturity estimates, and 3) fecundity
estimates. Specific objectives in this area include:

Continued temporal and spatial analysis of female histology-based maturity-at-age estimates:
identification of potential drivers (e.g. environmental, etc.) of temporal and spatial changes in maturity
schedules.

Develop and validate methods for fecundity estimations based on the auto-diametric method applied to
other species.

Provide estimates of fecundity-at-age and fecundity-at-size.
Investigate the possible presence of skip spawning in Pacific halibut females.
Improve accuracy in the current staging criteria of maturity status used in the field.

Investigate possible environmental effects on the ontogenetic establishment of the phenotypic sex and
their influence on sex ratios in the adult Pacific halibut population.

Improve our understanding of the genetic basis of variation in age and/or size-at-maturity, fecundity, and
spawning timing, by conducting genome-wide association studies.
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e Characterise the temporal progression of reproductive development and gamete production throughout an
entire annual reproductive cycle in male Pacific halibut.

6.1.3.3 Growth and size-at-age

Studies aimed at describing the role of factors responsible for the observed changes in size-at-age and at
evaluating growth and physiological condition in Pacific halibut. Specific objectives in this area include:

e Investigate the effects of environmental and ecological conditions driving size-at-age and somatic growth
in Pacific halibut.

e Investigate the influence of early growth (e.g. juveniles) in determining growth patterns during adulthood.
Analysis of NMFS trawl data and investigation of potential early life regulatory mechanisms (e.g.
epigenetic, etc.) that direct adult growth patterns.

e Investigate variation in somatic growth patterns in Pacific halibut as informed by physiological growth
markers, physiological condition, energy content, and dietary influences.

e Evaluate the relationship between somatic growth, temperature, and trophic histories in Pacific halibut
through the integrated use of physiological growth markers (e.g. gene expression, stable isotope profiles).

e Develop a non-invasive alternative method for aging Pacific halibut based on genetic analyses of DNA
methylation patterns in tissues (fin clips). Development of an epigenetic clock and possible insights into
the aging process/senescence in Pacific halibut.

e Improve our understanding of the genetic basis of variation in somatic growth and size-at-age by
conducting genome-wide association studies.

e Explore emerging technological advances in genome sequencing that produce genomic and epigenetic
data (e.g. PacBio, Oxford Nanopore) to assist in understanding the genetic and epigenetic basis of growth.

e Investigate the feasibility of otolith (or eye lens lamina) growth increment analyses for reconstructing
individual growth histories in Pacific halibut.

Horizon scan:

e Investigate dietary composition in stomachs through metabarcoding (i.e. molecular identification of prey
items in stomach contents).

e Investigate liver parasite loading and its effect on physiological conditions in Pacific halibut

6.1.3.4 Fishery dynamics and fishing technology

6.1.3.4.1. Mortality estimations. Studies aimed at developing and evaluating methods for estimating and
reducing incidental mortality of Pacific halibut. Specific objectives in this area include:

e Incorporate experimentally-derived discard mortality rate data in the recreational fishery (based on
research conducted under IPHC-2023-5YPIRM) into management.

e Review status of discard mortality rate (DMR) research conducted by the IPHC: synthesis paper of
experimentally-derived DMR for Pacific halibut in different fisheries, with future research avenues and
management recommendations.

e Investigate the application of electronic monitoring and Al-based analyses of discards for mortality
estimations.
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e Investigate new methods (e.g. Al-based) for improved estimation of depredation mortality from marine
mammals.

e Support and collaborate in efforts to reduce Pacific halibut bycatch in other fisheries
e Investigate potential biological and ecological causes of mortality in Pacific halibut.

6.1.3.4.2. Fishing innovations. Studies investigating modifications of fishing gear/methods with the purpose
of reducing depredation of Pacific halibut by toothed whales and reducing bycatch of non-targeted species.
Specific objectives in this area include:

e Prepare a review paper summarising past and present directed (fixed) gear-related research by the IPHC.

e Investigate methods for whale avoidance and/or deterrence for the reduction of Pacific halibut depredation
by whales (e.g. catch protection methods, pots).

e Investigate physiological and behavioral responses of Pacific halibut to fishing gear in order to increase
the catch and reduce bycatch of non-targeted species: influence of lights on fishing gear, hook size, design
or modification, pots, etc.

6.1.3.4.3. Fishery practices and behavior. Studies aimed at investigating changes in the directed Pacific halibut
fishery in response to environmental, biological, and technological drivers. Specific objectives in this area
include:

e Investigations into the interaction between climate change and fishing patterns
e Evaluations of the effects of sand fleas- and dogfish-prevalent areas on longline fisheries

e Tradeoffs of snap, fixed, and Autoline gear use on fishery efficiency.

6.2 Monitoring

The Commission’s monitoring programs continue to include both direct data collection by the IPHC Secretariat
and coordination with domestic agencies to generate comprehensive fishery-dependent and fishery-independent
information on Pacific halibut stock and fishery trends. These critical sources include estimates of fishing
mortality across all fisheries encountering Pacific halibut, biological sampling from these fisheries, as well as
catch rates and biological sampling from longline and trawl surveys. Monitoring data will continue to underpin
the stock assessment and MSE process, support numerous biological research studies, and inform the decision-
making process (Fig. 4).

Over the coming years, monitoring activities will also focus on strengthening data management systems,
improving data accessibility, and ensuring that monitoring programs remain aligned with emerging research
priorities and management needs. Periodic reviews of monitoring programs and associated data systems will
support the identification of gaps, the prioritization of improvements, and the integration of new technologies and
analytical approaches.

6.2.1 Fishery-dependent data

The IPHC Secretariat will continue collecting fishery-dependent data from the directed commercial fishery, with
a focus on maintaining adequate spatial and temporal coverage of catch, effort, and biological data. Coordination
with Tribal, State and Federal agencies will continue to support the standardisation of data collection protocols,
increase data collection capacity, improve reporting consistency, and help identify and fill data gaps that may
impact stock assessment and management.
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Collaborative work with commercial stakeholders will continue to advance the use of electronic logbooks, which
were introduced in 2023, to enhance the accuracy, timeliness, and efficiency of data submission. Further
development of digital quality assurance and quality control (QA/QC) systems will strengthen data integrity, ease
operational demands, and increase the capacity of IPHC Secretariat for other advancements.

Future efforts will also include a comprehensive review and audit of existing monitoring databases and associated
workflows. This work will aim to modernise data storage structures, improve interoperability among datasets,
and implement new tools that reduce the potential for reporting errors while facilitating more efficient data access
and analysis. These improvements will support more timely data availability for stock assessment, MSE analyses,
and other research applications.

Annual reviews of sampling distribution across ports, data collection methods, sampling rates, and QA/QC
procedures will continue, including in-season evaluations of port sampling coverage. These initiatives aim to
ensure that data collection continues to support stock assessment, MSE, and management needs, while integrating
relevant research findings into long-term monitoring strategies.

6.2.2 Fishery-independent setline survey (FISS)

An annual review process for the FISS station design has been developed (Fig. 9) and is expected to continue in
the coming years. This process involves scientific review of proposed FISS designs by the Scientific Review
Board and includes input from stakeholders prior to review and approval of designs by the Commissioners.

Sample rates for genetic monitoring will need to be determined for future sampling. Sampling rates of otoliths for
aging, archive otoliths, and tagged fish will continue to be reviewed annually to ensure the data needs of the IPHC
stock assessment and research program are met. Annual FISS sampler training and data QAQC (including at the
point of data collection and during post-sampling review) will ensure high-quality data from the FISS program.

Annual FISS design review/analysis timeline

RB revie Svie i i AM Ad-hoc

Mar [ Apr Ma}vl Jun [ Jul TAug [ Sep [ Oct [Nov ] Dec] Jan | Feb ]

Develop/revise FISS Further work following Modelling of FISS
designs for next 3 SRB review eElE]
FISS data finalised

years

Figure 9. Timeline of annual FISS design review process.

6.2.2.1 Fishery-independent Trawl Survey (FITS)

The IPHC will continue to collaborate with NMFS on sampling procedures for Pacific halibut and on the
placement of an IPHC sampler onboard a survey vessel for the collection of biological data.
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6.2.3 Ageing methods (both fishery-dependent and fishery-independent)

6.2.3.1. Application of artificial intelligence (Al) for determining the age of fish from images of collected
otoliths.

Progress in applying Al for determining the age of Pacific halibut from images of collected otoliths presents both
opportunities and challenges, particularly in balancing gains in efficiency with the need to maintain data integrity
and spatiotemporal consistency.

Future development will include the evaluation of candidate Al-based ageing methods that combine automated
predictions with varying levels of manual verification. These approaches may differ in the proportion of Al-
derived ages accepted without review or subjected to manual confirmation. A cost-benefit analysis will compare
these candidate protocols with the current manual ageing process, considering labor requirements, processing
time, operational costs, and implications for age composition estimates used in the stock assessment.

Before Al-derived ages can be incorporated into routine assessment inputs, additional methodological work will
be required to develop imprecision matrices for candidate Al ageing approaches and compare them with existing
break-and-bake and surface ageing matrices. These matrices will allow evaluation of the accuracy and precision
of Al-based age estimates relative to traditional ageing methods and will support development of a testing
framework for assessing their performance within the stock assessment model.

Testing within the stock assessment will likely involve split-sample or hybrid approaches in which Al-derived
ages are incorporated alongside manually aged samples. Alternative scenarios may evaluate different proportions
of Al-derived ages and different durations of Al-based ageing within the time series. This approach will help
determine how varying levels of Al integration influence estimated year-class strength, population trends, and
management quantities used to inform mortality limit decisions.

Further research will also evaluate the spatial and temporal generalization of Al models, particularly when
predictions are applied to regions or years that are underrepresented in the training dataset. Additional
improvements may be achieved through the incorporation of relevant covariates, such as fish sex, location, or
date collected, to improve model performance and reduce prediction uncertainty. Maintaining a subset of
manually aged otoliths will remain important during this transition period to support model validation, maintain
training datasets, and ensure continuity with the historical age series.

Through continued development, testing, and review in collaboration with the Scientific Review Board, Al-
assisted ageing methods may provide a scalable and efficient complement to traditional ageing protocols while
maintaining the reliability of age data used in Pacific halibut stock assessment and management.

6.2.3.2. Application of an epigenetic clock for aging Pacific halibut using fin clips.

Epigenetic aging is a genetic method for aging that is based on the fact that methylation patterns on genomic DNA
change predictably with age. Therefore, age-associated DNA methylation patterns can be modelled to generate
molecular (i.e., epigenetic) age predictors capable of estimating chronological age with high accuracy. These are
referred to as “epigenetic clocks” and can be developed from DNA isolated from any tissue, including non-lethal
biological samples, such as a fin clip.

The objective of this project is to develop an epigenetic clock for Pacific halibut using fin clips from Pacific halibut of
known ages. The specific objectives are (1) to identify DNA methylation signals in Pacific halibut fin tissue, (2) to
develop an age prediction model based on age-associated DNA methylation patterns, and (3) to develop a targeted
assay with selected age-associated epigenetic markers for cost-effective, high-throughput age estimations in Pacific
halibut. Once this objective is met, this IRMP will be updated to describe how this ageing method would be
investigated for potential inclusion into the stock assessment, similar to that described for Al ageing above.
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6.3 Management-supporting information

6.3.1 Potential of integrating human dynamics into management decision-making

Effective Pacific halibut management requires understanding not only biological stock dynamics, but also the
human dimensions that shape fishery outcomes (Lane and Stephenson 1995). As new technologies such as Al,
digital logbooks, and real-time monitoring evolve, so too does the potential to integrate human behavior,
economic dependencies, and community-level impacts into the management framework.

Recent socioeconomic analyses conducted by the IPHC highlight disparities in how different regions and user
groups benefit from Pacific halibut fisheries, and how external forces such as shifting markets and climate change
can amplify these differences (Cheung and Frélicher 2020). Recognising these factors can improve both the
fairness and resilience of fishery policies.

Looking ahead, the IPHC Secretariat aims to be prepared to integrate human dynamics, such as fleet behavior,
market access, or social vulnerability, into stock assessment and MSE, where such complementary analyses may
add value to the decision-making process (Lynch et 