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Execu�ve Summary 

Incorpora�ng climate change considera�ons into the North Pacific Fisheries Commission's (NPFC) 
management framework is essen�al to address the pressing impacts on key species in the conven�on 
area. Climate change is expected to introduce complex environmental shi�s—including ocean warming, 
acidifica�on, and changes in dissolved oxygen and salinity—that will likely affect the distribu�on, growth, 
and reproduc�ve success of key NPFC species. The current NPFC resolu�on on climate change iden�fies 
the impact that climate change is likely to have and the need to develop a comprehensive approach to 
understanding and addressing the impacts of climate change in the conven�on area. This report provides 
and overview of the literature and data available to evaluate and address climate change related impacts 
on managed stocks, the IPCC ocean climate change predic�ons, and poten�al strategies for the NPFC to 
integrate climate change into its fisheries management. Addressing the effects of climate change on a 
basin wide scale should include the following steps;  

• Collabora�on between the NPFC, other regional organiza�ons (i.e. UN or PICES and the BECI project)
and NPFC members management agencies.

• Enhance monitoring fish of stocks and bycatch species through an increase in fisheries independent
surveys, because commercial catch and effort is o�en affected by market, economic, regulatory and
other drivers which are o�en disconnected from the ecological shi�s driven by climate change.

• Development of a regional observer program.
• Expansion of fisheries-independent surveys to older individuals for the NPFC priority species

surveyed only in the pre-recruit to juvenile stage.
• Adopt an itera�ve program of work that begins with a literature review, priori�za�on of research and

the crea�on of a workplan that includes
o Characteriza�on and projec�on of climate driven changes in a the NPFC region,
o Es�ma�on of the effects environmental factors on demographic parameters and processes

(i.e. recruitment, growth, survival, etc.) via laboratory and simula�on studies
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o Development of popula�on dynamics model(s) adapted to include environmental data to 
es�mate the effects of environmental change, link this to a stock assessment model,  

o Project and assess the implica�ons of climate change under current and alterna�ve fishing 
and climate change scenarios. 

o Provide climate-informed (climate ready) management advice in the form of reference 
points along with an understanding of how they may change over �me, and the risks 
associated with alterna�ve future climate scenarios. 

o Communicate poten�al socio-economic implica�ons of climate change (on the distribu�on, 
produc�vity etc.) to fishery dependent communi�es and other stakeholders  

 The insights gained from a comprehensive system of study will be cri�cal for developing adap�ve 
management strategies that ensure the sustainability of both target and non-target species under 
changing ocean condi�ons. By integra�ng climate considera�ons into its monitoring, research, and 
management processes, the NPFC can beter an�cipate climate-related changes and ensure sustainable 
fisheries in a rapidly changing ocean environment.  
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Introduc�on 

As climate change accelerates, its effects on marine ecosystems and fisheries become increasingly 
evident (IPCC 2023a). Rising sea temperatures, ocean acidifica�on, and extreme weather events are 
altering the distribu�on, abundance, and health of fish stocks worldwide. Deep-sea fisheries (DSF), in 
par�cular, face unique challenges due to their remote loca�ons, specialized habitats, and slow-growing 
species. As these ecosystems are highly sensi�ve to environmental changes, the need for climate-
resilient fisheries management has never been more urgent. 

This report focuses on increasing knowledge and awareness of climate change impacts on fisheries and 
their associated ecosystems. It provides guidance on how fisheries can adapt to these changes while 
mi�ga�ng further damage. Through the lens of the Areas Beyond Na�onal Jurisdic�on (ABNJ) DSF 
project, this report outlines ac�onable steps for improving governance, strengthening management 
frameworks, and enhancing cross-sectoral coopera�on to build climate-resilient fisheries. 

The DSF project, in collabora�on with the North Pacific Fisheries Commission (NPFC), emphasizes the 
importance of incorpora�ng climate considera�ons into every aspect of fisheries management. By 
aligning with the project’s key areas—governance, management, cross-sectoral interac�ons, and 
knowledge-sharing—this report offers targeted recommenda�ons to help fisheries respond to climate-
driven disrup�ons. These efforts will not only sustain fish stocks but also ensure the long-term viability of 
the ecosystems that support them. 

Methods 

Summary of literature and data available to address poten�al climate change impacts 

The literature on climate change impacts on fisheries emphasizes rising ocean temperatures, shi�ing 
ocean currents, and increased frequency of extreme events. These are the effects most readily measured 
and therefore modeled but importantly are also variables that can affect the abundance, distribu�on, 
and produc�vity of both managed fish stocks and non-target species. For example, species such as 
sablefish, Pacific saury, and rockfishes are expected to face habitat shi�s as they seek cooler, deeper 
waters due to warming sea surface temperatures. Studies also highlight the vulnerability of non-target 
species (bycatch), which may experience more acute impacts due to their lack of specific management 
aten�on. 

Ecosystem-level effects include altera�ons to the marine food web, where temperature-driven shi�s in 
plankton produc�vity can ripple through the food chain, affec�ng the en�re system. Ocean acidifica�on, 
another consequence of climate change, weakens the resilience of coral reefs and other benthic 
ecosystems, threatening species that rely on these habitats. As marine ecosystems become more 
stressed, species interac�ons and predator-prey dynamics may be disrupted, further challenging 
fisheries management. 

Literature on how to address poten�al climate change impacts on managed stocks, non-target species 
and associated ecosystem is wide ranging. Several analyses (some model-based, others not) have been 
undertaken to understand the direct (e.g., on survival and growth) consequences of changes in pH over 
�me from ocean acidifica�on on the stocks and fisheries of the North Pacific and other regions within 
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the USA (e.g., Kaplan et al. 2010; Cooley et al. 2015; Punt et al. 2014; 2016; 2020), Most of these efforts 
include interdisciplinary efforts to  

1) Characterize and project climate driven changes in a region, 

2) Es�mate the effects of environmental factors on demographic parameters and processes (i.e. 
recruitment, growth, survival, etc.), 

3) Develop popula�on dynamics model(s) adapted to include environmental data to es�mate 
the effects of environmental change, link this to a stock assessment model, project under 
mul�ple scenarios, and 

4) Develop climate-informed (climate ready) management advice in the form of reference points 
along with an understanding how they may change over �me, and the risks associated with 
alterna�ve future climate scenarios.  

Itera�ve approaches to this process that incorporate realis�c adapta�on or management op�ons along 
with regular improvement in methods (climate models, biological or popula�on models, predic�on 
methods) and management strategy evalua�on (MSE) have been developed in and advanced as 
modeling frameworks and guides for mul�disciplinary integrated climate impact and adapta�on 
es�ma�on and decision-making tools (Figure 2, Punt et al. 2021, Hollowed et al. 2020). 

Climate change is expected to significantly impact managed fisheries stocks in the North Pacific, 
including many of the NPFC priority species1. The ability of any modeling or management ac�on will 
depend on the data availability by species, which is: 

Blackspoted and rougheye rockfishes are widely distributed throughout the Pacific Ocean from 
California to the Gulf of Alaska, westward to the Aleu�an islands and seamounts (Figure 3). Although no 
stock assessment is conducted for blackspoted and rougheye rockfishes in the NPFC conven�on area, 
data from the Canadian and USA domes�c fisheries and surveys have been used for domes�c stock 
assessment. Both countries catch these rockfish as bycatch in the sablefish fishery and have trawl 
fisheries that target blackspoted and rougheye rockfish within their EEZ’s. While there is evidence of 
popula�on structure in the Northeastern Pacific (i.e. gene�cs and popula�on trends, Shotwell et al. 
2014, Gharret et al. 2007, DFO 2020), it is unclear whether the seamounts in the Northwest Pacific are 
connected to the popula�ons on the northeastern con�nental shelf (NPFC 2023). While there is no 
survey conducted in the conven�on area outside the EEZ’s, these species are regularly assessed by CPCs 
in the Northeastern Pacific. They are generally considered vulnerable to overfishing due to their long life-
span (>200 years), late age at maturity (approximately 20 years old) and being caught as bycatch and in 
directed fisheries.  

Blue mackerel are distributed from Japan to Australia and New Zealand in the Indo-West Pacific (Figure 
4). Although no stock assessment has been conducted by the NPFC, Japan conducts two stock 
assessments for blue mackerel, based on a Pacific stock and an East China Sea stock (Hayashi et al. 2019, 
Yukami et al. 2023; Figure 4). Only the Pacific stock is thought to extend into the NPFC conven�on area. 

 
1 Priority species in the NPFC are: North Pacific armorhead Pentaceros wheeleri, Splendid alfonsino Beryx 
splendens, Pacific saury Cololabis saira, Neon flying squid Ommastrephes bartramii, Japanese flying squid 
Todarodes pacificus, Chub mackerel Scomber japonicus, Blue (spoted) mackerel Scomber australasicus,  
Japanese sardine Sardinops melanostictus, and sablefish(black cod) Anoplopoma fimbria. 
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Recent assessments of the Pacific stock indicate declining biomass, SSB and recruitment. This is one of 
the more data rich stocks, that has both commercial and survey indices of abundance, catch at length 
informa�on, age-length informa�on and a rela�vely long �me period of catch sta�s�cs, although the 
historical catch composi�on is for some fisheries is based on recent ra�os of chub to blue mackerel. 
While Japan conducts three surveys that catch blue mackerel they all survey younger life stages from egg 
and larval (which is used as a proxy for spawning stock biomass) to pre-recruit and juvenile fishes.  

Chub mackerel. The chub mackerel stock in the North Pacific is thought to spawn mainly off of the Izu 
islands and be distributed to the northeast of Japan (Figure 5). There exist commercial and survey indices 
of abundance, along with data on age at length, weight at age, and a rela�vely long, complete catch 
history. The recent (NPFC 2024b) stock assessments note that the chub mackerel stock in the northwest 
Pacific has experienced large changes in biological parameters over the �me period of the model. The 
main temporal changes are a recent decrease in maturity at age, along with a recent decrease in the 
weight at age, both of which were observed to change over the model �me period (1970-2022) to cause 
temporal changes of biological reference points. MSY-based reference points are highly variable over the 
�me series of the assessment because the weight- and maturity- at age of chub mackerel has varied 
which impacts the produc�vity of the stock. In addi�on, as there is litle recruitment compensa�on in 
the stock-recruitment rela�onship within the range of historically observed SSB and recruitment. 

Japanese Flying Squid (JFS). No stock assessment has been conducted by NPFC for the conven�on area, 
however Japan conducts annual stock assessments for the autumn-spawning stock and winter-spawning 
stock of Japanese flying squid (Figure 6, Miyahara et al. 2023, Okamoto et al. 2023). JFS are distributed 
mainly in the northwest Pacific and their northward/southward shi�s in distribu�on range occur in 
response to changes in water temperature (Murata 1990, Sakurai et al. 2013). The latest stock 
assessment for the winter-spawning stock in Japan included overseas catch from Russia, China and 
Korea. Es�mated biomass and spawning stock biomass (SSB) have decreased dras�cally since 2015 and 
SSB was es�mated lower than SSBmsy and F was lower than Fmsy. The data available for the assessment 
include total catch, catch at length, several indices of abundance. JFS are encountered in surveys 
conducted by Japan and Russia. This is one of the NPFC species where surveys encounter mul�ple life 
history stages of one or more seasonal stocks, the Japanese surveys encounter larvae recruits, and adults 
during the winter, spring/summer and summer/fall surveys, respec�vely. Russia conducts a survey of JFS 
during their feeding migra�on into Krill Islands waters, annually for the winter stock. Although this 
survey captures only a por�on of the stock, it may help iden�fy shi�s in migra�on paterns and �ming 
due to climate change related effects. 

Japanese sardine. The primary distribu�on of Japanese sardine is inside the Japanese EEZ (Figure 7), 
with a Sea of Japan and Pacific stock, only the Pacific stock is distributed into the NPFC conven�on Area. 
Although there is no stock assessment for the NPFC conven�on Area, Japan conducts stock assessments 
for the Pacific stock of Japanese sardine (Furuichi et al. in press). The most recent stock assessment in 
Japan included foreign catches from China and Russia, with some assump�ons about age composi�on of 
these catches. Es�mated recruitment, biomass, and SSB have gradually increased since 2010. Japanese 
sardine generally migrate from the south to the north during summer, returning to inshore areas in the 
south to spawn in the winter. Surveys (Japanese) target pre-recruits and juveniles to determine an index 
of recruitment. Japan also conducts a monthly egg and larval survey that is used to es�mate spawning 
stock biomass. Russia has conducted a summer�me acous�c-trawl survey since 2010 that examines 
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midwater and upper epipelagic species including Japanese Sardine. Together this data may be helpful in 
iden�fying shi�s in migra�on paterns due to climate change.  

Neon flying squid (NFS). Official catch sta�s�cs, size composi�on data, abundance indices (commercial 
and survey) and age composi�on data exist for neon flying squid, which is an oceanic squid distributed in 
temperate and subtropical waters of the Pacific, Indian and Atlan�c Oceans. The north Pacific popula�on 
occurs mainly in the temperate waters between 20° and 50°N (Figure 8). This species makes an annual 
round-trip migra�on between its subtropical spawning grounds and its northern feeding grounds near 
the Subarc�c Boundary. Survey data include a Japanese dri� net survey (in summer from 1999-2020) 
and a jigging survey in winter from 2018-2020. Russia conducted upper epipelagic surveys from 1984-
1992 and from 1999-2019 given the significant migra�on of this species, this survey data along with 
commercial catch records may inform any poten�al climate change impacts on distribu�on of NFS.  

North Pacific Armorhead (NPA). Historical catches of North Pacific armorhead were greater than 
150 000 tons in the late 1960s and early 1970s, recent catches have been extremely low, with 
recommended catch levels of 700 and 12 000 tons in low and high recruitment years as determined by 
annual monitoring. There is no stock assessment for NPA and data on this species is very limited. The life 
history of NPA is unique, they have a pelagic larva phase and a demersal adult stage on the seamounts 
(Figure 9, Kiyota et al. 2016). The logbook data may be helpful for determining the climate change 
impacts on this stock, however it appears highly depleted, isola�ng the effects of climate change from 
overfishing and adverse impacts due to fishing on vulnerable marine ecosystems (seamounts) may not 
be feasible.  

Pacific saury. Stock assessments for Pacific saury carried out annually by the NPFC, the assessment is 
supported by a wealth of data, including a biomass survey (by Japan) in a wide area of the NPFC 
conven�on area. Addi�onally, a joint CPUE calculated using members commercial data is available along 
with catch at length data, and age (length) at maturity. Pacific saury are a fast growing short lived fish 
that spawn between September and the following June over a wide range from coastal Japan to the 
central-North Pacific (Baitaliuk et al. 2013). They are highly migratory and migrate between northern 
feeding grounds and spawning areas off of southern Japan in the winter (Figure 10, Suyama et al. 2012a). 
In addi�on to the survey data, NPFC members collect some size, maturity and age informa�on from 
fishery catches of Pacific saury. This is important because there is varia�on in growth rate depending on 
the hatching month (Kurita et al. 2004) and geographical differences (Suyama et al. 2012b). In addi�on 
to the survey and commercial CPUE records, the informa�on on growth may be helpful to determine the 
effects of climate change on this species and its distribu�on, however as a species that exists over a wide 
spa�al area, Pacific saury may be more robust to environmental changes than other species.  

Sablefish. Based on gene�c and other evidence there exists a single stock of sablefish in the North Pacific 
(Figure 11), though for management purposes three assessment care carried out in Alaska, Bri�sh 
Colombia, and the US West Coast. As for other species in that are primarily found in the members’ EEZs 
there is no assessment conducted for the sablefish popula�on found in the NPFC conven�on area. Data 
that support the assessments include longline survey data in Canada and Alaska, botom trawl survey 
data in Alaska and the US West Coast. In both Canadian and US fisheries, biological data collec�on occurs 
including length, weight and sex are rou�nely collected, along with otoliths for age es�ma�on by 
scien�fic surveys, by observers and dockside samplers from the commercial fisheries. Sablefish are 
widely distributed throughout the Pacific Ocean (Wolo�ra et al. 1993), and thought to be one stock 
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based on recent gene�c work by Jasonowicz et al. (2017) which suggested that observed differences in 
growth and matura�on rates may be due to phenotypic plas�city or are environmentally driven. The 
survey data, commercial catch records and biological data collected have a significant poten�al to 
inves�gate climate change impacts on sablefish.  

Splendid alfonsino. The distribu�on of splendid alfonsino in the north Pacific ranges from equatorial 
waters to approximately 45° N (Figure 12), with historical catch records from the Emperor Seamount 
sugges�ng the main distribu�on occurring between the Nintoku (45° N) to Hancock (30° N). Historical 
catch records as well as commercial CPUE data, age, length and maturity data are collected by NPFC 
members and this may be helpful in es�ma�ng or addressing the climate change impacts on this species.  

Available data and gaps related to determining climate change-related distributional shifts 

Available data on the loca�on and rela�ve abundance of NPFC priority species largely originates with 
fisheries-independent surveys and commercial catch records. There is no subs�tute for direct 
observa�on and measurement of associated variables (date, �me, temperature, pH, O2, depth), because 
without at least an ini�al dataset, construc�ng and parameterizing a model would be impossible. 
Addi�onally, because species movement and behavior o�en change based on life stage, it is important to 
sample across the spectrum, from larvae and pre-recruits to adults and across the en�re distribu�on to 
avoid biased es�mates.  

Because of this, fisheries independent surveys are o�en designed with a comprehensive regional grid of 
sampling sta�ons or stra�fied randomized sampling loca�ons in order to ensure that the obtained 
biomass indices are unbiased. Unfortunately, for species whose preferred habitat is only par�ally 
sampled survey es�mates may be biased. This may occur when the distribu�onal patern of the species 
does not overlap with the survey area and/or life stages do not coincide during the survey period, the 
gear used does not select for a par�cular life stage or the stock has responded to a change in 
environmental factors (i.e. temperature) or availability of resources. In any of these cases, the species 
inherent spa�al varia�on and or age/size spa�al segrega�on is not adequately sampled, and the 
assump�ons regarding the distribu�on and biomass of the species are not adequately captured. 
(Maunder et al. 2020).  

An understanding of the inherent spa�otemporal distribu�on of a target species and its rela�onship with 
the related marine environmental variables is essen�al for effec�ve fisheries (and ecosystem based) 
management. By iden�fying changes in popula�on processes due to environmental influences scien�sts 
can provide beter science based enable climate-ready management advice.  

It is expected that pelagic species will be affected by oceanographic changes, par�cularly shi�s in 
currents and nutrient availability. Rising sea temperatures and changes in the availability of prey species 
can alter the migra�on paterns of these fish, leading to challenges in stock management and catch 
predictability. No�ng that the north Pacific is large, making it difficult to fully monitor, there are some 
notable data gaps.  

Botomfish (rockfish, sablefish, armorhead, splendid alfonsino), which inhabit deep waters, are also 
thought to be par�cularly vulnerable to changes in ocean temperatures, stra�fica�on and oxygen levels. 
Rising temperatures may push these species to seek deeper, cooler habitats, impac�ng their distribu�on 
and availability to fisheries. Changes in oxygen minimum zones (OMZs) can further reduce the habitable 
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range for these species, impac�ng their reproduc�on and survival. The type of data that can help 
fisheries scien�sts understand migra�on paterns and establish new baselines for managing shared 
resources is collected by NPFC members, However, data gaps remain for many species. Support for 
research and surveys that would lead to a beter understanding of the life history of north Pacific 
armorhead and splendid alfonsino. 

Mackerels (blue and chub mackerel). These species are highly migratory and depend on specific 
temperature ranges for spawning and feeding. The blue mackerel, for example, relies on warm waters 
like those in the Kuroshio Current. As ocean temperatures rise, their distribu�on is shi�ing northward, 
impac�ng tradi�onal fishing areas. For example, blue mackerel age 1 fish did not appear in the water 
north of Sanriku district a�er wintering un�l 1980, but they have migrated to the water from Tohoku to 
Hokkaido with the increase of surface temperature since 2001 (NPFC 2024). Chub mackerel have a 
similar breading area near the Izu islands and main distribu�on area for adults is around water of the 
Kuroshio current. Both blue and chub mackerel juveniles and pre-recruits are adequately sampled by 
surveys, however an addi�onal survey that samples the adults in the Kuroshio current area would help 
provide addi�onal data on an important life stage.  

Japanese sardine. Historically a dominant fishery species, Japanese sardine popula�ons are sensi�ve to 
environmental changes like sea surface temperature and food availability. As a pelagic species, Japanese 
sardine in vulnerable to climate change, which by altering ocean produc�vity, could cause significant 
fluctua�ons in sardine popula�ons. This has implica�ons for both the fishing industry and the broader 
marine ecosystem, given the sardine’s role as prey for other species. Con�nued studies on the 
recruitment and distribu�on, including monitoring, are important as climate change may affect 
migra�on. Recent studies have emphasized the uncertainty in the popula�on structure (i.e. East China 
Sea and Pacific stocks) assumed in current stock assessment models for Japanese sardine (Sakamoto, et 
al. 2024). This is further supported by the fact that recently Japanese sardine have been found in surveys 
off of the US west coast (Longo et al. 2024). As climate change induced range shi�s become more 
pervasive it is important to monitor the frequency and intensity of warm water anomalies and marine 
heatwaves which lead to shi�s in species ranges and species assemblages.  

Squids (Japanese flying and neon flying squids). Squid popula�ons, including Japanese flying squid, are 
similarly affected by changes in sea temperature. These species rely on specific thermal condi�ons for 
spawning, and as these temperatures shi�, their spawning grounds are likely to move. Addi�onally, squid 
are short-lived and respond rapidly to environmental changes, making them a key indicator of ocean 
health (NPFC, 2024), and because shi�s in distribu�on range occur in response to changes in water 
temperature the fishery needs to be con�nued to be monitored (Murata 1990, Sakurai et al. 2013). 
Specifically, as recommended by the NPFC scien�fic commitee there should be con�nued research on 
the spa�al structure of the squid life history and stock rela�ve to the historical fishing footprint and a 
system of long-term research on the influence of environmental variables on the life history and biology 
of squid. Recent research links the El Niño-Southern Oscilla�on (ENSO) events to the distribu�on and the 
rela�ve abundance of neon flying squids (NPFC 2023). ENSO and related environmental factors could be 
incorporated in future stock assessment models based on the assump�on that climate change may shi� 
the biomass from tradi�onal fishing grounds, increasing the difficulty of fishing in the future 

Vulnerable marine ecosystems. Predic�ve modeling to iden�fy VMEs and how they (and their 
distribu�on) may change with climate change should be further developed along with a single 
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framework for iden�fying VMEs. This issue should be addressed collabora�vely with other organiza�ons 
(e.g. PICES or NPAFC) to priori�ze and collect new data that would help with stock assessments for 
botom fisheries and outstanding issues such as VME recovery. 

IPCC Ocean Climate Change Predic�ons and Likely Impacts  

The Intergovernmental Panel on Climate Change (IPCC) predicts significant changes in ocean condi�ons 
over the next several decades (Sixth Assessment Report (AR6), IPCC 2023). The AR6 uses mul�ple models 
and scenarios to capture historical uncertainty as well as varia�ons in future scenarios ranging from a 
“low greenhouse gas emissions, high mi�ga�on future (scenario RCP2.6)” to a “high greenhouse gas 
emissions scenario absent of policies to combat climate change (RCP8.5 scenario). In the near term 
(2031-2050) the RCP2.6 and RCP8.5 are similar in mean predicted surface temperature change rela�ve 
to 1850-1900, both repor�ng an average increase of 1.6°C, however by the end of the century (2081-
2111) RCP8.5 predicts more than double the increase in temperature (4.3°C) than does RCP2.6 (2.0°C), in 
the next ten years the RCP2.6 predicts a change in sea surface temperature of 0.58°C while the RCP8.5 
predicts an increase of 0.77°C (Table 1, Figure 13).  

In the next 10 – 15 years, the North Pacific Ocean is expected to experience con�nued warming, with a 
projected rise of global temperatures at 1.5°C above pre-industrial levels. Short-term extreme events, 
such as marine heatwaves, will likely become more frequent and intense, posing immediate risks to 
temperature-sensi�ve species (IPCC 2023a, Longo et al. 2024). The IPCC predicts (IPCC 2023) that over 
the next 50 years, a rise in sea surface temperatures by 2–4°C, coupled with ocean acidifica�on and 
deoxygena�on, which will fundamentally alter marine ecosystems. These long-term changes could result 
in substan�al shi�s in species distribu�on, with species like sardines, squid, and sablefish poten�ally 
moving into new territories, crea�ng challenges for fisheries that rely on tradi�onal stock areas (IPCC 
2023a). The IPCC's Special Report on the Ocean and Cryosphere in a Changing Climate (Bindoff et al. 
2019) along with the AR6, highlights the following predicted effects of climate change on oceans in 
general and the also on the North Pacific Ocean: 

Warming oceans: The report emphasizes the con�nuous increase in ocean temperatures. Specifically, for 
the North Pacific, rising ocean temperatures are expected to exacerbate changes in marine ecosystems 
and fishery stocks. Warming has the poten�al to cause poleward shi�s in marine species, which may 
affect fisheries and biodiversity in the region. The rate of warming in the first 700 meters (0-700m) of the 
ocean has likely doubled since 1993 (IPCC 2019). This has resulted in increases in marine heatwaves, in 
some cases doubled, with longer dura�on and more intense/extensive dura�on. The warming of the 
ocean has increased the density stra�fica�on in the upper 200m, which has the effect of crea�ng density 
contrast between shallower and deeper layers. Increased stra�fica�on reduces the ver�cal exchange of 
heat, salinity, oxygen, carbon, and nutrients (IPHC 2019). 

Sea-level rise: Sea levels are projected to rise due to the mel�ng of glaciers and thermal expansion of 
the ocean. This rise poses risks to coastal ecosystems, mainly on temperate/tropical habitats like 
marshes, mangroves, and coral reefs which are par�cularly vulnerable. However, there may be decreases 
in salinity associated with the loss of glaciers and sea ice, this freshening along with regional 
stra�fica�on can affect the �ming, distribu�on and produc�on of primary producers (Moore et al. 2018 

Ocean acidifica�on: Ocean acidifica�on caused by the ocean uptake of CO2 emissions has very likely 
caused a decrease in open ocean surface pH (IPCC 2019). The AR6 notes that it is virtually certain that 
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surface ocean pH will decline, by 0.036–0.042 or 0.287–0.29 pH units by 2081–2100, rela�ve to 2006–
2015, for the RCP2.6 or RCP8.5 scenarios, respec�vely. These pH changes are very likely to cause some 
oceans including the North Pacific to become corrosive for the major mineral forms of calcium carbonate 
under RCP8.5, but not under the RCP2.6 scenario. There is increasing evidence of an increase in the 
seasonal exposure to acidified condi�ons in the future, especially at high la�tudes (IPCC 2019).  

Oxygen loss: The AR6 indicates that there is medium confidence that the oxygen content of the upper 
1000 m has declined with a very likely loss of 0.5–3.3% between 1970–2010. Alongside this oxygen 
minimum zones (OMZ) are expanding in volume, by a very likely range of 3.0–8.3%. The North Pacific 
(among other oceans) is one of the areas in which the largest regional changes have occurred (IPCC 
2023, 2019).  

Fisheries and climate change: Over the last five to six decades mul�ple marine species across various 
taxa have undergone shi�s in geographical range as well as the �ming of seasonal ac�vi�es in response 
to climate change effects on the marine environment (i.e. ocean warming, sea ice change, ecosystem 
produc�vity, IPCC 2019). Shi�s in species composi�on and changes in habitat and environmental 
produc�vity have also interacted with fisheries exploita�on. In the Northeast Pacific warming induced 
species range expansions are thought to have led to altered ecosystem structure and func�oning (IPCC 
2019, Harvey et al. 2013). Arc�c net primary produc�on has increased in ice free waters in recent 
decades, leading to earlier spring phytoplankton blooms in response to nutrient availability and sea ice 
change. Climate change effects of ocean acidifica�on and decrease in oxygen level in the California 
Current upwelling system are thought to have altered ecosystem structure, with direct nega�ve impacts 
on biomass produc�on and species composi�on (Alin et al. 2012; Bednaršek et al. 2014; Breitburg et al. 
2018).  

Overall, the AR6 provides key insights into climate-related effects on the ocean and marine environment, 
and highlights some poten�al drivers of shi�s in species distribu�on. The report highlights that rising 
ocean temperatures and changes in other environmental condi�ons, such as acidifica�on and oxygen 
levels, are driving significant shi�s in the distribu�on of marine species. This is par�cularly no�ceable in 
the North Pacific where many species are migra�ng toward cooler waters, generally poleward or into 
deeper depths.  

These shi�s can have profound implica�ons for fisheries, as fish stocks move across tradi�onal 
boundaries, some�mes entering the jurisdic�ons of different na�ons or moving out of managed fishing 
zones altogether. Such redistribu�on can disrupt established fisheries, poten�ally leading to conflicts 
over resources and requiring new interna�onal agreements to manage shared or transboundary stocks. 
Addi�onally, the report men�ons that ocean ecosystems are increasingly affected by both gradual 
changes (such as the rise in average temperatures) and more extreme weather events, which together 
could further exacerbate shi�s in species distribu�on. This not only affects targeted fish species but also 
can have cascading effects on ecosystems, including changes in predator-prey rela�onships and impacts 
on non-target species.  

This evolving distribu�on patern underlines the need for adap�ve management strategies that 
incorporate climate-resilient approaches to fisheries, ensuring both sustainability and equitable resource 
sharing in the future. For example, in the USA, the North Pacific Fisheries Management Council (NPFMC) 
has adopted a strategy of adap�ve governance, biodiversity conserva�on, scenario planning and the 
precau�onary approach, development of coordinated monitoring programs, data sharing and decision 
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support tools that alert managers to climate change impacts on species and ecosystems (NPFMC 2018). 
The NPFMC Fishery Ecosystem Plan, u�lizes future ecological scenarios to develop strategies for 
mi�ga�ng the future risks and impacts of climate change (NPFMC 2018). The NPFMC Fishery Ecosystem 
Plan is  supported by a suite of models that include mul�ple climate change scenarios adap�ve 
management controls to inform management (Punt et al. 2016; Holsman et al. 2017; Zador et al. 2017; 
Holsman et al. 2019). 

 

Integra�ng Climate-Related Monitoring Data into Stock Assessments 
and Management for Climate Resilience  

New Data Requirements for Climate-Related Monitoring 

Adap�ve management strategies and Ecosystem Based Fisheries Management (EBFM) rely on a wide 
array of variables, and model output to provide an understanding of how the ecosystem responds to 
various drivers including removals from fisheries and environmental effects due to climate change 
(Pikitch et al. 2004). Especially in areas such as the North Pacific with diverse ecology that experience 
seasonal shi�s in key variables that drive primary produc�on, species distribu�on and have diverse 
fisheries, it is important to understand the effects of climate change. Implementa�on of EBFM generally 
includes an evalua�on of environmental effects in the region to characterize how species respond to 
changes in the environment. Ideally this would consist of a comprehensive ocean observing system that 
would incorporate long-term monitoring sta�ons to track temperature, pH, salinity and oxygen 
throughout the water column in the North Pacific, focusing on cri�cal and vulnerable marine habitats. 
This data on the environment could then be incorporated with species specific data on distribu�on, 
condi�on and abundance of target (and bycatch) species.  

While informa�on on the environmental variables is generally available through satellite technology, 
model output or remote sensing, monitoring fish stocks and bycatch species in a changing climate will 
require an increase in surveillance. Further development of fisheries-independent surveys is needed 
because many of the NPFC key species are surveyed only in the juvenile or pre-recruit stage, leaving the 
spawning stock monitored only through commercial catch and effort. This could be offset coordinated 
observer programs (including electronic monitoring) coupled with advancements in satellite technology 
and real-�me data collec�on through remote sensing. Commercial (logbook) data can be highly useful; 
however, fishing fleets typically respond to economic drivers such as market demand, fish prices, fuel 
costs, and regulatory measures, which influence their opera�onal decisions, but these factors are o�en 
disconnected from the ecological shi�s driven by climate change. For instance, high market demand for 
certain species can lead fleets to intensify efforts in tradi�onal fishing grounds, even if climate-induced 
changes in ocean condi�ons have caused those species to shi� their distribu�on (Hilborn et al. 2003).  

Addi�onally, the price of fuel strongly affects the range and frequency of fishing trips; when fuel prices 
are high, fleets may avoid long-distance travel, thus limi�ng their ability to follow species that have 
moved to different regions or depths (Sumaila et al. 2008). Because these economic incen�ves do not 
inherently align with environmental signals, fishing fleet behavior is not a reliable indicator of real-�me 
shi�s in target species distribu�on. Climate change can cause fish to migrate to favorable habitats, o�en 
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outside tradi�onal fishing zones (Pinsky & Fogarty 2012). This misalignment between fleet behavior and 
species movement underscores the importance of incorpora�ng survey data (tagging studies), to 
monitor and adapt to species shi�s effec�vely. Improved biological sampling, including gene�c studies, 
could provide insights into popula�on structure, distribu�on and the effects of climate change.  

 

Incorporating Climate Change into Stock Assessments and Management 

The produc�vity of fish stocks is heavily influenced by variability in the ecosystem and environment. 
Resource availability or lack thereof is a major driver of popula�on dynamics, and accoun�ng for 
environmental and ecosystem drivers is important for understanding popula�on dynamics and providing 
management advice. For some species, especially short-lived fast-growing species, iden�fying drivers of 
recruitment variability can improve the precision of es�mates of recruitment in a stock assessment 
(Ward et al. 2024). This is par�cularly important with respect to providing management advice over 
short �me periods based on the terminal years of a stock assessment model where there is typically less 
data to inform recruitment es�ma�ons. Other species may be more impacted by factors that influence 
other aspects of their life history directly (i.e. growth, juvenile survival, Punt et al. 2014) either directly or 
indirectly (e.g. limi�ng primary produc�vity). By iden�fying and incorpora�ng environmental drivers into 
popula�on dynamics models the predic�ons (and associated management advice) could be improved by 
predic�ng and incorpora�ng the impacts of climate change on a risk analysis or management strategy 
evalua�on. This could help beter communica�on of science and inform climate-ready fishery 
management advice. 

To incorporate climate change into stock assessment and management an environmental index needs to 
be developed based on observed fisheries and environmental data. Studies that link the environment 
with popula�on dynamics have mostly focused on the link between environmental indicators and 
recruitment, either directly or as devia�ons from a stock recruitment index (Gross et al. 2022; Haltuch & 
Punt 2011; Tolimieri & Haltuch 2023). However, other studies have linked warmer sea surface 
temperatures with declines in certain forage fish popula�ons due to disrup�ons in nutrient upwelling, 
which reduces chlorophyll-a and resultant food availability (Chavez et al. 2003). 

A wide array of poten�al oceanographic drivers exist that could be developed and incorporated into 
stock assessments (Haltuch et al. 2020; Chavez et al. 2003; Tolimieri & Haltuch, 2023). To effec�vely 
incorporate the long-term effects of climate change and be able to respond to shorter term a 
combina�on of laboratory experiments and simula�on studies can inform understanding of how 
changing environmental condi�ons affect key life stages of species. Conduc�ng controlled laboratory 
experiments across species’ life stages to assess their physiological tolerances and adaptability to various 
climate scenarios would enhance predic�ve models and refine management responses. Addi�onal 
studies could inves�gate the temperature and oxygen thresholds that affect spawning, growth, and 
survival in NPFC species. This has been carried out for sablefish (Krieger et al. 2019, 2020), and other 
species (Punt et al. 2014, Szuwalski et al. 2019) in the North Pacific.  
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Results 

Incorpora�ng climate change considera�ons into the North Pacific Fisheries Commission's (NPFC) 
management framework is essen�al to address the pressing impacts on marine species and fisheries. 
Climate change introduces complex environmental shi�s—including ocean warming, acidifica�on, and 
changes in dissolved oxygen and salinity—that affect the distribu�on, growth, and reproduc�ve success 
of key NPFC species. The poten�al strategies for the NPFC to integrate climate change into its fisheries 
management include improved monitoring, laboratory research, ecosystem-based modeling, and 
adap�ve management approaches. 

The NPFC, through its members is ac�vely monitoring environmental variables that impact key species. 
These efforts are founda�onal for tracking habitat changes and species responses over �me; however 
they mainly target the pre-recruit to juvenile life stage, and o�en assume that egg abundance is 
representa�ve of spawning stock biomass. A poten�al improvement is to expand the geographic scope 
of these surveys, and implement a regional observer program to enhance data from commercial fisheries 
and collect important environmental variables. Environmental data linked with high quality fisheries data 
would be beneficial to informing controlled laboratory experiments across species’ life stages to assess 
their physiological tolerances and adaptability to various climate change effects. This would enhance 
predic�ve models and refine management responses to climate change effects in NPFC species. 

By integra�ng climate considera�ons into its monitoring, research, and management processes, the 
NPFC can beter an�cipate climate-related changes and ensure sustainable fisheries in a rapidly changing 
ocean environment. Enhanced predic�ve models, targeted research, and adap�ve management 
structures will enable the NPFC to meet the challenges posed by climate change, fostering resilient 
fisheries and ecosystems in the North Pacific region. 

Conclusions and recommenda�ons 

Based in part on the NPFCs resolu�on on climate change, there has been considerable work done on 
linking the priority species and climate signals for the NPFC and coastal waters. For example, studies on 
chub mackerel and Pacific saury stocks and their rela�onship to the environment both in terms of 
recruitment, catch and to an extent distribu�on (e.g. Kim et al. 2024). However, some work remains with 
respect to developing direct inputs with the current stock assessment processes.  

To be prepared for future changes in the distribu�on for NPFC priority species, addi�onal work on the 
extent to which climate change related factors will be affec�ng the popula�on dynamics (especially 
recruitment and pre-recruit survival) and distribu�on in the future. Establishing a link between the 
effects of a specific aspect of climate change on a par�cular life stage survival and development (e.g. 
ocean acidifica�on on north pacific crab Szuwalski et al. 2021) has been successful, however how a 
species may respond to one, or more forcing factors (i.e. temperature increase, ocean acidifica�on, 
change in dissolved oxygen, changes in produc�vity etc.) in a dynamic ecosystem needs a comprehensive 
system of study. For example, laboratory experiments to evaluate the effect of temperature (or PH) on 
the development of larvae, popula�on models to incorporate popula�on dynamics, associated impacts 
of fishing impacts and poten�al species interac�ons and simula�on studies related to future climate 
predic�ons.  
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Recent work in the Gulf of Alaska by the United States NOAA Fisheries (Dorn et al. 2023) outlines a group 
of strategies to address climate impacts on the marine resources and fisheries in the Gulf of Alaska 
(GOA) through a series of ini�a�ves aimed at ensuring resilient and sustainable ecosystems. Key focus 
areas that would translate to DSF project goals in the NPFC area include enhancing long-term ecosystem 
monitoring, conduc�ng process-oriented research, advancing modeling and management-oriented 
synthesis. Other ac�vi�es in the Gulf of Alaska regional ac�on plan may be more appropriate a na�onal 
level, for example assessing impacts on marine mammals, and understanding socio-economic impacts on 
fishing communi�es.  

The approach outlined in Dorn et al. (2023) is a mix of approach that includes expanding long-term 
monitoring and then conduc�ng some process-oriented research to try to get at specifics. This is similar 
to work done on individual species in the region (e.g. Szuwalski et al. 2021, Punt et al. 2014, Kroeker et 
al. 2013). Designing laboratory experiments and field sampling to parameterize distribu�on models for 
predic�ng habitat shi�s due to ocean warming would involve a mul�-step approach to understand 
species-specific responses to temperature changes, as well as ecosystem interac�ons that affect 
distribu�on. Ideally laboratory experiments t cri�cal environmental variables and species responses 
would be carried out for the NPFC key species, with the objec�ves of iden�fying which variables (e.g., 
temperature, oxygen, pH) that most influence species distribu�ons and physiological limits. Some of this 
work has been conducted, for example Krieger et al. (2020) found that young of the year sablefish 
growth and development may be drama�cally influenced by rela�vely small shi�s in water 
temperatures. These findings, whether they be on growth rate, reproduc�ve output, threshold levels for 
oxygen or PH could then be used to parameterize a popula�on dynamics model that could help develop 
insight about how a species may respond to future climate change scenarios.  

To maintain and enhance understandings of current species distribu�ons and document shi�s over �me, 
addi�onal field sampling and survey would be very helpful. Ideally a mul�-pronged approach would be 
used, that would combine seasonal surveys, remote sensing, tagging, environmental monitoring. This 
would help inform the understanding of species abundance, distribu�on and rela�onship to key 
environmental variables (i.e. temperature at depth, salinity, dissolved oxygen, pH). This could be done 
through the incorpora�on and expansion of current fisheries independent sampling in the region (i.e. 
Japanese larval and egg surveys, sablefish survey in Alaska), and an ocean observing system that 
integrates surveys and remote sensing technologies. 

Remote sensing, using satellites to monitor oceanographic variables such as sea surface temperature 
(SST), chlorophyll concentra�on, and ocean color, provides real-�me, large-scale data on environmental 
condi�ons that influence fish habitats and distribu�on paterns (Edwards et al. 2010). These parameters 
are cri�cal because fish are highly responsive to temperature gradients, primary produc�vity, and ocean 
currents, which are all influenced by climate change (Perry et al., 2005). For instance, warmer SSTs can 
lead to poleward shi�s of species in search of op�mal condi�ons, a trend observable through remote 
sensing data, which can then be corroborated by in-situ surveys that assess species abundance and 
distribu�on in different regions. 

Acous�c and trawl surveys, as part of an ocean observing system, complement remote sensing by 
providing specific informa�on on fish abundance, biomass, and species composi�on at various depths. 
Repeated surveys over �me allow scien�sts to detect temporal changes in species distribu�on, 
par�cularly as they move across historical boundaries (Pinsky et al. 2020). By combining these two 
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approaches, researchers can build predic�ve models that forecast species distribu�on under various 
climate scenarios, suppor�ng more effec�ve fisheries management and adapta�on strategies. 
Addi�onally, data from ocean observing systems contribute to Species Distribu�on Models (SDMs), 
which are cri�cal for simula�ng how fish popula�ons may respond to future changes in ocean 
condi�ons. This integrated system ul�mately aids in managing fisheries sustainably by an�cipa�ng 
distribu�onal shi�s that could disrupt ecosystems and affect the economic viability of fisheries 
dependent on certain species (Hollowed et al. 2013).  

 In conjunc�on with the IPCC forecasts, future distribu�ons under alterna�ve climate scenarios can be 
forecasted by incorpora�ng climate change scenarios to predict future temperatures, oxygen levels, and 
pH changes in the ocean within popula�on or species distribu�on models to forecast habitat suitability 
and poten�al distribu�on shi�s. This would help generate predic�ve maps showing poten�al habitat 
ranges and iden�fy areas of poten�al species gain or loss. This integrated approach leverages both 
experimental and observa�onal data to parameterize models, providing robust predic�ons on how 
ocean warming could shi� species distribu�ons. 

An integrated approach to addressing the effects of climate change on a basin wide scale should start 
with collabora�on between the NPFC and members management agencies. A program of work that 
begins with a literature review and adop�on of a workplan that leads to the synthesis of environmental 
impacts on each priority species, and the incorpora�on of these variables in stock assessment and 
management advice. Collabora�on with a wider community of researchers, including oceanographers, 
climate change experts and laboratory specialists is likely necessary.  

There are hurdles to any large-scale collabora�ve research project, and most organiza�ons are opera�ng 
at full capacity. For the NPFC to implement the Resolu�on on Climate Change, a program of work should 
be priori�zed by the Commission, with funding and a commitment of collabora�on with members and 
other organiza�ons (i.e. UN or PICES). This could begin with a more detailed synthesis on the topics 
outlined in this report, including priori�za�on of research and, and include the following steps;  

• Collabora�on between the NPFC, other regional organiza�ons (i.e. UN or PICES and the BECI project) 
and NPFC members management agencies. 

• Enhance monitoring fish of stocks and bycatch species through an increase in fisheries independent 
surveys, because commercial catch and effort is o�en affected by market, economic, regulatory and 
other drivers which are o�en disconnected from the ecological shi�s driven by climate change. 

• Development of a regional observer program.   
• Expansion of fisheries-independent surveys to older individuals for the NPFC priority species 

surveyed only in the pre-recruit to juvenile stage. 
• Adopt an itera�ve program of work that begins with a literature review, priori�za�on of research and 

the crea�on of a workplan that includes 
o Characteriza�on and projec�on of climate driven changes in a the NPFC region, 
o Es�ma�on of the effects environmental factors on demographic parameters and processes 

(i.e. recruitment, growth, survival, etc.) via laboratory and simula�on studies  
o Development of popula�on dynamics model(s) adapted to include environmental data to 

es�mate the effects of environmental change, link this to a stock assessment model,  
o Project and assess the implica�ons of climate change under current and alterna�ve fishing 

and climate change scenarios. 
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o Provide climate-informed (climate ready) management advice in the form of reference 
points along with an understanding of how they may change over �me, and the risks 
associated with alterna�ve future climate scenarios. 

o Communicate poten�al socio-economic implica�ons of climate change (on the distribu�on, 
produc�vity etc.) to fishery dependent communi�es and other stakeholders  

The insights gained from a comprehensive system of study will be cri�cal for developing adap�ve 
management strategies that ensure the sustainability of both target and non-target species under 
changing ocean condi�ons. By integra�ng climate considera�ons into its monitoring, research, and 
management processes, the NPFC can beter an�cipate climate-related changes and ensure sustainable 
fisheries in a rapidly changing ocean environment. The insights gained from a comprehensive system of 
study will be cri�cal for developing adap�ve management strategies that ensure the sustainability of 
both target and non-target species under changing ocean condi�ons.  
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Tables 

Table 1. Future projections of key ocean variables under two IPCC scenarios. 

 
 
 
 
Table 2. Potential actions related to key species in the Northwest Pacific (NPFC key species): 
Species   Actions 

Blackspotted and Rougheye 
Rockfishes    

  - Develop climate-driven species distribution models to predict 
habitat shifts due to warming. 

    
  - Study recruitment dynamics and investigate thermal tolerance to 
assess vulnerability. 

      

Blue Mackerel and Chub 
Mackerel   

  - Enhance monitoring to document shifts in spatial distribution 
and seasonal abundance. 

    
  - Use modeling tools to simulate future population dynamics 
under varying climate conditions. 

      

 Japanese Flying Squid and 
Neon Flying Squid    

  - Conduct oceanographic research to assess how changing water 
temperatures impact migration and breeding cycles. 

    
  - Collaborate with international partners on multi-species 
modeling to improve regional population estimates. 

Future Projections Under Scenario RCP2.6 Future Projections Under Scenario RCP8.5

Sea surface temperature in degrees Celsius, change from 1986-2005 baseline.
Year Mean Upper and Lower 90% CI Year Mean Upper and Lower 90% CI

2024 0.50 0.24 0.76 2024 0.51 0.29 0.73
2034 0.58 0.30 0.86 2034 0.77 0.47 1.07
2074 0.71 0.20 1.23 2074 2.02 1.27 2.77

Ocean pH
Year Mean Upper and Lower 90% CI Year Mean Upper and Lower 90% CI

2024 8.034 8.025 8.043 2024 8.029 8.019 8.038
2034 8.020 8.011 8.028 2034 8.000 7.990 8.010
2074 8.015 8.007 8.022 2074 7.842 7.831 7.852

Ocean Oxygen % change in the 100-600 m depth range relative to 1986-2005.
Year Mean Upper and Lower 90% CI Year Mean Upper and Lower 90% CI

2024 -0.639 -0.936 -0.342 2024 -0.837 -1.214 -0.459
2034 -0.798 -1.266 -0.330 2034 -1.136 -1.448 -0.824
2074 -0.687 -1.318 -0.055 2074 -3.069 -3.911 -2.226
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 Japanese Sardine    
  - Track spawning timing changes and larval growth to understand 
phenology shifts caused by climate. 

    
  - Utilize survey data to estimate population productivity under 
warmer conditions. 

      

North Pacific Armorhead    
  - Monitor population abundance and biomass through improved 
ecosystem sampling. 

    
  - Evaluate the potential for habitat shifts in response to reduced 
oxygen levels at depth. 

      

Pacific Saury   
  - Increase focus on foraging ecology to understand the food web 
dynamics influencing saury abundance. 

    
  - Develop predictive models for distribution changes to support 
adaptive management. 

      

Sablefish    
  - Focus on recruitment studies to better understand survival rates 
in early life stages affected by climate factors. 

    
  - Investigate how ocean acidification and temperature changes 
influence growth and reproduction. 

      

Splendid Alfonsino    
  - Conduct research on habitat preferences under changing 
temperature and oxygen conditions. 

    
  - Improve data collection on spawning behaviors to support 
sustainable harvest strategies.  
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Figures 

 

Figure 1. NPFC conven�on area.  
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Figure 2. From Punt et al. 2021 Fig. 1. Flowchart of the approach for evalua�ng the impact of climate and 
demographic varia�on on es�mates of reference points and management performance. 
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Figure 3. Map of the distribu�on of Blackspoted and rougheye rockfishes in the North Pacific (NPFC 
2023).  

 

Figure 4. Blue mackerel distribu�on and spawning ground of the Pacific stock (le�) and East China Sea 
stock (right) of blue mackerel, From NPFC 2024.  
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Figure 5. Map of distribu�on of Chub mackerel in the North Pacific (Yukami et al. 2023) 

 

 

Figure 6. Distribu�on ranges, spawning grounds, and fishing grounds of the autumn- and winter 
spawning stocks of Japanese flying squid. These figures were modified based on Miyahara et al. (2023) 
and Okamoto et al. (2023)  
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Figure 7. Distribu�on and migra�on of the Pacific stock of the Japanese sardine. The spawning area of 
the Pacific stock of the Japanese sardine covers a wide stretch of the waters off Honshu and Shikoku 
islands. Juveniles are broadly distributed in the Kuroshio/Oyashio Transi�on Zone during spring. The 
distribu�on of adult sardines extends to the central Pacific and to the southern areas of the Okhotsk Sea 
and Western Subarc�c Gyre.(Hiroshi & Nishida 2005) 
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Figure 8. Migra�on paterns of the fall and winter spring cohorts of neon flying squid in the North Pacific. 
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Figure 9. Known habitat possible migra�on routes of North Pacific armorhead Pentaceros wheeleri 
(Kiyota et al. 2016, Figure 4) 

 

Figure 10. Map of the Feeding grounds, spawning areas and main fishing areas for Pacific Saury.  
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Figure 11. Map of the distribu�on of sable fish in the North Pacific. 

 

Figure 12. Map of the distribu�on of splendid alfonsino in the North Pacific (NPFC 2023).  
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Figure 13. Observed and modelled historical changes in the ocean and cryosphere since 1950, projected 
future changes under low (RCP2.6) and high (RCP8.5) greenhouse gas emission scenarios. From IPCC 
2019, Figure SPM.1. 
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