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Spawning grounds of chub mackerel shifting northward
due to ocean warming driven by climate change
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Chub mackerel (Scomber japonicus) are forage �sh that play a crucial role in the transfer of energy
within marine food webs, serving as the primary food source for various marine predators and feeding
on zooplankton and phytoplankton. This species is widely distributed
(https://doi.org/10.1007/s12562-008-0015-7) in the western North Paci�c with two stocks, namely the
Tsushima Warm Current (TWC) stock in the East China Sea (ECS), Yellow Sea (YS), and Japan/East
Sea (JES), and the Paci�c stock along the Paci�c coast.

The TWC stock is an economically valuable �shery (https://doi.org/10.3389/fmars.2022.996626) that
is exploited by various countries, including China, Korea, and Japan. From February to June, the TWC
stock spawns (https://doi.org/10.1577/M07-063.1) mainly in the ECS and Korea Strait (KS), after
which it migrates to its northern feeding grounds in the JES and YS through the KS [6,11,12,13,14].

Variations in the environmental conditions of spawning grounds caused by climate change can cause
changes in the physiochemistry of spawners and food availability during the early life stages of �sh,
and these alterations have implications (https://doi.org/10.3354/meps13037)for spawning behavior,
growth, and survival rates, as well as for recruitment strength and �uctuations in the abundance of �sh.
Changes in the marine environment can result in shifts in spawning ground locations and conditions
for chub mackerel, driving subsequent changes in the spatial distribution and survival of hatched eggs
and larvae.

Study projected the shift of chub mackerel spawning grounds in the

Western North Paci�c Ocean. Results showed the spawning grounds

of this �sh species shifting northward due to ocean warming driven by

climate change; the data will be useful for estimating and predicting

distributions of chub mackerel during early life stages, and its

subsequent exploitable abundance and �sheries production. Photo by

Brian Gratwicke from DC, USA (CC BY 2.0,

https://creativecommons.org/licenses/by/2.0, via Wikimedia

Commons).
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Spawning ground locations may shift due to climate change and subsequent variations in the marine
environment, as chub mackerel must spawn under conditions that are both environmentally and
geographically suitable. However, few studies have aimed to project shifts in the spawning grounds of
chub mackerel driven by climate change.

(https://link.chtbl.com/aquapod)

This article – summarized (https://creativecommons.org/licenses/by/4.0/) from the original
publication (https://doi.org/10.3390/�shes10010020) [Go, S. et al. 2025. Projecting the Shift of Chub
Mackerel (Scomber japonicus) Spawning Grounds Driven by Climate Change in the Western North
Paci�c Ocean. Fishes 2025, 10(1), 20] – evaluated and projected the effects of climate-driven changes
in ocean circulation and water temperature on the potential spawning ground of the TWC stock of chub
mackerel.

‘They need a good reason to stay’: How one coalition
may break a decade of deadlock in the North Atlantic
mackerel fishery

GOAL 2022: The North Atlantic Pelagic Advocacy Group, led by Dr. Tom Pickerell, is a finalist for
GSA’s inaugural Global Fisheries Innovation Award.
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Study setup
We developed spawning ground indices for chub mackerel and tested whether potential spawning
grounds will shift under a climate change scenario published by the Intergovernmental Panel on
Climate Change (IPCC). To identify potential spawning grounds, we estimated and projected water
temperature and salinity at a depth of 10 m in the western North Paci�c Ocean. We also derived water
temperature and salinity for the 2010s (2010–2019) and 2050s (2050–2059) with an ocean circulation
model based on a scenario of the IPCC Fifth Assessment Report
(https://www.ipcc.ch/report/ar5/wg2/) (IPCC AR5).

To construct the regional ocean circulation model, we utilized the Regional Ocean Modeling System
(https://www.myroms.org/) (ROMS). Additionally, this model incorporates detailed governing equations
that address momentum, continuity, temperature, and salinity transport, allowing for a comprehensive
representation of oceanic processes. The model’s accuracy has been validated through comparisons
with observational data, ensuring reliable simulations that capture both large-scale and �ner oceanic
features.

The model was designed to simulate ocean conditions from 2010 to 2059 under climate change
conditions based on the projections of IPCC AR5. In sum, this multi-layered approach combining global
and regional data with atmospheric and tidal forces allowed us to simulate the complex oceanic
conditions surrounding Korea with a high degree of precision, capturing both the broad effects of
climate change and local ocean dynamics.

For detailed information on the data and modeling used, refer to the original publication.

Results and discussion
The spawning ground of the TWC stock (https://doi.org/10.1577/M07-063.1) has been reported to
extend from the southern part of the ECS to the southwestern part of the JES. The spawning grounds
previously reported by several researchers, along with our own results, suggest that the spawning
grounds extend northward from the southern ECS in February to the southern JES in June, with
possible extension to the waters off Vladivostok and Hokkaido after June.

Our model was used to estimate and project potential spawning grounds from February to June for
both the 2010s and 2050s. Potential spawning grounds were projected to shift northward from the
2010s to 2050s, and these suggested that chub mackerel will spawn further north in the 2050s
compared to the 2010s, which means that spawning will become less strongly in�uenced by the
Kuroshio Current. This shift in spawning grounds will affect chub mackerel survival and growth
(https://doi.org/10.1007/s12601-020-0004-z) during early life stages and in nursery grounds, as their
weak swimming ability during the early life stages limits movement toward favorable habitat.

https://www.ipcc.ch/report/ar5/wg2/
https://www.myroms.org/
https://doi.org/10.1577/M07-063.1
https://doi.org/10.1007/s12601-020-0004-z
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Li et al. (https://doi.org/10.1016/j.chnaes.2013.06.001)proposed that the main nursery ground of the
TWC stock would shift longitudinally westward from the Paci�c side of Japan and the Japan/East Sea
(JES) to the waters off Jeju Island if the spawning grounds shifted and the in�uence of the Kuroshio
Current weakened. Therefore, we expect that the spawning grounds of the TWC stock will shift
northward in the 2050s relative to the 2010s, resulting in a subsequent westward shift of the nursery
grounds. Driven by these changes, the ratios of exploitable chub mackerel biomass and production will
increase in the Korean Straits (KS) and the Yellow Sea (YS) relative to the JES.

Our spawning grounds data predicted spatiotemporal changes in the potential spawning ground of the
TWC stock using the ROMS. Our model outcomes were generally compatible with previous
observations and modeling studies in the region, and the differences were explainable. This
compatibility suggests that our method can be applied to the estimation of potential spawning grounds
for other stocks or species, provided that su�cient research is available on their spawning
characteristics and the marine environment of the area.

Fig. 1: Predicted water temperature and salinity at 10 meters depth for

(a) the 2010s and (b) 2050s, and (c) their differences. Adapted from

the original.

https://doi.org/10.1016/j.chnaes.2013.06.001
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Results diagnosed the regional ocean circulation model for the western North Paci�c using two
methods and found that, while the model results did not align well with observations in the same space
and time, the overall trends were signi�cantly similar. To improve the model’s accuracy, data
assimilation methods should be applied in future studies.

Although it was assumed that the spawning period would not change, the main spawning period may
shift due to the environmental changes, even at the same spawning location. For example, past studies
have reported that photoperiod in�uences gonad development
(https://doi.org/10.3390/�shes8020077), suggesting that the spawning period may be in�uenced by
changes in the annual photoperiod driven by climate change, and this possibility requires further
exploration in the near future.

In this study, we calculated spawning grounds under the assumption that the spawning area of the
TWC stock is located within the continental shelf areas of the ECS, YS and JES where depths are 50 to
300 meters. However, other researchers reported collecting chub mackerel larvae in Kagoshima Bay and
Osumi Strait, which included shallow areas of <50 meters, suggesting that chub mackerel may spawn
in shallow coastal areas. Results of this study demonstrate that the spawning grounds of chub
mackerel could extend into the YS and northern JES.

To improve the reliability of the present study regarding chub mackerel spawning grounds, and
migration from the southern East China Sea (ECS) to the northern JES, international cooperative
surveys and research are required in the region, which would comprehensively elucidate the distribution

Fig. 2: Monthly potential spawning grounds of chub mackerel

averaged for (a) the 2010s and (b) 2050s, as well as (c) differences

between the two periods predicted using the spawning ground index

based on the ocean circulation model. Adapted from the original.

https://doi.org/10.3390/fishes8020077
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of mackerel eggs and adults. Although chub mackerel are reported to spawn generally within a 25
meters depth, this study considered only 10 meters depth environmental conditions to estimate and
project the potential spawning grounds. And it used water temperature and salinity as ambient
oceanographic variables to predict the spawning grounds of chub mackerel. Environmental conditions
of other depths or other marine environmental conditions (such as turbulence, currents and dissolved
oxygen) may in�uence spawning conditions, and these factors require further research.

Overall, results project changes in the distribution of catchable chub mackerel in the 2050s relative to
the 2010s simply by using a climate change scenario and subsequent changes in potential spawning
grounds. Further detailed projections, in particular ongoing development of individual-based models
covering all life stages of chub mackerel, are expected to validate and extend the projections of the
present study. The results of this study are expected to contribute to the development of bio-physical
coupled, individual-based models for predicting the recruitment and spatiotemporal distribution of
exploitable chub mackerel based on simulation of three-dimensional coordinates consisting of the
location, size, and abundance of each super-individual, whose initial abundance, growth, and mortality
vary with ambient oceanic conditions.

Perspectives
This research estimated potential spawning grounds for chub mackerel in the western North Paci�c
Ocean using the newly developed spawning ground index. Our model projected that increased regional
surface water temperatures in the 2050s due to global warming will cause a northward shift of the
spawning grounds of the Tsushima Warm Current (TWC) stock of chub mackerel. The distribution of
chub mackerel at early-life stages observed in the East China Sea (ECS) and the Korea Strait (KS) was
consistent with our model outputs, except for the waters off Jeju Island, and the spawning grounds of
chub mackerel suggested in previous studies were compatible with our model results.

This study will enhance the reliability of stock assessment for �sheries management of chub mackerel
and contribute to the development of individual-based models for exploitable chub mackerel as well as
�sheries policies accounting for climate change in the region.
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