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Introduction
Japanese sardine (Sardinops melanostictus) are a commercially important small pelagic fish generally found in the western North Pacific Ocean. Typical of small pelagic species, the Japanese sardine has experienced “boom and bust” cycles with rapid population expansion followed by periods of low stock productivity. These cycles are thought to be related to environmental effects on recruitment and mortality. Recently, the species has been expanding its distribution into international waters of the western North Pacific and even crossing to the eastern Pacific as evidenced by recent (2022 and 2023) captures on the west coast of North America (Longo et al. 2025). This expansion has been of great interest to members of the North Pacific Fisheries Commission who commercially fish for this species in both domestic and international waters. 

In 2024 (COM08) NPFC’s Commission tasked its Scientific Committee to consider climate change and its implications to their fisheries management. The Commission tasked the SC to identify relevant data availability and needs for including climate change in fisheries decisions, integrate analyses of climate change into its work plan, consider vulnerabilities and management implications of climate change on NPFC fisheries and discuss how best to incorporate climate change data into its work. In general, the Commission requested information on how climate changes will impact Japanese Sardine and what types of variables should the SC be monitoring to anticipate and mitigate those changes.

Thus, the objective of this review was to summarize the existing published literature that explores the relationship between Japanese sardine (JS) and the environment. We first identify existing literature using a standardized methodology for conducting literature reviews. Next we synthesized the data, identifying strengths and gaps in the existing literature. Finally, we attempt to synthesize some of the major impacts of the environment on Japanese sardine. This synthesis is expected to be useful in understanding the potential variability in the distribution and abundance of the stock in the context of future climate conditions and extremes. We also position this work to be a starting point for the North Pacific Fisheries Commission's efforts to include ecosystem information into management and to identify future research needs and stock assessment considerations for this species. 

Methods

This systematic literature mapping exercise generally followed the spirit of the guidelines and standards of the Collaboration for Environmental Evidence for Evidence Synthesis in Environmental  Management (CEE 2018) and the ROSES reporting standards (Haddaway et al. 2018). The most important deviations from the protocols were that calibrations among reviewers was not completed and methods were not published in advance, as would be typical. The specific methods and data collected were based on Boldt et al. (2023).

The literature review search was conducted the Aquatic Sciences and Fisheries Abstracts (ASFA) data base. The initial search terms used to identify articles are shown in Table 1. The initial search terms resulted in ~3000 records, however when filters were applied this was reduced to 238 records. Next each record was examined manually to determine whether it should be included in the database. This manual filtering removed records that did not actually include information on JS (most commonly these were manuscripts that examined oceanography and justified the importance of the study by the potential impacts on JS, but did not actually make the linkage using analyses). The manual filtering also removed any additional records that did not concern JS in the NW Pacific (e.g. removal of records for the western stock of JS). This resulted in 112 records. After final removal of 6 duplicate records, 106 reports, publications, abstracts or other material were examined.

Each coauthor was assigned a group from these 106 records which they read and summarized according to the format shown in Table 2. Key pieces of metadata collected from each record were the location of the research (which Member conducted the research), the language of the record, the source (peer-reviewed literature, unpublished report, abstract, thesis, etc.), the year the record was published, and the full citation of the work. The life stage(s) considered in the study were also noted, as well as the type of data used to conduct the study, any sampling gear that was used, roughly the duration of the study in years, any other species considered in the study, and a general description of the study type (distribution, life history, performance, migration, stock structure, stock assessment, ecosystem, or other).

Results

Most of the reports addressing the relationship between Japanese Sardine and the environment have been published as peer-reviewed journal articles (Figure 1). Most of the reports have also been published since 1993, with peak numbers in the late 2000s when the stock was at a sustained low level and in more recent years as the stock status has improved. A wide mix of gears have been used in these studies (Figure 2), with a fairly even distribution of studies addressing each life history stage (Figure 3). 

The majority (n = 112) of studies of Japanese Sardine and environmental pressures have examined their relationship with temperature (Figure 4). The second most number of records addressed regional climate variables (n = 51) and the third most addressed currents and transport (n = 40). The highest number of studies have addressed the distribution or habitat use of Japanese Sardine, with others addressing growth and life history and recruitment. 

In terms of the common effects on life history stages, most studies of life history found that temperature had a negative impact for the majority of studies across all life history stages. In the Japanese Sardine increasing temperature had a predominantly negative impact on egg distribution and temperature, with warmer temperatures associated with reduced spawning habitat (Watanabe et al. 1997) and lower egg density (Matsuoka and Konishi 2001, Ishida 2006). Considerable work has been done to examine the impact of temperature on the larval stage of Japanese Sardine. Importantly, a number of research papers have developed and explored the “Optimal Growth Hypothesis” for Japanese Sardine larvae (Takasuka et al. 2008 , Takasuda et al. 2007). This hypothesis purports that growth and survival through the larval stage occurs at lower temperature ranges (peaking at ~18 C), rather than higher temperatures. This hypothesis explains not only lower productivity stages in Japanese Sardine, but also the oscillation of the species with Japanese Anchovy. It also provides a mechanism for some of the observed correlations between larger adult populations and higher recruitment and lower temperature (Shimoyama et al. 2007, Noto et al 1999, Wada et al. 1995). Some of these studies have extended to the temperature effects on growth in juvenile stages and included additional environmental factors such as competitors (Watanabe 2009, Watanable et al. 2014, Takahashi et al. 2006, Wada et al. 1995, Plaza et al. 2008, Zentaini 1999) or food availability (Okunushi et al. 2012 , Kimura et al 2000.  Kawasaki and Kumagai 1984) particularly in juvenile stages. In some cases temperature can have mixed effects on early life history stages, for example higher temperature can lead to lower growth in larval stages, but can also lead to earlier spawning which can convey some advantages to egg development and hatch (Kuroda et al. 2020, Kuroda 1991, Matsuoka 2001 Matsuoka and Manobe 2001). 

Changing distribution, biology and spawn timing also appear to be driven by both environmental conditions and abundance. For example, higher temperature and lower stock biomass has been observed to result in higher body condition in adults (Koizumi et al 1993). Many researchers have noted that spawning occurs at fairly specific temperatures which can impact spawning distribution (Takasuka et al. 2021, Okinishi et al. 2009, Oezeki et al 2007) and that the distribution of spawning can be impacted by the number of spawners as well as temperature (Oozeki et al.2007)

Distributions of early life stages and adults were noted to be concentrated around oceanographic features, such as frontal areas with temperatures ~10 degrees C (Inagake and Hirono 1984). Species distributions have also been used to demonstrate the impacts of environmental factors such as winter mixing, SST and SLH on Japanese sardine catch and distribution (Sakurai 2007, Ignake and Hirano 1984, Sogrina et al 2021, Tameishi et al 1996, Shi et al. 2023, Kruchinin et al 2022). Transport of early life history stages from spawning to feeding grounds has also been implicated in survival and recruitment (Nishikawa and Yasuda 2008, Kawasaki and Omuri 1995, Suda and Kishida 2003, Itoh et al 2009).

Finally, regime change and larger-scale climate indicators have often been correlated or used in assessment of Japanese Sardine (e.g. Wada and Jacobson 1998, Kawabata et al. 2011, Ma et al. 2020) and cumulative impacts of fishing, temperature and regimes can all exhibit pressure on Japanese Sardine populations (Suda et al. 2008, Tian et al 2023, Lui et al 2025, Novikov et al 2020)


Conclusions

The existing literature shows that Japanese Sardine are impacted by their environment throughout all life history stages. The most commonly identified factor is temperature, but others such as system productivity, winter conditions, currents and competitors and predators have also been implicated in sardine dynamics. Based on the overwhelming negative impact of high temperatures on early life history stages of Japanese Sardine, it is likely that future climate change will have a negative impact on this species.

The literature highlights a few time series of environmental conditions that could be monitored to provide an indication of future conditions for Japanese Sardine. The list would include:

· Sea surface temperature in the Kuroshio transition zone (larval growth)

· PDO and other climate indicators (linked to overall abundance/productivity)

· Currents (successful transport to the larval feeding areas)

· Winter mixed layer depth (zooplankton production/composition)

· Spring primary production (larval growth survival)
· Chlorophyll
· Zooplankton biomass

· Sea surface salinity 

A summary showing recent trends in some of these indicators is provided in Figure 6. In general, most of the important indicators (temperature in particular) are trending negative for Japanese Sardine or are neutral over the past 5 years. 

Tables

Table 1. Search terms used to identify records from the ASFA literature database relevant to Japanese Sardine and their environment. 
	Search terms
	Filters applied
	
	Number of records

	(japan* sardine OR Sardinops melanosticta OR Sardinops melanostictus) AND (oceanography OR environment OR temperature)
	NOT (processing fishery products AND minced products AND storage effects AND food technology)NOT (PICES 13th Annual Meeting Book of Abstracts AND PICES 14th Annual Meeting Book of Abstracts AND Pittsburgh Post - Gazette AND Sunday Herald - Sun AND The Independent AND The Kingston Heritage EMC AND The Standard AND Times - Colonist AND Weekend Australian)NOT (INE, USA, California AND INE, Pacific, California Current AND ISE, Peru AND Seriola quinqueradiata AND ANW, Canada AND ASE, South Atlantic, Benguela Current AND California AND IN, Bering Sea AND ISE, Chile AND ISE, Pacific, Humboldt Current AND PN, Arctic AND United States--US AND A, Atlantic AND ANW, Canada, Nova Scotia, Halifax AND Arctic region AND ASW, Panama AND Gulf of Sakhalin AND Illex argentinus AND INE, Canada, British Columbia AND INE, USA, Alaska AND INE, USA, Alaska, Alaska Gulf, Alaskan Gyre AND INE, USA, Oregon AND INE, USA, Washington AND ISE, Mexico, Baja California Sur, Magdalena Bay AND ISEW, Southeast Asia)
	
	238







Table 2. Standard data collection format for the literature review of Japanese Sardine. Data types (column headers) and drivers or pressures are shown. For some data types a standard set of responses was allowed which is shown under the second column.
	Data  type (column header)
	Data

	ID
	

	Citation
	

	Year published
	

	Language
	

	Reviewer Name
	

	Report type
	book chapter, journal paper, conference proceedings, thesis, organization report, abstract only, other

	Country of study
	

	Study type
	Distribution, life history, performance, migration, stock structure, stock assessment, ecosystem, other

	Years of data
	1 year, < 5 years, > 5 years

	Other species in this study
	

	Life stage studied
	Adult, Juvenile, Larval, Egg

	Sampling gear used
	bottom trawl, pelagic trawl, plankton net, hydroacoustics, commercial bottom trawl, commercial pelagic trawl, commercial seine net, tagging, other

	Distribution_DataType
	Genetics, otoliths, tagging, other

	Distribution_DistributionHabitatUse
	Abundance, biomass, catch, size, other

	GrowthLifeHistory_MassOrSize
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	GrowthLifeHistory_Condition
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	GrowthLifeHistory_Foraging
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	GrowthLifeHistory_Other
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	Survival_Survival&Mortality
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	Performance_Stress
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	Performance_Energy
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	Performance_Swimming
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	Performance_Other
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	Migration_Spawning
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	Migration_Other
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	Reproduction_Maturation
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	Reproduction_Spawning
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	Reproduction_EggAbundance
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	Reproduction_EggSizeOrWeight
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	Reproduction_Fecundity
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	Reproduction_Other
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	Productivity_BiomassOrAbundance
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	Productivity_Recruitment
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	Productivity_Other
	Climate (NAO, NPGO, etc), transport (currents, etc), temperature, salinity, oxygen, upwelling (magnitude or timing), phytoplankton (primary productivity), zooplankton (secondary productivity), predators, competitors, fisheries, other pressure, not linked to a pressure

	Impact of environment on sardine characteristic
	Positive, Negative, Mixed, Not significant

	Notes on relationship
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Figure 1. Type of report by year from the Japanese Sardine literature review. 
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Figure 2. Type of gear used in studies of Japanese Sardine and the environment. 
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Figure 3. Life stages studied by researchers in the published literature on Japanese Sardine. 
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Figure 4. Summary of drivers (columns) and pressures (rows) and the number of records that studied each from the Japanese Sardine literature review. 
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Figure 5. Summary of the effect of environmental drivers on life history stages for Japanese Sardine. 
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Figure 6. Trends in environmental indicators for Japanese Sardine since 1993. 
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