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ABSTRACT 

This bibliography listed original papers and documents published in 2021 by Japanese 
scientists and/or their collaborators to review Japanese national research for the 2016-2020 
NPAFC Science Plan. The bibliography includes 89 articles with abstracts, corresponding to 
five research themes of the NPAFC Science Plan. 
 
 

BACKGROUND 
 

In 2016, the Science Sub-Committee (SSC) of the North Pacific Anadromous Fish 
Commission (NPAFC) developed a new five-year Science Plan 2016-2020 (SSC 2016). In the 
2020 NPAFC annual meeting, SSC decided that the term of the Science Plan be extended until 
2022, corresponding to the International Year of the Salmon (IYS) timeline. The SSC 
identified its primary goal “Understand Variations in Pacific Salmon Productivity in a 
Changing Climate” with five research themes: 1) Status of Pacific salmon and steelhead trout; 
2) Pacific salmon and steelhead trout in a changing North Pacific Ocean; 3) New 
technologies; 4) Management systems; and 5) Integrated information systems. The new 
NPAFC Science plan is approximately consistent with the International Year of Salmon 
initiative (IYS-WG 2016). 

The national research plan by Japan was established in July 2016 to correspond to the new 
NPAFC Science Plan (Fisheries Agency of Japan 2016). It is a high priority for Japanese 
salmon research to explain and forecast the annual variation of salmon production, 
corresponding to the new Science Plan themes. To review Japanese national research for the 
NPAFC Science Plan, this bibliography listed original papers and documents published in 
2021 by Japanese scientists and/or their collaborators. The current issue supplemented 89 
articles published in 2021. The bibliography includes abstracts for most articles. 
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BIBLIOGRAPHY 
 
Theme 1. Status of Pacific Salmon and Steelhead Trout 
 

Aruga, N., K. Morita, M. Aruga, K. Ueda, K. Watanabe and F. Nakamura. 2021. Decadal 
changes in river geomorphology, and its effect on chum salmon spawning habitat, Toyohira 
River, Japan. Ecol. Civil. Eng. 23: 295–307. (In Japanese with English abstract). DOI: 
https://doi.org/10.3825/ece.20-00025 

Natural spawning of Chum salmon has recovered in Toyohira River, an urban river in Sapporo, 
Japan, from the 1980s, a time when this species had almost disappeared from this river because of 
water pollution. Channelization has altered river geomorphology, which may have influenced 
spawning habitat. We divide salmon spawning habitat in Toyohira River into three sections and 
measure changes in riverbed morphology using transverse cross-sectional profiles from 1988-2015. 
The relationships between 8 topographic parameters, number of spawning redds and their decadal 
changes are examined. Principal component analysis reveals the strengths of relationships between 
these topographic parameters and numbers of spawning redds per kilometer post. Upper-and middle 
riverbed sections were significantly deeper, but spawning redds occurred in localized groundwater 
springs where water levels were higher than the riverbed. Significant lower river section changes 
included increased elevation gaps between lowest and highest riverbed of the low-water channel, 
narrowing of the water surface during spawning season, and decreased thalweg migration distance. Of 
two principal components, PC1 correlated with changes in riverbed elevation, elevation gaps between 
the lowest and highest riverbed in the low-water channel, and water surface width during spawning 
season, which represent "susceptibility to flood disturbance." PC2 correlated with groundwater level 
and streambed particle size, possibly indicative of upwelling water volume. The number of chum 
salmon spawning redds was significantly, positively correlated with PC1 and PC2. Because the 
coefficient of PC1 is decreasing with time, we surmise that appropriate habitat for spawning condition 
in Toyohira River has deteriorated over 27 years. As Chum salmon is a symbolic species in Toyohira 
River, it is important to keep dynamic feature of thalweg and gravel bed for natural spawning. 
 
Fajri, M. N., T. Ouchi, Y. Takei, S. Hyodo, and M. Kusakabe. 2021. Analysis of temperature 
tolerance in juvenile chum salmon (Oncorhynchus keta). N. Pac. Anadr. Fish. Comm. Tech. Rep. 
No.17: 35–37. DOI: https://doi.org/10.23849/npafctr17/35.37. 
 
Fausch, K. D., S. Nakano, S. Kitano, Y. Kanno and S. Kim. 2021. Interspecific social dominance 
networks reveal mechanisms promoting coexistence in sympatric charr in Hokkaido, Japan. J. 
Anim. Ecol. 90: 515–527. DOI: https://doi.org/10.1111/1365-2656.13384 

1. Coexistence of species requires equalizing mechanisms that minimize fitness differences, 
which are balanced by stabilizing mechanisms that enhance negative intraspecific interactions 
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versus interspecific ones. Here, we develop a simple theoretical framework that allows 
measuring the relative strength of intraspecific versus interspecific competition in dominance 
hierarchies. We use it to evaluate mechanisms promoting coexistence between two congeneric 
charr that compete for foraging positions, which strongly influence density-dependent growth 
and survival. 

2. Agonistic interactions (n = 761) among 71 Dolly Varden Salvelinus malma and whitespotted 
charr Salvelinus leucomaenis were measured by snorkelling in two pools in the sympatric 
zone of a Hokkaido stream during two summers. Interspecific dominance hierarchies, 
analysed using three methods, were closely correlated with fish length but the species treated 
each other equally. Ranks for the most dominant fish in each pool, determined directly by 
knockout experiments, were also virtually identical to ranks by length. 

3. Similarly, exponential random graph modelling of the social networks provided no evidence 
that either species was dominant over the other. Instead, larger fish were more likely to win 
contests, especially over fish of the next lower ranks. 

4. These results demonstrated that the two species were nearly ecological equivalents in 
accessing key resources in this sympatric zone. Nearly identical growth and stable densities 
over 4 years further supported this inference, although Dolly Varden were a minority (29% of 
the assemblage), a sign of some fitness difference. 

5. Detailed foraging observations coupled with two concurrent studies revealed an effective 
stabilizing mechanism. Dolly Varden shifted to feeding directly from the benthos when 
drifting invertebrates declined, a behaviour enhanced by morphological character 
displacement, thereby partitioning food resources and enhancing intraspecific competition 
while avoiding agonistic encounters with whitespotted charr. 

6. The plurality of evidence indicates that fitness differences between these ecologically 
equivalent species are small in this local assemblage, and balanced by resource partitioning, a 
modest stabilizing mechanism that promotes coexistence. The theoretical framework 
presented here is a useful tool to evaluate the strength of interspecific versus intraspecific 
competition, which combined with information on trade-offs in ecological performance can 
contribute to a mechanistic understanding of species coexistence. 

 
Fitzgerald, K. A., M. R. Haworth, K. R. Bestgen, C. J. Farrell, S. Utsumi, O. Kishida, H. Uno 
and Y. Kanno. 2021. Hatch timing of two subarctic salmonids in a stream network estimated by 
otolith increments. Fish. Manag. Ecol. 28: 507–515. DOI: https://doi.org/10.1111/fme.12504 

Hatch timing in autumn-spawning stream salmonids is poorly understood in the subarctic 
region because snow cover prevents direct sampling of cryptic early life stages. Otolith micro-
increment analysis was used to infer hatch dates of white-spotted charr Salvelinus 
leucomaenis (Pallas) and masu salmon Oncorhynchus masou (Brevoort) in a mainstem-tributary 
network in northern Japan. Accuracy and precision were validated by ageing hatchery individuals with 
known hatch date ranges. In July 2018, 93 wild young-of-the-year white-spotted charr and 81 masu 
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salmon were collected and aged. Masu salmon hatched, on average, 24 days earlier (mean = February 
8) than white-spotted charr (March 4), and hatch dates spanned a minimum of 2 months for each 
species. In masu salmon, hatch dates of individuals collected in the mainstem were nearly 3 weeks 
earlier than those in a tributary. This study provided knowledge on intra- and inter-specific variation in 
hatch timing of native salmonids in a subarctic stream network. 
 
Fukui, S., K. Kasugai, A. Sawada and I. Koizumi. 2021. Evidence for introgressive hybridization 
between native Dolly Varden (Salvelinus curilus (syn. Salvelinus malma)) and introduced brook 
trout (Salvelinus fontinalis) in the Nishibetsu River of Hokkaido, Japan. Zool. Sci. 38: 247–251. 
DOI: https://doi.org/10.2108/zs200041 

Hybridization is one of the negative outcomes for the introduction of non-native species, which 
can lead to rapid displacement and genetic extinction of native species. Salmonid fishes have been 
widely introduced outside of their native ranges for food supply and recreational fishing. Here, we 
investigate the occurrence of introgressive hybridization among native Dolly Varden (Salvelinus 
curilus (syn. Salvelinus malma)), white-spotted charr (Salvelinus leucomaenis), and introduced brook 
trout (Salvelinus fontinalis), in streams of the Nishibetsu River, Hokkaido, Japan. Microsatellite DNA 
analysis detected five hybrids between native Dolly Varden and introduced brook trout. This is the first 
evidence for hybridization between native Dolly Varden and introduced brook trout, while the latter 
has been known to hybridize with many other salmonids. Furthermore, incongruence between 
mitochondrial DNA and microsatellite DNA analyses suggested introgression among the 
three Salvelinus species. Further studies to estimate the hybrid fitness are necessary to understand how 
hybridization among the three species affects the native species. 
 
Fukushima, M. and P. S. Rand. 2021. High rates of consecutive spawning and precise homing in 
Sakhalin taimen (Parahucho perryi). Environ. Biol. Fish. 104: 41–52. DOI: 
https://doi.org/10.1007/s10641-021-01052-4 

The frequency of reproduction and homing success are crucial in determining the lifetime 
reproductive fitness of iteroparous salmonids. We examined consecutive spawning and homing by 
Sakhalin taimen (Parahucho perryi), one of the least-studied iteroparous salmonids. The average 
consecutive return rate was 69.5%, the highest ever reported for an iteroparous salmonid. The 
consecutive return rates were highest for large spawners, females, and individuals with active inter-
tributary movements in the preceding year. We estimated tributary-scale repeat homing rates to be 50–
87%, which was significantly higher than expected by chance alone. The repeat homing rates were 
higher for spawners that entered tributaries with more abundant spawners in the preceding year, which 
is consistent with the pheromone hypothesis because the abundance of spawners in a tributary is 
expected to correlate to the concentration of chemical homing cues emanating from offspring in the 
following year. These extremely high consecutive return and homing rates likely facilitated local 
adaptation over evolutionary time scales and have contributed to population stability in this river 
system. These same traits, however, may impede species recovery following habitat restoration efforts 
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within the species historic range (e.g. dam barrier removal or improved passage) due to their limited 
rate of dispersal. 
 
Hasegawa, K. K. Honda, T. Yoshiyama, K. Suzuki, and S. Fukui. 2021. Small biased body size of 
salmon fry preyed upon by piscivorous fish in riverine and marine habitats. Can. J. Fish. Aquat. 
Sci. 78: 631–638. DOI: https://doi.org/10.1139/cjfas-2020-0339 

Predator–prey interactions must be considered when aiming to enhance populations by 
releasing artificially reared individuals into natural environments. Released individuals create an 
abundance of prey for predators, and a basic hypothesis of predator–prey interactions suggests that 
predators select large prey due to the high caloric content. An alternative hypothesis is that small 
individuals are vulnerable to predation due to their poor predator avoidance. This study tested these 
hypotheses using stocked chum (Oncorhynchus keta) and masu (Oncorhynchus masou) salmon fry and 
piscivorous salmonids in marine and riverine habitats in Hokkaido, Japan. Stomach contents were 
sampled from predators, and fork length of prey fry was measured. Then, their fork length was 
compared with whole stocked fry (range of mean fork length (±SD): 45.8 ± 2.55 to 49.2 ± 2.76 mm) 
for each habitat. As a result, prey fry were ∼3%–6% smaller than whole stocked fry, even under a 
prey-abundant condition (i.e., just after hatchery reared salmon fry were stocked). Piscivorous 
salmonids pursue schooling fry, and small fry may be easily caught due to their slow speed in avoiding 
predators. 
 
Honda, K., T. Sato, H. Kuroda and T. Saito. 2021. Initial growth characteristics of poor-return 
stocks of chum salmon Oncorhynchus keta originating from the Okhotsk and Nemuro regions in 
Hokkaido on the basis of scale analysis. Fish. Sci. 87: 653–663 DOI: 
https://doi.org/10.1007/s12562-021-01538-1 

For Japanese juvenile chum salmon, mortality during coastal residency and northward 
migration to the Sea of Okhotsk is considered to affect their stock size. Although poor adult returns by 
the 2012 and 2013 brood years were widely observed along Japanese coasts, the mechanisms 
underlying mortality have not been defined. We collected scales from age-4 homing chum salmon 
captured in September–November in 2005–2017 (i.e., the 2001–2013 brood years) from three rivers in 
the Okhotsk and Nemuro regions, northern/eastern Hokkaido. Scale analyses revealed that growth 
rates during coastal residency for the 2012 and 2013 brood years of the three rivers were all 
significantly lower than those in other brood years. Coastal sea surface temperature (SST) in the target 
regions in May 2013 (i.e., the main ocean-entry timing for the 2012 brood year) was the coldest 
among those in 2002–2014 and was assumed to be caused by the terrestrial cold climate. Meanwhile, 
in May 2014, coastal SST was the second coldest and was likely influenced by offshore cold currents. 
These results suggest that cold coastal conditions triggered by different sources resulted in lower 
growth rates during coastal residency and therefore poor adult returns. 
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Horita, J., Y. Iwasa and Y. Tachiki. 2021. Eco-evolutionary dynamics may show an irreversible 
regime shift, illustrated by salmonids facing climate change. Theoretical Ecol. 14: 345–357. DOI: 
https://doi.org/10.1007/s12080-021-00502-0 

The enhanced or reduced growth of juvenile masu salmon (Oncorhynchus masou masou) may 
result from climate changes to their environment and thus impact on the eco-evolutionary dynamics of 
their life-history choices. Male juveniles with status, i.e., if their body size is larger than a threshold, 
stay in the stream and become resident males reproducing for multiple years, while those with smaller 
status, i.e., their body size is below the threshold, migrate to the ocean and return to the stream one 
year later to reproduce only once. Since juvenile growth is suppressed by the density of resident males, 
the fraction of resident males may stay in equilibrium or fluctuate wildly over a 2-year period. When 
the threshold value evolves, the convergence stable strategy may generate either an equilibrium or 
large fluctuations of male residents. If environmental changes occur faster than the rate of evolutionary 
adaptation, the eco-evolutionary dynamics exhibit a qualitative shift in the population dynamics. We 
also investigated the relative assessment models, in which individual life-history choices are made 
based on the individual’s relative status within the juvenile population. The eco-evolutionary dynamics 
are very different from the absolute assessment model, demonstrating the importance of understanding 
the mechanisms of life history choices when predicting the impacts of climate change. 
 
Iida, M., Y. Yagi and T. Iseki. 2021. Occurrence of wild chum salmon fry in the surf zone, and 
spawning and emergence timing in the adjacent nonstocked river in Niigata Prefecture, Japan. 
Fish. Sci. 87: 549–557. DOI: https://doi.org/10.1007/s12562-021-01535-4 

Sustainable conservation management of chum salmon in Japan requires ecological information 
on wild fish. This study investigated the spawning timing in a nonstocked river and the occurrence of 
wild fry in a surf zone in Niigata Prefecture. Most redds were observed from mid-October to mid-
December on riverbeds having stream water of variable but cold temperatures above 5.4 °C. Chum 
salmon fry (< 41 mm), identified as wild based on comparison with the expected minimum size of 
hatchery fish (> 41.2 mm), were collected at the surf zone generally from early March to early May 
when the sea surface temperature (SST) was 7.4−17.5 °C. This period largely matched the predicted 
time of emergence based on the surveyed river cumulative water temperature. A generalized linear 
model predicted that the probability of occurrence would decrease as SST increased, being 42.5% 
even when SST was 15 °C. Hatchery fish are stocked by late March in Niigata Prefecture. Our results 
reveal that wild chum salmon fry at the southern limits of their distribution, which is affected by the 
Tsushima Warm Current, enter the sea when SST is relatively high, mainly from March to April, and 
even in May, 2 months after the end of hatchery stocking. 
 
Iino, Y., T. Kitagawa, T. K. Abe, T. Nagasaka, Y. Shimizu, and K. Ota. 2021. Ontogeny of critical 
swimming speeds for juvenile chum salmon. N. Pac. Anadr. Fish. Comm. Tech. Rep. No.17: 50–
52. DOI: https://doi.org/10.23849/npafctr17/50.52. 
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Kasugai, K., M. Torao, and M. Nagata. 2021. Does long-distance downstream migration 
influence the survival of chum salmon? comparison of adult returns between the upper and 
lower reaches release sites. N. Pac. Anadr. Fish. Comm. Tech. Rep. No.17: 42–43. DOI:  
https://doi.org/10.23849/npafctr17/42.43. 
 
Kitada, S. and H. Kishino. 2021. Population structure of chum salmon and selection on the 
markers collected for stock identification. Ecology and Evolution 11: 13972-13985. DOI: 
https://doi.org/10.1002/ece3.8102 

Genetic stock identification (GSI) is a major management tool of Pacific salmon 
(Oncorhynchus Spp.) that has provided rich genetic baseline data of allozymes, microsatellites, and 
single-nucleotide polymorphisms (SNPs) across the Pacific Rim. Here, we analyzed published data 
sets for adult chum salmon (Oncorhynchus keta), namely 10 microsatellites, 53 SNPs, and a 
mitochondrial DNA locus (mtDNA3, control region, and NADH-3 combined) in samples from 495 
locations in the same distribution range (n = 61,813). TreeMix analysis of the microsatellite loci 
identified the greatest convergence toward Japanese/Korean populations and suggested two admixture 
events from Japan/Korea to Russia and the Alaskan Peninsula. The SNPs had been purposively 
collected from rapidly evolving genes to increase the power of GSI. The largest expected 
heterozygosity was observed in Japanese/Korean populations for microsatellites, whereas it was 
largest in Western Alaskan populations for SNPs, reflecting the SNP discovery process. A regression 
of SNP population structures on those of microsatellites indicated the selection of the SNP loci 
according to deviations from the predicted structures. Specifically, we matched the sampling locations 
of the SNPs with those of the microsatellites and performed regression analyses of SNP allele 
frequencies on a 2-dimensional scaling (MDS) of matched locations obtained from microsatellite 
pairwise FST values. The MDS first axis indicated a latitudinal cline in American and Russian 
populations, whereas the second axis showed differentiation of Japanese/Korean populations. The top 
five outlier SNPs included mtDNA3, U502241 (unknown), GnRH373, ras1362, and TCP178, which 
were identified by principal component analysis. We summarized the functions of 53 nuclear genes 
surrounding SNPs and the mtDNA3 locus by referring to a gene database system and propose how 
they may influence the fitness of chum salmon. 
 
Kitamura, S., T. Goto, H. Tsukagoshi, Y. Shimizu, F. Takahashi, and S. Abe. 2021. Fine-scale 
genetic population structure of chum salmon on the Iwate coast, northern Japan. N. Pac. Anadr. 
Fish. Comm. Tech. Rep. No.17: 184-187. DOI: https://doi.org/10.23849/npafctr17/184.187. 
 
Kogame Y. and H. Saneyoshi. 2021. Return rates of chum salmon are affected by different 
timings of juvenile release. N. Pac. Anadr. Fish. Comm. Tech. Rep. No.17: 57-57. DOI: 
https://doi.org/10.23849/npafctr17/57.57. 
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Kuwaki, M., K. Yamaya, and S. Sato. 2021. Releases of otolith marked salmon from Japan 
between summer of 2019 and spring of 2020. NPAFC Doc. 1963. 23 pp. Salmon Research 
Department, Fisheries Resources Institute, Japan Fisheries Research and Education Agency 
(Available at https://npafc.org). 

This document provided information of Japanese otolith mark releases, including release site, 
date, number, and mark patterns with images. From November 2019 to June 2020, approximately 246 
million chum, 111 million pink, 3 million masu, and 57 thousand sockeye salmon (2019 brood year) 
with thermal marks or ALC (alizarin complexone) patterns were released or stocked in Japan. In 
addition, 370 thousand masu salmon smolts and 73 thousand sockeye salmon smolts (2018 brood 
year) with thermal marks patterns were released in the spring of 2020. In the summer and fall of 2019, 
576 thousand masu salmon juveniles and 49 thousand sockeye salmon juveniles (2018 brood year) 
with thermal marks were released, while 50 thousand masu salmon juveniles (2018 brood year) with 
ALC pattern were released. Two thermal rings as base mark were adopted to distinguish Japanese 
chum and pink salmon from other stocks. The data are uploaded to the database on the website of 
NPAFC Working Group on Salmon Marking (http://wgosm.npafc.org/). 
 
Minegishi, Y., T. Kawakami, and J. Aoyama. 2021. Wild population and natural spawning of 
chum salmon in the Kozuchi River on the Sanriku Coast, Japan. N. Pac. Anadr. Fish. Comm. 
Tech. Rep. No.17: 174–175. DOI: https://doi.org/10.23849/npafctr17/174.175. 
 
Miyakoshi, Y. 2021. Challenges to improving the chum salmon hatchery program in Kitami 
region, Hokkaido. N. Pac. Anadr. Fish. Comm. Tech. Rep. No.17: 153–153. DOI: 
https://doi.org/10.23849/npafctr17/153.153. 
 
Miyamoto, K., M. Đorđević and H. Araki. 2021. Artificially increased habitat complexity reduces 
predation-induced mortality for juvenile salmon in simplified environments. Environ. Biol. Fish. 
104: 203–209. DOI: https://doi.org/10.1007/s10641-021-01073-z 

Many river systems have been artificially modified for various reasons worldwide. Although 
simplified riverbeds due to artificial modifications often alter the species compositions and 
interactions, methods for mitigating habitat degradation in such rivers are underdeveloped. In this 
study, we evaluated the effects of tree branches on the survival of juvenile masu salmon Oncorhynchus 
masou under predation risk by piscivorous fish (White-spotted charr Salvelinus leucomaenis) in 
artificially simplified environments. We found that 0.4 m2 or more of tree branches per 1.0 m2 of 
artificial concrete pond doubled the survival of juvenile salmon for 20 days. In addition, body sizes of 
predator and prey did not have a significant effect on salmon survival, whereas the number of branches 
did in this experiment. These results indicate that adding structural complexity can mitigate predation 
pressure by piscivorous fish in artificially simplified environments. This study provides important 
guidelines for the management and restoration of suitable habitats for stream salmonids in artificially 
simplified environments where the main predators are piscivorous fish. 
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Miyamoto, K., M. Đorđević and H. Araki. 2021. Time to adjust to a new feeding environment 
determines survival and growth of wild-caught white-spotted charr (Salvelinus leucomaenis 
pluvius). Environ. Biol. Fish. 104: 959–966. DOI: https://doi.org/10.1007/s10641-021-01128-1 

Hatcheries and breeding programs use wild-caught fish reared on artificial diets. Understanding 
how fish adjust to a new feeding environment in this context might contribute to improving survival 
and growth outcomes under artificial conditions. In this study, we examined the growth and survival of 
wild white-spotted charr (Salvelinus leucomaenis pluvius) on a diet of commercial pellets in an 
artificial rearing environment. Our results revealed that pre-study fork length has a significant 
influence on pellet consumption, and thereby survival. The primary factor contributing to growth was 
the number of days until an initial increase in body weight. Post-mortem examination of deceased fish 
and their condition indicated that in all cases, the most likely cause of death was starvation. These 
results accordingly indicate that starvation tolerance and the ability to adjust to a new feeding 
environment are key factors in the survival of wild charr, whereas the time taken to acclimate is a key 
factor contributing to growth. 
 
Miyauchi, Y., and K. Kusumo. 2021. Preliminary 2020 salmon enhancement production in 
Japan. NPAFC Doc. 1962 (Rev. 1). 3 pp. Salmon Research Department, Fisheries Resources 
Institute, Japan Fisheries Research and Education Agency (Available at https://npafc.org). 

Four species of anadromous Pacific salmon (chum, pink, masu, and sockeye salmon) are 
currently enhanced in Japan. A total of 1,593 million fry, juveniles and smolts were released from 
Japanese hatcheries in 2020 (Tables 1 and 2). The number of chum salmon fry released in the spring of 
2020 was approximately 1,470 million fish. Japanese hatcheries also released 111 million pink salmon 
fry, 11,934 thousand masu salmon fry, juveniles and smolts, and 213 thousand sockeye salmon fry and 
smolts in the spring and fall of 2020. In 2020, the number of adult salmon captured in rivers along the 
Japanese coasts was 3,869 thousand fish (Table 3), which corresponded to 10,424 metric tonnes in 
weight (Table 4). The dominant and second dominant species were chum and pink salmon, 
contributing 80.7% and 18.9% in numbers of all salmon captured in rivers, respectively. Adult masu 
salmon occur in rivers of both Hokkaido and Honshu, but the number of catches was not available in 
Honshu. The number of adult masu salmon caught in rivers of Hokkaido was approximately 15.5 
thousand fish. Anadromous sockeye salmon were caught in two rivers along the Pacific coast of 
Hokkaido, where the number of catches was 1,292 fish. 
 
Miyauchi, Y., and T. Saito. 2021. Preliminary statistics for 2020 commercial salmon catches in 
Japan. NPAFC Doc. 1961. 2 pp. Salmon Research Department, Fisheries Resources Institute, 
Japan Fisheries Research and Education Agency (Available at https://npafc.org). 

The preliminary commercial salmon catches in coastal and offshore areas of Japan in 2020 
totaled 21.6 million fish (61.1 thousand metric tonnes), including 17.5 million chum (54.7 thousand 
metric tonnes) and 4.1 million pink salmon (5.4 thousand metric tonnes) (Tables 1, 2). The official 
specific statistics data may be available by the end of March 2022. 
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Nagata, J., Y. Mushirobira, O. Nishimiya, Y. Yamaguchi, T. Fujita, N. Hiramatsu, A. Hara and T. 
Todo. 2021. Hepatic estrogen-responsive genes relating to oogenesis in cutthroat trout 
(Oncorhynchus clarki): The transcriptional induction in primary cultured hepatocytes and the in 
vitro promoter transactivation in responses to estradiol-17β. Gener. Comp. Endocrinol. 310: 
113812. DOI: https://doi.org/10.1016/j.ygcen.2021.113812 

Estradiol-17β (E2) regulates transcription of estrogen-responsive genes via estrogen receptors 
(Esr). In many teleost species, choriogenin (chg), vitellogenin (vtg) and esr genes are transactivated by 
E2 in the liver. This study aimed i) to compare expression properties of all subtypes of these genes 
(chg: chgHα, chgHβ, chgL; vtg: vtgAs, vtgC; esr: esr1a, esr1b, esr2a, esr2b) in response to estrogen 
stimulation, and ii) to confirm how each of four Esr subtypes is involved in the transcriptional 
regulation of these estrogen-responsive genes in cutthroat trout hepatocytes. In hepatocytes in primary 
culture, all chg and vtg subtype mRNA levels, and those of esr1a, were increased by E2 treatment 
(10−6 M) at 24 and 72 h post initiation (hpi), but esr1b, esr2a and esr2b mRNA levels were not. 
Treatment of hepatocytes with various concentrations of E2 (10−11–10−6 M) induced dose-dependent 
increases in the levels of all chg and vtg subtype mRNAs at 24 and 72 hpi. At both time points, the 
lowest dose that induced a significant increase in the expression levels of mRNAs (LOEC) for E2 
differed among the genes; LOECs were estimated as 10−11 M for chgHα at 24 hpi, as 10−9 M 
for vtgC at 72 hpi, and as 10−10 M for other mRNAs at both 24 and 72 hpi. Meanwhile, the levels 
of esr1a mRNA exhibited a dose-dependent increase at 24 and 72 hpi, but the LOEC shifted from 
10−9 M at 24 hpi to 10−7 M at 72 hpi because of a decrease in mRNA levels at treatment groups 
exposed to high concentrations of E2. All Esr subtypes transactivated chg, vtg and esr1a promoters in 
the presence of E2 in vitro. The activation levels indicated that promoter activity 
of chgHα ≥ vtgAs > chgHβ > chgL ≥ vtgC ≥ esr1a when mediated by 
Esr1a, chgHβ > chgHα > chgHL > vtgAs ≥ vtgC ≥ esr1a by 
Esr1b, chgHβ ≥ chgL > chgHα ≥ vtgAs > vtgC > esr1a by Esr2a, 
and chgHβ ≥ chgHα ≥ vtgAs > chgL ≥ vtgC > esr1a by Esr2b. Collectively, different Esr subtypes 
were distinctly different in their ability to transactivate estrogen-responsive target genes, resulting in 
differential expression of chg, vtg and esr1a genes in the estrogen-exposed hepatocytes. 
 
Nobata, S., T. Kitagawa, S. Houki, M. Ito, Y. Aoki, K. Sato, and S. Hyodo. 2021. Relationships 
between maturational status and migration behavior of homing chum salmon Oncorhynchus 
keta in inner bays of the Sanriku coast. Gener. Comp. Endocrinol. 313: 113896. DOI: 
https://doi.org/10.1016/j.ygcen.2021.113896 

The correlations among gonad maturity and various homing behaviors of chum 
salmon, Oncorhynchus keta, were evaluated using acoustic tracking of tagged fish in Otsuchi Bay, 
Japan. There was a negative correlation between the time duration from release of tagged fish until 
river entry and the plasma 17α, 20β-dihydroxy-4-pregnen-3-one (DHP) levels, an indicator of final 
maturation. Females with high DHP entered the rivers soon after the release, whereas females with 
low DHP (<10 ng/ml) took a few days to more than one week until river entry. Similar correlation was 
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also found in males. A pattern of river entry correlated with maturational conditions was also observed 
in fish entering the rivers of neighboring bays. DHP concentrations of fish caught in the rivers were 
consistently higher. On the other hand, more than half of released salmon departed from the bay 
regardless of their plasma DHP level, suggesting that maturational status does not force homing adults 
to enter the most available nearest rivers. Fish entering the rivers experienced ambient temperatures 
less than 8 °C, which is approximately 5 °C lower than that of the bay. These results indicate that 
homing salmon hold their position in the bay until just before spawning, which may be attributable to 
low temperature avoidance. This characteristic type of river entry may be suitable to geographical 
features and thermal regimes of this region. 
 
Noda, S., R. Ueda, T. Tanaka, K. Shirai, D. Kishi, and T. Sato. 2021. Anadromous red-spotted 
masu salmon (Oncorhynchus masou ishikawae), a southernmost sea-migration form of salmonid, 
displays low variation in both age at seaward migration and sea age. Fish Biol. 99: 1497–1502. 
DOI: https://doi.org/10.1111/jfb.14818 

We examined variations in age at seaward migration and sea age for the anadromous form of 
red-spotted masu salmon (Oncorhynchus masou ishikawae) in two Japanese rivers. The anadromous 
form of red-spotted masu salmon expressed only two sea migration patterns in the two rivers: (a) the 
majority of the salmon (95%, n = 81) were of age-0, and age-1 migrants were rare (n = 4); and (b) all 
the salmon examined (n = 22) made a return migration within a year, with 23% of the salmon 
exhibiting potamodromy in the river. Owing to low variation in their sea migratory patterns, the 
anadromous form of red-spotted masu salmon is likely vulnerable to environmental fluctuations. 
 
Oba, S., T. Kawakami, Y. Minegishi, and J. Aoyama. 2021. Spawning environment of chum 
salmon in the coastal rivers on the Pacific side of northern Japan. N. Pac. Anadr. Fish. Comm. 
Tech. Rep. No.17: 178–179. DOI: https://doi.org/10.23849/npafctr17/178.179. 
 
Okada, K., M. Sakai, T. Gomi, A. Iwamoto, J. N. Negishi, and M. Nunokawa. 2021. Seasonal 
variations of 137Cs concentration in freshwater charr through uptake and metabolism in 1–
2 years after the Fukushima accident. Ecol. Res. 36: 935–946. DOI: https://doi.org/10.1111/1440-
1703.12266 

Understanding the factors influencing 137Cs concentrations in freshwater salmonids is crucial for 
reviving inland fisheries in polluted regions. We studied seasonal variations of 137Cs concentration in 
charr (Salvelinus leucomaenis) through uptake and metabolism in forested headwaters at Fukushima 
and Gunma sites. Charr consumed both terrestrial and aquatic animals, and terrestrial prey was 
predated more in summer at both sites. The 137Cs concentrations in litter, which is a dominant basal 
food resource of both forest and stream ecosystems, differed between forest and stream due to 137Cs 
leaching effect on litter submerged in streams. The concentration difference in both litter and prey was 
greater at Fukushima site than at Gunma site. The estimated prey 137Cs concentration at Fukushima 
site peaked in summer when terrestrial preys are most available, whereas it remained relatively 
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constant at Gunma site because of the small difference of 137Cs concentrations in between terrestrial 
and aquatic preys. The specific metabolic rate of charr was commonly changed with stream water 
temperature, greatest in summer, and lowest in winter at both sites. Because both prey 137Cs 
concentrations and specific metabolic rates peaked in summer, the combination of uptake and 
metabolism at Fukushima site largely negated seasonal 137Cs fluctuations in charr, whereas specific 
metabolic rate fluctuations could be the major determinant of charr 137Cs concentrations at Gunma site. 
Our results suggested that 137Cs concentrations in prey items, whose seasonality are varied due to 
initial 137Cs fallout volume, were expected to be an important determinant for 137Cs concentrations in 
charr. 
 
Sahashi, G. 2021. Homogenization of the timing of chum salmon returns in relation to hatchery 
transplantation. Environ. Biol. Fish. 104: 135–142. DOI: https://doi.org/10.1007/s10641-021-
01063-1 

The timing of migration and breeding is an important aspect in the study of the migratory 
ecology of fishes. This timing in fish is generally determined by both genetic and environmental 
factors but is also subject to anthropogenic selection. Hatchery transplantation practices, where 
hatchery fish are produced from returned adult salmon and then transplanted into several rivers, have 
been going on for over 30 years in the southern part of Hokkaido Island, Japan. In this study, I 
compared the inter-river variation in timing of spawning migration in chum salmon to examine the 
effects of hatchery transplantation on the timing of migration. There was less inter-river variation in 
the timing of spawning migration in transplanted rivers than in non-transplanted rivers. This result 
suggests that hatchery transplantation homogenizes the timing of spawning migration in chum salmon. 
Changes to other resource management tools, such as promoting natural spawning and/or hatchery 
releases using local fishes, may be important to preserve diversity in the timing of migration. 
 
Saito, T. 2021. An overview of the recent salmon returns in Japan: Poor returns of chum and 
pink salmon. N. Pac. Anadr. Fish. Comm. Tech. Rep. No.17: 32–34. DOI: 
https://doi.org/10.23849/npafctr17/32.34. 
 
Saito, T., K. Watanabe, K. Honda, and T. Sato. 2021. Effective hatchery releases to increase 
adult returns of chum salmon in the Ishikari River, Hokkaido, Japan. N. Pac. Anadr. Fish. 
Comm. Tech. Rep. No.17: 138–139. DOI: https://doi.org/10.23849/npafctr17/138.139. 
 
Sasaki, K., T. Kurokawa, K. Hasegawa, and M. Yatsuya. 2021. Farmed non-native coho salmon 
in Sanriku region affected by recent intense natural disasters. N. Pac. Anadr. Fish. Comm. Tech. 
Rep. No.17: 200–201. DOI: https://doi.org/10.23849/npafctr17/200.201. 
 
Sato, M and J. Tsuboi. 2021. Egg retention of postspawning anadromous masu salmon 
Oncorhynchus masou masou in the Yoneshiro River. Nippon Suisan Gakkaishi 87: 511–513. (In 
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Japanese). DOI: https://doi.org/10.2331/suisan.21-00006 
 
Suzuki, K., T. Harada, N. Aruga and T. Yoshitomi. 2021. Comparing redd distributions of chum 
and masu salmon in the Kotonihassam River, Hokkaido. Ecol. Civil. Eng. 23: 349–356. (In 
Japanese with English abstract). DOI: https://doi.org/10.3825/ece.20-00030 

We studied the distribution and physical environmental characteristics of chum (Oncorhynchus 
keta) and masu salmon (O. masoui) redds within the alluvial fan of the Koonihassam River. After the 
spawning period, we evaluated the differences between surface and subsurface water temperatures 
during the winter to determine the presence or abence of underground water discharge. Our results 
indicated that the redds of masu salmon were mainly distributed in the upstream section and those of 
chum salmon were only distributed in the downstream section of the river. Chum salmon redds were 
characterized by significantly larger grain sizes than those of masu salmon. There were no significant 
differences between surface and subsurface water temperatures of masu salmon redds in the up-stream 
section. However, the subsurface water temperature of chum salmon in the down-stream section was 
significantly higher than the surface water temperature, suggesting the presence of underground water 
discharge. Chum salmon redds were largely distributed at the lower edge of the alluvial fan, where 
underground water tends to discharge from the river bed. In contrast, masu salmon redds were mainly 
found in the upper area of the alluvial fan, and underground water discharge from the river bed was 
not confirmed. Our results suggested that the spawning site selection of masu salmon is independent of 
the presence or absence of underground water discharge. These results suggest that suitable spawning 
habitats for these species are likely affected by multiple environmental conditions, including 
geomorphological features, underground water discharge, and riverbed composition. 
 
Torao, M. M. Miyamoto and M. Kobayashi. 2021. Effects of diet supplemented with fish oil on 
the swimming ability development and predation avoidance for chum salmon fry. Sci. Rep. 
Hokkaido Fish. Res. Inst. 100: 47–54. (In Japanese with English abstract).  

We examined the effect of fish oil supplementation on the development of swimming speed in 
chum salmon fry. The effect of fish oil supplementation on the repression of salmon fry predation was 
also verified. The cruising speed measured by video analysis of escape behavior was significantly 
increased in the fish oil supplemented group 26 days after emergence when the average fork length 
was 4.3 cm. The results of the predation test showed that 1) if there was no difference in body size and 
swimming speed, there was no difference in predation rate; 2) the predation rate was higher when the 
body size was relatively smaller, and the swimming speed was lower due to fasting; 3) diet 
supplemented with fish oil reduced the decrease in swimming speed during fasting, and the predation 
rate was also lower. These results indicate that the feeding of fish oilsupplemented diets may repress 
the decrease in swimming ability and predation of salmon fry when their nutritional status declines 
after release 
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Torao, M., Y. Miyakoshi, and M. Shimizu. 2021. Low nutritional status in the freshwater phase 
and temperature at seawater entry reduce swimming performance of juvenile chum salmon. N. 
Pac. Anadr. Fish. Comm. Tech. Rep. No.17: 58–59. DOI: 
https://doi.org/10.23849/npafctr17/58.59. 
 
Urabe H. and A. Shinada. 2021. Projected impacts of global warming on chum salmon stocks in 
Hokkaido, Japan. N. Pac. Anadr. Fish. Comm. Tech. Rep. No.17: 107–107. DOI: 
https://doi.org/10.23849/npafctr17/107.107. 
 
Urabe, H., H. Saneyoshi and M. Hatakeyama. 2021. Recent trend in variability of chum salmon 
stock and its potential mechanism in Hokkaido, Japan. N. Pac. Anadr. Fish. Comm. Tech. Rep. 
No.17: 15–15. DOI: https://doi.org/10.23849/npafctr17/15-15. 
 
Yamada, H. and S. Wada. 2021. Morphological evolution reduces downstream displacement in 
juvenile landlocked salmon. Evolution 75: 1851861. DOI: https://doi.org/10.1111/evo.14281 

Severe flooding often leads to downstream displacement of aquatic animals. Despite this, many 
salmonid populations persist in habitats located upstream of tall barriers, such as artificial check dams 
and/or natural waterfalls, that completely block fishes from returning to the upstream areas after 
flooding. The evolution of such populations may be affected by spatial sorting due to differential rates 
of downstream displacement. This study examined whether a morphological trait (increased body 
depth) that allows individuals to better maintain their position during flooding has evolved in juvenile 
amago salmon Oncorhynchus masou ishikawae inhabiting above-barrier habitats in two rivers. In both 
rivers, juveniles collected at the stations with multiple downstream barriers had deeper bodies than 
those collected at other stations. Similar differences were found in juveniles reared in a common-
garden experiment. Field experiments with natural flooding also indicated that deep bodies help 
juveniles resist downstream displacement. These results consistently suggest that juveniles in some 
above-barrier habitats have evolved deep bodies to resist downstream displacement due to flooding. 
Our study is the first to show the evolutionary outcomes of passive spatial sorting during severe 
climate events. 
 
Yamaguchi, F., T. Nakamura, and H. Urabe. 2021. Temporal and spatial variations in body size 
of chum salmon in Hokkaido. N. Pac. Anadr. Fish. Comm. Tech. Rep. No.17: 23–24. DOI: 
https://doi.org/10.23849/npafctr17/23.24. 
 
Yamamoto, S., K. Morita, G. Sahashi, K. Maekawa, A. Oleinik, E. Bondar and V. Brykov. 2021. 
Introgressive hybridization between southern Asian Dolly Varden, Salvelinus curilus, and 
northern Dolly Varden, S. malma malma, on Sakhalin Island. Russian Journal of Genetics 57: 
361–370. DOI: https://doi.org/10.1134/S1022795421030145 

Genetic characteristics of the southern Asian Dolly Varden, Salvelinus curilus, and northern 
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Dolly Varden, S. malma malma, in northeastern Asia and the Aleutian Islands were examined using 
mitochondrial (mt) and microsatellite (ms) DNA markers. The maximum-likelihood tree based on 
mtDNA control region haplotypes showed two well-supported monophyletic lineages for these 
species, but the haplotypes found in the Sakhalin Island populations were an admixture of the two 
mtDNA lineages. Bayesian clustering using msDNA indicated that all individuals from Sakhalin 
Island grouped with the S. curilus populations, regardless of their mtDNA haplotype. Incongruence 
between mtDNA and msDNA markers provided strong evidence of historical mtDNA introgression 
from S. m. malma to S. curilus. Secondary contact by postglacial colonization from different refugia is 
a plausible explanation for the introgressive hybridization detected in Sakhalin Island. 
 
Yamamoto, T., S. Kitanishi, M. Sato, M. Yagisawa, and D. Kishi. 2021. Links between paternal 
life history and offspring metabolic rate and body size during early life in masu salmon 
Oncorhynchus masou. Ecol. Freshw. Fish. 30: 296–305. DOI: https://doi.org/10.1111/eff.12584 

Offspring growth is greatly influenced by both the maternal and paternal genotypes. However, 
although the effects of maternal genotype on offspring growth are recognised widely, ecological 
studies of the paternal genotype have not focused on the links with physiological traits, especially at 
the embryo stage. In this study, we conducted three experiments to determine the effects of two 
contrasting paternal life history traits (anadromous males, which return to their natal rivers for 
spawning after migrating to the sea, and resident males, which mature in rivers without migrating to 
the sea) on offspring growth during early life based on the metabolic rate in masu 
salmon Oncorhynchus masou. In the first experiment, metabolic rates of fertilised eggs were compared 
between 24 half-sibships. Results suggested that the metabolic rate of embryos was higher for the 
offspring of resident males than of anadromous males. In the second experiment, the body sizes of 133 
half-sibships at the yolk-sac absorption stage were compared. The offspring from the resident males 
were larger, which could be related to metabolic rate differences at the embryo stage associated with 
paternal life history. In the third experiment, the differences in body size observed at the yolk-sac 
absorption stage were positively correlated with growth after 60 days of fry rearing. Our findings, 
taken together with previous demonstrations that faster-growing males tend to become younger 
resident males, are thus consistent with early growth and associated traits, such as metabolic rate, 
being heritable from the male parent to the offspring. 
 
Yamamoto, T., S. Kitanishi and N. B. Metcalfe. 2021. Effect of parental phenotype on dispersal, 
growth and maturation of offspring in wild masu salmon (Oncorhynchus masou). Evolutionary 
Ecology 35: 253–269. DOI: https://doi.org/10.1007/s10682-020-10098-2 

Offspring traits are influenced by complex interactions among parent genotypes and phenotypes. 
However, ecological studies of these effects have tended to focus on one of either maternal or paternal 
influences. In this study, we investigated the effects of both parental phenotypes on offspring dispersal, 
growth and early sexual maturity in masu salmon. We used wild-caught parental fish in a half-sib 
mating design that allowed comparison of offspring from males of two different life-history types 
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(precocious males that had lived only in fresh water and anadromous males that had migrated to the 
sea). These males were mated with anadromous females and the eggs planted in natural streams in 
three different years. Natal dispersal distance depended on offspring sex, body size and paternal life 
history: female offspring moved further downstream than males, whilst daughters of precocious 
fathers tended to move further downstream than those of anadromous sires. There was a maternal 
effect on offspring growth, with larger eggs resulting in larger offspring at least until these became 
precociously mature at the end of the first summer. However, while faster growing male offspring 
were more likely to become precociously mature, there was no evidence that the probability of 
precocious maturation was influenced by parental life history. We conclude that, although body size of 
young salmon was significantly influenced by egg size and there were sex differences in dispersal, 
their growth rate and divergence in life history types were mainly environmentally driven. 
 
Yamaya, K., M. Kuwaki, and S. Sato. 2021. Proposed otolith marks for brood year 2021 salmon 
in Japan. NPAFC Doc. 1964 (Rev. 1). 14 pp. Salmon Research Department, Fisheries Resources 
Institute, Japan Fisheries Research and Education Agency (Available at https://npafc.org). 

Japan plans to mark approximately 258 million salmon of the 2021 brood year (235 million 
chum, 19 million pink, 4.0 million masu, and 180 thousand sockeye salmon) using 154 discrete 
thermal patterns and two ALC (alizarin complexone) patterns at 52 hatcheries. Two rings in the first 
band are adopted as the base mark to distinguish Japanese chum and pink salmon from other stocks. 
 

 

Theme 2. Pacific Salmon and Steelhead Trout in a Changing North 
Pacific Ocean 
 

Abe, T. and H. Kudo. 2021. Molecular characterization and expression of synaptic plasticity-
related genes in the olfactory organ and brain of chum and pink salmon during seaward and 
homeward migration. N. Pac. Anadr. Fish. Comm. Tech. Rep. No.17: 30–31. DOI: 
https://doi.org/10.23849/npafctr17/30.31. 
 
Abe, T. K. and T. Kitagawa. 2021. The ecological context of aerobic scope in cost of transport for 
chum salmon migrating upriver. N. Pac. Anadr. Fish. Comm. Tech. Rep. No.17: 38–41. DOI: 
https://doi.org/10.23849/npafctr17/38.41. 
 
Azumaya, T., H. Kuroda, T. Unuma, T. Yokota, and S. Urawa. 2021. Factors affecting the 
migration of juvenile chum salmon (Oncorhynchus keta) from the coast of Hokkaido to the 
Okhotsk Sea. N. Pac. Anadr. Fish. Comm. Tech. Rep. No.17: 63–64. DOI: 
https://doi.org/10.23849/npafctr17/63.64. 
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Graham, C., S. Taylor, V. Radchenko, E. Pakhomov, E. Farley, L. Weitkamp, D. Beamish, B. 
Riddell, J. King, C. Neville, S. Sato, S. Urawa, A. Somov, A. Starovoytov, S.-S. Yun, E. Anderson, 
T. Van Der Stap, and M. Saunders. 2021. The international year of the salmon Pan-Pacific high 
seas expedition 2022. N. Pac. Anadr. Fish. Comm. Tech. Rep. No.17: 72–73. DOI: 
https://doi.org/10.23849/npafctr17/72.73. 
 
Honda, K., T. Sato, F. Sugawara, K. Hamasaki, K. Suzuki, and S. Sato. 2021. The summer 2020 
Japanese salmon research cruise of the R/V Hokko maru. NPAFC Doc. 1965. 15 pp. Salmon 
Research Department, Fisheries Resources Institute, Japan Fisheries Research and Education 
Agency (Available at https://npafc.org). 

A summer high-seas research cruise to investigate the biology of Pacific salmon was conducted 
during 20–31 July 2020 in the Bering Sea aboard the Japanese research vessel Hokko maru. Research 
cruise activities included the collection of data on oceanography, zooplankton, micronekton, 
salmonids, and other organisms. A total of 4,492 salmonids were caught by surface trawls and hook-
and-lines during the cruise. Among salmonids caught by trawls at 17 monitoring stations, chum 
salmon was the most abundant species (n = 2,360, 58.8%), followed by sockeye salmon (n = 1,571, 
39.1%), Chinook salmon (n = 61, 1.52%), pink salmon (n = 15, 0.37%), and coho salmon (n = 9, 
0.22%). Salmonids were measured with respect to fork length and body and gonad weights by sex, and 
the scales were removed for age determination. Stomach, isotope, genetic, and otolith samples were 
obtained for future study. A total of 18 chum salmon equipped with an archival tag were released in 
the Bering Sea. Age-specific catch per unit effort by surface trawl and annual mean body weight of 
each ocean age of chum salmon during 2007–2020 are documented here. 
 
Japan Fisheries Research and Education Agency. 2021. Cruise plans of Japanese research vessels 
involving incidental takes of anadromous fish in the North Pacific Ocean in 2021. NPAFC Doc. 
1934. 2 pp. Japan Fisheries Research and Education Agency, Yokohama, Japan (Available at 
https://npafc.org). 

Japanese research vessels (Appendix table) are scheduled to conduct four surveys for pelagic 
fishes and squids in the North Pacific Ocean in 2021 (Table 1). These surveys have a possibility of 
incidental salmon catch during the fishing operations with driftnets or trawl net. In the case of driftnet 
operation, the length of driftnets will be less than 2.5 km at the sea. 
 
Kaeriyama, H. 2021. Radioactive cesium in the North Pacific after the Fukushima Dai-ichi 
Nuclear Power Plant accident. N. Pac. Anadr. Fish. Comm. Tech. Rep. No.17: 202–204. DOI: 
https://doi.org/10.23849/npafctr17/202.204. 
 
Kaeriyama M. 2021. Dynamics on distribution, production, and biological interactions of Pacific 
salmon in the changing climate of the North Pacific Ocean. N. Pac. Anadr. Fish. Comm. Tech. 
Rep. No.17: 102–106. DOI: https://doi.org/10.23849/npafctr17/102.106. 
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Karasawa, Y., H. Ueno, R. Tanisugi, R. Dobashi, S. Yoon, A. Kasai, and M. Kiyota. 2021. 
Quantitative estimation of the ecosystem services supporting the growth of Japanese chum 
salmon. N. Pac. Anadr. Fish. Comm. Tech. Rep. No.17: 140–141. DOI: 
https://doi.org/10.23849/npafctr17/140.141. 
 
Kawakami, T., Y. Minegishi, and J. Aoyama. 2021. Downstream migration and spatial 
distribution of juvenile chum salmon in the Otsuchi Bay, the Sanriku Coast of Iwate, Japan. N. 
Pac. Anadr. Fish. Comm. Tech. Rep. No.17: 176–177. DOI: 
https://doi.org/10.23849/npafctr17/176.177. 
 
Oikawa, J., S. Nakamura, N. Kaneko, M. Torao, Y. Koshino and M. Shimizu. 2021. Effects of 
fasting and water temperatures during transition from freshwater to seawater on juvenile chum 
salmon growth and metabolism. Fish. Sci. 87: 579–588. DOI: https://doi.org/10.1007/s12562-021-
01526-5 

We examined the combined effects of fasting in freshwater and water temperature during the 
transition from freshwater to seawater on growth/metabolic parameters in juvenile chum 
salmon Oncorhynchus keta. Juveniles of 1 g in freshwater were first subjected to a 5-day fasting 
period at 10 or 5 °C, acclimated to either 10 or 5 °C seawater and fed ad libitum for 30 days. Control 
fish were transferred from 10 °C freshwater to 10 °C seawater and fed ad libitum throughout the 
experimental period. Serum insulin-like growth factor (IGF)-I was measured to evaluate growth 
status/potential and liver glycogen as an index of energy storage. Fasting in freshwater for 5 days 
negatively affected body size. Growth of juveniles kept at colder temperatures was retarded in 
seawater for at least 20 days, which may partly be explained by a lower feeding rate in cold seawater. 
Serum IGF-I levels were lower in fasted fish in freshwater at both temperatures and colder seawater 
had a negative effect on restoring serum IGF-I levels after refeeding for 20 days. Liver glycogen 
content was low in fish fasted in freshwater for 5 days. After refeeding in seawater for 10 days, liver 
glycogen content increased significantly in juveniles kept at colder temperatures. Colder water 
temperatures in both salinities positively affected glycogen content for 30 days after transfer to 
seawater, suggesting that juveniles allocated energy stores to the liver rather than growth under 
suboptimal feeding and temperature conditions. The findings of the present study suggested that 
relatively cold freshwater could negatively affect juvenile chum salmon growth soon after sea entry. 
 
Saneyoshi, H., Y. Koshino, R. Ishida, I. Tatsuoka, H. Shirakawa, Y. Miyakoshi, and K. 
Miyashita. 2021.  Migration and homing behavior of chum salmon tagged in the Okhotsk Sea, 
eastern Hokkaido. N. Pac. Anadr. Fish. Comm. Tech. Rep. No.17: 126–126. DOI: 
https://doi.org/10.23849/npafctr17/126.126. 
 
Sato, S., and K. Suzuki. 2021. Incidental catches of anadromous fish by Japanese research 
vessels in the North Pacific Ocean in 2020. NPAFC Doc. 1960. 2 pp. Salmon Research 
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Department, Fisheries Resources Institute, Japan Fisheries Research and Education Agency 
(Available at https://npafc.org). 

Japanese research vessels conducted scientific fishing operations to assess stock status of 
Pacific saury, other pelagic fishes, and squids using surface and midwater trawls, and drift gillnets in 
the western and central North Pacific Ocean (Japan Fisheries Research and Education Agency 2020). 
A total of five coho salmon was incidentally caught during the research surveys between May and 
October 2020 (Table 1). 
 
Sato, S. and S. Urawa. 2021. International variability of Japanese chum salmon abundance in 
the summer Bering Sea during a long monitoring survey in 2007–2019. N. Pac. Anadr. Fish. 
Comm. Tech. Rep. No.17: 16–17. DOI: https://doi.org/10.23849/npafctr17/16.17. 
 
Sato, S., K. Suzuki, and M. Fukuwaka. 2021. Proposed cruise plans of Japanese research vessels 
for salmon in the North Pacific Ocean in 2021. NPAFC Doc. 1933 (Rev. 1). 7 pp. Salmon 
Research Department, Fisheries Resources Institute, Japan Fisheries Research and Education 
Agency (Available at https://npafc.org) 

Six Japanese research vessels are scheduled to conduct seven high-seas salmon surveys in 2021. 
The Kaiyo maru will conduct salmon research cruise in the western North Pacific Ocean during May. 
The Hokko maru will carry out two salmon research survey in the western and central North Pacific 
Ocean between early June and early July. The Hokko maru will also carry out a summer monitoring 
survey for salmon and their habitat in the central Bering Sea during middle July to early August. The 
Syunyo maru will carry out salmon research in western North Pacific Ocean between late June and 
middle July. The Koyo maru will conduct salmon research cruise in the western North Pacific Ocean 
during middle June to late June. The Hokuho maru will conduct salmon research in central and 
western North Pacific Ocean from early June to late July. The Oshoro maru will carry out two salmon 
research in the western North Pacific Ocean between middle May and late May. 
 
Sato, S., T. Sato, T. Fuji, S. Suyama, and M. Fukuwaka. 2021. Report on two Japanese salmon 
research cruises by R/V Hokko maru in the North Pacific Ocean in 2020. NPAFC Doc. 1967. 16 
pp. Fisheries Resources Institute, Japan Fisheries Research and Education Agency (Available at 
https://npafc.org). 

Two salmon research cruises to examine horizontal and vertical salmon distribution pattern and 
abundances were conducted in the North Pacific Ocean aboard the Japanese research vessel Hokko 
maru in early summer of 2020. First salmon research survey was carried out in the western North 
Pacific Ocean during June 4 to June 8 and operated surface and midwater trawls, oceanographic 
observations, and data collection using quantitative echo sounder. Only two chum salmon were 
collected by surface trawl during first research cruise. These fish were female chum salmon and both 
of ocean age 3 fish. Second salmon research survey was conducted in the western and central North 
Pacific Ocean between June 17 and July 7 and operated surface trawl and oceanographic observation. 
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Total of 145 individuals were caught by surface trawls, chum salmon was the most abundant Pacific 
salmon species (n = 112), followed by pink salmon (n = 25), coho salmon (n = 4), and Chinook 
salmon (n = 4). All salmonid species were measured fork length and body weight on board. After 
measurement, all pink salmon were frozen and transported to our institute to collect other biological 
samples, e.g., scale, otolith, and genetic samples, which were obtained for future study. 
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Theme 3: New Technologies 
 

Flamarique, I. N., R. Fujihara, R. Yazawa, K. Bolstad, B. Gowen and G. Yoshizaki. 2021. 
Disrupted eye and head development in rainbow trout with reduced ultraviolet (sws1) opsin 
expression. J. Comp. Neurol. 529: 3013–3031. DOI: https://doi.org/10.1002/cne.25144 

Visual opsins are proteins expressed by retinal photoreceptors that capture light to begin the 
process of phototransduction. In vertebrates, the two types of photoreceptors (rods and cones) express 
one or multiple opsins and are distributed in variable patterns across the retina. Some cones form opsin 
retinal gradients, as in the mouse, whereas others form more demarcated opsin domains, as in the 
lattice-like mosaic retinas of teleost fishes. Reduced rod opsin (rh1) expression in mouse, zebrafish, 
and African clawed frog results in lack of photoreceptor outer segments (i.e., the cilium that houses the 
opsins) and, in the case of the mouse, to retinal degeneration. The effects of diminished cone opsin 
expression have only been studied in the mouse where knockout of the short-wavelength sensitive 1 
(sws1) opsin leads to ventral retinal cones lacking outer segments, but no retinal degeneration. Here 
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we show that, following CRISPR/Cas9 injections that targeted knockout of the sws1 opsin in rainbow 
trout, fish with diminished sws1 opsin expression exhibited a variety of developmental defects 
including head and eye malformations, underdeveloped outer retina, mislocalized opsin expression, 
cone degeneration, and mosaic irregularity. All photoreceptor types were affected even though sws1 is 
only expressed in the single cones of wild fish. Our results reveal unprecedented developmental 
defects associated with diminished cone opsin expression and suggest that visual opsin genes are 
involved in regulatory processes that precede photoreceptor differentiation. 
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Nagasaka, Y. Nagasaka, S. Ono, H. Araki, N. Nakajima and M. Fukushima. 2021. Effectiveness 
of check-dam improvement on freshwater fishes: assessment based on long-term monitoring and 
environmental DNA applicability. Ecol. Civil. Eng. 24: 61–73. (In Japanese). DOI: 
https://doi.org/10.3825/ece.20-00043 
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determination technique Part 1: Neural-network based prediction of chum salmon age by scale 
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https://doi.org/10.23849/npafctr17/147.149. 
 
Masaoka, T., H. Nagoya, H. Okamoto and K. Araki. 2021. Survival and fertility of progeny 
produced by artificial cross between transgenic amago salmon and masu salmon, Biwa salmon, 
or Japanese char. Fish Genet. Breed. Sci. 50: 1–10. (In Japanese with English abstract).  

One of the potential risks of generating transgenic fish is their genetic effects on native wild fish 
in the event of their accidental release to the environment. Interspecific and intraspecific hybrids of 
salmonid fish have been generated through artificial and natural crosses. Thus, in this study, we 
investigated survival and fertility of transgenic amago salmon (Oncorhynchus masou ishikawae) with 
the introduced promoter of the metallothionein gene and growth hormone gene from sockeye salmon 
(Oncorhynchus nerka). We produced progeny by artificial cross using transgenic or nontransgenic 
amago salmon, masu salmon (Oncorhynchus masou masou), biwa salmon (Oncorhynchus masou 
subsp.), and Japanese char (Salverinus leucomaenis). We investigated the survival rates and the 
development of the gonads of amago salmon, transgenic amago salmon, the hybrid progeny between 
amago salmon and masu salmon, biwa salmon, or Japanese char, and the transgenic hybrid progeny 
between transgenic amago salmon and masu salmon, biwa salmon, or Japanese char by naked-eye 
observation in spawning season of the 22 months after hatching. The survival rates at hatching were 
83.8% to 92.0% for amago salmon, 31.1% to 83.5% for transgenic amago salmon, 12.0% to 92.6% for 
the hybrids, and 1.8% to 87.4% for the transgenic hybrids. The survival rates of the transgenic hybrids 
with masu salmon from 5 to 22 months after hatching, tended to be the same as those of the hybrids, 
and the survival rates of the transgenic hybrids with biwa salmon tended to be lower than those of the 
hybrids. The transgenic hybrids tended to be larger than the hybrids 22 months after hatching. The rates 
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of individuals with undeveloped gonads were 0% for amago salmon, 0% for transgenic amago salmon, 
0% to 19.5% for the hybrids with masu salmon or biwa salmon, and 0% to 15.8% for the transgenic 
hybrids with masu salmon or biwa salmon. All the progeny of the transgenic hybrids with Japanese char 
died within 22 months after hatching. These results will be useful for the environmental assessment of 
transgenic salmonid fish. 
 
Matsuda, K. 2021. A comparison of avoidance to acoustic stimuli in fish with different auditory 
capabilities: juvenile chum salmon (Oncorhynchus keta) and common carp (Cyprinus carpio). 
Fish Biol. 98: 1459–1464. DOI: https://doi.org/10.1111/jfb.14659 

This study compared the repulsive effects of sound playbacks of intermittent 30, 150, 300, 600 
and 900 Hz tones on two fish with different auditory capabilities: juvenile chum salmon 
(Oncorhynchus keta) and common carp (Cyprinus carpio). When 150 and 300 Hz tones were emitted 
from an underwater speaker, O. keta exhibited a moderate repulse reaction. Conversely, C. 
carpio exhibited a moderate repulse reaction to a tone with a frequency of 30 Hz, which indicates that 
a low-frequency component in complex broadband sound may be important for inducing a repulse 
reaction in cyprinids. 
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Background: Salmonids return to the river where they were born in a phenomenon known as mother-
river migration. The underpinning of migration has been extensively examined, particularly regarding 
the behavioral correlations of external environmental cues such as the scent of the mother-river and 
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geomagnetic compass. However, neuronal underpinning remains elusive, as there have been no 
biologging techniques suited to monitor neuronal activity in the brain of large free-swimming fish. In 
this study, we developed a wireless biologging system to record extracellular neuronal activity in the 
brains of free-swimming salmonids. 
Results: Using this system, we recorded multiple neuronal activities from the telencephalon of trout 
swimming in a rectangular water tank. As proof of principle, we examined the activity statistics for 
extracellular spike waveforms and timing. We found cells firing maximally in response to a specific 
head direction, similar to the head direction cells found in the rodent brain. The results of our study 
suggest that the recorded signals originate from neurons. 
Conclusions: We anticipate that our biologging system will facilitate a more detailed investigation into 
the neural underpinning of fish movement using internally generated information, including responses 
to external cues. 
 
Uchino, T., J. Tabata, H. Okamoto, H. Matsuyama, E. Nakamura and A. Ozaki. 2021. Population 
structure analysis using SNP-chip in Japanese hatchery rainbow trout (Oncorhynchus mykiss). 
Fish Genet. Breed. Sci. 50: 37–51. (In Japanese with English abstract).  

Rainbow trout (Oncorhynchus mykiss) is an important fish species in Japanese aquaculture 
industry. Sea farming of this species has been increasing in recent years, but a long breeding period to 
produce large individuals has been regarded as a problem. It is desirable to be able to produce high-
growth strains in a short breeding period by selective breeding. It is necessary to estimate the genetic 
diversity and the population structure of domestically farmed fish, which are the basic knowledge for 
selective breeding. Therefore, in this study, we performed population genetic analysis of Japanese 
farmed rainbow trout using single nucleotide polymorphism (SNP) chips. We obtained 36,828 SNPs 
for 28 strains of 408 individuals, including rainbow trout and cutthroat trout (Oncorhynchus clarkii) 
cultured in Japan and the United States. As a result of the estimation of genetic diversity, the observed 
heterozygosity was 0.25 and the expected heterozygosity was 0.33. In the maximum likelihood 
phylogenetic tree, individuals in the same strains tended to form a single cluster. Principal component 
analysis revealed that 19.6% of the genetic variation of the population was explained by four principal 
components. For 24 strains of rainbow trout in Japan, the average r2 value of all chromosomes was 
estimated to be 0.18, and the average effective population size was estimated to be 24.9. The obtained 
results of this study on the genetic diversity and population structure are considered to be useful 
findings for the selective breeding of this species in Japan. 
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25 

 
Yamaguchi, G., S. Habara, S. Suzuki, Y. Ugachi, H. Kawai, T. Nakajima, and M. Shimizu. 2021. 
Effects of growth hormone and cortisol administration on plasma insulin-like growth factor 
binding proteins in juveniles of three subspecies of masu salmon (Oncorhynchus masou). Comp. 
Biochem. Physiol. Part A: Molecular & Integrative Physiology 251: 110821. DOI: 
https://doi.org/10.1016/j.cbpa.2020.110821 

In this study, we examined the effects of porcine growth hormone (GH) and cortisol on plasma 
insulin-like growth factor binding proteins (IGFBPs) in juveniles of three subspecies of Oncorhynchus 
masou (masu, amago, and Biwa salmon). Ligand blotting using digoxigenin-labeled human IGF-I was 
used to detect and semi-quantify three major circulating IGFBP bands at 41, 28, and 22 kDa, 
corresponding to IGFBP-2b, −1a, and -1b, respectively. GH increased plasma IGFBP-2b concentration 
in masu and Biwa salmon but suppressed it in amago salmon. Plasma IGFBP-2b levels were increased 
by cortisol in the three subspecies. Cortisol induced plasma IGFBP-1a in the three subspecies, whereas 
GH had a suppressive effect in masu and Biwa salmon. Sham and cortisol injections increased plasma 
IGFBP-1b levels after 1 day in masu and amago salmon, suggesting that IGFBP-1b is induced 
following exposure to stressors via cortisol. Increased IGFBP-1b levels were restored to basal levels 
when co-injected with GH in Biwa salmon, and the same trend was seen in masu and amago salmon. 
However, the suppressive effect of GH disappeared 2 days after injection in the three subspecies. 
Despite some differences among subspecies, the findings suggest that cortisol is a primary inducer of 
plasma IGFBP-1b; however, GH counteracts it in the short term. Therefore, GH has the potential to 
modulate the degree of increase in circulating IGFBP-1b levels during acute stress. 
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Recreational angling is a dominant use of inland fish resources. Since recreational angling is a 
leisure-based activity, the stock manager must meet two objectives: 1) maintain fish stocks, and 2) 
maximize angler satisfaction with limited catch. To achieve these goals, it is important to evaluate the 
relationship between angler satisfaction and catch in order to construct a management strategy, 
because catch is one of the most important connections between fish stock and angler satisfaction. In 
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this study, the relationships of four angling target species which have different biological and social 
traits were investigated. The results of a questionnaire survey of 639 anglers in total revealed four 
types of orientation: 1) the catch of endemic target fish strongly enhances angler satisfaction, 2) the 
existence of endemic fish increases angler satisfaction for all anglers, 3) fish size has a greater 
influence than number of fish for anglers who target fish that grow larger (i.e. trophy anglers), and 4) 
anglers desire more fish when the target fish has higher value as a food (i.e. consumption orientation). 
For the sustainable use of fish stocks for recreational angling, not only the biological traits of stocks 
but also anglers' orientation toward catch should be considered. 
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