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ABSTRACT 
This bibliography listed original papers and documents published in 2020 by Japanese scientists 
and/or their collaborators to review Japanese national research for the 2016–2022 NPAFC 
Science Plan. The bibliography includes 49 articles with abstracts, corresponding to five research 
themes of the NPAFC Science Plan. 
 
Keywords: bibliography, Japanese science plan, NPAFC Science Plan, Japanese scientists 
 
 
BACKGROUND 

The Science Sub-Committee (SSC) of the North Pacific Anadromous Fish Commission 
(NPAFC) developed a new five-year Science Plan 2016–2020 in 2016, and it was agreed at the 
2020 NPAFC Annual Meeting that the term of the Science Plan was extended to 2022 and aligned 
with the International Year of the Salmon (IYS) initiatives (SSC 2016). 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 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 2020 by Japanese scientists 
and/or their collaborators. The current issue supplemented 49 articles published in 2020. The 
bibliography includes abstracts for most articles. 
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BIBLIOGRAPHY 
 
Theme 1. Status of Pacific Salmon and Steelhead Trout 
Abe, T., Y. Koshino, T. Watanabe, Y. Miyakoshi, Y. Yoshida, and H. Kudo. 2020. Gene 
expression of neuronal soluble N-ethylmaleimide-sensitive factor attachment protein 
receptor complex components in the olfactory organ and brain during seaward and 
homeward migration by pink salmon (Oncorhynchus gorbuscha). J. Fish Biol. 97: 
1794–1807. DOI: http://dx.doi.org/10.1111/jfb.14543 

The expression of synaptic vesicle exocytosis-regulator SNARE complex component genes 
(snap25, stx1, and vamp2) was examined in the olfactory nervous system during seaward and 
homeward migration by pink salmon (Oncorhynchus gorbuscha). The expression levels of snares 
in the olfactory organ were higher in seaward fry than in feeding and homeward adults, reflecting 
the development of the olfactory nervous system. The expression of snap25a, b and stx1a was 
upregulated or stable in the adult olfactory bulb and telencephalon. This upregulated expression 
suggested alterations in olfactory neuronal plasticity that may be related to the discrimination of 
natal rivers. The expression of stx1b was downregulated in the adult olfactory bulb, but remained 
stable in the adult telencephalon. The expression of vamp2 was initially strong in seaward fry, but 
was downregulated in adults in both the olfactory bulb and telencephalon. Pink salmon has the 
lowest diversity of maturation age, the largest population, and the most evolutional position in 
Pacific salmon (genus Oncorhynchus). The expression of snares in the olfactory center of pink 
salmon reflected the timing of sexual maturation and homeward migration. The present results 
and our previous studies indicate that snares show distinct expression patterns between two 
salmon species that depend on physiological and ecological features of migration. 
 
Ando D., and Y. Sasaki. 2020. Relationship between egg size and body weight of chum 
salmon fry under an artificial rearing environment. Aquacult. Sci. 68: 371–374 (In Japanese 
with English abstract). 

The relationship between the initial egg size and subsequent body weight of fry in chum 
salmon was investigated from 0 to 49 days after emergence. The size of emergent fry depended 
on the initial egg size. This relationship was observed until the 35 days after emergence, but 
thereafter there was no correlation between initial egg size and body weight of fry due to egg size 
independent growth. This suggests that rearing in the hatchery for > 1 month from emergence 
may reduce the impact of egg size on fry size of chum salmon. 
 
Berrebi, P., S. Maric, A. Snoj, and K. Hasegawa. 2020. Brown trout in Japan—introduction 
history, distribution and genetic structure. Knowl. Manag. Aquat. Ecosyst. 421: 18. DOI: 
https://doi.org/10.1051/kmae/2020004 

Brown trout Salmo trutta L. lives mainly in European rivers and is also bred in hatcheries 
for fishery purposes. Since the end of 19th century, it has been introduced in all other continents. 
For the present survey, most of the known self-sustaining brown trout river populations in Japan 
have been sampled and analyzed through sequences of the entire mitochondrial DNA control 
region and twelve microsatellites. In Japan, brown trout are genetically not homogeneous, 
probably as a consequence of several introductions, one in the Azusa river and at least one other 
in the remaining territory. The Chuzenji hatchery houses a genetically very distinct strain, 
probably due to intense manipulation in isolated scientific experimentations over 30 years. 
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Finally, most populations showed high genetic diversity (Mamachi, Kane and Odori streams, 
Lake Chuzenji) with the exception of the Azusa river samples. This molecular analysis clearly 
demonstrates a European north Atlantic origin arrived in two distinct ways. 
 
Goto, A, M. Kuroki and K. Morita. 2020. Invasion through the sea of a brown trout Salmo 
trutta in a small river, southern Hokkaido, Japan. J. Ichthyol. 67: 241–245 (In Japanese with 
English abstract). DOI: https://doi.org/10.11369/jji.20-010 

A non-native brown trout Salmo trutta (407 mm in fork length, 717 g in body weight) was 
collected from the Otsukushinai River, southern Hokkaido, Japan, in 2019. This specimen was an 
immature male (0.4 g in gonad weight). The otolith Sr:Ca ratio profile and annual rings suggested 
that the specimen had migrated to the sea at the age of 4+ years and ascended the Otsukushinai 
River in the year of the seaward migration. This study is the first record of the invasion of 
anadromous brown trout through the sea in Japan. 
 
Hasegawa, K. 2020. Invasions of rainbow trout and brown trout in Japan: A comparison of 
invasiveness and impact on native species. Ecol. Freshw. Fish 29: 419–428. DOI: 
http://dx.doi.org/10.1111/eff.12534 

Many species of salmonids have been stocked into waters outside of their native range. The 
invasiveness and impact of these species on native species vary depending on their biological 
traits, and on environmental conditions, such as climate. In Japan, rainbow trout and brown trout, 
both listed in 100 of the world's worst invasive alien species by the International Union for 
Conservation of Nature, occur as non-native species. The invasiveness of these two species is 
thought to be related to seasonal flooding, given floodwaters can physically damage fry and 
prevent population establishment. Rainbow trout have successfully invaded waters in Hokkaido, 
northern Japan, where the likelihood of flooding is low between June and July, when their fry 
emerge, but successful invasions are rare in regions south of Hokkaido. Brown trout, however, 
have successfully invaded waters not only in Hokkaido, but also in other regions. Since brown 
trout have a similar life history to the native white-spotted charr and masu salmon, with fry 
emerging before the flood season, they are more suited to the Japanese climate than Rainbow 
trout. Rainbow and brown trout interact with native species in various ways, but a common 
outcome of these interactions is the displacement of native charr species. Legal regulations of 
non-native salmonids should be based on understandings of the ecological traits of each invasive 
species and regional impacts on native species. Given the ongoing nature of climate change, the 
nature and extent of the effects of rainbow and brown trout on native species might also change. 
 
Hasegawa, R., H. Yamada, C. Ishihara and S. Wada. 2020. Personality differences in 
white-spotted char fry evident between habitats. Japan. J. Ichthyol. 67: 11–24 (In Japanese 
with English abstract). https://doi.org/10.11369/jji.19-021 
  Animal personality, defined as consistent individual differences in behavior across time and/or 
context, has been associated with individual dispersal tendencies in some species. White-spotted 
char (Salvelinus leucomaenis) populations, often found in above-dam watersheds in Japanese 
mountain streams, the dams preventing continuous distribution with lower stream reaches, were 
subject of a behavioral study comparing above-dam and open-stream behavior of fry. Fries were 
collected from an above-dam area and two open-stream areas within the Kame River system 
(southern Hokkaido), and personality quantified by measuring a suite of behaviors, such as being 
repeated two-month later. Above-dam fry showed a shorter swimming duration against a novel 
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object and mirror than open-stream fry. The latency time to catch food in the above-dam fry 
tended to be longer than that of the latter. Swimming duration against a novel object and mirror 
were significantly correlated when data for both groups combined, but not so when data for each 
group were analyzed independently. These results suggest that personality traits in white-spotted 
char fry would be shaped by natural selection acting on each habitat, resulting in differing 
adaptive personality traits. 
 
Honda, K., K. Shirai, S. Komatsu, and T. Saito. 2020. Sea-entry conditions of juvenile chum 
salmon Oncorhynchus keta that improve post-sea-entry survival: a case study of the 2012 
brood-year stock released from the Kushiro River, eastern Hokkaido, Japan. Fish. Sci. 86: 
783–792. DOI: http://dx.doi.org/10.1007/s12562-020-01442-0 

We examined the sea-entry conditions (i.e., timing and body size) of juvenile chum salmon 
that improve their survival during their coastal residency. On 25 June 2013, we sampled 365 
juvenile chum salmon [57.5–98.6 mm fork length (FL)] off Konbumori, eastern Hokkaido, 20 km 
east of the Kushiro River mouth, which is originated from a hatchery in the Kushiro River. 
Sea-entry conditions of these Konbumori juveniles back-calculated using otolith daily increment 
analysis were compared with data from 373 juveniles released from the same hatchery that were 
captured at the mouth of Kushiro River (i.e., just before sea entry) from April to July 2013. Most 
of the Konbumori fish were estimated to have entered the sea from 25 May to 5 June, when 
coastal surface temperatures constantly exceeded 5 degrees C, which is considered favorable for 
juveniles. The estimated FLs at sea entry of the Konbumori fish were larger than FLs of fish 
sampled at the river mouth during a comparable period, which suggests that size-selective 
mortality existed. Back-calculated post-sea-entry growth rates of fish with larger FL at sea entry, 
particularly those with FL > 65 mm, tended to be high enough for survival among the Konbumori 
fish. Assuming growth-dependent mortality, this case study suggests that the release of 
larger-sized juveniles under favorable coastal temperature conditions improves their survival. 
 
Horita, J., Y. Iwasa, and Y. Tachiki. 2020. Positive feedback between behavioral and 
hormonal dynamics leads to differentiation of life-history tactics. Am. Nat. 196: 679–689. 
DOI: https://doi.org/10.1086/711414 

Competitive interaction among individuals of a single population may result in the 
differentiation of two or more distinct life-history tactics. For example, although they exhibit 
unimodal size distribution, male juveniles of salmonids differentiate into those going down to the 
ocean to grow and returning to the natal stream after several years to reproduce (migratory tactic) 
and those staying in the stream and reproducing for multiple years (resident tactic). In this study, 
we developed a simple mathematical model for the positive feedback between hormonal and 
behavioral dynamics, with the expectation of establishing multiple discrete clusters of hormone 
levels leading to differentiation of life-history tactics. The assumptions were that the probability 
of winning in fighting depends both on the body size and hormone level of the two contestants. 
An individual with a higher hormone level would be more likely to win the competition, which 
further enhanced hormone production, forming a positive feedback loop between hormone level 
and fighting ability. If the positive feedback was strong but not excessive, discrete clusters of 
hormone levels emerged from a continuous distribution. In contrast, no clear clustering structure 
appeared in the distribution of hormone levels if the probability of winning in fighting was 
controlled by the body size. 
 
 

http://dx.doi.org/10.1007/s12562-020-01442-0
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Iida, M. 2020. Status of adult salmon capture for hatchery broodstock in rivers on the 
Japan Sea side of northern Honshu, Japan. Aquacult. Sci. 68: 301–307 (In Japanese with 
English abstract).  

To improve the precision of chum salmon stock assessments, this study investigated the 
status of adult chum salmon capture for hatchery broodstock in rivers on the Japan Sea side of 
northern Honshu, Japan. Hatchery weir, which exhibits relatively low annual shifts in fishing 
effort, and other fishing techniques such as casting net and hook fishing, which exhibit relatively 
large annual variations in fishing effort, were applied on 65% and 35% of the 66 rivers, 
respectively. The proportions of chum salmon caught in rivers using other fishing techniques 
from 2014-2016 were low (12.4%-15.7%) but varied considerably across the prefectures 
(0%-30.4%). The number of users of other fishing techniques decreased considerably in the 
studied rivers. The results imply that the stock levels estimated based on the catch in the rivers 
where other fishing techniques were used could be underestimated. 
 
Kasugai, K., H. Saneyoshi and Y. Sasaki. 2020. Periods of upriver migration and spawning, 
and annual change in upriver migration of pink salmon Oncorhynchus gorbuscha in the 
Uebetsu River, a non-hatchery-operations river, in the Nemuro area of eastern Hokkaido, 
Japan. Sci. Rep. Hokkaido Fish. Res. Inst. 98: 11–18 (In Japanese with English abstract).  

We surveyed the number and noted the period of upriver migrating pink salmon 
Oncorhynchus gorbuscha in the Uebetsu River, a non-hatchery-operations river (adult fish are not 
collected for hatchery programs and fry are not released), of the northern Nemuro area, between 
2008 and 2015. In the Uebetsu River, the observed numbers of pink salmon and their redds 
peaked between mid-and late September, and between mid-September and early October, 
respectively. The total number of pink salmon observed in the Uebetsu River peaked in 2009 and 
2010 of the odd years and even years, respectively, and decreased dramatically after those years. 
The total number of pink salmon observed in the Uebetsu River significantly correlated with the 
coastal and river catches of pink salmon in the northern Nemuro area. 
 
Koshino, Y., Y. Shinriki, T. Aoyama, K. Takeuchi, H. Saneyoshi and Y. Miyakoshi. 2020. 
Residence time of stocked chum salmon fry in the Shiriuchi River, in southwestern 
Hokkaido. Sci. Rep. Hokkaido Fish. Res. Inst. 98: 19–24 (In Japanese with English abstract). 

We collected the otolith-marked chum salmon fry that were released at different periods to 
determine the residence time of stocked fry in the Shiriuchi River of southwestern Hokkaido. The 
number of chum salmon fry collected with a fyke net trap decreased notably within 
approximately 2 days after release. While salmon fry were not collected during the day, many 
were collected at night. These results suggest that the salmon fry stocked at the Shiriuchi River, 
where the distance from the release site to the estuary is short, migrate to sea quickly and mainly 
at night. 
 
Kuroki, M., T. Tamate, and K. Morita. 2020. An additional life-history tactic of masu 
salmon: Migration of parr to coastal habitats. Ecol. Freshw. Fish 29: 495-501. DOI: 
http://dx.doi.org/10.1111/eff.12544 

Alternative life-history tactics of masu salmon Oncorhynchus masou are well documented. 
Subsequent to the freshwater parr stage (age ≥ 1 + years), an anadromous form migrates to the 
sea after smolting, while a resident form matures without seaward migration. In addition to this 
typical migratory dimorphism, anecdotal reports based on field observations have indicated that 
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some underyearling masu salmon use estuarine waters. However, no empirical evidence indicates 
saltwater utilisation and subsequent survival in the early parr stage. Here, we used otolith 
microchemistry to examine whether a portion of masu salmon parr in northern Japan enters 
coastal habitats. The otolith Sr:Ca ratios of most juveniles collected from six rivers had 
consistently low values, indicating that masu salmon parr inhabiting these rivers stay only in 
freshwater. In contrast, in individuals from a steep-gradient river the Sr:Ca ratios increased at 
about a 200-mu m distance from the otolith core. These results suggest that some masu salmon 
parr might use brackish water or sea water temporarily. In addition, three masu salmon parr were 
found in another steep river where a culvert located only ten metres from the river mouth 
completely blocked upstream migration for spawning. The Sr:Ca ratios in these fish increased at 
about >200 mu m from the otolith core, indicating the parr had immigrated to the non-natal river 
from the sea. Such flexible behaviour at an early life stage may contribute to the spatial 
expansion of masu salmon, and the movement could moreover help to stabilize its population 
dynamics. 
 
Mabuchi, K., K. Nishida, M. A. Yoshida and M. Kuwahara. 2020. Southernmost record of 
the Biwa salmon Oncorhynchus masou subsp. from Lake Biwa, Japan. Japan. J. Ichthyol. 
67: 215–222 (In Japanese with English abstract). DOI: https://doi.org/10.11369/jji.20-001 

A single mature migrating male (371 mm SL) Biwa salmon (Oncorhynchus masou subsp.), 
collected on 11 December 2019 off the mouth of the Yanagawa River, feeding the South Basin of 
Lake Biwa, Japan, represents the southernmost record of that subspecies from Lake Biwa and 
first specimen-based record from the South Basin. Together with anecdotal evidence, the record 
indicates that O. masou subsp. likely utilized South Basin feeder streams as spawning grounds 
before the latter were artificially revetmented. 
 
Miyakoshi, Y., K. Takeuchi, T. Aoyama and M. Nagata. 2020. Egg-to-fry survival of masu 
salmon planted in artificial spawning redds. Sci. Rep. Hokkaido Fish. Res. Inst. 97: 37–41 
(In Japanese with English abstract). 

Embryo planting in artificial spawning redds has been examined as a cost-effective means 
for enhancement of salmon. To evaluate effectiveness, eyed masu salmon Oncorhynchus masou 
masou eggs were experimentally planted in artificial redds, and egg-to-fry survival was surveyed 
in six tributaries of the Ishikari River in 1999 and 2000. The egg-to-fry survival rates were 
0–11.9 % in the five of the study rivers, while it was 49.4 % in the final river. Clear relationships 
were not observed between stream conditions, e.g. gravel composition, stream width, and 
egg-to-fry survivals. 
 
Miyamoto, K. and H. Araki. 2020. When is it good to be shy? Experimental evaluation of 
predation of juvenile salmon by riparian wildlife. Hydrobiologia 847: 713–725. DOI: 
http://dx.doi.org/10.1007/s10750-019-04132-w 

Animal behaviors are often well adapted to their environments. Predation risk avoidance is 
one of them. However, the fitness effects of behavioral variation associated with predation risks 
are poorly understood for aquatic organisms. In this study, we evaluated the effects of traits 
(origin and body size) and behaviors (regular defensive and post-stimulus behaviors) of masu 
salmon [Oncorhynchus masou masou (Brevoort, 1856)] on their predation risk. We first 
conducted aquarium experiments examining the behaviors of fish, followed by an evaluation of 
their survival after release in a semi-natural stream. After 56 days of the stream test, 48.3% of the 
released fish were lost. On-site camera trapping identified an ambush predator, the grey heron 
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(Ardea cinerea Linnaeus, 1758), as the most frequently visiting predator. By individually 
matching the fish behaviors in the aquarium test with their survival in the stream, we found that 
the most critical determinant for the survival of fish in a semi-natural stream was their regular 
defensive behavior (i.e., hiding behavior when they were NOT exposed to a mimicked bird 
attack), rather than their post-stimulus behavior. Our results indicate that regular defensive 
behavior can be most beneficial to prey survival, at least when they are faced with ambush 
predators. 
 
Nagayama, S., N. Ishiyama, T. Seno, H. Kawai, Y. Kawaguchi, D. Nakano, and F. 
Nakamura. 2020. Time-series changes in fish assemblages and habitat structures caused by 
partial check dam removal. Water 12: 3357. DOI: https://doi.org/10.3390/w12123357 

Despite a steep increase in dam removal projects, there are few studies on the biophysical 
responses to dam removal. In this study, we evaluated the short-term (1.5 years) and long-term 
(5.5 years) effects of partial check dam removal on fish assemblages and their habitats. First, the 
habitat preferences of fish were examined at a channel unit scale: pools, rapids, and side channels 
satisfied the seasonal habitat requirements of the fish assemblages. Partial check dam removal 
increased the abundance of these habitats and diversified the habitat structures owing to the 
sediment release from the dam; in contrast, the bedrock distinctly decreased 1.5 years after dam 
removal. However, 5.5 years after dam removal, the bedrock proportion increased, and the habitat 
structures were simplified again owing to the re-transportation of sediments. Similar temporal 
changes were also determined through a reach-scale analysis with a change in the bed materials. 
Anadromous Oncorhynchus masou began to spawn and recolonize in the upstream section of the 
dam after the dam removal, causing similar assemblage compositions between the downstream 
and upstream sections. The abundance of Salvelinus malma and Noemacheilus barbatulus toni in 
the upstream reaches decreased over time after the dam removal. The temporal changes in the 
biophysical responses suggest that long-term monitoring is indispensable for the reliable 
evaluation of dam removal effects. 
 
Ohkuma, K., K. Abe, K. Yamaya, M. Okukawa, M. Watanabe, and T. Yamamoto. 2020. 
Ascending speed and nocturnal activity of adult masu salmon (Oncorhynchus masou 
Brevoort) during upstream migration. J. Fish Biol. 97: 1560–1563. DOI: 
http://dx.doi.org/10.1111/jfb.14486 

We released five adult masu salmon (Oncorhynchus masou) tagged with external 
transmitters to track their ascending behaviour. The signals of all specimens were recorded in the 
upper area of the river system. Two patterns of ascending behaviour were recognized: ascending 
upward immediately after release and ascending during increased river discharge. The fastest 
ascending speed was about 1000 m h-1. Active movements were detected at night. The signal 
recording duration at each receiver for each fish was generally brief. Most fish did not stay at the 
pools where the receivers were installed. 
 
Okabe, T., N. Suguro, T. Koito, K. Endo, H. Sugita, and S. Itoi. 2020. Genetic and 
morphological characteristics in the local population of the landlocked salmon 
Oncorhynchus masou originally distributed in Kanagawa Prefecture, Japan. Mar. 
Biotechnol. 22: 812–823. DOI: http://dx.doi.org/10.1007/s10126-020-09975-2 

Oncorhynchus masou, including subspecies of Oncorhynchus masou masou (yamame) and 
Oncorhynchus masou ishikawae (amago), is one of the salmonid groups impacted by human 



 8 

activity such as dam construction and release of non-native salmonids. In this study, we 
investigated the genetic structure of O. masou populations in the Sakawa and Sagami Rivers, 
Japan, by sequencing the mitochondrial control region. We hoped to identify genetically the O. 
masou populations specific to and originally native to Kanagawa Prefecture, where the two 
subspecies are thought to be present. The populations found in the upstream tributaries, where 
there has been no human impact and no upstream migration of fishes, were assumed to be 
descendants of the local O. masou populations in both river systems, and the morphological 
features seen here were similar to amago and yamame. However, both populations were 
genetically related to amago. In addition, only six haplotypes were detected in 315 individuals 
collected from 20 localities in the two river systems. Furthermore, haplotype diversity and 
nucleotide diversity of these populations were low, and high Fst values were observed. These 
results suggest that the population size is restricted and genetic diversity is decreasing in the O. 
masou populations of the Sakawa and Sagami Rivers. 
 
Okado, J., Y. Koshino, H. Kudo, and Y. Watanuki. 2020. Consumption of juvenile chum 
salmon by a seabird species during early sea life. Fish. Res. 222: 105415. DOI:  
http://dx.doi.org/10.1016/j.fishres.2019.105415 

Juvenile mortality, a key factor determining the stock sizes of salmonids, may be increased 
by predation both in rivers and along shores. Information on predation at sea, however, is scarce. 
We analysed the diet of a pelagic seabird, the rhinoceros auklet Cerorhinca monocerata, breeding 
on an isolated island off eastern Hokkaido, Japan, and estimated their consumption of juvenile 
chum salmon Oncorhynchus keta. The auklets brought juvenile chum salmon and Japanese 
anchovy Engraulis japonicus for their chicks and, in addition, fed on squid themselves. The fork 
length of most of the juvenile chum salmon was over 80 mm, indicating that they were migrating 
to offshore nursery area, the Sea of Okhotsk. Using a simple bioenergetics model, the 
consumption of juvenile chum salmon by auklets during the first half of chick-rearing period (late 
June to middle July) was 316.6 t in 2014 (296.4 t by adults, 20.2 t by chicks) and 11.7 t in 2015 
(0 t by adults, 11.7 t by chicks). The otoliths of six out of 66 juvenile salmon found in the diet for 
chicks had thermal markings and indicated that these fish were released from the rivers along the 
Pacific coast of Hokkaido. Our study first demonstrates the extent of the auklets' consumption 
contributing to the reduction of survival in the open coastal area of juvenile chum salmon with 
the known stock origins. 
 
Saito, T., K. Honda, K. Sasaki, K. Watanabe, K. Suzuki, Y. Hirabayashi, S. Kogarumai, T. 
Sato, F. Takahashi, and S. Sato. 2020. Stock composition of adult chum salmon 
Oncorhynchus keta caught in a setnet fishery estimated using genetic identification, scale 
patterns, and otolith thermal marking. Fish. Sci. 86: 271–286. DOI: 
http://dx.doi.org/10.1007/s12562-020-01401-9 

Three different techniques for stock identification, namely scale patterns, otolith thermal 
marks, and single-nucleotide polymorphism (SNP) markers, were applied to the same mixture 
samples of chum salmon collected in a set net fishery in the Sea of Okhotsk, off Hokkaido, Japan, 
to evaluate consistency and accuracy among the techniques. The scale pattern and SNP analyses 
provided similar estimates for two regional origins (Hokkaido and Honshu) with data for 
2011-2013; for each year, the Hokkaido-origin stock was dominant in September and early 
October, but the Honshu-origin stock was dominant by late October. The SNP analysis specified 
five geographical origins of chum salmon (the Okhotsk coast, Hokkaido and Honshu coasts of 
the Sea of Japan, and Hokkaido and Honshu coasts of the Pacific), whereas the other techniques 

http://dx.doi.org/10.1016/j.fishres.2019.105415
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did not identify multi-regional origins. Recaptures of otolith-marked chum salmon were used for 
estimating the proportions of fish originating from the Hokkaido Sea of Japan region; these 
estimates differed from those based on the SNP analysis. This study demonstrated that scale 
pattern and SNP analyses have the potential to provide nearly consistent estimates for the two 
regional origins, and can help us to understand the interception of migrating chum salmon in 
Japan. 
 
Shimoda, K., M. Nakajima and H. Kawamula. 2020. Life stage-related changes in dietary 
habits and ecological niche of the Sakhalin taimen Parahucho perryi in the Shumarinai 
Lake system, Hokkaido, Japan. Japan. J. Ichthyol. 67: 223–229 (In Japanese with English 
abstract). DOI: https://doi.org/10.11369/jji.19-043 

Changes in dietary habits and ecological niche of the Sakhalin taimen Parahucho perryi 
were estimated from the analyses of carbon and nitrogen stable isotope ratios in the Shumarinai 
Lake system, Hokkaido, Japan. Stable isotope ratios of both elements in 0+ fry in a feeder stream 
were within the range of stable isotope ratios in other fish species collected from the same stream, 
although nitrogen stable isotope ratios in co-existing 1+ juveniles were 0.84‰ to 2.10‰ higher 
than in the latter. Nitrogen stable isotope ratios in large individuals (54.5–69.5 cm fork length) in 
the lake were 1.40‰ to 4.28‰ higher than in other fishes. These results suggest that Sakhalin 
taimen begin predating other fishes at the 1+ juvenile stage, with larger individuals becoming a 
top predator in the Shumarinai Lake system. 
 
Tega, T. 2020. Genetic characteristics using mitochondrial DNA of masu salmon 
(Oncorhynchus masou) in Fukui prefecture rivers that received hatchery-produced 
juveniles. Fish Genet. Breed. Sci. 49: 37-42 (In Japanese with English abstract). 

Genetic characteristics of masu salmon (Oncorhynchus masou) were analyzed by the 
sequence analysis of cytochrome b and the ND5 domain of the mitochondrial DNA. Masu 
salmons were collected by the fixed-shore net from the shore of Mihama-cho, and by fishing 
from Asuwa River branch and Kono River where hatchery-produced juveniles were released in 
the past. A total of eight haplotypes were confirmed in examined samples in this study. Four of 
them were common with the haplotypes of the Sakuramasu, which is an anadromous (sea-run) 
form of the masu salmon, from Kuzuryu River. On the other hand, the haplotypes, Hap-88, 
detected only in Fukui was confirmed in this study. The discovery of the original haplotype of 
Fukui is important for the identification of the population identification in Fukui and Japan. A 
comparison of haplotypes of masu salmon obtained from various areas of Japan will be needed 
from now on. The information about masu salmon in Fukui will be important for the conservation 
of genetic resources of masu salmon along the Japan coast. 
 
Terada, K., T. Nakamura and M. Yokota. 2020. Test of cover selection by white-spotted 
charr Salvelinus leucomaenis in a pool of an artificial stream. Nippon Suisan Gakkaishi 86: 
460–465 (In Japanese with English abstract). DOI: https://doi.org/10.2331/suisan.20-00010  
      We examined the preference of white-spotted charr Salvelinus leucomaenis 
(approximately 180 mm standard length) to shelter under different conditions of an overhead 
cover placed at the upper end of an 8 m long and 4 m wide pool (maximum depth 60 cm) in an 
artificial stream. When a 60 cm wide and 30 cm deep cover was positioned at the height of 30 cm 
above the water surface, at the surface, or 30 cm below the surface, there were no significant 
differences (p > 0.05) between the proportions of charr that sheltered under the cover and those 
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that did not after the charr were threatened. When the cover was placed 30 cm below the surface 
(30 cm above the stream bottom), a greater proportion of charr was sheltered under the cover 
with sidewalls than one without sidewalls (p = 0.094). Among the covers with sidewalls placed at 
30, 20, 10, or 5 cm above the bottom, significantly higher proportions of charr sheltered under the 
20- and 10-cm-high covers. Finally, among the covers placed 10 cm above the bottom and of 
varying widths (30, 60, or 90 cm wide and 3.0 cm deep), a significantly greater proportion of 
charr sheltered under the widest (90 cm) cover.  
 
Torao, M. 2020. Validity of fish triglyceride content and liver glycogen content as indicators 
of nutritional status in chum salmon Oncorhynchus keta fry. Sci. Rep. Hokkaido Fish. Res. 
Inst. 97: 29–36 (In Japanese with English abstract).  

Changes in triglyceride (TG) and phospholipid (PL) content in fish body, and glycogen 
(GC) content in liver of chum salmon Oncorhynchus keta fry during fasting and refeeding 
treatments were examined for their validity as nutritional status indicators. TG content and 
TG/PL ratio linearly increased or decreased in relation to fasting and refeeding days. On the other 
hand, GC content reacted more rapidly. The change in PL content was small and decreased 
relative to fed controls after 20 days. Fasting until the third day results in GC consumption, 
followed by TG consumption. After the 20th day of fasting, lipids are almost all consumed, and 
energy may have been obtained by digestion of body tissues. These results suggest that the TG 
content in the fish body is suitable for evaluating the nutritional status of salmon fry after release. 
 
Tsuboi, J. K. Morita, Y. Koseki, S. Endo, G. Sahashi, D. Kishi, T. Kikko, D. Ishizaki, M. 
Nunokawa, and Y. Kanno. 2020. Spatial covariation of fish population vital rates in a 
stream network. Oikos 129: 924–937. DOI: http://dx.doi.org/10.1111/oik.07169 

Animal populations are spatially structured in heterogeneous landscapes, in which local 
patches with differing vital rates are connected by the dispersal of individuals to varying degrees. 
Although there is evidence that vital rates differ among local populations, much less is 
understood about how vital rates covary among local patches in spatially heterogeneous 
landscapes. In this study, we conducted a nine-year annual mark-recapture survey to characterize 
spatial covariation of survival and growth for two Japanese native salmonids, white-spotted charr 
Salvelinus leucomaenis japonicus and red-spotted masu salmon Oncorhynchus masou ishikawae, 
in a headwater stream network composed of distinctly different tributary and mainstem habitats. 
Spatial structure of survival and growth differed by species and age class, but results provided 
support for negative covariation between vital rates, where survival was higher in the tributary 
habitat but growth was higher in the mainstem habitat. Thus, neither habitat was apparently more 
important than the other, and local habitats with complementary vital rates may make this 
spatially structured population less vulnerable to environmental change (i.e. portfolio effect). 
Despite the spatial structure of vital rates and possibilities that fish can exploit spatially 
distributed resources, movement of fish was limited due partly to a series of low-head dams that 
prevented upstream movement of fish in the study area. This study shows that spatial structure of 
vital rates can be complex and depend on species and age class, and this knowledge is likely 
paramount to elucidating the dynamics of spatially structured populations. 
 
Yamada, T., I. Koizumi, H. Urabe and F. Nakamura. 2020. Temperature-dependent 
swimming performance differs by species: implications for condition-specific competition 
between stream salmonids. Zool. Sci. 37: 429–433. DOI: https://doi.org/10.2108/zs190149 

Condition-specific competition is a phenomenon by which inter-specific competitive 
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dominance changes as a result of environment, and is an important factor determining species 
distribution. Congeneric charrs in Hokkaido, Japan, provide one of the best examples of 
condition-specific competition: Dolly Varden, Salvelinus malma, often dominate in cold streams 
(6–8°C), whereas white-spotted charr, Salvelinus leucomaenis, dominate in warmer streams (> 
10°C). While past laboratory and field experiments have demonstrated the great advantage of 
white-spotted charr at higher water temperatures, the advantages of Dolly Varden at lower 
temperatures have not always been clear. Here, we examined the effect of water temperature (6°C 
vs. 12°C) on the swimming ability of the two sympatric charrs using a stamina tunnel. At 6°C, 
the swimming ability of Dolly Varden was greater than that of white-spotted charr, but no 
difference was observed at 12°C. These results suggest that the temperature-mediated swimming 
ability differs between these species, which may explain the coexistence of the closely related 
species within heterogeneous habitats via condition-specific competition. 
 
Yamamoto, S., K. Morita, T. Kikko, K. Kawamura, S. Sato, and J.-C. Gwo. 2020. 
Phylogeography of a salmonid fish, masu salmon Oncorhynchus masou subspecies-complex, 
with disjunct distributions across the temperate northern Pacific. Freshw. Biol. 65: 698–715. 
DOI: http://dx.doi.org/10.1111/fwb.13460 
1. Climate oscillations during the Pleistocene had profound effects on the evolutionary history of 

freshwater fishes now distributed across northern temperate regions. The extent of continental 
glaciation on the western side of the North Pacific, including areas of East Asia, was more 
limited as compared with regions of North America, Europe and high-latitude areas of the 
North Pacific. Therefore, the effects of climate oscillations might have influenced species in 
dissimilar ways depending on the species' distribution.  

2. We used mitochondrial DNA (mtDNA) and microsatellite DNA (msDNA) markers to clarify 
the evolutionary history of masu salmon Oncorhynchus masou subspecies-complex (family 
Salmonidae) distributed in historically non-glaciated regions in the western North Pacific. 

3. No marked regional or subspecies-specific mtDNA haplotype associations were recognized, 
except for O. masou subsp., a lacustrine form endemic to Lake Biwa, an ancient lake in central 
Honshu. The landlocked subspecies O. masou formosanus, with a disjunct distribution on 
Taiwan Island, exhibited no diagnostic population features differing from the other subspecies, 
in either mtDNA or msDNA markers. Mismatch distribution and Bayesian skyline plot 
analyses indicated relatively recent range expansion and rapid population growth for masu 
salmon during the last glacial period (c. 0.1-0.15 Ma). 

4. Contrary to the mtDNA genealogy, Bayesian clustering using msDNA showed two main 
genetic clusters, mainly northern populations of the subspecies O. m. masou and populations of 
the subspecies O. m. ishikawae in southern areas of the Japanese Archipelago. Notably, O. m. 
formosanus on Taiwan Island was included in the O. m. masou group, and O. masou subsp. 
was included in the O. m. ishikawae group. 

5. Our results suggest that the masu salmon subspecies-complex in historically non-glaciated 
regions of the Temperate Northern Pacific is characterized by weak population structuring and 
shallow genetic differentiation among the subspecies, except for O. masou subsp. owing to its 
long isolation in Lake Biwa. Incomplete lineage sorting and historical inter-subspecies 
hybridisation, possibly due to secondary contact, seem to be plausible explanations for 
discrepancies in the mitochondrial DNA genealogy and nuclear DNA genetic structure. 
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Theme 2. Pacific Salmon and Steelhead Trout in a Changing North 
Pacific Ocean 
Beacham, T. D., E. B. Rondeau, and S. Sato. 2020. Microsatellite identification of sockeye 
salmon rearing in the south central Bering Sea during summer 2019. N. Pac. Anadr. Fish 
Comm. Doc. 1880. 12 pp. Fisheries and Oceans Canada, Pacific Biological Station, and 
Hokkaido National Fisheries Research Institute, Japan Fisheries Research and Education 
Agency (Available at https://npafc.org). 

Stock composition of sockeye salmon (Oncorhynchus nerka) caught in the southern central 
Bering Sea during a Japanese research cruise in the summer of 2019 was estimated through an 
analysis of microsatellite variation. Variation at 14 microsatellites was analyzed for immature 
sockeye salmon, and a 415-population baseline spanning Japan, Russia, Alaska, Canada, and 
Washington State was used to determine the stock composition of the fish sampled. 
Alaskan-origin sockeye salmon were the most abundant in the catch of immature individuals, 
comprising 90.4% of all sockeye salmon caught, with the catch dominated by sockeye salmon of 
Bristol Bay origin (82.0%). Russian-origin sockeye salmon accounted for 2.9% of the catch, 
while Canadian-origin salmon accounted for an average of 6.6% of the catch, with 388 
individuals of the catch genotyped. 
 
Honda, K., T. Sato, Y. Minowa, R. Ohashi, T. Abe, M. Kuroda, K. Ueda, K. Suzuki, and S. 
Sato. 2020. The summer 2019 Japanese salmon research cruise of the R/V Hokko maru. N. 
Pac. Anadr. Fish Comm. Doc. 1888. 17 pp. Hokkaido National Fisheries Research Institute, 
Japan Fisheries Research and Education Agency, Nagano University, and Hokkaido 
University (Available at https://npafc.org) 

A summer high-seas research cruise to investigate the biology of Pacific salmon was 
conducted from 22 July to 1 August 2019 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 3,352 salmonids were 
caught by surface trawls and hook-and-lines at 17 monitoring stations. Among salmonids caught 
by trawls, chum salmon was the most abundant species (n = 2,548, 79.0%), followed by sockeye 
salmon (n = 618, 19.2%), Chinook salmon (n = 32, 0.99%), pink salmon (n = 21, 0.65%), and 
coho salmon (n = 6, 0.19%). Salmonids were measured with respect to fork length and body and 
gonad weights by sex, and the scales were removed for age determination. Isotope, genetic, 
otolith, stomach, and seawater (for environmental DNA analysis) samples were obtained for 
future study. A total of 44 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 2007–2019 are documented here. 
 
Kanerva, M., M. T. Nguyen, T. Kunisue, K. Vuori, and H. Iwata. 2020. Effects on the liver 
transcriptome in Baltic salmon: Contributions of contamination with organohalogen 
compounds and origin of salmon. Environ. Sci. Technol. 54: 15246–15256. DOI: 
http://dx.doi.org/10.1021/acs.est.0c04763 

Hatchery-reared Atlantic salmon (Salmo salar) has been released to support the wild 
salmon stocks in the Baltic Sea for decades. During their feeding migration, salmon are exposed 
to organohalogen compounds (OHCs). Here, we investigated the OHC levels and transcriptome 
profiles in the liver of wild and hatchery-reared salmon collected from the Baltic main basin 
(BMB), the Bothnian Sea (BS), and the Gulf of Finland (GoF) and examined whether salmon 
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origin and OHC levels contributed to the hepatic transcriptome profiles. There were no 
differences in the OHC concentrations between wild and reared fish but larger differences 
between areas. Several transcript levels were associated with non-dioxin-like polychlorinated 
biphenyls, polybrominated diphenylethers, chlordanes, and dichlorodiphenyltrichloroethane in a 
concentration-dependent manner. Between wild and reared salmon, lipid metabolism and related 
signaling pathways were enriched within the BMB and BS, while amino acid metabolism was 
altered within the GoF. When comparing the different areas, lipid metabolism, environmental 
stress and cell growth, and death-related pathways were enriched. Class coinertia analysis 
showed that the covariation in the OHC levels and the transcriptome were significantly similar. 
These results suggest that the hepatic transcriptomes in wild and hatchery-reared salmon are more 
affected by the OHC levels rather than the origin of salmon. 
 
Karasawa, Y., H. Ueno, R. Tanisugi, R. Dobashi, S. Yoon, A. Kasai, and M. Kiyota. 2020. 
Quantitative estimation of the ecosystem services supporting the growth of Japanese chum 
salmon. Deep-Sea Res. Pat II-Top. Stud. Oceanogr. 175: 104702. DOI: 
https://doi.org/10.1016/j.dsr2.2019.104702 

Chum salmon (Oncorhynchus keta) are distributed widely in the subarctic North Pacific. 
The Japanese stock is maintained by artificial release procedures. Chum salmon, including the 
Japanese stock, provide important ecosystem services for humans that are related to provisioning, 
culture and support. These ecosystem services are supported by the supply of prey and habitat 
that the fish use. We regard the supply of prey and habitat as supporting services for salmon. We 
developed a procedure to estimate supporting services quantitatively, based on the prey biomass 
consumed by individual salmon, by coupling a bioenergetics model and a lower trophic level 
ecosystem model. Using this procedure, we estimated the prey biomass consumed by a cohort of 
Japanese chum salmon released in a single year. The phytoplankton biomass indirectly consumed 
by a cohort was also estimated and considered to be the primary production supporting the fish. 
The Japanese chum salmon cohort was estimated to consume ca. 4.2–4.7 x 109 kg wet weight of 
zooplankton, of which more than half is eaten in the Bering Sea. The Japanese chum salmon 
cohort is supported by an estimated primary production of 2.0–2.2 x 109 kg C, which amounts to 
0.17–0.19% of primary production in the areas and periods through which the fish migrate. We 
also attempted to calculate the monetary value of supporting services for the growth of Japanese 
chum salmon. 
 
Kuroda, H., T. Saito, T. Kaga, A. Takasuka, Y. Kamimura, S. Furuichi, and T. 
Nakanowatari. 2020. Unconventional sea surface temperature regime around Japan in the 
2000s-2010s: Potential influences on major fisheries resources. Front. Mar. Sci. 7: 574904. 
DOI: http://dx.doi.org/10.3389/fmars.2020.574904 

Climate-change associated changes in oceanographic conditions, particularly sea surface 
temperatures (SSTs), have systematically affected many marine fisheries resources around Japan. 
The Pacific Decadal Oscillation (PDO) index is considered one of the most important climate 
indices for describing basin-scale SST variations in the North Pacific, which are closely related to 
decadal variations in fisheries resources. Time series of the PDO index has been used to 
conventionally classify decadal conditions of ocean and fisheries resources around Japan as either 
warming or cooling regimes. It is now clear that for the 2000s to the mid-2010s, mostly during 
the "global surface warming slowdown," the SST regime around Japan was unconventional; 
despite the PDO index being in a negative phase, which normally corresponds to a warming 
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regime around Japan, SSTs exhibited decadal cooling in some waters and seasons. SSTs in the 
western part of the North Pacific subtropical gyre gradually decreased, particularly in 
autumn-spring, whereas SSTs in the western subarctic gyre and the Sea of Okhotsk increased. 
Moreover, SSTs between the subtropical and subarctic waters around northern Japan exhibited 
seasonal contrasts that were decadally intensified through the combined effects of cooling in 
winter-spring and warming in summer-autumn. Some major marine fisheries resources around 
Japan showed decadal increases or decreases beginning in the mid-2000s, and appeared to 
respond to the unconventional SST changes in their early life stages. In this paper, we review 
atmosphere and ocean conditions around Japan in the 2000s-2010s in terms of global climate, 
present an overview of potential impacts of decadal SST trends on five major commercial 
fisheries resources (walleye pollock, chum salmon, Japanese sardine, Japanese anchovy, and 
Japanese flying squid), and raise awareness that an unconventional regime can appear transiently 
during a state of global warming. 
 
Morita, K. and M. Fukuwaka. 2020. Intra- and interspecific density-dependent growth and 
maturation of Pacific salmon in the Bering Sea. Ecol. Res. 35: 106–112. DOI: 
http://dx.doi.org/10.1111/1440-1703.12065 

Many studies have reported density-dependent growth in single species, but 
density-dependent growth can also occur between species when overlap in resource use occurs. 
We interrogate long-term (1972–2010) monitoring data from the Bering Sea for evidence of intra- 
and interspecific density-dependent growth among three species of Pacific salmon: sockeye, 
chum, and pink. Partial correlation analysis, using intraspecific density as a control variable, 
identified interspecific density-dependent growth among these three salmon species. As growth 
condition affects maturation, the maturity rates also depend on intra- and interspecific densities. 
Pacific salmon in the Bering Sea are of mixed origin, from North American and Asian rivers. As 
salmon return to their natal rivers, density-dependent effects on their ocean growth and maturity 
during migration might have cascading effects on salmon returning to each continent, as 
salmon-derived nutrients play important roles in riparian and terrestrial ecosystems. 

 
Sato, T., K. Sakaoka, N. Hoshi, K. Imai, M. Ohwada, K. Oguma, K. Sawada, and S. Takagi. 
2020. Results of 2019 salmon research by the Oshoro maru. N. Pac. Anadr. Fish Comm. Doc. 
1883. 10 pp. T/V Oshoro maru, Graduate School of Fisheries Sciences, Faculty of Fisheries, 
Hokkaido University. (Available at https://npafc.org). 

In order to accumulate oceanographic and biological data (including salmonids) and to 
clarify the oceanic structure and marine ecosystem, T/V Oshoro maru conducted oceanographic 
observations and fishing surveys in the western North Pacific (along the 155°E longitude line). 
The survey was conducted during Cruise #071 in May 2019. Oceanographic observations and a 
drift gillnet surveys were conducted along the 155°E during Cruise #071. We were able to 
conduct three gillnet surveys at three different stations, whereas only one survey was conducted 
in 2018. A total of 721 salmonids was caught by the survey, including 699 pink, 21 chum, and 
one coho salmon. Other species such as steelhead and sockeye salmon were not caught during the 
cruise. The fork lengths (F.L.) of pink salmon collected by C-gear gillnet were all adult fish 
ranging between 308–497 mm. To collect salmon samples including fresh salmon blood, otoliths, 
and various tissues extensively four hook-and-line gear samplings were conducted during Cruise 
#071. 
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Theme 3: New Technologies 
Hasegawa, R., T. Miura, N. Kaneko, R. Kizaki, G. Oishi, H. Tanaka, M. Sato, and M. 
Shimizu. 2020. Production of two recombinant insulin-like growth factor binding protein-1 
subtypes specific to salmonids. Gen. Comp. Endocrinol. 299: 113606. DOI: 
http://dx.doi.org/10.1016/j.ygcen.2020.113606 

Salmonids have four subtypes of insulin-like growth factor binding protein (IGFBP)-1, 
termed -1a1, -1a2, -1b1 and 1b2, owing to teleost- and a lineage-specific whole-genome 
duplications. We have previously produced recombinant proteins of masu salmon IGFBP-1a1 and 
-1b2 and conducted functional analysis. To further characterize salmonid-specific IGFBP-1s, we 
cloned cDNAs encoding mature proteins of IGFBP-1a2 and -1b1 from the liver of masu salmon 
(Oncorhynchus masou). IGFBP-1a2 and -1b1 shared a 56% amino acid sequence homology 
whereas their homologies with their counterparts (i.e., -1a1 and -1b2) were 77% and 82%, 
respectively. We next expressed recombinant masu salmon (rs) IGFBP-1a2 and -1b1 with fusion 
partners thioredoxin (Trx) and a His-tag using the pET-32a(+ ) vector system in Escherichia coli. 
Trx.His.rsIGFBP-ls were detected in the insoluble faction, solubilized in a buffer containing urea, 
and isolated by Ni-affinity chromatography. They were refolded by dialysis and cleaved from the 
fusion partners by enterokinase. rsIGFBP-1a2 and -1b1 were purified by reversed-phase 
high-performance liquid chromatography. Purified rsIGFBP-1a2 and -1b1 had the ability to bind 
digoxigenin-labeled human IGF-I on ligand blotting. We then examined the effects of 
rsIGFBP-1a1, -1a2, -1b1 and -1b2 in combination with human IGF-I on growth hormone (GH) 
release from cultured pituitary cells of masu salmon. IGF-I alone reduced GH release while the 
addition of rsIGFBP-1a1, -1b1 or -1b2, but not rsIGFBP-1a2, diminished the suppressive effect 
of IGF-I. Addition of rsIGFBP-1s without IGF-I had no effect on GH release. These results show 
that rsIGFBP-1b1, along with rsIGFBP-lal and -1b2, inhibits IGF-I action on the pituitary in 
masu salmon. The lack of the effect by rsIGFBP-1a2 suggests that salmon IGFBP-1 subtypes 
underwent subfunction partitioning and have different degrees of IGF-inhibitory action. 
 
Kaneko, N., T. O. Nilsen, H. Tanaka, A. Hara, and M. Shimizu. 2020. Intact rather than 
total circulating insulin-like growth factor binding protein-1a is a negative indicator of 
growth in masu salmon. Am. J. Physiol.-Regul. Integr. Comp. Physiol. 318: R329-R337. DOI: 
http://dx.doi.org/10.1152/ajpregu.00099.2019 

Insulin-like growth factor binding protein (IGFBP)-1a is one of three major circulating 
forms in salmon and induced under catabolic conditions. However, there is currently no 
immunoassay available for this form because of a lack of standard and specific antibodies. We 
developed a time-resolved fluoroimmunoassay (TR-FIA) for salmon IGFBP-1a using 
recombinant protein for labeling, an assay standard, and production of antiserum. The TR-FIA 
had a low cross-reactivity (3.6%) with IGFBP-1b, another major form in the circulation. Fasting 
for 4 wk had no effect on serum immunoreactive (total) IGFBP-1a levels in yearling masu 
salmon, whereas 6-wk fasting significantly increased it. There was a significant, but weak, 
negative relationship between serum total IGFBP-1a level and individual growth rate (r2 = 0.12, 
P = 0.01). We next developed a ligand immuno-functional assay (LIFA) using europium-labeled 
IGF-I to quantify intact IGFBP-1a. In contrast to total IGFBP-1a, serum intact IGFBP-1a levels 
increased after four weeks of fasting, and refeeding for two weeks restored it to levels similar to 
those of the fed control. Serum intact IGFBP-1a levels showed a significant negative correlation 
with individual growth rate (r2 = 0.52, P < 0.001), which was as good as that of IGFBP-1b. Our 
findings using newly developed TR-FIA and LIFA suggest that regulation of intact IGFBP-1a 
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levels has an important effect on growth in salmon and that intact IGFBP-1a is a negative index 
of salmon growth. 
 
Kato-Unoki, Y., K. Umemura, and K. Tashiro. 2020. Fingerprinting of hatchery haplotypes 
and acquisition of genetic information by whole-mitogenome sequencing of masu salmon, 
Oncorhynchus masou masou, in the Kase River system, Japan. PLoS One 15: e0240823. 
DOI: http://dx.doi.org/10.1371/journal.pone.0240823 

Stocking hatchery fish can lead to disturbance and extinction of the local indigenous 
population. Masu salmon Oncorhynchus masou masou, which is endemic across Japan, is a 
commonly stocked fish for recreational fishing in Japan. To conserve the indigenous resource, 
their genetic information is required, however, especially on Kyushu Island, the paucity of 
genetic information for this species has hindered proper resource management. Here, to identify 
hatchery mitogenome haplotypes of this species, stocked in the Kase River system, Kyushu 
Island, Japan, and to provide mitogenomic information for the resource management of this 
species, we analyzed the whole-mitogenome of masu salmon in this river system and several 
hatcheries potentially used for stocking. Whole-mitogenome sequencing clearly identified 
hatchery haplotypes, like fingerprints: among the 21 whole-mitogenome haplotypes obtained, six 
were determined to be hatchery haplotypes. These hatchery haplotypes were distributed in 13 out 
of 17 sites, suggesting that the informal stocking of O. m. masou has been performed widely 
across this river system. The population of no hatchery haplotypes mainly belonged to clade I, a 
clade not found in Hokkaido Island in previous studies. Sites without hatchery haplotypes, and 
the non-hatchery haplotypes in clade I might be candidates for conservation as putative 
indigenous resources. The whole-mitogenome haplotype analysis also clarified that the same 
reared strain was used in multiple hatcheries. Analysis of molecular variance suggested that 
stocked hatchery haplotypes reduce the genetic variation among populations in this river system. 
It will be necessary to pay attention to genetic fluctuations so that the resources of this river 
system will not deteriorate further. The single nucleotide polymorphism data obtained here could 
be used for resource management in this and other rivers: e.g., for monitoring of informal 
stocking and stocked hatchery fishes, and/or putative indigenous resources. 
 
Maoka, T., S. Nakamura, and H. Hara. 2020. Carotenoids of land-locked and sea-run types 
of masu salmon Oncorhynchus masou ishikawae inhabiting in the Nagara River, Japan, 
from the perspective of chemical ecological study. Biochem. Syst. Ecol. 93: 104181. DOI: 
http://dx.doi.org/10.1016/j.bse.2020.104181 

Carotenoids of the land-locked type (Amago) and sea-run type (Satsukimasu) of masu 
salmon Oncorhynchus masou ishikawae inhabiting the Nagara River, Gifu Prefecture, Japan were 
investigated from the perspective of the chemical ecological point of view. Yellow xanthophylls, 
3'-epilutein, lutein, zeaxanthin, and diatoxanthin were major carotenoids in wild Amago. They 
were also present in the flesh of wild Amago. These carotenoids originated from aquatic insects, 
which wild Amago fed on. On the other hand, tunaxanthin, zeaxanthin, and salmoxanthin were 
major carotenoids in the integument of Satsukimasu, which migrated from the Ise Bay to the 
Nagara River. Astaxanthin was a major carotenoid in the flesh of Satsukimasu. These carotenoids 
accumulated from marine fish and crustaceans, which Satsukimasu fed on during migration in the 
sea. Carotenoids of Amago and Satukimasu well-reflect their ecological life history. 
 
Matsubayashi, J., Y.  Osada, K. Tadokoro, Y. Abe, A. Yamaguchi, K. Shirai, K. Honda, C. 
Yoshikawa, N. Ogawa, N. Ohkouchi, N. Ishikawa, T. Nagata, H. Miyamoto, S. Nishino, and 
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I. Tayasu. 2020. Tracking long-distance migration of marine fishes using compound-specific 
stable isotope analysis of amino acids. Ecol. Lett. 23: 881-890. DOI: 
http://dx.doi.org/10.1111/ele.13496 

The long-distance migrations by marine fishes are difficult to track by field observation. 
Here, we propose a new method to track such migrations using stable nitrogen isotopic 
composition at the base of the food web (δ15NBase), which can be estimated by using 
compound-specific isotope analysis. δ15NBase exclusively reflects the δ15N of nitrate in the ocean 
at a regional scale and is not affected by the trophic position of sampled organisms. In other 
words, δ15NBase allows for direct comparison of isotope ratios between proxy organisms of the 
isoscape and the target migratory animal. We initially constructed a δ15NBase isoscape in the 
northern North Pacific by bulk and compound-specific isotope analyses of copepods (n = 360 and 
24, respectively), and then we determined retrospective δ15NBase values of spawning chum salmon 
(Oncorhynchus keta) from their vertebral centra (10 sections from each of two salmon). We then 
estimated the migration routes of chum salmon during their skeletal growth by using a state-space 
model. Our isotope tracking method successfully reproduced a known chum salmon migration 
route between the Okhotsk and Bering seas, and our findings suggest the presence of a new 
migration route to the Bering Sea Shelf during a later growth stage. 
 
Misaka, N., M. Hatakeyama and K. Suzuki. 2020. Development of quantitative RT-PCR 
targeting gyrB mRNA for Flavobacterium psychrophilum infecting chum salmon 
Oncorhynchus keta. Sci. Rep. Hokkaido Fish. Res. Inst. 97: 17–27. 

We developed reverse transcription quantitative real-time PCR (RT-qPCR) targeting 
Flavobacterium psychrophilum gyrB mRNA for rapid detection of live bacteria in chum salmon 
Oncorhynchus keta fry. The mRNA was detected at 6.0 × 101–6.0 × 109 copies/µl with high 
correlation (R2 = 0.9998). In March 2008, a BCWD outbreak occurred among chum salmon fry in 
a salmon hatchery in Hokkaido, Japan. The daily mortality peaked in mid-late March and 
decreased in early April when cumulative mortality reached 2.3%. During the disease course, the 
culturable cells and gyrB mRNA in kidney tissue samples from moribund individuals were 
identified and quantified by culture and RT- qPCR, respectively. The prevalence and 
concentration of gyrB mRNA was 60% and 4.9 × 103 copies/mg on March 21, and 100% and 5.6 
× 104 copies/mg on March 26, respectively. No gyrB mRNA was detected on March 31, whereas 
culture prevalence was 95%, 100%, and 40% on March 21, 26, and 31, respectively. These results 
suggest that the RT-qPCR assay provides rapid quantitative detection of live bacteria in chum 
salmon fry. 
 
Soga, K., K. Nakamura, T. Ishigaki, S. Kimata, K. Ohmori, M. Kishine, J. Mano, R. 
Takabatake, K. Kitta, H. Nagoya, and K. Kondo. 2020. Development of a novel method for 
specific detection of genetically modified Atlantic salmon, AquAdvantage, using real-time 
polymerase chain reaction. Food Chem. 305: 125426. DOI: 
http://dx.doi.org/10.1016/j.foodchem.2019.125426 

Genetically modified (GM) Atlantic salmon, AquAdvantage (AquAd), was the first GM 
animal approved officially for human consumption. Many countries monitor the use of this 
product under their GM regulations, but a pragmatic system for AquAd-specific detection is 
needed. Here, we developed a real-time polymerase chain reaction method with high sensitivity 
for the detection of AquAd in foods. This method showed high specificity for the AquAd 
transgene and the detection limit was 12.5–25 targeted DNA copies per test reaction. An 
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inter-laboratory study using the method developed demonstrated reproducibility at > 0.1% (w/w) 
AquAd content. 
 
Torao, M., M. Mitamoto and M. Kobayashi. 2020. A simple method for measuring the 
swimming speed of salmon fry using escape behavior. Sci. Rep. Hokkaido Fish. Res. Inst. 98: 
1–10 (In Japanese with English abstract).  

We attempted to establish a simple swimming speed measurement method (escape 
measurement method) for chum salmon fry by video recording escape behavior and analyzing it. 
Fry were placed in a circular test tank, and sound stimuli were provided twice at 10-second 
intervals to induce escape behavior. A video recording of the swimming behavior was taken with 
a digital camera, from which the burst speed and cruise speed were measured by video analysis 
using free software. The measured burst speed ranged from 70 cm/s to 110 cm/s (18–22 fork 
length/second, FL /s), and the cruising speed was 10–22 cm/s (2–4 FL/s). A strong positive 
correlation was found between swimming speed measured by the escape measurement method 
and the stamina tunnel method, suggesting that the escape measurement method is a valid 
measure of the swimming speed of salmon fry. The apparatus used in this measurement method is 
very simple, and it is expected to be applied to various investigations in the future. 
 
Yatsuya, M., H. Nikaido, T. Tsurumi and T. Kurokawa. 2020. Effects of feed restriction and 
dry or soaked feed on growth of coho salmon Oncorhynchus kisutch. Nippon Suisan 
Gakkaishi 86: 312-317 (In Japanese with English abstract). DOI: 
https://doi.org/10.2331/suisan.19-00025 

We examined how feeding treatment affects the growth of coho salmon Oncorhynchus 
kisutch in order to improve the conventional aquaculture method for this species in Miyagi 
Prefecture, northern Japan. We conducted feeding experiments during three culture periods: the 
seawater transfer period (average initial body weight, 151 ± 20 g [mean ± standard deviation]), 
low temperature period (351 ± 105 g), and temperature increase period (1420 ± 202 g). We 
compared the final average body weight and feed conversion ratio for three dietary treatments: 
conventional feeding (commercial feed pellets pre-soaked in water ["wet feed''] and supplied to 
satiation), restricted feed (wet feed at 80-90% of satiation levels) and dry feed (commercial dry 
pellets to satiation). Under both the wet feed and restricted feed, the average final body weight 
for each experimental period was generally lower than with wet and satiation treatment, but the 
differences were not significant (p > 0.05). The feed intake was lower in the dry feed treatment, 
resulting in less growth in all three periods (p < 0.05). 
 
 
Theme 4: Management Systems 
Hasegawa, K., S. Kitanishi, K. Miyamoto, T. Tamate, K. Nomura and Y. Takagi. 2020. A 
proposal for the comprehensive management of masu salmon Oncorhynchus masou masou, 
a resource fish for coastal commercial fisheries and inland leisure fishing. Nippon Suisan 
Gakkaishi 86: 2–8 (In Japanese with English abstract).  DOI: 
https://doi.org/10.2331/suisan.19-00028  

Populations of masu salmon Oncorhynchus masou masou occur as anadromous and fluvial 
forms, which are known in Japanese as sakuramasu and yamame, respectively; the former is an 
important resource for coastal fisheries, and the latter for inland-water leisure fishing. Current 
management emphasizes stocking with hatchery fish but has not considered the biological 



19 
 

differences between the two forms. Therefore, interpopulation stocking is actively undertaken. 
However, recent studies suggested that interpopulation stocking may cause not only a loss of 
inherent genetic traits in some populations but also alter their life history. Moreover, hatchery fish 
may competitively displace wild fish, and ultimately may not contribute to resource enhancement. 
In addition, the value of wild fish has gradually increased as a result of their more marketable 
appearance as well as greater management efficiency relative to hatchery production. This paper 
reviews previous studies on the ecological and genetic traits of sakuramasu and yamame, and 
proposes suggestions for more comprehensive management based on management practices for 
wild fish. 
 
Kitada, S. 2020. Lessons from Japan marine stock enhancement and sea ranching 
programmes over 100 years. Rev. Aquac. 12: 1944–1969. DOI: 
http://dx.doi.org/10.1111/raq.12418 

More than 26 billion juveniles of 180 marine species are released annually into the wild in 
over 20 countries, but the usefulness of this strategy remains unclear. Here, I analyse the effects 
of stocking by Japanese marine and salmon stock enhancement programmes and evaluate their 
efficacy through a Bayesian meta-analysis of new and previously considered cases. The posterior 
mean recapture rate (± SD) was 8.3 ± 4.7%. Without considering personnel costs and negative 
impacts on wild populations, the mean economic efficiency was 2.8 ± 6.1, with many cases 
having values of 1 to 2. On the macro-scale, the proportion of released seeds to total catch was 76 
± 20% for Japanese scallop, 28 ± 10% for abalone, 20 ± 5% for swimming crab, 13 ± 5% for 
kuruma prawn, 11 ± 4% for Japanese flounder and 7 ± 2% for red sea bream; according to these 
percentages, stocking effects were generally small, and population dynamics were unaffected by 
releases but dependent on the carrying capacity of the nursery habitat. All cases of Japanese 
releases, except for Japanese scallop, were probably economically unprofitable. Captive breeding 
reduces the fitness of hatchery fish in the wild. In addition, long-term releases replace wild genes 
and may cause fitness decline in the recipient population when the proportion of hatchery fish is 
very high. Short-term hatchery stocking can be useful, particularly for conservation purposes, but 
large-scale programs may harm the sustainability of populations. Nursery habitat recovery and 
fishing pressure reduction often outperform hatcheries in the long run. 
 
Morita, K. 2020. Toward sustainable salmon fisheries under environmental stewardship. 
Nippon Suisan Gakkaishi, 86: 180–183 (In Japanese).  
 
Nakamura, T. 2020. Payment of fishing license fees by anglers targeting ayu, white-spotted 
charr, masu salmon, rainbow trout, and Japanese smelt in Japanese rivers and lakes. 
Aquacult. Sci. 68: 253–261 (In Japanese with English abstract). 

Payment of fishing license fees by anglers who targeted five species, namely ayu 
Plecoglossus altivelis altivelis, white-spotted charr Salvelinus leucomaenis, masu salmon 
Oncorhynchus masou, rainbow trout O. mykiss, and Japanese smelt Hypomesus nipponensis, in 
rivers and lakes was investigated using online survey data with the aim of improving the 
administration of inland fishery cooperatives in Japan. Totals of 89.5% and 65.0% of the male 
and female anglers recognized the payment of the fee as obligatory. Totals of 74.8% and 52.5% 
of the male and female anglers paid the fee. The ratio of recognition and the ratio of payment 
were both found to be lower among female anglers than among male anglers. For male anglers, 
the ratio of recognition and the ratio of payment were both found to be lower among younger 
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anglers than among older anglers. For male anglers, no significant differences were observed 
both in the ratio of recognition and the ratio of payment among the anglers targeting these species. 
The main reasons for nonpayment by male anglers were that they assumed that they were not 
required to pay the fee, and they were unaware of the rule that fishing in rivers and lakes attracted 
a fee.   
 
 
Theme 5: Integrated Information Systems 
Sahashi, G., M. Maruyama, N. Aruga, K. Morita, M. Okamoto, T. Mukai, H. Mizumoto, K. 
Ueda, K. Fujii, K. Watanabe, K. Ohkuma, and H. Araki. 2020. Is there sampling bias in 
biological photos with location information collected in citizen participatory research? 
—Based on a comparison of citizen and expert data of anadromous salmon and related 
photographs. Jap. J. Conserv. Ecol. 25: 307–315. DOI: https://doi.org/10.18960/hozen.1930 

In recent years, community-based participatory research, especially involving the mass 
collection of photographs of local wild animals and plants with GPS information, has become 
increasingly popular. However, biases related to differences in scientific experience between 
citizens and specialists have not yet been assessed. A few studies have objectively evaluated the 
trends and characteristics of photographs submitted by citizens. “Finding salmon”, operated by 
the Sapporo Wild Salmon Project, is one such citizen research project, but it also includes 
photographs taken by salmon experts. This study investigated potential biases pertaining to 
subjects, locations, and timings by comparing the data of citizens and experts. The results 
suggested no significant bias in subjects, but citizen photographs tended to be taken near a bridge. 
In addition, while expert photographs covered most of the salmon spawning season, those of 
citizens tended to be taken around the peak of migration. Future studies of community-based 
participatory research need to consider these biases to utilize data from citizens fully. 
 
Robson, H. K., A. Lucquin, K. Gibbs, H. Saul, T. Tomoda, Y. Hirasawa, T. Yamahara, H. 
Kato, S. Isaksson, O. E. Craig, and P. D. Jordan. 2020. Walnuts, salmon and sika deer: 
Exploring the evolution and diversification of Jōmon "culinary" traditions in prehistoric 
Hokkaido. J. Anthropol. Archaeol. 60: 1225–1225. DOI: 10.1016/j.jaa.2020.101225 
The goal of this contribution is to stimulate a wider reflection on the role of food consumption 
practices throughout prehistory. We focussed on the Jōmon communities of Hokkaidō Island in 
Northern Japan since these mobile foragers underwent a process of economic diversification and 
intensification, eventually leading to higher levels of sedentism across the Pleistocene-Holocene 
transition. Moreover, dynamic social settings and expansion of the subsistence base at the start of 
the Holocene would have provided rich opportunities for novel food combinations, and 
potentially, the rise of diverse regional cuisines. We investigated tool kits and resource landscapes, 
and sampled pottery from a range of sites, phases, and regions. We then applied organic residue 
analysis to confirm the actual spatiotemporal patterning in cuisine. Although we predicted that 
ruminants and nuts would have played a major role in local cuisine, especially in inland areas, 
our results indicate that aquatic resources were central to pottery-based cuisines across the island 
and that other food groups had probably been processed in other ways. While organic residue 
analysis enabled us to reconstruct some major patterns in Jōmon cuisine, we conclude that 
archaeologists will need to look "beyond the cooking pot" to fully appreciate the full diversity of 
local foodways. 
 


