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An anadromous fish, salmon: Oncorhynchus keta bridged the biogeochemical cycle
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Abstract
The anadromous fish, chum salmon (Oncorhynchus keta) plays a principal role in the biogeochemical
cycle of marine and terrestrial ecosystems (e.g., by the transfer of nitrogen and phosphorus). In this
study, we reviewed previous studies on the life history of chum salmon, the dynamics of mother-river
migration and the biogeochemical cycle. We also reviewed open-access long-term observation data of
chum salmon distribution and abundance. Based on this knowledge, we discussed how chum salmon
links the biogeochemical cycle of marine and terrestrial ecosystems and the influence that human
activities and climate change may have on this system in the future. We proposed the introduction of
three viewpoints to improve our understanding of the relationships between anadromous fishes and
both human activities and climate change (past, present, and future): (1) ethnographic and sociological,
(2) hydrometeorological, and (3) dendroclimatological.
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Fig.1 Year-to-year variability of the number of chum salmon caught in the Ishikari River, Hokkaido.
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Fig.2 Time series of the cumulative number of chum salmon caught in the Chitose River in each year from 1995 to
2020. The open circles, solid circles, open squares, open triangles, and crosses showed actual observed data and the
dotted lines show approximated curves by logistic regression functions, respectively. The analysis was conducted by
using a statistic free software: R ver. 3.6.2%2),
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Fig.3 Time series of the cumulative number of chum salmon caught in the Tone River from 2005 to 2018. The open
circles, solid circles, open squares, open triangles, and crosses showed actual observed data and the dotted lines show
approximated curves by logistic regression functions, respectively. The analysis was conducted by using a statistic free
software: R ver. 3.6.2%2,
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Fig.4 Dendrogram of the cluster analysis for of the three parameters (Asym, xmid, scale) for explaining the approximated
curves of the cumulative number of chum salmons caught in the Chitose River from 1995 to 2020. The rectangles show
the six groups identified by the cluster analysis. We standardized each parameter (average = 0 and standard deviation =
1) and then applied the Ward method for the cluster analysis. The analysis was conducted by using the “dplyr” and
“dendextend” packages statistic free software: R ver. 3.6.282).
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Fig.5 Dendrogram of the cluster analysis for of the three parameters (Asym, xmid, scale) for explaining the approximated
curves of the cumulative number of chum salmons caught in the Tone River from 2005 to 2018. The rectangles show
the six groups identified by the cluster analysis. We standardized each parameter (average = 0 and standard deviation =
1) and then applied the Ward method for the cluster analysis. The analysis was conducted by using the “dplyr” and
“dendextend” packages statistic free software: R ver. 3.6.282).
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