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Modified from Chikaraishi et al (2007)

TPAAs = (δ15NGlu – δ15NPhe – 3.4) / 7.6 + 1
Chikaraishi et al., 2009
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▷This study reveals that ecosystem alterations due to global warming 

consequently affect the high trophic position and humans by increasing the 

trophic position of higher consumers and the accumulation of harmful 

substances.

Joo et al. 2017

Gang et al. 2020

East Sea (Sea of Japan)

Effect

▷ The annual average surface water 

temperature increase in the coastal 

waters of Korea was about 2.5 times 

higher than the global average, with 

the East Sea experiencing the 

largest rate of increase.

Background

Last several decades…

▷ The size of phytoplankton in 

coastal waters is also steadily 

decreasing.
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Cause

Effect

Global warming causes ocean stratification, which limits the 

availability of nutrients and reduces the size of phytoplankton.

As phytoplankton become smaller, larger zooplankton cannot 

directly consume small plankton and need one more step to 

connect them. This causes the trophic position of high trophic 

level organisms be expanded.
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Results I: TP & Phytoplankton

▶ MixSIAR Diet contribution showed only mackerel is pelagic fish

▶ Only mackerel showed significant differences in TP 

between East & South

▶ The East Sea had a very high contribution rate of pico-size phytopl.

Result II: Evidence-Diet TPAccurate TP measurement

▶ Mackerel from the East Sea showed high mercury concentrations 

despite their relatively small size

Global warming 

not only affects the 

ecosystem structure, 

but is also related to 

pollutants and their 

accumulation

▶ Trophic position expansion observed in zooplankton of East sea

S11– ID: 18043

Size of phytoplankton was 

measured from the size-

fractioned chlorophyll 

concentrations.

Gang et al. 2020

Mackerel TP


