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The international special session “A-HW20: Materials trans-
port and nutrient cycles in watersheds; Human and climate 
impacts” of Japanese Geoscience Union (JpGU) Meeting 
2018 was opened on May 20–21 in 2018 in Chiba in col-
laboration with the American Geophysical Union (Saito 
et al. 2018). In this session, 17 presentations focused on 
phosphorus cycling in watersheds out of a total of 51 presen-
tations, and interdisciplinary discussions were carried out by 
researchers representing various fields including limnology, 
hydrology, geology, ecology, soil physics, civil engineer-
ing, oceanography and more. Based on these presentations 
and discussions, phosphorus transport processes and fluxes 
and their impact by human activity and climate change on 
a watershed scale were summarized. The other articles 
focused on material transport and cycle were published in 

another special feature named “Material transport and cycle 
in watersheds”.

Phosphorus is one of the limiting elements for primary 
productions in lakes and the reason for ongoing eutrophica-
tion despite the reduction measures being a limnological 
research paradigm (Sterner 2008). Phosphorus generally 
cycles extensively within an individual ecosystem such 
as forest, inland water, wetland, and marine, but the flows 
from the internal to the external ecosystem and from the 
terrestrial area to the ocean with hydrological processes are 
extremely small (Paytan and McLaughlin 2007). However, 
human and climate impacts on the phosphorus cycle within 
various ecosystems have caused an increase in phosphorus 
concentrations due to internal or external sources with con-
siderable consequences to freshwater, marine, and terrestrial 
ecosystems (Elser et al. 2007). This includes biodiversity 
loss, soil degradation, eutrophication in watersheds, hypoxia 
and more (Rockström et al. 2009). To mitigate and reduce 
the environmental issues, it is important to better constrain 
the phosphorus cycle in watersheds by specifically consid-
ering the connectivity between terrestrial, freshwater, and 
marine ecosystems. Recently, new approaches for shedding 
light on the phosphorus cycle have been developed such as 
isotopic techniques, XANES, and NMR and new knowledge 
has been accumulated (Paytan et al. 2017).

This special issue includes eight manuscripts that collec-
tively aimed to synthesize watershed sciences to understand 
the dynamic processes of phosphorus cycle and transport 
in watersheds from headwaters to coastal seas focusing on 
human and climate impacts. Yi et al. (2020) clarified how 
the spectrophotometrical measurement overestimated actual 
phosphate concentrations in shallow lakes, using ion chro-
matography. Ide et al. (2020) compared the oxygen isotope 
ratio of dissolved phosphate (18O–PO4

−) in two rivers with 
different land cover and geological features within Lake 
Biwa basin, to explore which factor primarily controls the 
oxygen isotope ratio of dissolved phosphate. These two 
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papers focus on assessing the utility of novel methodolo-
gies for the study of phosphorus transport and cycling in 
watersheds. Iwata et al. (2020) applied a recently developed 
Lagrangian approach to the sixth-order Fuji River to identify 
seasonal dynamics of in-stream uptake rates for inorganic 
nitrogen and phosphorus by tracking a specific water parcel 
along the river course. This new modeling approach is pow-
erful for comparing biochemical activities in various water-
sheds. Ishida et al. (2020) confirmed the effects of winter 
flooding on reducing phosphorus loads in rice fields by co-
precipitation of phosphorus with iron. Shimizu et al. (2020) 
looked at small stream impoundment effects on phosphorus 
and nitrogen dynamics in a suburban watershed. These two 
papers identified unique processes of phosphorus capture in 
rice fields during winter flooding and river impoundments, 
respectively. Jin et al. (2020) explained phosphorus cycling 
in sediments of a nutrient-rich embayment with emphasis on 
sediment phosphorus pool and release. Muta et al. (2020) 
indicated that annual nutrient fluxes from the sediment 
were comparable to those from terrestrial areas in a semi-
enclosed bay. Both papers highlight the active phosphorus 
cycling between the water body and sediment in coastal 
areas. Matsuoka et al. (2020) examined the effects of com-
posted aquatic plants application on richness and composi-
tion of soil bacterial assemblages responsible for alkaline 
phosphatase production, information which is relevant for 
the phosphorus recycling in eutrophic lakes and agricultural 
land.

We hope the papers in this special volume of “Limnol-
ogy” will evolve and integrate research on the phosphorus 
cycle in watersheds and will serve to solve environmental 
issues in watershed science. We thank each of the review-
ers and editors for their suggestions and comments which 
improved the papers. Most of the papers published in this 
feature were supported by the RIHN (Research Institute for 
Humanity and Nature) Project (D06-14200119; PI: Okuda 
N).
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