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abstract

Abstract

Nitrogen is critical elements in organisms. Nitrogen is the limiting nutrient in
most of the ocean regulating the biological pump, thus, the atmospheric pCO2.
Almost all processes involving nitrogen transform are associated with bio-processes.
Thus, nitrogen cycle also links to various elemental cycles, such as carbon and
phosphorus, playing an important role in the marine biogeochemistry. Moreover,
human activities significantly alter the nature nitrogen cycle since the Industrial
Revolution. Anthropogenic nitrogen input to the earth system now equals the amount
of biological nitrogen fixation. To project the future climate and ocean,
understandings on nitrogen cycle under human influence becomes an urgent
environmental issue.

Marginal seas bridging the continent and open oceans have received remarkable
impact from human activities. The South China Sea (SCS), as one of the largest
marginal sea in the world, has been paid a lot of attention on its biogeochemical
processes; however, nitrogen processes remain unclear. This thesis focused on the
SCS region by using the dual stable isotope of NO3™ as major tools to investigate the
nitrogen dynamics in whole water column of the SCS. The main goals are 1) to
evaluate the external nitrogen input, 2) to examine the fractionation factor (¢) during
NOs™ uptake, and 3) to explore the water masses exchange between SCS and the
western.

Bioavailable nitrogen from the atmospheric deposition, river input and
bio-nitrogen fixation, has relatively lower isotope signal than the deep oceanic pool of
nitrate, are three major external nitrogen sources to the surface ocean. In this study,
we use the isotopic shift of nitrogen isotope of nitrate accumulated in the subsurface
to estimate the relative contribution of external nitrogen to the subsurface nitrogen

pool of SCS. Results showed that seasonal changes of 5'°Nyo3 were insignificant in
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abstract

the northern SCS. The 8'’Nyos3 of nitrate decrease upward from the subsurface layer
because of the addition from lighter nitrogen source and remineralization. Assuming
that the nitrogen supply and remove are at a steady state in the northern SCS, we
calculate the external nitrogen flux to be about 31.9 - 199.6 mmol N m™ year™. That
accounts for about 1.2 - 25.0 % of annual new production in annual basis. More
studies are needed for validation.

On the other hand, in the euphotic layer, 8'*Onos - 8'°Nno3 increase as nitrate
decreased upward from subsurface layer. Such pattern was attributed to the
assimilation of NOs™ by phytoplankton. The ratio of changes in 8"*Onos against
8"’ Nyos is slightly larger than 1, which indicates that assimilation of NOs is the most
important process to control the pattern of nitrate isotopes, and the nitrification in the
euphotic zone may be effective. Rayleigh fractionation models (closed system and
steady state) showed that the nitrogen fractionation factor of NOs uptake is about 2.5
- 3.1 %o, which is slightly lower than reported values for diatom. That the lower
fractionation was attributable to the species of phytoplankton or/and the dilution
effect caused by Kuroshio intrusion.

The South China Sea (SCS) is an important pathway of water and heat exchange
between the Pacific and Indian Ocean. Due to complicated basin topography and
strong seasonality in the circulation pattern, knowledges of the water exchange
through the Luzon Strait remain insufficient. Basing on physical observations, a
sandwich structure had been revealed for the vertical profile of transport. However,
the source waters and mixing pattern of the intermediate water, which dominates the
exchange, remain unclear. By using the nitrogen isotopic composition, this paper aims
to explore the mixing pattern and potential source waters of the intermediate layer
in-and-out the Luzon Strait. This is the first report of N isotope of nitrate for
intermediate and deep layers in the SCS and West Philippine Sea (WPS). By applying
the end-member mixing model, we found that the upper intermediate water (UIW)

with potential density anomaly (cg) of 26.5-26.8 in the WPS was sourced from the



abstract

combination of North Pacific Intermediate Water (NPIW) and North Equatorial
Intermediate Water (NEqIW), and is also influenced by the subsurface water of the
WPS. The lower intermediate water (LIW, oo of 26.8 - 27.2) of the WPS was sourced
from the NPIW and NEqIW with the addition of the outflow from the SCS-LIW. The
UIW of SCS mainly comes from the intrusion of the WPS-UIW; however, it was also
influenced by the subsurface and deep water of SCS interior due to diapycal mixing.
The LIW of SCS seems to be an internal mixing product of the SCS deep water and
the UIW of SCS. The deep water of the SCS, showing a consistent physiochemical
property, mainly comes from the intruded WPS deep water crossing the sill depth of
Luzon Strait below 1500 m. Although uncertainties remain, NOj; stable isotope
approach provides insightful information addition to physical properties.

In conclusion, we find that 1) external nitrogen has significant impact on the
subsurface nitrate pool of the SCS; 2) the fractionation effect of NO3™ assimilation is
about 2.5 - 3.1 %o which is slightly lower than other regions, due to the different
species of phytoplankton and/or the dilution effect by the horizontal intrusion of the
surface Kuroshio Current; 3) basing on the stable isotopic compositions of NO;3™ the
source waters and mixing pattern of the intermediate and deep water around the

Luzon Strait were deciphered.

Key words: South China Sea; Stable nitrogen isotope; Extra bioavailable nitrogen
input; Isotopic fractionation; Water masses exchange
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