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Marine nitrogen cycle studies by using nitrogen isotopes and
material cycle simulation model
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The marine nitrogen cycle is known to often control biological activity in the ocean, because
nitrogen is an indispensable nutrient for phytoplankton. Understanding the marine nitrogen cy-
cleis very important with respect to marine biological activity. In this study, nitrogen isotopic
ratios (0°N) and marine material cycle models are used to understand the marine nitrogen cy-
cle. Here, our previous studies of nitrogen cycle in the western and central equatorial Pacific
and in the Sea of Okhotsk are introduced. In the equatorial Pacific, the distributions of 6 °N val-
ues of nitraterevealed that surface nutrient sources are atmospheric and/or terrestrial nitrogen
in the western and marine nitrogen in the central. Moreover, the time variations of 6N values
in sinking particles reconstructedthe transition of surface nutrient sources with transport of the
fresh pool. In the Sea of Okhotsk, a marine nitrogen cycle model including nitrogen isotopes
wasnewly developed in order to quantitatively understand the observed feature of winter high
0 "N values of sinking particles relative to the spring values. The model suggested that the ni-
trification with large isotopic effects causes the winter high 0°N values of sinking particles. Fi-
nally, my future prospects of the nitrogen isotopic modeling are discussed.

Key words: Marine nitrogen cycle, Nitrogen isotope ratios, Material cycle model, Equatorial
Pacific, Sea of Okhotsk
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Fig.1 Map of the western and central equatorial Pacific and locations of hydro cast
and mooring stations (St. 1, 2, 3, and 9) during the cruise MR99-K07 in Decem-
ber 1999. (from Yoshikawa et al. (2006a))
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Fig.2 Vertical profiles of nitrate concentrations and those of 6N values. "N shows values
greater than 2.5 ymolL " due to the analytical limit. (from Yoshikawa et al. (2006a))
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Fig.3 Seasonal changes in the 6N values of settling particles (a: St. 1, b: St. 2, ¢: St. 3, d: St. 9)

and nitrogen fluxes (e: St. 1, f: 2, g: St. 3,
and open circles indicate the values at
Yoshikawa et al. (2005a))
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Fig.4 Seasonal changes in the "N values of settling particles at the upper (closed
circle) and lower (open circle) traps at St. 3 from December 1998 to November
1999 together with the salinity (solid line) and temperature (dotted line) vari-
ations at 100 m for 0°N, 147°E. Data for salinity and temperature are derived

from the TRITON project. Data be
adjusted the delay on the 6°N data

fore February 1999 were not available. We
for settling particles in the upper and lower

trapsby half a month and one and half month, respectively. (from Yoshikawa et

al. (2005a))
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Fig. 5 Map of the Sea of Okhotsk and locations of the sediment trap mooring M4
and M6. Arrows show a pattern of the surface current. The square off the
east coast of Sakhalin shows the region where our model is applied. (from

Yoshikawa et al. (2005b))
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and without isotope fractionation, respectively. (from Yoshikawa et al.
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Fig.7 Comparison of 6N of sinking particles among experiments changing the isotopic fraction-
ation effects within the range measured in previous studies: (a) nitrate assimilation by
phytoplankton of the small case of 0%o, the control case of —5% and the large case of —10
%o, (b) ammonium assimilation by phytoplankton of —5%., —10% and — 15%o, (¢) nitrifica-
tion of —9%, —4%, —19% and the non-fractionation case (thin line), (d) excretion by
zooplankton of — 2%, —5% and — 8%, (e) egestion by zooplankton of 0%., — 2% and — 4%,
and (f) decompositions of 0%, —1% and —2%.. Dashed, thick and dotted lines and open
circles are small, control and large cases and observed values, respectively. Open circles
and triangles indicate observed vales of sinking particles from August 1998 to August
1999 and from September 1999 to June 2000, respectively. (from Yoshikawa et al. (2005b))
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Fig. 8 Seasonal variations: (a) Chlorophyll-a concentrations, (b) ZOO concentrations, (¢) NO; concentra-
tions, (d) NH. concentrations, (e) Sinking PON fluxes, (f) 6 *N values of DON, (g) 6 *N values of PHY,
(h), 6N values of ZOO, (i) 6"°N values of NO;, (j) 6'°N values of NH,, (k) 6'°N values of sinking PON
and (1) 6N values of DON. Solid and dashed lines and symbols are the simulated upper and lower
values and observed values, respectively. The bottled data are collected by three cruises, which were
conducted in June 2000, from July to August 1998 and in September 1999, in the region where our
model is applied. The moored data are collected from August 1998 to August 1999 (open circle) and
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from September 1999 to June 2000 (open triangle). (Modified from Yoshikawa et al. (2005b))
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Fig.9 (a) simulated ratio among components of
sinking particles which originated from
dead bodies of phytoplankton (short-dashed
line), dead bodies of zooplankton (solid line)
and fecal pellet (long-dashed line), and (d)
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