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1. Intreduction
Incubation experiments with the amificial addition

andyor in-situ incubation experiments Ihmﬁh assimila-
tions of "N-niteate, "N-ammonium or "N-urea by

of N tracers have been widely conducted o estimate
the various marine biogeochemical fluxes and rates of
nitrogenows nutrients, For example, uptake rates of nu-
trients and nilroyen forutios. defined as the atio of ni-
trate. by L total

mutrient assimilation, have been estimated with on-deck

- Dugdale and Wilkerson, 1986;
M) Wilkerson er al., 2004
Sambrotto, 2001 I Nitrification ries have been measuned
i in-situ through "N

onidation (Sulka ef af., 20041 These Muxes and rles are
usually estimatesl with small botkes for a few howrs, o
ugebor twr clays at st Tht is. the condition of the incu
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bation 1 i restricled fo a small space and a shorl
time. Moreover. these experiments are difficult 10 con
duct under the conditicn of the actual concentration of
substrate, because anificial '*N addition changes this
concentration. In a strict sense. these are reasons why the
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incubation experiments cannot simulate a natural ecosys-
tem, On the other hand, the natural abundance of nitro-
gen isotopes has also been observed 1o understand ma-
rine bingeochemical processes. For example, SUN val-
wes of nutrients in the surface water usually show the
degree of nutrient utilization {¢.g.. Miyake and Wada,
1971; Altabet ef all, 1991; Waser of al.. 1998}, and the
relationship among §**N values of phytoplankion.
rooplankton. fishes, marine mammals. etc.. indicates the
degree of trophic level (Minagawa and Wada, 1984: Wu
eral.. 1997; Adams and Sterner. 2000). Moreover, §°N
of nitrogenous components in a special region indicate
the source of nutrients affected by denitrification or ni
trogen fixation (Ostrom ef al., 1997: Altabet of al.. 1999).
although theze proceszes do not occur in the Sea of
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Okhotsk. These estimations are made undu l|:n||n| ecn-
system condi However, litth
has been done, since natural nlmlul.llu:l.‘x of nllms:n iso-
topes are by complex hiog proc-
esses, [n this study, we not only use actual observed data
8"!‘{ but also an ecosystem model including various
isctopes to quan-
lmtwdy undcmmd nitrogen isotopic dynamics. Further-
more, we suggest a new potential of natural abundance
of nitrogen isotopes as a tracer instead of the incubation
experiment.

Observed &"*N values of nitrogenous components
record information concerning the marine biogeochemical
cyele. as described above. However, #*N of nitrogenous
components are hard 1o shaerve frequently throughout the
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year. To validate oar model comparing the simulated 5N
values and the observed data set. we are also in need of
another reconder. Information of §°N in surface walet is
transmitted 1o §'*N of sinking panicles. Seasonal vasia

tions in &'*N of the sinking particles obtained from sedi-
ment trap experiments can reproduce the seasonal varia

tions in biogeochemical processes in surface water. 5N
values of sinking panicles reflect the proponiicn in the
companents of sinking particles, which consist of dead
phytoplankion and zeoplankton bodies, as well as fecal
pellets (Voss er al., 1996; Wa ef ol 1999; Pefia of al.,
1999}, and the state of nubrients in the surface waler, such
as the degree of nutrient utilization (Ahabet and Deuser,
1985, Altabet ef al., 1991; Altabet and Francois, 1994,
2001 Voss ei al., 1996; Nakatsuka and Handa, 1997 Pefla
etal., 19949). In this study we also compare the simulated
&N values of sinking particles with those observations

ter KKYS: Fujit er al., 2002; Yamanaka et al.. 2004, here
after YYFANK). We apply this model to the region off
the east coast of Sakhalin in the Sea of Okhotsk (Fig. 1}
49-53°N, 146"E). The Sea of Okhotsk is located a1
the northwestern rim of the North Pacific, where the maxi-
mum primary production reaches $000 mgCimfday,
which ix much higher than typical values of the north
western Pacific (Sorokin and Sorckin, 1999), CTD ob-
servations and water sampling were taken n the Sea of
Okhotsk during thres research cruises by RV Profossor
Khromuov, Sedmment trap experiments were also carried
ol al two mooring stations off the eas coast of Sakhalin
for vwo years (Table 1), where a seasonal variation in
Munes of sinking pantiches has been observed { Yoshikawa
et al., 2001; Nakatsuka ef al.. 2004). These observations
provide us with enough dats (e.g., 8N of sinking parti-
cles and mitrate, Muxes of sinking particles, concentra
tiens of nitrate, d )

sonal variations in &N of nitrog P

We have developed an ecosystem model inclsding
nitrogen isotopes based on recent ecosystem models,
which successfully simulated several time series obser-
vations in high latitedes (Kawamiya ef al., 1997, heneaf-
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and validate th maodel { Yoshikawa er al., 2001,
2005; Nakatsuka ef al., 2004),

2. Medel Description
The ecosystem model in this study has six compan-
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meats, the prognoatic variables being testions of

nitrogen (N). Figure 2 ilustrates the sia compartments,
phytoplaskion (PHY), sooplankton (200, particulate
organic nitrogen (PON). dissolved organic nitrogen
{IHON), mitrate (N0, ) and smemonium (NH,). The equa-
Vi o the sstrogen cycle ane the samse a5 those in KKYS
and are presented in detail in Appendia A.1. Photosyn.
thesis is formulated as a fusction of light istenity. lem

The

cpplank of pooplaskion, parsm.
plinkions in our svodal ane sét 10 te e vab

topic fractionation of each process has boem wudied 2

other biologhcal processes are formalased as functions of
temperature ssd nitnrgen concentrations. The PON ia iy
muodel comists of dead phytoplankton and svoplanktan
bodies and fecal pellets of zooplankion. The parameters
are based on those in YYFANK applied 1o the northwest
em Pacific, since the ecosystes there is similar o that in

the Sea ak (Tabile 21, An YYFANK

fodlows. Phytoplankion assimilates mainly nitrase and

ammonsum 43 it BioEen swurce. Since |

aie more readily assimilased than "
the #N of nitrate and amimosium in the surface

i eatimatod 10 be from —| ]

8%e in the field (Wada, 1980 Horrigas et al., 1991 Wa
tal., 1997 Sigman ef al., 1999, Altabet ef al.. 1999) and
3 o ~1 9% in culture (Mostoys aad McCarthy,

Fiser cf ail.. 1995). As for smmonies. the isctape
actionation_is_estintated 10 be from 6.5 1o
9. 1% in the field (Cifuonies o al., 1989, Montoya ef
al., 1991) and froes -5 to ~2%%e in culture (Pennock ef
al 1906; Waser of al.. 1998), The ammosium excreted
by zouplankics is lighter, by 2 80 §%e. than the concen-
tration of their bodies (Checkloy and Miller, 1989). but
their fecal pellets are rughly 1% hexvier than the diet
{Abiabet and Semsall, 1990; Moatays et af... 1990}, The set
resull of these iwo processes s an iscrease in F'N of
amimal tissue refative fo the animal’s diet. An averape
increase of 1.4%e {ranging from ko 6% per tzophic level
was estEmmted in previous stadies (Minagawa and Wad,
1984; W er al, 1997; Adums and Steenes, 2000). The
entichment im &N of PON sswoctalod sl dog-

nigm by microbisl processes. The {ractionation of am.

monification is estimated 10 be {rom 0 1o - 5% (Miyake
and Wada, 1971; Hoch er al., 199 Ostrom er al., 1997
David, 2001 ). Assmonium is oxsdized bo nitsate by nisr

fying bacieria. The fractionation for mitrification i esti

mated 1o be from =5 10 -38%s (Miyake ad Wada, 1971
Homigan ef al, 1990; Casciotti ef al, 2003), which is
Lagger than the oiber indicated vabues. The isotopic
Fractiosation effect (¢ (%} for cach 5 i st 10 3
mean value within the rasge of the following effects, as
the representation sed
discussion in this paper, we use the traditiceal notstion,
FN, convened from 1N coscentrations, although these
wvalues e calculated in the model. The walue is de.

fined as &N (%eh

T Yommeepire 2

— 1) % 1000 using of each compartment
We applied the box meodel ncludsng the biokogical
processe b pegions off the gast ol of

radation has been inferred im many studies
Hattori, 1980, 1987; Altabet and McCarthy,

aimo and

Sakhalin in the Sea of Dkhatrk
two vertical layers (Fig

1) Thits model has

2). I this regiom, mived Layer
|k-|il_lh which are given in reference bo the obnerved ver-

at al_ 1997). POM is knewn to be dec
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Process. i) Remark:

MO, assimilation by phytoplankion € = -5 im fhedd
_ . 3 (Wada, 1980}

WIS DEBIY AHEE 7 (Homigan et al., 1990)
Sents (Waer af.. 1997)

~d=ts (Sigman ot ., 1999)

~8 (Alabet of of ., 1999)

68 (Altabet ot .. 2001}

im culbwre
01— 15 (Montaya snd McCanthy, 1995)
2ot (Waser ef of_, 1998)

MM, assimilation by phytoplankton & =-10  inficld

9 (Cifuentes of .. 19%9)
BTS2 DT IE=T 38 Momtayacial., 1991)

EXYSAGHES e T anock ., 1996}

= 1200 (Woser ef ., 199%)

Excretion by zooplankion ne-§ % (Checkley and Miller, 1989)
Egestion by zooplankton =1 no duta
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Remincralization (PON 1o NH, ) =1 sodis
Remineralization (DON o NH, ) HE-l nodis

g=-14 —5—21 (Miyake and Wads, 1971}
1217 (Mormigan ot al., 1990}
—14—38 (Casciomti «f of.. 2003}

iﬁvﬁ%mlmﬂﬁﬁmlxﬂl gu=l 02 (Miyske and Wads, 1971)
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