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At present, the tentative goal of global environmental studies is to provide clear-cut scientific scenarios
to solve various kinds of environmental problems within the next 50 to 100 years under the reliable data

base and simulation studies. Integrative studies involving observation, modeling and simulation
may be connected to social management systems of the Plan-Do-Check-Action.

PART 1 . What kinds of ecosystem models are we developing?

PART 2. | .What is Stable Isotope techniques ?
Distributions of 815N-613C in marine ecosystems

ii. Application of Sl techniques in future studies.
- Biome or Vegetation types or ISOSCAPE ( Isotope Landscape)
- L. Baikal & W. N. Pacific : Fish Scaled exhibits Synchronous Oscillation
- AMINO ACID Trophic Level - MEMURO.FISH + ECOSIM
- Boreal area.— Growth rate () could be estimated from §13C(phyto-)



Our Ecosystem Change Program,FRCGC has been developing several kinds of global
ecosystem simulation models as indicated in this slide.

Sim-CYCLE Sim-CYCLE ,2001- —VISIT [Sim-CYCLE-MATSIRO-AGCM]

Terrestrial Ecosystem (30 Vegetation Types) P
Sim-CYCLE for global carbon dynamics, o g
Sim-CYCLE-MATSIRO-AGCM
Spatially Explicit Individual Based
-Dynamic Global Vegetation Model
Marine Ecosystem (No Biome)
NEMURO model for a plankton dynamics
NEMURO.FISH mode |
Oceanic GCM for carbon dynamics(OFES)
Remote sensing for PAR, NDVI, 3D-forest model
and pCO2 to refine above models in two systems.
Interannual change

What is our Research Purposes ? of daily
The major, mid-term goal of the Ecosystem Change Research Program ;
(ECRP) is to develop the biosphere sub-model for the integrated model of
global change.

In this context, our efforts have been focused on modeling of
biogeochemical carbon cycles in both terrestrial and oceanic ecosystems.
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PART 2. Nitrogen and carbon isotope
ratios in the biosphere
— From molecule to ecosystem

1)Whai is the SI method ?

2)Distribution in plant kingdom.

3)Isotopic map and human
food web analysis.

4)Possible application for

Human
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Empirical low of S| distribution

1) Plantd '3C is determined by the dynamics
of CO2 fixation during photosynthesis.
C3 &C4 pant exhibit different 13C content.

2) Food chain
d1°N(animal)=3.3 (TL—1) + 615N (plant)

TL:Trophic level

3) Increase in'®N in an ecosystem is caused by
evapolation of NH, and denitrification (NO3

—N. )
m effect during 51 food web model in the watershed
a feeding process
ot
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E_FE Phytoplankion
= H-J_if?w ¢ o
':i‘g‘ Assimilation
E trophic level#f— = bk 47 & = -I-"":
e O T () i s e 0Oy, NO, |
s #13. 3 %3800
515N (%.) of diet = e
(%<) T et

A shematic illustration for analysis of a food web
by a stable isotopic method.
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TOPICS

Topic 1.
Is 815N-0813C SI-map of phytoplankton useful to classify biome in the open
ocean?
1) Satellite Biome
2) Stable Isotopes: ISOSCAPE or Isotope Landscape!

Topic 2.
Does synchronous oscillation of biological activities occur
between L. Baikal and marine ecosystems in the western North Pacific ?

Topic 3.
Newly developed Sl method for Amino acid Trophic Level is
useful to validate NEMURO.FISH model & ECOSIM.

Topic 4.
Does 013C inform you growth rate of phytoplankton in the ocean?



Topic 1. Possible BIOME on the del15N-13C map
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DISCRIMINATION

015N,013C (// p )can inform a growth rate constant of

phytoplankton !

— Fd = [ W]
i = L
L] L]

L=
T

5 | N,
00 01 03 03 07 05 06
SPECIFIC GROWTH RATE

Helationship between carbon isotope dis-
crimination and the specific growth rate
(g) in green alga Chlemydomonas reinkar.
diit Dangeard (1AM C-238).

(@): Nitrate-limited condition.

(Q): Light-limited condition.

Linear regression corresponds to:

AdWC==254Xpu+253 (r=-092),
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Relationship between the nitrogen-

isotope fractionation factor in nitrate

assimilation (& ) and growth constant

(4t ) of Phagodactelum tricormutum.

(From Wada, E. and Hattori, A.,

Geomicrebiol J.,1,97,1978. With
N=Noe# tpermission.)

0.69 T =1H
0.5 T=13

Nt = No exp. (4 t ) The higher the algal
growth rate, the higher the 313C value.



Topic 2. Does synchronous oscillation of biological activities
occur between L. Baikal and marine ecosystems in the

western North Pacific ?

31500 km?
Volume: 23000 km?
MaXx. 1741 m
Mean 740 m

YES |

¥TL: Trophic Level

SN = 3.3(TL-1)+ 3. 8%o
8 13¢ = 1.8(TL-1)-29. 4%o
=—Coastal food web = Pelagic food web River flow
e jia N emien,

SN=4.0%0
6 13¢=-28. 2%

Seal &Zooplankto :
(Phoca sibirica) (Epischura baicalensis
6. %o
—26. 9%o

Attached ' 4 I (Macrohectop e

=
algae Planktonic

Organic Matter | | or

Juveniles of
pelagic sculpins

Pelagic sculpins
(4 species)

Schematic illustration of Lake Baikal food webs
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0"C records of Omul scale specimens
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Topic 3. Amino acid TL

Chikaraishi et al. suggested that glutamic acid is systematically enriched in 15N toward
the upper levels of the food chain (8.0 £ 1.2%. at each trophicstep) as a result of metabolic
processes; in contrast, phenylalanine shows little enrichment in 15N because of the
absence of nitrogen-involving reactions in its dominant metabolic processes.

Therefore, trophic level is estimated based on the 815N values of glutamic acid and
phenylalaninevia the following equation, termed the “Amino acid Trophic Level (ATL):”

— MEMURO.FISH —saury and herring + ECOSIM

where 815NGIlu and d15NPhe are the nitrogen isotopic compositions of glutamic acid
andphenylalanine, respectively. Chum Salmon

®/ oo Female
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(submitted to Limnology and Oceanography 12|-
Yuichiro Kashiyamal, Nanako O. Ogaw
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Tanabe2, and Nachiko Ohkouchi1(2007 _ i
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Topic 4. Possible Idea !! 45, e, B
515N,813C (// p )can inform a growth r. | -
constant of phytoplankton ! Y
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Conclusion !

Topic 1.
Is 815N-0613C SIl-map of phytoplankton useful to classify biome
in the open ocean?
POSSIBLE!
1) Satellite Biome
2) Stable Isotopes: ISOSCAPE or Isotope Landscape!

Topic 2.
Does synchronous oscillation of biological activities occur
between L. Baikal and marine ecosystems

in the western North Pacific ? YES!

Topic 3.
Newly developed SI method for Amino acid Trophic Level is
useful to validate NEMURO.FISH model & ECOSIM. YES'!

Topic 4.
Does 013C inform you growth rate of phytoplankton in the ocean?
POSSIBLE!
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Finally a new framework of environmental
studies is required to deepen

the interactive cycles
between nature and
humanity.

Integrative studies

of the observation,
modeling and
simulation are
possibly connected
to social management
systems of the
Plan-Do-Check-Action
as indicated .

Ecosystem

Human & Social
System

Natural

Science (EcosystemServices ] ( Social Properties )

Scenario

Public involvement

Field
Data

‘ Patterns & Trends |||

Predictive Model

Action

Adaptive
Management

Process Diagnosis
models

ultidiscipBinary

Experiments
Function

14



Introduction
50 years™ progress of ecosystem
studies is summarized  pow st s foraic o s S 5
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What is our Research Purposes ?
PART 1 The major, mid-term goal of the Ecosystem Change Research Program
(ECRP) is to develop the biosphere sub-model for the integrated model of

Introduction of our Program global change. _
In this context, our efforts have been focused on modeling of
Several process model have been

) _ biogeochemical carbon cycles in both terrestrial and oceanic ecosystems.
integrated to several dynamic i e R —
models of biophilic elements in = *

. . . Atmosphere HPZD model
the fields of biogeochemistry and gy oFEs Ocean
i (6) MIROC Physical
ecosystem ecology. S el _ 'ﬂfm}ﬁ Ohmatarboy
Based on these data base ,our Joeancarargig\ SRRt
Ecosystem Change Research =" e
Program, FRCGC has been . & 2
- . . (3)MATSIRO & &
developing several kinds of global @?@g@
ecosystem models as indicated in i
. . (4}m Monitoring -
the following slides. tcoioay| (Z)Terrestrial (1) Spatial
- Model (Sim- CYCLE) Observation &
Modeling
Terrestrial Remote Sensing

Our purpose : Development of Global Carbon Model

Atmosphete Comprehensive ESM (MIROC-
B KOO ’a KISSME)* An integratede
1 1 Earth system model (ESM) has
EaLh %ﬁ;ﬁ: been developed by coupling
' Y biogeochemical sub-system
Cllmate Clinste models to an AOGCM
‘“‘}“"* SR I (MIROC). A result from the
T | || Py 1 s ESM contributed to the IPCC
Ecosystem Change Research Program (MPAD-type) Bim-CYCLE (Veg. drnamics) AR4 (2007) for the assessment
Frontier Research Center for Global Change Dicax Land .
Japan Agency for Marine-Earth Science and Technology = of feedbacks between C]!HT] ate

change and carbon cycle.



Topic 4. 515N,013C can provide growth rate constant of phytoplankton

Height/m
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0'*C values of leafl material from different heights. Two
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SUT > COy > PGA
l‘l_x ________________________ ":1- _____________________ !
":1[{:O 11'1'.] B - B
—a kifeo o ]- G-k )oo 4 ]-0 (Steady State)
k
CO , |= ——|CO0 4
0 5 1= o T
“C0 ;> PGA =1+4k ,+ (& ,-ak K @
[co .. = 340ppm
ki fco ] _ Tk -
Cki+k, oo I pE oy b ks
Ak 7 = Ak | = 00044, Ak , = 0.030

In case we can measure the difference in & 13C between CO,_;_and plant leaf
(a CO,—PGA), we can calculate the value X. Then [CO,, | can be also calculated by
using the X in Equation (D).

5°CCO L. = -T%, [cO . ]= 340ppm
Plant a X PCO,, §18CCO,,
21 1.020 0.61 201 3%0
20 1.013 0.34 11 10 %o
37 1.030 1.0 330 7 %o
A1 1.004 0 0 A1 %o
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1.000

Relationship between the nitrogen-isotope
NOTMEIOM fractionation factor in nitrate assimilation (a)
' and growth constant (p ) of

Phaeodactylum tricornutum. (From

Wada, E. and Hattori, A., Geomicrobiol. J., 1,
97, 1978. With permission.)

FA B
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N=NoeH?
069 T=1H
il 5 i 05 7T1=15H
0o 02 04 0.6 0.8 1.0
H (day-1)
Steady state kinetics
ks
S5, The cleavage of the N-O bond in nitrate and the
1 " transport of nitrate across the cell membrane
S, + E<k_—_> ES might from, respectively, primary and secondary
C key steps where nitrogen isotope fractionation
ES+AH, _2) E+A+P takes place. Then Equation 69 reduces to
o =1+ Ak +(Ak; — Akg X+ (Akg —Ak; XY, (a-1)=Ak; + ( AKY — Ak, )X
where
e - 18
Ak =k, Jky ~1,X = o Si] gy = & [ES]

kj[So] " k/[Si]E]
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i z lankt
Nitrogen in the Sea Forms, Abundances, and Rate Processes DI at om @

1)Off Ku ril, A0

PO; (ugat.P/1)
2

NHa 1.0pgat.N/I |
T=26days

[NO; 0.29ugat.N/1]
7=-9.3days

5.4
NO3 12ugat.N/| |
T = 100days

Nitrogen fluxes in the surface water in the

Z)SST Stratlfl Catl O n Starts | n May Oyashio area nl'fth_c K\II'Iil |-I;u1q (44 :\'..Ii-l E) in the

summer of 1971. Fluxes are estimated from data ob-
FIGURE 1. Seasonal variations of vertical profiles of both temperature and phosphate in
seawater in the Oyashio area off the Kuril Islands, 1971. (From Wada, E., Isotope Marine
Chemistry, Goldberg, E. D., et al,, Eds., Uchida-Rohkakuho, Tokyo, 1980, 375. With

tained by a "N tracer experiment and given in ng at.N/
I/h. T denotes the residence time of each component.

ust | (From Wada, E. and Hattori, A., unpublished data.)
permission.) - |
ﬁ” b) ) ‘ STA19(44°N,154°E)
a 3 ngath/ifh i
: ] 3 o 500 1000 -5 0 5= NO- o15
T SR 3 at.N/1 N“/,
F—iatom : 0 10 K% 0
. o=t T
3)Daytime Zoo O SNaiato
50 . July18
«-—— | May10
j . 69days

—E‘ | -
£ 100l E %0 O3
E 1 Calanus  Plumchrus ‘.E’

| MO uptake NO3— NOT 2

: | a o1 5":0;

150 : '
II 100 -
[

4)UptakeonNITRATE:1.005

FIGURE 2. (a) Vertical profiles of temperature, nitrate, nitrite, and ammonium. (b) Average standing stock of
Calanus plumchrus. (¢) Production and consumption of nitrite. Taken at 44°N and 154°E, July 22, 1971. (From

" Hattori, A., Cruise Report of KH-71-3, Ocean Research Institute, University of Tokyo, 1983, and Miyasaki, T., et al.,
Mar. Sei. Comm., 1, 381, 1975, With permission.)

Euphotic zone was regarded as a semiclosed

system: -
az[uo I a ] NO= | -
D 34 _ w 3
2 3 <<NO3; uptake 20

Ao~ diatem =1.0088°
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