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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. Ｉ.What is Stable Isotope techniques ?
Distributions  of δ15N-δ13C in marine ecosystems 

ii. Application of SI techniques in future studies.
・Biome or Vegetation types or ISOSCAPE （Isotope

 

Landscape)
・L. Baikal & W. N. Pacific ：

 

Fish Scaleδ

 

exhibits  Synchronous Oscillation
・AMINO ACID

 

Trophic

 

Level →

 

MEMURO.FISH ＋

 

ECOSIM
・Boreal area.→

 

Growth rate (μ) could be estimated from δ13C(phyto-) 
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Our Ecosystem Change

 

Program,FRCGC

 

has been developing several kinds of

 

global 
ecosystem simulation models as indicated in this slide.

Terrestrial Ecosystem (30 Vegetation Types)
Sim-CYCLE for global carbon dynamics,

Sim-CYCLE-MATSIRO-AGCM
Spatially Explicit Individual Based
-Dynamic Global Vegetation Model

Marine Ecosystem (No Biome)
NEMURO model for a plankton dynamics
NEMURO.FISH modeｌ
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 
of daily

NDVIdata.
(a) Greenup date 

(NDVI 
exceeds 0.2)

(b) Mature date 
(annual 
maximum 
NDVI)

(c) Senescence date 
(NDVI drops 
below 0.2)

PAR, Temp. Precip.

SEIB-DGVM
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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 

assessing the ecosystem models
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• Topic 1.
Is δ15N-δ13C 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 SI method for Amino acid Trophic Level is 
useful to validate NEMURO.FISH model & ECOSIM.          

・
Topic 4.
Does  δ13C inform you growth rate of phytoplankton in the ocean? 

TOPICS
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Topic 1.
 

Possible BIOME on the del15N-13C map

α＝1.002

-2 permil
-13 permil

Diatom 1permi,
-25permil
Coccolithophorids
Pico-phytoplankton
6<permil, -20permil

Trichodesmium
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Nt

 

= No exp. (μｔ) The higher the algal 
growth rate, the higher the δ13C value.

δ15N,δ13C (// μ

 

)can inform a

 

growth rate constant of 
phytoplankton !
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Topic 2. Does synchronous oscillation of biological activities 
occur between L. Baikal and marine ecosystems in the 
western North Pacific ? YES !

!!



10Decrease in δ13C is similar.
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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 δ15N values of glutamic acid and 
phenylalaninevia the following equation, termed the “Amino acid Trophic Level (ATL):”

→
 

MEMURO.FISH

 

–saury and herring + ECOSIM

where δ15NGlu and δ15NPhe are the nitrogen isotopic compositions of glutamic acid 
andphenylalanine, respectively.

(submitted to Limnology and Oceanography
Yuichiro Kashiyama1, Nanako O. Ogawa1, 
Yoshito Chikaraishi1, Napussakorn
Kashiyama1, Saburo Sakai1, Kazushige 
Tanabe2, and Naohiko Ohkouchi1(2007)
1Japan Agency for Marine-Earth Science and 
Technology

Topic 3. Amino acid TL

Body weight
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μcould be estimated 
by δ１３Ｃ of 
phytoplankton

or
Possibly SST

Estimation of ＳＳＴ，ｃｈｌ.a,

 Nitrate

 

by using satellite data 
(T.Saino、Sasaoka

 

et al.,)

Daily PP

Dynamics 
of plankton 

biomass
at intervals 

of Day- 
Night cycle

Topic 4. Possible Idea !!
δ15N,δ13C (// μ

 

)can inform a growth rate 
constant of phytoplankton !

Validation is conducted by using a 
new buoy system for NPP（ In situ 
quantum irradiance spectra）

in Euphotic Zone.    T.Saino

SST
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Ｃｏｎｃｌｕｓｉｏｎ

 

！

Topic 1.
Is δ15N-δ13C SI-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  δ13C 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 .
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Introduction
50 years` progress of ecosystem
studies is summarized 
with emphasis on the
various kinds of 

international
cooperative research
programs under global
environmental issues.
These programs are
IBP,MAB,IGBP,
DIVERSITAS and HDP. 
At the beginning of

21st century,integration
of WCRP, IGBP 
and IHDP are highly 
required to provide 
significant practical 
solution and scenarios
to social sciences and
public involvement . Computer Simulation, SI techniques

Remote sensing
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PART 1
Introduction of our Program

Several process model have been 
integrated to several dynamic  
models of biophilic elements in 
the fields of biogeochemistry and 
ecosystem ecology.
Based on these data base ,our 
Ecosystem ChangeEcosystem Change Research Research 
ProgramProgram, FRCGC has been 
developing several kinds of global 
ecosystem models as indicated in 
the following slides.

Our purpose : Development of Global Carbon Model

Comprehensive ESM (MIROC・

 
KISSME)・An

 

integratede

 
Earth system model (ESM)

 

has 
been developed by coupling 
biogeochemical sub-system 
models to an AOGCM 
(MIROC). A result from the 
ESM contributed to the IPCC 
AR4 (2007) for the assessment 
of feedbacks between climate 
change and carbon cycle. 
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Topic 4. δ15N,δ13C can provide growth rate constant of phytoplankton
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44º N

南極海

Relationship between the nitrogen-isotope 
fractionation factor in nitrate assimilation (α) 
and growth constant (μ

 

) of 
Phaeodactylum tricornutum. (From 
Wada, E. and Hattori, A., Geomicrobiol. J., 1, 
97, 1978. With permission.)

N=Noeμ

 

t

0.69 τ

 

=1日
0.5  τ

 

=1.5日
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The cleavage of the N-O bond in nitrate and the 
transport of nitrate across the cell membrane 
might from, respectively, primary and secondary 
key steps where nitrogen isotope fractionation 
takes place. Then Equation 69 reduces to

( ) ( )XkYkk −+ Δ−Δ+Δ=− 0201α

Steady state kinetics
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δ15N-δ13C SI-map 
of plants 

The lowest

The highest
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1)Off  Kuril
Diatom

3)Daytime Zoo

2)SST stratification starts in May.

Diatom

4)UptakeonNITRATE:1.005
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