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Key questions and objectives

How does the ecosystem response to the

multiple environmental changes?
HRERRIESHEEBEEEICHLEDLSICHET SN ?

How to mitigate/recover from the recent

degraded situations of the ecosystems?
HEDERRDLIELEZENMLTVLIERESES-HDEXKE?

To develop the "Socio-Ecological System”
framework for sustainably using ecosystem

services.
EBRY—EXZEHENICIALTW L H0HE-ERBRFEE D
L—LJ—9 DIEE



COAWST modeling system

Framework of the -
Integrated land-
ocean-ecosystem f
modeling system
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Ocean Modeling: Sekisei lagoon scale

A multi-nested 3D ocean circulation model for Yaeyama region was
developed based on the Coupled-Ocean-Atmosphere-Wave-Sediment

Transport (COAWST) Modeling System (Warner et al., 2010).
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30-year Long-term hindcast simulation for reproducing
coral reef environments
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http://www.nakamulab.mei.titech.ac.jp/yaeyama_hindcast_simulation
http://www.nakamulab.mei.titech.ac.jp/yaeyama_hindcast_simulation

Watershed Modeli ng Weather data

S Soil & Water Assessment (Pr?C'P'tat'Ton, Solar
Tool+ (SWAT+) radiation, Temperature,

Wind, Humidity)

(Bieger et al., 2017)

RY-S0L

M oReED-s0L
GLEY-SOIL

M reD-s0L
YELLOW-S0IL

B EROWN-LOW-S01

GRAY-LOW-S0IL

WATER

Land use/
Land cover

Elevation Soil map

River lines

River discharges
(Freshwater, Red soil, Nutrients (NO3, NH4, PO4))




Watershed model (SWAT+) results: Water qualities
Computed Todoroki river (#JI]) discharges in 2013
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Simulation results: Coarser domain

Salinity (psu)
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Simulation results: Finer domain

Hs (m) Sea surface temperature (°C)
90 10 90 z
RIEKim
a0 9 20 = i
8
70 70
7
60 &0
6
_ 50 __50
£ 5 £
> e

40 40

30 30
20 20

10

-

0 0 o
o . -3
Salinity (psu) Susupended Solids (kg m™)
2 s e IR A et e LRI SN e
PSS
EEL L L L
80 ’ﬁ\i
34.5
16
70
114
34 60
11.2
= .50 ]
E E .
= 335 = “- 11
> > 03
40 ‘e
E  LE
T
o
33 an -
Iy 06
oy
Iy
20 \\.\. N A T B Iy
R et R B e e LA ks 04
325 St N R T e e e i e R e Y
\\‘-\\\\-""'"‘"‘u\ R i T s
\\\\\\\“- — \\\\\\\\\“““‘“\\“‘\"\‘\ e i
10| ey S S i
B T \ \ \\au»-‘\\\\ e 7o L 0z
MR \\ \\\\x\a—a\\\Q\H\.Ha-‘—___,,., I
e s e T el \ MR AR R \"'\\"‘-‘\\-‘\--‘ R
i L R s R i c e
55 g LEnssieoasoa v iltiv '\-\.—w—-'v-ﬂ-a\\‘ e e I o
0 10 20 30 a0 a0
:( [km} X[km}

2013-07-07 00:00:00 (UTC) 2013-07-07 00:00:00 (UTC)



Simulation results: Finer domain

Hs (m) NO3 (umolIN L™T)
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Coral polyp-s
modeling

A coral polyp model,
which features well-
described coral
internal physical,
chemical, and v AR ¥ | s

ohysiological e ARV ﬁf \ e s
processes, has been o b |
developed.
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Integrated modeling system
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COTS outbreak simulation: scenario analysis

Density of adult COTS (Indiv./m?) Coral coverage

(b) Initial condition
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COTS outbreak simulation: scenario analysis
Density of adult COTS (Indiv./m?2) Coral coverage

(9) Nx0.75 (h) Nx0.75
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Development of nature-based solutions for conservation and restoration of coral reefs

Nutrients, SPM, harmful Heat waves,
chemicals and microbes, etc. acidification,
intense storms
\ ; Mangroves —— Coastal vegetation ——
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B Acropora monticulosa1l B Acropora digitifera DOAcropora hyacinthus

W Acropora muricata DOAcropora carduus BPorites cylindrica
OPavona venosa OOther corals O Soft coral

DAlgal turf DOCoralline algae (live & dead) B Saeagrass

B Reef rock (old) OReef rock (mount) OReef rock (pavement)

(Nakamura & Nakamori 2009)

B Acropora microphthalma
B Pavona cactus

BAlgal lawn

B Other Algae

OSand & gravel

Coral reef communities
have clear habitat zone
paralleled to shoreline.




Computational domain (Shiraho reef)

This modeling system was applied to a coral reef ecosystem
on Shiraho fringing reef, Ishigaki Island, Japan.
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Shallow water depth and benthic coverage are derived from satellite image analysis.



Simulation settings
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Blue Carbon
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Figure 1.1 Blue carbon ecosystems: mangroves (top left, © Sterling Zumbrunn, Cl), seagrasses (bottom left,
© Miguel Angel Mateo), and tidal salt marshes (right, © Sarah Hoyt, Cl)

(Howard et al., 2014)



Dynamic mangrove
vegetation modeling

Salinity (psu)
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Major pathways of blue-carbon sequestration to
the outer ocean

Coastal vegetated ecosystems Continental margin Deep ocean
s 4
DOC Microbiological reactions __- > RDOC
l Advection  POC Deposition/diffusion Mixing layer

002 De['ﬁon ............... . ............ Y T SRR
>—> HCO,
CaCO,

Carbonate sediment

Bathypelagic

DOC : Dissolved organic carbon
POC : Particulate organic carbon
SOC : Sediment organic carbon
RDOC : Refractory dissolved organic carbon

Fig. 2.8 Carbon export pathways from coastal vegetated ecosystems. OC produced in seagrass
ecosystems may be potentially sequestered long term in the reservoirs marked by red letters, i.e.,
pelagic sediment OC (SOC), water-column bicarbonate (HCO;™) and refractory dissolved OC
(RDOC), and dissolved carbon dioxide (CO,) in the bathypelagic water column

(Miyajima and Hamaguchi, 2019)
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BERBEBYINTY>J0—I eDNAK RS N/Z MR & DLEB

Table 1

Concentrations of DNA fragments detected in surface-sediment samples collected in coastal waters of the Yaeyama and

Tokara areas (arranged from shallow to deep sites). Symbols: +++++, > 30,000; ++++, 10,000-30,000; +++, 3,000-10,000;
++, 890-3,000; +, 190-890; +, 1-190; —, <1 (unit: copies per gram dry weight of sediment). See text for a detailed description
of the macroalgal categories. The tentatively defined detection and quantitation limits are 190 and 890 copies per gram (see

text), respectively.
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