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HORIZONTAL FLUXES

 Land to mangrove waterways

e Mangroves to waterways

e Mangrove waterways to ocean



HORIZONTAL FLUXES
Estuarine Cross-Section

Map 1. The Sg. Merbok Mangroves and its water catchmeni.
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VERTICAL FLUXES

« Atmosphere / Forest
—Blomass
—Gas Exchange

« Atmosphere / Soll
« Atmosphere / Water
o Water / Sediment



——

Atmosphere/forest, Atmosphere/soll,
Atmosphere/water, Water/sediment



i
Yo PRODUCTIVITY
BIOMASS | ({C ha” year')
 LEAVES 2.6 0.08 £4.0
__ CANOPY
L BRANCHES 8.0 0.44 + 1.1
- |
L TRUNK | TS 5,56 = -
L STIET | 100 | 0.64%-
ROOTS '
— ROOTS 5.1 042 +7
TOTAL 100.0 TA4£51+7

Source : Ong, Gong & Clough (1995)




Net Ecosystem
Solar Radiation CRC Workshop F

NET
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CRC Greenhouse
Accounting, 2001;
Australia




ATMOSPHERE / SOIL FLUXES

e 6.44 -9.22 umol CO, m2s-1 (Kumaradevan,
S.)



FATE OF PRODUCTION

i




Mangrove Soil Carbon
(Ong, 1993)

e Soil carbon: 15 %

e Soil density: 0.7

 Depth: about 10 metres

e Total Carbon: 10,500t ha
e Age: /7000 years

e Sequestration: 1.5t hatlyrt
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THE MANGROVE ECOSYSTEM

PHOTOSYNTHESIS 56
(GPP=65)

RESPIRATION 48
NPP=17)
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HORIZONTAL FLUXES

 Land to mangrove waterways

e Mangroves to waterways

e Mangrove waterways to ocean
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Map 1. The Sg. Merbok Mangroves and its water catchment.
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HORIZONTAL FLUXES
Estuarine Cross-Section

Map 1. The Sg. Merbok Mangroves and its water catchmeni.
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Deploying Current Meters




Fouling — Barnacles after 2 weeks!



ELEVATIONS (M)

SALINITY (PPT)

(A) ACTUAL/RMS ELEVATIONS (B) ACTUAL/RMS CURRENTS
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Mean Discharge (Q)

Figure 2. Mean water discharge of the Sungai Merbok over 31
continuous tidal cycle.
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Nitrogen flux (g -s-'l for 45 tidal cycles for
the Sungai Merbok estuary



Salinity: Neap — stratified; Spring - mixed
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Map 1. The Sg. Merbok Mangroves and its water catchment.
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HORIZONTAL FLUXES
Mixing Diagrams

Figure 7. Distribution of ammonia with salinity along the Sg. Bujang
on the spring tide of 22 September, 16958.
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/,-(DOP,-DOF,)=-307

HORIZONTAL FLUXES
Stoichiometry

DOPe~0 LIM; DIP.=0 uM;

III'II.I DIFI'_-'-'U

l'l.'l_:l'l:l__'-I*g DIFn=u,4 J_l_M
DIP‘E:D.E Y U_DF_—dB
(DIP,-DIP,)=-1,228
Ill'r--:ll:;lpq—'EH "|I|I||:‘_ DGF"_:.B-':

DOP.=0.3 uM
DOP,=0.7 uM

ADOP=4+282 . a ADIP = +1,209

Gordon et. al., (1996)

 Respiration: 1.38t C halyrt



Sungai Merbok
Landuse

1cm : 1.4km

Merbok Mangroves, Peninsular Malaysia C N P Fluxes

1. Bujang - Agriculture
2. Dedap - Aquaculture

3. Petani — Human settlement



Human Impact on N Fluxes

Petani Dedap Bujang
DIN (uM)
System 7.6 4.8 6.2
Sea 4.4 3.9 6.4
DON (uM)
System 44 .4 28.0 23.9
Sea 57.9 16.4 18.6

(Gong & Ong, 2002)




Photosynthesis

Autotrophic
GPP respiration

NPP l Hetergtro‘phuc
respiration

T

NEE zl NEP Loss due to

disturbance

!

A

NBE = ‘ NBP

System Carbon Balance (CRC, Canberra 2001)



Current (2000-2005) Global Carbon Cycle

-3 ‘ 'gemc pools and fluxes are in black.
ve human perturbation to the pools and fluxes are in red.
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MANGROVE CARBON BUDGET :
MANAGEMENT IMPLICATIONS

Charcoal Production (Matang)
Woodchips

Oil Palm

Rice

Aquaculture (Merbok)

Housing Estates



MANAGEMENT IMPLICATIONS
Charcoal




Matang Mangroves

oL L _,.'...

Peninsular Malaysia

Management started 1902

30 year rotation —
clear-felling

2 thinnings - 15 years.

il 1 Sustained Yield Management

i







~~
4
&)
-
wn
=
<
i
~—
%2
-
®©
)
>
o
QN
=
=
&)
-
7p
S
N
L
~—
%0
-
®©
)
>
LO
—i
_
@)
=
c
=
L
—




Poles from thinnings
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Matang - carbon sequestered
(a) Dead Matter

Small liter 5.1tha” yr-
Root turnover 5.1tha™ yr—
Dead trees  6.4tha” yr-
Slash 0.7tha” yr

Total (Lyr) 17.3tha yr-
Total (30 yrs) 519tha™




Matang - Carbon Sequestration
(b) Harvest

* Poles

e (1st thinning) 39t hat
 Poles

e (2nd thinning) 42 t hat

e Charcoal

e (final felling) 117t ha
1



Matang - Carbon Sequestration
(c) Total Sequestered

Total C (30yrs) 519 t ha™ dead
matter; 81t ha™
poles

Total Cperyear 17.3 t ha” yr-
dead matter;
27 t ha’ yrt
poles




7p
O
L
&

Wood







OIL PALM

Net photosynthesis: 15.5 umol m-2 s-1

Leaf Area Index: 2 -7
(Muhamad Awang, 1991)

NPP: 55-175tChatlyr!
(Squire, G. R. 1986)



Carbon Seqguestration -
comparison

Mangrove |Oil Palm |TRForest
(20 yrs)
(Chan ’02) |(Henson ’99)

Standing 114 45 200
Biomass

(tC/ha)

Net C fixed |17 9 12

(tC/halyr)




MANAGEMENT IMPLICATIONS
Rice
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Management Implications

Aquaculture Ponds (Merbok)




Management Implications
Aquaculture Ponds (Merbok)




Acid sulphate solls




MANAGEMENT IMPLICATIONS
Aquaculture Ponds

2 metres: 1000 years
= 1500 tC ha™*

Assuming 50% oxidised over 10 years:

Carbon released: 75t C hatlyrt
(Ong, 1993)



MANAGEMENT IMPLICATIONS

Industrial / Housing Estates,
Alrport
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