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Abstract: Problem statement: Mangrove forests are found in tropical and subittalpcoastal tidal
regions.Rhizophora apiculata Blume is one of the most important species in mawveg forest. It is
also one of the commercial mangrove timber speiciessia-Pacific region which dominates large
areas of mangrove in this region. In order to ustderd forest ecosystem characteristics and to
establish the proper management system, a presiisea¢ion of biomass is necessary. The objective
of this study is to quantify the aboveground biosnpeoduction and stem volume Rf apiculata in
Awat-Awat mangrove forest, Sarawakpproach: Seven representative trees were used in this
study for sampling from February 2011 to March 20Allometric relationships were examined
using either independent variable Diameter (D) ombination of quadratic of D and Height
(D?H). Results: The best fit of allometric equations were develogezm the combination of
quadratic of D and H (y = 0.0%8.948, R = 0.98) which is more recommended to estimate
biomass and stem volume d&. apiculata in Awat-Awat mangrove forest, Sarawak. Total
aboveground biomass and stem volumeRofapiculata were 116.79 t H and 65.55 rhh™,
respectively.Conclusion: Aboveground biomass and stem volume is closelgtedl with tree
diameter and height which indicates that abovegidriomass and stem volume will increase with
increasing diameter and heightRfapicul ata.
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INTRODUCTION communicates to the air through lenticels on the
aerial roots and trunks (Lat al., 1993).

Mangroves are coastal forests that affects by 1N Specie® apiculata Blume is one of the most
tides, soil texture and marine salinity. This fares ~MPOrtant species in mangrove forest. It is alse of

found in tropical and subtropical coastal tidal the commercial mangrove timber species in the Asia-

. Pacific region which is dominate large areas of
regions. As a component of wetlands, mangroves has - .
mangrove in the region and often grows as puredstan

also been recognized as one of the most productivg)ng et al., 2004). Mangrove forests in Malaysia,
ecosystem which grow on sheltered shores andgpecially in Sarawak is about 175,153 ha which are
estuaries in the tropics and sub-tropical aregound along the coastline (Bennet and Reynold, 1993
(Gandasecat al., 2011). Mangroves are very well The values of mangroves consist of both monetady an
adapted to grow in sea and brackish water. Theyon-monetary such as forest industry, fisheriessiny,
have roots that typically grow in anaerobic sedimenwildlife conservation, tourism and environment
and receive oxygen through aerating tissue whiclprotection (Bennet and Reynold, 1993; kal., 1993).
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Studies found that quantification of tree biomass
can be very difficult and expensive since it invadv
tree felling, unearthing root systems, weighing and
drying samples. Such activities are very expen&ive
any other purpose than research (Specht and West
2003). Therefore, attention has been paid to develo
techniques to estimate tree biomass from easily
measured tree characteristics known as ‘allometry’.
Allometry is a powerful tool for estimating biomass
production from easily measured tree characteristic M
such as stem diameter and height that are qudnéfia
in the field (Komiyamaet al., 2005). Common
allometric equations have been reported for ‘
aboveground biomass (Browet al., 1989; Brown, A VNISSTATE r~
1997, Ketteringset al., 2001) and also for mangroves
biomass (Komiyamaet al., 2002; Onget al., 2004; Fig. 1: Location of study area showing Awat-Awat
Nguyen and Ninomiya, 2007) elsewhere. mangrove forest in Lawas, Sarawak, Malaysia

The estimation of aboveground biomass of
mangrove is not only provides increasingly valuableAfter each tree sample was completely felled, iesmm
means for making comparisons among ecosystem3ém were separated into each component as 0-2, 2-4
but could also use to evaluate the productivity4-6 m log to the top. All tree components were
pattern, nutrient cycle and energy flow (Kusmata Welghted to acquire the total fresh weight. Abo@+1
al., 1992). Furthermore, in order to understand th&™ disc stem sample was taken from each part tegeth
forest ecosystem characteristics, the measurenfent ¥ith plant sample such as branches and leaves and
tree biomass is important. The main objective d th Prought to the laboratory. The sample was ovenddrie
study is to assess the biomass productionRof for two days. Total dry weight of those plant parts

apiculata in Awat-Awat mangrove forest, Sarawak, (stem, branch and leaf) were estimated as dry/fresh
Malaysia weight ratios (Brown, 1997). Allometric relationphi

were examined using independent variable D or
combination of quadratic of D and H. The relatidpsh
between independent variable and components biomass

N N . and stem volume was described by a power func¥on,
Study site: This study site is situated in Awat-Awat _ aD’ or Yi = a (DH)®, where a and b are regression

mangrove forest, Lawas Sarawak, Malaysia Fig. 1 angonstant, D is tree diameter (cm), H is total heigh)

all of R. apiculata are 15 years oldForest inventory 4 viis the dry biomass (kg) of a tree comporien;

and sampling were done from February 2011 to Marc@tem branch and leaf (Hervatial. 2011). To choose
2011. Within sample plot (1680 m), all tree heights Tp ' (Heryatial., )

2 South China Sea e
& =~
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MATERIALSAND METHODS

. . e most appropriate biomass prediction &
and diameters were measured. The Diameter (D) o pprop 3

. . iculata, both methods for stand biomass prediction
trees was measured using diameter tape at 30 cve abg, o compared. The aboveground biomass was

the highest prop-roots while tree Height (H) wasisteed  jetermined summing of the biomass of stem, branch
using hypsometer (Komiyama al., 2005). To estimate gnq |eaf. The total aboveground biomasRdpiculata

the aboveground tree biomass in this forest, Sé® a5 calculated from the summation of tree biomass
samples were selected for sampling (2 small, 3 umedi fo,ng from sampling plot. All data for biomass and

and 2 big size trees). In order to choose the septative  stem volume were converted into hectares.
trees for sampling, D and H data for all treesdiediree

plot was sorted from the lowest to the highestedhen RESULTS

divided into three classes namely small (0-12 cm),

medium (12-24 cm) and big (24-36 cm). The meaneslu The percent of aboveground biomass Bf

of each class were selected for calculation. apiculata was found 62.55% for stem, 31.89% for

All selected trees were harvested and each samplranch and 5.57% for leaf in the Awat-Awat mangrove
tree was divided into several components named (Ifprest. Biomass production of stem was higher tiwen
stem, (2) branch and twig and (3) leaf. leaf and branch biomass d® apiculata Table 1.
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Fig. 2: Graphic relationship between (A) Diametad stem volume; (B) Diameter and stem biomasspD{@neter
and branch biomass; (D) Diameter and leaf biom#g$; Diameter and aboveground biomass; (F)
Combination of square of D and Height’d) and stem volume; (G) % and stem biomass; (H)?B and
branch biomass; (I) 1 and leaf biomass and (JfHDand aboveground biomassRfapiculata

Table 1: Stem volume and biomass for differenéssa of diameter &. apiculata in Awat-Awat mangrove forest, Lawas, Sarawak, Msia

Mean + SE Biomass (t i)
Stand St
Tree class density Diameter (D) Height (H) volume ten$ Branches Leaves Above ground
(cm) (treesH)  (cm) (m) (mhY (@) (b) (c) (atb+c)
Small (0-12) 364 7.9540.1730 8.10+0.115 3.940 4.672.41 0.47 7.54
Medium (12-24) 376 16.65+0.254 14.43+0.227 30.71 .634 17.70 3.14 55.45
Big (24-36) 100 29.81+0.679 18.37+0.265 30.90 33.747.14 2.89 53.80
Total 840 14.45+0.375 12.16+0.217 65.55 73.05 37.24 6.50 116.79
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Table 2: Comparison of standing biomass in abaweyt components of different mangrove speciesfiareit places

Aboveground

Location Species Stand characteristics biomas$)(th Sources
Thailand Rhizophora apiculata Mean height 11.00 m 159.0 Christensen (1978)
Matang mangrove, R. apiculata DBH ranged from 1.11-24.51 cm 185.30 Gong and OntpP9IQ)
Malaysia
(4°50 N, 100°36 E)
Satun, Thailand Ceriopstagal Mean DBH 4.20 cm, 92.24 Komiyaneaal. (2000)
(6°40'N, 10001E) mean height 4-6 m,

density 10010 stenih
Pulau langkawi, Bruguiera parviflora Mean DBH 12.15 cm, 115.56 Norhayati and Latiff (2P0

Malaysia R. mucronata mean height 13.09 m,
(6°22'N, 99°48'E) B. gymnorrhiza density 849 stem™h

B. parviflora

C. tagal

Xylocarpus granatum
Kuala selangor, Malaysia  B. parviflora Mean DBH, mean height

(3°19'N, 101°14'E) and density of saplings

and trees were 2.37 cm,

3.92 m and 565 saplings

ha'; 9.84 cm, 10.27 m

and 2030 treesh

respectively 144.47
Mean D at 10% of

Height 5.41 cm, mean

height 3.61 m, density

15475 tree # 80.5
Mean DBH 14.45 cm,

mean height 12.16,

density 840 stem’h 116.79

Hossaéhal. (2008)
Okinawa, Japan Kandelia obovata

(26°11'N, 127°40'E)

Kharet al. (2009)
Lawas, Malay§ia
(4°56'N, 115°14E)

R. apiculata

Present study

Regression coefficients using tree diameter (D) DISCUSSION
were found 0.97, 0.96, 0.95, 0.91 and 0.98 witimste ] ] .
volume, stem biomass, branch biomass, leaf biomass Biomass studies of mangroves have been done in

and aboveground biomass, respectively Fig. 2. Th \?Q;ng?r(ﬁrsina?fBrtS;uievrvgrld Vg:?hig,a(r:léi sgset(:ge:l Le.,
regression models using combination of quadratib of Kandelia obovata, Rhizophgoyrlam mucronata. and Rj

and H with stem volume, stem biomass, branc%iculata In present study,R apiculata shows
biomass, leaf biomass and aboveground biomass Wefgmnaratively higher aboveground biomass than mixed
0.99, 099, 093, 086 and 0.98, respectivelymangrovesR. apiculata, R. mucronata, B. gymorrhiza,
Comparatively, these r-squares values were hidteer t B parvifiora, C. tagal, Xylocarpus granatum) in
those were found for D and tree components andsilmoangkawi Island, Malaysia (Norhayati and Latiff,040),
of the r-square values were closed to 1. ThereforeC. tagal in Satun, Thailand (Komiyame al., 2000) and
qguadratic of D and H was used to estimate the&K. obovata in Okinawa, Japan (Khamt al., 2009).
aboveground biomass Bf apiculata. Moreover, the biomass value dR apiculata was
The average diameter oR. apiculata was comparable with the values recorded elsewhere Table
14.45+0.375 cm with the average height of Studies revealed that the variation in above ground
12.1620.217 m in the sample plot of Awat-Awat biomass depends on species but also on ecological
mangrove forest. Medium class (12-24 cm diameterfircumstances and geographical location (Komiyaaa
trees was the dominate speciesRofapiculata in this ~ d- 2008). Furthermore, Komiyama al. (2008) noted
forest plot with the density of 376 trees lwhile the that.ft_otal gbovegrc:.und b_lomass Rlﬁlz;)pora SP. 'negl‘e
lower (100 trees 1) was found for big class (24-36 Pacific and Australia region ranges from 40.7-460
diameters) of trees. Stem volume was found higber f ll;ligrmhgyslgt:cozingi)l(_:élffrgr(l)orlo)vgls(o {E&gtgecélnlﬁgg]gg
big class (30.90 fmh™) of mangrove followed by grove.ap ’ ’

) - B. gymnorrhiza, B. parviflora, C. tagal, X. granatum)
1 3
medium class (30.71hh™) and small class (3.94°M  forests in Langkawi Island, Malaysia. In this presgtudy,

h™). The estimated total aboveground biomass Waghe level of aboveground biomaRsapiculata was lower
found higher (55.45 ton}) for medium class trees compared to those reported by Christensen (197@)gG
followed by big class (53.80 1) and small class (7.54 and Ong (1990); Hossa# al. (2008) and Norhayati and
t h™") of mangroves in this mangrove forest. Latiff (2001) globally (Table 2).
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Table 3: Comparison of biomass proportion in défércomponents of mangrove forest species at diffgrlaces

Total Above

ground Root Stem Branch Leaves Reproductive
Location Species components (%) (%) (%) (%) (%) jgonents (%) Sources
Matang, Malaysia R. apiculata 75.50 2450 55.00 12.00 8.50 - Gong and Ong (1990)
(4°50'N, 100°36'E)
Satun, Thailand Ceriopstagal 50.20 49.80 29.68 13.13 7.39 - Komiyastal. (2000)
(6°40'N, 100°01E)
Pulau langkawi, MalaysiaB. parviflora - 90.00 9.10 0.90 - Norhayati and Latiff (2001)
(6°22'N, 99°48'E)
Kuala selangor, MalaysiaB. parviflora 88.82 11.18 58.26 23.20 6.80 057 Hosshad. (2008)
(3°19'N, 101°14°E)
Okinawa, Japan K. obovata 52.88 47.20 30.30 18.90 3.68 - Khetral. (2009)
(26°11'N, 127°40'E)
Lawas, Malaysia R. apiculata - 57.30 35.09 7.61 - Present study
(4°56'N, 115°14'E)
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