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Abstract: Tree biomass plays a key role in sustainable management by
providing different aspects of ecosystem. Estimation of above ground
biomass by non-destructive means requires the development of allomet-
ric equations. Most researchers used DBH (diameter at breast height) and
Ty (total height) to develop allometric equation for a tree. Very few spe-
cies-specific allometric equations are currently available for shrubs to
estimate of biomass from measured plant attributes. Therefore, we used
some of readily measurable variables to develop allometric equations
such as girth at collar-height (Gcy) and height of girth measuring point
(Gwmn) with total height (Ty) for 4. rotundifolia, a mangrove species of
Sundarbans of Bangladesh, as it is too dwarf to take DBH and too ir-
regular in base to take Girth at a fixed height. Linear, non-linear and
logarithmic regression techniques were tried to determine the best re-
gression model to estimate the above-ground biomass of stem, branch
and leaf. A total of 186 regression equations were generated from the
combination of independent variables. Best fit regression equations were
determined by examining co-efficient of determination (R?), co-efficient
of variation (Cy), mean-square of the error (Msenor), residual mean error
(Rsme), and F-value. Multiple linear regression models showed more
efficient over other types of regression equation. The performance of
regression equations was increased by inclusion of Gy as an independ-
ent variable along with total height and Gcy.
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Introduction

Mangroves are distributed in the tropical and subtropical shel-
tered coastline (Komiyama 2008). The harsh habitat influences
the unique processes of primary production and biomass alloca-
tion in mangrove forests that differ from terrestrial forests (Toma
et al. 1995; Komiyama et al. 2000). Quantity and distribution of
vegetal biomass provide important information for ecosystem
(Salis et al. 2006), such as forest structure and condition (West-
man et al. 1977), forest site productivity and carbon fluxes
(Chambers et al. 2001; Cooper 1983; Specht et al. 2003). It is
very important to take account of biomass allocation and produc-
tion of mangroves for having the details of successional changes,
nutrient cycling competition among plant communities, site pro-
ductivity, carbon sequestration and impact of climate change on
sustainable management of mangrove forest.

Forest ecologists have developed different methods for bio-
mass estimation (Golley et al. 1975; Komiyama et al. 2008). Of
them, area harvest, mean-tree and allometric method are the
three popular biomass estimation methods. However, allometric
method is frequently used for estimating forest biomass (Golley
et al. 1975; Komiyama et al. 2005, 2008; Clough et al. 1989;
Clough et al. 1997; Ong et al. 1995, 2004; Tamai et el. 1986).
Biomass estimation through allometric models varied greatly
among sites (Komiyama et al. 2008; Clough et al. 1989). It is
preferable to use species specific and site specific regression
models for biomass estimation (Ketterings et al. 2001; Golley et
al. 1975). Conversely, the use of generalized equation can lead to
a varying proportion of error in biomass estimation for a particu-
lar species (Clark et al. 2001; Cairns et al. 2003; Litton et al.
2006; Pilli et al. 2006; Komiyama et al. 2008). Aegialitis rotun-
difolia is a dwarf mangrove and its distribution is limited to the
Andaman Island, Orissa and Bangladesh (Kathiresan et al. 2001).
In Bangladesh, this species is usually found in coarse textured
soil in the strong saline environment of the Sundarbans man-

@ Springer



24

Journal of Forestry Research (2012) 23(1): 23-28

grove forest (Das et al. 2001). 4. rotundifolia is less studied spe-
cies (Saenger 2002) and therefore, knowledge on ecology,
stocking and productivity of this species is important for the
ecological management and commercial exploitation. The pre-
sent study aims to derive the allometric models for estimating the
above-ground biomass of A. rotundifolia, which may contribute
to the sustainable management of this species.

Materials and methods
Study area

The study area (N 21°45'03" and E 89°33'11") is bordering the
Indian Sundarbans in the West and the Bay of Bengal in the
South. Yearly rainfall of the area varies from 1200 to 1500 mm
and the average temperature varies from 28°C to 30°C in sum-
mer and 18°C to 20°C in winter. The forest is influenced by
comparatively higher salinity (2.2%), (Siddique 2001). The veg-
etation in the study area is dwarf and the average height of the
vegetation was about 3—4 m. The major species of this area were
Avicennia alba, A. officinalis, Xylocarpus granatum, X. mekon-
gensis, A. rotundifolia, Lumnitzera racemosa, Rhizophora api-
culata, R. mucronata, Excoecaria agallocha and Ceriops decan-
dra (Sididique 2001).

Sample collecting and processing

Fifty individuals of A. rotundifolia were selected (avoiding me-
chanical and insect damage) with girth (>5 cm to <20 c¢m) of
collar region from its dominated vegetation sites. Total height
(Tw) and girth at collar height (Gcy) of the selected individuals
were measured and recorded. Beside these measurements, height
of girth measuring point (Gwn) (on an average 0.70 m above from
the ground) was also taken because the trunk of this species is
conically broad based with gradual tapering towards the apex.
Girth, rather than diameter, was used here because the
cross-section of the stem is irregular in shape. In such cases, the
use of diameter tapes or the division by pi (p) does not give the
exact diameter. Moreover, the plant’s height was too small
(maximum total height 2.89 m and average total height 2.04 m)
to take DBH (diameter at breast height) for each stem. After
taking these measurements, the individual plants were harvested
at the ground level and separated into different parts, such as leaf,
branch and stem. All parts of plant were weighed (fresh weight)
in the field and sub-samples from each component (about 1 kg)
were brought back to the laboratory to get conversion factor
(ratio of oven dry weight at 80°C to fresh weight). Oven weights
of different parts were calculated from the conversion factor.

Allometric Relationship

Equations of linear, nonlinear and logarithmic regression were
used to develop allometric models for predicting above-ground
biomass of plant parts (leaves, branches and stems), (Appendix

1). Significant test of regression equations was used by using
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SAS (6.12) statistical software. The Best fit regression equation
was determined by having the highest R, with lowest Cy, Rynes
Mseror, F-value.

Results

The coefficient of determination (R*) describes the general fit-
tings of the regression equation for linear relationship between
dry weight and fresh weight of different plant parts. The conver-
sion factor yielded a value greater than 0.70. The regression co-
efficients (b) indicate proportion of organic matter of each plant
part. The value ““b’’ is equal to the amount of moisture in plant
parts. The larger ‘‘b’’ value indicates smaller amount of moisture
in plant parts. Comparatively values of “b” were decreased for
branches, followed by stems and leaves, which indicate a reduc-
tion of moisture from green parts to the woody parts of the plant
(Table 1).

Table 1. Regressions equation (Y=a+bX) relating dry weights (g) and
fresh weights (g) of plant parts

Plant parts R” and p values a b Sa Sh

Leaf 0.99; p<0.01 0.331 0.352 0.0912  0.009
Branch 0.97; p<0.01 -0.812 0.541 0.412 0.034
Stem 0.95; p<0.01 -2.377  0.523 2.891 0.041

Notes: S, is standard error of intercept ““a”; Sy, is standard error of regression

coefficient “b”.

A total of 186 regression equations (Appendix 1) were used,
of which 76 models were excluded for having co-efficient of
determination (R?)value (less than 0.80). The rest of the regres-
sion equations were used for evaluating parameters of estimation
(R?, Cy, Ryne, Merror and F).

Most of the selected equations were multiple regressions
without transformation of variables. Considering parameters of
estimation, the best allometric models (Table 2) are as follows:

L =13.96G,, —12.38T,° = 0.01G,,,," +
0.08G o X Ty X Gy

(M

where, L is the leaf biomass, Gy is girth at collar height, Ty is
total height, and Guy is the height of girth measuring point.

B=3.09G,,’ —22.887T, — Gy, +

@)
0.13Goyy X Ty X Gy
where, B is the branch biomass.
S =3.67Gy, —137.16T, —0.02G,,," +
3)

0.12G oy X T, > X Gy gy



Journal of Forestry Research (2012) 23(1): 23-28 25
where, S is stem biomass.
where, T is total biomass.
T =5.49G," —251.36T, —0.07G,,, + “
0.75G oy X Ty X Gy

Table 2. Final 5 models for estimating biomass (g) of plant parts

Plant parts Equation R? Intercept a b c d Cy Rinse Mserror Sa S Se Sq F

Leaves y=aGeut+b T %G+ dGen TG 088 -7.96 1396 -1238 -001 008 26.17 3732 139278 1073 922 000 004 4713
y=aGen +bTu+e G 2+ dGen TGy 088 3899 1562 -5329 -001 008 2632 3753 140837 10354 4357 000 004 4654
y=aGa 2 +bTiE +c G+ dGen TuGun 088 7238 057 -1345 001 009 2649 37.77 142683 056 992 000 005 4585
y=aGa Z+b it cGultdGan it Gy 087 12881 067  -5642 001 008 26.69 38.06 144904 055 4747 000 005 4505
y=aGa ZHb A+ cGultdGan Tit Gun 087 6904 2400 454 001 000 2691 3837 147237 772 717 000 000 4423

Branches y=aGgu A bTi e Gytd Gen Th G 092 -103.72 309 -22887 000 0.13 29848 92.882 8626982 139 2440 002 0.2 69980
y=aGc”2+b Til+cGurtdGen TuGwn 091 -132.1 309 -1917 000 0.11 29.87 9294 863844 139 2495 331 011 6988
y=aGe+b T +cGuidGal TuGyn 091 -18735 323  -1168 165 000 2988 9296 864300 149 1826 171 000 69.84
y=aGa 2+bTi e Gt dGan Tit Gun - 091 5112 340 8573 034 0.1 2991 93.06 866082 135 11870 3.07 011 69.68
y=aGa 2HbTiH e Gt dGan Tid Gy 091 -14245 332 5145 178 000 2991 93.08 866429 144 8791 164 000 6965

Stem y=aGa HbTytcGul+tdGan it Gun - 095 26632 367 -137.16 002 012 17.80 15120 2286229 147 19001 002 004 11844
y=aGc”2+b TutcGuitdGa Tit Gun 095 10203 366 2846 -002 012 17.81 151.32  22898.95 152 41.12 002 004 11825
y=aGeu+b Tytc Gul+dGau it Gy 095 2480 7136 -18228 -002 013 17.86 151.74 2302360 29.16 17981 002 003 11757
y=aGa 2b T+ ¢ Gy +d Gan Ti G 095 25339 394 -106.13 -207 0.1 1796 15257 2327727 149 19478 292 004 11622
y=a Gartb Tii+cGul+dGau i G 095 11599 397 2024 212 0.1l 1798 15276  23337.14 154 4226 317 004 11590

Total y=a Ga 2+bTitcGul+dGey TuGyn 095 25951 549 25136 -007 075 1902 24793 6147104 3.60 30923 005 029 11510
y=aGa 2+b Tt Gut+dGen TuGy - 095 -5352 547 5058 007 077 19.05 24821 6160753 372 6521 005 032 11483
y=aGa 2+b Tt e GuitdGau il Gy 095 -1.55 8717 5395 -0013 0.15 1912 24920 6210280 250 6772 003 006 113.86
y=aGa 2+bTu+cGuitdGau it G 095 26287 884 24194 001 014 1914 24939 6219326 243 31340 003 006 113.69
y=a Gartb Tid+c G’L" Hd G Ti G’L‘“ 095 -7804 920 4100 077 0.4 19.18 24995 6247314 253 6914 520 006 113.15

[TPSIN

[TPRIN

Notes: S, is standard error of intercept “a”; Sy, is standard error of regression coefficient “b”; S, is standard error of regression coefficient “c”’; Sy is standard error

of regression coefficient “d”. Gey Tu Gun indicated multiplication relationship of Gey with Ty and Gyy. The same thing is true for Gey TH2 Gy and GCH2 T Gy

Discussion

In most of the studies, height and DBH were used by regression
equations to estimate above-ground biomass of mangrove spe-
cies (Suzuki et al. 1983; Cintron et al. 1985; Imbert et al. 1989;
Lee 1990; Saintilan 1997; Xiao et al. 2004; Cienciala et al. 2006).
Mackey (1993) calculated the biomass of individuals using al-
lometric models. However, Komiyama et al. (2002) described
that allometric models for estimating stem weight are usually
expressed as a function of diameter and height. Girth varies with
plant age, architecture and its total height. A. rotundifolia is a
shrub species with conical broad base, which influenced girth
measurement of the species. So, height of girth measuring point
(Gwmp) from the base was considered as an independent parameter
which has improved the regression equation.

Allometric models for biomass usually prefer logarithmic
transformation (Soares 1997, 2005), but it is not well known as
the best estimators (Ong et al. 1980, 1984 and 1985; Cintron et al.
1984, 1985; Amarasinghe et al. 1992a, 1992b; Steinke et al.
1995;; Turner et al. 1995; Fromard et al. 1998, 2004; Ross et al.
2001). Logarithmic transformation guarantees homogeneity of
variance (Zar 1968; Payandeh 1981; Sprugel 1983; Brown et al.

1989). Logarithmic transformation deforms the variables, poten-
tially introducing bias in the estimation when we go back to the
original unit (Beauchamp et al. 1973; Baskerville 1972). Again,
logarithmic transformation does not give the same results as the
original nonlinear model does as they are mathematically equiv-
alent but not statistically (Zar 1968; Payandeh 1981). To solve
the biased-estimate, Sprugel (1983) developed a correction factor
which was supported by Munro (1974), Madgwick et al. (1975),
Whittaker et al. (1975). This correction factor is able to reduce
approximately 10%—20% of the error of estimation for logarith-
mic transformation (Sprugel 1983; Baskerville 1972). However,
this correction factor did not improve my logarithmic models
over multiple regression models.

The selected allometric models to estimate the biomass of dif-
ferent parts of 4. rotundifolia were multiple regression equations
(Table 2). This technique provides some multiple linear models
as the best-found estimators. Multiple regression model includes
more independent variables that improve the estimation of a
dependent variable by decreasing random error and is a good
alternative to avoid logarithmic transformation (Wonnacott et
al.1980; Payandeh 1981; Ross et al. 2001). Selection of best fit
regression equation is the major problem to estimate plant bio-
mass by allometric equation (Whittaker et al. 1969; Brown et al.
1989; Grundy 1995; Steinke et al. 1995; Tam et al. 1995; Mah-
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mood et al. 2008). Among the enormous number of multiple
regression equations, the best allometric models were selected by
considering the values of R%, Cy, Rynes Msenor and F-value (Table
4). The use of R* to select best fit equation was opposed by
number of authors (Payandeh 1981; West et al. 1990; Zar 1996).
More precise regression equation can be obtained by considering
the other parameters of estimation values such as Cy, Ryne, Mseror
and F-value with R? (Schacht et al. 1988; Zak et al. 1989; Busing
et al. 1993; Slim et al. 1993; Ibrahima 1995; Zar 1996; Soares et
al. 2005). The findings from this study will be useful to assess
the present stocking of this species in the Sundarbans mangrove
forest for the future management and commercial exploitation in
a sustainable way.

Acknowledgement
We extended our thanks to the Department of Forest, Bangladesh
for their logistic support.

References

Amarasinghe MD, Balasubramaniam S. 1992a. Structural properties of two
types of mangrove stands on the northwestern coast of Sri Lanka. Hydrobi-
ologia, 247: 17-27.

Amarasinghe MD, Balasubramaniam S. 1992b. Net primary productivity of
two-mangrove forest stands on the Northwestern coast of Sri Lanka. Hy-
drobiologia, 247: 37-47.

Baskerville GL. 1972. Use of logarithmic regression in the estimation of plant
biomass. Canadian Journal of Forest Research, 2: 49-53.

Beauchamp JJ, Olson JS. 1973. Corrections for bias in regression estimates
after logarithmic transformation. Ecology, 54 (6): 1403—-1407.

Brown S, Gillespie AJR, Lugo AE. 1989. Biomass estimation methods for
tropical forests with applications to forest inventory data. Forest Science,
35 (4): 881-902.

Busing RT, Clebsch EEC, White PS. 1993. Biomass and production of south-
ern Appalachian cove forests reexamined. Canadian Journal of Forest Re-
search, 23 (4): 760-765.

Cairns MA, Olmsted I, Granados J, Argaez J. 2003. Composition and above-
ground tree biomass of a dry semi-evergreen forest on Mexico’s Yucatan
Peninsula. Forest Ecology and Management, 186: 125—-132.

Chambers JQ, dos Santos J, Ribeiro RJ, Higuchi N. 2001. Tree damage, al-
lometric relationships, and above-ground net primary production in central
Amazon forest. Forest Ecology and Management, 152: 73-84.

Cienciala E, Cerny M, Tatarinov F, Apltauer J. 2006. Biomass functions
applicable to Scots pine. Trees, 20: 484-495.

Cintron G, Schaeffer-Novelli Y. 1984. Methods for studying mangrove struc-

ture. In: Snedaker, S.C. and Snedaker, J.G. (Eds), The Mangrove Ecosystem:

Research Methods. Bungay, United Kingdom: UNESCO, pp. 91-113.

Cintron G, Schaeffer-Novelli Y. 1985.Caracteristicas y desarrolloe structural
de los manglares de norte y sur America. Ciencia Inter Americana, 25
(1-4): 4-15.

Clark DA, Brown S, Kicklighter W, Chambers JQ, Thomlinson JR, Ni J,
Holland EA. 2001. Net primary production in tropical forests: an evaluation
and synthesis of existing field data. Ecological Application, 11: 371-374.

Clough BF, Dixon P, Dalhaus O. 1997. Allometric relationships for estimat-
ing biomass in multi-stemmed mangrove trees. Australian Journal of Bot-
any, 45: 1023-1031.

@ Springer

Clough BF, Scott K. 1989. Allometric relationships for estimating
above-ground biomass in six mangrove species. Forest Ecology and Man-
agement, 27: 117-127.

Das DK, Alam MK. 2001. Trees of Bangladesh. Chittagong: Bangladesh
Forest Research Institute, p. 20.

Fromard F, Vega C, Proisy C. 2004. Half a century of dynamic coastal change
affecting mangrove shorelines of French Guiana: A case study based on
remote sensing data analyses and field surveys. Marine Geology, 208:
265-280.

Fromard F, Puig H, Mougin E, Marty G, Betoulle JL, Cadamuro L. 1998.
Structure, above-ground biomass and dynamics of mangrove ecosystems:
new data from French Guiana. Oecologia, 115: 39-53.

Golley FB, Mcginnis JT, Clements RG, Child GI, Duever MJ. 1975. Mineral
Cycling in a Tropical Moist Forest Ecosystem. Athens: Georgia University
Press, p. 248.

Grundy IM. 1995. Wood biomass estimation in dry miombo woodland in
Zimbabwe. Forest Ecology and Management, 72 (2-3): 109-117.

Imbert D, Rollet B. 1989. Phytomasseaerienneet production primairedans la
mangrove du Grand Cul-De-Sac Marin (Guadeloupe, Antillas Francaises).
Bulletin D Ecologie, 20 (1): 27-39.

Kathiresan K, Bingham BL. 2001. Biology of mangroves and mangrove
ecosystems. Advances in Marine Biology, 40: 81 - 251.

Ketterings QM, Noordwijk CMY, Ambagau R, Palm CA. 2001.Reducing
uncertainty in the use of allometric biomass equations for predicting
above-ground tree biomass in mixed secondary forests. Forest Ecology and
Management, 146: 199-209.

Komiyama A, Havanond S, Srisawatt W, Mochida Y, Fujimoto K, Ohnishi T,
Ishihara S, Miyagi T. 2000. Top/root biomass ratio of a secondary man-
grove (Ceriops tagal (Perr.) C. B. Rob.) forest. Forest Ecology and Man-
agement, 139: 127-134.

Komiyama A, Jintana V, Sangtiean T, Kato S. 2002. A common allometric
equation for predicting stem weight of mangroves growing in secondary
forests. Ecological Research, 17: 415-418.

Komiyama A, Ong JE, Poungparn S. 2008. Allometry, biomass, and produc-
tivity of mangrove forests: A review. Aquatic Botany, 89: 128—137.

Komiyama A, Poungparn S, Kato S. 2005. Common allometric equations for
estimating the tree weight of mangroves. Journal of Tropical Ecology, 21:
471-477.

Lee SY. 1990. Primary productivity and particulate organic matter flow in an
estuarine mangrove wetland in Hong Kong. Marine Biology, 106 (3):
453-463.

Litton CM, Sandquist DR, Cordell S. 2006. Effect of non-native grass inva-
sion on aboveground carbon pools and tree population structure in a tropi-
cal dry forest of Hawaii. Forest Ecology and Management, 231: 105-113.

Mackey AP. 1993. Biomass of the mangrove Avicennia marina (Forsk.) Vierh.
near Brisbane, South-Eastern Queensland. Australian Journal of Marine
and Freshwater Research, 44 (5): 721-725.

Madgwick HAI, Satoo I. 1975. On estimating the aboveground weights of tree
stands. Ecology, 56: 1446—1450.

Mahmood H, Saberi O, Jaber-Sidik B, Misri K, Rajgopal S. 2004. Allometric
Relationship for Estimating Above and Below Ground Biomass of Saplings
and Tress of Bruguiera parviflora (White and Arnold), Malaysian Applied
Biology, 33 (1): 37-45.

Munro DD. 1974. Use of logarithmic regression in the estimation of plant
biomass: discussion. Canadian Journal of Forest Research, 4: 149.

Ong JE, Gong WK, Clough BF. 1995. Structure and productivity of a



Journal of Forestry Research (2012) 23(1): 23-28

27

20-year-old stand of Rhizophora apiculata Bl. mangrove forests. Journal of

Biogeography, 22: 417-427.

Ong JE, Gong WK, Wong CH, Din ZBH. 1985. Productivity of the mangrove
ecosystem- a manual of methods. UNDP/UNESCO Regional Project,
RAS/79/002/G/01/13.

Ong JE, Gong WK, Wong CH. 1980. Ecological survey of the Sungai Merbok
estuarine mangrove ecosystem. Penang, Malaysia: School of Biological
Sciences, Universitiy Sains Malaysia, p. 83.

Ong JE, Gong WK, Wong CH. 2004. Allometry and partitioning of the man-
grove Rhizophora apiculata. Forest Ecology and Management, 188:
395-408.

Ong JE., Gong WK, Wong CH, Dhanarajan, G. 1984. Contribution of aquatic
productivity in managed mangrove ecosystem in Malaysia. In: Soepadmo,
E., ANN. Rao and D.J. Macintosh (eds.), Proceedings of the Asian Sympo-
sium on "Mangrove Environment: Research and Management.” Kuala
Lumpur: University of Malaya, pp. 209-215.

Payandeh B. 1981. Choosing regression models for biomass prediction equa-
tions. The Forestry Chronicle, 57: 229-232.

Pilli R, Anfodillo T, Carrer M. 2006.Towards a functional and simplified
allometry for estimating forest biomass. Forest Ecology and Management,
237: 583-593.

Ross MS, Ruiz PL, Telesnicki GJ, Meeder JF. 2001. Estimating above-ground
biomass and production in mangrove communities of Biscayne National
Park, Florida (U.S.A.). Wetland Ecology and Management, 9: 27-37.

Saenger P. 2002. Mangrove Ecology, Silviculture and Conservation. Nether-
lands: Kluwer Academic Press, p. 360.

Saintilan N. 1997. Above- and below-ground biomasses of two species of
mangrove on the Hawkesbury River estuary, New South Wales. Marine
and Freshwater Research, 48: 147—152.

Salis SM, Assis MA, Mattos PP, Piaob ACS. 2006. Estimating the above-
ground biomass and wood volume of savanna woodlands in Brazil’s Pan-
tanal wetlands based on allometric correlations. Forest Ecology and Man-
agement, 228: 61-68.

Schacht WH, Long JN, Alechek JC. 1988. Above-ground production in
cleared and thinned stands of semiarid tropical woodland. Brazil. Forest
Ecology and Management, 23 (2-3), 201-214.

Siddiqi NA. 2001. Mangrove Forestry in Bangladesh. Chittagong: Institute of
Forestry & Environmental Science, University of Chittagong, p. 201.

Slim FJ., Gwada P. 1993. Primary producers of the mangrove vegetation. In:
Woitchik, A.F. (Eds), Dynamics and Assessment of Kenyan Mangrove
Ecosystems: Final Report. Free University of Brussels, Belgium-Kenya
Marine and Fisheries Research Institute, TS 2-0240-C, pp. 6-34.

Soares MLG, Schaeffer-Novelli Y. 2005. Above-ground biomass of man-
grove species. I. Analysis of models. Estuarine, Coastal and Shelf Science,
65: 1-18.

Soares MLG. 1997. Estudo da biomassaae” rea de manguezais do sudeste do
Brasil e ana’ lise de modelos, vol. 2. PhD thesis, InstitutoOceanogra” fico,
Universidade de Sa™ o Paulo, Brazil.

Specht A, West PW. 2003. Estimation of biomass and sequestered carbon on
farm forest plantations in northern South Wales, Australia. Biomass and
Bioenergy, 25: 363-379.

Sprugel,DG. 1983. Correcting for bias in log-transformed allometric equa-
tions. Ecology, 64 (1): 209-210.

Steinke TD, Ward CT, Raijh A. 1995. Forest structure and biomass of man-
grove in the Mgemi estuary, South Africa. Hydrobiologia, 295 (1-3),
159-166.

Suzuki E, Tagawa H. 1983. Biomass of a mangrove forest and a sedge marsh
on Ishigaki island, south Japan. Japanese Journal of Ecology, 33: 231-234.

Tamai S, Nakasuga T, Tabuchi R, Ogino K. 1986. Standing biomass of man-
grove forests in southern Thailand. Journal Japanese Forest Society, 68:
384-388.

Toma T, Ogino K. 1995. Soil water movement of a mangrove forest in Hal-
mabhera Island, east Indonesia. Tropics, 4: 187-200.

Turner IM, Gong WK, Ong JE, Bujang JS, Kohyama T. 1995. The architec-
ture and allometry of mangrove saplings. Functional Ecology, 9 (2):
205-212.

West PW, Wells KF. 1990. Estimation of leaf weight of standing trees of
Eucalyptus regnans. Canadian Journal of Forest Research, 20 (11):
1732-1738.

Westman WE, Rogers RW. 1977. Biomass and structure of a subtropical
Eucalypt forest, North Stradbroke Island. Australian Journal of Botany, 25:
171-191.

Whittaker RH, Marks PL. 1975. Methods of assessing terrestrial productivity.
In: Lieth, H. and Whittaker, R.H. (Eds.), Primary Productivity of the Bio-
sphere, vol. 14. New York: Springer-Verlag, pp. 55-118.

Whittaker RH, Woodwell GM. 1969. Structure, production and diversity of
the Oak-pine forest at Brookhaven, New York. Journal of Ecology, 57:
155-174.

Wonnacott TH, Wonnacott RJ. 1980. Introducao a Estatistica. Rio de Janeiro:
Livros Tecnicos e Cientificos Editora S.A., p. 589.

Xiao CW, Ceulemans R. 2004. Allometric relationships for below- and
above-ground biomass of young Scots pines. Forest Ecology and Manage-
ment, 203: 177-186.

Zak DR, Host GE, Pregitzer KS. 1989. Regional variability in nitrogen min-
eralization, nitrification, and overstory biomass in northern lower Michigan
(USA). Canadian Journal of Forest Research, 19 (12): 1521-1526.

Zar JH. 1968. Calculation and miscalculation of the allometric equation as a
model in biological data. Bioscience, 18: 1118—1120.

Zar JH. 1996. Biostatistical Analysis. Prentice Hall, Upper Saddle River, NJ,

p. 662.

@ Springer



28

Journal of Forestry Research (2012) 23(1): 23-28

Appendix 1. Regression equations and independent variables for the estimation of biomass

Models

Independent variables

y=atbX

y=atbXt+tcl¥+dZ

y=at+tbX+cY+dZ+teW

Gai'’s Ti's Gwi’s Gen Tiw; Gen * Ti; Gen Tii's Gor” Ti's (Gen Ti)s Gwn Ty G Tyt Gt T Guanr” Ti's (G T)’s Gen G
Gew” Gwns Gen Gwie’s Ger” Gun’s (Gen Gun)’s Gen Ty Guns Gerr” Ti G Gen T Gung Gen T G’ Gen” T Guns Gen” T
G’ Gen Tii” Gwn’s Gor® T Gy’ (Gen T Gun)®

GCHZ; THZ; GMHZ; Gen Tw; Gen ? Tu; Gen THZ; GCH2 THZ; (Gen TH)Z; Guu Tu; GMH2 Tu; Guu THZ; GMH2 THZ; (Gmu TH)Z; Gen Gun;
Gew” Gwins Gen Gwie’s Gen” Gun’s (Gen Gun)’s Gen Ty Guns Ger® Tin G Gen T Gung Gen T Gain’s Gen” T Guns Gen” T
G’ Gen T Gwn’s G T Gy’ (Gen T Gun)”

Gai'’s Ti's Gwir’s Gen Tiw; Gen * Ti; Gen Ti's Gor” Ti's (Gen Ti)s Gwn Ty G Tyt Gt T Guanr” Ti's (G T)’s Gen G
Gew” Gwns Gen Gwie’s Gen” Gun’s (Gen Gun)’s Gen Ty Guns Ger® Tin G Gen T Gung Gen T G’ Gen” T Guns Gen” T
G’ Gen Ti” Gwin’s G T Gy’ (Gen T Gun)”

Gen, G and Tig; Gen *, Gy and Tig; Gen, G > and Tig; Gen, Gym and Tiy’s Gey®, Gyir® and Tig; G, Gy and Tir’ Gen, Gt
and Ti’; Gew’, G’ and Tir’; Gew” Gun T, Gen Gwit® T and Gey Gun Tiw's Gen, T and Gen Tyt Gy Gen, T and Gart® Ty Gaag
Gen, Tn and Gep TH2 Gmu; Gen, T and Gen Ty GMHZ; Gen, T and Gen TH2 GMHZ; Gen, Tnand Gen 2TH GMHZ; Gen, T and Gy ?
Ti* Gt Gen, Ty and Gen * Tyi® Gui’s Ger’, T and Gey T G G’y Ty and Ge” T Gy G’y Ty and Gen Ty G Gard's
Tuand Gey Ty G’y G’ T and Gen Ty” Gwi’s G’ Tiand Gey * Ty Gaar’s Gew’, Ty and Gen * Tii® G G, Tiand Gen
TH2 GMHZ; G, TH2 and Gen Tu Gwn; Gen, TH2 and GCH2 Ty Gvn; Gen, TH2 and Gen TH2 Gwn; Gens TH2 and Gey Ty GMHZ; G,
Ty and Gey Ty’ Gwir’s Gen, Ti” and Gey * Ty Guir’s Gen, Tyt” and Gen > T® Gy Gen, T and Gey * Tyi® Gwie's G, Tyt” and
Gen Tit G Ga's T’ and Gey” Ty Gy Gar’, Ty and Gen Ty G Gar's T’ and Gey Ti Gaan’s Gar’, Tt and Gy Ty G’
Garr’, T’ and Gen * Tyt Gunr’s Gen”, Tiw® and Gen * T’ G Ga”, Tai® and Gen * T Gin®; Gare’, Tir® and Gen” T G (Gen Tw)’s
Ge' Tu and Gew® Gwn T Gew®, Gen Ty and Gey® Gun Ty G’ (Gen Tw)* and Gew® Gwn T Gewr’s (Gen Ti)* and Gey” T
Gen, Tiand Gen T; (Geu Tin), Gew” Tin and Gaar’s (Gen Ti) Gen G and Gy Tis (Gent T), Gen G T and Gey G T

Gen, Ty, Gwn and GCH2 Ty Gumu; Gen, Tu, Gun and Gen TH2 Gwn; Gew, T, Gun and Gen Tu GMHZ; Gen, Ty, Gvn and GCH2 TH2
Guit; Gen, T, Gwnr and Gey® Ty G’y Gen, Ty, Gy and Gen Ty” G’ Gen, Tie Gun and Gy Ty Gun’s Garr’, Tit, Gy and
Ger'® Tit Guis; Gar's Ty, Gun and Gen Ty Gt Gar's Ty, G and Gen Ty Gun’s Gar's Ty, Gun and Ger” T G Garr’s T
G and GCH2 Ty GMHZ; GCst Ty, Gmn and Gep TH2 GMHZ; GCHZa Ty, Gmu and GCH2 TH2 GMHZ; Gen, TH2> G and GCH2 Ty Gvns
Gen, T, Gy and Gen Ti® Gy Gen, T, Gy and Gey Ti G’ Gen, Tir', Gwn and Gew” Ty® G Gens T’y G and Ge” T
Gwi'’s Gen, T, Gun and Gen Ti® Gi’s Gen, T, Gun and Gen” Tir™ G’ Gen, Ty, Gun” and Geyt® Tyt Guis; G, T, Gur” and
Gen TH2 Gwmn; Gews T, GMH2 and Gey Tn GMHz; Gew, T, GMH2 and GCH2 TH2 Gwn; Gew, T, GMH2 and GCH2 Ty GMHZ; Gen, T,
G’ and Gen T’ G’ Gen, T, Gyir” and Gey® Tyi® G’y Gewr’s T’ G and G Ty G Gar', Tir', Gy and Gy Tir” G
Garl, Tyr®, Gun and Gey Ty G’ Gen's T, Gwn and Gerr” Ty G Gen’s T, Gun and Gerr” Ty G’ Gen’s T, Gun and Gen
TH2 GMHZ; GCst THZ, Gwn and GCH2 TH2 GMHZ; GCst Ty, GMH2 and GCH2 T Guns GCHZa Ty, GMH2 and Gy TH2 [GVIH GCHZa Ty,
Gy and Gey Ty Gyi’s Gaw’ T, Gt and Gey® T G Gar's T, Gwr” and Ge” Ty Gwi's Gar®, Ty Gt” and Gey T
Gwi'’s Gar's Tie Gwit” and Gert” Ti® Guir’s Gen, T’y Gun” and Gey” Ty Guns Gen, Tir’, Guni” and Gen Ty Gwiss Gen, T’y G
and Gep Ty GMHZ; Gew, THZ, GMH2 and GCH2 TH2 Gwn; Gen, THZ’ GMH2 and GCH2 Ty GMHZ; Gen, THZ’ GMH2 and Gey TH2 GMHZ; Gew,
T, Gyir” and Gey® Ti” Gwr’s Gar', T, Gwt” and Gew” T Guis; Gerr', Ty’ Gu” and Gey T G G, Ti', Gurt” and G T
Gwi'’s Gar's Tyr’s Gwii” and Gey” Ti® Gwis; Gar's T’ Gwi” and Gy Ty Gwir’s Gert’s Tir’, Gu” and Gen Ty Gwir’s G T

GI\LH2 and Gey” Ty G]\AHZ;

Notes: y is dependent variable biomass; a, b, ¢, d are constants; X, Y, Z and W are independent variables Gcy, Ty and Guu, where Gey is girth at collar height; Ty is

total height; Guy is height of girth measuring point. Gy Ty indicated multiplication relationship of Gey with Ty. The same thing is true for Gcn2 Tnz, Gwmu Th, GMH2

Ty, and Gex” Tii, etc.
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