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W1 W2 W3 W4 W5 W6 W7 W8 W9 E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12
Avicenniaceae Avicennia alba ' 1 1 1 1 1 1
Avicenniaceae Avicennia bicolor 1
Avicenniaceae Avicennia eucalyptifolia 1 1
Avicenniaceae Avicennia germinans 1 1 1 1 1 1
Avicenniaceae Avicennia lanata 1
Avicenniaceae Avicennia marina 1 1 1 1 1 1 1 1 1 1
Avicenniaceae Avicennia officinalis 1 1 1 1 1 1
Avicenniaceae Avicennia schaueriana 1 1 1
Bombacaceae Camptostemon philippensis ! 1 1 1
Bombacaceae Camptostemon schultzii 1 1
Combretaceae Laguncularia racemosa " 1 1 1 1 1 1 1
Combretaceae Lumnitzera littorea 1 1 1 1 1 1 1
Combretaceae Lumnitzera racemosa 1 1 1 1 1 1 1
Euphorbiaceae Excoecaria agallocha # 1 1 1 1 1 1 1 1 1
Lythraceae Pemphis acidula # 1 1 1 1 1
Meliaceae Xylocarpus granatum ! 1 1 1 1 1 1 1 1 1 1
Meliaceae Xylocarpus mekongensis 1 1 1 1 1 1
Myrsinaceae Aegiceras corniculatum ! 1 1 1 1 1 1
Myrsinaceae Aegiceras floridum 1 1
Myrtaceae Osbornia octodonta # 1 1 1 1
Palmae Nypa fruticans # 1 1 1 1 1 1
Pellicieraceae Pelliciera rhizophorae # 1
Plumbaginaceae Aegialitis annulata ! 1 1
Plumbaginaceae Aegialitis rotundifolia 1 1
Rhizophoraceae Bruguiera cylindrica #$ 1 1 1 1 1 1
Rhizophoraceae Bruguiera exaristata 1 1
Rhizophoraceae Bruguiera gymnorrhiza 1 1 1 1 1 1 1 1 1 1 1
Rhizophoraceae Bruguiera hainesii 1 1 1
Rhizophoraceae Bruguiera parviflora 1 1 1 1 1 1 1 1
Rhizophoraceae Bruguiera sexangula 1 1 1 1 1 1
Rhizophoraceae Ceriops decandra 1 1 1 1 1 1
Rhizophoraceae Ceriops tagal 1 1 1 1 1 1 1 1 1 1
Rhizophoraceae Kandelia candel 1 1 1 1
Rhizophoraceae Rhizophona xharrisonii 1 1
Rhizophoraceae Rhizophora apiculata 1 1 1 1 1 1 1 1
Rhizophoraceae Rhizophora harrisonii 1
Rhizophoraceae Rhizophora mangle 1 1 1 1 1 1
Rhizophoraceae Rhizophora mucronata 1 1 1 1 1 1 1 1
Rhizophoraceae Rhizophora racemosa 1 1 1 1
Rhizophoraceae Rhizophora samoensis 1 1
Rhizophoraceae Rhizophora stylosa 1 1 1 1 1 1 1
Rhizophoraceae Rhizophora xlamarckii 1 1 1
Rhizophoraceae Rhizophora xselala 1
Rubiaceae Scyphiphora hydrophyllacea # 1 1 1 1 1
Sonneratiaceae Sonneratia apetala % 1 1 1
Sonneratiaceae Sonneratia caseolaris 1 1 1 1 1 1 1
Sonneratiaceae Sonneratia griffithii 1 1
Sonneratiaceae Sonneratia ovata 1 1 1 1
Sonneratiaceae Sonneratia alba 1 1 1 1 1 1 1 1 1
Sterculiaceae Heritiera fomes " 1
Sterculiaceae Heritiera globosa 1
Sterculiaceae Heritiera littoralis 1 1 1 1 1 1 1 1
Total Families (15) 3 0 3 3 3 4 3 2 0 0 6 6 8 11 12 11 13 12 9 6 3
Total species �� 5 0 3 5 6 7 3 2 0 0 8 8 19 28 31 29 32 31 17 14 4
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a) Rainfall-Temperature curves (1999-2006)
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b) Gaussen curve (1999 - 2006)
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# ����  �
, ���* �
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TSP-Temporal Sample Plots     PSP* - Permanent Sample Plots in undisturbed stands
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TSP 0 Trees/stems 1552 189
Trees 3894 525 693 172
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Sec. stems 1077
Total 5007 1645 0 719
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Min Max

Total above ground 
biomass excluding stilt

All species Wtop = 0.251pD2.46   0.98 104 5.0 49.0 Komiyama et al . (2005)

Total above ground 
biomass including stilt

Rhizophora mangle Wtop = 0.128DBH2.60  0.94 9 1.0 32.0
Fromard et al (1998) cited by 
Smith III and Whelan (2006), 
Komiyama et al.  (2008)

Total above ground 
biomass 

Avicennia germinans Wtop = 0.140DBH2.40 0.97 45 1.0 32.0
Fromard et al (1998) cited by 
Smith III and Whelan (2006), 
Komiyama et al.  (2008)

All species Wtrunk = 0.0696p(D2H)0.931   0.99 104 5.0 48.9 Komiyama et al . (2005)

Avicennia germinans Wtrunk = 0.1327DBH2.440 0.97 10 1.0 10.0 Day et al .  (1987)

Rhizophora mangle Wtrunk = 0.0116DBH2.412 0.96 10 1.0 10.0 Day et al .  (1987)

Wstilt= 0.0147DBH2.77 0.96 10 5.7 47.1
Komiyama et al . (1988) cited by 
Ong et al . (2004)

Wstilt= 0.0209DBH2.55 0.84 42 4.8 28.0 Ong et al. (2004)

Rhizophora mangle Wstilt = 0.0116DBH3.183 0.83 10 1.0 10.0 Day et al .  (1987)

Below ground biomass 
including stiltroots All species Wroot = 0.199p0.899D2.22 0.95 26 5.0 45.0 Komiyama et al . (2005)

Stiltroot biomass
Rhizophora apiculata

n Diameter (cm) Reference

Stem/trunk biomass

Biomass component Species Equation r2
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1-10 10-20 20-30 30-40 40-50 50+ Total
% All 
trees

Red mangrove (Rhizophora) 540 31 571 64.7
White mangrove (Avicennia) 33 8 41 4.6
Total 573 39 612 69.4
Red mangrove (Rhizophora) 12 10 6 1 29 3.3
White mangrove (Avicennia) 1 2 1 4 0.5
Total 13 10 8 2 33 3.7
Red mangrove (Rhizophora) 1 18 7 3 29 3.3
White mangrove (Avicennia) 2 1 2 5 0.6
Total 3 19 9 3 34 3.9
Red mangrove (Rhizophora) 14 22 8 1 45 5.1
White mangrove (Avicennia) 1 1 2 0.2
Total 15 23 8 1 47 5.3
Red mangrove (Rhizophora) 2 4 23 8 4 41 4.6
White mangrove (Avicennia) 1 5 2 1 9 1.0
Total 2 5 28 10 5 50 5.7
Red mangrove (Rhizophora) 1 3 52 17 18 91 10.3
White mangrove (Avicennia) 1 9 5 15 1.7
Total 1 4 61 17 23 106 12.0

540 47 49 110 37 23
94.2 81.0 92.5 85.3 92.5 79.3

33 11 4 19 3 6
5.8 19.0 7.5 14.7 7.5 20.7
573 58 53 129 40 29 882 100.0
65.0 6.6 6.0 14.6 4.5 3.3 100.0

40-50

50+

Total height class (m)
Diameter class (cm) Species

1-10

10-20

20-30

30-40

Total
% All trees

Total Red mangrove (Rhizophora)
% 
Total White mangrove (Avicennia)
%
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Mixed mangrove species
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Rhizophora
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Standardised 95% CI for B
B SE Beta Lower Upper

Constant 1.048 0.111 9.456 0.000 0.825 1.271
InD 0.649 0.038 0.924 16.884 0.000 0.572 0.726
Constant 3.418 0.099 34.514 0.000 3.219 3.617
1/D -4.513 0.434 -0.829 -10.388 0.000 -5.385 -3.640
Constant 32.98 2.160 15.271 0.000 28.640 37.319
1/D -72.015 9.472 -0.736 -7.602 0.000 -91.050 -52.979
Constant 4.179 1.827 2.288 0.027 0.506 7.852
D 1.02 0.140 1.676 7.292 0.000 0.739 1.301
D2 -6.67E-03 0.002 -0.857 -3.730 0.001 -0.010 -0.003
Constant 0.259 0.013 19.180 0.000 0.031 0.286
1/D 0.678 0.059 0.854 11.471 0.000 0.559 0.797
Constant 7.933 1.714 4.629 0.000 4.489 11.377
D 0.52 0.045 0.855 11.517 0.000 0.429 0.611
Constant -7.261 2.335 -3.109 0.003 -11.954 -2.567
InD 11.292 0.809 0.894 13.950 0.000 9.665 12.900
Constant 0.853 0.016 53.856 0.000 0.822 0.884
InD 0.72 0.008 0.963 88.207 0.000 0.704 0.736
Constant 3.105 0.033 93.790 0.000 3.040 3.170
1/D -2.942 0.064 -0.882 -45.955 0.000 -3.067 -2.816
Constant 1.676 0.225 7.457 0.000 1.235 2.118
D 1.294 0.032 1.880 40.443 0.000 1.231 1.957
D2 -1.08E-02 0.000 -1.004 -21.604 0.000 -0.012 -0.010
Constant 0.302 0.005 58.079 0.000 0.292 0.313
1/D 0.522 0.010 0.904 51.857 0.000 0.502 0.542
Constant 3.86 0.267 14.442 0.000 3.335 4.385
D 0.628 0.011 0.913 54.895 0.000 0.606 0.651
Constant -2.147 0.276 -7.771 0.000 -2.689 -1.604
InD 9.668 0.142 0.940 67.941 0.000 9.388 9.947
Constant 0.878 0.019 45.832 0.000 0.840 0.916
InD 0.71 0.008 0.960 84.507 0.000 0.694 0.727
Constant 3.222 0.030 108.346 0.000 3.163 3.280
1/D -3.346 0.070 -0.887 -46.985 0.000 -3.486 -3.206
Constant 1.904 0.298 6.379 0.000 1.318 2.490
D 1.288 0.033 1.883 38.834 0.000 1.223 1.353
D2 -1.07E-02 0.001 -1.040 -21.439 0.000 -0.012 -0.010
Constant 0.287 0.004 63.926 0.000 0.278 0.296
1/D 0.576 0.011 0.909 53.562 0.000 0.555 0.597
Constant 4.895 0.350 13.967 0.000 4.206 5.583
D 0.608 0.013 0.888 47.414 0.000 0.583 0.633
Constant -3.468 0.377 -9.201 0.000 -4.209 -2.728
InD 10.071 0.165 0.928 60.883 0.000 9.746 10.396

Species Type
Independent 

variable n
Model summary Coefficients

SE R2-adj F-ratio Sig Coef Unstandardised 

Avicennia

Stoffels and Van 
Soest, 1953 (power)

Inverse

Trorey, 1932 
(Quadratic 
polynomial)

Petterson,1955

Linear

Hendricksen,1950

t Sig

7.50051H 0.000194.5940.795

0.7258.68551H

.0.0885511/H0.4

0.000132.637

0.000131.5780.723

0.7827.72751H

11.32751H

0.00090.756

0.00057.7980.532

285.069 0.000InH 51 0.356 0.850

51InHAvery and Burkhart, 
2002 (exponential)

0.520 0.000107.9100.681

0.0007780.4660.9280.269606InH

0.0002111.9000.7770.472606InH

Rhizophora

Stoffels and Van 
Soest, 1953 (power)
Avery and Burkhart, 
2002 (exponential)

Trorey, 1932 
(Quadratic 
polynomial)

Petterson,1955

Linear

Hendricksen,1950

4.231 0.906 2901.916 0.000

1/H0.4 606 0.074 0.816 2689.154 0.000

H 606

0.0003013.4670.8335.631606H

H 606 4.688 0.884 4615.979 0.000

0.0007141.3830.9220.286602InH

0.0002207.6360.7860.476602InH

0.0002213.0130.8805.216602H

1/H0.4 602 0.072 0.827 2868.888 0.000

0.0002248.0710.7896.929602H

0.0003706.7800.8605.635602
H

Mixed 
species

Stoffels and Van 
Soest, 1953 (power)
Avery and Burkhart, 
2002 (exponential)

Trorey, 1932 
(Quadratic 
polynomial)

Petterson,1955

Linear

Hendricksen,1950
�
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Standardised 95% CI for B
B SE Beta Lower Upper

Simple linear VH(st) 51 1.10054 0.952 1010.032 0.000 D2 1.92E-03 0.000 0.976 31.781 0.000 0.002 0.002 2.48 -2.54 3.71 -0.143 0.989
D -3.59E-02 0.013 -0.272 -2.663 0.010 -0.063 -0.009
D2 2.43E-03 0.000 1.237 12.117 0.000 0.002 0.003
constant -3.875 0.049 -79.620 0.000 -3.973 -3.778
logD 2.643 0.039 0.995 68.028 0.000 -2.564 2.721

Volume line VH(st) 51 1.10054 0.952 1010.032 0.000 g 24.434 0.769 0.976 31.781 0.000 22.890 25.978 2.48 -2.54 3.71 -0.143 0.989
Simple linear Vsr 606 0.03901 0.902 5720.917 0.000 D2Hsr 5.52E-05 0.000 0.951 75.637 0.000 0.000 0.000 1.58 -6.90 7.67 0.050 0.999

constant 2.42E-02 0.005 4.996 0.000 0.015 0.034
Hsr -3.25E-02 0.004 -0.167 -8.147 0.000 0.040 0.025
D2Hsr 6.24E-05 0.000 1.075 52.362 0.000 0.000 0.000

Simple linear VH(sr) 606 0.54665 0.947 10826.334 0.000 D2 1.65E-03 0.000 0.973 104.050 0.000 0.002 0.002 1.72 -5.10 9.22 0.061 0.998
constant -0.154 0.029 -5.247 0.000 -0.212 -0.097
D2 1.52E-03 0.000 0.886 54.711 0.000 0.001 0.002
H(sr) 1.86E-02 0.003 0.104 6.422 0.000 0.013 0.024
D -1.55E-02 0.003 -0.153 -4.596 0.000 -0.022 -0.009
D2 1.90E-03 0.000 1.120 33.713 0.000 0.002 0.002
constant -3.975 0.007 -548.468 0.000 -3.989 -3.961
logD 2.699 0.009 0.997 314.005 0.000 2.683 2.716

Volume line VH(sr) 606 0.5466 0.947 10826.334 0.000 g 21.046 0.202 0.973 104.050 0.000 20.649 21.443 1.72 -5.10 9.22 0.000 0.998
Simple linear VH(sr/st) 602 0.7033 0.935 8708.284 0.000 D2 1.63E-03 0.000 0.967 93.318 0.000 0.002 0.002 1.59 -7.10 9.40 0.050 0.999

constant -0.252 0.039 -6.476 0.000 -0.328 -0.176
D2 1.46E-03 0.000 0.853 51.912 0.000 0.001 0.062
H(sr/st) 2.58E-02 0.003 0.142 8.628 0.000 0.020 0.032
D -8.91E-03 0.004 -0.088 -2.500 0.013 -0.016 -0.002
D2 1.77E-03 0.000 1.051 29.845 0.000 0.002 0.002
constant -3.968 0.009 -447.695 0.000 -3.986 -3.951
logD 2.695 0.009 0.997 300.946 0.000 2.678 2.713

Volume line VH(sr/st) 602 0.7033 0.935 8708.284 0.000 g 20.763 0.222 0.967 93.318 0.000 20.326 21.200 1.59 -7.15 9.40 -0.050 0.999

0.9991.48 -3.92 3.70 0.000

4.44 0.000 0.999

log logVH(sr/st) 602 0.1325 0.993 90568.349 0.000

0.990

log logVH(sr) 606 0.1236 0.994 98599.221 0.000 1.45 -4.19

1.70 -2.45 2.92 0.0000.1553 0.989 4627.864 0.000

TypeSpecies

Rhizophora

Mixed 
species

Avicennia
log

Multiple linear

Multiple linear

Quadratic

Quadratic

F-ratio Sig

Coefficients Durbin -
WatsonSigtCoef

Model summaryIndependent 
variable n

Residual statistics

Min Max Mean SD
Unstandardised SE R2-adj

0.998

0.9980.904 2760.823 0.000 1.62 -7.37 7.41 0.000

0.000

0.09958606Vsr

-4.350.9430.5286606VH(sr) 9.731.530.0004993.168

0.9990.0005603.7500.949 1.78 -5.77 8.62 0.034

10.72 0.000 0.9980.000 1.38 -6.42

0.999-0.0509.40-7.15

Multiple linear

Quadratic

VH(sr/st)

1.600.0004395.2960.936

3969.8390.9300.66349

VH(st) 51 1.03908

0.7003602VH(sr/st)

0.5377606VH(sr)

602

2.81 0.062 0.988

logVH(st) 51

-3.250.957 570.073 0.000 2.68
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Standardised 95% CI for B
B SE Beta Lower Upper

Constant -437.707 58.332 -7.504 0.000 -554.239 -321.175

G 26.086 0.505 0.988 51.667 0.000 25.078 27.095

G 26.368 0.484 1.123 54.487 0.000 25.401 27.335

Hdom -12.381 1.460 -0.175 -8.482 0.000 -15.297 -9.465

Constant 1.964 0.110 17.917 0.000 1.745 2.184

lnG 1.227 0.026 0.986 47.609 0.000 1.175 1.278

Constant -222.361 56.287 -3.950 0.001 -343.084 -101.637

G 25.087 1.455 0.977 17.237 0.000 21.965 28.208

Constant 0.973 0.159 6.115 0.000 0.632 1.315

lnG 1.527 0.047 0.993 32.337 0.000 1.426 1.628

Simple 
Linear

Vhad>=1.0cm 16 175.800 0.967 468.419 0.000 G 20.368 0.941 0.984 21.643 0.000 18.363 22.374 1.82 -1.24 2.41 -0.223 0.972

Constant 0.976 0.228 4.282 0.001 0.487 1.465

lnG 1.515 0.066 0.987 22.832 0.000 1.373 1.658
2.38 -1.87 1.71 0.9660.0000.242 0.972 521.512 0.000

All stems           
>=1.0 cm      

(from PSP) Log InVhad>=1.0cm 16

-1.67 1.72 0.000 0.966

0.000 0.966

Log InVhad>=1.0cm 16 0.159 0.986 1045.696 0.000 1.59

0.000 1.94 -1.63 2.0916 113.600 0.952 297.106

Category

All stems 
above 6.4 cm            
(from TSP)

Simple 
Linear

Vhad>=1.0cm
Trees           

>=1.0 cm         
(from PSP)

Sig Coef Unstandardised Type
Independent 

variable n
Sig

Min Max

Model summary Coefficients
Durbin -
Watson

Residual statistics

SE R2-adj F-ratio
Mean SD

Simple 
Linear

Vhad>=6.4cm 66 307.500 0.976 2669.440 0.000

t

1.39 -3.18 4.54 0.000

0.992

0.920

Multiple 
linear

Vhad>=6.4cm 66 289.300 0.989 2869.802 0.000 1.68 4.33 0.10-3.35

3.95 0.000 0.992Log lnVhad>=6.4cm 66 0.167 0.972 2266.651 0.000 1.71 -1.95
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2.5cm 5.0cm 6.4cm 10.0cm

Tree (Nr/ha) 0.448 ± 0.064 0.271 ± 0.075 0.248 ± 0.070 0.197 ± 0.054 0.877 ± 0.039

Basal area (m2/ha) 0.948 ± 0.016 0.847 ± 0.057 0.839 ± 0.057 0.824 ± 0.057 0.981 ± 0.009

Volume (m3/ha) 0.980 ± 0.010 0.900 ± 0.057 0.900 ± 0.060 0.889 ± 0.057 0.991 ± 0.005
a base diameter limit D = 1.0cm       bBase diameter limit D = 6.4

Component
Minimum diametera

10b
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                          Trunk    Mixed mangrove species 
y = 12.822x0.4267

R2 = 0.4595
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Trunk     Avicennia

y = -8.1885Ln(x) + 100.59
R2 = 0.4017 (1<x<95)

y = 2E-05x4 - 0.0049x3 + 0.3288x2 - 7.7808x + 115.77
R2 = 0.641
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Leaves and branches y = 0.8564x0.8794
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Stiltroots     Rhizophora 

y = 3E-06x4 - 0.0007x3 + 0.0429x2 - 0.8425x + 17.134
R2 = 0.631
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Trunk

y = 9E-09x5 - 2E-06x4 + 0.0002x3 - 0.0097x2 + 0.1695x - 
0.1748

R2 = 0.6162 (x>1)
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Below ground
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R2 = 0.8537
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Above ground biomass       Avicennia 
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Above ground biomass with stilt  
Rhizophora
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D>=6.4 cm
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b) Measurement cost for PSP
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N/ha % N/ha % N/ha % N/ha % N/ha % N/ha % N/ha % N/ha % N/ha N/ha N/ha % N/ha % N/ha % N/ha % N/ha %

 6.4 -<10 3.8 4.1 2.6 0.4 7.7 1.0 22.2 19.5 200.0 26.5 222.2 25.6 35.7 13.8 78.6 12.8 114.3 0.0 78.6 13.4 78.6 13.7 13.1 11.6 70.7 9.6 84.3 10.8

10 - <20 16.7 17.8 97.4 14.4 111.5 14.5 11.1 9.8 205.6 27.2 216.7 24.9 42.9 16.5 52.4 8.6 95.2 0.0 173.8 29.7 173.8 30.3 17.7 15.7 123.7 16.8 140.4 17.9

20 - <30 15.4 16.4 159.0 23.5 174.4 22.6 41.7 36.6 169.4 22.4 211.1 24.3 23.8 9.2 8.0 1.3 104.8 0.0 102.4 17.5 102.4 17.8 18.7 16.6 132.3 18.0 151.0 19.3

30 - <40 14.1 15.1 151.3 22.3 166.7 21.6 13.9 12.2 100.0 13.2 113.9 13.1 45.2 17.4 133.3 21.8 178.6 0.0 78.6 13.4 78.6 13.7 17.7 15.7 122.7 16.7 140.9 18.0

 40 - <50 7.7 8.2 111.5 16.5 119.2 15.5 22.2 19.5 55.6 7.4 77.8 8.9 59.5 22.9 190.5 31.1 250.0 0.0 78.6 13.4 66.7 11.6 19.7 17.5 108.6 14.8 128.3 16.4

50 - <60 14.1 15.1 71.8 10.6 84.6 11.0 2.8 2.4 22.2 2.9 25.0 2.9 33.3 12.8 97.6 15.9 131.0 0.0 35.7 6.1 35.7 ` 13.1 11.6 60.6 8.2 73.2 9.3

60 - <70 6.4 6.8 21.8 3.2 29.5 3.8 0.0 0.0 2.8 0.4 2.8 0.3 11.9 4.6 40.5 6.6 52.4 0.0 16.7 2.8 16.7 2.9 5.1 4.5 21.2 2.9 26.8 3.4

70 - <80 10.3 11.0 41.0 6.1 51.3 6.7 0.0 0.0 0.0 0.0 0.0 0.0 4.8 1.8 9.5 1.6 14.3 0.0 19.0 3.3 19.0 3.3 5.1 4.5 22.2 3.0 27.3 3.5

80 - <90 2.6 2.7 15.4 2.3 17.9 2.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.4 0.4 2.4 0.0 2.4 0.4 2.4 0.4 1.0 0.9 71.1 9.7 8.1 1.0

  90 - <100 2.6 2.7 1.3 0.2 3.8 0.5 0.0 0.0 0.0 0.0 0.0 0.0 2.4 0.9 0.0 0.0 2.4 0.0 0.0 0.0 0.0 0.0 1.5 1.3 0.5 0.1 2.0 0.3

b6&& 0.0 0.0 3.8 0.6 3.8 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 0.2 1.5 0.2

Total 93.6 100.0 676.9 100.0 770.5 100.0 113.9 100.0 755.6 100.0 869.4 100.0 259.5 100.0 612.8 100.0 945.2 0.0 585.7 100.0 573.8 100.0 112.7 100.0 735.1 100.0 783.9 100.0

1 Diameter at breast height for Avicennia and Diameter at breast height or above stilt root in Rhizophora
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Stems/ha q-ratio Stems/ha q-ratio Stems/ha q-ratio Stems/ha q-ratio Stems/ha q-ratio

6.4-10 7.7 0.32 222.2 2.50 114.3 2.29 78.6 1.14 84.3 1.65
10-15 24.4 0.28 88.9 0.70 50.0 1.11 69.0 0.66 51.0 0.57
15-20 87.2 0.83 127.8 0.92 45.2 0.86 104.8 1.83 89.4 0.99
20-25 105.1 1.52 138.9 1.92 52.4 1.00 57.1 1.26 89.9 1.47
25-30 69.2 0.73 72.2 1.04 52.4 0.59 45.2 0.79 61.1 0.76
30-35 94.9 1.32 69.4 1.56 88.1 0.97 57.1 2.67 80.8 1.34
35-40 71.8 1.04 44.4 1.07 90.5 0.72 21.4 0.56 60.1 0.86
40-45 69.2 1.38 41.7 1.15 126.2 1.02 38.1 1.33 69.7 1.19
45-50 50.0 0.80 36.1 2.17 123.8 1.49 28.6 1.50 58.6 1.18
50-55 62.8 2.88 16.7 2.00 83.3 1.75 19.0 1.14 49.5 2.09
55-60 21.8 1.89 8.3 47.6 1.43 16.7 1.75 23.7 1.74
60-65 11.5 0.64 0.0 33.3 1.75 9.5 1.33 13.6 1.04
65-70 17.9 0.42 2.8 19.0 2.67 7.1 1.00 13.1 0.67
70-75 42.3 4.71 0.0 7.1 1.00 7.1 0.60 19.7 2.60
75-80 9.0 0.88 0.0 7.1 3.00 11.9 5.00 7.6 1.50
80-85 10.3 1.33 0.0 2.4 2.4 5.1 1.67
85-90 7.7 3.00 0.0 0.0 0.0 3.0 2.00
90-95 2.6 2.00 0.0 2.4 0.0 1.5 3.00
95-100 1.3 0.33 0.0 0.0 0.0 0.5 0.33
100+ 3.8 0.0 0.0 0.0 1.5

Min 0.3 0.7 0.6 0.6 0.3

Max 4.7 2.5 3.0 5.0 3.0

Mean 1.4 1.5 1.4 1.5 1.4
SD 1.1 0.6 0.7 1.1 0.7
CV% 81.6 40.8 50.1 73.9 49.1

6.4-10 7.7 0.07 222.2 1.03 114.3 1.20 78.6 0.45 84.3 0.60
10-20 111.5 0.64 216.7 1.03 95.2 0.91 173.8 1.70 140.4 0.93
20-30 174.4 1.05 211.1 1.85 104.8 0.59 102.4 1.30 151.0 1.07
30-40 166.7 1.40 113.9 1.46 178.6 0.71 78.6 1.18 140.9 1.10
40-50 119.2 1.41 77.8 3.11 250.0 1.91 66.7 1.87 128.3 1.75
50-60 84.6 2.87 25.0 9.00 131.0 2.50 35.7 2.14 73.2 2.74
60-70 29.5 0.58 2.8 52.4 3.67 16.7 0.88 26.8 0.98
70-80 51.3 2.86 0.0 14.3 6.00 19.0 8.00 27.3 3.38
80-90 17.9 4.67 0.0 2.4 1.00 2.4 8.1 4.00
90-100 3.8 1.00 0.0 2.4 0.0 2.0 1.33
100+ 3.8 0.0 0.0 0.0 1.5

Min 3.8
Max 4.7 9.0 6.0 8.0 4.0
Mean 1.7 2.9 2.1 2.2 1.8

SD 1.4 3.1 1.8 2.4 1.2

CV% 84.7 105.7 86.9 110.1 65.4

5cm

10 cm

Whole forest
Zone

D-class 
Interval

D-
Class

1 2 3 4
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Stdzed 
Coefficients

t Sig.

B Std. Error Beta
Lower 
Bound

Upper 
Bound Tolerance VIF

Constant 1.170E-03 0.000 14.846 0.000 0.001 0.001
1/D -1.408E-03 0.000 -0.184 -13.153 0.000 -0.002 -0.001 0.935 1.069
D2/AMD 2.232E-05 0.000 0.678 48.311 0.000 0.000 0.000 0.929 1.077
Gr 6.131E-04 0.000 0.117 6.860 0.000 0.000 0.001 0.633 1.579
G.Gr -6.622E-05 0.000 -0.104 -6.136 0.000 0.000 0.000 0.637 1.570

Summary statistics

R2-adjusted 0.559
Root MSE (SE) 0.00131
F-ratio 764.356  p<0.00001
Durbin Watson 1.40
Std Residual Min -10.400

Max 23.630
Mean 0.000
SD 0.999

Collinearity 
Statistics

Unstandardized 
Coefficients

95% C.I. for B
Parameter
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t-value df p-value

Observed 0.0005

Model 0.00054 2.97E-06 5.57E-04 -32.41 0.074 1222 0.941ns

As % of observed 0.54 103.45

ns Not significant (P>0.05) *   Significant (P<0.05) **  Significant (P<0.01)

Paired Student t-test 
Description Mean values Mean 

difference

Mean 
absolute 

difference

Mean % 
bias
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Lower Upper

Constant 2.908 0.388 56.238 1 0.000 18.312
1/D -2.418 0.37 42.615 1 0.000 0.089 0.043 0.184
D/AMD -0.125 0.047 7.2 1 0.007 0.882 0.805 0.967
SI 0.028 0.009 9.916 1 0.002 1.028 1.011 1.046
Gr 1.823 0.275 43.917 1 0.000 6.188 3.61 10.609
-2log likelihood 1100.836
Hosmer-Lemeshow's goodness-of-fit statistics 5.794
df 8
p-value 0.670ns

df Sig. Exp(B) 95.0% C.I.for EXP(B)Parameter B S.E. Wald
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Dbh Class Nr trees
Nr 
observed 
survival

Mean 
P(Z)

Nr 
expected 
survival

Chi-
square

1-3 1113 1016 0.910 1012.40 0.01
3-5 149 143 0.964 143.66 0.00
5-7 12 12 0.965 11.59 0.01
7-10 10 9 0.966 9.66 0.05

10-30 26 26 0.964 25.07 0.03
30-50 15 14 0.922 13.83 0.00
50+ 3 3 0.818 2.46 0.12

Total 0.233ns
12.59

ns: not significant (p>0.05)
Chi-square critical value, 6df, p=0.05
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Lower Upper

1/Nr -4266.675 1920.244 4.937 1 0.026 0.000 0.000 0.000

SI 0.143 0.072 3.934 1 0.047 1.154 1.002 1.329
Gr 5.946 2.187 7.392 1 0.007 382.048 5.257 27765.226

-2log likelihood 10.318
Hosmer-Lemeshow's goodness-of-fit statistics 4.433
df 8
p-value 0.816ns

S.E.BParameter
95.0% C.I.for EXP(B)

Exp(B)Sig.dfWald
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Zone
Nr 
Subplots

Nr 
observed 
recruits

Mean 
P(Z)

Nr 
expecte
d 
recruits

Chi-
square

1 6 6 0.910 5.46 0.05
2 6 5 0.964 5.78 0.11
3 6 6 0.965 5.79 0.01
4 4 2 0.966 3.86 0.90

Total 1.067ns
7.82

ns: not significant (p>0.05)
Chi-square critical value, 3df, p=0.05

 

�
            

�
>�����C�B'��=��������������
����������������������������������
��
�

              
      32 �                                                            � 
         �                                                            � 
         �                                                           1� 
F        �                                                           1� 
R     24 �                                                           1� 
E        �                                                           1� 
Q        �                                                           1� 
U        �                                                           1� 
E     16 �                                                           1� 
N        �                                                           1� 
C        �                                                           1� 
Y        �                                                           1� 
       8 �                                                           1� 
         �                                                           1� 
         �                                                         111� 
         �0  00    0                         1 1              111 1011� 
Predicted ������������������������������������������������������������ 
  Prob:   0            .25            .5             .75             1 
  Group:  000000000000000000000000000000111111111111111111111111111111 
 
          Predicted Probability is of Membership for 1 
          The Cut Value is .50 
          Symbols: 0 – 0 (absence of recruit) 
                   1 – 1 (presence of recruit) 
          Each Symbol Represents 2 Cases. 



� 6C8�

:'<'7'.'�!����������������������

(�������
���������
��:
�����������������#����������
�;���������
����
�������
����
���#�

�
���������
����(�����C�B7��������������
�������
���������
������������������(���������

�����������������
�K�������
�����������$�'7��
���2���������:��������W�&�878����W�6'%��^&�&E;��

(�������������������������������������
������
����
���
������
������������
����

�

(�����C�67��>����
�����������������������
�����������	�����2,������������*���
������
�����
�����%�"�����
��������
��������
��������1���������
��������
�

Stdzed 
Coefficients

B Std. Error Beta Lower 
Bound

Upper 
Bound Tolerance VIF

lnNr/Gr+1 0.860 0.026 0.753 33.322 0.000 0.808 0.912 0.655 1.527

Gr 3.542 0.234 0.343 15.159 0.000 3.069 4.016 0.655 1.527

Summary statistics

R2-adjusted 0.987

Root MSE (SE) 0.813
F-ratio 1476.002  p<0.00001
Durbin Watson 0.930
Std Residual Min -2.11

Max 1.53
Mean 0.005
SD 0.987

n 39

Parameter

Unstdzed 
Coefficients

95% Confidence 
Interval for B

Collinearity 
Statistics

Sig.t
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t-value df p-value
Observed 2189
Model 2048 141 1620 -138.1 0.261 18 0.797ns
As % of observed 6.89 79.08
ns Not significant (P>0.05) *   Significant (P<0.05) **  Significant (P<0.01)

Mean % bias
Paired Student t-test 

Description
Mean 
values

Mean 
difference

Mean 
absolute 
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t-value df p-value

Observed 231.52

Model 1 208.26 23.31 87.48 -56.21 1.488 98 0.140ns

As % of observed 10.07 37.78

Model 2 219.71 11.81 78.18 268.80 1.153 98 0.252ns

As % of observed 5.10 33.77

Model 3 221.53 9.99 77.62 216.93 0.973 98 0.333ns

As % of observed 4.32 33.52

ns Not significant (P>0.05) *   Significant (P<0.05) **  Significant (P<0.01)

Mean % 
bias

Paired Student t-test 
Description Mean values

Mean 
difference

Mean 
absolute 

difference
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Lower Upper

Constant -4.084 0.227 322.951 1 0.000 0.017

D -0.105 0.012 76.365 1 0.000 0.9 0.879 0.921
lnD 1.816 0.106 291.689 1 0.000 6.15 4.993 7.575
RS 0.491 0.18 7.422 1 0.006 1.634 1.148 2.327
G.Gr -0.049 0.012 17.266 1 0.000 0.952 0.931 0.975
Gr 1.445 0.125 132.712 1 0.000 4.242 3.317 5.424
T -0.165 0.024 45.424 1 0.000 0.848 0.808 0.89

-2log likelihood
Hosmer-Lemeshow's goodness-of-fit statistics 13.092
df 8
p-value 0.109

5247.286

df Sig. Exp(B)
95.0% C.I.for EXP(B)

Parameter B S.E. Wald
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������
����������%�"�����
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Dbh class Class Code Nr trees

Nr Observed 
MS

Mean 
P(Z)

Nr Expected 
MS

Chi-square

1-3 1 2601 251 0.067 174.069 34.001
3-5 2 747 139 0.169 126.474 1.241
5-7 3 214 44 0.241 51.672 1.139
7-10 4 110 44 0.336 36.916 1.360

10-30 5 63 19 0.360 22.684 0.598
30-50 6 36 12 0.177 6.369 4.979
50+ 7 7 0 0.057 0.398 0.398

43.715***
9.715ns

12.590
22.460

Chi-square critical value, 6df, p=0.05
Chi-square critical value, 6df, p=0.001
ns: not significant (p>0.05), significant***p<0.001

Total (all classes)
Total (class 2-7)
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����������������
�#����������������:(�����C��$;��������������������������
���
�����������

��
� �������������(��� ���������#� ��� ���2������
�� ��� ��
������� �#� ������������ ����������

  
 
    4000 �                                                            � 
         �0                                                           � 
         �0                                                           � 
F        �0                                                           � 
R   3000 �0                                                           � 
E        �0                                                           � 
Q        �0                                                           � 
U        �0                                                           � 
E   2000 �0                                                           � 
N        �0                                                           � 
C        �00                                                          � 
Y        �00                                                          � 
    1000 �00                                                          � 
         �00                                                          � 
         �00                                                          � 
         �000                                                         � 
Predicted ������������������������������������������������������������ 
  Prob:   0            .25            .5             .75             1 
  Group:  000000000000000000000000000000111111111111111111111111111111 
 
          Predicted Probability is of Membership for 1 
          The Cut Value is .50 
          Symbols: 0 – 0.00 (absence of multi-stemmed tree) 
                   1 – 1.00 (presence of multi-stemmed tree) 
          Each Symbol Represents 250 Cases. 
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�

Lower Upper

Constant -4.312 0.499 74.761 1 0.000 0.013
RS -1.156 0.351 10.824 1 0.001 0.315 0.158 0.627
RS.Gr -1.253 0.358 12.268 1 0.000 0.286 0.142 0.576
T 0.468 0.12 15.116 1 0.000 1.597 1.261 2.023
-2log likelihood 869.186
Hosmer-Lemeshow's goodness-of-fit statistics 6.461
df 8

p-value 0.596

Parameter B S.E. Wald df Sig. Exp(B)
95.0% C.I.for EXP(B)
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�
(�����C��8�� ���
���2��2���������������������������
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�
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������
����������%�"�����
�
�

Dbh Class Nr trees Nr observed 
rootsprouts

Mean 
P(Z)

Nr expected 
rootsprouts

Chi-
square

1-3 2440 17 0.014 35.04 9.28
3-5 474 12 0.023 10.73 0.15
5-7 98 3 0.031 3.04 0.00
7-10 33 0 0.038 1.26 1.26

10-30 54 0 0.024 1.29 1.29
30-50 29 1 0.041 1.18 0.03
50+ 8 0 0.050 0.40 0.40

12.414ns
12.59

Total
Chi-square critical value, 6df, p=0.05
ns: not significant (p>0.05) �
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BA/ha Nr/ha mean q-ratio Tree 
form Regime 

(1) (2) (3) Mean (1) (2) (3) Mean (1) (2) (3) Mean 

Trees Pooled He 3.92 5.98 8.85 6.25 5922 6972 7367 6754 3.83 3.52 3.43 3.42 

Trees Pooled Me 10.75 12.84 13.93 12.51 6367 7633 6585 6862 4.10 3.80 3.67 3.72 

Trees Pooled Und 32.14 30.97 32.01 31.71 5413 5671 6006 5697 3.67 2.92 2.47 2.39 

Stems Pooled He 4.76 7.37 10.35 7.49 7844 8528 8655 8342 4.14 4.70 4.36 4.23 

Stems Pooled Me 8.93 11.29 12.90 11.04 7958 9225 9189 8791 4.04 3.93 3.81 3.84 

Stems Pooled Und 26.06 24.81 26.88 25.92 5896 6104 6517 6172 3.53 2.89 2.43 2.73 

 (1), (2), (3) indicate census periods  
�
�

    4000 �1                                                           � 
         �0                                                           � 
         �0                                                           � 
F        �0                                                           � 
R   3000 �0                                                           � 
E        �0                                                           � 
Q        �0                                                           � 
U        �0                                                           � 
E   2000 �0                                                           � 
N        �0                                                           � 
C        �0                                                           � 
Y        �00                                                          � 
    1000 �00                                                          � 
         �00                                                          � 
         �00                                                          � 
         �000                                                         � 
Predicted ������������������������������������������������������������ 
  Prob:   0            .25            .5             .75             1 
  Group:  000000000000000000000000000000111111111111111111111111111111. 250 cases by each 
        Symbols: 0 – 0.00 (absence of rootsprouting) 1 – 1.00 (Presence of roorsprouting) 
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Prediction of total multi-stemmed tree population
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Descriptives

Min Max

Lower Bound Upper Bound

HE 4 1.57293 0.35615 0.17807 1.00621 2.13964 1.052 1.825
ME 5 1.29454 0.21511 9.62E-02 1.02745 1.56163 1.038 1.585
UND 5 1.0195 0.15071 6.74E-02 0.83237 1.20663 0.800 1.221

Total 14 1.27585 0.32103 8.58E-02 1.09049 1.46121 0.800 1.825

ANOVA

Source of 
variation

Sum of Squares df Mean Square F Sig.

Between Groups 0.683 2 0.342 5.725 0.02
Within Groups 0.656 11 5.97E-02
Total 1.34 13

Multiple Comparisons: LSD

95% Confidence Interval

Lower Bound Upper Bound

HE ME 0.27838 0.16388 0.117 -8.23E-02 0.63907
UND 0.55342* 0.16388 0.006 0.19274 0.91411

ME HE -0.27838 0.16388 0.117 -0.63907 8.23E-02
UND 0.27504 0.1545 0.103 -6.50E-02 0.6151

UND HE -0.55342* 0.16388 0.006 -0.91411 -0.19274

ME -0.27504 0.1545 0.103 -0.6151 6.50E-02

* The mean difference is significant at the .05 level.

Mean 
Difference 

(I-J)
Std. Error Sig.(I) Regime (J) Regime

Std. Error
95% CI for Mean

Regime N Mean Std. Deviation

�
�
�
�
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5 254 0.333 0.312 15.0
10 14 0.748 0.488 13.4
20 5 0.785 0.548 25.5
5 367 0.313 0.314 16.0
10 10 1.025 0.524 9.8
30 1 0.200 150.0
50 1 0.475 105.3
5 399 0.268 0.229 18.7
30 3 0.433 0.218 69.2
50 5 0.837 0.496 59.7
5 84 0.138 0.105 36.3
10 10 0.233 0.096 43.0
20 1 0.175 114.3
5 206 0.109 0.168 45.9
10 27 0.156 0.193 64.3
20 11 0.200 0.120 100.0
30 1 0.175 171.4
5 257 0.092 0.112 54.1
10 16 0.192 0.192 52.2
20 11 0.228 0.120 87.9
30 8 0.147 0.303 204.3
5 695 0.301 0.249 16.6
10 2 0.563 0.866 17.8
30 1 0.725 41.4
5 666 0.112 0.115 44.5
10 7 0.204 0.125 49.1
20 1 0.375 53.3
30 3 0.150 0.025 200.0
5 544 0.148 0.134 33.9
10 3 0.225 0.109 44.4
20 3 0.042 0.232 480.0
30 12 0.218 0.125 137.9
50 1 0.325 153.8
5 201 0.133 0.115 37.7
10 14 0.248 0.180 40.3
20 9 0.253 0.182 79.1
30 3 0.633 0.267 47.4
5 3 0.125 40.0
10 7 0.079 0.046 126.3
20 19 0.174 0.152 115.2
30 4 0.231 0.105 129.7
50 5 0.205 0.127 243.9
5 1033 0.166 0.202 30.2
10 26 0.459 0.425 21.8
20 6 0.639 0.516 31.3
30 1 0.150 0.025 200.0
5 1440 0.252 0.256 19.8
10 58 0.347 0.436 28.8
20 21 0.224 0.149 89.4
30 8 0.500 0.297 60.0
50 1 0.475 105.3
5 1203 0.171 0.178 29.2
10 26 0.168 0.164 59.6
20 33 0.178 0.154 112.3
30 27 0.223 0.213 134.5
50 11 0.470 0.436 106.4
5 3676 0.203 0.223 24.7
10 110 0.339 0.399 29.5
20 60 0.248 0.262 80.5
30 36 0.265 0.243 113.0
50 12 0.470 0.414 106.3
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