
Introduction

The sal forests of Bangladesh belong to the category of

tropical moist or dry deciduous forest (Gain 1998). In Bang-

ladesh, it is one of the three major forest resources (other

types are tropical evergreen and coastal forest), which covers

about 32% of the forested land (Banglapedia 2006). Sal

(Shorea robusta, Dipterocarpaceae) is the dominant species

of these forests, which are comprised of pure and mixed

stands (Ismail and Mia 1973). These forests have a high eco-

nomical and ecological significance in the central part of

Bangladesh. Sal forests have also ethnic and cultural values

in Bangladesh as ethnic communities (tribal people) live in

these forests and, their livelihood and culture are directly re-

lated to them. Few studies on floristic diversity (incomplete

list of plants) can be found, but no systematic studies on

structural and spatial diversity have been done so far (Alam

1995, Rahman et al. 2007a).

Spatial stand structure is an important factor in determin-

ing habitat, species diversity and management practices. The

structural diversity generally considers species composition,

horizontal and vertical variation within the forests and on the

other hand, spatial diversity considers these characteristics in

space or arrangement of these dimensions in relation to each

other. The structural diversity can be assessed by the spatial

diversity as well. In the past, studies relating to spatial aspects

were not comprehensive, cost effective or easy. Lund pair

correlations involve tree coordinates (Stoyan and Stoyan

1992, Pretzsch 2001, Pommerening 2002) requiring large da-

tabases which may not always be available. Distant depen-

dant indices proposed by Clark and Evans (1954) or Pielou

(1977) can give a snap shot of the forest structure by describ-

ing the variety of spatial arrangements (Zenner and Hibbs

2000). Single tree-based variables or neighbourhood-based

parameters or ‘measure of surround’ (Gadow et al. 1998,

Staupendahl 2001) can be used to provide a comprehensive

description of the spatial structure of a forest. The neighbour-

based variables can be used in quick assessment of large for-

ests (Pommerening 2002, Graz 2006). These parameters are

used to quantify the regularity of neighbours position, size

and interspersion with reference trees. Other than European

scientists, Graz (2006) used these variables in dry savana

woodland of Africa and Aguirre et al. (2003) experimented

in Mexican forests successfully for assessing spatial diver-

sity. Recent studies evaluated the applicability or the advan-

tages of using neighbourhood-based variables for the analy-

sis of structural diversity. However, a study on the sample

size (suitable number of reference trees and neighbouring

trees) and the importance of choosing an appropriate setting

for the study design for assessing the spatial diversity has not

been tested so far. Our study aims to assess the applicability

of these neighbourhood-based variables in the sal forests of

Bangladesh, to analyse the spatial diversity of the dominant

species for a better understanding of the ecology of these for-

ests and finally to find out a suitable setting for the neigh-

bourhood analysis.
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Abstract: The study presents an analysis of spatial and structural diversity of Sal (Shorea robusta), the dominant species of sal

forests in Bangladesh by using a neighbourhood analysis approach. The simple field method permits relatively unskilled persons

to collect data. Most of the indices can be calculated in the field and the data analysis is comparatively easy. Therefore, the

applicability of the method was tested by using different setting of reference trees compared with the full sampling for each plot

in the Madhupur sal forests. The results indicate that a group of one reference tree and its four neighbours can be used efficiently

to describe the spatial and structural diversity in homogeneous young forests at low costs and in short time. The indices can be

easily interpreted allowing quantitative comparisons between different types of forest stands. Sal can be considered as the

dominant and comparatively faster growing species than other associate species.



Materials and methods

Study sites

The study was carried out at Madhupur, the largest area

of sal forests in Bangladesh during November 2006 – Janu-

ary 2007. These forests are intercepted by numerous depres-

sions in the form of long and narrow valleys called ‘Baid’

locally, which are cultivated for agricultural crops, especially

rice. For the presence of this ‘Baid’, continuous cover forests

cannot be found in this region. Geographically it is located at

23
�
50’-24

�
50

�
North latitude and 89

�
54

�
-90

�
50’ East longi-

tudes. The soil belongs to the bio-ecological zone of Madhu-

pur sal Tract, which is above the normal flood level (Nishat

et al. 2002). The soils are moderately to strongly acidic in

reaction (Richards and Hassan 1988), the annual rainfall is

2030-2290 mm while the maximum temperature is 34
�
C and

minimum is 11
�
C (Islam et al. 2007). Webb and Sah (2003)

classified sal forests as natural, successional (forest regener-

ated naturally after clear cutting) and plantation sal. We se-

lected two stands for this study in the successional forests of

the same age. One stand was at Rasulpur and the other stand

at Rajabari area in the Madhpur sal forests. Both forests are

highly dominanted by sal.

Sampling

Due to the presence of ‘Baid’, it was not possible to es-

tablish all plots on a regular grid. Therefore, the plots were

randomly selected on transects with a minimum distance of

100 m between them. Thirty circular plots were established

in Rasulpur as well as in Rajabari. The area of each plot was

300 m
�

having 9.77 m radius. In each plot, we selected 3 sal

trees termed as reference trees. To reduce bias from the se-

lection process of a reference tree, the first reference tree was

taken as the nearest one from the centre, the second reference

tree was taken as the nearest one from the middle point of the

radius and finally the third reference tree was chosen as the

most distant sal from the centre of the plot (Fig. 1). For each

reference tree, the four nearest neighbours were chosen for

neighbourhood analysis. In this context, the reference tree

with its four neighbours was termed as ‘group of five’ (G5).

In each plot, we recorded all trees (dbh ≥ 5 cm) according

to species name, dbh and height of each trees. For the neigh-

bourhood variables, we measured dbh and height of each ref-

erence tree and four neighbouring trees. We classified the an-

gle between every two neighbours in clock-wise direction in

the field whether this angle was smaller or bigger than 90°.

Data analysis

For characterizing spatial diversity, we calculated four

indices for each reference group and for each plot. For the

subsamples of the 3 groups (1G5 or 5 trees, 2G5 or 10 trees

and 3G5 or 15 trees per plot), the indices were calculated

separately. SPSS
�

was used to analyze the correlations

among different variables and to test the mean values for sig-

nificant differences at a significance level of 5%.

Contagion

The contagion (Gadow et al. 1998, Staupendahl 2001)

describes the degree of regularity of the spatial distribution

of the four trees nearest to a reference tree i (Fig. 2). W� is

based on the classification of the angles α� between each pair

of the four neighbours. Assuming complete regularity of the

positions of the four nearest neighbours around a reference

tree, the expected standard angleα� would be equal to 360°/4

= 90°. In case of neighbours, w�� can be visually assessed in

the field by comparing α� with α�� A quick decision can be

made in the forest on whether α� is smaller than or equal to

90° or not.

W� = 0 indicates that the neighbouring trees are positioned in

a regular manner, whereas W� = 1 indicates an irregular or

clumped distribution. With four neighbours, there are five

possible values (0, 0.25, 0.50, 0.75 and 1) that W� can assume.

The average contagion value may be classified as ‘regular’,

‘random’ and ‘clumped’ (Gadow et al. 1998). The mean con-

tagion value greater than 0.6 can be considered as ‘clumped’,

those with values between 0 and 0.5 indicate ‘regular’ tree

distributions, and between 0.5 and 0.6 are ‘random’ (Albert

1999).

Species mingling

The corresponding single tree variable to Pielou’s coef-

ficient of segregation, known as mingling (M�), gives the pro-

portion of the n = 4 nearest neighbours j (j = 1….n) of the ith

reference tree which do not belong to the same species as the

reference tree i:
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m�� = {1, if reference tree i and neighbouring tree j are of dif-

ferent species; 0, otherwise}. In case of 4 neighbours, M� can

assume 5 possible values (0.0, 0.25, 0.50, 0.75 and 1.00). The

arithmetic mean of M� for a particular species of reference

tree (M��) provides a measure of the degree of interspersion

of the species in the area. Values close or equal to 1 indicate

a high degree of mingling, i.e., trees of the reference species

do not occur in a clumped manner. On the other hand, values

near or equal to 0 indicate a low degree of mingling and a

high aggregation, i.e., reference tree and all neighbours are

of the same species. 1-M�� approximates the proportion, P of

that species in the stand.

Size dominance

In addition to the mingling of species described above,

the interspersion of tree dominance in size is quantified on

the basis of diameter (D�) and height (H�) using the ‘measure

of surrounding’ described by Hui et al. (1998), which is ap-

plied analogously to the mingling index:

s�� = {1, if tree j is thicker/higher than the sample tree i; 0,

otherwise}. With four neighbours, five possible values (0,

0.25, 0.50, 0.75 and 1) can be calculated for S�. The average

value of S�=0 indicates that all 4 neighbouring trees are

smaller in size than the reference tree where the value 0 indi-

cates that all neighbouring trees are taller or have a larger di-

ameter than the reference trees.

The size dominance S� is interpreted as diameter domi-

nance D� and height dominance H� in a similar way.

d��= {1, if tree j is thicker than the sample tree i; 0, otherwise}

h�� = {1, if tree j is higher than the sample tree i; 0, otherwise}

Size differentiation index

The singletree diameter differentiation variable, S��, gives

the size difference of neighbouring trees on a continuous

scale and describes the spatial distribution of tree sizes (Füld-

ner 1995, Pommerening 1997, 2002). For the ith reference

tree and its n = 4 nearest neighbour j (j = 1…n) the diameter

differentiation S�� is defined as:

The value of S�� increases with increasing average size differ-

ence between neighbouring trees. S�� = 0 means that neigh-

bouring trees have an equal size. This index is based on pairs

of reference trees - first, second, third or fourth nearest neigh-

bour tree. The size differentiation can be classified as diame-

ter differentiation D�� and height differentiation H��:

Size differentiation values can be interpreted as follows

(Pommerening 2002):
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Small differentiation: Comprises average values 0.0-0.3 (the

average size of a neighbour is 0-30% larger or smaller than

that of a reference tree)

Average differentiation: Comprises average values 0.3-0.5

(the average size of a neighbour is 30-50% larger or smaller

than that of a reference tree)

Big differentiation: Comprises average values 0.5-0.7 (the

average size of a neighbour is 50-70% larger or smaller than

that of a reference tree)

Very big differentiation: Comprises average values 0.7-1

(the average size of a neighbour is 50-70% larger or smaller

than that of a reference tree)

Results

Contagion and mingling

The mean contagion values of Rajabari stand across 1G5

(5 tree), 2G5 (10 tree) and 3G5 (15 tree) per plot were 0.67,

0.66 and 0.66, respectively, indicating a ‘clumped’ disper-

sion of trees in all 3 cases; whereas at Rasulpur, the contagion

values were 0.50, 0.50 and 0.51 respectively, indicating a

‘random’ dispersion of trees (Table 2). The number of refer-

ence trees per plot did not affect the results and interpretation

of tree dispersion significantly at both stands.

The mean mingling values were 0.04, 0.05 and 0.05, re-

spectively, using 1G5, 2G5 and 3G5 per plot at Rajabari.

Each of the mean values was near to 0 indicating a very low

‘degree of mingling’ or ‘very high aggregation’ of sal. At

Rasulpur, the average mingling values for the 1G5, 2G5 and

3G5 per plot were 0.18, 0.20 and 0.22, respectively, indicat-

ing a low ‘degree of mingling’ or ‘high aggregation’ of sal as

well (Table 2). To find out the proportion of sal from the min-

gling within the stand we calculated the value of 1-M���. The

mean values of 1-M��� of Rajabari forest were 0.96, 0.95 and

0.95, respectively, using 1G5, 2G5 or 3G5 per plot. Consid-

ering all trees within a sample plot, the average proportion of

sal was 0.94 at Rajabari stand. For Rasulpur, the mean values

of 1-M��� were 0.82, 0.80 and 0.78, respectively, where the

proportion of sal was 0.81 considering all trees from the plots.

There was no significant difference of the proportion of sal

across different sample sizes (Table 2). There was a positive lin-

ear correlation found between the total density of sal or the pro-

portion of sal and the contagion value. With the increase of the

stem number of sal trees and the overall proportion of sal, the

value for the contagion index increased (Table 4).

Size dominance and size differentiation

The mean values of the diameter dominance were 0.43,

0.45 and 0.49 respectively for the 1G5, 2G5 and 3G5 sam-

ples, which indicated that 43%, 45% and 49% of the neigh-

bours had a larger diameter at breast height than the reference

trees at Rajabari. Similarly, 46%, 46% and 43% of the neigh-

bours were larger at Rasulpur (Table 2).

Using the indices based on the 1G5, 2G5 and 3G5 per

plot the height dominance was calculated as 0.45, 0.44 and

0.47 for Rajabari, where 0.36, 0.42 and 0.38 for Rasulpur

(Table 2). The mean diameter differentiation of Rajabari for-

ests were 0.15, 0.16 and 0.16, indicating a ‘small’ differen-

tiation using 1G5, 2G5 and 3G5 per plot, where the mean

diameter differentiation was 0.16, 0.17 and 0.17 indicating a

‘small’ differentiation also at Rasulpur. Similarly, the height dif-

ferentiation was ‘small’ at both stands across different sample

sizes (Table 2). The sal-sal diameter and height differentiation

were more homogeneous in both stands than sal-other species

(Table 3). There was no statistically significant difference found

for the mean size dominance and differentiation for 1G5, 2G5

and 3G5 per plot in each stand (Table 2).

The mean diameter and height of sal were larger than

those of the other species at both stands (Table 1). The di-

ameter distributions were more homogeneous across differ-

ent sample sizes (Fig. 4) than the height distributions (Fig. 5).

No noticeable changes occurred in both diameter and height

distributions across different sample sizes (Figs. 4-5).

Homogeneity or heterogeneity of the distribution of

indices within and between the forest stands for using

different sample sizes

There were no statistically significant differences in

mean values for any of the indices calculated within each

Figure 3. �������� ���	
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���� ����
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stand in testing different sample sizes (Table 2) but there

were some differences in median, quartiles, minimum and

maximum values of indices observed across different sample

sizes in both stands (Fig. 3). The highest standard error of

mean was found in 1G5 followed by 2G5, 3G5 and the full

sampling of all trees (Table 2). The boxplots also showed that

the distribution of indices around the median values were

most homogeneous in 3G5 followed by 2G5 and 1G5. These

plots indicate that with an increase of the number of sample

trees the lower and upper quartiles of the calculated indica-

tors has a tendency towards the median (Fig. 3).

Discussion

One objective of this contribution was to analyse the spa-

tial diversity of the dominant tree species Shorea robusta for

Table 1. ���
� 
������
�� � ��� !"#$ �� ��� 
�����
����� ������ ����� �� ���� ��� ��� ���� �����
�� �� ��� ���� �� �����
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a better understanding of the ecology of the Madhupur sal

forests. It was found that the mean value of mingling for sal

indicated a high level of ‘aggregation’ of sal at both Rajabari

and Rasulpur forests. A ‘clumped’ dispersion of trees was

observed at Rajabari forest, while a ‘random’ dispersion was

found at Rasulpur forest. With the increase of the proportion

or the density of sal, the dispersion tended towards ‘clump-

ing’ (Table 4). Tropical species with a low density tend to

have relatively ‘uniform’ dispersion and those with high den-

sity have a ‘clumped’ dispersion (Krebs 1972). Sukumar et

al. (1992) reported that with the increase of the abundance of

deciduous species the clumping will increase. Rahman et al.

(2007b) found a ‘regular’ dispersion of sal in forests existing

‘lower aggregation’ of sal. Shankar (2001) reported that the

clumping of sal increased with its abundance. Sal is known

as a dominant tree species in most of the forest ecosystems

(Champion and Osmaston 1962, Troup 1986) and the ten-

dency for clumping is related to the increase of its density and

subsequently the dispersion changes from ‘regular’ to ‘ran-

dom’ and ‘random’ to ‘clumping’.

The size differentiation was higher between sal and other

species than between the pairs of sal and sal, which indicates

a relatively higher growth potential for sal in the young

stages of stand development compared to the other species.

Some authors have also found that the growth of sal is rela-

tively faster than other species in the young development

phases (Gautam and Devoe 2006).

Measures based on the nearest-neighbour concept al-

lowed us to find no significant differences among different

sample sizes according to both forest stands analyzed. How-

ever, dissimilarities were found for median, quartiles, mini-

mum and maximum values. As the comparison of the neigh-

bour-based spatial parameters are based on arithmetic mean

values and some sort of scaling (Pommerening 2002), it is

possible to find non significant differences across different

sample sizes in both forest stands, although the median and

quartiles of the single values indicate some small differences.

Considering the mean values the least sample size (5

trees/plot) measured unique spatial characteristics in both

stands.

The study aimed to assess the applicability of neighbour-

hood analysis in the sal forests of Bangladesh and to find out

a suitable setting for the design of the fieldwork of the struc-

tural analysis based on the number of reference trees. It was

found that using 5, 10 and 15 trees from each plot has no sig-

nificant effect on the results based on mingling, size domi-

nance, size differentiation and contagion. The proportion of

sal obtained from the mingling values across 5, 10 and 15 tree

per plot, showed similar results compared to the full sam-

pling of all trees on the plot. So, it can be assumed that using

the mingling index of the neighborhood analysis can be used

to describe the species composition of the sal forests reason-

ably well. Single G5 (5 trees/plot) approach could be used to

measure the horizontal and vertical structure of a forest in-

stead of 3G5 (15 trees/plot). However, the number of indi-

viduals in lower height classes would be overestimated. This

fact might also be linked to the problem that some neighbour-

ing trees for the third or the most distant reference tree came

from outside of the plot area, which may not have been part

of the full sample on the circular plot. However, a single G5

(5 trees) from each plot may be efficiently used to measure

structural (composition, horizontal and vertical structure)

and spatial (dispersion, aggregation and size differentiation)

parameters of a forest, saving money and time simultane-

ously.

According to the selection process for the reference tree,

we adopted a new approach. We took 3 reference trees on the

basis of the distance from the centre of the 300 m
�

circular

plot (first: the nearest from the centre, second: the nearest

from the middle point of the radius and the third: the most

distant from the centre). This procedure allowed reducing a

bias from the effect of selecting a reference tree. It would be

difficult to examine many reference trees with their neigh-

bours, maintaining an equal distance from the centre of a cir-

cle of 300 m
�

area to each neighbours.

These neighbourhood-based variables and methods can

be used in the field at low cost and less time to describe, com-

pare and evaluate forest structure in a scientifically sound

way. During field work, there is no need to consider the tree

coordinates or the distances between trees to evaluate the ba-

sic spatial characteristics. The two young forests considered

in this study were more or less homogeneous and highly sal

dominant. Further research is needed for more heterogeneous

and highly mixed forests to justify the applicability of these

neighbourhood indices. However, considering its simplicity,

we can recommend adopting the method with one “group of

five” (G5) to measure the structural and spatial diversity of

young and homogeneous sal forests of Bangladesh in the

context of an inventory based on a regular grid or transects.
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