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Abstract
To assess the ecological process and to find the factors responsible for pattern formation, analysis of spatial pattern
of the species is of paramount importance. With a view to analyze the distribution pattern of the Cinnamomum
tamala spp., this study utilized the data obtained from the phyto-sociological survey of natural vegetation carried
out in Mijure Danda Village Development Committee during June and July of 2009. Nested quadrats of 10m×10m,
5m×5m, and 1m×1m were used to collect the data from tree, sapling, and seedling, respectively. Dispersion indices:
variance to mean ratio (I), index of Morisita (Iδ), coefficient of Green (Cx), and the k exponent of negative binomial
distribution were used to identify the distribution pattern of the species. Test of significance of I, and Iδprovided the
information on rejection of null hypothesis: C. tamala does not follow the random distribution. The K exponent of
negative binomial distribution suggests moderate contiguous pattern, which is in line with the previous studies of
vegetation elsewhere. Since this study used the cross-sectional data, monitoring of species at different temporal
and spatial scale focused around various level of sampling, and accumulation of significant data on other physical
elements is prescribed for future study to fill the gap of information about this species.
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Introduction
Cinnamomum tamala T. Nees & Eberm (family
Lauraceae), commonly known as Tejpat (trade name
Tamalpatra) is a moderate sized, evergreen,
monoecious species and distributed from subtropical
to temperate zone (1000-2100 masl) in Nepal. Natural
stands of C. tamala are mostly found in shady and moist
sites (Subedi & Sharma 2012). The bark has an
aromatic odor and possesses aromatic, carminative, and
stimulating properties (Nadkarni 2001). The oil of the
bark is a powerful germicide and fungicide usually used
as valuable flavoring ingredient (Dutta 2007).The
leaves possess anti-diarrheal and anti-ulcer properties
(Eswaran et al. 2010, Rao et al. 2008).  It blooms
during May-June and usually pollinated by small
insects such as honey bees. Ripen fruits are dark purple
in color and contain single seed; the fruits are
ellipsoidal drupe and require approximately one year
in attaining maturity (Sharma et al. 2009). In Neal C.

tamala trees are especially managed for leaf and bark
production, and are used in production of essential
drugs under Ayurvedic system (Subedi & Sharma
2012). C. tamala is one of the highly traded medicinal
plant species of Nepal and has received a priority for
research and management as this species forms a major
part of the non-timber forest products trade both by
volume and economic value (DOF 2010, Subedi &
Sharma 2012).

The spatial distribution pattern refers to the status of
horizontal allocation or distribution of individual trees
in a stand, which reflects the relations among
individual trees in horizontal space. It is the
fundamental characteristic of species’ ecology
unveiling the influence of multiple factors such as intra-
specific, inter-specific and environmental condition
with organisms that are closer to one another in space
(Legendre & Fortin 1989). Determination of spatial
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distribution pattern of species has drawn central
attention in ecological discourse (Condit et al. 2000).
The analysis of spatial distribution pattern assists to
evaluate the contribution of factors responsible for the
formation of this pattern. These factors may include
competition (Kubota & Hara 1995, Moeur 1997, Wolf
2005), establishment (Ledo et al. 2012), development
(Palik et al. 2003), mortality (Peet & Christensen 1987,
Das et al. 2008), and crown development (Stiell 1978).
Plethora of researches carried out so far contributed
in understanding the role of spatial pattern in the
assembly, association and dynamics of vegetation that
takes place in the ecosystem (e.g. Rohani et al. 1997,
Perry et al. 2006, Martínez et al. 2010, Martínez et al.
2013). In a forest ecosystem, spatial distribution
pattern may alter the canopy light environment
(Sprugel et al. 2009) as well as understory plant
abundance, composition, and diversity.

In nature, individuals of a population (both plants and
animals) may be distributed in their habitat in a
random, a clumped (aggregated), or a regular (uniform)
pattern (Buschini 1999, Krebs 1999, Odum 1986,
Pielou 1997). Perry et al. (2006) mentioned two spatial
(global and local) pattern analysis techniques. The
local spatial pattern analysis describes the variation
of spatial arrangement of species within the study area.
Pattern detection can be achieved by three ways:
sampling plots, distances, and uniform angle index
(Lan & Lei 2003).Since the quadrat based point pattern
analysis, which is the area based definition of scale is
popular in ecological studies (Heltshe & Ritchey 1984,
Olsen et al. 1996, Pélissier et al. 2001), this study also
used quadrat-based point pattern analysis of C.tamala
in natural forest.

Majority of natural environment are found with
clumped distribution caused by environmental
heterogeneity (Krebs 1999, Levinton 1972, Odum
1986) and non-linearity of biological process (Pacala
& Levin 1997). Though some species are tolerant of
wide range of environmental conditions others are
limited only to a narrow range, but each species best
functions usually over a limited part of the gradient is
called as “species optimal range”. Detecting and
describing non-random spatial pattern is fundamental
to intensify the understanding the population structure
and growth of the individual trees, and in formulation
of conservation and management plan of the species.
However, this information about C. tamala in natural

forests of Nepal is still missing (Subedi & Sharma
2012). Therefore, this study aimed at detecting the
distribution pattern of the species. Such information
is of utmost importance for better insight into the
population dynamics and spatial aspect of the
distribution of individuals in relation to the species
ecology and habitat characteristics.

Methodology
The study was conducted at Mijure DandaVillage
Development Committee (VDC) of Kaski district,
Nepal to prepare a management plan for C. tamala
and other important tree species in the site. The site
occurs within the Annapurna Conservation Area
Project (NTNC/ACAP) in geographic location
[28° 132  573  - 28° 202  573  N, 84° 082  533  -
 84° 122  423 E]. The site is a part of the humid sub-
tropical monsoon climatic zone, with hot and wet
summer and fairly cold winter, with mean temperature
of 17.68oC, and12.14oC respectively in summer and
winter. The mean annual precipitation is reported to
be 3710 mm. The site comprised of C. tamala as a
dominant species while its major associates are Schima
wallichii, Castanopsis indica, Madhuca latifolia,
Macaranga postulata, Sapium insigne, Semecarpus
anacardium, Cydia cylicina, Perceao dorantisima and
Diospyrus malabericum.

We carried phyto-sociological survey in the month of
June and July, 2009. The data utilized in this study
were collected through systematic sampling with a plot
size of 10m×10 m. Each plot was nested into 5m×5m
at opposite corner, and 1m×1m in four corners of the
main plot.  The uses of quadrats of different sizes were
used to evaluate the effect of plot size by analyzing
the pattern variations among them.

The data were analyzed by calculating the mean,
variance and dispersion indices, to diagnose the pattern
of species distribution. The indices used were:
variance-to-mean ratio (I), Morisita’s dispersion index
(Iδ), coefficient of Green (Cx), and k exponent of
negative binomial distribution (k).

Variance-to-mean ratio (I)
This index was used to measure the departure from a
randomness arrangement; the index was calculated
using the formula of Rabinovich (1980), which is:
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Where:  = sampling variance; = sampling mean;

= number of Cinnamomum tamala found in the
sampling units; n =number of sampling units.

Chi-square test with n-1 degree of freedom in the
variance-to-mean ratio was used to test the departure
from randomness, which can be expressed as:

This can be further written as,

Index of Morisita (Iδδδδδ)
The index of Morisita was calculated by the formula
developed by (Morisita 1962) is:

Where: n= number of sampling units; x = number of
Cinnamomum tamala found in the sampling units;

= sum of individuals present in the sampling units.
Departure from randomness can be tested by:

Coefficient of Green (Cx)
This index is acceptable for comparisons between
contagious distributions (Green 1996). It is based on
the distribution’s variance to mean ratio and is given
by:

Departure from randomness can be tested by:

K exponent of negative binomial distribution
(k)
k values were calculated by the moments methods as
recommended by (Anscombe 1949), is:

Another k values were computed using maximum
likelihood method that is more accurate (Elliott 1979).

This method used for finding the  value that balances

both members of the equation (Bliss & Fisher 1953).
The estimation method is iterative and based on trial
and error until equality is achieved between both
members of the equation. We started the calculation
from the initial k value obtained by the method of
moments as used by (Costa et al. 2010) to achieve
convergence value more quickly. Iterative equation of
Bliss and Fisheris:

where: N = number of sampling units;  = Napierian

logarithm;  = sampling mean; = k value

estimate;x
i
= number of Tejpat found in sampling units;

A(Bouxin and Gautier) = sum of frequencies of values
higher than x

i
; nc = number of classes in the frequency

distribution.

Table 1 depicts the criteria of detection of pattern based
on the values obtained from the above calculation and
hypothesis testing of randomness.

Table 1. Detection of distribution pattern and criterion of hypothesis testing of randomness

Index Value Pattern or degree of pattern Randomness rejection condition  

Variance-to-mean ratio (I): =1 Random  

 <1 Regular/uniform 

>1 Contagious 
Index of Morisita (Iδ) 
 

=1 Random  
 <1 Regular/uniform 

>1 Contagious 
Coefficient of Green (Cx) 
 

=0 Random  
 =1 Maximum contagious 

K exponent of negative binomial distribution (k) <2 Highly contagious  
2-8 Moderate contagious 
>8 Random 
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Results and Discussion
The field work listed 196 trees of Tejpat with a mean

( ) value of 8.167 and variance (s2) 443.33. The
indices variance-to-mean ratio (I), Morisita (Iδ), Green

index (Cx) and k value of negative binomial
distribution revealed a clumped (contagious) pattern.
Table 2 showed the calculated value and decision for
the detection of spatial distribution pattern of Tejpat.

Table 2. Detection of distribution pattern and criterion of hypothesis testing of randomness

Index Threshold value Pattern or degree of pattern Calculated 
value 

Detection of pattern and  
its degree 

Variance-to-mean ratio (I): =1 Random  
2.3602 

 
Contagious 

 <1 Regular/uniform   
 >1 Contagious   
Index of morisita (Iδ) 
 

=1 Random  
1.1604 

 

 
Contagious 

 <1 Regular/uniform   
 >1 Contagious   
Coefficient of Green (Cx) 
 

=0 Random  
0.2733 

 
Contagious 

 =1 Maximum contagious   
K exponent of negative 
binomial distribution (k) 

<2 Highly contagious  
4.7516 

 

 
Moderate contagious 

 2-8 Moderate contagious   
 >8 Random   

 The value obtained for the variance-to-mean ratio was
greater than 1 indicating the contagious pattern. The
Index of Morisita (Iδ) also denoted for the contagious
pattern with value just over the threshold value i.e.
1.16 (see Table 2).

Greens coefficient (Cx) analysis resulted the value
(0.2733) which is higher than zero and indicated the
aggregate distribution (Davis 1993). This distribution
pattern (contagious/aggregate) was confirmed by the
k value of the negative binomial distribution (Table
2) by the maximum likelihood method which resulted
the positive value less than 8 (i.e. 4.7151) indicating
the highly contagious. Although the Green index and
K exponent of negative binomial distribution though
could not be tested, the data supported for aggregation

with the result Cx>Cx
 (1-α)

which is (0.2733>-0.0053).

To examine whether these index values are
significantly different from 1.0 (Null hypothesis;

H
0
:I=Iδ),we performed the statistical test to reach the

correct conclusion. Significant deviations from 1.0
(random) were assessed by calculating a chi-square
value. Chi-square value for Variance-to-mean ratio is

equal to ( 2) and for Morisita index ( ). Not

surprisingly, both 

(

 and ( ) are identical. These

values were then compared with a critical value, using
the appropriate degrees of freedom n (which is n - 1)
at 1% chance of committing type-I error.  Test of
significance of two indices variance-to-mean ratio and
Morisita index (Table 3) explicitly provided
information on rejection of null hypothesis i.e., Tejpat
did not follow the random distribution. Variance-to-
mean ratio based indices are often criticized of being
strongly dependent on the sampling unit size (Costa
et al. 2010, Rossi & Higuchi 1998). However, index
of Morisita is less affected by the size of sampling
units therefore most often used in ecological studies
(Rossi & Higuchi 1998).

Table 3. Test of significance of indices
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Plethora of research found that majority of natural
environments are patchy and environmental
heterogeneity tends to cause spatial aggregation of the
species (Heip 1975, Levinton 1972). As aggregation
of species can occur on different temporal and spatial
scales (Thrush 1991, Ysebaert & Herman 2002) and
often varies during different stages of an organisms’
life cycle (Armonies 1986, Flach & Beukema 1994;
Haubois et al. 2004). Therefore spatial pattern of the
species may be determined at different stages as shaped
by the different biological and physical factors (Foldvik
et al. 2010, Maynou et al. 2006). However, this study
does not cover the explanation of the factors shaping
distribution pattern because it can morphological at a
small scale and environmental at large one or
sociological at one scale and environmental at another
(Bouxin & Gautier 1982) and therefore detection of
distribution pattern and explaining the factors causing
this is separate problem (Jayaraman 2000). Since, this
study is limited to detection of distribution pattern at
secondary forest with cross-sectional data, the result
of the study is recommended not to generalize for the
large range of area.

The result of this study suggests the contagious
distribution of the C. tamala within the study area based
on the cross-sectional data. Since the distribution
pattern of the species varied at different temporal and
spatial scale shaped mainly by the existence of specific
environmental conditions hierarchical sampling to
determine species associations as well as to identify
the differences in micro habitats is recommended for
the future research.
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