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Abstract: : A survey has been taken up for statistical analysis on the sampled data 
collected from the 27 forests of West Bengal for determination of required optimum 
sample size in the forests including the nature of the vegetation pattern. Sampled data 
are analyzed in three phases separately applying probability measures of statistical 
methods. In the first phase, 9 sample spots of 2 forest patches of Garh Jangal and Aduria 
Forest, then 14 sample spots of the forest patches of 11 districts and overall, 27 sample 
spots from 19 districts situated all over the state of West Bengal are considered for 
statistical analysis. From the analysis, higher the survey spots, lower the required 
optimum sample size is revealed. Results obtained from the statistical analysis for the 
forest shows likely indications and positive trends that help to understand the vegetation 
categories, types of dominant timber trees and stem-diameters of the rest forest areas in 
the state.
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1. INTRODUCTION

Application of probabiiity scaie of statisticai 
method may have some measures to inter
pret the required sampie size for the entire 
study area. For determ ination of such 
required sampie size in the forest areas, an 
attempt has been taken up for statisticai 
anaiysis on the sampled data collected from 9 
sampie spots of 2 forest patches of Garh 
Jangai and Aduria forest under Bardhaman 
Forest Division, 14 sampie spots of the forest 
patches of 11 districts and overaii, 27 sampie 
spots from 19 districts situated ali over the 
state of West Bengal during the period from 
2008 to 2020 consecutively.

The fo rest area o f Bardham an Forest 
Division is 339.31 sq km comprising 38 forest 
patches under the administrative control of 
Guskara forest range of Purba Bardhaman 
district and Panagarh & Durgapur forest 
ranges of Paschim Bardhaman district. 
Among 38 forest patches, pilot survey is 
conducted in two forest patches -  Garh 
Jangal (forest area-3184.74 ha) and Aduria 
forest (forest area: 1777.14 ha) and the total 
coverage of survey area is 4961.88 hectares. 
The survey is conducted in the Garh Jangal 
and Aduria forest during October 2019 to 
September 2020. During the pilot survey,
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total number of trees (10 cm and above 
d iam ete r) enum erated are 4630 in 9 
sampling units with the large representa
tions of 4 tim ber tree species such as 
Shorearobusta, Holarrhenaantidysenterica, 
Buchananialanzan and Acacia catechu.

The total areas of forest in West Bengal 
(India) are 16901.51 sq km comprising 
numerous forest patches scattered all over 
23 districts as recorded in the India State of 
Forest Report [1]. In such forest patches with 
rich and mixed floral diversity, an inventory 
survey is carried out with the random sample 
methodology for determination of optimum 
sample size for forests. Among them, pilot 
survey is conducted in 27 forest patches 
scattered in and around West Bengal. During 
the survey, the total number of trees (10 cm 
and above diameter at breast height) enu
merated are 17380 in 27 sampling units in 27 
forest patches with the large representations 
of numerous timber tree species of eight 
major forest types of West Bengal [2]. Such 
similarity pattern checks which is a criterion 
for determination of reliability of the data

sampled at random and in relatively lesser 
number of sample spots in the survey area of 
the forests is the objective of the present 
study.

2. RESULTS AND DISCUSSION
2.1 Data sampling in quadrats for Garh
Jangal and Aduria forest

Number of data regarding categories of tree 
species including their diameter are collected 
in this inventory survey, though only timber 
trees of 10 cm and above diameter at breast 
height are inventoried, rest o f the plant 
species including herbs and shrubs are 
considered as miscellaneous. For quantita
tive analysis, trees inside forests were sam
pled at random through 10m x 10m quadrats, 
equal to 0.1 hectare, and the collected data 
from 9 quadrats was transformed into the 
data for 1-hectare area after calculation with 
numerical conversion. Locations of all sam
pling units are indicated with the Latitude & 
Longitude taken on-spot from the Google 
Map (Table 1).

Table 1 : Collected data used for sample size determination

N a m e  o f  t h e  

f o r e s t s

L a t i t u d e  &  L o n g i t u d e  o f  t h e  

s a m p l i n g  s p o t s

T r e e s / h a  

( a b o v e  1 0  c m  

d i a m e t e r )

G a r h  J a n g a l 2 3 . 6 0 3 8 3 8 N  &  8 7 . 4 5 1 2 1 9 E 8 1 0 6 5 6 1 0 0

2 3 . 5 9 9 6 4 7 N &  8 7 . 4 5 1 0 3 I E 7 3 0 5 3 2 9 0 0

2 3 . 5 9 6 2 5 9 N  &  8 7 . 4 4 7 5 1 3 E 7 7 0 5 9 2 9 0 0

2 3 . 6 0 0 9 7 1 N  &  8 7 . 4 3 2 7 7 2 E 3 2 0 1 0 2 4 0 0

2 3 . 5 9 5 2 3 6 N  &  8 7 . 4 3 1 4 6 1 E 5 4 0 2 9 1 6 0 0

A d u r i a  F o r e s t 2 3 . 5 7 8 5 7 0 N  &  8 7 . 5 3 4 1 7 5 E 4 0 1 6 0 0

2 3 . 5 7 7 7 4 3 N  &  8 7 . 5 2 9 9 5 4 E 6 1 0 3 7 2 1 0 0

2 3 . 5 7 8 7 5 6 N  &  8 7 . 5 3 3 0 6 8 E 2 0 4 0 0

2 3 . 5 7 9 6 4 3 N  &  8 7 . 5 3 1 3 9 9 E 7 9 0 6 2 4 1 0 0

n  =  9 I >  =  4 6 3 0 I > ^  =  3 1 7 4 1 0 0
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2.1.1 Data Analysis and Results

Sampling units have been adopted consider
ing quadrats of 0.1-hectare area in each spot 
of sampling in random sampiing methodoi- 
ogy. Each 0.1-hectare quadrat inside the 
forest is treated as a sampiing unit during 
conducting the piiot survey. The data has 
been processed for caicuiation of sample 
size for the entire Garh Jangal and Aduria 
forest and the foiiowing formuia is used after 
completing the forest vegetation survey

n  =

|-( 1 . 9 6 ) ( c . v . ) j 2  

. 1 r ( 1 . 9 6 ) ( c . i ; . ) - |^

n [ 10 J

w h e r e ,  N  i s  t h e  t o t a l  n u m b e r  o f  f o r e s t s  i n  

W e s t  B e n g a l

N o  o f  s a m p l e  q u a d r a t s ,  n  =  9

=  4 6 3 0  

j c  =  5 1 4 . 4 4 4 4  

3 1 7 4 1 0 0

w h e r e ,  s = t h e  s t a n d a r d  d e v i a t i o n

X =  M e a n  o f  t h e  v a r i a b l e  t r e e / h a  =  5 1 4 . 4 4 4 4  

s  =  S t a n d a r d  d e v i a t i o n  o f  t r e e / h a  =  2 9 6 . 6 8  

N  =  T o t a l  n u m b e r  o f  f o r e s t s  i n  W e s t  B e n g a l

F o r  l a r g e  N ,  t h e  v a l u e  o f  ̂

i s  i n s i g n i f i c a n t  a n d  t h e  a b o v e  f o r m u l a  f o r  

s a m p l e  s i z e  w i l l  b e c o m e .

n  =

n  =

( 1 . 9 6 ) ( c . v . )

10

( 1 . 9 6 ) ( 5 7 . 6 6 )

10

n  =  1 2 7

In statistical analysis using probability meth
ods, the sample size obtained in the result for 
Garh Jangal and Aduria forest has come out 
to be 127 quadrats and the result of the 
sampled data shows positive patterns. The 
present pilot survey is based on the data from 
9 quadrats of the study areas which may 
throw some likely indication of vegetation 
pattern, number of stems having diameter 
classes of 10 cm and above, and types of 
dominant timber tree species.

a : x ) 2

s ^ = ----------
n

s  =  2 9 6 . 6 8

c .  V.  =  C o e f f i c i e n t  o f  v a r i a t i o n  

C . 1 7 .  =  t x  1 0 0  

=  5 7 . 6 6

W h e r e ,  x  i s  t h e  n u m b e r  o f  t r e e s  i n  a  q u a d r a t  

a n d  X =Ypcln ( i . e . ,  m e a n  o f  t h e  v a r i a b l e  t r e e / h a )

2.2 Data sampling in quadrats for the 14 
sampie spots in 11 districts

Statistical measures are conducted where 14 
forest patches scattered from east to west in 
the forest stands of Jungle Mahal are consid
ered. During the pilot survey, the total number 
of trees (10 cm and above diameter at breast 
height) enumerated are 7980 in 14 sampling 
units in 14 forest patches with the large 
representations of several timber tree spe
cies (Table 2).
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Table 2 Collected data used for sample size determination

D i s t r i c t  N a m e N a m e  o f  t h e  f o r e s t s T r e e s  ( a b o v e  1 0  c m  

d i a m e t e r )  /  h a

l y

P a s c h i m  B a r d h a m a n G a r h  J a n g a l 8 1 0 6 5 6 1 0 0

A d u r i a  F o r e s t 6 4 0 4 0 9 6 0 0

B a n k u r a J o y p u r 7 8 0 6 0 8 4 0 0

B e l i a t o r e 8 0 0 6 4 0 0 0 0

J h a r g r a m M a y u r  J h a m a 8 7 0 7 5 6 9 0 0

L a l g a r h 7 4 0 5 4 7 6 0 0

P a s c h i m  M e d i n i p u r A r a b a r i 6 7 0 4 4 8 9 0 0

P u r u l i a B u n d w a n 8 1 0 6 5 6 1 0 0

N a d i a B e t h u a d a h a r i 5 1 0 2 6 0 1 0 0

U t t a r  D i n a j p u r K u l i k 4 5 0 2 0 2 5 0 0

D a k s h i n  D i n a j p u r D o g a c h h i 3 7 0 1 3 6 9 0 0

N o r t h  2 4  P a r g a n a s P a r m a d a n 4 3 0 1 8 4 9 0 0

H o w r a h G a r h  C h u m u k 4 0 1 6 0 0

H u g h G a r h  M a n d a r a n 6 0 3 6 0 0

T o t a l n =  1 4 =  7 9 8 0 =  5 5 1 3 2 0 0

2.2.1 Data analysis and results

Number of data regarding categories of tree 
species including their diameters are col
lected in this inventory survey, though only 
timber trees of 10 cm and above diameter at 
breast height are inventoried, rest of the plant 
species including herbs and shrubs are 
considered as miscellaneous. For quantita
tive analysis, trees inside forests were sam
pled at random through 10m x 10m quadrats, 
equal to 0.1 hectare, and the collected data 
from 9 quadrats was transformed into the 
data for 1-hectare area after calculation with 
numerical conversion. List of all sampled 
forest patches and along with their occur
rences in the districts of West Bengal are 
mentioned in Table 2.

Sampling units have been adopted consider
ing quadrats of 0.1-hectare area in each spot 
of sampling in random sampling methodol

ogy. Each 0.1-hectare quadrat inside the 
forest is treated as a sampling unit during 
conducting the pilot survey. The data has 
been processed for calculation of sample 
size for 14 forest patches and the following 
formula is used after completing the forest 
vegetation survey -

n  =

j ( 1 . 9 6 ) ( c . i ; . ) j ^

1  r ( 1 . 9 6 ) ( c . v . ) T

n [ 10 J

w h e r e ,  N  i s  t h e  t o t a l  n u m b e r  o f  f o r e s t s  i n  W e s t  

B e n g a l .

N u m b e r  o f  s a m p l e  q u a d r a t s ,  n  =  1 4

S x  =  7 9 8 0  

x  =  5 7 0

5 5 1 3 2 0 0

w h e r e ,  s  =  s t a n d a r d  d e v i a t i o n
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S2 =
-

n

s =  2 6 2 . 4 8

c .  V. =  C o e f f i c i e n t  o f  v a r i a t i o n  

c .  V .  =  4 x  1 0 0  

=  4 6 . 0 4

W h e r e ,  x  i s  t h e  n u m b e r  o f  t r e e s  i n  a  q u a d r a t  a n d  

X =  ^ / n  ( i . e . ,  m e a n  o f  t h e  v a r i a b l e  t r e e / h a )

X = M e a n  o f  t h e  v a r i a b l e  t r e e / h a  =  5 7 0  

s = S t a n d a r d  d e v i a t i o n  o f  t r e e / h a  =  2 6 2 . 4 8  

N  =  T o t a l  n u m b e r  o f  f o r e s t s  i n  W e s t  B e n g a l

F o r  l a r g e  N ,  t h e  v a l u e  o f  ^ IS

i n s i g n i f i c a n t  a n d  t h e  a b o v e  f o r m u l a  f o r  s a m p l e  

s i z e  w i l l  b e c o m e ,

( 1 . 9 6 ) ( c . v . ) f  

n  =  —
lu

m2
n  =

1 0

( 1 . 9 6 )  ( 4 6 . 0 4 )

1 0

n  =  8 1

In statistica l analysis using probability 
methods, the sampie size obtained in the 
resuit for 14 forest patches has come out to 
be 81 quadrats and the result of the sampled 
data shows positive patterns. The present 
pilot survey is based on the data from 14 
quadrats of the study areas which may throw 
some likely indication of vegetation pattern, 
number of stems having diameter classes of 
10 cm and above, and types of dominant 
timbertree species.

2.3 Data sampling in quadrats for the 27 
sample spots from 19 districts of West 
Bengal

Number of data regarding categories of tree 
species inc lud ing th e ir d iam eters are 
collected in this inventory survey, though only 
timber trees of 10 cm and above diameter at 
breast height are inventoried, rest of the plant 
species including herbs and shrubs are 
considered as miscellaneous. For quantita
tive analysis, trees inside forests were sam
pled at random through 10m x 10m quadrats, 
equal to 0.1 hectare, and the collected data 
from 27 quadrats was transformed into the 
data for 1-hectare area after calculation with 
numericai conversion. List of all sampled 
forest patches along with their occurrences in 
19 districts of West Bengal are enlisted in 
Tabie 3. Sampiing units have been adopted 
considering quadrats of 0.1-hectare area in 
each spot of sampiing in random sampling 
methodoiogy. Each 0.1-hectare quadrat 
inside the forest is treated as a sampling unit 
during conducting the survey. The entire 
survey is conducted in both types of natural 
and stray forests patches during October 
2008 to September 2020. After processing 
data for estimation of sample size for 27 
Forest patches, following formula [3] is used 
a fte r com ple ting  the su rvey o f fo res t 
vegetation.

n =

j ( 1 . 9 6 ) ( c . v . ) j ^

1  p . 9 6 ) ( c . v . ) T

N l  1 0  J1 +

w h e r e ,  N  i s  t h e  t o t a l  n u m b e r  o f  f o r e s t s  i n  W e s t  

B e n g a l .

N u m b e r  o f  s a m p l e  q u a d r a t s ,  n  =  2 7
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Jpc =  1 7 3 8 0  

j c  =  6 4 3 . 7 0

1 2 5 2 3 8 0 0

w h e r e ,  s  =  s t a n d a r d  d e v i a t i o n

S2 = ----------- 2 -
n

s =  2 2 2 . 4 6

F o r  l a r g e  N ,  t h e  v a l u e  o f  ^  i n s i g 

n i f i c a n t ,  t h u s  f o r  d e t e r m i n a t i o n  o f  s a m p l e  s i z e  t h e  

f o r m u l a  w i l l  b e c o m e ,

( 1 . 9 6 ) ( c . t ? . ) l ^

n  =

n  =

10

( 1 . 9 6 ) ( 3 4 . 5 5 )
^ 2

1 0

c. V. =  C o e f f i c i e n t  o f  v a r i a t i o n  

c .  V. =  *  X 1 0 0  

=  3 4 . 5 5

W h e r e ,  x  i s  t h e  n u m b e r  o f  t r e e s  i n  a  q u a d r a t  a n d  

X = Yjx/n ( i . e . ,  m e a n  o f  t h e  v a r i a b l e  t r e e / h a )

X = M e a n  o f  t h e  v a r i a b l e  t r e e / h a  =  6 4 3 . 7 0  

s  =  S t a n d a r d  d e v i a t i o n  o f  t r e e / h a  =  2 2 2 . 4 6  

N  =  T o t a l  n u m b e r  o f  f o r e s t s  i n  W e s t  B e n g a l

n  =  4 5

In statistical analysis using probability meth
ods, the derived sample size from 27 forest 
patches has appeared to arise 45 quadrats 
and the result of the sampled data shows 
positive patterns. The collected data of the 
pilot survey is from 27 quadrats of the 27 
forest areas which reflect similarity patterns 
of growing stocks, number of stems having 
diameter classes of 10 cm and above, and 
types of timber trees dominated in the forests.

Table 3: Data collected for computation of optimum sample size from 27 forest patches of West Bengal

D i s t r i c t  N a m e N a m e  o f  t h e  f o r e s t s T r e e s  ( a b o v e  1 0  c m  

d i a m e t e r ) / h a

D a r j e e l i n g M i r i k 8 3 0 6 8 8 9 0 0

K a l i m p o n g L a v a 9 2 0 8 4 6 4 0 0

L o l e g a o n 9 3 0 8 6 4 9 0 0

A l i p u r D u a r C h i l a p a t a 8 7 0 7 5 6 9 0 0

H a t i p o t a 6 5 0 4 2 2 5 0 0

B u x a 7 4 0 5 4 7 6 0 0

C o o c h  B e h a r K o d a l  B a s t i 5 9 0 3 4 8 1 0 0

J a l p a i g u r i C h a p r a m a r i 6 7 0 4 4 8 9 0 0

G o r u m a r a 7 1 0 5 0 4 1 0 0

P a s c h i m  B a r d h a m a n G a r h  J a n g a l 8 1 0 6 5 6 1 0 0

A d u r i a  F o r e s t 6 4 0 4 0 9 6 0 0

B a n k u r a J o y p u r 7 8 0 6 0 8 4 0 0

B e l i a t o r e 8 0 0 6 4 0 0 0 0

B i r b h u m 1 1  M i l e 6 1 0 3 7 2 1 0 0

Con.... n.p.
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J h a r g r a m M a y u r  J h a m a 8 7 0 7 5 6 9 0 0

L a l g a r h 7 4 0 5 4 7 6 0 0

P a s c h i m  M e d i n i p u r A r a b a r i 6 7 0 4 4 8 9 0 0

P u r b a  M e d i n i p u r J u n p u t 7 7 0 5 9 2 9 0 0

P u m l i a B u n d w a n 8 1 0 6 5 6 1 0 0

N a d i a B e t h u a d a h a r i 5 1 0 2 6 0 1 0 0

U t t a r  D i n a j p u r K u l i k 4 5 0 2 0 2 5 0 0

D a k s h i n  D i n a j p u r D o g a c h h i 3 7 0 1 3 6 9 0 0

2 4  P a r g a n a s  ( N o r t h ) P a r m a d a n 4 3 0 1 8 4 9 0 0

2 4  P a r g a n a s  ( S o u t h ) D h a n c h i 5 3 0 2 8 0 9 0 0

L u t h i a n 5 8 0 3 3 6 4 0 0

H o w r a h G a r h  C h u m u k 4 0 1 6 0 0

H u g h G a r h  M a n d a r a n 6 0 3 6 0 0

T o t a l n  =  2 7 E x  =  1 7 3 8 0 E x ' "  =  1 2 5 2 3 8 0 0

3. Conclusion

Determination of required number of opti
mum sampie size through the inventory study 
with the estimation of growing stock of stand
ing trees in terms of tree density of major 
timber species for 9 sampiing units taken up 
in Garh Jangai and Aduria forest are likely 
and possess similarity in pattern to 127 such 
quadrats (obtained in the result) for all 38 
fo re s t pa tches o f two d is tr ic ts  under 
Bardhaman Forest Division. The result of the 
survey and statistical analysis for optimum 
sampie size determination shouid be at the 
accuracy/precision of ±10% at 95% probabii- 
ity ievei in terms of statisticai random sam
piing methodoiogy. The sampie size obtained 
in the resuit interprets homogeneity of the 
vegetation pattern in aii 38 forest patches of 
Bardhaman Forest Division.

Determination of required number of opti
mum sampie size through the inventory study 
with the estimation of growing stock of stand
ing trees in terms of tree density of major

timber species for 14 sampling units taken up 
in 14 forest are likely and possess similarity in 
pattern to 81 such quadrats (obtained in the 
result) for rest of the forest patches of West 
Bengal. The result o f the survey and statisti
cal analysis for optimum sample size deter
mination should be at the accuracy/precision 
of ±10% at 95% probability level in terms of 
statistical random sampling methodology.

In statistical analysis using probability meth
ods, the derived sample size from 27 forest 
patches has appeared to arise 45 quadrats 
and the result of the sampled data shows 
positive patterns. The collected data of the 
pilot survey is from 27 quadrats of the 27 
forest areas which reflect similarity patterns 
of growing stocks, number of stems having 
diameter ciasses of 10 cm and above, and 
types of timber trees dominated in the forests. 
The survey resuit and statistical analysis for 
optimum sampie size ascertainment might be 
±10% accuracy at 95% probabiiity ievei [3] in 
terms of statisticai random sampiing method
oiogy. Determination of required number of
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optimum sample size through the inventory 
study with the estimation of timber trees for 
27 sampling units taken up in 27 forests are 
likely and possess similarity in patterns to 45 
such quadrats (obtained in the result) for the 
rest of the forest patches of West Bengal. 
Pattern of vegetation is revealed by the 
presence of the growing stocks of standing 
trees in terms of tree density of major timber 
species in the forest stands.

Application of statistical measures for deter
mination of optimum required sample size 
reveals that larger the area surveyed higher 
the data pool obtained m inim izing the 
required optimum sample size for the forest 
stands. From this pilot survey it is noticed that 
the number of more surveys in the study 
areas enhances precision of data and 
reduces the probability level. Therefore, a 
survey to be conducted in the broader per

spectives for the generation of more data 
pools for further interpretation on vegetation 
patterns and overall integrity monitoring of 
the forest stands is suggested.
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