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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 dominanttimber trees and stem-diameters of the restforest 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 determination 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 ofthe 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 forest area of Bardhaman 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
diameter) enumerated are 4630 in 9
sampling units with the large representa-
tions of 4 timber 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. RESULTSAND DISCUSSION
2.1 Data sampling in quadrats for Garh
Jangal and Aduriaforest

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 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. 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 ame of the Latitude & Longitude

forests sam pling spots

G arh Jangal 23.603838N & 87.451219E

23.599647N

23.596259N

23.600971N

23.595236N

A duria Forest 23.578570N

23.577743N

23.578756N

R P R P R P PR

23.579643N

n =9

of the

87.451031E

87 .447513E

87.432772E

87 .431461E

87.534175E 40

87.529954E

87.533068E 20

87 .531399E

Trees/ha
(above 10 cm
diam eter)
810 656100
730 532900
770 592900
320 102400
540 291600
1600
610 372100
400

790 624100

1> = 4630 I>"~ = 3174100



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 forestvegetation survey

-(1.96)(c.v.)j2

1ri96)(c.iz)-n

n[ 10 J

=

here, N is the total num ber offorests in

W estBengal

N o ofsample quadrats, n = 9

= 4630

jc = 514.4444

3174100

w here, s=the standard deviation

s = 296.68
c.V.: Coefficient ofvariation
C.17.= +x 100
= 57.66
W here, x is the num ber oftrees in a quadrat

and X:YpCIn(i.e., mean ofthe variable tree/ha)
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X:M ean ofthe variable tree/ha = 514.4444

s = Standard deviation oftree/ha = 296.68
N = Totalnumberofforests in W estBengal

Forlarge N, the value of"

is insignificant and the above formula for

sam ple size w ill become.

(1.96)(c.v.)
10
(1.96)(57 .66)

10

127

In statistical analysis using probability meth-
ods, the sample size obtained in the resultfor
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
dominanttimbertree species.

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
oftrees (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 istrict N am e N ame ofthe forests

Paschim Bardham an G arh Jangal
A duria Forest
Bankura Joypur
Beliatore
Jhargram M ayur Jham a
Lalgarh

Paschim M edinipur Arabari

Purulia Bundwan

N adia Bethuadahari
U ttar D inajpur K oulik

D akshin Dinajpur Dogachhi

N orth 24 Parganas Parm adan

Howrah G arh Chum uk
Hugh G arh M andaran
Total n= 14

2.2.1 Dataanalysis 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 ofthe 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-

Trees (above 10 c¢m |y
diameter) / ha

810 656100
640 409600
780 608400
800 640000
870 756900
740 547600
670 448900
810 656100
510 260100
450 202500
370 136900
430 184900
40 1600
60 3600

= 7980 = 5513200

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 -

(1 .96 )(c i )i

1r[1 96 )(c .v )T

where, N is the total num ber of forests in W est
Bengal.
Number ofsample quadrats, n = 14
Sx = 7980
x = 570

5513200
w here, s = standard deviation

12



c.V.=Coefficientofvariation

4x 100

46.04

W here, x is the num ber oftrees in a quadrat and

X:" /'n (i.e., mean ofthe variable tree/ha)
x:M ean ofthe variable tree/ha = 570

S =standard deviation oftree/ha = 262.48

N Totalnumber of forests in W estBengal

Forlarge N, the value of " IS

insignificant and the above formula for sam ple

size will become,

(1.96)(c.v.)f
e
(1.96)(46.04)

10

81

In statistical 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.
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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 including their diameters are
collected inthis inventory survey, though only
timber trees of 10 cm and above diameter at
breast height are inventoried, rest ofthe plant
species including herbs and shrubs are
considered as miscellaneous. For guantita-
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
after completing the survey of forest
vegetation.

j(1 .9 6 )(c .v

1 p .96 )(c .v )T

1+ . J

10

where, N is the total number of forests in W est

Bengal.

N umberofsample quadrats, n 27
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Joc= 173380
jc= 643.70

12523800

w here, s = standard deviation
n
s = 222 .46
C.V.=coefficientofvariation
c. V.= X100
= 34.55

W here, x is the num ber oftrees in a quadrat and

x:YjX/n(i.e., mean ofthe variable tree/ha)

X=M ean ofthe variable tree/ha = 643.70

s = Standard deviation oftree/ha = 222.46

N = Totalnumber of forests in W estBengal

Forlarge N, the value of 7 insig-

nificant, thus fordeterm ination ofsam ple size the

formulawillbecome,

(1.96)(c.t2.)1n
10
~2
(1.96)(34.55)

10

n = 45

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 oftimbertrees dominated in the forests.

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

D istrict N am e N ame ofthe forests

D arjeeling
K alim pong L
Lolegaon

A lipurDuar C hilapata

I

atipota

oo}

uxa
Cooch Behar odal B asti
Jalpaiguri hapram ari

Paschim Bardham an arh Jangal

K

C

Gorum ara
G

A duria Forest
Bankura Joypur
Beliatore

Birbhum 11 M ile

Trees

(above 10 cm

diam eter)/ha

830 688900
920 846400
930 864900
870 756900
650 422500
740 547600
590 348100
670 448900
710 504100
810 656100
640 409600
780 608400
800 640000
610 372100
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Jhargram M ayur Jham a
Lalgarh

Paschim M edinipur Arabari
Purba M edinipur Junput
Pum lia Bundwan
N adia Bethuadahari
U ttar D inajpur Kulik
D akshin D inajpur Dogachhi
24 Parganas (N orth) Parm adan
24 Parganas (South) D hanchi
Luthian
Howrah Garh Chumuk

Hugh Garh M andaran

Total n 27

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
gquadrats (obtained in the result) for all 38
forest patches of two districts under
Bardhaman Forest Division. The result ofthe
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
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870 756900

740 547600
670 448900
770 592900
810 656100
510 260100
450 202500
370 136900
430 184900
530 280900
580 336400
40 1600

60 3600

Ex = 17380 Ex'™ = 12523800

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 of the survey and statisti-
cal analysis for optimum sample size deter-
mination should be atthe 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 oftimbertrees 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 inthe 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 minimizing the
required optimum sample size for the forest
stands. From this pilot survey itis 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-
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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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