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MATERIALS AND METHODS

5.1 THE FIELD WORKS
The entire area of Gorumara National Park (GNP) was surveyed during the years 2005 to 2009 with
the assistance of Wildlife Wing of Forest Department, Government of West Bengal. Based on the
available few literature, records, publications on the status of flora and fauna, it has been assumed
that the Gorumara National Park (GNP) is certainly been not visited so far by any individual or group
for floristic studies point of view. Probably the area is totally virgin. After thorough consultation
with officials of forest department, local people and tourist guides were made to recognize dense
neches in deep forests in all parts of the Gorumara National Park (GNP).
5.1.1. Movement: The Gorumara National Park is located at the Middle Duars, with Seven Beats
under North and South Ranges. Beats under North Range are Chapramari, Khunia and Murti; and
Dhup Jhora, Gorumara, Budhuram and Bichha Bhanga Beats are under the South Range. Range
Officers and Beat Officers arranged my night shelter during the field survey. Target areas were
approached either in small vehicles or on elephants.

Forests in Gorumara National Park are most dense ones in Duars and practically inaccessible
to its interior without the help of the Forest Guards and local people. Therefore, the progress of every
activities of the field were proportional to the availability and nature of available assistance.
Significantly, the minimum time spent every day in the field was not less than seven hours and were
mostly on foot. Since, GNP is the homeland of many furious wild animals like Rhinos, Leopards,
Elephants, Tigers, Gour and Wild boars and the alternative security system was provided by the
department of forest, wherever it was practically necessary.

The field surveys were initiated at Khunia beat with a minimum knowledge about the area
including methods of collecting plant samples in the field. Forest personnel from department of
forest were officially deputed as field guide during the entire survey.
5.1.2. Collection of specimens: During the survey, the plant samples were collected in duplicates or
triplicates and kept in air-tight polythene bags. It was always tried to collect specimens with
reproductive structures, i.e. flowers and fruits but in many cases sterile specimens were also collected.
Herbaceous plants are generally collected in full with roots. Appropriate field characters are noted
properly in the field notebooks.
5.1.3 Processing of Specimens: The methodology as suggested by Jain and Rao (1977) was followed
in general for this work with minor modifications wherever it was essential. Generally, specimens
were collected 2 – 3 copies per plant preferably in their flowering as well as in fruiting stages, but
rarely in vegetative stage. With the complete recording of field-characters in field notebooks, the
specimens were temporarily preserved in polythene bags in the field, with the mouth being kept air
tight. The specimens collected in the field were further processed with trimming of infected parts



and selection of better and younger parts, cleaned and placed in old news prints after returning to the
camp every day. Specimens were tagged with the field numbers as reference to the Field Note Book.
Drops of diluted formalin were added in different parts of specimens to check decomposition and
fragmentation.
5.1.4 Drying specimens: Old news prints were used to rap the specimens and then put into a light
herbarium press and tied tightly with rope. The old news papers used in the herbarium press were
changed regularly along with the repositioned of each specimen continuously with regular interval
of one to two days in field camp.

However, the specimens after bringing back to the laboratory were transferred to a heavy plant
press, changed news paper in regular interval of three to five days until dried properly.
5.1.5  Poisoning of specimens: All the specimens were properly poisoned by dipping in 6 % solution
of HgCl2 in rectified spirit (ethanol), decanting and then again placing within the blotters and in the
press.
5.1.6  Mounting of specimens: Properly dried specimens were mounted on standard herbarium
sheets (41.5 x 28 cm) using glue and stitched with threads. There after the herbarium labels (15.5 x
10 cm) with important information recorded in the field were fixed on the right hand bottom corner
of each herbarium-sheet.

These labels contained the following important information: (a) Area under exploration, (b)
Field number, (c) Date of collection, (d) Name, (e) Family, (f) Vernacular names, (e) Locality, (f)
Altitudes, (g) Habit and habitat, (h) Flowers  and fruits, (j) Notes, (k) Name of collector and
determinator,  etc.

The specimens were then temporarily stored in a Herbarium cabinets in the NBU Herbarium
for further study.
5.2 IDENTIFICATION OF SPECIMENS
The specimens were initially identified in the Taxonomy & Environmental Biology Laboratory of
the Department of Botany, North Bengal University and in the NBU herbarium. For this wide range
of literature (floras, monographs, revisions, thesis etc.) were consulted including Hooker (1872 –
1897), Prain (1903), Hara (1966, 1971), Hara et al (1978, 1979, 1982), Ohashi (1975), Grierson &
Long (1983, 1984, 1987, 1991, 1999, 2001), Hajra & Verma (1996) and Noltie (1994, 2000). After
identification in the laboratory the specimens were then matched for verification at CAL.
5.3 STORING OF SPECIMENS
After completion of the identification work, all sets of the specimens will be deposited in the NBU-
Herbarium.
5.4 STUDY OF SPECIMENS
Detail morphological studies of the specimen were undertaken at the Environmental Biology
Laboratory of the Department of Botany, University of North Bengal. Specimens were described
mostly using common technical terminology. The description of the specimens was supported with
the proper measurements and with the recognition of some special characters; those differentiate
between different taxa recorded from GNP.
5.5 ENUMERATION
The basis of framing up of the present Flora of Gorumara National Park is the classification presented
by APG III (2009). However, with the availability of recent literature including Flora of Bhutan
(Long & Grierson 1983, 1984, 1987, 1991, 1999, 2001) and Flora of West Bengal (Anonymous
1996) facilitated the work. For the up-to-date correct name The Plant Lists [http://www.theplantlist.org/
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] and Flora of China [http://www.efloras.org/flora_page.aspx?flora_id=2] were followed extensively.
As far as possible up-to-date nomenclature of plants has been used in terms of the provisions of ICN.
However, genera within a family and the species within a genus were arranged alphabetically. Proper
artificial dichotomous Keys were provided for the identification of families, genera, species and
infra-specific categories using as far as possible easily observable characters. The legitimate correct
name of the species is printed in italic-bold and basionym and selected synonym(s) are printed in
italics.  The local and vernacular names recorded for different species of plant from the field through
interaction with the people of local community residing in periphery of the park and the forest
department workers have been clearly mentioned in the profile of each species. The local names of
the species are in the Bengali, Nepali and/or Local Tribal languages as per their availability.

The present status of the species in its natural habitat, date of collection and the local and
general distribution for each taxa have also been clearly indicated.
5.6 FLOWERING AND FRUITING CALENDAR
The flowering and fruiting calendar for the recorded flora has been prepared by regular monitoring
of the vegetation and recorded the flowering and fruiting of different species. All data had been
derived from direct observation only as the flowering period varies in different species with the
change of habitat, longitude, latitude etc. For detailed methodology Das & Chanda (1987) and Panda
et al. (1992) were followed seriously.
5.7 RECOGNITION OF ENDEMIC/ RARE/ THREATENED/ EXOTIC ELEMENTS
Endemic, rare and endangered plants were recognized with the help of Red Data Book for Indian
flora (Nayar & Sastry 1987, 1988, 1990; Ahmedulla 2000; Ahmedulla & Nayar 1987; Bhujei 1996;
Bhujel & Das 2002), published floras like Flora of India (BSI) and following IUCN [http://
www.iucnredlist.org/] guidelines for the determination of different classes of threatened plants.
Different floras, websites and other publications including Das (2002) and Khuroo et al. (2012)
were, however, consulted for the recognition of exotic elements in the flora of GNP.
5.8 PHYTOSOCIOLOGY
Sampling: For the phytosociological understanding of the GNP vegetation, basic data were recorded
through the application of quadrate sampling technique as suggested and/or used by Misra (1968),
Shimwell (1971), Tripathi & Misra (1971), Phillip (1959), Das & Lahiri (1997), Kadir (2001), Rai
(2006), Ghosh (2006) and Sarkar (2014). During this survey 40 randomly distributed quadrates of
20m x 20m has been taken from different Beat areas in three different seasons, namely  designated as
pre-monsoon [March – April], monsoon [May – July] and post-monsoon [September – November].
Nested Quadrate technique has been used with 20m x 20m quadrates for trees and 5m x 5m quadrates
for shrubs and 1m x 1m quadrates for ground covering herbaceous plants [Fig. 5.1]. The smaller
quadrates were nested within the large [i.e. 20m x 20m] quadrates as shown in the figure. The List-
Count data was recorded from each quadrate in three different seasons.

 

5m x 5m

1m x 1m

20m x 20m
Fig. 5.1. Nested Quadrate Model Sketch for the collection of phytosociological data
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Frequency (F%) = Number of quadrates in which the species occurred x 100/ Total number of
quadrates examined
Density (D) = Total number of individuals of a species in all the quadrates/ Number of quadrates
examined
Abundance (A) = Total number of plants of a species in all the quadrates/ Number of quadrates in
which the species occurred
Relative Frequency (RF) = (Frequency of a species/ Σ of the frequencies of all species) x 100
Relative Density (RD) = Total number of individuals of a species in all quadrates x 100/ Total
number of individuals of all species in all quadrates
Relative Abundance (RA) = Abundance of a species x100/ Σ of abundance of all species.
Importance Value Index (IVI) or Species Importance Value Index (SIVI): This index is generally
used to determine the overall importance of each individual species in a particular community of
ecosystem. The Importance Value Index is calculated by summing up the values of RF, RD and RA.

IVI = RF + RD + RA
5.8.1 Diversity indices:
Biological Diversity Indices can be quantified in many different ways. For this, two main indices,
Richness and Evenness of a particular species have been measured in a unit area. Richness is a
measure of the number of different kinds of organisms present in a particular area whereas Evenness
is a measure of the relative abundance of the different species making up the richness of an area.
Species Diversity Indices
These are mathematical measures which shows the proper information about composition in a
particular community, species wise. Diversity indices provide important information about the rarity
and commonness of different species in a community. The ability to quantify diversity in this way is
an important tool for biologists trying to understand community different structure under same and/
or diverse habitat conditions.

The actual scenario of plant species complexity in community structure of a particular season
or in yearly basis, following two different standard indices are generally used:
Shannon-Weiner Index (H’): as suggested by Shannon – Weiner (1963) this Index is used to
understand the proper plant diversity of a community and is calculated using the formula:

H’= - Σ [(ni/N) ln (ni/N)]
Where, H’ is the index value
‘ni’ is the number of individuals of a species
‘N’ is the total number of species in the habitat studied

Simpson’s Index (λ): Simpson’s index is another mathematical tool for understanding the
concentration of dominance of particular species in the community or to identify the dominating
species. Its value ranges between 0 – 1. Simpson index is a measure of diversity that takes into
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Data processing: Recorded data were transferred to MS Excel worksheet and different parameters
like Frequency (F), Density (D), Abundance (A), Relative Frequency (RF), Relative Density (RD),
Relative Abundance (RA) and Important Value Index (IVI) of each and every species were determined
using appropriate formulae. The following formulas were used for the analysis of data as suggested
by Misra (1968) and Phillips (1959), Shimwell (1971), Tripathi & Misra (1971), Malhotra (1973),
Das & Lahiri (1997), Kadir (2001), Rai (2006), Ghosh (2006) and Chowdhury (2009):



accounts both the richness and evenness. Simpson (1949) suggested the following formula for its
calculation:

λ = Σpi2
Where, ‘pi’ is the proportional abundance of the ‘ith’ species.
pi = ni/N

Species Richness Indices
Species richness means the measurement of number of species per sample. Species richness is the
mode of determination of species diversity of an area based on the number of species occur in the
habitat per unit area or sample plot. For determining the species richness standard and widely used
indices adopted are:
Menhinick Index (D): Menhinick (1964) provided the following formula for the calculation of
Species Richness in a community -

D = S/ “N
Where, S = Total number of species observed.
N= Total number of individuals of all species

Margalef Index (R1): Margalef (1968) provided the following formula for to calculate the Species
Richness in a community -

R1 = s-1/ln (n)
Where, s = number of species.
n = number of individuals of a species.

Apart from these, some other minor methodology might have been adopted for the better
and/or proper presentation or analysis of the result those are mostly self-explanatory and are generally
supported with proper references.
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