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1. Introduction

According to the FAO, 2015, tropical forest covers 44% of the
Earth's land surface and sustained the greatest wealth of biological
and genetic diversity with more than half of the World's species popu-
lation (Hubbell and Foster, 1983; May and Stumpf, 2000; Keenan et
al., 2015) thriving under these forest which is spread worldwide. An
estimated 0.8-2% of these forests disappeared per year (Sagar et al.,
2003), greatly affecting the biodiversity in this regions causing a seri-
ous environmental and economic problem all over the world (Hare et
al., 1997). Floristic composition, species diversity, soil fertility and
forest regeneration characteristics are the parameters often considered
for assessment of forest structure (Hitimana et al., 2004;
Khumbongmayum et al., 2006). These assessments are necessary for
collecting information on the regional biogeographical patterns and
structure (Gordon and Newton, 2006; Naidu et al., 2018) which is
crucial for implementing a proper managerial system to protect en-
dangered and threatened species, thus working towards conservation
of biodiversity. In recent years, small sized permanent plots (1-2 ha)
have been established to document their structure, composition and
diversity (Philips and Gentry, 1994; Strasberg, 1996; Parthasarathy,
2001). These quantitative assessments mainly of floristic inventory
and diversity are essential for understanding the present biodiversity
status and they provide indispensible information for sustainable de-
velopment strategies (Ayyappan and Parthasarathy, 1999; Jayakumar
et al., 2011). In the Indian sub-continent, many researchers have done
an extensive work over the years and their compiled data on the plant
diversity inventories are available from the different tropical forest
across the country (Jayakumar et al., 2009; Krishnamurthy et al.,
2010; Pragasan and Parthasarathy, 2010; Reddy et al., 2011; Sahu et
al., 2012; Sathish et al., 2013; Anbarashan and Parthasarathy, 2013;
Premavani et al., 2014; Gopalakrishna et al., 2015; Sathya and
Jayakumar, 2017).

The Northeastern part of the country falls under the Indo-Burma
hotspot (Mittermeier et al., 2005) but only a few part of the States
have been explored and studied. Data on the tree diversity and com-
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position of forest from the Northeast region (India) are available for
these states- Arunachal Pradesh (Behera et al., 2002; Bhuyan et al.,
2003), Assam (Borah and Garkoti, 2011; Dutta and Devi, 2013; Sarkar
and Devi, 2014), Manipur (Devi and Yadava, 2006; Vashum and
Jayakumar, 2016); Meghalaya (Upadhaya et al., 2003; Mishra et al.,
2004), Mizoram (Lalfakawma et al., 2009; Sahoo and Rocky, 2015;
Devi et al., 2018), Sikkim (Sundriyal and Sharma, 1996) and Tripura
(Majumdar et al., 2012). With the growing awareness and need for
conservation, quantification of tree species distribution and abun-
dance is vital and Northeast India when compared to the rest of the
country is under-studied. One major factor and hurdle for enthusiast
researchers could be the topography of the area itself, which are often
not easily accessible, as most of the states in this part of the country
have a hilly terrain resulting in a cost and time intensive study. This
objective was formulated with the need for contributing to the grow-
ing floristic database and to understand the forest structure based on
the tree diversity which can be an asset in conservation and manage-
ment of the Pala Wetland Reserve Forest, Mizoram, India.

1.1. Study area

Mizoram is one of the eight States of the North-Eastern part of In-
dia and has two major rivers-the Tlawng River and the Chhimtuipui
River. Due to its steep and hilly topography, there are many stream-
lets and small Lakes in the gorges of the hilly areas, the largest of
which is the Pala Tipo (‘Tipo’ meaning Lake in the regional Mara lan-
guage), also known as Palak dil (‘dil’ meaning Lake in Lushai) in the
remote corner of Siaha District, a region inhabited by the Mara Tribe.
Hereon, the Lake will be referred to as Pala Tipo.

The Pala Tipo lies between 22°10° 44” - 22°13'05” N and
92°52'50” - 92°55'30” E and it is located in a remote corner in the
Southern part of the State in Siaha District. The size of the lake is
roughly about 1.35 km? with an average depth of about 20 m. The
lake and its surrounding forest are officially part of the Pala Wetland
Reserve Forest, which covers an estimated 18.5 km2. It is a natural
lake and is believed to be a tectonic lake due to its unusual setting, al-
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though no study has validated this hypothesis. A semi-evergreen for-
est with patches of bamboo brakes covered the hilly gradients sur-
rounding the Lake, prompting the Government of Mizoram to protect
this area and eventually declared a Wetland Reserve in 1998 by the
Government of India (Forest Department report, Siaha unpublished).
The study area is under the direct influence of the South-West
monsoon causing heavy Curtis and McIntosh, 1950; Forest Report,
rainfall from May to September and the average rainfall is estimated
to be 2540 mm per annum. Winter in this region is dry with tempera-
ture varying from 24 °C to 4 °C. Summer is short with temperature be-
tween 19 °C to 34 °C and is accompanied or followed by monsoon
which is harsh, often causing landslides. The soil is mostly of deep,
dark brown to yellowish brown, strongly acidic, clay loam surface and
clay sub-surface soils. The soil on the banks of the lake is greyish peat
with high water content (Forest Department report, MADC, Siaha).

2. Materials and methods
2.1. Data collection

A quadrat technique was chosen for the floristic study of trees in
the area, wherein we laid a 20 X 20 m quadrat randomly all over the
reserve forest (Fig. 1). All trees within the quadrat, with >30 cm GBH
(Girth at Breast Height) were measured at 1.3 m from the ground
(Fig. 2). The local/botanical names of the trees measured and their as-
signed plot number along with their co-ordinates were recorded for
each plot. The co-ordinates for each plot were recorded using a Trim-
ble Juno 3B GPS (Global Positioning System). Voucher specimens
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mainly flowers, fruits, leaves and twigs were also collected during the
said flowering season for a period of 1 year which includes 4 seasons.

2.2. Data analysis

Structural composition of the forest was determined by categoriz-
ing the tree species into different diameter classes starting from 30-
60 cm to <501 cm. Data collected from the plot study was used to
calculate the various quantitative indices-frequencies, density, basal
area and their IVI index was determined by the sum of relative fre-
quency, relative density and relative dominance (Curtis and McIntosh,
1950). Diversity indices were calculated using the Shannon-Wiener in-
dex (H) and Simpson dominant index (Magurran, 2004) as given be-
low:

Shannon- Wiener's index (H")

H' = - Y pilnpi

where, pi = proportion (n/N) of individuals of one particular species
found (n) divided by total number of individuals found (N).
Simpson's index for dominance (1-D)

D = ¥(pi?

where, D = Simpson's index. The range of the D is from 0 to 1, where
0 represents infinite diversity and 1 means no diversity. Simply put,
the greater the value of D, the lower the dominance/evenness as
Simpson's index takes into account both richness and evenness of a
species.
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Fig. 1. Demarcation of the pala wetland reserve forest, Mizoram.
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Fig. 2. Plot study carried out inside the Pala Wetland Reserve Forest, Mizoram

Biocatalysis and Agricultural Biotechnology 23 (2020) 101474

A,B- Quadrat study; C- Forest area; D- Voucher specimen of Xerospermum noronhianum.

3. Results and discussions
3.1. Tree diversity and stand structure

From the 47 random plots made, a total of 995 tree individuals be-
longing to 65 species of 57 genera and 31 families were recorded
from the Pala Wetland Reserve Forest (Table 1).

The diversity of plant species is mostly influenced by anthopogenic
and natural disturbances (Rasingam and Parthasarathy, 2009), and
the diversity level of a forest site depends on the tree species richness
and minimum diameter class of a defined study site (Wattenberg and
Breckle, 1995). The number of tree species (65) recorded in our study
site when compared with the floristic study done in other semi-
evergreen forest in India (Table 2), is closely associated to the inner-
line undisturbed forest reserve reported from Assam by Borah and
Garkoti (2011) with 69 species. This record is higher than those re-
ported from the forest of Manipur.

(Devi and Yadava, 2006; Vashum and Jayakumar, 2016), Mizoram
(Lalfakawma et al., 2009) and South India (Kadavul and
Parthasarathy, 1999), but it is contrastingly lower than those reported
from the undisturbed Barak Reserve forest, Assam (Borah and Garkoti,
2011), Kholahat Reserve Forest (Borah et al., 2015) and Swer Sacred
grooves, Meghalaya (Mishra et al., 2004). According to Putman
(1994), diversity of species is highly inclined to the advantages and li-

Table 1
Summary of the vegetation composition of the Pala Wetland Reserve, Mizo-
ram.

VARIABLES WETLAND FOREST
No. of plots surveyed 47
Area surveyed (hectares) 1.8
Total number of individuals 995
Density (no. ha 1) 552.8
Total number of Species 65
Total number of genus 57
Total number of family 31
Total Basal area (m?) 107.17
Basal area (m2/ha) 59.54
Shannon-Weiner index (H') 3.73

Simpson's index 0.04

ability of the environment. The favorable climatic conditions and the
sheltering of these forests from excessive anthropogenic intrusions
over time could be one of the factors influencing the species richness
of these reserve forests (Upadhaya et al., 2003).

3.2. Tree density and basal area

From the 995 tree individuals recorded, the stand density was esti-
mated at 552.8 ha! which is equivalent to the density reported from
the semi-evergreen forest of Assam (Borah et al., 2015), the wet ever-
green forest of Arunachal Pradesh (Nath et al., 2005) and the moist
deciduous forest in Tripura (Majumdar et al., 2012), all within the
range of 336.25-610 ha~l. The basal area for our present study area
was calculated at 59.54 m2/ha which is closer to the 55.3 m?/ha re-
ported from Little Andaman Island (Rasingam and Parthasarathy,
2009) but lower than that reported from Gibbon Wildlife Sanctuary
with 90.29 m2/ha (Borah et al., 2015). This result is consistent with
that reported from the Popa Mountain Park in Myanmar (Htun et al.,
2011), where the basal area recorded are distinctly lower than the
stand densities recorded, implying the immature state of vegetation
owing to past disturbances.

The diameter distribution of trees is often used to represent a for-
est population structure and the types of curves elucidated will be
used for interpreting the vegetation characteristics (Rao et al., 1990).
The diameter classes are categorized based on the basal area recorded
and the contribution of individuals in the different classes are shown
in Fig. 3. The second girth class (61-90 cm) has the highest number of
individuals, surpassing the lowest girth class (30-60 cm) which is
mainly represented by smaller trees. The well representation of
medium to larger tree individuals (61-90 cm) with buttresses could
be attributed to the favorable growing condition provided by the adja-
cent Pala Tipo and possibly the result of an effective managerial con-
servation by the Forest Department. As for the low contribution of
small trees, slow regeneration rates, anthropogenic activities and sam-
pling duration which is post winter for this study must be considered,
although further studies are needed to identify the causal factors.
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Table 2

Vegetation parameters from the semi-evergreen forests in different parts of India.

Biocatalysis and Agricultural Biotechnology 23 (2020) 101474

REGION PLOT SPECIES DENSITY BASAL AREA SHANNON-WIENER SIMPSON REFERENCES
SIZE (ha) RICHNESS (number/ha) (m?/ha) INDEX DOMINANCE
INDEX
Pala wetland reserve forest, Mizoram 1.8 65 552.8 59.54 3.73 0.04 Present study
Innerline undisturbed reserve, Assam 1.0 69 846 36.88 1.69 0.027 Borah and Garkoti
(2011)
Barak reserve forest, Assam 1.0 91 1110 42,12 1.77 0.024 Borah and Garkoti
(2011)
Gibbon Wildlife Sanctuary, Assam 0.1 71 286.92 90.29 1.22 0.085 Borah et al. (2015)
Kholahat reserve forest, Assam 0.1 108 416.25 62.49 0.16 0.043 Borah et al. (2015)
Forest near Indo-Myanmar border, Manipur - 17 685-820 18.9-19.58 0.1094 - Devi and Yadava
(2006)
Hollongapar Gibbon Wildlife Sanctuary, 1.0 75 750 58 3.55 - Sarkar and Devi (2014)
Assam
Swer Sacred grove, Meghalaya 0.15 168 27.6 = 29 269 617 22 0.1 Mishra et al. (2004)
Little Andaman Island, India 1.0 83 935 55.3 3.6 0.05 Rashingam and
Parthsarathy (2009)
Zobawk Undisturbed forest, Mizoram 1.0 32 - - 3.1461 - Lalfakawma et al.
(2009)
Kamjong Sub-division primary forest, 3.0 45-48 1084-3150 33.65-63.99 2.76-3.09 0.9-0.93 Vashum and
Manipur Jayakumar (2016)
Sanyasimalai reserve forest of Shervarayan 1.0 50 986 44.26 2.37 0.143 Kadavul and
hills (SM4), South India Parthasarathy (1999)
Sathyamangalam Tiger Reserve, Tamil Nadu 2,0 90 779 21.6 3.48 0.94 Sathya and Jayakumar
(2017)
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Fig. 3. Distribution of basal area and number of individuals in the different girth classes.

3.3. Diversity and dominance

Biodiversity indices are scales generated to compare the diversity
and abundances of different species in different habitats and the
higher the value, the greater the species richness (Naidu and Kumar,
2016). The Shannon-Weiner index from our study (3.73) is parallel to
those reported from the Sacred Grooves (Upadhaya et al., 2003) and
the evergreen forest of Meghalaya (Tynsong and Tiwari, 2011) both
within the ranges of 3.42-3.87 indicating the high diversity of the for-
est (Table 3). These ranges are higher than those semi-evergreen for-
est recorded (1.16-3.6) in different parts of India.

The Simpson Dominance index for our study was 0.04 which falls
under the reported 0.02-0.067 from the tropical forest of Northeast
India.

3.4. Abundance, rarity and frequency

The species with maximum abundance was recorded for Xerosper-
mum noronhianum with an estimated 5.4 individual per plot, followed

by Litsea laeta (2.5), Artocarpus lakoocha (2.4), Knima linifolia (2.4),
Mesua ferrae (2.1), Dipterocarpus turbinatus (2) and Chisocheton cumin-
gianus (2). And the species recorded with the minimum abundance of
1 are Beilschmiedia longifolia, Cantanopsis armata, Carya, Celtis
tetranda, Derris robusta, Garcinia spicata, Gmelina arborea, Madhuca in-
dica, Mallotus albus, Protium serratum, Sapindus mukorossi, Streblus as-
per, Toona ciliata and Walsura robusta.

Sapindus mukorossi and Garcinia spicata are the two rare identified
species with just 2 individuals each recorded from the 47 plots cover-
ing 1.8 ha of the Pala Wetland Reserve Forest.

Xerospermum noronhianum was recorded to be the most dominant
species with 214 individuals, followed by Mesua ferrae and Dysoxylym
malabaricum with 59 and 37 individual counts respectively. Family-
wise, Meliaceae has the most number of species that includes Dysoxy-
lum excelsum, Dysoxylum binectariferum, Dysoxylum malabaricum,
Chisocheton cumingianus, Chukrasia tabularis, Toona ciliata and Walsura
robusta culminating a total of 88 individuals. The dominance of few
tree species may be the result of poor drainage or past vegetation
damages (Parthasarathy and Karthikeyan, 1997). The disruption of
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Table 3
Vegetation parameters from the tropical forest of the Northeastern parts of India.

Biocatalysis and Agricultural Biotechnology 23 (2020) 101474

FOREST TYPE REGION PLOT SPECIES DENSITY BASAL SHANNON- SIMPSON REFERENCES
SIZE RICHNESS (number/ha AREA WIENER DOMINANCE
(ha) (m?/ha) INDEX INDEX
Wet evergreen forest Namdapha National Park, 2.4 50 610 98.58 1.458 0.049 Nath et al., 2005
Arunachal Pradesh
Sub-tropical broad leaved Ialong and Raliang Sacred 1.0 123 938-1476 57.46-71.44 3.42-3.55 0.052-0.067 Upadhaya et al., 2003
forest Grooves, Jaintia Hills,
Meghalaya
Wet evergreen Forest Deomali forest Division, 0.5 47 5452 104.60 2.02 0.06 Bhuyan et al., 2003
Arunachal Pradesh
Moist deciduous forest and Primary Forest from Tripura 17 82-105 336.25-464.77 11.47-26.21 2.75-3.12 0.08-1.13 Majumdar et al. (2012)
moist mixed deciduous
forest
Tropical evergreen forest Pynursla and Siatbakon natural 1 117 1972-2100 52.26-68.05 3.74-3.87 0.02-0.04 Tynsong and Tiwari,

forest, Meghalaya

2011Tynsong and
Tiwari, 2011

forest succession processes by anthropogenic activities may also favor
some species to thrive while selectively removing others (Htun et al.,
2011). Xerospermum species are widespread in South-east Asia espe-
cially over the tropical rainforest regions of Malaysia (Davies et al.,
2003), Thailand, Sumatra (Yoneda et al., 2009), Vietnam (Millet and
Truong, 2011), Myanmar (Boonsuk and Chantaranothai, 2018) and
Cambodia (Theilade et al., 2011). In India, the species of X. noronhi-
anum, also recorded as X. glabratum in some studies was recorded
from the states of Meghalaya (Jamir and Pandey, 2003; Mylliemngap
et al., 2016), Assam (Deb and Sundriyal, 2007; Barbhuiya, 2014) and
Mizoram (Nohro et al., 2019). Locally it is called Zima and based on
the sizes of the fruit they are called Zima rahpa and Zima saihpa, al-
though both are of the same species when cross-examined with the
herbariums available on the Kew herbarium catalogue online. Based
on pre-existing literatures on the plants of Mizoram, this particular
species has only been reported from the Pala wetland reserve (Nohro
et al., 2019) which is situated in the southern part of the State. The
topography and vegetation of the study area which is dominated by
Xerospermum and Dipterocarpus among others, is somewhat similar to
those forest reported from parts of South-east Asia where these two
species seemed to thrive well together (Okuda et al., 1997; Chua et
al., 2000; Millet and Truong, 2011; Kar et al., 2018). The tiny fruits of
X. noronhianum are traditionally used to cure severe stomach pains
and its medicinal potentials are also being studied (Jean et al., 2009).

The top ten dominant species along with their enumerated basal
area and IVI index is shown in Table 4.

4. Conclusions

The Pala wetland reserve forest is diverse in terms of species rich-
ness, diversity, and structure. We have recorded 65 species of 57 fam-
ilies and 31 genera based on the plot study, covering 1.8 ha of the
study area. The total basal area (m2/ha) of the 995 tree individuals
was estimated at 59.54 (m?/ha) and the Shannon and Simpson index

Table 4
Top ten dominant species in the Pala Wetland Reserve, Mizoram, India.

SPECIES NUMBER OF INDIVIDUAL BA VI
Xerosperma noronhianum Blume 214 32.69 58.66
Mesua ferrae L 59 432 144
Dysoxylym malabaricum Blume 37 1.77 917
Knema linifolia (Roxb). Warb 33 1.7 7.12
Dipterocarpus turbinatus C. F. Gaertner 36 2.1 8.43
Neolamarckia cadamba (Roxb.) Bosser 20 0.67 4.69
Pterospermum lancifolium Roxb. 20 1.27 5.89
Bombax ceiba L. 19 1.63 5.65
Lagerstroemia parviflora Roxb. 19 1.64 5.02
Mimusops elengi L. 19 1.72 557

were 3.73 and 0.04 respectively. This study entails the first record of
X. noronhianum from the State of Mizoram and it is also the most
dominant species with 214 individuals and the least dominant species
are Sapindus mukorossi and Garcinia spicata with just 2 tree individuals
each from the 47 plots laid out.

The study shows a normal forest growth structure except for the
low contribution of smaller girth class trees which could be due to
various factors such as anthropogenic activities and slow regeneration
rate of tree species. A further study is needed to identify the causal
factor in order to maintain and conserve the wetland forest.
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