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Abstract

A quantitative inventory was conducted in two distinctive tropical deciduous forests at
Suruli falls forest of southern Western Ghats. Two one-hectare plots were established
and all trees >10cm DBH measured. Species richness, density, family importance value
(FIV) and importance value index (IVI) were calculated and the results varied among the
two sites. A total of 777 stems and 52 species were documented in both the sites and
moist deciduous forest (MDF) had maximum number species richness and density than
dr%/ deciduous forest (DDF). The basal area was higher in MDF (502 stems/ha and 16.52
m°/ha) than in DDF (275 stems/ha and 7.23 m?/ha). However, Shannon and evenness
indices showed a negative trend (DDF- 2.62, 0.41 and MDF- 2.37, 0.27). Diameter class-
wise distribution of trees showed reverse ‘J shaped’ curve in both the forest types. Ptero-
carpus marsupium was the mono-dominant species holding one-third of the VI (113),
27% of the stem density and 30% of the total basal area. DDF site is suspected to recur-
rence of annual fire. Anogeissus latifolia and Strychnos potatorum were the fire-tolerant
species only found in lower diameter class. The maximum species shared contiguous
distribution in the deciduous forests. The observed variations in the tree community be-
tween the two deciduous forest sites are possibly due to variations in altitude, rainfall,
temperature, past disturbance, fire and edaphic characteristics.
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INTRODUCTION

Tropical forests are the richest and complex bi-
omes on the earth's surface and it is providing
50% of the world life form (Wilson, 1988) that in-
cludes 96% of tree species richness (Poorter et
al., 2015). However, these forest ecosystems are
losing their ability due to increasing biotic infesta-
tion such as anthropogenic perturbations and cat-
tle grazing (Sundarapandian and Swamy, 2000).
Tropical forest of Asia, mainly those of Western
and Eastern Ghats of southern India are declining
at an alarming rate because of pertaining anthro-
pogenic pressure which is either being replaced
by inferior species or change in land use pattern
(Parthasarathy, 1999). The disappearance of the-
se tropical forest ecosystem comes at a time
when information about their structure and dy-
namics remains inadequate (Hubbell and Foster,
1992). Anthropogenic intervene in this forests is
still past and pre-history (Parthasarthy, 1999).
Documentation and impacts on genetic tree diver-
sity are quite difficult as quantitative information is
lacking (Ledig, 1992). So the inventory of tree

species is a vital aspect for the conservation of
forest as they are the essential structural charac-
teristics of the forest (Aye et al., 2014).

India is one amongst the tropical countries and
concerning 54% and 37% of Indian tropical forests
that are classified as dry and moist deciduous
forests respectively (Kaul and Sharma, 1971;
Krishnamurthy et al., 2010). The Western Ghats
are chain hills on the West Coast of India covering
around 1500 kilometer of the geographical area
which passes through the states of Goa, Maha-
rashtra, Karnataka, Tamil Nadu and Kerala with
(Nair and Daniel, 1986; Karuppusamy and Ravi-
chandran, 2016). The environmental condition and
elevation gradient has resulted in an exceedingly
different form of vegetation types, viz., evergreen,
semi-evergreen, moist deciduous and dry decidu-
ous forest types. Deciduousness is the associate
adaptive strategy of those forests because of the
prolonged dry season, slope and aspects (Singh
and Kushwaha, 2016) and species composition
vary with seasonality, rainfall, altitude and level of
disturbance (Reddy et al. 2008).

Tropical deciduous forests are the foremost vul-
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nerable ecosystems in India, because of econom-
ic exploitation (Reddy et al., 2008) and recurrence
of seasonal fire (Verma and Jayakumar, 2015).
Notably, the dry deciduous forests are more sus-
ceptible to fire, that accounts more than 40% of all
the forest types in India (Wikramanayake et al.,
1998; Rodgers et al, 2002; Hiremath and
Sundaram, 2005; Krishna and Reddy, 2012;
Naveenkumar et al., 2017). In recent years, West-
ern Ghats deciduous forest fire recurrence interval
has inflated over 100 years, and therefore now the
average recurrence interval is 3.3 years
(Kodandapani et al., 2004).

The impact of human disturbance and recurrence
of forest fire is continuing for many years, then the
primary deciduous forests will be degraded into
savanna-woodlands and open scrublands (Saha,
2003) with a regressive alteration of tree commu-
nities to grass dominance (Freson et al., 1974;
Misra, 1983; Murphy and Lugo, 1986; Puyravud et
al., 1994; Roth, 1999). It envisages a simplifica-
tion of a climax to the degraded community with a
loss of species diversity, canopy cover and a de-
cline in vegetation (Saha, 2003).

The woody plant inventories in Western Ghats
have been studied by several researchers
(Ramesh and Pascal, 1991; Pascal and Pelissier,
1996; Parthasarathy, 1999; Ayyappan and Par-
thasarathy, 1999; Swamy et al, 2000;
Sundarapandian and Swamy, 2000; Sundarapan-
dian and Karoor, 2013; Sathiset al., 2013; Mohan-
das et al., 2016). However, the inventories on de-
ciduous forest ecosystem are inadequate except
few studies (Kothandaraman and Sundarapandi-
an, 2017, Verma and Jayakumar, 2015;
Padmakumar et al., 2018). Therefore, it is further
stressed that there is an urgent need for quantita-
tive inventory in the deciduous forest ecosystem.
The primary aim of the study was to evaluate
quantitative changes in diversity in different tropi-
cal forest types at the various elevations in Mega-
malai Wildlife Sanctuary, southern Western
Ghats. The present study is a part of the large-
scale inventory i.e, quantitative inventory of trees
in Suruli falls deciduous forest ecosystems,
Southern Western Ghats.

MATERIALS AND METHODS

The present investigation was carried out at Suruli
falls forest of Megamalai Wildlife Sanctuary,
southern Western Ghats. The study sites are in
the Cumbum forest range of Theni district Tamil
Nadu and the dry deciduous forest (DDF) site lo-
cated at 9°39'23.98” N & 77°18’15.0” E, and the
moist deciduous forest (MDF) site located at
9°39'14.08” N & 77°19°6.59” E. The annual rainfall
varied between 500-900 mm. Forest is classified
into southern Tropical Dry Deciduous forests and
southern  Tropical Moist Deciduous forest
(Champion and Seth, 1968).

Two tropical deciduous forests namely dry decidu-
ous forest (DDF) and moist deciduous forest
(MDF) were selected (Fig. 1, Contour line map
prepared and marked the study sites by using
freely downloadable QGIS software, https:/
qgis.org/en/site/forusers/ download.html). They
varied in their terrain characteristics MDF is locat-
ed at a higher elevation (670 m msl) than DDF
(420 m msl). Both the sites are located in the
Megamali Wildlife Sanctuary. Both the study site
are far away from human settlements. DDF is sub-
jected to recurrence of seasonal fire.

Two one-hectare square plots of 100 m x 100 m
were laid, one in each forest type. This was further
sub-gridded into 10 m x 10 m workable units. All
living tree (>10 cm DBH) individuals were enumer-
ated and their girth was measured at breast height
(1.37 m). Density, basal area, frequency, im-
portance value index (IVI) and family importance
value (FIV) were calculated. The distribution pat-
tern of tree species was calculated by abundance
to frequency method (A/F; Curtis and Cotton,
1956). Diversity indices were computed using
Past 3.1 software (version 3.1; @yvind Hammer,
Natural History Museum, University of Oslo).

RESULTS

In tropical deciduous forest sites of Suruli falls
region, overall 52 tree species were enumerated
that were belonged to 35 genera and 21 families
(Table 1). The distribution of species richness was
more in MDF- moist deciduous forest (39 species)
than DDF-dry deciduous forest (34 species). A
similar pattern was observed in the case of stem
density and basal area is concerned. Shannon’s
index, Alpha diversity and evenness index showed
greater values in DDF, whereas dominance index
showed greater values in MDF (Table 1).

The most speciose families in both the studied
sites were Fabaceae (10) followed by Rubiaceae
(5), Rhamnaceae (4), Ebenaceae (3), Moraceae
(3) and Sapindaceae (3). The predominant family
Fabaceae alone contributed 32% in terms of cu-
mulative tree density of both the study sites fol-
lowed by Combretaceae 17% and Loganiaceae
12%. In DDF, Verbenaceae (57 in abundance)
was the dominant family in terms of density even
though Fabaceae (7 species) and Rubiaceae (4
species) were dominated at the species level.
However, Fabaceae was the dominant family in
terms of richness as well as density in MDF. Both
the forest sites shared 16 common families of
which two families (Annonaceae and Hernandi-
aceae) were only confined to DDF and three fami-
lies (Apocynaceae, Ebenaceae and Meliaceae)
were vested only with MDF (Table 2). As per bo-
tanical genera, the maximum members (28) were
found in DDF and 27 members were enumerated
from the MDF. Contrarily, the highest tree species
richness (39) was observed in the MDF and the
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Fig. 1. Location of the study plots in Tropical decidu-
ous forest of Suruli falls forest, Southern Western
Ghats.
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Fig. 3. Diameter class distribution of dominant tree
species in tropical dry deciduous forest of Suruli falls,
Southern Western Ghats.

lowest species richness (34) was found in the
DDF (Tables 2 and 3).

A total of 777 tree (= 10 cm DBH) individuals were
enumerated in both the sites, of which MDF har-
boured 502 individuals, while DDF had 275 indi-
viduals. Similarly, the basal area of both study
sites was 23.75 m? and it increased with an in-
crease in abundance. The basal area of MDF
(16.52 m?ha) was two times higher than DDF
(7.23 m?ha) (Table 1). Pterocarpus marsupium
was the only mono-dominant species in MDF
which accounted for 27% of the total stem density
and 30% of the total basal area in both the sites.
The site DDF was dominated by Tectona grandis
(IV1) and followed by Givotia moluccana, Anogeis-
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Fig. 4. Diameter class distribution of dominant tree
species in tropical moist deciduous forest of Suruli
falls, Southern Western Ghats.

sus latifolia and Strychnos potatorum whereas, P.
marsupium (IV1) was the dominant species in MDF
followed by A. latifolia, S. potatorum and G. mo-
luccana (Table 3). Interestingly in both sites, elev-
en species had only one individual. Overall twenty-
one species were common to both the sites and 13
species were confined to DDF and 18 species
were restricted to MDF alone.

Diameter class distribution of trees (=10 cm DBH)
showed abundance of trees decreases with in-
creasing size class in both the study sites (Fig. 2).
Maximum numbers of individuals were restricted to
lower diameter class (10-30 cm). Distribution of
dominant species were also showed similar pat-
tern except for G. moluccana (Fig. 3 and 4). Forty-
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Table 1. Consolidated details of Tree species in Tropical deciduous forest of Suruli falls forest, Southern West-

ern Ghats.

Characteristics Dry Deciduous Forest Moist Deciduous Forest
Total no of Species (No./ha) 34 39
Genera 28 27
Family 18 19
Density (Stems/ha) 275 502
Basal Area (m?/ha) 7.23 16.52
Shannon's index 2.652 2.378
Evenness index 0.4173 0.2765
Dominance index 0.1 0.20
Fishers Alpha 10.21 9.879

Table 2. Family Contribution of Genera, species richness and density (No/ha) tree species in Tropical decidu-

ous forest of Suruli falls forest, Southern Western Ghats.

Dry Deciduous Forest

Moist Deciduous Forest

Family

Genera Species Density Genera Species Density
Anacardiaceae 1 1 2 1 1 2
Annonaceae 1 1 1
Apocynaceae 1 1 1
Bignoniaceae 1 1 1 1 2 2
Burseraceae 2 2 3 9
Caesalpiniaceae 1 1 5
Combretaceae 2 2 61 2 2 71
Ebenaceae 1 3 22
Euphorbiaceae 2 2 33 1 1 25
Fabaceae 5 7 26 3 6 216
Hernandiaceae 1 1 2
Lamiaceae 1 1 2 1 1 1
Loganiaceae 1 1 40 1 2 50
Lythraceae 1 1 2 1 1 4
Malvaceae 1 2 4 1 1 8
Meliaceae 2 2 4
Moraceae 1 2 3 1 1 1
Phyllanthaceae 1 1 4 1 2 6
Rhamnaceae 1 2 4 1 4 26
Rubiaceae 3 4 19 2 2 14
Sapindaceae 2 2 12 2 3 12
Verbenaceae 1 1 57 1 1 23
seven species were contagiously distributed and kumar et al, 2017; Kothandaraman and

three were randomly distributed and two species
were regularly distributed.

DISCUSSION

The tropical forest ecosystems are rich in biotic
community worldwide. The species richness and
abundance differ considerably among the tropics,
particularly dry and moist tropical forests (Gentry,
1988; Naidu et al., 2018). High species richness is
one of the characteristic features of the wet tropi-
cal ecosystem (Parsons and Cameron, 1947).
The present study harboured high species rich-
ness in MDF-Moist deciduous forest (39 species)
than that of DDF-Dry deciduous forest (34 spe-
cies). Generally, tree species richness decreases
with increase in altitude (Garibaldi and Linera,
2014), however, mid-altitude (approximately 600-
1000 msl) has greater species richness than that
of low and high altitude (Sundarapandian and
Swamy, 2000; Reddy et al., 2011; Sundarapandi-
an et al., 2015; Kanagaraj et al., 2017; Naveen-

Sundarapandian, 2017). Our results support the
findings of Murphy and Lugo (1986) who reported
wet forests are more diverse than dry forests. The
species variation between the two forest types in
the present study was also influenced by moisture
and elevation.

The species richness (>10 cm DBH) at one-
hectare scale is varied from across the tropical
countries (20-307 species/ha, Campbell et al.,
1992; Valencia et al. 1994) and also peninsular
southern India (ranged from 4 species/ha, dry for-
est, Vindayan Hills, Eastern Ghats; Sagar et al.,
2003 to 85 species/ha, wet forest Kalakad-
Mundanthurai, Western Ghats, Parthasarathy,
1999). The range value (34-39 species/ha) ob-
tained from this study is comparable with other dry
forests from (26-54/ha: Arulpragasan and Par-
thasarathy, 2010; 34-45/ha, Srinivas and
Sundarapandian, 2018). However, the value is
lower than findings of other parts of wet forest
ecosystem, 65 species/ha in Varagalayar Anama-
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Table 3. Density (A), frequency (F), basal area (BA) and importance value index (IVI) of tree species in Tropical
deciduous forest of Suruli falls forest, Southern Western Ghats.

Dry Deciduous Forest

Moist Deciduous Forest

Species A F BA ©NI__A F_ BA WM
Pterocarpus marsupium Roxb. 4 4 0.11 4.98 204 77 6.98 107.86
éngge/ssus latifolia (Roxb. ex DC.) Wall. ex 48 32 0.61 4202 69 47 203 4090
uill. & Perr.
Tectona grandis L.f. 57 36 1.14 5455 23 18 0.84 15.33
Givotia moluccana (L.) Sreem. 28 23 1.83 4710 25 18 0.78 15.37
Strychnos potatorum L.f. 40 27 0.54 35.52 41 30 1.33 25.74
Terminalia elliptica Willd. 13 1 1.08 2520 2 2 0.07 1.44
Morinda pubescens J.E. Smith. 1M1 9 0.25 11.94 10 9 045 7.55
Schleichera oleosa (Lour.) Oken 8 3 0.13 6.15 9 8 0.45 7.07
Dalbergia lanceolaria ssp. lanceolaria L.f 4 4 0.42 9.21 6 6 0.10 3.73
Ziziphus xylopyrus (Retz.) Willd. 3 2 0.03 2.51 13 11 0.33 8.10
Diospyros Montana Roxb. 15 12 0.02 6.93
Acacia catechu (L.f.) Willd. 4 0.14 6.49
Grewia umbellate Roxb. 1 0.02 1.10 8 7 0.25 5.29
Garuga pinnata Roxb. 0.04 1.47 7 7 0.19 4.73
Strychnos nux-vomica L. 9 7 0.33 5.98
Albizia odoratissima (L.f.) Willd. 4 4 0.10 4.83 1 1 0.01 0.59
Cassia fistula L. 5 3 0.15 5.38
Phyllanthus polyphyllus Willd. 4 4 0.05 4.16 2 2 0.02 1.15
Mallotus philippensis (Lam.) Muell Arg. 5 5 0.06 5.1
Ziziphus glabrata Wight 1 1 0.01 1.01 6 5 0.16 4.06
Diospyros melanoxylon Roxb. 6 4 0.40 4.85
Ixora arborea Roxb. ex J. E. Sm. 6 3 0.06 4.46
Lagerstroemia parviflora Roxb. 2 1 0.02 1.52 4 3 0.18 2.83
Sapindus emarginatus Vahi. 4 3 0.04 3.56 1 1 0.01 0.58
Lannea coromandelica (Houtt.) Merr. 2 1 0.03 1.63 2 2 0.13 1.83
Commiphora caudata Engl. 1 1 0.01 1.06 2 2 0.17 2.09
Grewia tiliaefolia Vahl. 3 3 0.03 3.01
Bauhinia racemosa Lam. 5 4 0.12 3.00
Ficus religiosa L. 2 2 0.07 272
Gardenia latifolia Ait. 4 4 0.11 272
Phyllanthus emblica L. 4 4 0.08 2.57
Premna tomentosa Wild. 2 2 0.05 2.47
Ziziphus rugosa Lam. 4 3 0.10 2.36
Ficus mollis Vahl. 1 1 0.1 2.34
Gyrocarpus americanus Jacq. 2 2 0.04 2.26
Ziziphus jujube Mill. 3 3 0.10 2.15
Albizia lebbeck (L.) Benth. 1 1 0.03 1.27 1 1 0.04 0.75
Stereospermum colais DC. 1 1 0.01 0.99 1 1 0.08 0.99
Ficus callosa Wild. 1 1 0.24 1.95
Chukrasia tabularis A.Juss. 3 3 0.06 1.92
Dalbergia pinnata (Lour.) Prain 1 1 0.14 1.39
Dalbergia latifolia Roxb. 3 2 0.01 1.31
Sapindus trifoliatus L. 2 2 0.02 1.16
Diospyros ovalifolia Wight 1 1 0.09 1.08
Albizia amara (Roxb.) Boiv. 1 1 0.01 1.03
Canthium parviflorum Lam. 1 1 0.01 1.01
Canthium coromandelicum (Burm.f.) Alston 1 1 0.01 0.97
Miliusa Montana ex Hook.f. and Thomson 1 1 0.01 0.97
Stereospermum tetragonum DC. 1 1 0.04 0.77
Wrightia tinctoria R.Br. 1 1 0.02 0.66
Gmelina arborea Roxb. 1 1 0.02 0.64
Aphanamixis polystachya (Wall.) R.Parker 1 1 0.01 0.59

lai (Ayyappan and Parthasarathy, 1999), 6-31
species (0.1ha) in Periyar Tiger Reserve Kerala
(Sundarapandian and Karoor, 2013) and 56 spe-
cies in Nilgiri (Mohandass et al., 2016). The varia-
tion in species composition, families and stand

structure may be attributed to the location of the
study sites, the surface area of the forest, micro-
climate, availability of water, intensity of grazing,
the intensity of human activates etc., (Gandhi and
Sundarapandian, 2014). However, total species
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richness of 52 species/2ha from this study is diffi-
cult to compare because of variation in plot di-
mension and methods employed (Apgaua et al.,
2015).

Gentry (1988) noted that tropical forest ecosys-
tems are mostly dominated by Leguminosae fami-
ly members. The results from our study showed
that Fabaceae was the most specious family in
both the sites. Fabaceae is the sub-family of Le-
guminosae. The same Fabaceae family was dom-
inant in some parts of Eastern Ghats (Gandhi and
Sundarapandian, 2014; Sundarapandian et al.,
2015; Kanagaraj et al., 2017). However, mostly
Western Ghats forest ecosystem was dominated
by Euphorbiaceae members (Ayyappan and Par-
thasarathy, 1999; Sundarapandian and Karoor,
2103; Sathish et al., 2013; Kothandaraman and
Sundarapandian, 2017).

Murphy and Lugo (1986) suggested that the dry
tropic forest basal cover ranged from 17-40 m%*ha
and wet forest basal cover ranged from 20-75 m?/
ha. In the present study, both the plots have less-
er than above range. Similarly, the basal area
value is lower than values reported from other
studies in India and elsewhere (25.5m?%ha, Camp-
bell et al, 1992;: 82.67m?ha, Strasberg, 1996;
36.26 m%ha, A;/yappan and Parthasarathy, 1999;
21.50-47.30 m“/ha, Lal et al, 2015; 9.96-34.15
m?ha, Yadav, 2016; 17.45-37.70 m°/ha, Naveen-
kumar et al., 2017; 13-28.42 m*ha,Naidu et al.,
2018; 20.5-29.4 m?/ha, Srinivas and Sundarapan-
dian, 2018). This may be past intervention of this
forest. However, the MDF (Higher elevation) site
basal area value is higher than the DDF (Lower
elevation) site. Similar results were also reported
from the Eastern Ghats and Western Ghats
(Swamy et al., 2000; Sundarapandian et al., 2015;
Kothandaraman and Sundarapandian, 2017).
The differences in the basal area may be attribut-
ed to species composition, the age of the trees
and degree of disturbances (Sundarapandian and
Swamy, 2000).

The average density of this study (389 stems/ha)
and it’s range from 275-502 stems/ha is well with-
in the tropical forest range (276-905 stems/ha)
reported by Ghate et al. (1998). The density value
obtained from this study is comparable with sever-
al other studies of peninsular India (Ayyappan and
Parthasarathy, 1999; Sundarapandian and Swa-
my, 2000; Arulparagasam and Parthasarathy,
2010; Sundarapandian and Karoor, 2013; Satish
et al., 2013; Naveenkumar et al., 2017; Kothanda-
raman and Sundarapandian, 2017; Naidu et al.,
2018). This results comparatively lower than other
parts of India and elsewhere (Pascal and Pelissi-
er, 1996; Kumar et al., 2010; Lal et al., 2015;
Yadav, 2016; Srinivas and Sundarapandian,
2018). This may be due to site-specific characters
like rainfall, temperature, edaphic conditions etc.
The tropical forest holds a high value of Shannon

index (H’) and in India, it ranged from 0.83 — 4.0
(Singh et al., 1984). In the present study, Shannon
index value ranged 2.38-2.65 lies within the above
range and also closer to other Indian forests
(Sundarapandian and Swamy, 2000; Sundarapan-
dian and Karoor, 2013; Kothandaraman and
Sundarapandian, 2017). However it is lower than
other deciduous forests values obtained from vari-
ous parts of India (3.66, Thakur and Khare, 2006;
3.39, Prakasha et al,. 2008; 3.84-4.86, Dash et al.,
2009; 4.56-5.18, Reddy et al., 2011; 3.38, Sahu et
al., 2012). Site MDF has higher dominance index
value than DDF is may be subjected to single spe-
cific dominance exist in this MDF, Diversity index
value higher in DDF than MDF is due to the high
value of evenness index in DDF.

Considering the importance value index (IVI) P.
marsupium was the dominant species (113) fol-
lowed by A. latifolia (83), T. grandis (69), G. mo-
luccana (62) and S. potatorum (61) in both sites.
The dominant species in terms of density was T.
grandis followed by A. /atifolia and S. potatorum
in DDF, but were only found in the lower diameter
class and did not reach a larger size. P. marsupi-
um was the dominant species holding 204 individ-
uals in MDF, but it only shared 4 individuals in
DDF. Verma and Jayakumar (2015) reported that
the deciduous forest of Mudumalai was dominated
by P. marsupium 150 years ago (Cleghorn, 1861)
and slowly replaced by A. /atifolia due to their fire
tolerant mechanism. The DDF site is subjected to
recurrence of seasonal forest fire due to their
prevalent dry environment. A. latifolia and S. po-
tatorum are more abundant in the fire affected
area, which may be due to thick corky bark and re
-sprouting mechanisms.

Mono-dominant forest occurs in Asian and Ameri-
can Tropics side by side with the mixed forest as
well (Gentry, 1982). P. marsupium was the mono
dominant species holding one-third of the IVI. Hart
et al. (1989) suggested that single-dominance in
the tropical forest due to major disturbance over a
relatively longer period of time. However in India,
several researchers are also observed the mono-
dominance in tree community (Sundarapandian
and Swamy, 2000; Gandhi and Sundarapandian,
2014).

The natural forest ecosystem is always contiguous
distribution and it is reported by several others,
(Odum, 1971; Armesto et al, 1986; Kour and
Sharma, 2014; Sharma and Raina, 2018; Srinivas
and Sundarapandian, 2018). This study also
showed maximum species incontiguous distribu-
tion. This may be due to significant variance in the
environment (Odum, 1971).

Conclusion

The tropical deciduous forest types of Suruli falls
region considerably differs among themselves due
to variations in elevation, slope, aspects, moisture,
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rainfall, temperature and edaphic characteristics.
The tropical moist deciduous forest is the transi-
tional vegetation type between semi-evergreen
and dry deciduous forests (Reddy et al., 2008).
However, these deciduous ecosystems are under
vulnerable due to human disturbance (either dam-
age to species or planting with monoculture) and
seasonal fire. Therefore, the prolonged disturb-
ance and frequent recurrence of annual fire lead
to the degrading of primary forest to savanna
woodland and open scrublands (Saha, 2003).
Once the savanna woodland or scrublands will be
created, then difficult recover the climax forest, it
may be due to mono-species, grass community
will suppress the other plant structures either by
competition or fire. So protection of this deciduous
forest ecosystem is necessary for the future
maintenance of diversity as well as to increase
carbon sink potential.
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