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Diversity and Distribution
Pattern of Woody Species

in Bugarikallu Permanent Preservation
Plot, Bannerghatta National Park,
Bengaluru

A one-hectare permanent forest vegetation plot was established in
Bannerghatta National Park (BNP) to understand the influence of climate
variability on dry forests of peninsular India. All woody individuals >1 cm dbh
(diameter at breast height) were enumerated for species, given unique
number, measured for size, and mapped for spatial location. The plot had
2165 individuals >1 cm dbh belonging to 76 species. Most abundant species
was Ixora arborea, a shrub (333 individuals, 15.38% of abundance) followed
by Anogeissus latifolia, a tree species (249 individuals, 11.50% of
abundance). The top ten species accounted for 75.69% of the total
abundance, 69.4% of individuals occurs in the 1-5 cm size class while 3
individuals >30 cm dbh occupy 10% of the total basal area. Tree species
Anogeissus latifolia had the highest basal area in the plot; Anogeissus
latifolia, Ixora arborea and Acacia chundra contribute to 42.4% of the total
basal area of the plot. There were 35 angiosperm families with Fabaceae
being the most speciose. There were 18 families with one species each.
Decalepis hamiltonii, an endangered species occurred in the plot.
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Introduction

The seasonally dry tropical forest (SDTF) is characterized by
moisture stress and distinct seasonality of wet period and megafauna
(Murphy and Lugo, 1986). SDTF is the most extensive and largest biome
among the different forest types of the globe (Miles et al., 2006). In India
SDTF or tropical dry forests accounts for more than 90% of the natural
forests (Singh and Kushwaha, 2005). SDTF is an extensive biome, but
our understanding of ecology and dynamics of the forests is rather poor
(Miles et al., 2006; Murphy and Lugo, 1986). The primary focus in tropics
is on the rain forests while SDTF which occupy more than half of global
vegetation is largely neglected (Pennington et al., 2018). SDTF is an
interesting biome as it supports plant species which bunch out traits that
are required to adapt to dry and stressful environment. They are the
ecosystems that are modified to a large extent for human necessities.
There are several attempts to understand the diversity, structure and
dynamics of SDTF both at international (Lott and Atkinson, 2006;
Pennington et al., 2004) and national level (Dattaraja et al., 2018; Kakkar
et al., 2018; Sukumar et al., 1992). Hoffmann (Hoffmann et al., 2012)
attributes the existence and distribution of SDTF to fire, climate, soil and
finally to people.

Tropical dry forests are the most threatened with a decline in
diversity. Diversity estimates are necessary and an important component
of forest conservation and management activities. The diversity
assessments could be undertaken either via plot based methods,
transects or random surveys (Tewari et al., 2014). Most of the plots are
established to assess the plant diversity and measure tree girth over a
longer period in order to understand the basal area and biomass
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accumulation (Rai, 1996). Permanent Preservation
Plots (PPPs) are established to not only estimate
species richness and species succession (Bakker et al.,
1996) but also to take up studies on the spatial
distribution, understand the stand structure, soil
nutrition, and carbon dynamics. The advantages in
setting up a PPP is the reduction in imprecision of
estimates of change and the possibility of breaking down
the global estimates of change into their components
(growth, mortality, recruitment) (Houllier et al., 1998).

Bannerghatta National Park (BNP) a dry tropical
forest region in the vicinity of Bengaluru city is irregularly
shaped with an area of 260.51 km”. The vegetation of
BNP can be broadly classified into scrub type (dry
deciduous scrub), southern tropical dry deciduous and
southern tropical moist mixed forests. The park is home
to many nomadic elephants (Gopalakrishna et al.,
2010), native tree species (Gopalakrishna et al., 2015),
birds and mammals (Kumara et al., 2011) but it is also
prone to habitat loss (Ramachandra et al., 2016). The
protected area of BNP is under tremendous pressure
from the burgeoning city of Bengaluru and is the only
natural forest in the vicinity of the city that acts as an
indispensable lung space to the urban concrete jungle.
Ecologically sensitive zones are earmarked around BNP
(Ramachandra et al., 2016) and these act as shock
absorbers to the protected area. lllegal quarrying in eco-
sensitive zones, urbanization, fragmentation, and
habitat degradation are the major threats affecting BNP.
Studies on floral diversity of BNP have been addressed
in most of the studies but detailed accounts based on
standard methodologies are lacking.

The present study is our effort to provide
quantitative information on floristic diversity of one of the
permanent plots in the core region of BNP. The project
“Establishment of permanent preservation plots (PPPs)
at Bannerghatta National Park (BNP) and
Doresanipalya Reserve Forest (DRF) to assess the
impact of climate change” undertaken by Environmental
Management and Policy Research Institute (EMPRI)
has established 3 PPPs, 2 in BNP (Thalewood House
and Bugarikallu) and 1in DRF (Doresanipalya) based on
the type of vegetation and using standard methodology.

The objectives of the study are :

1) Toestablish a 1-hectare (100 m x 100 m) PPP indry
deciduous Bugarikallu forest of BNP.

2) To identify, tag, and measure the dbh of all woody
species presentin 1-hectare plot.

3) To map the spatial locations of all the tagged
individuals and understand the aggregation
patterns.

4) To monitor the long-term changes in the 1-hectare

plot by periodic girth measurements of the tagged
individuals and by undertaking mortality &
recruitment studies.
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The current paper describes the native plant
diversity and spatial pattern based on the first census
data obtained after the establishment of the 1-hectare
PPP in the undisturbed area of BNP.

Material and Methods
Study area

Permanent Preservation Plot (PPP) of size 1-
hectare (100 m x 100 m) was established in
Bugarikallu locality (12°42'47" N, 77°32'25" E) of
Harohalli range in BNP. The study area is located ata
distance of 25 km from Bengaluru city and has a
gently undulating topography. The plot was
established in this terrain. Geologically the rocks are
made of crypto crystalline to course granites and
complex gneiss (Raju, 2014). The climate of BNP is
monsoonal type. Vegetation of BNP is mainly tropical
dry type having tropical dry thorn forest, southern
tropical dry deciduous forest and moist mixed forest
(Gopalakrishna et al., 2015). The vegetation of the
Bugarikallu study area is typically dry deciduous with
predominantly trees that shed their leaves during the
dryer months. A detailed account on the study area can
also be found in Kakkar et al. (2018).

Establishment of PPP

The location for the PPP was identified after a
reconnaissance survey (Kakkar et al.,, 2018). The
Bugarikallu PPP is located in a region having dry
deciduous vegetation. The plot was established as per
the Centre for Tropical Forest Science (CTFS) protocol
(Condit, 1998); the 1-hectare plot was gridded into 25
subplots of size 20 m x 20 m with the help of a Theodolite
for slope corrections.

Woody species comprising of Trees, Shrubs and
Climbers (Lianas) >1 cm dbh were identified to species
level. The identified individuals were tagged using
numbered aluminium tags. Each tagged individual was
measured using a dial caliper in cases where the dbh
was 1-5 cm and using a measuring tape for dbh > 5 cm,
for accurate estimations. An ocular estimate of height
was made for each individual.

The spatial mapping of each tagged individual was
noted by measuring the local x and y coordinates using a
measuring tape. The local x and y coordinates were
converted into global x and y coordinates for spatial
mapping.

Data analysis

Data were analysed to characterize the plot both at
community level and species level. The Important Value
Index (IV1) which characterizes the species' contribution
to the community was calculated as the sum of Relative
Frequency (RF), Relative Density (RD), and Relative
Dominance (R Dom) (Curtis and Mclintosh, 1951).
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The Family Importance Value (FIV) index was
calculated as sum of relative occurrence of species
(number of species in each family), relative abundance
(number of individuals in each family to total number of
individuals), and relative dominance (basal area of each
family to the total basal area) (Mori et al., 1983).

Species accumulation curves or Species richness
curves were drawn using EstimateS (Colwell, 2013).

Diversity indices were obtained using the
PAleontological STatistics software (PAST) (Hammer et
al.,2001).

Diversity estimates of different groups based on life
forms were compared. The groups were group 1 - all
individuals including climbers, group 2 - climbers
excluded, group 3 - all individuals >10 cm dbh (trees)
performing diversity t-test using PAST.

The rank abundance model was also estimated
using PAST. The observed abundance and estimated
abundance were plotted against the rank. The
estimated abundances were obtained from PAST and a
log series model was applied to the estimates.

The spatial distribution of individuals in the plot was
analysed using BioDiversity Pro (McAleece et al.,
1997).

Results

The Bugarikallu forest dynamics plot had 2165
individuals >1 cm dbh belonging to 76 different flowering
plant species during the first census (identification,
tagging and measurement). The most abundant
species were Ixora arborea (333 individuals, 15.38% of
total abundance) followed by canopy tree Anogeissus
latifolia (249 individuals, 11.50% of total abundance).
There were 48 species with <10 individuals and 20
species with one individual in the plot. They include
species such as Ficus benghalensis, Memecylon
umbellatum, Phyllanthus indofischeri and Scolopia

crenata. The top ten species accounts for 75.72% of
abundance (Table 1).

Species accumulation curve

The sampling methodology followed and the
quadrats sampled are crucial for a proper assessment of
species in a plot. A Species Accumulation Curve (SAC)
or the Species richness curve will inform us whether the
sampling is adequate (Zhao et al., 2010) and can be a
useful way to judge our efforts. The SAC was estimated
for the Bugarikallu PPP using the software EstimateS. A
tendency towards an asymptote (Fig. 1) is seen in the
Bugarikallu plot implying that there is less probability of
obtaining more species with additional sampling efforts.

Rank-abundance plot

The Rank-Abundance curve or Whittaker plot
provides a visual observation on the species richness as
well as the species evenness. The shape of the curve is
used to infer which model best fits the data (Magurran,
2004). The log series model of the Bugarikallu plot
shows an R’ value of 0.883 and nearly fits the estimated
abundance values. The slope of the model is moderately
steep (Fig. 2) implying the dominance of some of the
species in the plot.

Diversity pattern

The diversity pattern with three different
combinations - diversity estimates including climbers,
diversity estimates without climbers and diversity
estimates for trees above 10 cm dbh has been given in
the Table 2.

The species richness is reduced once the size class
cut-off is introduced. There is considerable reduction in
number of species with individuals >10 cm and above.
However, the dominance of a species increases. Acacia
chundra dominates with 54 individuals (34.2% of
abundance) followed by Anogeissus latifolia (22.1% of
abundance) and Diospyros melanoxylon (7.38% of

Table1 : Abundance and Cumulative Abundance of top ten species in the Bugarikallu plot, BNP

SN Species (Family, Life form) Abundance Relative Cumulative
abundance (%) abundance (%)
1. Ixora arborea (Rubiaceae, Shrub) 333 15.38 15.38
2. Anogeissus latifolia (Combretaceae, Tree) 249 11.50 26.88
3. Erythroxylum monogynum (Erythroxylaceae, Tree) 238 10.99 37.87
4. Pterolobium hexapetalum (Fabaceae, Climber) 169 7.81 45.68
5. Maytenus emarginata (Celastraceae, Shrub) 130 6.00 51.68
6. Ochna obtusata (Ochnaceae, Tree) 125 5.77 57.45
7. Tarenna asiatica (Rubiaceae, Shrub) 116 5.36 62.81
8. Acacia chundra (Fabaceae, Tree) 96 4.43 67.24
9. Canthium dicoccum (Rubiaceae, Tree) 95 4.39 71.63
10. Jasminum angustifolium (Oleaceae, Climber) 88 4.06 75.69
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Fig. 2 : Rank-Abundance model of Bugarikallu data, BNP

Table 2 : Diversity estimates for different combinations in Bugarikallu plot, BNP

Parameters Diversity all life forms Diversity excluding Diversity, woody stems
included climbers >10 cm dbh

Number of species 76 61 30

Dominance 0.072 0.092 0.181
Simpson’s Index 0.927 0.907 0.819
Shannon’s Index 3.078 2.842 2.344
Evenness 0.285 0.281 0.347
Fisher’s Alpha 15.33 12.17 11.32
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abundance). These three species accounts for 63.7% of
the total abundance.

The diversity estimates of different groups based
on life forms are significantly different from each other
(diversity t test, PAST, significant all cases).

The mean number of species decreased across
quadrats with each group. There were few species per
quadrat among trees >10 cm dbh (Table 3). Each
parameter of diversity measure except for dominance
decreased with each group while dominance was high
among trees above 10 cm dbh (Table 3).

Spatial dispersion

The species dispersion was tested based on the
mean-to-variance ratio. The dispersion was classified
into two categories such as aggregated (clumped) and
random dispersion. The significance of dispersion was
determined using the chi-square test.

Twenty-eight species in the plot showed significant
clumped (aggregated) dispersion while forty-eight
species showed random dispersion at the scale of a
hectare. Species such as Ixora arborea, Erythroxylum
monogynum, Anogeissus latifolia, Semecarpus
anacardium and Randia dumetorum showed significant
clumped dispersion at a scale of a hectare. None of the
random dispersion was significant except for Vitex
altissima (p=0.029) (Annexure 1).

However, species such as Pterocarpus
marsupium, Bauhinia racemosa, Diospyros montana,
Dalbergia lanceolaria and Cassia montana have shown
significant random dispersion at a 10% level. The
dispersion pattern of each species with significance
levelis giveninthe Annexure 1.

The spatial distribution of all the individuals in the 1-
hectare plot is depicted in Fig. 3. The number of
individuals in the plot is highest in three subplots having
individuals of 152, 146, and 143. Ixora arborea,
Erythroxylum monogynum, Anogeissus latifolia,
Semecarpus anacardium and Pterolobium
hexapetalum with clumped dispersion are shown in Fig.
4; Diospyros melanoxylon, Lagerstroemia parviflora,
Flacourtia indica, and Strychnos potatorum with random

Diversity and distribution pattern of woody species in Bugarikallu permanent preservation plot...

dispersionis shownin Fig. 5.
Structure

There were 2165 stems >1 cm dbh in the plot when
all life-forms were considered and 2015 stems when
only woody stems between 1-10 cm dbh were
considered while there were 150 stems >10 cm and
above. The total basal area of the plot including all life-
forms was 10.24 m’ a hectare. However, the basal area
contributed by woody individuals >30 cm dbh was 1.06
m’ a hectare. There is a considerable contribution of
individuals >10 cm dbh to both basal area and biomass.
A total of 57.5% of the basal area is contributed by the
individuals >10 cm dbh and shrubs and trees contribute
over 95% of the basal area in this category. Over 90% of
the total biomass of the plot is concentrated among the
individuals between 1-30 cm dbh size classes. Trees
and shrubs contribute to 87.6% of the biomass in this
size class and 12.4% is contributed by climbers.

There were three large trees >30 cm dbh in the plot.
The largest among them was Ficus microcarpa (91.9 cm
dbh) followed by Ficus benghalensis (41.7 cm dbh) and
Cassia siamea (exotic, 40.4 cm dbh).

Floristics

According to Importance Value Index (IVI)
Anogeissus latifolia was the dominant species (33.63)
followed by Ixora arborea (30.20), Erythroxylum
monogynum (25.27) and Acacia chundra (24.04). VI
values for the top ten species is given in the Table 4. The
complete list of species with Importance Value Index is
asinAnnexure 2.

Trees account for 61.8% of the total species
complement with 47 species while climbers account for
19.7% with 15 species and shrubs with 14 species
account for 18.4% of the species complement. Trees
(52.6%) and shrubs (31.1%) account for 83.8% of the
total density in the plot. In terms of basal area, trees
(83.7%) and shrubs (13.3%) constitute 97.1% of the total
basal area of the plot.

There were 35 families of angiosperms in the plot.
Fabaceae (Leguminosae) with 12 species (15.79% of
total species complement) was the most speciose family

Table 3 : Mean diversity estimates for different combinations in Bugarikallu plot, BNP

Parameters Diversity all life forms
included (meantsd)

Number of species 20.6+5.06
Dominance 0.10+0.02
Simpson’s Index 0.89+0.02
Shannon’s Index 2.551+0.204
Evenness 0.645+0.07
Fisher’s Alpha 8.85412.144

Diversity excluding Diversity, woody stems
climbers (meantsd) >10 cm dbh (meantsd)
16.8+3.86 3.76+1.39

0.125+0.01 0.377+0.200
0.874+0.01 0.622+0.200
2.36310.152 1.15+0.446
0.655+0.08 0.914+0.066
7.026+1.64 3.628+2.90
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Fig. 3: Spatial distribution of all the individuals in the 1-hectare PPP

followed by Rubiaceae (6 species, 7.89%) and
Rhamnaceae (5 species, 6.58%). There were 18
families with one species. The most abundant family
was Rubiaceae (575 individuals) followed by families
such as Fabaceae (344 individuals) and Combretaceae
(259 individuals). According to FIV index, family
Fabaceae had highest FIV index (55.86) followed by
Rubiaceae (49.59) and Combretaceae (34.57). The top
ten families in order of FIV index are given in the Table 5.
The complete list of families with FIV index is as in
Annexure 3.

Discussion

Bannerghatta National Park is characterized by
tropical dry forests. The one-hectare plot in Bugarikallu
is representative of large tracts of dry forests in BNP.
The plot has 76 species among 2165 individuals >1 cm
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dbh, while the plot in Thalewood House close to
Bugarikallu had 68 species among 1586 individuals
(Kakkar et al., 2021). The diversity patterns of the two
plots in BNP were not statistically different (PAST,
Diversity t test, NS). There were 110 species including
climbers between these two plots, but they had 39.74%
of species shared while 60.26% species were unique to
Bugarikallu. This pattern suggests that there is a
significant compositional change between these two
plots. Diversity studies by laying transects
(Gopalakrishna et al., 2015) revealed 128 species
across BNP. In terms of species composition, the larger
landscape of BNP had Anogeissus latifolia and Acacia
chundra as the dominant species while the Bugarikallu
plot also had a similar trend. Anogeissus latifolia was
the second most dominant in Bugarikallu with Acacia
chundra also contributing to the stand whereas the one-
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Fig. 4: Clumped dispersion of individuals of 4 species
Table 4: Importance Value Index of top ten species in Bugarikallu forest dynamics plot, BNP
Species (Famil Relative Relative Relative Important
pecies (Family) frequency density dominance Value Index
(%) (%) (%) (vi)
Anogeissus latifolia (Combretaceae) 4.85 11.50 1728 33.63
Ixora arborea (Rubiaceae) 4.85 15.38 9.97 30.20
Erythroxylum monogynum (Erythroxylaceae) 4.85 10.99 9.43 25.27
Acacia chundra (Fabaceae) 4.47 4.43 15.14 24.04
Pterolobium hexapetalum (Fabaceae) 3.69 7.81 1.63 13.13
Ochna obtusata (Ochnaceae) 4.08 5.77 2.68 12.53
Canthium dicoccum(Rubiaceae) 4.08 4.39 3.92 12.39
Maytenus emarginata( Celastraceae) 4.47 6.00 1.48 11.95
Tarenna asiatica (Rubiaceae) 3.69 5.36 0.85 9.90
Diospyros melanoxylon (Ebenaceae) 4.27 2.36 2.92 9.55
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Fig. 5: Random dispersion of individuals of 4 species

hectare plot at Thalewood House had Olea dioica and
Cipadessa baccifera as the most abundant species
(Kakkar et al., 2021). The differences in the species
composition could be attributed to the spatial
heterogeneity in the landscape. The Thalewood House
plot is an exceptional habitat compared to Bugarikallu
plot. Bugarikallu plot in general goes with the landscape
of BNP. The life-form composition of the plot is 61.8%
tree species followed by 19.7% of the species belonging
to climbers and 18.4% of them being shrubs. A similar
pattern is reported in Similipal Tiger Reserve (Reddy et
al., 2007), Kafta Sheraro National Park dry forest,
Ethiopia (Temesgen and Warkineh, 2020), and
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deciduous forests of Sagar district, Madhya Pradesh
(Thakur, 2015).

The species richness of Bugarikallu plot is in the
range of species numbers reported from different
locations. However, there are sites with a smaller
number of species (Narayan et al., 2017). There are
several studies in dry forests of India and elsewhere in
the tropics with various dimensions and species
richness. Each study has a different plot size and size
cut-off. For example, the Bugarikallu plot had 31 species
for stems >=10 cm dbh. The species richness of a plot
also depends on the inclusion of different life forms.
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Table 5: Top ten families in the order of Family Importance Value (FIV) index in Bugarikallu plot

Family Relative no. Relative Relative Familyimportance
species (%) abundance (%) dominance (%) value (FIV)index
Leguminosae 15.79 15.89 24.18 55.86
(Fabaceae)
Rubiaceae 7.89 26.56 15.14 49.59
Combretaceae 3.95 11.96 18.66 34.57
Erythroxylaceae 1.32 10.99 9.43 21.74
Moraceae 2.63 0.09 13.49 16.21
Celastraceae 3.95 6.33 2.07 12.35
Rhamnaceae 6.58 2.73 0.54 9.85
Ochnaceae 1.32 5.77 2.68 9.77
Ebenaceae 2.63 2.63 3.23 8.49
Tiliaceae 3.95 24 0.86 7.21

Hence direct comparison would be difficult. However,
the mean species richness in Mudumalai dry thorn
forests was 32.4+9.4 while in dry deciduous forests it
was 29.0+12.7 (Dattaraja et al., 2018). Mean
species richness in each hectare of 50 ha forest
dynamics plot at Mudumalai was 71 (Sukumar et al.,
1992). Species richness varied from 39 to 49
(individuals >3 cm dbh) per hectare in Javadi hills,
Eastern Ghats (Naveenkumar et al., 2017), 64 to 143
species ha™ in dry forests of Africa (Temesgen and
Warkineh, 2020), 16 to 67 species ha” for stems
above 5 cm dbh from Espinhaco mountains in
Brazil (Coelho et al., 2012). The species richness
of a plot can be explained by both abiotic (climate and
habitat heterogeneity) and biotic factors (soils,
herbivores).

The density of stems over 1 cm dbh in the
Bugarikallu plot is on the higher side in comparison with
other deciduous plots while the basal area is 10.24 m?.
The range of basal area values reported for dry forests
in India is between 12.44 m*ha™and 75.9 m’ha” (Verma
etal., 2013). The basal area of Bugarikallu plot is on the
lower side when compared to other deciduous forests in
India. Basal area varied from 13.05 m*ha™'to 28.42 m*ha’
'in the dry forests of Eastern Ghats (Naidu et al., 2018),
6.58 to 23.21 m’ha” in Vindhya ranges of Uttar Pradesh
(Jha and Singh, 1990), 8.25 m’ha” to 79.3 m’ha” in
African dry forests (Temesgen and Warkineh, 2020), 9.9
to 46.6 m’ha™ (for stems >5 cm) in dry forests of Brazil
(Coelho et al., 2012). Lower values of basal area in the
plot could be attributed to the distribution of individuals
in different size classes. There are a large proportion of
individuals in the smaller size class that do not
contribute much to the basal area.

Floristics

Bugarikallu plot is characterized by domination of
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Fabaceae. Dry forests in peninsular India are dominated
by either Combretaceae (Sukumar et al., 1992; Naidu et
al., 2018) or Fabaceae (Naveenkumar et al., 2017;
Pilania et al., 2015; Thakur, 2015; Yadav et al., 2019)
with some exceptions (Sudhakar et al., 2007; Naidu et
al., 2018). Combretaceae was the third family in
Bugarikallu that had high FIV index. Though
Combretaceae had only four species, basal area of
hardwood species such as Terminalia and Anogeissus
substantially contributed to FIV index. The dry forest of
other regions is also largely dominated by Fabaceae
along with other families (Ancona et al., 2019; Arriaga
and Leon, 1989; Coelho et al., 2012; Gentry, 1995;
Gillespie et al., 2000; Linares-Palomino, 2006;
Temesgen and Warkineh, 2020). But the dry forest in
New Caledonia has a completely different familial
assemblage compared to the rest of tropics. The dry
forests are dominated by families such as Sapindaceae,
Euphorbiaceae, Rutaceae and Myrtaceae (Gillespie
and Jaffre, 2003).

Conclusion

One of the important questions with respect to
conservation and protection of biodiversity of south
Asian forests is to understand how rich a community is
(Coleman et al., 2019). Enumeration of the forest
provides baseline information on the biodiversity
aspects that is required for conservation of the
ecosystem. Tropical dry forest is the most extensive
biome in India. Considering the species richness of the
Bugarikallu plot, the plot deserves the protection
accorded by the forest department. The parameters
such as species richness, the density of individuals,
basal area and floristics of the plot are in the range of
values reported from other forests elsewhere in the
tropics. A long-term study would be beneficial as this
forest plot is close to the vicinity of a metro (Bengaluru
city) which inputs large amount of carbon through
various activities.
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Annexure 1: Aggregated or Random Dispersion of individuals in the Bugarikallu plot

Species | Variance | Mean Chi-sq d.f. P value Dispersion
Clumped dispersion
Acacia chundra 8.89 3.84 55.5625 24 0.0003 Aggregated
Acacia concinna 0.9167 0.4 55 24 0.0003 Aggregated
Anogeissus latifolia 33.1233 9.96 79.8153 24 0 Aggregated
Albizia chinensis 0.3333 0.2 40 24 0.0214 Aggregated
Breynia vitis-idaea 4.41 0.92 115.0435 24 0 Aggregated
Canthium dicoccum 20.0833 3.8 126.8421 24 0 Aggregated
Canthium parviflorum 1.3233 0.64 49.625 24 0.0016 Aggregated
Cassia fistula 1.5433 0.72 51.4444 24 0.001 Aggregated
Dendrocalamus strictus 2.75 0.6 110 24 0 Aggregated
Dodonaea viscosa 2.21 0.72 73.6667 24 0 Aggregated
Erythroxylum monogynum 37.8433 9.52 95.4034 24 0 Aggregated
Grewia orbiculata 3.3333 2 40 24 0.0214 Aggregated
Holarrhena antidysenterica 5.0267 1.12 107.7143 24 0 Aggregated
Ixora arborea 66.8933 13.32 120.5285 24 0 Aggregated
Jasminum angustifolium 20.1767 3.52 137.5682 24 0 Aggregated
Madhuca indica 0.6433 0.32 48.25 24 0.0024 Aggregated
Maytenus emarginata 12.6667 5.2 58.4615 24 0.0001 Aggregated
Ochna obtusata 20.3333 5 97.6 24 0 Aggregated
Polyalthia coffeoides 0.36 0.12 72 24 0 Aggregated
Premna tomentosa 0.44 0.24 44 24 0.0077 Aggregated
Pterolobium hexapetalum 48.69 6.76 172.8639 24 0 Aggregated
Randia dumetorum 1.59 0.56 68.1429 24 0 Aggregated
Scutia myrtina 2.56 0.68 90.3529 24 0 Aggregated
Semecarpus anacardium 0.36 0.12 72 24 0 Aggregated
Tarenna asiatica 21.6567 4.64 112.0172 24 0 Aggregated
Terminalia chebula 0.6433 0.32 48.25 24 0.0024 Aggregated
Terminalia paniculata 0.16 0.08 48 24 0.0026 Aggregated
Ziziphus oenopolia 2.6767 1.48 43.4054 24 0.009 Aggregated
Species Variance Mean Chi-sq d.f. P value Dispersion
Random dispersion
Acacia leucophloea 0.04 0.04 24 24 0.4617 Random
Albizia amara 0.14 0.16 21 24 0.6392 Random
Argyreia cuneata 0.0767 0.08 23 24 0.52 Random
Atalantia monophylla 0.04 0.04 24 24 0.4617 Random
Bauhinia racemosa 0.3567 0.24 35.6667 24 0.059 Random
Bridelia retusa 0.0767 0.08 23 24 0.52 Random
Buchanania axillaris 0.5067 0.44 27.6364 24 0.2754 Random
Cansjera rheedei 0.1 0.12 22 24 0.5796 Random
Capparis sepiaria 0.11 0.12 22 24 0.5796 Random
Carmona retusa 0.04 0.04 24 24 0.4617 Random
Cassia montana 0.2233 0.16 33.5 24 0.0937 Random
Cassia siamea 0.5067 0.44 27.6364 24 0.2754 Random
Cassine glauca 0.0767 0.08 23 24 0.52 Random
Celastrus paniculatus 0.25 0.2 30 24 0.1844 Random
Cipadessa baccifera 0.04 0.04 24 24 0.4617 Random
Dalbergia lanceolaria 0.6767 0.48 33.8333 24 0.0875 Random
Decalepis hamiltonii 0.04 0.04 24 24 0.4617 Random
Diospyros melanoxylon 2.3733 2.04 27.9216 24 0.2631 Random
Diospyros montana 0.3567 0.24 35.6667 24 0.059 Random
Eucalyptus globulus 0.04 0.04 24 24 0.4617 Random
Ficus benghalensis 0.04 0.04 24 24 0.4617 Random
Ficus microcarpa 0.04 0.04 24 24 0.4617 Random
Flacourtia indica 1.3767 1.28 25.8125 24 0.3626 Random
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Species Variance Mean Chi-sq d.f. P value Dispersion
Flueggea leucopyrus 0.04 0.04 24 24 0.4617 Random
Gardenia turgida 0.04 0.04 24 24 0.4617 Random
Grewia asiatica 0.04 0.04 24 24 0.4617 Random
Grewia hirsuta 0.04 0.04 24 24 0.4617 Random
Gymnema sylvestre 0.2233 0.16 33.5 24 0.0937 Random
Lagerstroemia parviflora 0.5933 0.48 29.6667 24 0.1957 Random
Memecylon umbellatum 0.04 0.04 24 24 0.4617 Random
Naringi crenulata 0.1 0.12 22 24 0.5796 Random
Phyllanthus indofischeri 0.04 0.04 24 24 0.4617 Random
Polyalthia cerasoides 0.75 0.6 30 24 0.1844 Random
Pterocarpus marsupium 0.4767 0.32 35.75 24 0.0579 Random
Rapanea wightiana 0.04 0.04 24 24 0.4617 Random
Santalum album 0.11 0.12 22 24 0.5796 Random
Scolopia crenata 0.04 0.04 24 24 0.4617 Random
Secamone emetica 0.04 0.04 24 24 0.4617 Random
Shorea roxburghii 0.0767 0.08 23 24 0.52 Random
Soymida febrifuga 0.0767 0.08 23 24 0.52 Random
Stereospermum suaveolens 0.11 0.12 22 24 0.5796 Random
Strychnos potatorum 0.1667 0.2 20 24 0.6973 Random
Toddalia asiatica 0.31 0.32 23.25 24 0.5053 Random
Ventilago maderaspatana 0.04 0.04 24 24 0.4617 Random
Vitex altissima 0.1933 0.12 38.6667 24 0.0296 Random
Wrightia tinctoria 0.04 0.04 24 24 0.4617 Random
Ziziphus rugosa 0.04 0.04 24 24 0.4617 Random
Ziziphus xylopyrus 0.1 0.12 22 24 0.5796 Random
Annexure 2: Importance Value Index (IVI1) of all the species in the plot
Species Total individuals Basal area Importance
(m?) Value Index (V1)
Anogeissus latifolia 249 1.769731 33.63
Ixora arborea 333 1.021452 30.20
Erythroxylum monogynum 238 0.965725 25.27
Acacia chundra 96 1.550662 24.04
Pterolobium hexapetalum 169 0.167438 13.13
Ochna obtusata 125 0.274464 12.53
Canthium dicoccum 95 0.401754 12.39
Maytenus emarginata 130 0.151897 11.95
Tarenna asiatica 116 0.086865 9.90
Diospyros melanoxylon 51 0.299017 9.55
Jasminum angustifolium 88 0.036880 8.50
Ficus benghalensis 1 0.717176 7.24
Grewia orbiculata 50 0.080413 6.79
Ficus microcarpa 1 0.664617 6.73
Cassia siamea 11 0.385221 5.82
Ziziphus oenopolia 37 0.031336 5.71
Flacourtia indica 32 0.057759 5.54
Holarrhena antidysenterica 28 0.049329 3.71
Buchanania axillaris 11 0.149452 3.52
Dalbergia lanceolaria 12 0.094368 3.02
Polyalthia cerasoides 15 0.033566 2.96
Breynia vitis-idaea 23 0.013094 2.94
Lagerstroemia parviflora 12 0.080184 2.88
Cassia fistula 18 0.034051 2.71
Canthium parviflorum 16 0.023459 2.52
Madhuca indica 8 0.139357 2.51
Bauhinia racemosa 6 0.141898 2.45
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Species Total individuals Basal area Importance
(m?) Value Index (V1)
Randia dumetorum 14 0.016781 2.36
Terminalia chebula 8 0.114643 2.27
Dendrocalamus strictus 15 0.040271 2.25
Pterocarpus marsupium 8 0.072749 2.25
Scutia myrtina 17 0.016044 212
Dodonaea viscosa 18 0.006011 2.06
Toddalia asiatica 8 0.002211 1.75
Strychnos potatorum 5 0.037469 1.57
Diospyros montana 6 0.032035 1.37
Acacia concinna 10 0.010888 1.35
Premna tomentosa 6 0.021907 1.27
Semecarpus anacardium 3 0.090217 1.21
Celastrus paniculatus 5 0.008110 1.09
Albizia amara 4 0.010455 1.06
Stereospermum suaveolens 3 0.028316 1.00
Cassine glauca 2 0.052368 0.99
Capparis sepiaria 3 0.014032 0.86
Naringi crenulata 3 0.012099 0.84
Vitex altissima 3 0.030505 0.83
Albizia chinensis 5 0.000911 0.82
Shorea roxburghii 2 0.030449 0.78
Cassia montana 4 0.000558 0.77
Gymnema sylvestre 4 0.001051 0.77
Cansjera rheedei 3 0.001583 0.74
Santalum album 3 0.002121 0.74
Ziziphus xylopyrus 3 0.002050 0.74
Wrightia tinctoria 1 0.046810 0.70
Soymida febrifuga 2 0.011782 0.60
Bridelia retusa 2 0.009632 0.57
Terminalia paniculata 2 0.026532 0.54
Argyreia cuneata 2 0.000485 0.48
Eucalyptus globulus 1 0.016586 0.40
Polyalthia coffeoides 3 0.002485 0.35
Phyllanthus indofischeri 1 0.010605 0.34
Rapanea wightiana 1 0.008481 0.32
Acacia leucophloea 1 0.006691 0.31
Grewia asiatica 1 0.007180 0.31
Memecylon umbellatum 1 0.006404 0.30
Ventilago maderaspatana 1 0.005439 0.29
Scolopia crenata 1 0.002035 0.26
Flueggea leucopyrus 1 0.001134 0.25
Ziziphus rugosa 1 0.000661 0.25
Atalantia monophylla 1 0.000133 0.24
Carmona retusa 1 0.000177 0.24
Cipadessa baccifera 1 0.000177 0.24
Decalepis hamiltonii 1 0.000227 0.24
Gardenia turgida 1 0.000095 0.24
Grewia hirsuta 1 0.000095 0.24
Secamone emetica 1 0.000177 0.24
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Annexure 3: Complete list of Families with Family Importance Value (FIV) Index

Family Number of species Family Importance
occurring in Family Value (FIV)index

Leguminosae (Fabaceae) 12 55.86
Rubiaceae 6 49.59
Combretaceae 3 34.57
Erythroxylaceae 1 21.74
Moraceae 2 16.21
Celastraceae 3 12.35
Rhamnaceae 5 9.85
Ochnaceae 1 9.77
Ebenaceae 2 8.49
Tiliaceae 3 7.21
Euphorbiaceae 4 6.85
Oleaceae 1 5.74
Anacardiaceae 2 5.62
Apocynaceae 2 4.91
Flacourtiaceae 2 4.73
Rutaceae 3 4.64
Asclepiadaceae 3 4.24
Annonaceae 2 3.81
Verbenaceae 2 3.56
Sapotaceae 1 3.05
Meliaceae 2 2.89
Lythraceae 1 2.65
Poaceae 1 2.4
Sapindaceae 1 2.21
Loganiaceae 1 1.92
Bignoniaceae 1 1.74
Dipterocarpaceae 1 1.71
Capparaceae 1 1.6
Myrtaceae 1 1.53
Opiliaceae 1 1.48
Santalaceae 1 1.48
Myrsinaceae 1 1.45
Melastomataceae 1 1.43
Convolvulaceae 1 1.41
Boraginaceae 1 1.37
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