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Abstract

Diversity, stand structure and species composition are the key elements of forest ecosystems. For the present
study, three forest types: dry deciduous teak (DDTF), dry deciduous mixed (DDMF) and Boswellia (BF)
forests were selected with the aim of assessing tree diversity, structure and species composition in tropical dry
deciduous forests of Central India. The phytosociological survey was done by laying a total of 42 plots (14
plots in each study site). A total of 25 tree species (24 genera, 14 families) were recorded. The mean tree
density was 635 trees/ha and mean basal area was 23.5 m%ha. The total tree density and tree basal area
(juveniles and adults) were 26,688 individuals (mean 490) and 988.8 m? (mean 22.9 m®) in 42 plots
respectively. The mean tree adult density and basal area ranged 448 (BF) - 529 (DDMF) individuals/ha and
19.5 (DDMF) - 29.24 (BF) m?/ha respectively. The tree species richness ranged 14 (DDTF) - 23 (DDMF). The
Shannon’s index values for the total trees (adults + juveniles) were 1.15, 2.09 and 1.76 for DDTF, DDMF and
BF forest sites, respectively. Among the 14 families recorded across three study sites, Fabaceae was the most
diverse family with 7 genera and 8 species. Both species density and richness decreased with increase in
diameter class. The current study would be helpful in understanding the diversity patterns, stand structural
attributes and species composition in tropical dry deciduous forests of Central India for better forest
management and conservation measures.
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1 Introduction
India, being one of the megadiverse countries in the world covers 2.4% forested land area and hosts 7-8% of
all identified species comprising 45,000 plant species and 91,000 animal species (Subashree et al., 2021). The
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country is well-known for its rich biodiversity areas and conservation planning amongst the few countries.
Among the eight hotspots of global biodiversity, four (the Himalayas, the Western Ghats, the Indo-Burma
region and the Sundaland) are found in India (Thakur et al., 2022). Being part of fragile and rich biodiversity
locations on the planet, the forests of India are facing great pressures due to deforestation, fragmentation,
anthropogenic activities and introduction of exotic species (Muthumperumal and Parthasarathy, 2010;
Pragasan and Parthasarathy, 2010; Gandhi and Sundarapandian, 2017; Singh and Chaturvedi, 2018,
Tamilselvan et al., 2021; Kumar et al., 2022; Sharma et al., 2023). Therefore, India has sufficient cause to
explore the biodiversity information (Thakur et al., 2022) as they generate knowledge on species of an area, a
region or community, their distributional patterns and alternatives within floristic structure (Kershaw, 1964;
Misra, 1968). Tree diversity is a key component in any forest ecosystem (Rennolls and Laumonier, 2000) and
its quantitative analysis delivers the necessary data for conservation planning and policy management (Phillips
et al., 2003).

The tropical dry deciduous forest, which accounts for nearly 40% of the country’s total forest cover
(Ministry of Environment, Forests and Climate Change, 2011) is transforming rapidly into dry deciduous scrub,
dry savannah and dry grassland (Champion and Seth, 1968; Singh and Singh, 1989), and many species are
locally depleted (Sagar and Singh, 2004). The consequence of deforestation and degradation of tropical forests
include the loss of biological diversity, watershed protection and non-timber forest products (NTFPs), and loss
of means of existence for the people whose livelihood depends on the forest (Lamb et al., 2005; Lolila et al.,
2023). Among these, the loss of biological diversity is perhaps the most important consequence as it influences
all ecological services and the livelihood of forest dwellers (Sagar and Singh, 2006). Thus, tropical dry forests
are one of the most threatened ecosystems in the world and demands urgent conservation measure to improve
biological diversity, tree cover as well as forest health and productivity.

The tropical dry deciduous forest of the Sagar district has been managed by the Madhya Pradesh Forest
Department. The region is currently experiencing a large-scale human disturbance through illegal cutting,
mining (rock phosphate and iron), and illegal NTFP extraction. In the last few decades, due to intense
anthropogenic activities, the dry deciduous forest cover in certain parts of central India is being degraded into
species-poor dry deciduous scrub and grasslands (Sagar and Singh, 2005). This scenario requires an in-depth
analysis of these forests with regards to the floristic diversity, structure and composition. Therefore, the
present study is significant in generating useful baseline data in order to conserve and manage the vegetation
of the tropical dry forest ecosystem of this region and elsewhere in the tropical dry forests in India. The
objective was to describe the tree vegetation structure, composition and species diversity of three different dry
deciduous forest types of district Sagar, Madhya Pradesh, India.

2 Materials and Methods

2.1 Study area

The present study was undertaken in three tropical dry deciduous forest types viz., dry deciduous teak forest
(DDTF, Site 1), dry deciduous mixed forest (DDMF, Site Il) and Boswellia forest (BF, Site Ill) in Sagar,
Madhya Pradesh (Table 1, Fig. 1) which are a part of lower Vindhyan range of Central India, and is situated at
an average height of 420 m a.s.l. The area has a hot dry summer from April to June, followed by a monsoon
season from July to September and a cool and relatively dry winter from October to March. The area receives
an annual average rainfall of 1187.6 mm of which the rainy months contribute approximately 90%. The mean
annual minimum and maximum temperatures vary between 10°C (January) and 42.7°C (May) respectively
(WorldClim, 2020). As per Champion and Seth’s Classification (Champion and Seth, 1968), the forest in the
area belongs to group 4b. Vegetation was enumerated in three forest ranges of Sagar district, viz. Shahgarh,
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Nanakpur and Heerapur by laying 14 plots of 60 m x 20 m in each study site/forest type following standard
methods (Misra, 1968). In each plot, the diameter of all the tree individuals (= 10 cm diameter at breast height
of 1.37 m (DBH)) were recorded. The predominant tree species in the study sites of the three different forest
types are Tectona grandis, Butea monosperma and Lagerstroemia parviflora in DDTF, Tectona grandis,
Terminalia tomentosa and Lagerstroemia parviflora in DDMF, and Boswellia serrata, Tectona grandis and
Lagerstroemia parviflora in BF.

Table 1 Information on the three study sites (Site I, DDTF- Dry deciduous teak forest; Site 1I, DDMF-Dry deciduous mixed
forest and Site 111, BF-Boswellia forest) in Sagar, Madhya Pradesh, India.

Parameters Site | (DDTF) Site 11 (DDMF) Site 111 (BF)
Latitude 24.21-24.22 24.13-24.24 24.24-24.24
Longitude 79.11-79.11 79.14-79.14 79.12-79.13
Altitude (m asl.) 375-440 384-405 405-438
Slope (°) 0.26-1.25 0.27-0.84 0.40-1.21
Aspect (°) 262-354 105-187 213-245
Mean annual precipitation (mm) 1105-1179 1119-1139 1108-1143
Mean annual temperature (°C) 24.4-25.4 25.0-25.3 24.9-25.2

2.2 Vegetation sampling

Vegetation analysis was carried out to understand the species distribution, population structure, diversity and
the landscape characteristics of the forest land. The topographic variables (aspect, slope, altitude) were
obtained by using GPS. The random grid sampling method was used following the standard protocols.
Fourteen 60 m x 20 m plots were laid down in each forest type. Since the present study consisted of three
different forest types, a total of 42 plots were laid down to estimate the diversity. All the trees falling under the
plot ((>10 cm dbh at 1.37 m) were measured and they were grouped into different DBH classes according to
Muller-Dombois and Ellenberg (1974). All tree species found in the sites were prepared and identified at the
Department of Botany, Dr. Harisingh Gour Central University, Sagar from their vegetative and reproductive
features using the flora of Madhya Pradesh. Photographs of plant specimens and general vegetation were taken
for documentation. The photography was done by photographic camera- Nikon 3400D. All the specimens
were then identified and documented with the help of experts.
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Fig. 1 Location of the study sites in Sagar, Madhya Pradesh.

Ecological data provides basic information of the studied site which helps in proper conservation and
sustainable management of the local forest ecosystem.
Frequency: This refers to the degree of dispersion of an individual species in an area in terms of percentage
occurrence. The frequency of a species can be obtained by the following formula:

. _ Number of quadrats in which species found % 100
requency = Total number of quadrats studied

Abundance: This refers to the total number of individuals of different species in a vegetative community of a

given area:

Total number of a species in all quadrats
Abundance =

Total number of quadrats in which species occured

Density: This refers to the numerical strength of a species (no. of individual) at a given area:

Total number of individuals of a species in all quadrats

Density =
ensity Total number of quadrats studied

Importance Value Index (1V1): The IVI is a statistical quantity which provides us the overall importance of a
species in a vegetative community. The VI was calculated by the summation of relative frequency, relative
basal area and relative density (Curtis and MclIntosh, 1951; Mishra, 1968):
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IVI = Relative Density + Relative Frequency + Relative Abundance

Relative density (RD): RD is the proportional representation of a species in the sample area:

Density of the species

RD 100

~ Total density of all species
Relative frequency (RF): RF is the proportion of frequency of a species in the sample area:

RF = Frequency of occurance of the species

x 100
Total frequency of all species

Relative abundance (RA): RA is the proportion of abundance of a species in the sample area:

Abundance of the species in the sample
x 100

~ Total abundance of all species in the sample

2.3 Statistical analyses

Species diversity indices such as Shannon, Simpson, Fisher’s alpha, Dominance, Berger-Parker, Margalef and
Evenness were calculated using the Past 3.1 program (version 3.1; @yvind Hammer, Natural History Museum,
University of Oslo). SPSS Software package (ver. 20.0; SPSS, Chicago, IL) was used for statistical analyses.

3 Results

A total of 25 tree species were recorded from the three forest sites representing 24 genera and 14 families. The
mean tree density was 635 trees/ha and mean basal area was 23.5 m?/ha. The total tree density among all the
42 plots was 26,688 individuals. The tree species richness was 14 for site I, 23 for site Il and 15 for site Il1.
The most frequently occurring tree species among all the study sites is Tectona grandis.

3.1 Species composition

Of all the species found across three study sites, 12 species were found among juvenile trees and 25 were
found among adult trees. Tree species richness was 14 in site I, 22 in site Il and 15 in site |1l for adult trees.
For the juvenile trees, the species richness was 4 (site 1), 12 (site 1) and 9 (site 111). A total of four species, viz.
Butea monosperma, Diospyros melanoxylon, Lagerstroemia parviflora and Tectona grandis were found in
both juvenile and adult stages. In the site I, the following typical dry deciduous species are prevalent viz.,
Tectona grandis, Butea monosperma, Lagerstroemia parviflora, Diospyros melanoxylon and Anogeissus
latifolia. In the site Il, the most dominant species are Tectona grandis, Lagerstroemia parviflora, Anogeissus
latifolia, Terminalia tomentosa, and Chloroxylon swietenia. In site Ill, the most dominant tree species are
Boswellia serrata, Lagerstroemia parviflora, Tectona grandis, Anogeissus latifolia and Cassia fistula. Among
the juvenile trees, Lagerstroemia parviflora holds the highest proportion of density (stems/ha), viz. 40.61% in
site 1, 38.27% in site Il and 47.58% in site Ill. Among the adult trees, Tectona grandis has the highest
proportion of density (stems/ha) in both site | (73.61%) and site 11 (35.1). In site 111, Boswellia serrata has the
largest proportion of density (stems/ha) (53.44%, Table 2). Among the adult trees, Tectona grandis holds the
highest value of Importance Value Index (IV1) in both sites | (173.7) and 11 (83.7). In site I11, Boswellia serrata
has the highest VI value (118.0). Among the juvenile trees, Tectona grandis has the highest VI value for both
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sites | (124.6) and Il (106.4); in site 111, Lagerstroemia parviflora has the largest 1V1 value (84.2). The species
with lowest VI value among the juveniles in site I, site Il and site 11l were Butea monosperma (47.5),
Buchanania lanzan (1.18) and Flacourtia indica (3.9) respectively. The species with lowest VI value among
the adult trees in site I, site 1l and site 111 were Flacourtia indica (0.85), Bauhinia racemosa (0.64) and
Gardenia latifolia (0.73) respectively. The dominance-diversity curve showed a decreasing correlation among
tree species in the three study sites (Fig. 2). It indicates the high IVI of Tectona grandis and Boswellia serrata

(Table 3 & 4).

Table 2 Percent (%) contribution of density of tree adults (=10 cm DBH) and juveniles (<10 cm DBH) of the three study sites.

. Site | (DDTF) Site |1 (DDMF) Site 111 (BF)
SNo.  Species
<10 >10 <10 >10 <10 =10
1 Acacia catechu (L.f.) Willd. - - - 0.22 - -
2 Acacia leucophloea (Roxb.) Willd. - - 0.21 0.54 1.61 0.26
3 Aegle marmelos (L.) Correa - 0.23 - 0.97 - -
4 Albizia lebbeck (L.) Benth. - - - 0.43 - -
5 Anogeissus latifolia (Roxb. ex DC.) Wall. ex Guill. & Perr. - 1.16 - 9.40 - 421
6 Bauhinia racemosa Lam. - - - 0.11 - -
7 Boswellia serrata Roxb. exColebr. - - - - - 53.44
8 Buchanania lanzan Spreng. - 1.74 0.21 5.72 - 1.28
9 Butea monosperma (Lam.) Taub. 15.76 9.95 0.42 3.24 1.61 2.17
10 Cassia fistula L. - 0.35 0.42 1.30 2.42 2.68
11 Chloroxylon swietenia DC. - 0.12 0.21 7.78 - -
12 Dalbergia paniculata Roxb. - - - 0.43 - -
13 Diospyros melanoxylon Roxb. 19.39 1.97 24.74 6.16 19.35 1.02
14 Flacourtia indica (Burm. f.) Merr. - 0.12 0.21 0.76 1.61 1.28
15 Gardenia latifolia Aiton - - - 0.97 - 0.26
16 Lagerstroemia parviflora Roxb. 40.61 9.61 38.27 12.63 4758 10.71
17 Lannea coromandelica (Houtt.) Merr. - 0.81 - 3.89 - 2.17
18 Madhuca indica J.F.Gmel. - - - 1.19 - -
19 Mitragyna parvifolia (Roxb.) Korth. - - - 151 - 1.28
20 Ougeinia oojeinensis (Roxb.) Hochr. - 0.12 - - - -
21 Phyllanthus emblica L. - 0.12 1.06 0.11 4.03 0.26
22 Tectona grandis L.f. 24.24 73.61 33.83 35.10 2097  16.07
23 Terminalia tomentosa Wight & Arn. - 0.12 0.21 7.02 0.81 2.93
24 Wrightia tinctoria R.Br. - - 0.21 0.43 - -
25 Ziziphus jujuba Mill. - - - 0.11 - -
2.5 -
o 2 \ ——DDTF DDMF
(] "
; ~ 15 -
£2 1
=
S8 05
§ E O T T T T r T T T T T T T 1
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Fig. 2 Dominance-Density Curve of three study sites.
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Table 3 Mean tree adult density (D, No./ha), basal area (BA, m?/ha) and Importance value index (V1) of the three study sites.

. Site | (DDTF) Site 11 (DDMF) Site 111 (BF)
S. No. Species
D BA IVI D BA VI D BA VI

1 Acacia catechu (L.f.) Willd. - - - 238 0.03 1.35 - - -

2 Acacia leucophloea (Roxb.) Willd. - - - 595 0.16 1549 238 005 1.03
3 Aegle marmelos (L.) Correa 238 010 173 1071 020 554 - - -

4 Albizia lebbeck (L.) Benth. - - - 476 0.08 215 - - -

5 Anogeissus I_atifolia (Roxb. ex DC.) 1190 032 7.00 1035 161 301 3927 080 1871

Wall. ex Guill. &Perr.

6 Bauhinia racemosa Lam. - - - 119 001 0.64 - - -

7 Boswellia serrata Roxb. ex Colebr. - - - - - - 498.6 2331 118.0
8 Buchanania lanzan Spreng. 1785 064 6.92 63.07 153 219 1190 014 9.25
9 Butea monosperma (Lam.) Taub. 102.3 217 4206 357 073 137 2023 027 7.68
10 Cassia fistula L. 357 0.02 311 1428 016 476 2499 030 1099
11 Chloroxylon swietenia DC. 119 005 095 8568 1.19 1234 - - -
12 Dalbergia paniculata Roxb. - - - 476 027 265 - - -
13 Diospyros melanoxylon Roxb. 20.23 014 144 678 081 2408 1071 013 735
14 Flacourtia indica (Burm. f.) Merr. 119 001 08 833 011 240 1190 0.13 8.8
15 Gardenia latifolia Aiton - - - 1071 025 410 119 0.03 0.73
16 Lagerstroemia parviflora Roxb. 98.7 145 419 1392 2.07 3925 1011 152 3486
17 Lannea coromandelica (Houtt.) Merr. 833 029 416 428 141 1297 2023 0.39 10.04
18 Madhuca indica J.F.Gmel. - - - 13.09 0.19 4.78 - - -
19 Mitragyna parvifolia (Roxb.) Korth. - - - 1547 049 546 1309 010 6.57
20 Ougeinia oojeinensis (Roxb.) Hochr. 119 006 0.88 - - - - - -
21 Phyllanthus emblica L. 119 007 095 119 0.02 094 238 005 217
22 Tectona grandis L.f. 7556 155 173.7 386.7 6.86 837 1475 281 50.63
23 Terminalia tomentosa Wight & Arn. 119 0.04 123 773 206 228 2737 041 1280
24 Wrightia tinctoria R.Br. - - - 476 0.02 185 - - -
25 Ziziphus jujuba Mill. - - - 119 0.01 0.76 - - -

Table 4 Mean tree juvenile density (D, No./ha), basal area (BA, m?/ha) and Importance value index (IV1) of the three study
sites.

Site | (DDTF) Site 11 (DDMF) Site 111 (BF)

S.No.  Species

D BA VI D BA VI D BA IVI
1 Acacia leucophloea (Roxb.) Willd. - - - 119 0.004 7.143 256 0.009 19.2
2 Buchanania lanzan Spreng. - - - 119 0.001 1.188 - - -
3 Butea monosperma (Lam.) Taub. 33.32 0.07 475 238 0.006 816 256 0.009 19.2
4 Cassia fistula L. - - - 238 0.009 6378 384 0014 231
5 Chloroxylon swietenia DC. - - - 119 0.004 10.71 - - -
6 Diospyros melanoxylon Roxb. 41.01 0.09 7331 139.23 0.264 5847 4229 003 334
7 Flacourtia indica (Burm. f.) Merr. - - - 1.19 0.05 7.143 256 0.006 3.9
8 Lagerstroemia parviflora Roxb. 85.86 0.15 546 21539 0.34 6867 7433 017 842
9 Phyllanthus emblica L. - - - 5.95 0.16 1135 641 001 474
10 Tectona grandis L.f. 5126 0.13 1246 1904 0.363 1064 3332 0.07 631
11 Terminalia tomentosa Wight & Arn. - - - 119 0.004 37 128 001 64
12 Wrightia tinctoria R.Br. - - - 119 0.004 10.71 - - -
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3.2 Density and basal area

The total stem density (stems/ha) was recorded highest in the study site 11 (799 stems/ha), followed by site |

(588 stems/ha) and site I11 (519 stems/ha). Among the juvenile trees, the density ranged from 71 (site I1) to
270 (site 1) and among the adult trees, density ranged from 448 (site 111) to 529 (site 11). The total basal area
among the three study sites ranged from 29.5 m?/ha (site 111) to 20.4 m?/ha (site 11) with the mean basal area of
23.5 m?ha. Plot-wise, the basal area varied from 8.99 m%ha to 39.52 m?ha with an average of 23.5 m*ha.

Tectona grandis has the largest total basal area in the study (43.39 m?), followed by Boswellia serrata (39.18
m2). Bauhinia racemosa has the lowest total basal area with 0.01 m2. Among the juvenile trees, the basal area
ranged from 0.31 m%/ha (site I11) to 0.98 m%/ha (site I1). Among the adult trees, the basal area ranged from 19.5

m?/ha (site I1) to 29.24 m?/ha (site I11, Table 2, 3 & 4).

3.3 Diversity indices

Among all the diversity indices calculated, Shannon’s index ranged from 0.81 (site I) to 1.61 (site 1I) with the
mean of 1.27 and from 0.49 (site 1) to 0.65 (site 1) with the mean of 0.59 for adult trees and juveniles
respectively. The Shannon’s index values for the total trees (adults + juveniles) were 1.15, 2.09 and 1.76 for
the study sites I, 11 and 111 respectively. The values of dominance index ranged from 0.29 (site I1) to 0.59 (site I)
with the mean of 0.41 and from 0.63 (site I1) to 0.65 (site 111) with the mean of 0.6 for adult trees and juveniles
respectively. The dominance index for the total trees (adults + juveniles) were 0.47, 0.19 and 0.27 for the study
sites I, Il and 111 respectively. The Simpson’s index ranged from 0.41 (site I) to 0.71 (site 1) with the mean of
0.59 for adult trees and 0.29 (site I) to 0.4 (site 111) with the mean of 0.35 for juveniles. The Simpson’s index
values for the total trees (adults + juveniles) were 0.53, 0.81 and 0.73 for the study sites I, 1l and Il

respectively. The Fisher's alpha index ranged from 2.61 (site 1) to 1.25 (site 1) with the mean of 2.08 for adult
trees and 1.07 (sites | and I11) to 0.55 (site 1) with the mean of 0.9 for juveniles. The Fisher's alpha index
values for the total trees (adults + juveniles) were 2.29, 4.12 and 2.55 for the study sites I, 1l and Il

respectively. The Margalef’s richness index ranged from 0.91 in site | to 1.76 in site Il with the mean of 1.41

and 0.48 in site | to 0.73 in site Il with the mean of 0.58 for adult trees and juveniles respectively. The

Margalef index for the total trees (adults + juveniles) were 1.87, 3.18 and 2.06 for the study sites I, 11 and I11

respectively. The Berger-Parker Dominance index ranged from 0.44 (site Il) to 0.72 (site I) with the mean of
0.57 for adult trees and 0.59 (site 111) to 0.7 (site 1) with the mean of 0.66 for juvenile trees. The Berger-Parker

Dominance index for the total trees (adults + juveniles) were 0.66, 0.35 and 0.46 for the study sites I, 11 and 11

respectively (Table 2, 3 & 4).

3.4 Family composition

Among the 14 families recorded across three study sites, Fabaceae was the most speciose family with 7 genera
and 8 species. Anacardiaceae, Combretaceae, Rubiaceae and Rutaceae were bispecific. The other 9 families

were monospecific. Fabaceae, Ebenaceae, Lythraceae and Verbenaceae were represented in both stages viz.

juvenile and adults in all the three study sites. Ten families were recorded among the juvenile tree species.

Among these, Fabaceae is the most speciose family with 3 genera and 3 species, and the other 9 families were

monospecific (Table 5).

3.5 Size class distribution

Across the three study sites, small-sized trees (10-20 cm DBH) occupied a greater proportion (from 24.12% in

site 111 to 42.18% in site 1) than other diameter classes in terms of density. Very large-sized trees (50-100 cm

DBH), when compared to other diameter-class individuals comprise a very less proportion (0.07% in site Il to

1.32% in site 1l1). The species richness is found to be highest in 30-40 cm (10), 10-20 cm (20) and 20-30 cm

(14) diameter classes at sites I, 11 and 111 respectively.
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Table 5 Family-wise contribution of species (S), genera (G) and density (D; No./ha) of the three study sites.

S. No. Family No. of Species No. of Genera No. of individuals VI
1 Anacardiaceae 2 2 1112 56.31
2 Apocynaceae 1 1 40 2.03
3 Burseraceae 1 1 3352 107.83
4 Combretaceae 2 2 1768 82.61
5 Ebenaceae 1 1 2040 71.03
6 Fabaceae 8 7 1808 91.16
7 Lythraceae 1 1 4728 140.94
8 Phyllanthaceae 1 1 112 9.07
9 Rhamnaceae 1 1 8 0.75
10 Rubiaceae 2 2 280 17.07
11 Rutaceae 2 2 680 19.42
12 Salicaceae 1 1 168 11.32
13 Sapotaceae 1 1 88 4.70
14 Verbenaceae 1 1 10504 285.76

s Density s Density
4000 - 12 4000 - 25
3500 Site | 10 3500 Site 11
i - 20
v 3000 »n € 3000 A
£ 88 § e
Y i

S 2000 - 62 O 2000 =

S ” o 3

& 1500 L 8 1500 - 10 -5

£ 8 E g

> 1000 o > 1000

p L Z 5 @

500 500
0 -0 0 L0
I S N O N Y S X g

= Density —e— Richness

2500 - 16
Site 111 1
2000 1
«® n
£ 1500 - 108
+— [
D - 8 &
'S 1000 62
|-
3 43
£ 500 S
S -2 (%
= -

0-10 10.1-2020.1-3030.1-4040.1-50 >50
Diameter class (cm)

Fig. 3 Diameter class distribution of stems and species richness in the three study sites.
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4 Discussion

Tropical dry forests occupy around 42% of the world’s total forested area in the tropics (Galicia et al., 2008)
and the species richness of the tropical dry forest is usually lower than that of the tropical moist forest
(Mooney et al., 1995; Parthasarathy and Karthikeyan, 1997). However, the occurrence of various rare and
endemic species (Ceballos, 1995; Lott and Atkinson, 2002) in a tropical dry forest ecosystem makes it unique.
The woody species diversity is the main component because they form the key structural components of a
forest ecosystem. According to Holdridge (1967), the species richness may become doubled when dry forests
are compared with moist forests. The species richness recorded in the present study in Sagar district, central
Madhya Pradesh, India was 14-23 species/2.75 ha (including both juvenile and adult trees) which is similar to
several studies in India (20 species/ha, Parthasarathy and Karthikeyan, 1997; 18 species/ha, Parthasarathy and
Sethi, 1997; 10 species/4 ha, 4-23 species/ha, Sagar and Singh, 2006; 19-38 species/ha, Yadav and Gupta,
2006; 16 species/ha, Davidar et al., 2007; 15 species/24 ha, Sundarapandian and Subbiah, 2015; 7 species/ha,
Srinivas and Sundarapandian, 2017), and other countries (20 species/ha, Campbell et al., 1992; 27 species/3 ha,
Addo-Fordjour et al., 2009; 17 species/ha, Leicht-Young et al., 2010; 29 species/8 ha, Bello et al., 2013; 25
species/ha, Martinez-Adriano et al., 2016). The value obtained in the present study is lower than that of other
researchers’ reports across the country (57 species /ha, Parthasarathy and Karthikeyan, 1997; 33 species/2 ha,
Parthasarathy and Sethi, 1997; 63 species/50 ha, Condit et al., 2000; 49 species/15 ha, Sharma and
Raghubanshi, 2006; 58 species/15 ha, Sahu et al., 2008; 50 species/ha, Kumar et al., 2011). The comparison of
species richness of woody vegetation is very difficult because of the variations in size class, plot size and
methodology adopted. Since the local people’s settlements occur scattered inside the sampled forest sites, it
was evident that the reserve forests of Sagar district are under serious anthropogenic pressures.

Tree diversity, as an ecosystem indicator, provides important information on structural integrity and
stability of forest ecosystems. The GlobalTreeSearch database provides an overview of total recorded tree
species in the entire terrestrial surface of the earth (Beech et al., 2017). According to Slik et al. (2015), the
tropical tree species can vary anywhere between 40,000 to 53,000, thereby, total tree species in the tropical
forest represent 66.6-88.2% of the total tree diversity. The tree species in the Indo-Malayan biome represented
21.7% (13,029 tree species) of world tree species documented (Beech et al., 2017) and 9.4% (5,672 tree
species) of tree species in the Indo-Pacific region (Slik et al., 2015) which includes Indian tree species as well.
Tree quantitative inventories across tropics comprise of a wide spectrum of species richness. The higher value
of species richness obtained in study site Il compared to study sites I and Il may be attributed to sub-plot
heterogeneity in terms of soil moisture and relatively lower disturbance (Gotore et al., 2021). The habitat type
and its disturbances along with biogeography bring considerable variation in species composition (Mani and
Parthasarathy, 2009; Joshi et al., 2022). Dominance-diversity curves are often used to depict the dominance of
a particular species and indicate how their relative abundances compare across different communities
(Whittaker, 1965; Grant and Loneragan, 2003). In this study, the dominance-diversity curve showed a
decreasing correlation among tree species in the three study sites, indicating the high IVI of Tectona grandis
and Boswellia serrata (Fig. 2).

Generally, species diversity shows a positive relationship with microclimate, soil moisture, nutrient
availability and disturbance (Bhuyan et al., 2003; Hartshorn, 1983; Rao et al., 1990). The variation in tree
species richness among the study sites as well as among the sub-plots in each site, and also among other dry
forest ecosystems can be attributed to variations in altitude, geography, forest micro-climatic conditions, soil
type, rainfall pattern (Gentry, 1992), successional stage (Coelho, 2012), levels and types of human-originated
disturbances like grazing, fires, etc. (Chaturvedi et al., 2017; Chaturvedi and Raghubanshi, 2014; Gandhi and
Sundarapandian, 2014; Singh and Chaturvedi, 2018). The increase in species diversity in a forest community
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increases the stability of that particular community (Gentry, 1992). This also shows the ability of the species in
the community to adapt and evolve against the various stresses faced by the ecosystem (Knight, 1975).

The mean stand density of adult trees enumerated in the three study sites (494 stems/ha, 529 stems/ha and
448 stems/ha in study sites I, 11 and I11 respectively) were within the range reported from various other Indian
tropical forests (280-1130 stems/ha, Visalakshi, 1995; 482 stems/ha, Davidar et al., 2007; 220-620 stems/ha,
Pitchairamu et al., 2008). The adult tree density reported in the study sites was also in coherence with the range
(245-859 stems/ha) reported by Ashton (1964) and Campbell (1992). Study site Il has the highest tree density,
yet mainly comprised of low diameter-class individuals which resulted in it having the lowest basal area. On
the other hand, site 111 has the lowest tree density comprised of a high number of large diameter-class trees that
led to it having the highest basal area among the three study sites. However, variation in adult tree density
among the plots in all the three study sites waa also observed. These variations may be attributed to the
differences in the altitude, soil composition, species composition and level of anthropogenic disturbance
among the plots as observed by Goodale et al. (2002), Fang et al. (2006), and Chaturvedi and Raghubanshi
(2013). Even though the study sites are under state-managed reserve forest area, illegal cutting, collection of
firewood and other NTFPs and grazing are quite common. However, the intensity of human activity was
relatively high in the study site Il as it is located adjacent to a nearby village, and study site I, which is
situated alongside the road, although away from human settlements. Also, recurrence of annual/seasonal man-
made ground fires is a common phenomenon in all the three study sites. The natural disturbances like wildfires,
herbivore outbreaks, etc. along with multiple other anthropogenic pressures in the studied forest ecosystem can
bring drastic changes in the forest composition in terms of both density and species richness as suggested by
several researchers (Gandhi and Sundarapandian, 2014; Hughes, 2017; Sagar et al., 2003; Sundarapandian and
Swamy, 2000).

The average tree basal area (mean 23.5 m%ha; range 20.4-29.5 m%/ha) of the three studied sites are well
within the range reported by researchers across the country from other tropical forests (3.84-104 m?/ha, Singh
and Singh, 1991; 11.1-36.9 m?%/ha, Visalakshi, 1995; 26-53.9 m’/ha, Pitchairamu et al., 2008). The study site
111 has the largest basal area among the three sites. In study site 11, basal area was less even though the density
was the highest which could be attributed to a greater number of low diameter-class tree individuals. On the
other hand, the highest basal area in the study site Il can be due to the presence of many tree individuals of
large diameter-class. The variation in basal area of adult trees in the three study sites might be regulated by
several factors such as species composition, growth patterns of trees, intensity of disturbances, altitude,
edaphic factors and microclimatic conditions as reported by Hughes (2017), Naveenkumar et al. (2017),
Poorter et al. (2015) and Sundarapandian and Swamy (2000).

The present study points to an immediate need for biodiversity conservation in the dry tropical forests of
central India. There is an urgent need to restrict grazing and ground fires in these forests. There is also a need
for better security and regulatory steps. It has been reported that dry forests have the ability to recover more
easily to a mature state than wet forests do and are thus more resilient (Ewel, 1977; Murphy and Lugo, 1986).
Seeding and planting of field-collected or nursery-raised seedlings of desired native species via aggressive
forestry can enrich the existing vegetation at various sites enhancing the dry forest ecosystem’s resilience to
various anthropogenic pressures.

5 Conclusion

The current study would be helpful in understanding the diversity patterns, stand structural attributes and
species composition in tropical dry deciduous forests of Madhya Pradesh Central India for better forest
management and conservation approaches.
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