Floristic Composition, Diversity Pattern And Phytosociological Structure Of Chichinagaontha Forest Range of Tropical Moist Deciduous Forest Of Gujarat
Abstract
Quantitative baseline data on species diversity, community structure, and phytosociological parameters (density, basal area, IVI) are essential for scientific forest management. It helps in identifing dominant and threatened species, assessment of regeneration status which further guide in conservation and management. This study also aid in apprehension of ecosystem dynamics. The changes in species composition, abundance and forest stand structure were studied in Chichinagaontha forest range consist of tropical moist deciduous vegetation of Dang’s district, Gujarat, India. 14 quadrats of 0.1 ha were plotted on the field and further used for analysis of floristic composition, diversity pattern and phytosociological structure. A total of 97 species with most of the members from Fabaceae family (18) were dominated in forest range which is followed by Rubiaceae (6), Apocynaceae (6), Combretaceae (6) and Moraceae (4). On the species level, study showed that this forest range is typically of Tectona grandis (IVI= 16.19) and Terminalia tomentosa (IVI= 13.21) type. Species richness and diversity pattern varied with climate, soil, topography and anthropogenic pressure. Simpson index value found 0.97 which shows that no single species is dominant in forest that further reflects heterogeneity. High degree of species diversity depicted by Shannon-Weiner index (3.85) and Pielou’s eveness index value of 0.90 showed consistent distribution of species of individuals. Thus, information on species structure and function can provide baseline information for monitoring and sustaining the biodiversity to achieve sustainable development goals.
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Introduction
Moist Tropical forests are one of the most biologically diverse and ecologically important ecosystems on the Earth which, helps in major sequestration of carbon because of their high biomass and productivity. This forest supply essential ecosystem services, including biodiversity conservation, regulation of climate, stabilization of soil, and habitat support for a extensive range of flora and fauna (Armenteras et al., 2009; Pan et al., 2011). Tropical forest occupy only about 7% of the land surface of the globe but it sustain more than half of the species of the world (Dirzo and Raven, 2003; Galley, 2014). However, these ecosystems are undergoing rapid deterioration due to land-use change, deforestation and anthropogenic pressure, halting biodiversity and disturbance of ecosystem functioning (Sagar et al., 2003; Dierick and Holscher, 2009; FAO, 2020).
Biodiversity gauging plays a key role in understanding ecosystem structure, function, and resilience that provides a scientific platform for conservation planning. Quantitative indices, for instance Shannon-Wiener and Simpson indices are widely used to analyse species diversity that include both species richness and evenness (Magurran, 2004). Recent studies have call attention to the importance of diversity indices in assessing forest ecosystem health and usher conservation strategies under environmental alterations (Isbell et al., 2015; Liang et al., 2016).
Phytosociology, which deals with the study of plant community composition, structure, and distribution is a significant tool in vegetation related studies. Quantitative phytosociological parameters such as density, frequency, dominance, and Importance Value Index (IVI) are widely used to epitomize forest structure and identify dominant species (Curtis and McIntosh, 1951; Mueller-Dombois and Ellenberg, 1974). Recent ecological investigation have emphasized that combining phytosociological analysis with diversity indices provides a eclectic understanding of floristic composition and vegetation dynamics in tropical forests (Chazdon et al., 2020; Poorter et al., 2016).
Tree species diversity and forest structure vary trans-regional due to differences in climate, edaphic, topographic, and disturbance reign (Majumdar et al., 2012). Species richness is a fundamental component of biodiversity and forms the basis for understanding of ecological processes and community organization (Sathish et al., 2013). Biodiversity catalogue and quantitative analyses are essential for documenting species composition and distribution patterns, thereby substantiate sustainable forest management (Rennolls and Laumonier, 2000; Phillips et al., 2019).
In India, tropical moist deciduous forests account for a major vegetation type after tropical dry deciduous forests and support a high diversity of plant species, including economically and medicinally important taxa (FSI, 2023). However, increasing anthropogenic modifications such as over exploitation of forest resources, grazing, and habitat disintegration have led to the worsening of these forests that further implying significant ecological and economic challenges (Singh et al., 2021; FSI, 2023).
Although several studies have rectified concerns for forest biodiversity at broader scales but still forest range specific phytosociological and diversity assessments remain limited in many regions. Such localized studies are essential for understanding species composition, dominance structure, and diversity patterns, which are critical for developing effective conservation strategies for sustainability. Therefore, the present study aimed to analyse the floristic composition, phytosociological characteristics, and species diversity of the study area using quantitative ecological tools. The study further evaluates vegetation structure and dominance patterns to provide baseline information for biodiversity conservation and sustainable forest management.
Materials and Methodology
Field Survey and Vegetation Sampling: 
The study was carried out in the Chichinagaontha range of Dang’s forest of Gujarat (Fig:1) This forest range is home to a various of tree species, mainly dominated by Teak and other moist deciduous vegetation. This study site is located in the Dang district of Gujarat, India, which is part of the South Gujarat. The district lies between 20.65°N to 20.80°N and 73.46°E to 73.58°E with an altitude varying between 200 m and 900 m mean sea level. The survey was conducted between December 2024 and April 2025. The study area have a tropical monsoon climate with four seasons: hot, humid summers (38-40 °C), heavy monsoons (2,500-3,500 mm rainfall), moderate post-monsoon months, and mild winters (10-25 °C). Deep red loamy soils found in the hills and sandy alluvial soils near the coastal plains (GOG, 2025)
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Fig 1: Map of the study area of Chichinagaontha forest range
Sampling Design
Random sampling was used to conduct a field survey. For the 5419.30 ha study area, a total sampling intensity of 0.02% was maintained. 0.1 ha (1000 m2) quadrat was laid out to analyse the vegetation of forest range. The quadrats were positioned at random throughout the study area to eliminate the biasedness during sampling.
Data Collection
Within each quadrat, detailed vegetation data were recorded to assess species composition and structure. Tree species were identified along with shrubs, climber and herbs, and the number of individuals of each tree species was counted to determine their abundance. The girth at breast height (GBH) of each tree was measured at 1.3 m above ground level while only those trees meeting the minimum girth criterion, typically ≥10 cm GBH, were considered to ensure consistency and relevance in the data. Herbs were sampled by using 1 × 1 m quadrats (1 m²) while shrubs were sampled using 5 × 5 m quadrat (25 m²).
Phytosociological Analysis
Standard ecological methods described by Curtis and McIntosh (1950) were followed to study phytosociological characteristics 
Density: Average number of individuals of a species per unit area 

Frequency (%): Proportion of quadrats in which a species occurs

 Dominance: Dominance was estimated using basal area, calculated from GBH measurements.
 Calculation of Basal Area: Basal area of individual trees was calculated using:

The total basal area for each species was obtained by summing individual basal areas.
 Important Value Index (IVI): Data were analyzed to calculate basal area, relative density, relative frequency, and relative dominance based on the individuals recorded in the quadrat. Using the method of Curtis and McIntosh (1950), the Importance Value Index (IVI) for each species of tree was determined. Higher IVI values indicate more resource consumption and dominance by particular species.


Where, RD = Relative Density, RF = Relative Frequency, RDo = Relative Dominance 
These were calculated as: 
Relative Density (RD)

Relative Frequency (RF)

Relative Dominance (RDo)

Where:
= Density of species i 
= Total density of all species 
= Frequency of species i 
= Total frequency of all species 
= Basal area of species i 
= Total basal area of all species 
Species diversity
Shannon index (H') 
Species diversity (H′) was calculated with the help of Shannon–Wiener Index as proposed by Shannon and Wiener (1963):

where , is the importance value of each species, and is the total number of individuals of all species in the community.
Simpson's index of diversity (1-D)
Species dominance (Cd) was calculated using Simpson’s Index (Edward H. Simpson, 1949):
where represents the proportion of individuals of each species.
Pielou’s Evenness Index
Evenness (E), which reflects the degree of uniformity in species distribution, was calculated using Pielou’s Evenness Index (Evelyn C. Pielou, 1966):

where is the Shannon diversity index and is the total number of species.

RESULT
Species Found In Tropical Moist Deciduous Forest
97 plant species from a variety of families and genera were identified across all quadrats, depicting that the study area is rich in diversity (Table:1). A structurally complex forest ecosystem was depicted by the different life forms found in the vegetation, which include trees (66), shrubs (20), herbs (3), climbers (6), and grasses (2). 
Because of its ecological adaptability and capacity to fix nitrogen, the Fabaceae family  emerged as the most dominant family in the Chinchinagaontha forest range, contributing the greatest number of species which is represented by 18 species. Pascal and Pelissier (1996) also reported the same result in their study. Other remarkable families that contributed a good number of species and significantly influenced the structure and function of the forest range were the Rubiaceae (6), Apocynaceae(6), Combretaceae (6) and Moraceae (4). Broad taxonomic variations were exemplify by the moderate presence of families like Malvaceae, Phyllanthaceae, and Rhamnaceae, whereas only one or two species represented by a number of other groups. Overall, low dominance found at the family level.
Table 1: List of different species of tree, shrubs, herbs and climbers found in Tropical moist deciduous forest of the Dang’s, Gujarat

	Species Name
	Common Name
	Family
	Lifeforms

	Abrus precatorius L. 
	Chanothi
	Fabaceae
	Tree

	Acacia catechu (L.f.) Willd. 
	Khair
	Fabaceae
	Tree

	Adina cordifolia (Roxb.) Hook.f. ex Brandis 
	Haldu
	Rubiaceae
	Tree

	Aegle marmelos (L.) Corrêa 
	Bael
	Rutaceae
	Tree

	Ailanthus excelsa Roxb. 
	Arduso
	Simaroubaceae
	Tree

	Alangium salviifolium (L.f.) Wangerin 
	Ankol
	Cornaceae
	Tree

	Albizia lebbeck (L.) Benth. 
	Kalo Hero / Siris
	Fabaceae
	Tree

	Alstonia scholaris (L.) R.Br. 
	Saptaparni
	Apocynaceae
	Tree

	Aphanamixis polystachya (Wall.) R.N.Parker 
	Pithraj tree
	Meliaceae
	Tree

	Anacardium occidentale L. 
	Kaju
	Anacardiaceae
	Tree

	Annona squamosa L. 
	Sitafal
	Annonaceae
	Tree

	Anogeissus latifolia (Roxb. Ex DC.) Wall. Ex Guill. & Perr. 
	Dhamdo
	Combretaceae
	Tree

	Azadirachta indica A.Juss. 
	Neem
	Meliaceae
	Tree

	Bambusa spp. 
	Bamboo
	Poaceae
	Tree-like grass

	Bauhinia purpurea L. 
	Kojalo
	Fabaceae
	Tree

	Bauhinia racemosa Lam. 
	Ashitro
	Fabaceae
	Tree

	Bombax ceiba L. 
	Samar
	Malvaceae
	Tree

	Boswellia serrata Roxb. ex Colebr. 
	Salai
	Burseraceae
	Tree

	Bridelia retusa (L.) A.Juss. 
	Hakano
	Phyllanthaceae
	Tree

	Butea monosperma (Lam.) Taub. 
	Palas
	Fabaceae
	Tree

	Careya arborea Roxb. 
	Kumbhi
	Lecythidaceae
	Tree

	Cassia fistula L. 
	Garmado
	Fabaceae
	Tree

	Ceiba pentandra (L.) Gaertn. 
	Kapok
	Malvaceae
	Tree

	Chloroxylon swietenia DC. 
	Satinwood
	Rutaceae
	Tree

	Cordia dichotoma G.Forst. 
	Gundo
	Boraginaceae
	Tree

	Dalbergia latifolia Roxb. 
	Indian rosewood
	Fabaceae
	Tree

	Dalbergia sissoo Roxb. ex DC. 
	Sheesham
	Fabaceae
	Tree

	Diospyros melanoxylon Roxb. 
	Timaru
	Ebenaceae
	Tree

	Dolichandrone falcata (Wall. ex DC.) Seem. 
	Medsingu
	Bignoniaceae
	Tree

	Eucalyptus hybrid 
	Nilgiri
	Myrtaceae
	Tree

	Ficus benghalensis L. 
	Vad / Banyan
	Moraceae
	Tree

	Ficus hispida L.f. 
	Karveto
	Moraceae
	Tree

	Ficus racemosa L. 
	Gular
	Moraceae
	Tree

	Ficus religiosa L. 
	Peepal
	Moraceae
	Tree

	Garuga pinnata Roxb. 
	Kakdo
	Burseraceae
	Tree

	Gmelina arborea Roxb. 
	Gamhar
	Lamiaceae
	Tree

	Grewia tiliifolia Vahl 
	Dhaman
	Malvaceae
	Tree

	Holoptelea integrifolia (Roxb.) Planch. 
	Kanajo
	Ulmaceae
	Tree

	Kydia calycina Roxb. 
	Pula
	Malvaceae
	Tree

	Lagerstroemia parviflora Roxb. 
	Sidha
	Lythraceae
	Tree

	Lannea coromandelica (Houtt.) Merr. 
	Madhlo
	Anacardiaceae
	Tree

	Litsea glutinosa (Lour.) C.B.Rob. 
	Rainforest tree
	Lauraceae
	Tree

	Madhuca longifolia (J.Koenig ex L.) J.F.Macbr. 
	Mahudo
	Sapotaceae
	Tree

	Manilkara hexandra (Roxb.) Dubard 
	Rayan
	Sapotaceae
	Tree

	Miliusa tomentosa (Roxb.) J.Sinclair 
	Umbha
	Annonaceae
	Tree

	Mitragyna parvifolia (Roxb.) Korth. 
	Kalam
	Rubiaceae
	Tree

	Morinda pubescens J.E.Sm. 
	Anudo
	Rubiaceae
	Tree

	Morinda citrifolia L. 
	Noni
	Rubiaceae
	Tree

	Neolamarckia cadamba (Roxb.) Bosser 
	Kadamb
	Rubiaceae
	Tree

	Ougeinia oojeinensis (Roxb.) Hochr. 
	Sandan
	Fabaceae
	Tree

	 Phyllanthus emblica L. 
	Amla
	Phyllanthaceae
	Tree

	Pongamia pinnata (L.) Pierre 
	Karanj
	Fabaceae
	Tree

	Pterocarpus marsupium Roxb. 
	Bijasal
	Fabaceae
	Tree

	 Pterospermum acerifolium (L.) Willd. 
	Kanak Champa
	Malvaceae
	Tree

	Schleichera oleosa (Lour.) Oken 
	Kusum
	Sapindaceae
	Tree

	Sterculia urens Roxb. 
	Karaya
	Malvaceae
	Tree

	Syzygium cumini (L.) Skeels 
	Jamun
	Myrtaceae
	Tree

	 Syzygium heyneanum (Duthie) Wall. ex Gamble 
	Kath jamun
	Myrtaceae
	Tree

	Tamarindus indica L. 
	Imli
	Fabaceae
	Tree

	Tectona grandis L.f. 
	Teak
	Lamiaceae
	Tree

	Terminalia arjuna (Roxb. ex DC.) Wight & Arn. 
	Arjun
	Combretaceae
	Tree

	Terminalia bellirica (Gaertn.) Roxb. 
	Baheda
	Combretaceae
	Tree

	Terminalia chebula Retz. 
	Harad
	Combretaceae
	Tree

	Terminalia elliptica Willd. 
	Indian silver oak 
	Combretaceae
	Tree

	Terminalia tomentosa (Roxb. ex DC.) Wight & Arn. 
	Asan
	Combretaceae
	Tree

	 Wrightia tinctoria (Roxb.) R.Br.
	Dudhilu
	Apocynaceae
	Tree

	Shrubs/Herbs/Climber/Grass

	 Caesalpinia bonduc (L.) Roxb. 
	Kachku
	Fabaceae
	Shrub

	Calotropis gigantea (L.) Dryand. 
	Ankdo
	Apocynaceae
	Shrub

	Canavalia ensiformis (L.) DC. 
	Jack bean
	Fabaceae
	Climber

	Carissa carandas L. 
	Karamda
	Apocynaceae
	Shrub

	Celastrus paniculatus Willd. 
	Black oil plant
	Celastraceae
	Climber

	Curcuma aromatica Salisb. 
	Haldi
	Zingiberaceae
	Herb

	Cynodon dactylon (L.) Pers. 
	Dhoob ghaas
	Poaceae
	Grass

	Eranthemum pulchellum Andrews 
	Karavu
	Acanthaceae
	Shrub

	Heliotropium supinum L. 
	Dwarf Heliotrope
	Boraginaceae
	Herb

	 Holarrhena antidysenterica (L.) Wall. ex A.DC. 
	Kudi
	Apocynaceae
	Shrub

	 Holarrhena pubescens (Buch.-Ham.) Wall. ex G.Don 
	Ivory tree
	Apocynaceae
	Shrub

	Ipomoea fistulosa Mart. ex Choisy 
	Nashedi
	Convolvulaceae
	Shrub

	Ixora parviflora Vahl 
	Kota gandhal
	Rubiaceae
	Shrub

	 Lantana camara L. 
	Gongadu
	Verbenaceae
	Shrub

	 Mollugo verticillata L. 
	Indian chickweed
	Molluginaceae
	Climber

	Mucuna pruriens (L.) DC. 
	Kuvach
	Fabaceae
	Climber

	 Parthenium hysterophorus L. 
	Congress grass
	Asteraceae
	Grass

	Phyllanthus reticulatus Poir. 
	Kamboi
	Phyllanthaceae
	Shrub

	Ricinus communis L. 
	Jungali Arenda
	Euphorbiaceae
	Shrub

	Securinega leucopyrus (Willd.) Müll.Arg. 
	Thumro
	Phyllanthaceae
	Shrub

	Senna tora (L.) Roxb. 
	Pembadiyu
	Fabaceae
	Shrub

	Sida cordata (Burm.f.) Borss.Waalk. 
	Country mallow
	Malvaceae
	Herb

	Tinospora cordifolia (Willd.) Hook.f. & Thomson 
	Gilloy
	Menispermaceae
	Climber

	Vachellia nilotica (L.) P.J.H.Hurter & Mabb. 
	Babool
	Fabaceae
	Shrub

	Ventilago denticulata Willd. 
	Keonti
	Rhamnaceae
	Climber

	Vitex negundo L. 
	Nirgundi
	Lamiaceae
	Shrub

	 Ziziphus jujuba Mill. 
	Motabor
	Rhamnaceae
	Tree/Shrub

	  Ziziphus mauritiana Lam. 
	Bor
	Rhamnaceae
	Shrub/Tree

	 Ziziphus nummularia (Burm.f.) Wight & Arn. 
	Chanibor
	Rhamnaceae
	Shrub

	 Ziziphus oenoplia (L.) Mill. 
	Chamatoda
	Rhamnaceae
	Shrub

	 Ziziphus xylopyrus (Retz.) Willd.
	Ghatbor
	Rhamnaceae
	Shrub









With 5 species (T. arjuna, T. bellirica, T. chebula, T. elliptica, and T. tomentosa), Terminalia emerged as the most prevalent genus suggesting its excellent ecological adaptation and extensive distribution in the studied area. With 4 species (F. benghalensis, F. religiosa, F. racemosa and F. hispida), the genus Ficus was also well represented, emphasizng its crucial ecological role in maintaining faunal diversity and ecosystem performance. In a similar lines, the 5 species of genus Ziziphus and most of which were found in the form of shrubs and small trees demonstrating its dominance in lower canopy layer. There were 2 species in each of the genera Bauhinia, Dalbergia, Syzygium, Morinda, Holarrhena, and Phyllanthus indicating a moderate level of generic diversity.
The upper canopy layer of the vegetation was dominated by Tectona grandis, Terminalia spp., Madhuca longifolia, Adina cordifolia, Azadirachta indica, and Bamboo. Carissa carandas, Vitex negundo, Lantana camara, and Holarrhena pubescens were among the species that found in the shrub layer, while Curcuma aromatica, Mollugo verticillata and Sida cordata were found in the herbaceous layer. Grasses like Cynodon dactylon dominated the ground layer, while Tinospora cordifolia, Mucuna pruriens, and Celastrus paniculatus were the climbers that contributed to vertical stratification.
Ecologically, the forest range can be categorised as a tropical moist deciduous forest of the Tectona–Terminalia type due to the dominance of Tectona grandis and several species of Terminalia. A variegated and structurally complex ecology is suggested by the existence of ecologically significant genera such as Ficus, Madhuca, Dalbergia, and Syzygium. Additionally, the predominance of a few genera suggests their competitive advantage and adaptation to the changing environmental conditions, while the presence of many genera reflects high taxonomic richness and ecological stability.
Basal area, Relative density, Relative frequency, Relative Dominance and IVI
Relative Density (RD) in this study varies from 0.35 for Aegle marmelos, Ceiba pentandra and Sterculia urens to a maximum of 2.81 for Desmodium spp., Lagerstroemia parviflora and Phyllanthus emblica. Aegle marmelos, Albizia lebbeck, and Dalbergia latifolia have the lowest value of 0.48, while species such as Desmodium spp., Neolamarckia cadamba, and Syzygium heyneanum exhibit a maximum value of 2.40. Relative Dominance (RDo) varies more considerably, Wrightia tinctoria has the lowest value of 0.25 suggesting its minimum dominance in the forest range while Acacia catechu has the greatest value of 7.21 showed strong structural dominance. 



Table 2: Basal area, Relative density, Relative frequency, Relative Dominance and IVI
	Species Name
	BA
	RD
	RF
	RDo
	IVI

	Acacia catechu
	1.55
	0.84
	2.16
	1.72
	4.72

	Adina cordifolia
	2.05
	2.74
	2.4
	2.27
	7.41

	Aegle marmelos
	2.19
	0.77
	0.72
	2.43
	3.92

	Albizia lebbeck
	1.17
	1.4
	1.92
	1.3
	4.62

	Alstonia scholaris
	2
	1.9
	1.2
	2.22
	5.32

	Anogeissus latifolia
	2.29
	1.97
	2.16
	2.54
	6.67

	Aphanamixis polystachya
	2.09
	1.69
	0.48
	2.32
	4.49

	Azadirachta indica
	0.93
	1.9
	2.16
	1.03
	5.09

	Bambusa spp
	2.22
	2.81
	2.16
	2.46
	7.43

	Bauhinia purpurea
	2.23
	2.32
	1.2
	2.47
	5.99

	Bauhinia racemosa
	2.01
	0.77
	0.72
	2.23
	3.72

	Bombax ceiba
	0.41
	1.47
	2.16
	0.45
	4.08

	Bridelia retusa
	0.53
	2.11
	1.92
	0.59
	4.62

	Careya arborea
	0.78
	1.33
	1.44
	0.86
	3.63

	Cassia fistula
	2.33
	2.67
	0.48
	2.58
	5.73

	Ceiba pentandra 
	0.48
	1.76
	1.2
	0.53
	3.49

	Chloroxylon swietenia
	1.44
	1.76
	1.92
	1.6
	5.28

	Dalbergia latifolia
	2.36
	2.11
	0.72
	2.62
	5.45

	Dalbergia sissoo
	2.02
	2.39
	1.68
	2.24
	6.31

	Desmodium spp.
	2.21
	0.84
	1.2
	2.45
	4.49

	Diospyros melanoxylon
	1.31
	0.49
	1.44
	1.45
	3.38

	Ficus amplissima
	1.43
	0.77
	0.72
	1.58
	3.07

	Ficus benghalensis
	1.56
	0.49
	1.2
	1.73
	3.42

	Ficus hispida
	2.29
	0.91
	1.2
	2.54
	4.65

	Ficus racemosa
	1.95
	1.33
	1.44
	2.16
	4.93

	Ficus virens
	2.13
	0.35
	1.92
	2.36
	4.63

	Garuga pinnata
	1.46
	0.49
	1.92
	1.62
	4.03

	Gmelina arborea
	0.32
	0.63
	1.44
	0.35
	2.42

	Grewia tiliifolia
	0.77
	0.35
	2.16
	0.85
	3.36

	Holarrhena pubescens
	2.11
	0.91
	1.92
	2.34
	5.17

	Holoptelea integrifolia
	1.68
	2.32
	1.92
	1.86
	6.1

	Ixora parviflora
	1.98
	2.32
	0.72
	2.2
	5.24

	Kydia calycina
	2.07
	0.91
	0.96
	2.3
	4.17

	Lagerstroemia parviflora
	2.39
	0.7
	0.96
	2.65
	4.31

	Lannea coromandelica
	2.02
	0.49
	1.92
	2.24
	4.65

	Litsea glutinosa
	0.46
	2.67
	0.72
	0.51
	3.9

	Madhuca longifolia
	2.29
	2.6
	1.92
	2.54
	7.06

	Mallotus philippensis
	1.84
	1.12
	1.2
	2.04
	4.36

	Manilkara hexandra
	0.76
	1.62
	0.96
	0.84
	3.42

	Mitragyna parvifolia
	2.46
	1.19
	0.48
	2.73
	4.4

	Morinda citrifolia
	1.3
	1.47
	2.4
	1.44
	5.31

	Neolamarckia cadamba
	0.54
	2.18
	0.72
	0.6
	3.5

	Ougeinia oojeinensis
	0.36
	0.77
	1.44
	0.4
	2.61

	Phyllanthus emblica
	0.98
	1.26
	0.48
	1.09
	2.83

	Phyllanthus reticulatus
	1.97
	0.98
	1.44
	2.18
	4.6

	Pongamia pinnata
	1.04
	2.81
	2.16
	1.15
	6.12

	Pterocarpus marsupium
	1.51
	1.05
	1.92
	1.67
	4.64

	Pterospermum acerifolium
	2.5
	0.35
	0.48
	2.77
	3.6

	Schleichera oleosa
	1.93
	0.98
	1.92
	2.14
	5.04

	Sterculia urens
	1.66
	2.74
	1.2
	1.84
	5.78

	Syzygium cumini
	0.31
	2.25
	0.72
	0.34
	3.31

	Syzygium heyneanum
	0.78
	2.46
	0.96
	0.86
	4.28

	Tamarindus indica
	1.79
	2.04
	1.68
	1.99
	5.71

	Tectona grandis
	6.5
	5.62
	3.36
	7.21
	16.19

	Terminalia arjuna
	2.14
	2.18
	1.92
	2.37
	6.47

	Terminalia bellirica
	1.82
	1.83
	1.44
	2.02
	5.29

	Terminalia chebula
	0.94
	1.83
	1.92
	1.04
	4.79

	Terminalia elliptica
	2.03
	1.62
	0.72
	2.25
	4.59

	Terminalia tomentosa
	5.2
	4.56
	2.88
	5.77
	13.21

	Vitex negundo 
	0.23
	1.83
	0.96
	0.25
	3.04

	Wrightia tinctoria
	0.73
	1.76
	2.4
	0.81
	4.97




Tectona grandis was the most prevalent species in the studied area as indicated by Importance Value Index (IVI) analysis as presented in Table:2 and Fig:2. Maximum IVI value of Teak (16.19) indicate its considerable ecological importance in terms of density, frequency, and dominance. Tectona grandis followed by Terminalia tomentosa (13.21) further demonstrated a significant contribution to the forest structure. Bambusa spp. (7.43), Adina cordifolia (7.41), Madhuca longifolia (7.06), and Anogeissus latifolia (6.67) are other species with considerable high IVI scores. The forest range is significantly represented by these species. Multiple species had intermediate IVI values (4-6), indicating a significant but non dominant contribution to the vegetative structure of the forest. Dalbergia sissoo (6.31), Pongamia pinnata (6.12), Holoptelea integrifolia (6.10), Bauhinia purpurea (5.99), Sterculia urens (5.78), Cassia fistula (5.73), and Tamarindus indica (5.71) are some of them. Vitex nigundo (3.04), Gmelina arborea (2.42), Phyllanthus emblica (2.83), and Ougeinia oojeinensis (2.61) are some of the species with lower IVI values (2-4), which implicate significantly reduced ecological aptness and restricted contribution to overall stand structure of the forest. 
In tropical moist deciduous forests, dominance of Tectona grandis with the highest IVI is consistent with reports of Singh and Singh (1987). Saxena and Singh (1982) also documented similar dominance patterns in moist deciduous forests, where Teak along with Terminalia tomentosa, Adina cordifolia and Anogeissus latifolia. Further, Madhuca longifolia and Bambusa spp. are frequently reported as important associates with moderately high IVI in moist deciduous forest, contributing to canopy and sub-canopy layers. These findings were aligned by Pandey et al. (2023). Sahoo et al. (2020) observed lower IVI values for species Gmelina arborea, Phyllanthus emblica and Ougeinia oojeinensis in moist deciduous forests.

Fig: 2 Phytosociological status of 5 dominant trees in the Chichinagaontha forest range
Table 3: Shanon- Wiener index, Simpson index and Pielou’s Evenness Index of Chichinagaontha forest range of the Tropical moist deciduous forest of the Dang’s, Gujarat
	S. No
	Index Name
	Value of index

	1
	Shannon Index
	3.85

	2
	Simpson
	0.97

	3
	Evenness
	0.90



The forest community was rich and well distributed as depicted in Table 3 showed results of diversity indices. Simpson Index (0.97) indicates there is very little dominion by any one species that further reflects the heterogeneity present in this forest range. However, the Shannon Index (3.85) shows a high degree of species diversity in Chichinagaontha forest range. Furthermore, a stable and balanced ecosystem is stipulated by the Evenness index value (0.90), which shows a very consistent distribution of individuals across all the species found there. Naidu and Kumar (2016) published similar results that suggested high diversity in forest.
Discussion
The diversity and structure of tropical moist deciduous forests vary considerably throughout their geographic range due to various factors such as climatic, edaphic factors, habitat heterogeneity, species composition, forest age, microclimate and anthropogenic fluctuations (Champion and Seth, 1968; Gautam and Devoe, 2006a, 2006b, DRYFLOR et al., 2016). Thus, quantitative analysis of vegetation layers is crucial for assessing patterns of biodiversity, tracking long term ecological changes and sustainable management (Dash et al., 2021). Species diversity is a important measure for evaluating distribution patterns and community composition across different environmental conditions in plant ecology and forestry (Neumann and Starlinger, 2001; Padalia et al., 2004). Additionally, anthropogenic stresses are closely associated with changes in plant diversity and population decreases may have negative ecological effects (Sahu et al., 2019).
When compared to previous studies on tropical forests such as Fox et al. (1997) with 94 species, Kadavul and Parthasarathy (1999) with 89 species, Khera et al. (2001) with 92 species, Attua and Pabi (2013) with 88 species, and Pappoe et al. with 73 species, the number of tree species found in the current study was higher. These variations could be explained by changes in the degree of anthropogenic disturbances, site-specific environmental factors, and sampling intensity (Curtis and McIntosh (1950)). The predominance of Fabaceae in this study is in line with previous studies from tropical forests, where it is often shown to be the most species rich family because of its nitrogen fixation ability (Champion and Seth, 1968; Kumar, 2024).
Phytosociological parameters such as relative density, relative frequency, relative basal area and Important Value Index (IVI), which represent species preferences related to environment, utilization pattern of resources, management practices, and anthropogenic pressures (Shrestha et al., 2010; Sarkar and Devi, 2014). Density, relative density, basal area, and IVI were estimated using quantitative analysis of the phytosociological data but these values affected by sampling intensity and quadrat size (Curtis and McIntosh (1950). Insight of dominant and co dominant species and their ecological significance play a key role in sustainable forest management. Low IVI species require special conservation attention to prevent it from extinction (Singh and Singh, 1992).
In comparison to less diverse systems, forest with higher species diversity typically offer better ecosystem services such as increased soil nutrient retention, resilience to disturbances, and capacity to sequester carbon (Gamfeldt et al., 2013; Liang et al., 2016; Van Rooyen et al., 2017; Zhang et al., 2017; Liu et al., 2018). The observed differences in association of dominant species with understorey and codominant species due to factors like elevation and slope, microclimate and anthropogenic activities. This confirmed that range-level study is crucial to comprehending the dynamics of ecosystems dominated by Teak.
For ecological comparisons, biodiversity indices are frequently used to normalize species richness and abundance across sites. Greater species richness and ecological complexity are typically indicated by higher diversity index values. The Shannon-Wiener diversity index in this study showed considerable species diversity, ranging from 3.76 to 3.96. Visalakshi (1995), Sahu et al. (2012), Sundarapandian and Swamy (2000), Jha and Singh (1990), Ayyappan and Parthasarathy (1999), and Pandey (2000) also reported this range of values (0.81–4.1) for tropical forests. Shannon index that gauges the level of uncertainty in community increase when species richness and evenness increase (Garland et al., 1999). Shannon-Wiener diversity values recorded in this study are higher than those reported for dry deciduous forests of western India (Kumar et al., 2010). 
Ecological dominance and the likelihood of dominant species occurring in a community are reflected by the Simpson index (Therriault et al., 1999). Simpson's index obtained in this study was 0.97 that falls under the normal ranges of value of index for tropical forest (0.21-1.34) as suggested by many researchers (Knight, 1975; Visalakshi, 1995; Lalfakawma et al., 2009). A structurally stable and ecologically balanced forest ecosystem is suggested by the results obtained from the study that shows the moderate dominance. Simpson's index values are also similar to those found in moist deciduous forests of the eastern Terai region (Bajpai, 2017). Shannon-Weiner index values in tropical deciduous forest of India ranged from 3.0 to 3.8 according to Singh and Singh (1987). Similarly, Whittaker (1975) reported Shannon-Weiner index values ranging from 2.5 to 4.0. In a similar way, Saxena and Singh (1982), Newbery et al. (1992) and Burslem and Whitmore (1996) also observed that Indian forests have high diversity values. Additionally, E. C. Pielou (1966) also found same value of eveness index (>0.8) which indicate well-balanced forest communities.
Conclusion
Biodiversity is very important for maintaining ecosystems health because it has a direct effect on important ecological processes like nutrient cycling, productivity, and the resilience from disturbances. Woody plants are very important parts of forest ecosystems as they contribute in structure of the forest, canopy and overall community. Thus, study of patterns of tree diversity and their spatial distribution provide crucial baseline data for conservation planning and sustainable forest management. Presence of high species richness and diversity is also directly linked to conservation of ecosystem in its totality. The immediate attention on participation of community is very important for effective conservation. The present study will serve as a primary input towards further study on forest characterization, gradient based community structure, carbon pool assessment, etc. Further, there is need of thorough research on ecological niches, regeneration status, endangered status, phenology of flora in addition to utilization of geoinformatics for decision making, sustainable management and monitoring of natural resources.
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Chichinagaontha Range
RD	
Tectona grandis	Terminalia tomentosa	Bambusa spp	Adina cordifolia	Madhuca longifolia	5.62	4.5599999999999996	2.81	2.74	2.6	RF	
Tectona grandis	Terminalia tomentosa	Bambusa spp	Adina cordifolia	Madhuca longifolia	3.36	2.88	2.16	2.4	1.92	RDo	
Tectona grandis	Terminalia tomentosa	Bambusa spp	Adina cordifolia	Madhuca longifolia	7.21	5.77	2.46	2.27	2.54	IVI	
Tectona grandis	Terminalia tomentosa	Bambusa spp	Adina cordifolia	Madhuca longifolia	16.190000000000001	13.21	7.43	7.41	7.06	
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