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Population Assessment of Economically Valuable Threatened Timber Species Distributed in Chhattisgarh Forest Divisions, India

ABSTRACT
	Aims: The present study deals to document the distribution of economically important threatened tree species in the different forest divisions of Chhattisgarh state. This research intends to provide researchers with the necessary information to locate these species for initiation of conservation programs within the region.
Study design: The systematic random sampling method was used for tree sampling.
Place and Duration of Study: Forest divisions selected for documentation of tree species spread across over Raigarh, Jashpur, Dharamjaigarh, Korba, Bilaspur, Gourela-Pendra-Marwahi, Kawardha, Mahasamund, Gariyaband, Kanker, Dhamtari, Kondagaon, West Bhanupratapur, Jagdalpur, Sukma and Dantewara divisions.The survey was conducted for two years from 2021 to 2023.
Methodology: To identify regions with greater species richness, sample plots were laid out in the forest division. A total of 12.8 hectares were covered by 320 sample plots (20 m × 20 m) spaced 100 m apart. Tree height and girth at breast height were measured with a Range Finder and Measuring Tape. Coordinates of each plot were recorded with a Garmin GPS. Relative density was calculated (Number of individuals of a species / Total number of individuals of all species) x 100. Distribution maps of targeted species were prepared using ArcGis 10.8 sofware.
Results: Survey of 16 Forest Divisions in Chhattisgarh revealed 24 threatened tree species. Buchanania lanzan and Shorea robusta were the most widespread found in all divisions. Gariyaband division exhibited the highest number of threatened species (16), whereas Kondagaon and West Bhanupratappur had the least (7).
Conclusion: This study identifies the distribution of threatened tree species across Chhattisgarh Forest Divisions. The information has assumed significance in the wake of conservation, planning and the development of species distribution models. The resulting data, including distribution maps of targeted species, will enable conservationists to locate areas for preservation efforts.
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1. INTRODUCTION
Trees are among the most valuable gifts of nature and are essential part of every terrestrial ecosystem​ [1]. Trees provide numerous direct and indirect benefits including carbon sequestration to making cities more liveable [2]. The trees provide timber as a raw material for various industries to manufacture wood-based products i.e. Paper & Pulp, Plywood, Particle Boards, Furniture, Cosmetics, Beverages and Construction etc. Trees are the source of Medicine, Gums, Oleoresins, Resins, Fibres, Tannins, Cutch and Katha, Dyes, Fruits, Essential oils and more articles of economical important.
Each tree species exhibits unique characteristics, some are deciduous in nature and others are evergreen, some have wonderful leaves or fruits, whereas others have beautiful blossoms, some have scents, while others are unattractive yet economical important [1]. Because of these unique characteristics some are directly consumable and others are used for other purposes. For instance, Gardenia gummifera fruits can directly be consumed by humans and animals whereas the Cleistanthus collinus has toxic properties is used for deliberate self-harm [3]. Over exploitation of forest leads to loss of biodiversity, fragmentation of habitat, deforestation and climate change, soil degradation, soil erosion besides having economic consequences, loss of traditional knowledge, social and cultural impact etc. The decline of wild populations further leads to species extinctions, consequently reductions to overall biodiversity [4].
Globally 22,035 tree species are under threatened category, approximately one third of the global tree species are at risk of becoming extinction [5]. The extinction of tree species directly affects the survival of the life forms on the earth. Hence, conservation of these economically important tree species is need of the hour before they permanently vanish from their habitat. There is a striking absence of recent and thorough assessments on the populations of important timber species in the forest areas of Chhattisgarh. Most research on forest has either included all forest species or centered on conservation without looking closely at the populations of timber trees. Moreover, not enough assessments are done for each region, so there is a big lack of details about species local distribution, how easily they can come back and what dangers they are facing. So, it is important to focus on the documentation of the economical important threatened tree species and its distribution in different forest divisions of the Chhattisgarh state to help researchers to find the location of threatened tree species existing in Chhattisgarh for launching its conservation / breeding program.
2. methodology
Study Area:

The study site was selected in different forest divisions of Chhattisgarh. Chhattisgarh's geographical location ranges from 17°46' to 24°5' north latitude and 
80°15' to 84°20' east longitude, with an average rainfall of 1400 mm [6] (Figure 1). The overall geographical area of the state is approximately 1,35,192 square kilometers. Chhattisgarh is one of the most biodiverse states in the country, with around 55,811.75 square kilometers of forest cover, accounting for 41.28 % of its entire geographical area. The state of Chhattisgarh accounts for 8.15 % of India's total forest cover (520365.32 square kilometers) [7].
The study was conducted in sixteen distinct Forest Divisions in the Indian state of Chhattisgarh. Raigarh, Jashpur, Dharamjaigarh, Korba, Bilaspur, Gourela-Pendra-Marwahi (GPM), Kawardha, Mahasamund, Gariyaband, Kanker, Dhamtari, Kondagaon, West Bhanuprattapur, Jagdalpur, Sukma, and Dantewara forest division were selected. Collection of field data and its documentation of prioritized tree species were carried out during 2021 – 2023 year. To ensure unbiased and representative sampling of each tree species, sampling plots were selected using a systematic random sampling technique. Areas with increased species diversity within each specified forest division were identified using the relevant forest division maps. To count trees, twenty (20) sample plots measuring 20 m x 20 m (400 m²) were set up in each forest divisions. To ensure sampling consistency, the plots were spaced at regular 100-meter intervals. A total of 320 sample plots were surveyed, covering an area of 12.8 hectares. Every tree in each 20 x 20 m sample plot was counted. The following metrics were measured for every single tree that was encountered:

Height: Tree's height was measure with the help of Range Finder.
Girth at Breast Height (GBH): Using standard measuring tapes, the circumference of the tree trunk at a height of 1.37 meters (4.5 feet) above ground level was determined.

A Garmin GPS device was used to record the latitude and longitude of the center of each sample plot. After data collected the data was compiled, tabulated and checked its accuracy with secondary data. The following formula was used to determine the relative density of each documented tree species within each forest division:
[image: image1.png]Relative Density (%) = —~mber of individuals of aspecies
elative Density (%) = g e als of all species





[image: image6.jpg]Distribution of Careya arborea

Legend

® Ccaryaarvorea

[ chnatisgarn
I e oense Forest
 openromst

T vocerte Dense Forest
300
Kilometers

037575 150 225

\Distribution of Chloroxylon swietenial

Chioroxyion swistenis

Chhattsgarn

B Ve Dense_Forest
© open_rorst

T voderate_Dense_Forest

300
Kilometers

037575 1 225

\Distribution of Cleistanthus collinus|

@ Ceistanthus colinus

[ cmatisgam

Very_Dense_Forest

OPen_Forest

T ocerately Dense_Foresd

037575 150 225 300

Kilometers

Distribution of Cordia macleodii

®  Cortia macizodi

[Jcnnatogarn

Very_Dense_Forest

open_Forest
I vocerstel_Dense_Forest

300
Kilometers

150

037575 225




A comprehensive review of all available and appropriate literature sources was used to compile the economic importance of individual tree species. ArcGis 10.8 software was used to depict the distribution and behaviors of tree species spatially all over the study area.
Figure 1- Map of Study Site
3. results and discussion

Economically important 24 tree species representing 20 families were recorded from the 16 Forest Divisions of Chhattisgarh which comes under threatened category of IUCN Red data book list. Out of these 24 threatened species, two species are "Critically Endangered" one species is "Endangered" eleven species are "Vulnerable" and ten species are "Near to Threatened” (Table.1). These species have economic importance to the society directly or indirectly and forest dwellers are exploiting these species for their livelihood. Over exploitation of species lead to threat to their existence. In case of Cleistanthus collinus species is effective medicine to control various infectious diseases both human being and animals [8], apart from this, wood has high caloric value of 4595 Kcal/kg compared to the other fuel wood species. This resultant into over exploitation for fuel wood by the forest dwellers [9]. Some species exhibit seed dormancy due to unfavourable conditions, like Dillenia pentagyna (Karmal) showing low seed germination capacity while the species shows reasonable germination percentage when fruits are consumed by the elephants and excrete out [10]. Due to the disintegration of elephant’s habitat, the germination of Karmal seed has been declined over the decades. In case of B. serrata, unsustainable harvesting or tapping (brutal method) of gum extraction leads the species in threatened category. New tapping method using "Ethephon" (2-chloroethylphosphonic acid), a plant growth regulator, is safe, affordable and non toxic boosted gum/resin exudation in various tree species including Anogiessus latifolia, Boswellia serrata, Commiphora wightii or Sterculia urens. These procedures also ensure the long-term productivity, regeneration and survival of gum yielding trees [11].
Table 1. List of tree species with its Economic Importance Existing in Chhattisgarh Forest 
Divisions
	S.No.
	Scientific Name of Species
	Family
	Local name
	Status in IUCN List
	Economic Importance

	1. 
	Aegle marmelos 

(L.) Correa
	Rutaceae
	Bael
	Near Threatened [12]
	Fruits are edible and has cultural importance.

	2. 
	Acacia catechu

 (L.f.)Willd.
	Fabaceae
	Khair
	Near Threatened [13]
	The heart wood used to extraction of cutch and Katha.

Ethnobotany: A 20 ml decoction of bark is used twice a day to treat stomach discomfort [14].

	3. 
	Boswellia serrata 

Roxb. Ex Colebr.
	Burseraceae
	Salai
	Near threatened [13]
	It is an economically important plant because of its high-quality oleo gum resin and essential oil. Essential oils are utilized as flavorings in food and in the perfume industry [15].

	4. 
	Buchanania lanzan

Spreng.
	Anacardiacae
	Chironji
	Vulnerable [13]
	Seed kernels used as dry fruits in Indian deserts.

EthnobotanyUses: - Powder of leaves is used during loose motion.

	5. 
	Careya arborea Roxb.
	Lecythidaceae
	Kumbhi,

Ghohar
	Vulnerable [13]
	Fruits of Kumbhi helps in promoting Digestion, As astringent [16].

	6. 
	Chloroxylon swietenia Roxb. DC.
	Rutaceae
	Bhirra
	Vulnerable [12]
	Main stem used by butchers for chopping meat. 

	7. 
	Cleistanthus collinus (Roxb.) Benth. Ex Hook.f.
	Phyllanthaceae
	Garari
	Vulnerable [12]
	Wood has high caloric value and suitable for fuel wood.

	8. 
	Cordia macleodii (Griff.) Hook.f. & Thomson
	Boraginaceae
	Dahipalash
	Endangered [13]
	In cases of high fever, a fresh paste made from the leaves is applied to the forehead as wound treatment. Stem bark is useful for jaundice [17].

	9. 
	Dalbergia latifolia Roxb.
	Fabaceae
	Shisham
	Vulnerable [12]
	Timber used in furniture industry

	10. 
	Dillenia pentagyna Roxb.
	Dilleniaceae
	Karmal
	Critically Endangered [13]
	Traditional medicine uses the leaves, bark, and fruit of these plants, which have beneficial therapeutic properties [18].

	11. 
	Garuga pinnata Roxb. 
	Burseraceae
	Kankad
	Vulnerable [13]
	Fruits are edible & used for pickle making by tribals in India.

The barkused for treating wounds and inflammation in folklore medicine [19].

	12. 
	Grewia tiliifolia Vahl
	Tiliaceae
	Dhaman
	Near Threatened [13]
	Traditional medicine uses the bark and roots to treat fractures, diarrhea, and skin disorders. The wood is used to make tool handles. The fruits are edible.

	13. 
	Hymenodictyon excelsum (Roxb.) Wall.
	Rubiaceae
	Bhonrsal
	Near Threatened [13]
	The wood used in pencil industry [20].


	14. 
	Ougeinia oojeinensis (Roxb.) Hochreut
	fabaceae
	Tiwas
	Near Threatened [13]
	Different plant parts, including leaves, stems, roots, and barks, were utilized as medicines in homeopathic, Siddha, Ayurvedic and Unani therapeutics [21].

	15. 
	Pterocarpus marsupium Roxb.
	Papilionaceae
	Bijasal
	Vulnerable [13]
	The timber has economic importance

	16. 
	Schleichera oleosa (Lour.) Oken
	Sapindaceae
	Lac Tree
	Near Threatened [13]
	The tree is host for lac insect and produce lac resin.

	17. 
	Schrebera swietenioides Roxb. 
	Oleaceae
	Mokha
	Near Threatened [13]
	The root, bark and leaves have anthelmintic, digestive, constipating, acrid and bitter properties. Flatulence, skin conditions, leprosy, diarrhea, anemia and rectal illnesses can all benefit from them [22].

	18. 
	Semecarpus anacardium L.f.
	Anacardiaceae
	Bhilawan
	Near Threatened [13]
	The fruits are edible

	19. 
	Soymida febrifuga (Roxb.) A. Juss
	Meliaceae
	Rohan
	Vulnerable [13]
	The bark extract is widely used to treat dysmenorrhea, menorrhagia and leucorrhea [23].

	20. 
	Spondias mangifera Willd. (L.f.) Kurz
	Anacardiaceae
	Amra
	Near threatened [13]
	The trunk bark usedtraditionally as refrigerant, tonic, antiseptic,astringent and for the treatment of dysentery,diarrhoea and prevent vomiting [24].

	21. 
	Sterculia urens Roxb.
	Sterculiaceae
	Kullu, 
	Vulnerable [13]
	Gumkaraya extracted from tree stem

	22. 
	Stereospermum chelonoides Roxb. (D.C) 
	Bignoniaceae
	Padri Tree 
	Vulnerable [13]
	It has been used for Diarrhoea, Skin diseases&Fever [25].

	23. 
	Terminalia chebula Retz.
	Combretaceae
	Harra
	Near Threatened [13]
	Fruits are used in making triphalachurnam in avurveda

	24. 
	Wrightia tinctoria (Dennst.) Mabb.
	Apocynaceae
	Dudi
	Vulnerable [13]
	The tree has good analgesic, anti-inflammatory, anti-hermitic,antiulcer, anti-dysenteric,anti-diabetic, anticancer, antipyretic activities and also effective in the treatment of psoriasis [26].


3.1. Distribution of species and their relative density:
A total of 16 Forest Divisions of Chhattisgarh were surveyed to document the threatened species in the selected area. Among the 24 threatened species B. lanzan and S. oleosa were recorded in all 16 forest divisions, T.chebula, S. anacardium, P. marsupium & C. arborea species were recorded in 14 forest divisions, C. collinus was recorded in 12 forest divisions, A. marmelos, B. serrata & O. oojeinensis were documented in 11 forest divisions, S. febrifuga spread over the eight forest divisions, C. swietenia, G. pinnata & S. chelonoides were enumerated in seven forest divisions, D. pentagyna recorded in five forest divisions, A. catechu, D. latifolia, G. Tiliifolia & S. urens documented in four forest divisions, S. swietenioides, H. orixense & W. tinctoria were recorded in two forest divisions and S. Mangifera & C. macleodii were recorded in one forest division depicted in (Figure 3,A-X). Tree species, revealing varied distribution patterns from wide spread species, such as Buchanania lanzan and Schleichera oleosa, to those restricted to only one or two divisions, a pattern potentially influenced by habitat specificity and localized pressures [27].
In Gariyaband Forest division, 19 threatned tree species were documented while 17 species in Dantewara, 16 species in Jashpur, 15 species in Jagdalpur, 14 species in Sukma, Korba & Bilaspur, 12 species in Kawardha, 11 species in Mahasamund, 10 species in Damtari, Nine species in Raigarh, GPM & Kanker, eight species in Dharamjaigarh and seven species in Kondagaon & West Bhanuprattapur forest divisions.The significant variation in threatened species richness among divisions, with localities such as Gariyaband and Dantewara having a high number, highlights the ecological importance of these regions as critical conservation sites. These distribution and density patterns provide important baseline data for developing targeted conservation and management strategies for vulnerable tree flora in the state’s [28, 29].
The “Heat map” (Figure 2) displays the relative density of the 24 endangered tree species in the 16 Chhattisgarh Forest Divisions. The heat map analysis reveals significant differences in relative densities among these species. Remarkably, the relative density of Acacia catechu was significantly higher in the Mahasamund (26.53%) division. Additionally, higher relative densities were noted for Pterocarpus marsupium in the Bilaspur (24.29%) and Soymida febrifuga in the Mahasamund (25.45%) divisions. Several species and divisions displayed moderate or at-par relative densities, usually between 5% and 12%, suggesting that population representation varied throughout the landscape. Conversely, several species recorded the lowest relative densities (2.7%), particularly species with restricted distributions such as Cordia macleodii & Spondias mangifera, which showed low densities across the divisions where they were present, i.e., Jagdalpur: 3.01% & Bilaspur: 3.1%.
The variation noted between relative densities of species and divisions exhibits the geographical variation among Chhattisgarh's threatened tree populations. Increased relative density of species such as Acacia catechu in particular divisions could suggest favorable habitat conditions or localized threats being less severe, leading to healthier populations [30, 31]. Low relative abundances, especially in species with small populations, indicate potential issues such as habitat specialization, poor regeneration, or increased susceptibility to anthropogenic stresses, indicating their vulnerability [32]. These are important in determining key habitats and implementing conservation efforts to increase the populations of threatened tree species [31].
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Figure 2.  Relative Density of Threatened Tree Species in Different Forest Divisions of Chhattisgarh State.
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Figure 3. (A-X) - Distribution Maps of 24 Threatened Tree Species In Chhattisgarh Forest 

  Divisions.
Conclusion:

The Comprehensive study conducted in 16 forest divisions and documented population distribution of prioritized species in Chhattissgarh forest division. The study concludes species distribution in the different forest type especially Buchanania lanzan and Schleichera oleosa dominated in all 16 forest division indicating that they are comparatively resistant or have a broader ecological amplitude. While in case of Spondias mangifera and Cordia macleodii  were recorded only in one forest division i.e. Bilaspur and Jagdalpur. or in other words the species are categorized under high risk of extinction and need to pay attention for its conservation plan. In Gariyaband forest division, highest numbers (19) of threatened tree species were recorded. While in the Kondagaon forest division and West Bhanuprattapur forest division are reported only seven species under threatened category. The relative density of Acacia catechu was significantly maximum (26.53 percent) in Mahasamund forest division. In contrast, Cordia macleodii and Spondias mangifera were having minimum relative density (3 percent) in Jagdalpur and Bilaspur divisions.
The data revealed species dominance in particular forest division to maintain its population in local habitat. The maps generated in this study can be directly utilized by conservationists to identify the populations of threatened species and prioritize intervention precisely. 
To help the threatened and near to threatened species identified in this study, the following measure should be done “immediately”  
1. Demarked areas with high concentration of threatened species (like   Gariyaband) as a preservation plots to conserve within its natural habitat. 
2. Make specific conservation action plans for the most vulnerable species. 
3. Rehabilitation of the species will be helpful by in-situ and ex–situ conservation, propagation programs with the involvement of local communities recommended. 
4. Proper documentation by displaying about species picture/chart/poster/graph should be promoted through special campaign of its conservation during international forest day/world environment day or biodiversity day in mission mode.

5. It is also suggested that sustainable harvesting of gum yielding species will be promoted   during the event. 
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Table 2: Population density of each species (Individuals per hectare)
	Sl.No.
	Name of Species
	Population of each species (Individuals per hectare)

	1. 
	Acacia catechu (L.f.) Willd.
	22.40

	2. 
	Aegle marmelos (L.) Corrêa
	13.93

	3. 
	Boswellia serrata Roxb. ex Colebr.
	11.43

	4. 
	Buchanania lanzan  Spreng.
	17.03

	5. 
	Careya arborea Roxb.
	9.03

	6. 
	Chloroxylon swietenia Roxb. DC.
	12.19

	7. 
	Cleistanthus collinus (Roxb.) Benth. ex Hook.f.
	26.56

	8. 
	Cordia macleodii Hook.f. and Thomson
	6.25

	9. 
	Dalbergia latifolia Roxb.
	10.55

	10. 
	Dillenia pentagyna Roxb.
	8.44

	11. 
	Garuga pinnata Roxb.
	15.31

	12. 
	Grewia tiliifolia Vahl
	8.98

	13. 
	Hymenodictyon excelsum (Roxb.) Wall.
	10.94

	14. 
	Ougeinia oojeinensis (Roxb.) Hochreut
	12.50

	15. 
	Pterocarpus marsupium Roxb.
	14.14

	16. 
	Schleichera oleosa (Lour.) Oken
	9.53

	17. 
	Schrebera swietenioides Roxb.
	12.50

	18. 
	Semecarpus anacardium L.f.
	11.98

	19. 
	Soymida febrifuga (Roxb.) A. Juss
	15.94

	20. 
	Spondias mangifera Willd. (L.f.) Kurz
	11.94

	21. 
	Sterculia urens Roxb.
	9.38

	22. 
	Stereospermum chelonoides Roxb.(D.C)
	6.56

	23. 
	Terminalia chebula Retz.
	9.29

	24. 
	Wrightia tinctoria (Dennst.) Mabb.
	20.31


____________________________________________________________________________________________

*Corresponding author: Email: XYZ@ABC.COM


