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Ab s t r Ac t
This study focused on the ecological and ethnobotanical characteristics of the natural forests, forest plantations, and forest orchards 
in the Gujarat state of India through an extensive field survey of trees, shrubs, and herbs over a span of four years. We inventoried 345 
tree, 345 shrub, and 1,380 herb plots using a stratified random sampling design. In all, 706 species [trees (224), shrubs (68), and herbs 
(414)] were recorded. The highest number of species were noted in teak mixed dry deciduous forest (207), followed by scrub (132), thorn 
forest (91), grassland (78), teak mixed moist deciduous forest (51), forest plantations (34), degraded forest (30), Prosopis juliflora scrub 
(24), forest orchard (19), ravine thorn forest (16), Anogeissus pendula forest (8), riverain forest (8), Eucalyptus plantation (6), mangrove 
forest (1), and mangrove scrub (1). Fabaceae was observed to be the dominant family. Out of total species, twenty-nine (29), species were 
found to be rare (25), endangered (2), and threatened (2). Fabaceae was also the dominant family for rare, endangered, and threatened 
(RET) species. Six endemic species were recorded. The highest value of Shannon’s Index of plant diversity was noticed in teak mixed dry 
deciduous forest (3.14), followed by teak mixed moist deciduous forest (2.96), ravine thorn forest (2.08), forest plantations (1.97), thorn 
forest (1.64), riverine forest (1.41), and degraded forest (1.49). Two hundred fifty-two species, including trees (24), shrubs (101), herbs 
(123), climbers (3), and bamboo (1) found to be ethnobotanically important. Fabaceae happened to be the dominant family in terms 
of ethnobotanically important plants too.
Keywords: Ethnobotanical species, RET species, Satellite imagery, Shannon’s index, Stratified random sampling.
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In t r o d u c t I o n

Biodiversity provides stability to the ecosystem and maintains 
the ecological balance. Plants and animals in the ecosystem 

are linked to each other through the food chain and food web 
(NRC, 1992). The diversity of plant and animal life is an essential 
underpinning of the terrestrial ecosystems (Singh and Kushwaha, 
2008). Worldwide, tens of thousands of species of higher plants 
and several hundred lower plants are used by humans for food, 
fuel, fiber, oil, medicine, spices, dye, fodder, timber, and other 
uses (Belal and Springuel, 1996). In tropics, 25,000 plant species 
have been widely used in traditional medicines (Heywood, 1996), 
whose sources are natural forests. Provisioning of ecosystem 
services is another vital role of plants through stabilization of 
slopes, improvement of soils, moderation of climate, and the 
provision of a habitat for much of wild fauna (Krupnick, 2001). It is 
now generally accepted that conservation of biodiversity should 
be humans’ top priority, especially through the management 
and sustainable use of natural habitats and resources. This is an 
important idea that can be achieved and there are convincing 
scientific, economic, and sociological reasons (Hamilton, 2003). 
The study of the distribution of species, which has long been 
a central focus of ecology and biogeography, is taking on new 
urgency as evidence of the global biodiversity crisis mounts.

The Indian subcontinent holds prominence as one of the 
twelve mega-diversity regions of the world (Arora and Nayar, 
1984). It is floristically rich, with about 33 % of its botanical 
wealth (overall 15,000 species of higher plants) being endemic. 
There are about 141 endemic genera distributed over 47 families 
(Nayar, 1980). Furthermore, of the 4,900 endemic species, a large 
percentage is localized in the Himalaya (about 2,532 species) 
than in other regions like peninsular India (1,788 species) and 
Andaman and Nicobar Islands (185 species). It is also estimated 
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that floristic richness is highest in the north-eastern region, 
which holds about 50 % of India’s total species diversity, i.e., more 
than 7,000 species and is considered as the cradle of flowering 
plants (Nayar, 1989).

The use of herbs in ayurvedic preparations of the Indian 
system of traditional medicines has been an alternative 
system of medicine for thousands of years (Chopra, 2003). 
The earliest literature on Indian medicinal practice appeared 
during the Vedic period in India, viz., mid-second millennium 
BC. The Susruta Samhita and the Charak Samhita were among 
the foundational works of Ayurveda. Up to 80 percent people 
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in India used some form of traditional medicines, a category 
which includes Ayurveda (Wujastyk, 2003). The unchecked 
degradation and deforestation of natural forest has significantly 
depleted ethnobotanically important species over time. In 
this context, a study was conducted in Gujarat to assess the 
ecological and ethnobotanical characteristics of the forests 
and forest plantations using field inventory techniques. It is 
expected that the information, so generated, would be helpful 
in the conservation and management of the forest ecosystems 
in the State.

MAt e r I A l s A n d Me t h o d s

Study area
The State of Gujarat in western India (20°07’-24°43’N and 68°10’-
74°29’E) covers a geographical area of 196,244 km2. To its north-
west is the international boundary shared with Pakistan and to 
its western and south-western sides lies the Arabian Sea with 
two gulfs- the Gulf of Kachchh and Gulf of Khambhat (Fig. 1). 
Gujarat has a 1650 km long coastline, which is longest for any 
state in the country. As per the 2011 census, the total population 
of Gujarat was 60.44 million, of which 25.74 million (42.60%) lives 
in urban and 34.70 million (57.40%) in rural areas. The average 
human population density in Gujarat is 308 persons per km-2. 
The tribal population in the State is 8.92 million (14.75%). The 
temperature in the State varies from 6 to 45ºC and humidity is 
generally low (Ray et al., 2009). The State receives 250 to 2500 
mm rainfall from the south-west monsoon June to September). 

The Dangs region in south Gujarat receives as high as 2500 mm 
while Kachchh district in north receives only 250 mm rainfall, 
though changing pattern of rainfall has been observed during 
the past decade (Dave et al., 2017).

Gujarat has a range of natural habitats like dry saline Rann 
of Kachchh, grasslands, rivers, wetlands, reservoirs, and coastal 
areas, with dry and moist deciduous forests, thorn forests, 
grasslands, mangroves, and coral reefs though most of the 
forests are now restricted to hilly tracts. Diverse physiographic, 
climatic, and ecological conditions in the State are responsible 
for the high diversity of flora and fauna (GEC, 1996). As per the 
India State of Forest Report 2019 (FSI, 2019), forests in Gujarat 
occupy an area of 14,857 km2 (7.57% of the geog. area). Gujarat 
has 26 forest types belonging to 4 major type groups, viz., 
Tropical Dry Deciduous, Tropical Moist Deciduous, Tropical Thorn, 
and Littoral and Swamp Forests. The major type groups are 
further classified into Dry Teak Forest and Moist Teak Bearing 
Forests, Northern Tropical Thorn Forest, Mangrove Forest, Mangrove 
Scrub, Dry Tropical Riverine Forest, Ravine Thorn Forest, Anogeissus 
pendula Forest, and Dry Grassland (Champion and Seth,  
1968).

Methodology
Ecosystem level biodiversity assessment requires robust 
phytosociological data collected using appropriate field 
sampling techniques (Kushwaha and Nandy, 2012). The fieldwork 
consisted of a pilot survey, sample plot inventory of trees, shrubs, 
and herbs and collection and documentation of the species of 
ethnobotanical importance. The study was conducted from 
September 2008 to May 2012. A total of 345 tree plots of 31.62m 
x 31.62m size were laid for a sampling of trees, shrubs, and 
herbs. Each tree plot had 1 shrub plot of 5m x 5m size at the 
center and 4 herb plots of 1m x 1m size in four corners as nested 
plots. Thus, 354 sample plots for trees, 345 plots for shrubs, and 
1380 plots for herbs were inventoried. Plot sizes were decided 
on the basis of the pilot survey. The forest type strata sizes, 
mapped by digital interpretation of the satellite imagery in a 
nationwide biodiversity characterization project (Bhatt et al., 
2015), were used for the determination of the number of plots 
to be inventoried following stratified random sampling (SRS) 
design. The coordinates of the sampled plots were recorded 
using hand-held GPS for future monitoring.

In each tree plot, the number of shrubs, herbs, epiphytes, 
and climbers were recorded. The field data were subjected to 
Shannon’s Index of diversity (Shannon, 1949) and ethnobotanical 
analyses. Local tribals (Bhils, Gamits, Gonds, Konknas, Kotwalias, 
Rabaris, Varlis, and Rathod), with comprehensive knowledge 
in the use of different species for medicinal purposes, were 
involved in the field survey. Additional ethnobotanical 
information was collected through questionnaires, village-level 
interviews, and interactions with herbal medicine practitioners. 
The RET species list was prepared following IUCN (1994), 
Vié et al. (2008), and BSI (2013). Plant species were identified 
with the help of experts from the Department of Botany, MS 
University of Baroda, Vadodara and local floras (Borgesen, 
1929; Santapau, 1955, 1962; Ahluwalia, 1964-1965; Bedi, 1970; 
Bhatt, 1971; Shah, 1978; Ambasht, 1986; Bhatt and Sabins, 
1987; Joshi, 1987; Jadeja, 1999; Jasrai et al., 2004; Pandey et al.,  
2005).Fig. 1: The study area.
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re s u lts A n d dI s c u s s I o n

In all, 706 species including trees (224), shrubs (68), and herbs 
(414) were found in the forests, forest plantations, and forest 
orchards of Gujarat. The highest number of species were 
noted in teak mixed dry deciduous forest (207), followed by 
scrub (132), thorn forest (91), grassland (78), teak mixed moist 
deciduous forest (51), forest plantations (34), degraded forest 
(30), Prosopis juliflora scrub (24), forest orchard (19), ravine thorn 
forest (16), Anogeissus pendula forest (8), riverain forest (8), 
Eucalyptus plantation (6), mangrove forest (1), and mangrove 
scrub (1) (Table 1).

The total number of tree species found was 224 in different 
forest areas of Gujarat; of which 73.21 % were from teak mixed 
dry deciduous, teak mixed moist deciduous, forest plantations, 
and thorn forest. Total number shrub species found were 68, of 
which 77.94 % were from the scrub, thorn forest, and tropical 
mixed dry deciduous forest. The total number of herb species 
found was 414, of which 79.23 % were from teak mixed dry 
deciduous forest, scrub, grassland, and thorn forest. Twenty 
nine (29) rare, endangered, and threatened (RET) species 
belonging to 20 herbs, 7 shrubs, and 2 trees were recorded 
(Table 2). The number of rare species was found to be nearly 

Table 1: Number of species in different forest types.

Forest type No. of species Total 
speciesTrees Shrubs Herbs

Tropical Mixed Dry 
Deciduous Forest

95 13 99 207

Tropical Mixed Moist 
Deciduous Forest

31 4 16 51

Thorn Forest 17 17 57 91
Ravine Thorn Forest 11 0 5 16
Mangrove Forest 1 0 0 1
Mangrove Scrub 0 1 0 1
Riverain Forest 8 0 0 8
Anogeissus pendula Forest 8 0 0 8
Degraded Forest 13 6 11 30
Forest Plantation 21 0 13 34
Eucalyptus Plantation 1 0 5 6
Prosopis juliflora Scrub 1 4 19 24
Scrub 15 23 94 132
Orchard 2 0 17 19
Grassland 0 0 78 78
Total 224 68 414 706

Table 2: RET species in different forest types.

S.No. Botanical name Family Status Habit Forest type Gujarati name
1. Anogeissus sericea var. nummularia Combretaceae Rare Tree TH, RTH Andrakh
2. Campylanthus ramosissimus Plantaginaceae -do- Shrub TMMD, TMDD Bhinighilodi
3. Canscora diffusa Gentianaceae Threatened Herb TMMD, TMDD Zinkukariyatu
4. Ceropegia odorata Apocynaceae Endangered -do- TMMD, TMDD Kundernivel
5. Chlorophytum bharuchae Asparagaceae Rare -do- TMMD, TMDD Safed musali
6. Chlorophytum borivilianum -do- -do- -do- TMMD, TMDD Musali
7. Convolvulus stocksii Convolvulaceae -do- -do- P, GR, TMDD, TH Uhishankhavali
8. Dendrobium microbulbon Orchidaceae -do- -do- TMMD Button orchid
9. Dipcadi ursulae var. longiracemosum Asparagaceae Endangered -do- P, GR, TMDD, RTH Jangalidungadi
10. Eriocauloneury peplon Eriocaulaceae Threatened -do- RV Nada chido
11. Eulophia dabia Orchidaceae Rare -do- TMMD, GR Nano vando
12. Fuirena tuwensis Cyperaceae Rare/Endemic -do- RV Kansado
13. Helichrysum cutchicum Asteraceae -do- -do- GR Safed munderi
14. Heliotropium bacciferum  Boraginaceae Rare -do- GR Okharad
15. Hyphaene dichotoma Arecaceae Vulnerable Tree SL,RV Ravan tad
16. Indigofera coerulea var. monosperma Fabaceae Rare Herb GR Jangaligali
17. Ischaemum santapaui Poaceae -do- -do- GR, RV Valerughas
18. Limonium stocksii Plumbaginaceae -do- Shrub SL Dariyaichitrak
19. Pavonia ceratocarpa Malvaceae -do- -do- GR, SC Karandia
20. Psilostachys sericea Amaranthaceae -do- Herb SL Dariyaitandalajo
21. Pycreus dwarkensis Cyperaceae Rare/Endemic -do- GR Dariyaichido
22. Schweinfurthia papilionacea Plantaginaceae Rare -do- GR Sannipat
23. Sesbania concolor Fabaceae -do- Shrub GR Ikad
24. Solanum purpureilineatum Solanaceae -do- -do- GR, BL Ubhiringani
25. Tamarix kutchensis Tamaricaceae -do- -do- SL Lai nijat
26. Tamarix stricta -do- -do- -do- SL Lai
27. Tephrosia collina Fabaceae Rare/Endemic Herb GR Makhamalisarpankho
28. Tephrosia jamnagarensis -do- -do- -do- GR Zinkosarpankho
29. Viola cinerea Violaceae Rare -do- SC Banafasha

TMMD-Teak Mixed Moist Deciduous, TMDD-Teak Mixed Dry Deciduous, TH-Thorn, RTH-Ravine Thorn, M-Mangrove, MS-Mangrove Scrub, RV-
Riverine, DEG-Degraded, P-Prosopis julflora Scrub, SC-Scrub, GR-Grassland, SL-Salt-affected land, BL-Barren land.
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twelve times higher than either endangered or threatened  
species.

Fabaceae, with 41 species, was the dominant family, 
followed by Malvaceae (23), Asteraceae (18), Acanthaceae (15), 
and Lamiaceae (12) (Fig. 2). Predominant genera (by a number 
of species) in different forest types were Euphorbia (5), followed 
by Acacia (4), Capparis (4), Corchorus (4), Ficus (4), Senna (4), and 
Sida (4). Six endemic species were also recorded in the study 
area. Fabaceae and Asparagaceae together had the maximum 

number of endemic species. The highest Shannon’s index of plant 
diversity was noted in teak mixed dry deciduous forest (3.14), 
followed by teak mixed moist deciduous forest (2.96), ravine thorn 
forest (2.08), forest plantation (1.97), thorn forest (1.64), riverine 
forest (1.41), and degraded forest (1.49) (Fig. 3). As many as 252 
ethnobotanically important plant species, comprising of trees, 
shrubs, and herbs, were listed from forests of Gujarat (Table 3). It 
may be thus, concluded that the forests of Gujarat support a rich 
plant diversity with high ecological and ethnobotanical potential.

Fig. 2: Number of species in top eleven families.

Fig. 3: Shannon’s index of plant diversity in different forest types (TMMD-Teak mixed moist deciduous forest, TMDD-Teak mixed dry deciduous 
forest, TH-Thorn forest, RTH-Ravine Thorn forest, M-Mangrove forest, RV-Riverine forest, AP-Anogeissus pendula forest, DEG-Degraded forest, 

FP-Forest plantation).
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Forests in Gujarat are facing various threats like forest fires, 
cattle grazing, fodder extraction, illegal charcoal production 
in some areas, and over-exploitation of ethnobotanically 
important plant species. An effective, long-term forest (and 
biodiversity) conservation strategy, therefore, needs to be 
planned and implemented for better ecosystem goods and 
services. Preventing cattle grazing (by promoting stall feeding) 
and forest fires could substantially improve the health of the 
forest ecosystems. Assisted natural regeneration using local 
species in place of mono-species plantations could considerably 
contribute to faster recovery of the forests.
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