


Biological spectrum and floristic composition of wetland vegetation in Aravalli district, Gujarat, India


ABSTRACT:
Wetlands serve as ecological hotspots that sustain a high degree of biodiversity, particularly in regions where climatic and edaphic conditions vary considerably. The present study aims to document the floristic composition and determine the biological spectrum of wetland vegetation in the Aravalli District, Gujarat. A total of 450 lentic wetlands covering 3534.34 ha were identified, out of which 12 representative wetlands (350.75 ha) were selected using stratified sampling across six talukas. Additionally, three perennial rivers—Vatrak, Mazum, and Meshwo—were chosen as riparian study sites due to their continuous water flow and ecological significance. Floristic surveys were carried out over three consecutive years (2020–2023) across monsoon, winter, and summer seasons to capture seasonal variations in plant diversity.  The present study documented a total of 328 plant species belonging to 232 genera and 80 families from the wetlands of Aravalli District, Gujarat. Dicotyledons dominated the flora with 80.48% of species, followed by monocotyledons (18.60%) and pteridophytes (1%). Genus-level analysis revealed Cyperus as the most species-rich genus, followed by Ipomoea, Euphorbia, Ficus, Indigofera, and Senna. Tecomella undulata was identified as the only locally and globally endangered species recorded in the study area. These findings highlight the rich phytodiversity and ecological significance of wetlands in the Aravalli District and provide essential insights for biodiversity conservation and management. This study establishes a baseline inventory of wetland phytodiversity in Aravalli District, Gujarat, revealing the dominance of dicotyledons and herbaceous species, consistent with regional wetland vegetation patterns. The findings emphasise the ecological significance of wetlands in providing essential ecosystem services such as water storage, nutrient cycling, and habitat support for wildlife, including migratory birds. Given the proximity of these wetlands to important biodiversity regions and Ramsar landscapes, the study underscores the necessity for continuous ecological monitoring and habitat restoration. Overall, the generated dataset provides a crucial foundation for long-term conservation planning and sustainable management of wetland ecosystems in the Aravalli region.
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INTRODUCTION
[bookmark: _GoBack]Wetlands are among the most productive ecosystems on Earth, providing critical ecological services such as water purification, flood regulation, nutrient cycling, and habitat provision for diverse plant and animal communities (Mitsch & Gosselink, 2015). They serve as ecological hotspots that sustain a high degree of biodiversity, particularly in regions where climatic and environmental conditions vary considerably (Zedler & Kercher, 2005). The structure and composition of wetland vegetation are generally understood to be shaped by complex interactions between hydrology, potential soil properties, and anthropogenic influences, making them sensitive indicators of environmental change (Keddy, 2010).
Floristic composition studies form the foundation for understanding wetland biodiversity, enabling the assessment of species richness, distribution patterns, and habitat-specific plant associations (Kent, 2012). In addition to species inventories, the analysis of biological spectrum a classification of plant life-forms based on Raunkiaer’s system provides insights into the adaptive strategies of vegetation in response to prevailing environmental conditions (Raunkiaer, 1934). The life-form spectrum not only reflects the ecological character of a region but also allows for comparisons between different habitats and climatic zones (Cain & Castro, 1959).
The Aravalli District of Gujarat, situated in western India, is characterized by a mosaic of geomorphological features, including hills, valleys, and low-lying floodplains. Despite its predominantly semi-arid climate, the district supports several natural and man-made wetlands, which act as critical refugia for aquatic and semi-aquatic plant species. However, these wetlands are increasingly threatened by agricultural expansion, unsustainable water extraction, pollution, and climate variability (Prasad et al., 2002). Comprehensive studies integrating floristic inventories with life-form analysis remain scarce for this region, limiting the understanding of wetland ecosystem structure and function (Bhandari & Mehta, 2020). In Gujarat, wetlands represent a diverse spectrum of ecosystems from freshwater lakes to estuarine and mangrove habitats playing pivotal roles in regional biodiversity and ecosystem functioning (Prajapati & Patel, 2025). However, empirical studies focusing on wetland vegetation in semi-arid zones of this region are limited. Notably, Suthar et al. (2019) compared hydrophytic diversity across three inland wetlands (Pariej, Kanewal, and Wadhwana), documenting varied life-forms and plant functional types across these sites.
The present study aims to document the floristic composition and determine the biological spectrum of wetland vegetation in the Aravalli District, Gujarat. By integrating qualitative floristic surveys with life-form classification, this research seeks to (i) identify species diversity and dominant plant forms, (ii) assess the ecological adaptations of wetland flora, and (iii) provide baseline data for future conservation and management efforts. Such an approach not only enhances regional biodiversity knowledge but also contributes to broader ecological assessments in the context of wetland conservation across semi-arid landscapes (Turner et al., 2000).
MATERIALS AND METHODS:
Study Area and Wetland Selection:
The study was carried out in Aravalli District, located in the northern part of Gujarat, India (Fig. 1). The district falls within the tropical dry deciduous forest zone as per the classification of Champion and Seth (1968) and forms part of the ecologically significant Aravalli Range. The area is characterized by hills, plains, and river valleys, with diverse flora and fauna. Wetlands in the district are predominantly freshwater inland systems, comprising both standing water bodies (ponds, lakes) and flowing systems (rivers, streams). These ecosystems provide critical ecological services, including groundwater recharge, biodiversity conservation, and carbon sequestration.
	Table 1. Selected Countryside wetland GPS, Area details

	Sr No.
	Taluka
	VILLAGE
	AREA(Ha)
	GPS

	[bookmark: _Hlk138752379]1
	Bayad
	FATA DHIRPUR
	15.24
	73°14'15.579"E 23°7'53.545"N 

	2
	
	INDRAN
	14.19
	73°19'3.415"E 23°7'31.114"N 

	3
	
	GOTAPUR
	38.00
	73°23'25"E 23°15'18"N 

	4
	
	JITPUR
	32.00
	73°21'15.2"E 23°13'17.5"N 

	5
	Bhiloda
	ABHAPUR
	16.27
	73°20'9.593"E 23°45'13.428"N 

	6
	
	BUDHELI
	18.46
	73°19'51.226"E 23°46'44.262"N 

	7
	Dhansura
	MALEKPUR
	16.99
	73°15'44.347"E 23°20'52.493"N 

	8
	
	KOLAVADA
	23.00
	73°16'25.453"E 23°23'23.405"N 

	9
	Meghraj
	ZARDA
	123.57
	73°31'12.329"E 23°33'17.236"N 

	10
	
	SURDEVI
	15.06
	73°33'34.585"E 23°27'35.57"N 

	11
	Modasa
	AMLAI
	22.88
	73°21'23.587"E 23°23'2.942"N 

	12
	Malpur
	KATKUVA
	15.10
	73°29'34.291"E 23°17'2.975"N 

	Total wetland cover
	350.75
	


A total of 450 lentic wetlands- standing water bodies covering 3534.34 ha were identified across the district, representing nearly 1% of the total geographical area (330,800 ha). For this study, 12 representative wetlands were selected using stratified sampling, distributed across six talukas: Bayad (4), Bhiloda (2), Dhansura (2), Malpur (2), Meghraj (2), and Modasa (1). The selected wetlands covered 350.75 ha (Table 1).
Riparian Site Description: Three perennial rivers—Vatrak, Mazum, and Meshwo—were selected as riparian study sites due to their year-round water availability. Vatrak River flows ~226 km across Meghraj, Malpur, and Bayad talukas before joining the Sabarmati River. Mazum River spans ~173 km, traversing Modasa, Meghraj, Dhansura, Bhiloda, and Bayad talukas. Meshwo River, a tributary of the Sabarmati, runs ~97 km through Bhiloda, Modasa, and Dhansura talukas. These rivers form critical riparian habitats, providing continuous hydrological support for diverse vegetation.
Data Collection and Seasonal Surveys:
Floristic surveys were conducted in twelve selected lentic wetlands of Aravalli district, Gujarat, during different seasons from 2020–2021 to 2022–2023 in order to record seasonal variations in plant diversity. Each site was visited during monsoon, winter, and summer seasons across three consecutive years. During these visits, all macrophytes occurring within and around the wetlands were recorded systematically. For each plant species, information regarding its habitat type, habit (herb, shrub, climber, or tree), family affiliation, scientific and local names, and phenological attributes such as flowering, fruiting, and overall growing season was documented. Detailed morphological characteristics of each species were observed in the field, and representative specimens were collected and photographed to aid in confirmation.
Sampling Design and Quadrat Method:
For the riparian vegetation survey, eight transects were strategically established along the riparian zones of each selected perennial river—Vatrak, Mazum, and Meshwo. Transects were laid in a zigzag pattern to ensure maximum coverage and capture habitat heterogeneity across the riparian landscapes. The precise placement of transects was guided by Google Earth Pro-GIS mapping, which was used to identify areas of heightened phytodiversity. Each transect extended over a length of 500 meters, allowing exploration of diverse microhabitats within the riparian zone. Along each transect, a total of 55 quadrats were surveyed, resulting in 440 quadrats per river and 1320 quadrats across all three rivers. Each transect encompassed an area of approximately 2000 m², and the cumulative surveyed area per river amounted to 16,000 m². To ensure comprehensive representation of vegetation strata, a nested quadrat design was employed. Tree quadrats (20 × 20 m) were positioned at intervals of 100 m along each transect, with five quadrats dedicated to tree sampling. Additionally, 25 quadrats (5 × 5 m) were used for shrubs and climbers, while 25 quadrats (1 × 1 m) were dedicated to herbs. This integrated design enabled systematic documentation of floristic composition across tree, shrub, climber, and herbaceous layers, thereby providing an exhaustive assessment of plant species diversity within riparian zones.
Taxonomic Identification and Herbarium Preparation:
[bookmark: _Hlk206405003]Species identification was carried out to the species level using diagnostic morphological characters of vegetative and reproductive parts. A wide range of literature sources was consulted for accurate identification. Regional and state floras such as Plants of Northern Gujarat (Saxton & Sedgwick, 1918), The Flora of Saurashtra (Santapau, 1962–1988), Flora of the Presidency of Bombay (Cooke, 1901–1903), Flora of Gujarat State (Shah, 1978), and Forest Flora of Gujarat State (Patel, 1984) were used. Wetland-specific references including A Field Guide to Common Wetland Plants of Gujarat (Kamboj et al., 2019) and Wetland Flora of West Bengal (Chowdhury & Chowdhury, 2022) were also referred. In addition, national and international references such as Handbook of Common Water and Marsh Plants of India and Burma (Biswas & Calder, 1936), Aquatic and Wetland Plants of India (Cook, 1996), A Manual of Aquatic Plants (Morgan, 2006), Introduction to Aquatic and Semi-aquatic Plants of India (Das, 2012), and Aquatic Plants of Eastern India: A Pictorial Guide (Mahapatra & Biswal, 2015) were consulted. To resolve taxonomic ambiguities, various online resources such as Plants of the World Online (POWO), World Flora Online (WFO), The Plant List, Global Biodiversity Information Facility (GBIF), Digital Flora of Karnataka, Digital Flora of Gujarat, eFlora of India, Catalogue of Life, and Tropicos were used, along with published research articles.
Voucher specimens were collected for each identified species and processed into herbarium sheets following standard herbarium techniques. The collected specimens were pressed, dried, and mounted with complete label details, including collection site, GPS location, habitat, and phenology. For long-term preservation, specimens were subjected to poisoning treatment using a 2% HgCl₂ solution. The prepared herbarium serves as a permanent record and reference for the wetland flora of the Aravalli district.
RESULTS:
The wetland vegetation of Aravalli district was represented by a total of 328 plant species, belonging to 232 genera and 80 families. Class-wise analysis revealed the dominance of dicotyledons with 264 species (80.48%), followed by monocotyledons with 61 species (18.60%), and a smaller contribution from pteridophytes with 3 species (1.0%) (Fig-1).

Among the 80 recorded families, dicotyledons contributed 65 families, monocotyledons 12 families, and pteridophytes 3 families. Notably, nine families accounted for nearly 50% of the total species richness. Papilionaceae was the most species-rich family with 27 species, followed by Asteraceae (23 species), Cyperaceae (22 species), and Poaceae (21 species). Other dominant contributors included Acanthaceae (17 species), Convolvulaceae (14 species), Euphorbiaceae (13 species), Caesalpiniaceae (11 species), and Mimosaceae (10 species). Collectively, these families represented the ecological backbone of wetland vegetation in the district (Table 2).




	
Figure 1. Class wise distribution of collected species among Wetlands of Aravalli district.

Table 2. Recorded families with number of species

	Sr No.
	Families
	No of species

	1
	Papilionaceae
	27

	2
	Asteraceae
	23

	3
	Cyperaceae
	22

	4
	Poaceae
	21

	5
	Acanthaceae
	17

	6
	Convolvulaceae
	14

	7
	Euphorbiaceae
	13

	8
	Caesalpiniaceae
	11

	9
	Mimosaceae
	10

	10
	Amaranthaceae, Scrophulariaceae
	09

	11
	Rubiaceae
	08

	12
	Malvaceae
	07

	13
	Solanaceae, Tiliaceae
	06

	14
	Asclepiadaceae, Cucurbitaceae, Lamiaceae, Moraceae, Verbenaceae
	05

	15
	Capparaceae, Gentianaceae, Hydrocharitaceae, Lythraceae
	04

	16
	Apocynaceae, Boraginaceae, Menispermaceae, Nyctaginaceae, Nymphaeaceae, Onagraceae, Rhamnaceae, Potamogetonaceae, Polygonaceae
	03

	17
	Celastraceae, Combretaceae, Commelinaceae, Ehretiaceae, Elatinaceae, Lemnaceae, Molluginaceae, Najadaceae, Pontederiaceae, Sapotaceae
	02

	18
	Aizoaceae, Alangiaceae, Alismataceae, Anacardiaceae, Annonaceae, Arecaceae, Azollaceae, Balanitaceae, Bignoniaceae, Bombacaceae, Ceratophyllaceae, Chenopodiaceae, Dioscoreaceae, Hydrophyllaceae, Lentibulariaceae, Marsileaceae, Martyniaceae, Meliaceae, Moringaceae, Oxalidaceae, Papaveraceae, Passifloraceae, Pedaliaceae, Periplocaceae, Polygalaceae, Portulacaceae, Primulaceae, Pteridaceae, Rosaceae, Salvadoraceae, Sapindaceae, Simaroubaceae, Sterculiaceae, Trapaceae, Typhaceae, Ulmaceae, Vitaceae
	01

	                                                                    Total
	328


 
At the genus level, Out of the 232 recorded genera, the majority were dicotyledons, accounting for 191 genera. Monocotyledons were represented by 38 genera, while only 3 genera were classified under pteridophytes. Cyperus was the most dominant, represented by 10 species, followed by Ipomoea (7 species), and Euphorbia, Ficus, Indigofera, and Senna (5 species each). Several genera such as Blumea, Corchorus, Phyllanthus, Schoenoplectiella, and Vachellia were moderately represented with 4 species each.
Habit-wise distribution revealed that herbs were the most dominant group with 179 species, accounting for more than half of the total diversity. This was followed by trees (46 species), climbers (34 species), shrubs (26 species), sedges (22 species), and grasses (21 species) (Fig. 2). This trend reflects the strong dominance of herbaceous and semi-aquatic life forms in the wetlands of the region.
 Figure 2. Habit wise comparison among all collected species from wetlands of Aravalli.
Species Richness in Lentic and Riparian Zones: 
Comparative analysis of lentic and riparian zones documented 126 wetland species, distributed across 85 genera and 40 families. Dicotyledons contributed 74 species, monocotyledons 49 species, and pteridophytes 3 species.
Habit-wise analysis revealed that herbs were again the dominant group with 88 species, followed by sedges (22 species), grasses (11 species), climbers (3 species), and shrubs (2 species) (Table 3). Herbs, sedges, and grasses thus formed the major components of the wetland flora, while woody elements were comparatively less represented.
	Table 3. Habit wise distribution of Wetland plants recorded from Aravalli district.

	Sr No.
	Habit
	No of Species
	Percentages %

	1
	Climber
	3
	02.38%

	2
	Grass
	11
	08.73%

	3
	Herbs
	88
	69.84%

	4
	Sedges
	22
	17.46%

	5
	Shrubs
	2
	01.58%

	Total Species
	126
	100%



Hydrophyte Diversity in Wetlands: 
Out of the 126 wetland species, 48 species were classified as hydrophytes, representing four distinct categories. The majority belonged to the emergent group (23 species), followed by species rooted with free-floating leaves (11 species), submerged forms (10 species), and free-floating forms (4 species) (Fig. 3). This distribution highlights the predominance of emergent and rooted aquatic plants in the wetlands of Aravalli, indicating the prevalence of shallow and semi-permanent aquatic habitats that favor such growth forms.Figure 3. Distribution of collected hydrophyte species in various categories according to physiological feature


The assessment of recorded species in Gujarat revealed that 227 species are categorized as common, 56 as uncommon, 35 as rare, 9 as vulnerable, and 1 as endangered. The only endangered species documented in the state is Tecomella undulata (Sm.) Seem. The nine species identified as vulnerable include Blastania garcinii (Burm.f.) Cogn., Pulicaria undulata (L.) C.A.Mey. subsp. undulata, Wrightia arborea (Dennst.) Mabb., Petalidium barlerioides (B.Heyne ex Roth) Nees, Staurogyne zeylanica (Nees) O. Ktze., Wrightia tinctoria (Roxb.) R.Br., Convolvulus rottlerianus Choisy subsp. rottlerianus, Fimbristylis argentea (Rottb.) Vahl, and Ixora pavetta Andrews.
Figure 4. Distribution of collected species according to IUCN categories.
Among the 328 species recorded, 280 were native, 2 were endemic, and 46 were identified as exotic or introduced.
According to the IUCN conservation assessment, two species—Tecomella undulata (Sm.) Seem. and Tectona grandis L. f. are classified as Endangered. While T. undulata is recognized as endangered on a global scale, the status of T. grandis (Teak) varies by geography. Although it is globally endangered, it is not considered as such within the Gujarat region. This is because the species is common throughout Gujarat’s deciduous forests, with the exception of the Banaskantha and Rajkot districts (Shah, 1978). A total of 151 species were classified as Least Concern, while 6 species were placed in the Data Deficient category. Most species (169) remain under the Not Evaluated category (Fig.4).
DISCUSSION:
The wetland flora of Aravalli district 328 species in 232 genera and 80 families shows a strong dominance of dicotyledons, a pattern consistent with statewide syntheses of Gujarat’s wetland vegetation that also report dicot/herb prevalence in inland aquatic systems (Radhanpuri, 2023).
Family level concentration, with a large share of species drawn from Papilionaceae, Asteraceae, Cyperaceae and Poaceae, mirrors Gujarat-wide patterns where cyperoids and grasses are recurrently prominent in wetland floras due to their tolerance of fluctuating hydrology and sediments (Radhanpuri, 2023). 
Herbs overwhelmingly outnumber shrubs and trees in our dataset; this is typical for seasonal and semi-permanent wetlands where short life cycles and rapid turnover confer advantages to herbaceous forms. Comparable life-form structure (herb dominance, followed by sedges and grasses) has been documented from Heranj Wetland in central Gujarat (Patel & Maitreya, 2021). 
Hydrophyte composition is led by emergent macrophytes, indicating shallow, semi-permanent conditions with periodic drawdown. Similar hydrophytic spectra emergents > rooted with floating leaves > submerged > free-floating have been reported for inland wetlands in Kheda district (Patel & Maitreya, 2021). 
From a conservation standpoint, the occurrence of Tecomella undulata in our record is notable. Recent modelling and conservation assessments indicate this desert teak is increasingly threatened under climate change scenarios across its range, reinforcing the need for local protection and propagation efforts in Aravalli (Ghafouri et al., 2025; Thampan et al., 2025). 
The wetlands of the study area are under significant stress, with 58% of the surveyed sites (7 out of 12) experiencing high levels of anthropogenic pressure. The primary driver of degradation is the encroachment of agricultural activities, particularly the conversion of wetland margins into farmland during dry seasons at sites like Fata Dhirpur and Gotapur. This transition introduces chemical fertilizers and pesticides, leading to soil contamination and potential eutrophication. Furthermore, over-extraction of water for irrigation and intense biological interference including overgrazing by livestock, ritualistic offerings (e.g., plastics and synthetic dyes), and abandoned fishing nets have resulted in direct mortality of local fauna such as snakes and turtles. Domestic pressures, including open defecation and the dumping of solid waste in sites like Indran and Kolavada, further compromise water quality and ecological integrity. These observations underscore that while these wetlands remain floristically rich, their long-term sustainability depends on immediate conservation interventions, including the establishment of buffer zones and community-led waste management programs.
CONCLUSION:
This study provides a valuable baseline inventory of wetland phytodiversity in Aravalli District, highlighting the prominence of dicotyledons and herbaceous plants, in line with broader wetland vegetation patterns in Gujarat (Thakor et al., 2025). The strong presence of emergent macrophytes reflects the predominance of shallow, semi-permanent wetland habitats typical of the region, echoing findings from inland Indian wetland systems (Suthar et al., 2019).
The occurrence of Tecomella undulata a species classified as endangered underscores the critical need for targeted conservation interventions. This aligns with conservation priorities identified in habitat modelling studies that emphasize safeguarding this species under changing climate conditions (Ghafouri et al., 2025; Thampan et al., 2025). Beyond biodiversity, the ecological integrity of Gujarat’s wetlands bears significant ecosystem services, such as water storage, nutrient cycling, and wildlife habitat, including migratory birds (Stanley, 2004). Given that Aravalli’s wetlands fall within the broader landscape of regional Ramsar sites and biodiversity hotspots, continued ecological monitoring and habitat restoration are urgently warranted.
Overall, the dataset generated in this study serves as a foundation for sustained ecological monitoring, conservation planning, and potential wetland restoration efforts across Aravalli’s wetland ecosystems.
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IUCN status of recorded species

No of species	
Data Deficient (DD)	Endangered	Least Concern (LC)	Not Evaluated (NE)	6	2	151	169	IUCN Categories


No. of Species



Class wise distribution of collected species

No. of Species	
Dicotyledons	Monocotyledons	Pteridophyte	264	61	3	Percentages %	
Dicotyledons	Monocotyledons	Pteridophyte	0.80479999999999996	0.186	0.01	

Habit wise distribution of species


Climber	Grass	Herbs	Sedges	Shrubs	Trees	34	21	179	22	26	46	Habit


No. of Species Recorded




Types of Hydrophyte species recorded


Free Floating 	Rooted with Free Floating Leaves	Submerged	Emergent	4	11	10	23	Types of hydrophytes


No. of species recorded






