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Review Article
Anthropogenic Threats to the Coastal Biodiversity from Raigad District, 
Maharashtra, India: A Review


Abstract:
Coastal diversity plays a crucial role in supporting a wide array of ecosystems, economies, and human well-being. It provides essential services like food production, climate regulation, and coastal protection, and also supports fisheries and tourism. It harbors unique cultural values and historical significance. Diverse coastal ecosystems like mangroves, coral reefs, and salt marshes act as natural buffers against storms and erosion, protect coastlines, and filter pollutants. They also play a key role in carbon sequestration and support a vast array of species, including commercially important fish and shellfish. Coastal biodiversity faces numerous threats, primarily stemming from human activities and climate change. These include habitat destruction, pollution, overfishing, invasive species, and the impacts of climate change such as rising sea levels and ocean acidification. This study provides an illustrative and recent scientific account on the current status of the anthropogenic threats to the coastal biodiversity from Raigad District, Maharashtra, India with respect to the key industries, present coastal biodiversity, and anthropogenic threats to the coastal biodiversity from Raigad District. Results of the present study revealed that, habitat destruction, land reclamation, overexploitation of resources, pollution, sand dredging, and tourism have negatively impacted the coastal biodiversity from the Raigad district. The study recommends the establishing and maintaining the marine protected areas, reducing pollution, implementing sustainable fishing practices, and supporting research and monitoring will be helpful for effective conservation and management of coastal diversity.
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1. Introduction
Coastal areas are home to diverse ecosystems that provide essential goods and services for human wellbeing. The coast is a highly dynamic interface between land and sea influenced by land-based and oceanic processes [1]. Coastal biodiversity provides provisioning, regulating, supporting, and cultural services which are crucial for human well-being, economic development, and the health [2]. 
Biodiversity threats are one of the major concerns which arise due to natural processes and anthropogenic activities. Human activities such as climate change, deforestation, habitat loss, increasing wildlife trade, invasive species, overexploitation, and pollution are negatively affecting the species diversity at an alarming rate [3]. Deforestation, land degradation, pollution, and soil erosion causes effects such as degradation of coastal and open sea ecosystem; discharges of toxic effluents and inflow of nutrients; diseases and lose of biodiversity; and impairment of aquatic organisms [4].  
Coastal zone is a fragile environment and is prone to suffer irreversible anthropogenic disturbances. The growth of the human population and the intensive occupation of the coastline are the cause of great ecological pressure on global insular coastal ecosystems [5]. Effects of human activities on biotic components of coastal ecosystems includes ecological shifts in phytoplankton and harmful algae, effects on coastal and estuarine fishes, habitat loss, impacts on benthic communities, and invasive species in coastal marine ecosystems [6]. 
Over-fishing, habitat destruction, by-catch and discards, and intentional and unintentional trappings of species of special concern are the major issues of concern [7]. Major threats to coastal biodiversity of the world are environmental degradation and overfishing. The marine biodiversity in Maharashtra is affected by habitat destruction, bottom trawling, use of purse seine and other non-permitted nets, poaching of protected species, and lack of awareness about the conservation significance of marine biodiversity in general and endangered and protected species in particular [8]. 
The diverse and rich coastal biodiversity which provides critical ecosystem services, and serves as a buffer to climate change are increasingly threatened by ocean and coastal degradation, overfishing, erosion, and the effects of climate change [9]. Threats to India's coastal biodiversity include overexploitation of resources, habitat loss, pollution, climate change impacts like sea-level rise and ocean acidification, and the introduction of invasive species. These factors are leading to a decline in the health and resilience of coastal ecosystems like mangroves, coral reefs, and estuaries [10].  
	Coastal diversity in Maharashtra faces numerous threats including habitat destruction, pollution, climate change impacts like sea-level rise and increased storm surges, and over-exploitation of resources. These factors are exacerbated by rapid urbanization, unregulated tourism, and development projects, particularly in areas like Mumbai and the Konkan region [11].  
In light of these observations, a review on, ‘Anthropogenic Threats to the Coastal Biodiversity from Raigad District, Maharashtra, India: A Review’ is undertaken to update the current status of coastal diversity in Raigad District of Maharashtra and threats faced by it. The aim of this review is to update recent information from the available literature relating with ‘Anthropogenic Threats to the Coastal Biodiversity from Raigad District, Maharashtra, India’.
2. Materials and Methods
2.1 Literature Search Methods  
This review was carried out by collecting information on relevant research findings with the help of Internet search engines like Google, Google Scholar, PubMed, ScienceDirect, and ResearchGate and other published articles, reports, and monographs. A total of 47 published articles have been reviewed and the related information was gathered for this current study. The keywords used for reviewing the literature were the ones that refer to the issues concerning the ‘Anthropogenic threats to the coastal biodiversity from Raigad District, Maharashtra, India’. For literature search, keyword "coastal biodiversity" is combined with: anthropogenic threats, Raigad District, Maharashtra, and Konkan. 
2.2. Study Area: Coastal Region of Raigad District
Geographically, Raigad district (18° 30' 56.88'' N, 73° 10' 55.92'' E) (previously Colaba district), is located in the Konkan region of Maharashtra, India (Fig. 1). The district is nestled between the Sahyadri mountain range (Western Ghats) and the Arabian Sea. Its western boundary is formed by the Arabian Sea, while the eastern part is characterized by the Sahyadri hills and valleys. The district headquarters is located in Alibag, a coastal town on the western coast of India. Other major cities in the district are Panvel, Karjat, Navi Mumbai, Khopoli, Shrivardhan and Mahad.
	The district is bounded by Mumbai Harbour to the northwest, Thane district to the north, Pune district to the east, Ratnagiri district to the south and the Arabian Sea to the west. It includes the large natural harbour of Pen-Mandwa, which is immediately south of Mumbai harbour, and forming a single landform with it. The northern part of the district is included in the planned metropolis of Navi Mumbai, consisting of Kharghar, Ulve node, New Panvel and Khanda Colony, Taloja, Kamothe and Kalamboli nodes as well as Uran City and its port, the Jawaharlal Nehru Port Trust (JNPT). 
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Fig.1. District Raigad: Geographical position and coastal Talukas 
	The Raigad District experiences a sub-tropical monsoon climate with a mean annual temperature ranging from 25°C to 28°C. The highest temperatures, typically 30°C to 33°C, are observed in April and May, while the lowest temperatures, ranging from 16°C to 20°C, are seen in the coldest month. The region also experiences significant humidity variations, ranging from 41% to 97%. Total area of the district is 7,152 km2 with the population of 2,634,200. 
	The district features a mix of coastal plains, hills, and valleys, with the Sahyadri mountain range running along its eastern side. Coastline of the district is marked by numerous beaches, islands, and ports, including the natural harbour of Pen-Mandwa. Rivers such as Ulhas, Patalganga, Amba, Kundalika, Mandad, and Savitri, flow through the district, draining into the Arabian Sea. Due to its coastal location, Raigad district experiences a mild, warm, and humid climate. 
	Raigad district is divided into eight subdivisions, with fifteen talukas, and 1,967 villages. Subdivisions of the district with their respective talukas include Alibaug (Alibaug, Murud); Pen (Pen); Karjat (Karjat, Khalapur); Mahad (Mahad, Poladpur); Mangaon (Mangaon, Tala); Panvel (Panvel, Uran); Roha (Roha, Sudhagad), and Shrivardhan (Shrivardhan, Mhasla). Of the total fifteen talukas of the district, the coastal talukas are Alibag, Mhasala, Murud, Panvel, Pen, Shrivardhan, Tala, and Uran.
3. Key Industries of Raigad District
Raigad district's coastal belt is experiencing industrialization, particularly in areas like the Raigad MIDC (Maharashtra Industrial Development Corporation) chemical industrial zone, Raigad District Profile, and the Jawaharlal Nehru Port Trust (JNPT). The district's industrial growth is also linked to its proximity to the Mumbai Metropolitan Region (MMR) and its role in transportation and warehousing [12].  
	Raigad district in Maharashtra's Konkan region has a mix of industries along its coastal belt, primarily focused on fishing, food processing, and some manufacturing. Though the district isn't heavily industrialized, it boasts a diverse range of industrial activities (Table 1). 
Table 1 Key Industry in Raigad District
	Type of industries 
	Mechanism
	Specific Examples

	Chemical industries
	Production of specialty chemicals, petrochemicals and pharmaceuticals
	Aje India Pvt Ltd, Hikal Ltd, 
Laxmi Organic Industries Ltd.
Mangalam Organics Ltd.
Sudarshan Chemical Industries Ltd.
Supreme Petrochem Ltd. 
Unichem Laboratories Ltd.
Vinati Organics Ltd.

	Conveyor Belt Manufacturers
	Manufacturing of Conveyor belt 
	Enoch Industries Pvt Ltd.  
Orbit Equipments Pvt Ltd.
R S Arora Rubber Corporation. 
SVR Enterprises.  

	Engineering
	Manufacturers of engineering parts, general engineering companies, and offshore engineering.
	Forward Manufacturing Company Pvt Ltd. 
Toyo Engineering India Pvt Ltd. 
UB Engineering Ltd.

	Fishing and Seafood processing
	Processing and exporting fish and seafood. 
	Blue Fin Frozen Food Pvt Ltd.
Everfresh Sea Foods.
Gadre Marine Export Pvt Ltd.

	Food processing
	Processing and manufacturing of spices, snacks, dairy products, etc. from the local agricultural and fishing resources.
	Fine Zeelandia Pvt Ltd.
Lad Spices & Foods -Darval Masala.
Parakh Foods and Oils Ltd.
Rutuja Papad Gruh Udyog. 
Shree Mumbadevi Farsan Mart. 
Uttam Food Infrastructure Park Pvt Ltd.

	Ganesh Idol Cluster
	Ganesh idol manufacturing.
	Bhumi Kala Kendra. 
Deepak Kala Kendra. Devansh Art.
Shree Navnath Kala Niketan.

	Manufacturing
	Manufacturing of steel pipes, textiles, pharmaceuticals, paper, and chemicals.
	Elppe Chemicals Private Limited.
H P Adhesive Pvt Ltd.
Johnson Matthey Chemicals India Pvt. Ltd.
Kellogg India. 
POSCO Maharashtra Steel.
Qualigens Pharma Pvt. Ltd.  
Sudarshan Chemical Industries.  
Veeral Additives Pvt Ltd. 
Vinati Organics Ltd.
Viswaat Organics Pvt. Ltd. 
Wanbury Ltd. 



There were 208 medium and large-scale industries and 1326 small manufacturing industries distributed all over the district. Primary industries includes stock-raising, forestry, fishing, mining, quarrying, processing and manufacture of foodstuffs, textiles, leather products, metals and chemicals etc. Other major industries includes Hindustan Insecticides Ltd are oil & grease, carbon brushes, rubber molded items, cables, fasteners, washer, flanges, machine parts, welding electrodes, high-pressure valves, conveyer belt, pressure casting, cast iron machine parts, hacksaw blades, electrical accessories, FRP tanks nuts & bolts etc [13]. 
District Raigad is designated as a chemical industrial zone and includes key industrial areas like Taloja, Patalganga, Mahad, Vile Bhagad, and Roha. It is an industrial hub and besides the MIDC, towns like Khopoli, Karjat, Panvel, and Taloja - Panchnad have significant industrial units, particularly in steel pipes and medicine manufacturing. Industrialization in Raigad has had an impact on agriculture, leading to changes in land use and water quality. The coastal area is also undergoing changes due to various factors, including climate change, storms, erosion, pollution, and other human activities [1]. 
4. Coastal Biodiversity from Raigad District
Healthy coastline provides a wide range of goods and services essential for human life. Coastal and marine biodiversity and their supporting ecosystems are now subject to a multitude of threats. The intensity and scale of anthropogenic impacts in the world’s ocean have increased dramatically during the industrial age and these impacts are combining to accelerate the loss and fragmentation of important coastal marine habitats. Activities involving development projects have resulted in depletion of coastal resources, destruction of mangrove habitats, disruption of ecosystem processes and loss of biodiversity [14, 15]. 
The Arabian Sea is considered as one of the most productive zones in the world oceans. This coastline is known for its rich marine life especially intertidal biota in its extended intertidal and subtidal areas. Coastal marine environments are reported to have greater biodiversity than open ocean regions and majority of world’s most productive marine ecosystems are found within coastal environments [16]. Coastline of Raigad District is a rich source of coastal biodiversity and is represented by several species of mangroves, marine algae, sea grasses, colourful fishes, various crabs, beautiful corals, marine mammals, and other organisms [17] (Table 2). 
Table 2: Coastal biodiversity recorded from coastline of Raigad District 
	Type of study
	Location 
	Species reported 
	Reported by

	Diversity indices of selected macrobenthos 
	Karanja creek
	Crustaceans, echinoderms, gastropods, pelecypods, polychaetes
	Pawar and Kulkarni [18]

	Species diversity of birds 
in mangroves
	Uran (Raigad), Navi Mumbai
	56 species
	Pawar Prabhakar R [19] 

	Assessment of Bycatch and Discards in Marine Capture Fisheries 
	Uran (Raigad), Navi Mumbai
	101 species
	Pawar Prabhakar R [20] 

	Diversity of bivalve and gastropod molluscs
	Harihareshwar,
Lada, Shrivardhan, Jivanabander
	14 species
	Khade and Mane [21] 

	Molluscan diversity in mangrove ecosystem 
	Uran, 
Navi Mumbai
	55 species 
	Pawar Prabhakar R [22] 

	Diversity of decapod fauna from mangroves 
	Uran (Raigad), Navi Mumbai
	26 species
	Pawar Prabhakar R [14]

	Diversity of avifauna 
	Nigade, Raigad 
	131 species
	Mhatre et al [23] 

	Biodiversity of marine algae 
	Raigad coast of Konkan
	45 species
	Ambhore and Whankatte [17] 

	Diversity of edible bivalves 
	Sheva coast
	7 species 
	Khade S N [24]

	Mangrove associated gastropods 
	Turbadi coast 
	11 species 
	Khade [25] 

	Avifaunal diversity 
	Coastline of Raigad district 
	46 species 
	Kurve [26] 

	Biodiversity of brachyuran crabs 
	Uran (Raigad), Navi Mumbai
	31 species
	Pawar Prabhakar R [27]

	Marine sponges as bio-indicator species of environmental stress 
	Uran 
(Navi Mumbai) 
	16 species
	Pawar Prabhakar R [28] 

	Edible bivalve molluscs 
	Kegaon coast 
	6 species 
	Sunil N Khade [29]

	Diversity of intertidal macrofaunal invertebrates 
	Ratnagiri coast 
	83 species 
	Lakwal et al [16]

	Ichthyofaunal Diversity 
	Karanja, Dharamtar creek
	36 species
	Garima et al [30]

	Anthropogenic impact on species diversity and distribution of birds 
	Coastal region of Panvel Navi Mumbai
	102 species
	Pawar et al [31] 

	Diversity and species distribution of gastropods
	Harihareshwar, Shrivardhan
	46 species 
	Khade and Gaikwad [32] 

	Distribution and diversity of intertidal marine faunal species
	Maharashtra and Goa coast
	63 species
	Balakrishnan and Sivaleela [33]

	Biodiversity, biocleansing and anthropogenic activities on the two tourist beaches of Raigad
	Revdanda
and Kashid beach 
	52 sand dune plant species and 5 avifaunal species
	Pawar and Telave [34] 

	Diversity of marine algae 
	Alibag sea shore and Kulaba fort 
	30 species 
	Patil Minal A [35]



5. Anthropogenic Threats to the Coastal Biodiversity from Raigad District
Coastal diversity in Raigad district faces numerous threats, primarily from developmental activities, tourism, and pollution. These include habitat destruction from sand dredging and land reclamation, damage to coastal sand dune vegetation by tourists and vehicles, and pollution from domestic and plastic waste. Additionally, industrialization and human activities are impacting mangrove ecosystems [36]. The main reason behind reduction in coastal biodiversity is uncontrolled activities, which pollute the beaches. Because of this reason, a negative impact is observed on the economy of Raigad district that has reduced the progress of tourism industry [37].
5.1. Pollution
	Pollutants in the air, water, and soil can affect organisms in many different ways, from altering the rate of plant growth to changing reproduction patterns, in certain extreme situations, leading to extinction [38]. Coastal pollution in Raigad district is a significant issue, with both industrial and natural sources contributing to the problem. Many incidences of occurrence of oil and tar pollution on beaches like Kihim, Kashid, and Nagaon have been reported by coastal communities. Tar deposits, plastic waste, and other pollutants contaminate beaches and coastal areas, impacting both the environment and local communities [39] (Table 3).



Table 3: Reports on coastal pollution of the Raigad District 
	Type of the study 
	Location 
	Pollutants 
	Reported by

	Assessment of water quality in Karanja creek
	Karanja creek 
	Chemicals, oil, port wastes, sewage, ship building activities 
	Pawar and Kulkarni [40] 

	Overview of coastal environment Post  Chitra Khalijia Collision. 
	Uran creek
	Oil spills, containers, toxic chemicals, deposition of carbon and tar, plastic sheets, 
	Kurve and Kurve [41]

	Impact of anthropogenic inputs on water quality of mangrove ecosystem 
	Uran creek, 
Navi Mumbai
	Domestic wastes, sewage, effluents, oil, port wastes, wastes from Container Freight Stations (CFS) 
	Pawar Prabhakar R [15]

	Physico-chemical study of sea water 
	Dharamtar creek near Dolvi village 
	Fertilizers, pesticides, organic matter
	Jadhavar [36] 

	Impact of oil spills on the coastal ecosystem
	Beaches of the Alibaug
	Oil spills, residual oil, 
tar balls, 
	Bhatkar et al [37] 

	Analysis of physic-chemical characteristics of water 
	Taloja MIDC and Khopoli MIDC
	Effluents from textile, petrochemical, chemical, pharmaceutical, and paper industries
	Surabhi and Pillai 
[42]

	Panvel creek: analysis of the heavy metal contamination
	Panvel creek
	Detection of Cu, Ni, Zn, and Hg in creek water 
	Meshram and Bhagat [43] 

	Water quality assessment of Panvel creek 
	Panvel creek 
(Navi Mumbai)
	Sewage, wastes from shipbuilding and sand dredging activities
	Zele and Kurve [44]

	Impact of industrial effluents on water quality
	Patalganga river estuary 
	Degradation in water quality
	Save and Kumar [39]



5.2. Tourism
	Though coastal tourism can boost local economies and provide recreational opportunities, it also contributes to pollution, habitat destruction, and cultural changes. Sustainable tourism practices are crucial to mitigating negative impacts and ensuring the long-term health of coastal areas [45]. Tourist activities, including vehicle use on beaches and dumping of waste, damage coastal sand dune vegetation and alter dune structure. Tourist infrastructure including airports, marinas, resorts, and golf courses has affected the fragile marine ecosystems [38]. 
	Raigad district boasts several popular tourist beaches, including Alibag beach, Khim beach, Mandwa beach, Kashid beach, Murud beach, Harihareshwar beach, and Nagaon beach. These beaches offer a mix of relaxation, water sports, and scenic beauty. Massive influxes of tourists, often to a relatively small area, have a huge impact. They add to the pollution, waste, and water needs of the local population putting local infrastructure and habitats under enormous pressure [37, 46, 47]. 
5.3 Sand Dredging 
Sand dredging in Raigad district is a topic with both legal and illegal aspects. While some dredging is authorized for navigational purposes and to clear river channels, there are also concerns and reports about illegal sand mining. Sand dredging has significant negative impacts on the environment, ecology, and local communities. These include damage to aquatic ecosystems, disruption of river flow and sediment transport, potential release of pollutants, and negative impacts on fishing communities. Additionally, it can lead to coastal erosion, affect water quality, and impact local livelihoods [44].
5.4 Land Reclamation
Land reclamation in Raigad district, particularly for aquaculture and infrastructure development, has led to various environmental impacts on the coast. These impacts include shoreline erosion, habitat destruction, and potential water quality issues. While some economic benefits like job creation might be observed, these are often outweighed by the negative ecological consequences [39] 
5.5. Habitat destruction
	Habitat destruction along the Raigad district's coast, particularly due to tourism and development, negatively impacts the coastal ecosystem. This includes the destruction of sand dune vegetation, increased coastal erosion, and pollution from tourist activities. Mangrove habitats, crucial for marine life and coastal protection, are also threatened by human activities [26]. 
Human activities like tourism, industrial development, and waste disposal causes the habitat destruction, which impacts the beaches, mangroves, and creek ecosystems. The consequences include loss of vegetation, altered dune structures, and harm to associated fauna [34]. 
5.6. Overexploitation of resources
	Coastal resources from Raigad district include diverse ecosystems, marine produce, and beaches. Coastal ecosystems (mangroves; swamps, salt marshes, and mudflats; estuaries; and beaches (Alibag, Murud, Nagaon, Kashid, and Shrivardhan); marine produce (fish, crustaceans, aquaculture); and other coastal resources (rivers: Patalganga, Kundalika, Amba, and Savitri, creeks: Rajpuri, Kundalika, and Kalinje; agricultural land) are the significant natural resource, providing food products for the local population [14].  
	Factors such as industrialization and urbanization, over-extraction of groundwater, climate change, and ineffective enforcement of environmental regulations contributes to pollution, habitat destruction, loss of biodiversity, saltwater intrusion, and pollution, impacting both ecosystems and local livelihoods [42].
6. Conclusion
Results of the present study reveal that; the coastal diversity along Raigad District of Maharashtra is increasingly threatened. For effective conservation and management of coastal diversity, establishing and maintaining the marine protected areas, reducing pollution, implementing sustainable fishing practices, and supporting research and monitoring. Also implementing sustainable fisheries practices and regulating fishing activities is crucial. Addressing pollution sources, improving waste management, protecting and restoring mangrove habitats, protection of endangered species, and prohibition of destructive fishing are vital for biodiversity, coastal stability, and necessary to protect the marine environment. Hence the general public, the scientific community, and policy and decision makers should work together for the conservation of the marine coastal diversity. Sustainable tourism practices are crucial to mitigating negative impacts and ensuring the long-term health of coastal areas.
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