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ABSTRACT
Olive Ridley Turtle (Lepidochelys olivacea) are encountering substantial threats and vulnerabilities at their nesting site in Kolavipalam, Kozhikode, Kerala, India. This study seeks to evaluate the current status of Olive Ridley turtle, identify principal threats, and propose appropriate conservation measures. Data obtained from the local NGO, Theeram Prakriti Samrakshana Samiti, indicate a declining trend in the number of nesting turtles and hatching success rates over the past 24 years. The Garret ranking method was utilized to rank the primary factors contributing to the decline, with sand mining identified as the most significant threat, followed by coastal erosion, sea wall construction, climate change, incidental catch in trawl nets, tourism activities, and pollution. The study underscores the urgent need for a comprehensive conservation model that integrates community-based approaches with stringent law enforcement and habitat protection. The proposed framework emphasizes inclusive, locally-driven efforts involving primary stakeholders such as local communities, fishermen, with support from NGOs, environmentalists and researchers, alongside institutional bodies like the Forest Department, Department of Tourism, and municipalities. Key components of the framework include capacity building, conservation actions, sustainable eco-tourism initiatives, research and monitoring, and policy and institutional support. The ultimate objective is to ensure sustainable development and biodiversity protection through science-backed and community-centred conservation of Olive Ridley turtles. Future research should focus on analysing the effects of rising temperatures on nesting and hatchling ratios using advanced technologies, developing innovative solutions for reducing pollution and human impacts, and ensuring the long-term sustainability of conservation efforts through combined efforts of government and NGOs.
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 1. Introduction
The Olive Ridley Turtle (Lepidochelys olivacea) is considered to be one of the smallest and most abundant of all seven turtle species of the world. Yet, it is threatened and endangered in many areas, with smaller populations in the western Pacific displaying some of the most dramatic declines (Abreu,2008,shanker,2011). Knowledge about the habitats of Olive Ridley Sea Turtles (ORT) (Lepidochelys olivacea) remains limited (Carpena-Catoira et al., 2022) Known for its spectacular mass nesting behaviour (Bramha et al., 2011). This species of turtle is limited to waters at or above the 20 ◦C isotherm in the tropical regions and nests only if certain criteria are met, such as low salinity, narrow beaches with mild slope, and optimum grain size of sand (Barik et al., 2014). The abundance of their preferred food, like jellyfish and crustaceans, is also an important factor in determining this turtle’s nesting site (Baliarsingh et al., 2015). Olive Ridley turtle is amongst the most vulnerable of sea turtles due to anthropogenic threats such as ghost nets, poaching, and shrinking of suitable nesting conditions (IUCN Red List, 2011; Jensen et al., 2013;). Over the last two decades, the population of nesting females has decreased by 28 to 32% globally (Panigrahi, 2019).  Currently, sea turtle habitats are being altered by climate change and human activities, with habitat loss posing an urgent threat to Indian sea turtles (Misra,2024). Olive ridleys show a great behavioural plasticity across the world. They can migrate through oceanic waters and feed on surface fauna, or remain in shallow coastal waters where they feed on invertebrates (plot,2015). The mass nesting of ORT, a phenomenon of significant ecological interest, is increasingly influenced by various factors, including extreme climatic events, severe cyclonic storms (Mishra et al., 2023b), artificial lighting (Karnad et al., 2009; Pradhan et al., 2022), and physical alterations in their nesting The nomadic behaviour of many olive ridley turtle populations represent a successful biological strategy for the opportunistic search for prey, which is patchily distributed. This flexibility might allow them to cope with unpredictable changes in dynamic ecosystems, and could help explain why olive ridleys are the most abundant of all sea turtles [Shanker,2015,Plotkin,2013)].
However, because of their slow intrinsic growth rate and anthropogenic pressures, olive ridley turtles are vulnerable, and many populations have decreased Coastal development and commercial fishing activities continue to degrade, change, and destroy natural conditions at nesting and feeding grounds, endangering the long-term existence of many olive ridley rookeries worldwide (Abreu,2008). Beautiful coast of Kerala is blessed with specialized ecosystems and it provides nesting sites for a variety of marine species including sea turtles. Olive Ridleys (Lepidochelys olivacca), one of the vulnerable turtle species according to the IUCN.  
 Olive Ridley turtles are particularly important for coastal and marine ecosystems. They contribute to the stability of the food web by regulating prey populations and transferring nutrients from feeding areas to coastal habitats. Additionally, their shells serve as a habitat for various epibionts, which provide food for fish and shrimp, thereby supporting a diverse range of marine species (Bjorndal & Jackson, 2003).
 Several scholars have studied different aspects of olive ridley turtle. Habitat destruction, direct exploitation, and fisheries interactions have caused a decline in most sea turtle populations worldwide (Lutcavage et al. 1997; Rees et al. 2016). With the implementation of measures to protect eggs and adult females on nesting beaches, however, and regulations to reduce fisheries bycatch of turtles in the ocean, the recovery of some depleted populations has been possible, and results are encouraging (Rees et al. 2016; Mazaris et al. 2017). A previous study compiled trends of sea turtle species worldwide based on Regional Management Units (RMUs) and indicated that 12 RMUs exhibit upward trends against five RMUs with downward trend (Mazaris et al. 2017). Many authors have described the nest of L. olivacea from the east coast of India and in the Andaman Islands by (Namboothri et al.2015). However, our knowledge on the nesting of this species along the west coast of India is scanty. Rajagopalan et al. (1986), olive ridley nests both in the east and west coast of India. Though the nesting grounds along the west coast of India are diffused and the breeding populations of these areas are not as extensive as those of the east coast, the study of this population, as well as the breeding biology of these turtles, is important for developing conservation strategies.
 One of the largest threats to the viability of sea turtle populations around the world is the indirect and direct effects of climate change (Varela et al., 2019). Sea turtle nesting grounds will—if they have not already—be affected by multiple climatic processes such as temperature increases, enhanced storm frequencies, and sea level rise (Fuentes et al., 2011). These processes will affect all areas of the world, but they are especially influential in the tropics and subtropics, where sea turtles reside, because of the high variability in climatic conditions between seasons (Rivas et al., 2018).
One of the most influential factors affecting all sea turtle species is human activity through egg harvesting, egg predation by domesticated animals, beach degradation by coastal development, and turtle hunting (Oliver de la Esperanza et al., 2017). Coastal development is one anthropogenic activity that is directly affecting the reproductive success of sea turtles all over the world (Oliver de la Esperanza et al., 2017). Not only does it limit the potential nesting areas on beaches, but it also contributes to beach erosion, direct tourism pressure, and increases the amount of light pollution on the beach and shoreline (Oliver de la Esperanza et al., 2017).
. This study aims to assess the current status of the Olive Ridley turtle, with particular emphasis on identifying its major threats and vulnerabilities. It further seeks to propose appropriate conservation measures and management strategies to ensure the protection of the species in Kolavipalam, focusing on safeguarding the breeding population, nesting habitats, nests, eggs, and hatchlings.
2. Study area
Kolavipalam, also referred to as Kottakadappuram, is situated in the Kolavipalam area (Figure 1), encompassing the region from Tikkoti (11°29'38.634'' N and 75°36'54.316'' E) to the Kottapuzha estuary (11°34'12.151'' N and 75°35'26.754'' E), spanning approximately 8 km width, in Kozhikode, Kerala. It is located within the Iringal village of Payyoli Municipality in the Quilandy taluk of Kozhikode district (11°32'N; 75°45'E). This 8 km stretch of coastal village is bordered by the Arabian Sea to the west and the Kottapuzha River to the east. The beach is situated south of the Murad River, approximately 30 km north of Calicut. Kolavipalam is a small fishing hamlet near Payyoli in the Kozhikode District of northern Kerala. This community-conserved area extends over an eight-kilometre stretch of coastal village, from the Kottapuzha River mouth in the north to Payyoli in the south. Kolavipalam has gained recognition due to the efforts of local conservators in protecting the fragile coastal ecosystem.
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 Figure1:  Study area
3. Materials & methods
The study employed a mixed-methods approach to comprehensively assess the threats and vulnerabilities faced by Olive Ridley turtles at Kolavipalam, Kozhikode, and Kerala. A combination of field surveys and interviews with local stakeholders was utilized to gather qualitative and quantitative data .A thorough review of existing literature was conducted to establish a foundational understanding of Olive Ridley turtle conservation efforts globally and locally. The study involved local fishermen, conservationists, and community members who have been directly or indirectly involved with the Olive Ridley turtle habitat. Participants who have resided in the Kolavipalam area for at least five years and have been actively engaged in turtle conservation were included in the study. Individuals with no direct involvement or knowledge of Olive Ridley turtle conservation practices were excluded from the study. Data were collected through structured interviews, field observations, and the examination of relevant environmental records. Qualitative data were analysed using thematic analysis, while quantitative data were subjected to statistical evaluation to identify significant patterns and trends. Descriptive and inferential statistics were employed to analyse the quantitative data, ensuring robust and reliable results.
Present study tries to find out the threats and vulnerabilities of ORT of Kolavipalam through people’s perceptions. A micro level analysis for evaluating the threats and the status of ORT through the visual perception and opinions of respondents is carried out with the help of a questionnaire survey. The sample survey with a sample size of 310 from the study area is used for the present analysis. In the last decades, large areas of our planet have been subjected to a very intense anthropogenic influence in terms of landscape transformation. Landform and landscape changes, transformations with conversions, encroachments are resulting various pressures on ecosystems and have been progressing largely in concern with human settlements (Sreepadi, S, 2023). This study examines the significance of community based- conservation strategies for ORT. The collection of necessary information and data for the study, we depended on both qualitative and quantitative data from both the primary and secondary sources. For this study, many data collection methods have been used. For direct interviews, questions have been prepared and discussed with individuals and groups of people based on the focus of the study. The informal, direct interviews were conducted with men and women from different groups throughout the research process Sreepadi.S 2023)however, some of the conversations were noted and recorded. The direct interview methods have been used to gather primary information while selection of individual and group interviewees has been based on criteria such as rural, urban backgrounds, fishermen, and people from coastal zone  and those with knowledge relevant in the field of coastal ecosystem.
 For this study, secondary data were collected from the Theeram (“Theeram Prakriti Samrakshana Samithy”) turtle hatchery located at Kolavipalam (11°30.897′ N, 75°35.772′ E), with the support of the State Forest Department. The hatchery, managed by a local conservation movement, has been actively involved in turtle protection efforts for the past two decades.
 This study  incorporates the inputs from of the study area in order to understand their approaches to turtle conservation. The current study involves some crucial steps (Fig. 3) At the beginning, with the help of intensive field survey, collected details regarding the threats and vulnerabilities of ORT. After that, the data has been collected and analysed through the following the steps (Fig. 3) using Garrett ranking method. Garret ranking have been used in by Christy (2014) to analyse constraints of various clinical bovine mastitis control in Villupuram district of Tamil Nadu. Same technique has been used by Zalkuwi et al (2015) to study a comparative analysis of influencing sorghum farmers of India and Nigeria R Eventually, relying on the garret ranking method findings and priority ranking done .and the reports from NGO helped to assess and monitor the status of ORT from 1999-2025. This article incorporates current study involves some steps, first of all collected the data from the records of Theeram, NGO, Kolavipalam.and through the people’s perception, and Garret ranking method, adopted for the study. 
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Figure2 Conceptual framework
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Figure3.  Flowchart depicting the methodology adopted for the study.
4. Result
4.1 Nesting status of Kolavipalam beach
There has been no systematic documentation of the nesting of Olive Ridley Turtle during the nesting season in the past. Theeram, country’s first community-based initiative in turtle conservation the TheeramPrakritiSamrakshanaSamiti;a local NGO at Kolavipalam it has been operational since 1992 and is led by a group of  fishermen and local people. The effort was prompted by news clipping in ‘The Hindu’ on sea turtle conservation. The community-driven conservation effort known as Theeram Prakriti Samrakshana Samithi (TPSS) was introduced by residents to safeguard Olive Ridley turtles during their nesting season dates back to 1998, initiated through collaboration between local communities, the Kerala Forest Department, and WWF. A resident of Kolavipalam, Mr. Suresh Babu played a pivotal role in its establishment, prompted by the annual migration of Olive Ridley turtles, Lepidochelys olivacea, to his home town. They organized monitoring and educational initiatives involving local communities and coastal students to raise awareness about the significance of conserving turtles and mangroves. Additionally, they engaged in rehabilitating injured turtles caught by local fishermen. The Kerala State Forest Department oversees this program, aiming to establish a sustainable local turtle conservation effort and contribute to regional conservation strategies ( NASJA.N.P,2025)
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Figure 4.  1)Turtle hatchery  in Kolavipalam 2) Releasing turtle babies in to the sea in presence of local people 
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)[image: ]Figure 5 Turtle hatchlings crawling towards the sea 
Now the serene beautiful fishing hamlet of Kolavipalam has been in the news for a grassroots level effort to protect the highly endangered Olive Ridley turtles. For the last one decade, the villagers have been burning the midnight oil to ensure the survival of the turtles. During the nesting season, spread over five winter months, from November to March Theeram volunteers    patrolled the beach at night and early morning looking for turtle nests. Safety of eggs is in the hands of a group of youngsters.  Some of the group includes fishermen; shop keepers, auto drivers’ etc. Two or three groups go in different directions along eight kilometres of the beach searching for eggs. The State Forest Department has financed to construct a hatchery to protect them from being eaten by dogs and prevent them from inundated by seawater. Normally the female turtles lay eggs on the sand dunes beyond the high tide line. So, freshly laid eggs were carefully dug out from their original nests and re-buried immediately in a make-shift hatchery. Fifty days later when the hatchlings struggled to the surface, they were gently released into the sea either in the early morning or late evening, more literally, towards their mothers.  Now this community effort is concentrating for total environmental protection of the area.
4.2  Kolavipalam Turtle Conservation
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Figure 6 1)Olive ridley conservation site, Kolavipalam 2) Theeram Prakrithi  Samrakshana Samithi office 3) Turtle hatchery  in Kolavipalam 4) Injured turtle in the Theeram
Kolavipalam Beach also acknowledged as the ‘Turtle Beach’, is located south of                 the Murad River about 30km north of Calicut. The turtles that frequent the beach are not common turtles; they are the famous Olive Ridley turtles (Lepidochelys olivacea) that are endangered by sand mining and anthropogenic activities. The turtle gets its name from the olive-green color of its heart-shaped shell. The species is among the smallest of the world’s sea turtles and is found mainly in the tropical regions of the Pacific, Indian, and Atlantic oceans. According to NOAA, the number of olive ridleys are greatly reduced from historical estimates (for example, 10 million olive ridleys in the Pacific Ocean), due to over exploitation for turtle meat and eggs. By catch in fishing gear and the direct harvest of turtles and eggs is the biggest threat facing olive ridley.
Major threats of  olive ridley turtle are characterized by catch in fishing gear, climate change, direct harvest of turtles and eggs, loss and degradation of nesting and foraging habitat, ocean pollution/marine debris, predation of eggs and hatchlings, and vessel strikes. Human induced causes are adopted for the present investigation. Detailed field investigation revealed the major threats to the turtles.  Kolavipalam is one among the nesting site, which is a lengthy sandy beach. And the particular species always prefer sandy beaches for their mass nesting.  
Now the fishing hamlet of Kolavipalam has been in the news for a grass roots level effort to protect the critically endangered Olive Ridley turtles. For a decade, the villagers have been burning the midnight oil to ensure the survival of the turtles. During the nesting season, spread over five winter months, from November to March, Theeram volunteers patrolled the beach at night and early morning looking for turtle nests. The safety of the eggs is in the hands of a group of youngsters. Some of the group includes fishermen, shop keepers, auto drivers, etc. Two or three groups walk in different directions along the eight kilometres of the beach looking for eggs. The State Forest Department has financed the construction of a hatchery to protect them from being eaten by animals and prevent them from inundated by seawater. Normally the female turtles lay eggs on the sand dunes beyond the high tide line. Hence, freshly laid eggs were carefully dug out of their original nests and immediately reburied in a makeshift hatchery. Fifty days later, when the hatchlings struggled to the surface, they were gently released into the sea, either in the early morning or late evening, more literally, towards their mothers. Now this community effort is contributing towards the overall environmental protection of the area. Recent records show a declining trend in the number of turtles on the Kerala coast. Following         table (Table 1) shows the nesting status of Olive Ridley along Kolavipalam coast, collected by Theeram volunteers.
Table 1 Nesting status of ORT in Kolavipalam coast
	Year
	No. of turtles
	Total eggs
	Total hatched eggs

	1998-1999
	51
	4501
	3328

	1999-2000
	65
	5843
	4900

	2000-2001
	65
	6264
	5508

	2001-2002
	51
	5605
	4646

	2002-2003
	48
	5255
	4692

	2003-2004
	26
	3171
	2846

	2004-2005
	8
	894
	740

	2005-2006
	8
	738
	544

	2006-2007
	23
	2040
	1766

	2007-2008
	9
	944
	733

	2008-2009
	6
	820
	710

	2009-2010
	11
	1214
	947

	2010-2011
	7
	707
	406

	2011-2012
	10
	1054
	760

	2012-2013
	5
	527
	439

	2013-2014
	6
	645
	475

	2014-2015
	6
	770
	254

	2015-2016
	4
	322
	248

	2016-2017
	3
	292
	176

	2017-2018
	2
	173
	36

	2018-2019
	2
	184
	67

	2019-2020
	3
	363
	136

	2020-2021
	0
	0
	0

	2021-2022
	1
	126
	45


	2022-2023
	1
	101
	23

	2023-2024
	0
	0
	0

	2024-2025
	2
	152
	52


Source: Prepared by the Researcher 
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Figure 7: Nesting status of Olive Ridley Turtles
As per the (Table 1 and Figure 7) shows, the data from Theeram NGO, the turtle numbers have declined significantly over the past 24 years. Turtles were high in numbers during the period from 1998 to 2003, which was around 50 to 60.
Data from Theeram NGO shows that turtle numbers have declined significantly over the past 24 years. Turtles were high in numbers during the period from 1998 to 2003, which was around 50 to 60. Whereas after 2003, the number of turtles has declined sharply and recently after 2016, only 2 to 3 turtles were found laying eggs on the beach .Similarly, there has also been a sharp drop observed in the number of eggs hatched, corresponding to the number of eggs lay. Until 2017, the percentage of eggs hatched in relation to the total number of eggs laid was more than 70%, whereas it decreased to 60% by 2017 and after 2017 it is only less than 40%. According to the respondents, illegal sand mining around the estuary and the accumulation of plastic waste also pose serious threats to the turtles.
Olive ridley turtles crawl through these openings to nest on open, sandy beaches, and they also nest on the narrow sandy stretches between the sea wall and the sea. Human habitation is present very close to the shoreline along this beach, and private coconut plantations occupy the space between these habitations and the sea wall. The buildings are mostly of the traditional style of mud and wattle houses with tiled roofing. Around 140 families (ninety-seven per cent Hindus and the rest Muslims), with a population of approximately 840, inhabit this area. The Kottapuzha Estuary is roughly in the shape of a cross, with its mouth facing west. The Kottapuzha River forms the eastern arm, and the Arabian Sea lies to the west. The tidal waters of the estuary flow back in either a north or south direction up to a distance of roughly six kilometres. Kolavipalam is located near the southern portion of the brackish water arm , and mangroves grow in the brackish estuarine regions.
Identification of threats and vulnerabilities 
On the basis of above-mentioned statistics regarding the declining trend of ORT  It is clear that a visible modification of landscape has been experienced and occurred in the coastal zone of Kolavipalam. In order to identify the role of basic factors which are responsible for the above-mentioned modifications are to be ranked on the basis of field verifications and local survey. The researcher used Henry Garret ranking(1969) method for identifying the major drivers of threats and vulnerabilities of olive riddle turtles of Kolavipalam.
 Garrett’s Ranking Technique was applied to study the preference, change of orders of constraints and advantages into numerical scores. The prime advantage of this technique over simple frequency distribution is that the constraints are arranged based on their severity from the point of view of respondents. Hence, the same number of respondents on two or more constraints may have given different ranks. The prime advantage of this technique over simple frequency distribution is that the constraints are arranged based on their severity from the point of view of respondents (Zalkuwi et. al 2015)In the present analysis Henry Garret Ranking Method is used to rank the major factors of threats and vulnerabilities of olive ridley turtles of Kolavipalam. It is used to find out the most significant factor which influences the status of olive ridley. Based on this method respondents have been asked to assign the rank for major factors and the result of such ranking have been converted into score values with the help of following formula:
 (
Percent Position = 100(
Rij
 – 0.5)/Nj, Where
Rij
 = Rank given for the 
ith
 variable by 
jth
Nj = Number of variables ranked by 
jth
 respondents
)


By using Garrett’s Table, the percent position estimated is converted into scores by referring to the table given by Garret and Woodworth (1969). For each factor, the scores of each individual are added and total value of scores and its mean values were calculated. The factors having highest mean value is considered to be the most significant factor.
The following table shows the representation of the major factors, preferences and ranking of threats and vulnerabilities in the coastal zone Kolavipalam and it is a random categorization of the problems obtained during the personal interview through questionnaire and field investigations.
Table 2: Drivers and Ranking Orders
	Sl no
	Factors
	Ranks given by the respondents

	
	
	1
	2
	3
	4
	5
	6

	1
	Sand mining
	96
	66
	53
	31
	27
	24

	2
	Climate change
	64
	71
	71
	58
	23
	19

	3
	Accidental catch
	47
	61
	79
	83
	19
	13

	4
	Coastal erosion sea wall construction
	41
	35
	47
	68
	41
	44

	5
	Pollution
	27
	46
	21
	24
	66
	14

	6
	Tourism
	20
	23
	31
	39
	57
	26


Source: Compiled by the author, based on Filed Survey (2019-2024)
The Percent Positions and Garret Values 
The Garret ranks were calculated by using Garret Ranking formula and the garret value was calculated. The respective formula is expressed below, 
 (
Percent positio
n
 =100(
Rij
 – 0.5)/Nj
)

The Garret tables and scores of each problem in the above table 2, and multiplied to
Source: compiled by the author, based on filed survey (2019-2024)
The Percent Positions and Garret Values
The Garret ranks were calculated by using Garret Ranking formula and the garret value was calculated. The respective formula is expressed below,
The Garret tables and scores of each problem in the above table 2, and multiplied to record scores in following table , finally by adding each row, the total Garret score were obtained.
The following table (4) describes the calculated value and Garret value of the threats and vulnerabilities of ORT of the coastal zone of Kolavipalam.
Table 3 Garret value of preferences
	Sl no
	100*(rij-0.5)/6
	Calculated value
	Garret value

	1
	100*(1-0.5)/6
	8.3333
	77

	2
	100*(2-0.5)/6
	25
	63

	3
	100*(3-0.5)/6
	41.6667
	54

	4
	100*(4-0.5)/6
	58.3333
	46

	5
	100*(5-0.5)/6
	75
	37

	6
	100*(6-0.5)/6
	91.6667
	23


Source: Computed by the Researcher
Table 4 Ranking of Garret value
	Factors
	Number Of Preference
	Garret Score
	Average
	Garret Rank

	
	1
	2
	3
	4
	5
	6
	
	
	

	Sand mining
	7392
	1650
	2208.34
	1808.33
	2025
	2200
	17283.67
	56.12
	1

	Climate change
	4928
	1775
	2958.34
	3383.33
	1725
	1741.67
	16511.33
	53.61
	3

	Accidental catch
	3619
	1525
	3291.67
	4841.66
	1425
	1191.67
	15894
	51.60
	4

	Coastal erosion &     sea wall construction
	3157
	875
	1958.33
	3966.66
	3075
	4033.33
	17065.33
	55.41
	2

	Pollution
	2079
	1150
	875.00
	1400.00
	4950
	1283.33
	11737.33
	38.11
	6

	Tourism
	1540
	575
	1291.67
	2275.00
	4275
	2383.33
	12340
	40.06
	5


Source: Calculated by the Researcher
The above mentioned table4 showing the Garret ranks on the basis of calculations.
From the human interference point of view, the main factors that influence the declining status of Turtles are sand mining, coastal erosion and sea wall construction, climate change, incidental catch while using trawl nets etc, tourism activities and pollution.
With the help of Garret value conversion table 4, the percent position value is converted into scores. Subsequently multiplication of the Garret value with its respective ranks and finally the total value of scores and mean values of score were calculated. The factor having highest average value is to be considered as the most significant factor. As per the ranking, the first rank has given to the sand mining  followed by coastal erosion &seawall construction. Based on the Garret ranking technique, it was revealed that ‘sand mining ’ is the major driving force with a highest Garret score of 17283.66 and an average score of 56.11. Accordingly, sea wall construction & coastal erosion with average scores of 55.40and garret scores of 17065.33is represented second position. Climate change is another factor influencing the  ORT and this factor place in the third position as per the people’s preferences. Accidental catch through trawling nets is also play a role in determining the changes and it plays fourth position. And followed by, tourism activities these activities having a Garret value of 1234.00 Finally, the ‘ pollution ‘with the average score of 38.10with Garret score of 11737.33 is the least rank as per people’s preferences. 
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Figure 8 Factors influencing the status of nesting of ORT
Figure 8 illustrates that the nesting status of Olive Ridley turtles (ORTs) is shaped by a range of natural and anthropogenic factors that affect the suitability and stability of coastal habitats. Sand mining has emerged as a significant threat, causing habitat degradation and the loss of nesting beaches. In addition, coastal erosion and seawall construction alter natural beach dynamics, reducing available nesting space and affecting sand characteristics. Climate change further intensifies these impacts through rising temperatures, sea-level rise, and increased storm frequency. Fishing activities, particularly the use of trawl nets, pose risks of accidental capture and mortality, while tourism and coastal pollution contribute to habitat disturbance and reduced nesting success. Together, these factors collectively influence the reproductive viability of Olive Ridley turtles in the region.

1)    Sand mining:
Habitat destruction of the Olive Ridley Turtle is caused by a number of factors. From the field survey it was observed that the nesting ground of Kolavipalam is under serious threat due to illegal sand mining activity in Kottapuzha Estuary drained by the Kottapuzha River, north of Kolavipalam. The basic requirements for a good nesting beach are easy accessibility from the sea and moist and fine beach sand that excessive slippage while the nest is being built sand mining can lead to a decline in the number of suitable nesting. Because of the demand of sand for different construction purposes  in the study area ,exhausted sand major sand reserves in the district.  Eventhoughlocalconservation groups have raised their concern to authorities’ lawsuits have been filed in court; these illegal activities persists.  Study shows that the nature of sand is one of the major reasons behind the selection of this site where Olive Ridleys’ inhabit. Due to the intensive sandmining, the beach in Kolavipalam has shrunk to a great extent. It is evident from the data that the number of Olive Ridley Turtles is declining at an alarming rate here, largely due to these illegal sand mining activities. A study conducted by the Zoological Survey of India categorically states that the sand mining activity along with the illegal coastal construction poses a very serious threat to the turtle nesting habitat at Kolavipalam. Satish Babu, a key person in “Theeram” of Kolavipalam beach said, 'unbridled’ sandmining around the estuary has led to a drop in the number of turtles that used to flock the beach.[image: ]

Figure9 1.Seawall along Kolavipalalm coast 2)Interview with Theeram volunteer in  Kottapuzha estuary 3) view from Kottapuzha  estuary 4) plastic waste found near seawall in Kolavipalam beach
From the field investigation it is clear that all such kinds of declination showing the trend. The beach at Kolavipalam was over a kilometre wide not many years ago. Today it has been reduced to a narrow strip, rapidly shrinking. The village which is nesting ground of the turtles as well as the home for some 600 people faces a grave threat from the illegal sand mining activities in the nearby Kottappuzha Estuary. Due to the indiscriminate quarrying of sand from the coast the sea erosion rate has reached at an alarming level. Tons of fine sand is excavated from the sandbank every day to be used for construction work, land-filling, and so on. The sea, in turn, carries sand away from elsewhere and re-deposits in the sandbank. 
2)    Coastal erosion& Sea wall construction: In order to reduce coastal erosion, shore protection structures have been built along the Kolavipalam coast. Construction of sea walls is one of them. Seawalls force waves back to the ocean; these waves take the sand in front of the sea wall and deposit it far away from land. Coastal erosion can lead to the loss of proper nesting site, reducing the availability of suitable areas for nesting.    Erosion can alter the topography of the beach ,making it less suitable for ORT nesting and increasing the risks of nest loss. in order to reduce coastal erosion, shore protection structures made along the Kolavipalam coast. Construction of sea walls is one among them.
3)    Climate  change
Another dominant factor influence the ORT is the increase the rising sea levels. that directly influences the nesting success.  sand temperature affecting the hatchling sex ratios and incubation periods. changes in the temperature and precipitation patterns can disturb the ORT nesting cycles. The declining trend of hatching success rates will reveal some interesting facts. Local fishermen also shared their knowledge regarding the success rate of hatching in each season, which is purely depended on the sand temperature.
4)    Trawl nets: The use of trawl nets is the important human induced activity creates stress on the Olive ridley turtles. Incidental capture of turtles occurs in trawl fisheries is quite common in these areas. Mortality rate of adult sea turtle is another serious concern. But now a day’s Turtle Excluded Device (TED) is using to avoid the entanglement of sea turtles.
5)    Tourism
Tourism activities can have both positive and negative impacts on ORT.to a great extent tourism can raise awareness about ORT and promote conservation efforts and different kind of tourism activities in the Kolavipallm area, which is also known as “ Mini Goa”,can generate income for local communities. while discussing the negative impact, artificial lighting can disturb the nesting activities of ORT to some extent and tourism activities can lead to increased human activity in the coast ,that will definitely influence the nesting activities of ORT. By adopting the sustainable tourism practices we can minimize the negative impacts of tourism on ORT.
6)    Pollution
While analysing the ranking method, pollution is also a threat to ORT especially plastic pollution like microplastics, bags, other plastic wastes. Pollution can degrade ORT habitats reducing the quality of nesting site.
            All these reasons showed that the anthropogenic activities exert a certain amount of pressure on a particular part on the surrounding environment causing a change in its nature in varying degrees. The outcome of this process is an environmental impact, which usually results in certain responses by society. The humankind and their surrounding environment are interdependent in the planet earth. Anthropogenic activities played a vital role by altering the environmental processes along the coastal zones. Olive ridley turtles crawl through these openings to nest on open, sandy beaches, and they also nest on the narrow sandy stretches between the sea wall and the sea. Human habitation is present very close to the shoreline along this beach, and private coconut plantations occupy the space between these habitations and the sea wall. Blending of both quantitative and qualitative assessments helped to provide useful information to form strategies to mitigate management plans.
 Kolavipalalm is a notable nesting site for ORT in south India. Local community especially Theeram volunteers actively engaged in protecting their species .being in the vulnerable list by IUCN, it is necessary to  make smooth pathways for conservation. Protecting and restoring the nesting sites from the above-mentioned threats is inevitable. Conducting research and monitoring to inform the proper conservation strategies and can track the populations.  Natural lovers, scientists, academicians, environmentalist can a play a vital role in the conservation of ORT with the support of Govt,by providing enough financial support to implement the  successful projects. And NGOs can make a significant impact on protecting our environment for future generations. By exploring these dimensions, we can enrich our understanding of ORT threats and develop effective conservation strategies tom protect these incredible creatures.

Model Framework for Community-Based Conservation of Olive Ridley Turtles (ORT):
[image: ]
Figure 10: Model framework for conservation of ORT
Source: prepared by the researcher
Figure 10 explains the Community-Based Conservation Framework for Olive Ridley Turtles (ORT) emphasizes inclusive, locally-driven efforts involving primary stakeholders such as local communities, fishermen, youth clubs, and schools, with support from NGOs, environmentalists, researchers, and journalists, alongside institutional bodies like the Forest Department, Department of Tourism, and municipalities. The framework focuses on five key components: (1) Capacity Building through training in species identification, conservation methods, and public awareness programs; (2) Conservation Actions like beach patrolling, nest relocation, hatchling monitoring, and mitigation of threats such as sand mining and plastic waste; (3) Sustainable Eco-Tourism initiatives that promote eco-lodges, homestays, and responsible turtle-watching; (4) Research and Monitoring supported by academic partnerships and geospatial tools; and (5) Policy and Institutional Support through coastal zone integration, regulation enforcement, and local administrative backing. The ultimate goal is to ensure sustainable development and biodiversity protection through science-backed and community-centred conservation of Olive Ridley Turtles.
 Discussion
The primary aim of this study was to investigate the threats and vulnerabilities faced by Olive Ridley turtles at Kolavipalam, Kozhikode, Kerala, and propose potential conservation strategies. Our observations revealed a significant decline in nesting activities, likely due to increased human interference and habitat degradation. Previous studies have highlighted the critical status of Olive Ridley turtles globally, with various factors contributing to their vulnerability.  Understanding the specific challenges faced by Olive Ridley turtles in this region is crucial for developing targeted conservation efforts. Compared to other nesting sites along the Indian coastline, Kolavipalam presents unique challenges due to its geographical and socio-economic context. Contrary to earlier reports suggesting stable populations, our findings indicate a concerning decline in the number of nesting turtles. Our data supports the hypothesis that increased pollution levels have a direct impact on the nesting success of Olive Ridley turtles. This study provides valuable insights that can inform policymakers and conservationists in formulating effective strategies for turtle conservation. The implications of our findings suggest that immediate intervention is necessary to mitigate the adverse effects of human activities on turtle habitats. While our study offers critical insights, caution must be exercised in generalizing the results to other regions without further investigation. The novelty of this research lies in its comprehensive analysis of both environmental and anthropogenic factors affecting Olive Ridley turtles at a localized level.
Theeram, the country’s first community-based turtle conservation initiative, is run by Theeram Prakriti Samrakshana Samiti, a local NGO based in Kolavipalam. Established in 1992, it is led by a dedicated group of fishermen and local residents committed to protecting marine life and coastal ecosystems. The Theeram initiative in Kolavipalam represents a successful model of community-based sea turtle conservation, aligning with growing evidence that engaging local communities can be highly effective for wildlife protection. This approach leverages cultural and social traditions, which have been shown to enhance conservation efforts in various contexts (Alexander et al., 2017). Community-based conservation programs like Theeram often integrate economic incentives with local customs and knowledge. This multi-faceted approach can be more effective than relying solely on government regulations or economic motivations (Alexander et al., 2017; Gjertsen & Niesten, 2010). The involvement of fishermen and local residents in Theeram is particularly noteworthy, as it demonstrates the potential for synergy between traditional practices and conservation goals. In conclusion, Theeram's community-led model exemplifies a promising trend in sea turtle conservation. By combining local ecological knowledge, traditional practices, and community engagement, such initiatives can achieve significant results while fostering sustainable relationships between coastal communities and marine ecosystems (Braga & Schiavetti, 2013). This approach aligns with the growing recognition that effective conservation strategies must integrate cultural and social traditions of local communities with management activities (Alexander et al., 2017).
Data from Theeram NGO shows that turtle numbers have declined significantly over the past 24 years. Turtles were high in numbers during the period from 1998 to 2003, which was around 50 to 60. Whereas after 2003, the number of turtles has declined sharply and recently after 2016, only 2 to 3 turtles were found laying eggs on the beach .Similarly, there has also been a sharp drop observed in the number of eggs hatched, corresponding to the number of eggs lay. Until 2017, the percentage of eggs hatched in relation to the total number of eggs laid was more than 70%, whereas it decreased to 60% by 2017 and after 2017 it is only less than 40%.illegal sand mining around the estuary and the accumulation of plastic waste create much stress to the turtles.
The data from Theeram NGO indicates a significant decline in turtle numbers and hatching success over the past 24 years, which aligns with trends observed in several other sea turtle populations globally. The sharp decline in nesting turtles from 50-60 in 1998-2003 to only 2-3 after 2016 is concerning and mirrors declines seen in other locations. For example, loggerhead turtle nests on Masirah Island, Oman declined by 79% over a similar timeframe (Willson et al., 2020). Leatherback nests on index beaches in Mexico also showed a declining trend from 1982 to 2004 (Martínez et al., 2007). However, not all populations are declining - olive ridley nests in Brazil increased 10-fold from 1991 to 2003 (Da Silva et al., 2007). The decrease in hatching success from over 70% to less than 40% after 2017 is also troubling. While some variation in hatching success between years is normal (Brost et al., 2015) reported 38.8-65% emergence success for loggerheads), such a large sustained drop suggests underlying problems. Potential causes could include beach erosion, nest predation, or changes in incubation conditions (Brost et al., 2015; Standing et al., 1999). The decline in both nesting numbers and hatching success indicates this population is facing multiple threats. In conclusion, while the severe decline reported by Theeram NGO is alarming, it is not unprecedented. Long-term monitoring and targeted conservation efforts, as demonstrated in several of the cited studies, can help reverse such declines. Identifying and addressing key threats, both on nesting beaches and in foraging areas, will be critical for the recovery of this turtle population.
Sand mining poses a significant threat to olive ridley turtles (ORTs), particularly during their nesting periods. The destruction of nesting habitats through beach shrinkage and erosion directly impacts the turtles' ability to reproduce successfully (Fish et al., 2005). Studies have shown that up to 32% of current beach area could be lost with a 0.5-m rise in sea level, with lower, narrower beaches being the most vulnerable (Fish et al., 2005). This loss of nesting habitat has important implications for turtle populations in the region. Interestingly, while sand mining is a major threat, other anthropogenic factors also play a crucial role in the decline of ORT populations. These include fisheries interactions, pollution, climate change, and illegal trade (Cáceres-Farias et al., 2022). For instance, satellite tracking studies have revealed that ORT foraging areas often overlap with existing trawl fisheries and oil and gas exploration sites, increasing the risk of bycatch and habitat degradation (Whiting et al., 2007). In conclusion, while sand mining is indeed a top-ranked threat to ORTs, it is part of a complex web of anthropogenic pressures affecting these endangered species. Conservation efforts must address multiple threats simultaneously, including habitat protection, fisheries management, and climate change mitigation, to ensure the long-term survival of olive ridley turtles (Cáceres-Farias et al., 2022; Dawson et al., 2017).
Garret ranking highlights sand mining as the most severe threat to Olive Ridley Turtles, followed by coastal erosion and sea wall construction. Climate change, accidental catch in trawl nets, tourism, and pollution also pose risks, with plastic pollution ranked least severe based on public perception and threat score analysis.
Coastal erosion, sea wall construction, and climate change pose significant threats to sea turtle nesting habitats, particularly for olive ridley turtles. Sea walls disrupt natural sand movement and restrict turtle nesting access, exacerbating erosion and limiting available nesting areas (Rizkalla & Savage, 2011). This impact is likely to increase as coastal armoring multiplies in response to rising sea levels and more frequent storms. Interestingly, the effects of sea walls on turtle nesting can vary depending on their placement. Walls located further from the shoreline may only delay the impact on nesting turtles by a few years (Rizkalla & Savage, 2011). Additionally, density-dependent effects on hatching success have been observed in olive ridley arribadas, with higher nest densities leading to lower oxygen levels and higher carbon dioxide levels, potentially contributing to population declines (Honarvar et al., 2008). Climate change impacts, particularly rising sea levels and increasing temperatures, further threaten sea turtle nesting success. Higher sand temperatures can skew hatchling sex ratios towards females and reduce hatching success (Öz et al., 2004; Santos et al., 2015). Sea level rise is expected to inundate and flood nesting beaches, with projections suggesting up to 38% of available nesting area may be lost across some rookeries (Fuentes et al., 2009). These combined factors highlight the urgent need for conservation efforts to protect and manage sea turtle nesting habitats in the face of ongoing environmental changes
Olive ridley sea turtles (Lepidochelys olivacea) face significant threats from trawl nets and bycatch, with over 50,000 capture events and likely over 10,000 deaths estimated to occur in Italian waters alone (Lucchetti et al., 2019). Bycatch is considered the largest threat to this species, with fisheries interactions posing a major risk to their conservation (Dawson et al., 2017). Interestingly, as populations of protected species like olive ridleys increase, so does bycatch, creating a complex management challenge. For instance, in the eastern United States, despite extensive regulations to limit sea turtle bycatch in coastal gillnet fisheries, the catch per trip of Kemp's ridley has increased by more than 300% and green turtles by more than 650% between 2001 and 2016 (Putman et al., 2020). This highlights the need for balanced management approaches that consider both turtle population growth and fishing opportunities. To mitigate the impact of fishing gear on sea turtles, various Bycatch Reducer Devices (BRDs) have been developed and tested. These include hard and flexible Turtle Excluder Devices (TEDs) for bottom trawling and visual deterrents like ultraviolet LEDs for set nets (Lucchetti et al., 2019). The implementation of TEDs has shown promise in reducing turtle bycatch without significantly affecting commercial catch. However, fishermen's reluctance to change traditional gear remains a challenge, emphasizing the need for optimal gear configurations that minimize commercial loss while reducing bycatch (Lewison et al., 2003; Lucchetti et al., 2019). Continued research, enforcement of regulations, and global efforts to introduce BRDs in different areas and fisheries of the Mediterranean are crucial for the conservation of olive ridley turtles and other sea turtle species.
 However, the papers do highlight several significant threats to this species: Anthropogenic activities, including habitat degradation, pollution, bycatch, and climate change, are identified as major threats to olive ridley populations (Cáceres-Farias et al., 2022). Plastic pollution is a significant concern, with 82% of olive ridleys ingesting anthropogenic debris, primarily plastics (Wedemeyer-Strombel et al., 2015). This contradicts the statement that plastic pollution is ranked least severe. Climate change poses a serious threat to sea turtle populations, including olive ridleys, by potentially skewing sex ratios towards females and exposing eggs to lethal temperatures (Fuentes et al., 2009). This aligns with the mention of climate change as a risk factor in the question. Fisheries interactions, particularly with longline and trawl fisheries, are a significant threat to olive ridleys (Dawson et al., 2017; Pikesley et al., 2013; Whiting et al., 2007). This supports the mention of accidental catch in trawl nets as a risk factor. In conclusion, while the context does not provide a Garret ranking of threats, it does highlight multiple severe threats to olive ridley turtles, including plastic pollution, climate change, and fisheries interactions. The information provided does not support sand mining as the most severe threat, nor does it rank plastic pollution as the least severe based on public perception and threat score analysis.
Community-based conservation models have shown promising results for marine turtle protection, including olive ridley turtles. These approaches emphasize collaboration among various stakeholders and empower local communities to participate in conservation efforts. Successful examples of community-based conservation include the Brazilian Amazon initiative, which led to large-scale population recovery of giant South American turtles and other freshwater species (Campos-Silva et al., 2018). Similarly, the Ostional egg harvesting project in Costa Rica demonstrated that community participation and control were key to local support for marine turtle conservation (Campbell, 1998). These models can be adapted for olive ridley conservation, incorporating elements such as awareness campaigns, involvement of educational institutions, and sustainable tourism. Strict enforcement of existing environmental laws and fishing regulations is crucial for olive ridley conservation. The use of Turtle Excluder Devices (TEDs) in shrimping vessels has been shown to significantly reduce sea turtle strandings when properly implemented (Lewison et al., 2003). Banning shoreline fishing during nesting seasons and limiting sand mining and coastal construction are also important measures to protect nesting habitats. In conclusion, a comprehensive conservation model for olive ridley turtles should integrate community-based approaches with strict law enforcement and habitat protection. Regular monitoring through annual surveys is essential to assess the effectiveness of conservation efforts. By combining traditional knowledge with scientific research and involving local communities, universities, and government agencies, a more resilient and sustainable conservation program can be developed (Alexander et al., 2017; Vierros, 2013).
Future scope of the research
Building on the findings of this study, future research can focus on several critical areas to enhance the conservation of Olive Ridley turtles at Kolavipalam and similar nesting sites. Detailed studies on the impacts of climate change, particularly rising sand and sea surface temperatures, on nesting success, hatchling sex ratios, and hatchling survival rates are urgently needed. Experimental and longitudinal research can help predict future trends and inform adaptive conservation strategies.
In addition, future work can explore innovative, eco-friendly solutions to mitigate key threats such as sand mining, coastal erosion, and pollution, possibly through technological interventions and community-led environmental stewardship programs. Socio-economic studies on the effectiveness of community participation models and the integration of sustainable eco-tourism practices into conservation frameworks can also be valuable.
Moreover, comprehensive policy analysis and the development of action-oriented policy recommendations, including incentives for local communities and stricter regulation of harmful activities, are crucial. Long-term monitoring programs utilizing GIS-based habitat mapping and population modeling can further aid in tracking changes over time and refining conservation strategies. Collaborative research involving NGOs, government bodies, academic institutions, and local stakeholders will be essential for ensuring the long-term success and sustainability of Olive Ridley conservation initiatives.
Conclusion
The study assessed the status, threats, and vulnerabilities of Olive Ridley turtles (Lepidochelys olivacea) at Kolavipalam, Kozhikode, Kerala, India. Data from the local NGO, Theeram Prakriti Samrakshana Samiti, showed a declining trend in the number of nesting turtles and hatching success rates over the past 24 years. The Garret ranking method identified sand mining as the most significant threat, followed by coastal erosion, sea wall construction, climate change, incidental catch in trawl nets, tourism activities, and pollution. The study emphasizes the need for a comprehensive conservation model integrating community-based approaches with strict law enforcement and habitat protection. The proposed framework involves local communities, NGOs, researchers, and government agencies, focusing on capacity building, conservation actions, sustainable eco-tourism, research and monitoring, and policy support. Future research should analyse the effects of rising temperatures on nesting and hatchling ratios, develop innovative solutions for reducing pollution and human impacts, and ensure long-term sustainability of conservation efforts through combined efforts of government and NGOs.
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