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ABSTRACT 

 
Olive ridley sea turtle (Lepidochelys olivacea) nests in low densities all along the east-coast of India. 

However, the most important nesting beaches lie in Orissa where the mass nesting occurs. Three of the 

world's six known major mass nesting beaches of olive ridley occur in Orissa. The three mass nesting 

beaches in Orissa at Gahirmatha, Devi River mouth and Rushikulya together support a significant portion 

of the world's olive ridley population. Although the nesting population at Gahirmatha has been the focus of 

several studies over the past two decades, little is known about the turtles at the other two rookeries in 

Orissa. This study aimed at monitoring the turtle population all along the Orissa coast and addressing 

certain key issues related to their conservation. 

 

The off shore aggregations of olive ridleys in the coastal waters off Gahirmatha as well as the nesting 

populations at the three rookeries were studied during 1995 – 1999. 1,767 olive ridley mating pairs were 

captured in the coastal waters off Gahirmatha of which 1,657 males and 1,616 females were double tagged 

using monel metal flipper tags. On the beach, 10,327 nesting females were tagged during the study. This 

study reveals that straight carapace lengths of males and females at Gahirmatha are 66.2 ± 2.9 cm and 66.7 

± 2.4 cm respectively. When compared with sizes from other populations it seems clear that average 

lengths of carapaces and range of sizes obtained in this study are larger than other geographical regions. 

Both male and female olive ridleys showed strong fidelity to breeding ground. Upon remigration ridleys 

tagged at Rushikulya rookery re-laid their eggs within 100 to 300 m of their previous nests with a range of 

0 to 1,000 m. Nesting females also showed some degree of movement between nesting beaches, both 

within as well as between nesting seasons. The range of such inter-rookery movement of olive ridley in 

Orissa varied from 35 to 320 km (n = 6). Recovery of 14 tagged turtles from Sri Lanka and three from 

South Tamilnadu (Gulf of Mannar) provides a clue about the non breeding areas of olive ridleys nesting in 

Orissa. One year remigration intervals were the commonest for ridleys of both sexes with the second and 

third year intervals are correspondingly less common. Tag recovery from dead turtles washed ashore the 

Orissa coast also showed considerable movement in the coastal waters off Orissa. 

 

The location of olive ridley mating pairs, sighted during the study, in the coastal waters off Gahirmatha 

were recorded and the extent of distribution was obtained by drawing a Minimum Convex Polygon around 

the turtle locations. Mating pairs were found to be aggregated in an area of 52.58 sq. km (100% MCP) in 

the coastal waters off Gahirmatha and the area of maximum utilisation was 27.52 sq. km (90% Harmonic 

Mean). All the sightings of mating pairs recorded during the study were within 5 km of the coast line. All 

the observed mating took place within a depth of 20 meters.  Turtles nesting in Orissa showed a distinct 

temporal pattern of nesting with most of the nesting taking place during neap tidal nights. A drastic change 

in beach profile was observed at the Nasi rookery, Gahirmatha during the study. In total, 34,469 and 

77,208 eggs were examined respectively at Gahirmatha and Rushikulya rookery to determine the 

incubation success. The mean percentage hatching success and emergence success at Gahirmatha vried 

from 47.7 to 94.4 and 39.8 to 84.3 respectively. Similarly, the mean percentage hatching success and 
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emergence success at Rushikulya varied from 83.8 to 97.01 and 69.78 to 96.1 respectively. The overall 

man hatching success of the nests in the whole period of study were 63.5 ± 30.4 (range = 0 to 100, n = 277 

nests) and 95.01 ± 7.03 (range = 39.7 to 100, n = 600 nests). A significant difference in hatching success (F 

= 304.137, df = 1, p < 0.001) as well as emergence success (F = 282.127, df = 1, p < 0.001) was observed 

between Gahirmatha and Rushikulya.  

 

Of the two mass nesting beaches (Gahirmatha and Rushikulya) regularly monitored during the study, 

extensive beach erosion was observed at the Nasi rookery, Gahirmatha. Beach erosion resulted in loss of 

almost 59% of the total nesting area at Nasi rookery, Gahirmatha. The dis -orientation of turtle hatchlings at 

Rushikulya was prevalent at Rushikulya rookery. During the study, the Orissa coast witnessed an 

exponential increase in number of dead turtles. In total 46,219 adult olive ridleys were counted washed 

ashore the Orissa coast during the study. All the dead turtles counted during the study were adults. The 

number of dead turtles counted in the survey sectors showed a strong correlation with the number of 

mechanised fishing vessels operating in their respective coastal waters.  

 

The findings of this study strengthen the case for establishing a net work of protected areas for sea turtles 

along the Orissa coast. This study proves the fact that olive ridleys in Orissa use more than one beach for 

nesting during the same as well as subsequent breeding season. Based on the movement of turtles between 

nesting beaches and in the coastal waters off Orissa obtained during this study it is proposed that the entire 

sea turtle population visiting Orissa coast should be considered as a single conservation unit. Therefore 

protection of all the three mass nesting beaches as well as their coastal waters are extremely crucial for the 

survival of sea turtles in Orissa which could well be a single population. Further the analysis on incubation 

success data strengthens the importance of smaller rookeries like Rushikulya.   

 

The large-scale mortality of adult turtles in Orissa recorded during the study is a matter of utmost concern 

and need to be addressed immediately. The need for strengthening the patrolling in offshore waters where 

turtle congregation occur and the use of Turtle Excluder Device are some of the steps suggested that needs 

to be taken up immediately. Turtle congregations like that in the coastal waters off Gahirmatha need to be 

located along rest part of the Orissa coast so that adequate protection can be provided to the turtles in the 

offshore waters. Keeping in view the intensity of artificial illumination at Rushikulya rookery, the use of 

low intensity lights are suggested to mitigate the problem. Finally this study recommends a continuous 

monitoring of the turtle population in Orissa which is undoubtedly under great threat.   
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CHAPTER - I 

INTRODUCTION 

 

1.1. PROJECT BACKGROUND  

The olive ridley sea turtle (Lepidochelys olivacea) nests in varied densities along the 

entire east coast of India. However, the most important nesting beaches are located in 

Orissa, where the mass nesting occurs. Three of the world’s six known major mass 

nesting beaches are located in Orissa. A significant portion of the world’s olive ridley 

population that migrates every winter to the Indian coastal water nests at the three 

rookeries; Gahirmatha, Devi River mouth and Rushikulya along the Orissa coast. 

 

The Gahirmatha beach was the first of Orissa’s nesting beaches to be made known to the 

scientific and conservation community in mid 1970’s by the FAO/UNDP crocodile 

project (Bustard, 1976). Substantial nesting has been recorded at this site with over 

100,000 turtles in most years and over 600,000 turtles in peak years (Dash and Kar, 

1990). The rookery near the mouth of river Devi is located 100 km south of Gahirmatha. 

Though this rookery was discovered in 1981 (Kar, 1981), the management and scientific 

community did not monitor this site till mid 1990’s. In 1993-94, the Wildlife Institute of 

India (WII) in collaboration with the wildlife wing of the Orissa Forest Department 

carried out a status survey of olive ridley sea turtle and its nesting habitats in Orissa 

(Pandav et al., 1994a). This survey led to the discovery of the third sea turtle rookery 

near the mouth of river Rushikulya along southern Orissa coast (Pandav et al., 1994a, b). 

This survey also monitored and documented the continuation of olive ridley mass nesting 

of much lower intensity along the sea coast near Devi River mouth.  

 

The survey by Pandav et al. (1994a) 

documented a distinct pattern of olive ridley 

nesting along the Orissa coast with the mass 

nesting first starting at Gahirmatha followed 

by arribadas at Devi and Rushikulya 

rookeries, almost after a month of nesting at 

Gahirmatha. However, it was not clear Fig. 1.1 Olive ridley is the smallest and most numerous 
among all sea turtles .  This species commonly occurs 
all along the Indian coast 
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whether the Gahirmatha population after commencement of first mass nesting are 

dispersing to nest in Devi and Rushikulya rookeries, or the populations nesting at Devi 

and Rushikulya are two different ones. It was also not clear whether large number of 

ridley nest every year at Devi and Rushikulya rookeries or not.  

 

The three sea turtle mass nesting beaches 

along the Orissa coast collectively support a 

nesting population of probably more than half 

a million olive ridleys (Pandav et al., 1994a) 

and this number is comparable to the 

collective number of other three large scale 

rookeries of olive ridleys located in the 

Pacifics. In this context, the Orissa coast is 

extremely important for olive ridley 

conservation and can also be termed as a place of globally important ecological site. Due 

to lack of proper coastal zone protection guidelines and effective management policy, the 

sea turtle mass nesting beach at Devi River mouth has been altered by Casurina 

plantations (Pandav et al., 1994). Construction of fishing jetties in the vicinity of 

Gahirmatha nesting beach has also drawn world wide attention in the early 1990s. 

 

From the mid 80’s till now the olive ridley sea turtle population in Orissa has become the 

focus of world wide attention because of their large scale mortality due to mechanised 

marine fishing activities. Significant mortality of breeding male and female olive ridley 

along the Orissa coast have been documented during the mid 1980’s (Silas et al. 1983). 

However, systematic survey of mortality of olive ridley all along the Orissa coast was 

taken up only after 1993. During the survey undertaken by WII, large scale mortality of 

olive ridley was documented all along the Orissa coast (Pandav et al. 1997).  

 

In this background the present project was undertaken by the WII during the year 1995-

96 to 1998-99 to collect reliable information on olive ridley biology and ecology and 

information on its habitat and other associated factors to develop a management strategy 

and action plan for the olive ridley sea turtles along the Orissa coast. The principal aims 

of the study were (i) to examine the distribution of olive ridley sea turtle and (ii) to study 

the population dynamics of the nesting turtles along the Orissa coast. In addition, 

Fig. 1.2 Hundreds of thousands of olive ridleys nest 
in most years at Gahirmatha.  Discovered in 1974, 
Gahirmatha is considered to be one of the largest 
nesting sites of sea turtles in the world. 
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information on threats to the olive ridley population along the Orissa coast, their 

migration and movement patterns were also planned to be collected so as to develop a 

realistic management strategy. 

 

1.2. GOALS AND OBJECTIVES OF THE STUDY 

The overall goal of this project was to provide scientific information that is needed for 

developing and implementing the long-term conservation and management of the olive 

ridley sea turtle population in Orissa. The specific objectives of the study were as 

follows: 

 

i. To study the distribution of olive ridley sea turtle population along the Orissa 

coast. 

ii. To enumerate the olive ridley nesting population and study the population 

dynamics at the rookeries in Orissa. 

iii. To make regular annual survey of sea turtle nesting beaches along Orissa coast 

and in the off-shore waters in order to find out their extent of dispersal in the off-

shore waters during breeding season. 

iv. To monitor causes and levels of incidental catch of sea turtles by off-shore 

fishing operations and finding ways and means of reducing the mortality. 

v. To study the impact of fish landing centres near important sea turtle nesting 

beaches along Orissa coast and based on the above 

vi. To develop an effective eco-friendly management policy for the proper 

management of sea turtle population and their nesting habitats along the Orissa 

caost. 

 

1.3. THE PROBLEM OF SEA TURTLE CONSERVATION 

Marine turtles had their origin during the rise and reign of dinosaurs. Most of the air-

breathing marine reptiles such as ichthyosaurs and plesiosaurs went extinct by the end of 

the Cretaceous era, but sea turtles tenaciously survived and flourished up until very 

recent times. But today their numbers are drastically reduced to the point that all seven 

remaining sea turtle species are considered either globally threatened or endangered. 

Undoubtedly, human interference is the major cause of this collapse. The challenges that 

sea turtles now face from human impacts affect every stage of their life cycle. Green and 

olive ridley turtles have been harvested in large numbers especially for meat. The 
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hawksbill turtle has been hunted exclusively for 

tortoiseshell. International trade on tortoiseshell 

has played a prominent role in the depletion of 

80% of the global hawksbill population in the last 

hundred years (Meylan and Donnelly, 1999). All 

species are hunted for leather, oil and their eggs. 

In some cases, egg collection alone has been 

implicated in the demise of entire population. 

 

Incidental capture in fishing gear has also caused 

significant mortalities of marine turtles, especially in shrimp trawls, drift nets, large mesh 

set nets and long lines. Incidental capture in shrimp trawls has been implicated in 

population declines in the USA and Mexico (National Research Council, 1990), and 

Australia (Limpus and Reimer, 1994). In some areas, ingestion of plastic and other 

debris has been identified as a significant cause of mortality (Lutcavage et al., 1997). 

Mining of beach sands and urbanisation near nesting habitats have destroyed many 

marine turtle nesting beaches. The inexorable spread of beach development eats away 

natural sea turtle nesting habitats. Artificial illumination resulting from these 

developmental activities is detrimental to sea turtles because it disrupts critical 

behaviours, including nest-site choice and the nocturnal sea-finding behaviour of both 

hatchlings and nesting females (Witherington, 1992). Companion animals and pets 

attracted to trash and food remains left by humans can have a devastating impact on the 

sea turtle nesting beaches. Nesting depredation by feral dogs, wild pigs, jackals, foxes, 

coyotes and coatis can destroy up to 100% of nests (Stancyk, 1982).  

 

There is ample evidence that human activity is seriously affecting once abundant sea 

turtle populations (Lutcavage et al., 1997). In order to be biologically effective, 

conservation programmes must be firmly based on knowledge of how and to what extent 

humans are jeopardising the survival of turtles. In order to be accepted both politically 

and practically, conservation programs must also recognise the economic forces behind 

the disturbing influences. These are different in different countries and implementing 

conservation measures are part of a complex process. Nevertheless, action is urgently 

required to halt the decline of sea turtles and turn the situation around. Otherwise, the 

extinction of local populations and even some species is inevitable.  

Fig. 1.3 Unlike many other marine life forms 
sea turtles are air breathers, at regular interval a 
sea turtle surfaces to breathe. Forcing the sea 
turtles to stay under water for more than an hour 
results in death. 
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1.4. STATUS OF KNOWLEDGE ON OLIVE RIDLEY SEA TURTLE  

The olive ridley is the smallest of all marine turtles with adults measuring about 65 cm 

long (Straight Carapace Length) and weighing 30-55 kg. It is widely distributed 

throughout the tropics, with the exception of the Gulf of Mexico, and populations of 

highest densities are found in the northern Indian and eastern Pacific Oceans. Olive 

ridley is considered to be the most abundant sea turtle in the world mainly due to its 

enormous nesting aggregations in India, Mexico and Costa Rica (Pritchard, 1997). 

Among the sea turtles, members of the genus Lepidochelys (L. olivacea and L. kempii) 

have the habit of forming huge nesting aggregations - a phenomenon popularly referred 

as “arribada” (Spanish for arrival). During the breeding season ridleys congregate in 

extremely large numbers in favourable coastal waters and resort to synchronised nesting 

involving thousands of individuals in suitable nesting beaches. Within the ridley’s 

nesting ranges, arribadas occur at only a limited number of beaches. The largest nesting 

sites of this species are located along Bay of Bengal (Gahirmatha, Devi and Rushikulya) 

in eastern India (Pandav et al., 1994) and Costa Rica (Nancite and Ostional), and Mexico 

(La Escobilla) in the Pacifics (Valverde et al., 1998). While important feeding grounds 

for the Pacific population include the stretch between Panama and Equador (Meylan, 

1982), feeding grounds of northern Indian olive ridley population had remained 

unidentified.  

 

Olive ridley usually migrates along continental 

shelves and feeds in shallow coastal waters. It 

is usually seen in large flotillas travelling 

between breeding and feeding grounds mainly 

in the eastern tropical Pacific and the Indian 

ocean (Pitmann, 1990; Marquez, 1990; Dash 

and Kar, 1990). Regarding remigration interval, 

the genus Lepidochelys is an exception among 

marine turtles as certain individuals from both 

the species of Lepidochelys are known to 

migrate annually (Dash and Kar, 1990). 

 

Fig. 1.4 Olive ridleys are known to undertake long 
distance migration between breeding ground and 
foraging areas.  Mating starts soon after their arrival 
in the breeding grounds.  Mating pair like this are a 
common sight off the mass nesting beaches in 
Orissa during every winter. 
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Courtship activities of olive ridleys have not been frequently observed (Marquez, 1990). 

Mating occurs in shallow coastal waters off nesting beaches (Richard and Hughes, 1972; 

Dash and Kar, 1990; Plotkin et al., 1996; Ram, 2000; this study) and along migratory 

routes (Kopitsky et al., 2000). However, the absence of oceanic aggregations indicates 

absence of any definitive oceanic breeding grounds (Plotkin et al., 1996). Reproductive 

aggregations of olive ridleys off the nesting beaches have recently been studied at 

Nancite (Kalb, 1999) and Gahirmatha (Ram, 2000; and this study). Multiple paternity in 

the ridleys have been documented (Hoekert et al., 1999). After the mating season, males 

return to their foraging areas (Plotkin et al., 1996) where as the female turtles head 

towards nesting beaches. 

 

Nesting takes place almost a month after mating. Individual females arrive for nesting 

throughout the season on both arribada and non-arribada beaches. A day or two of 

increased nesting activity typically precedes an arribada. Although the arribada event 

itself is very well documented, it is not known what exactly controls the timing or 

synchronisation of arribadas. Environmental factors such as heavy rainfall and strong on 

shore wind have been documented to influence the arribada (Cornelius and Robinson, 

1986; Dash and Kar, 1990; Plotkin et al., 1997). In the Americas, arribadas in olive 

ridley occur at comparatively fixed intervals (2-4 weeks) round the year, with the largest 

occurring in the autumn rainy season (Pritchard, 1969). In contrast, the ridleys in Orissa 

show a distinct pattern of nesting at Gahirmatha with the arribada taking place normally 

twice and occasionally thrice in a year during late winter and early summer (Dash and 

Kar, 1990). Olive ridleys typically nest two times per season in successive arribadas 

(Cornelius, 1986; Dash and Kar, 1990). During the inter-nesting period, the ridleys do 

not necessarily stay in large groups and are capable of re-establishing themselves as a 

group during a subsequent nesting emergence (Plotkin et al., 1995). After the last nesting 

of the season a female olive ridley leaves the inshore waters for the feeding ground 

(Plotkin et al., 1991).  

 

Olive ridley arribadas occur, or have occurred, on beaches in India, Mexico, and Costa 

Rica, with smaller arribadas taking place in Nicaragua and Surinam. No arribadas have 

been observed in Surinam since 1972 (Reichart, 1993) and three of the four arribada 

populations in Mexico no longer exist (Clifton et al., 1982). Today, the largest reported 

arribada nesting population of olive ridleys occur at the nesting beaches in Orissa, along 
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the Bay of Bengal (Bustard, 1976; Dash and Kar, 1990; Pandav et al., 1994). Arribada 

nesting also occurs at the mouth of river Devi (Kar, 1982) and the mouth of river 

Rushikulya (Pandav et al., 1994b), 100 and 320 km south of Gahirmatha respectively. 

There are currently five olive ridley arribada beaches along the Pacific coast of the 

Americas, two in northern Costa Rica, two in southern Nicaragua, and one in southern 

Mexico. Playa Esobilla in the state of Oxaca, Mexico is currently known to support the 

largest population of arribada nesters in the western hemisphere. 

 

1.5. THE OLIVE RIDLEY SEA TURTLE AND ITS NESTING HABITATS IN 

ORISSA - A review of available literature  

Four species of sea turtles: olive ridley, 

hawksbill, green and leatherback are reported 

to occur in the coastal waters off Orissa (Dash 

and Kar, 1990, personal observation). 

However, the nesting of only one species, the 

olive ridley has been confirmed so far. The 

remaining three species are extremely rare in 

the coastal waters off Orissa. 

 

Scientific research on sea turtles started in Orissa a little over two decades ago. But even 

this has largely remained confined to the world’s largest known olive ridley rookery at 

Gahirmatha (Bustard, 1976; Kar, 1980; Kar and Bhaskar, 1982; Silas et al., 1983; Silas et 

al., 1984; James et al., 1989; Dash and Kar, 1990). The first artificial hatching of eggs 

collected from Gahirmatha and Konark coasts was carried out in 1974 and 1975 (Biswas 

et al., 1977). Bustard (1976) first reported the large scale nesting of olive ridleys at 

Gahirmatha. After the discovery of Gahirmatha rookery, the Orissa Forest Department in 

1976 started monitoring the nesting population. Then initiated a tagging program in 1978 

at Gahirmatha. Nearly 15,000 ridleys were tagged at this rookery between 1978 and 1985 

(Dash and Kar, 1990). Whereas many of the tagged turtles have been recovered while 

nesting in Gahirmatha during subsequent nesting season, there were very few recoveries 

outside Orissa. The study by Dash and Kar (1990) extensively deals with the nesting 

biology of Gahirmatha population. Olive ridleys arrive in the coastal waters off Orissa by 

late October and early November. Mating takes place in the shallow coastal waters off 

Gahirmatha during November and December followed by sporadic and mass nesting 

from January to April. An estimated half a million ridleys lay their eggs during the 

Fig. 1.5 Hawksbill occasionally occurs along the Devi 
river mouth in Orissa. 
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arribadas at Gahirmatha, which usually takes place twice in a season (Dash and Kar, 

1990).  

 

While most of the studies on sea turtles in Orissa concentrated on the Gahirmatha nesting 

population, little attention was paid to other sea turtle nesting beaches existing along 

Orissa coast. Kar and Bhaskar (1982) reported exploitation of sea turtle eggs from the 

beaches near Astaranga, Chandrabhaga and Gopalpur-on-sea in Orissa indicating nesting 

of sea turtles in these areas. Biswas (1982) has mentioned sea turtle nesting at the 

southern end of Puri beach and also on the sea beach near Chandrabhaga. Silas et al. 

(1983) have marked most part of Orissa coast south of the Gahirmatha rookery as sea 

turtle nesting grounds. However, none of these authors have given any clue about the 

intensity of sea turtle nesting in these areas or elsewhere on the Orissa coast. A second 

mass nesting ground of olive ridley in Orissa was discovered near the mouth of river 

Devi in 1981 (Kar, 1982). Due to lack of proper survey and regular monitoring, no 

further information was available from this area till 1993. Pandav et al. (1994a) 

confirmed the continuation of sea turtle mass nesting of much lower intensity at this 

rookery. Most of the nesting ground at this rookery was lost because of Casuarina 

plantation on the beach (Pandav et al., 1994a). Almost after two decades of the discovery 

of Gahirmatha, a major rookery of olive ridley was identified near the mouth of river 

Rushikulya along the southern Orissa coast (Pandav et al., 1994 a, b). 

 

The illegal capture and transport of olive ridleys from the nesting beaches of Orissa to 

Calcutta and other markets were reported by Kar and Bhaskar (1982) and by Silas et al. 

(1983). Although the Gahirmatha nesting beach is well protected by Orissa Forest 

Department, the coastal waters off Gahirmatha is still subjected to intense commercial 

fishing activities (Pandav et al., 1994a). Large scale mortality of olive ridleys due to 

incidental capture in fishing nets during the nesting season at Gahirmatha has been well 

documented (Kar, 1980; Silas et al., 1983; Dash and Kar, 1990; Pandav et al., 1997).  

The number of dead turtles getting washed ashore the Orissa coast is on the rise and a 

record high of 13,500 dead ridleys were recorded along Orissa coast during 1997-98 

breeding season (Pandav and Choudhury, 1999). The offshore aggregation of ridleys in 

Orissa has been a subject of very few studies. Recently Ram (2000) has estimated the 

distribution and abundance of olive ridleys in the off shore region of Gahirmatha Marine 

Sanctuary. 
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CHAPTER – II 

 

STUDY AREA 

 

The geographical limits of Orissa extend from 17° 31' to 20° 31' N and from 81° 31' to 

87° 30' E, covering an area of roughly 1,56,000 sq. km. The present study was conducted 

along the entire 480 km coast line of Oirrsa, stretching from west of the Subarnarekha 

River mouth, near Udayapur village bordering West Bengal, to the salt marshes of 

Ichhapuram in Andhra Pradesh. The coastline traverses six districts in Orissa - Balasore, 

Bhadrakh, Kendrapara, Jagatsinghpur, Puri and Ganjam. The major rivers here are 

Subarnarekha, Budhabalanga, Brahmani, Baitarani, Mahanadi, Devi and Rushikulya. 

Several smaller rivers such as Hansua, Kadua, Kushabhadra, and Bahuda also drain into 

the Bay of Bengal in Orissa.  

 

2.1. THE CLIMATE ALONG ORISSA COAST 

The climate along the Orissa coast can be classified into three distinct seasons - a mild 

winter (November to February) with the temperature varying from 18.5 - 28.5°C; a hot 

summer (March to mid June) with the temperature varying from 25.6 - 43°C and a rainy 

season (mid June to October) with the temperature varying from 25.5 - 34°C. The 

average annual rainfall varies from 1200 mm to 2680 mm. The number of rainy days per 

year varies from 55 to 97. The sea surface temperature varies from 20 - 33.3°C. The tides 

along the coast are semi-diurnal type.  

  

Orissa receives most of its rainfall from the southwest monsoon that passes over the state 

between June and September. The depressions caused in the Bay of Bengal because of 

this southwest monsoon results in severe cyclonic storms during May and October. The 

entire coastal Orissa is prone to such cyclonic storms. During such cyclones the low-

lying areas along the coast get inundated by tidal waves resulting in heavy loss of life 

(human and livestock) as well as property. In the past Orissa coast has had severe 

cyclone disasters. A severe cyclonic storm battered Orissa in 1971, claiming more than 

10,000 human lives. However, the super cyclone of October 1999, was the most 

disastrous of all known cyclones that the Orissa had experienced in the past. The wind 

speed during the October 1999 super cyclone was of the highest intensity with speed 
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averaging around 260 km/hr. As a consequence, most parts of the Orissa coast was badly 

affected by this storm, causing heavy casualty and devastation in the coastal districts. 

 

2.2. THE COASTLINE 

The State Gazetteer published in 1990 classifies the Orissa coast as a bulit-up coast. The 

Orissa coast bulges out in the central portion, from Brahmagiri on Chilka lake to 

Dhamra, where Mahanadi, Brahmani and Baitarani river systems form a combined delta. 

While between Dhamra and the Subernarekha River mouth, the coast is concave in shape 

as no major river pushes the shoreline into the Bay of Bengal. The Rushikulya river in 

the south and the Budhabalanga and Subarnarekha rivers in the north have very little or 

no delta formation. The sand spits at the mouth of Chilka lake, the Devi mouth and on 

the left bank of Mahanadi River mouth are the best examples of this. At the Mahanadi 

River mouth, the complex spit with a number of hooks are formed due to offshore long 

current and the strong south-west current during the monsoon when the load discharge in 

the Mahanadi is at its maximum. 

 

The characteristics of Orissa's coastline also explain the gene ral absence of bays and 

inlets here. The lone Hukitola bay off Jambu has been formed as a result of the huge 

complex spit to the north of the Mahanadi estuary. There are only three islands off the 

Orissa coast - Outer Wheeler Island, Long Wheeler Island, and Coconut Wheeler Island 

off Dhamra and Maipura River mouths. All these three islands are depositional in nature.  

 

2.3. THE COASTAL VEGETATION 

The most prominent natural beach vegetation found all along the Orissa coast is 

composed of psammophytes or sand binders 

which cover the sand dunes and help in 

controlling soil erosion. The commonest 

natural beach vegetation encountered along 

Orissa coast are Ipomea pescaprae, Spinifex 

littoreus, Launea sarmentosa, and Gisekia 

pharnacoides. The coast of Orissa also 

harbours several patches of mangrove 

formations - on the Mahanadi estuary, Brahmani-Baitarani confluence, and near the 

mouths of rivers Devi, Dhamra, Budhabalanga, and Subarnarekha. Banerjee and Rao 

Fig. 2.1 Open beaches with scattered sand dunes were 
once a common feature along the Orissa coast. 
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(1990) have described the mangroves of the Mahanadi and Brahmani-Baitarani deltas in 

detail. Mangroves on the Devi estuary, despite the conducive conditions for their growth, 

are in a degraded state (Patnaik et al., 1990). Avicennia officinalis, Sonneratia apetala, 

Excoecaria agallocha are also seen here in stunted formation along with few other 

species such as Acanthus illicifolius and Achrostichum aureum. The long stretches of 

mudflats along Balasore coast, north of Dhamra are covered by Avicennia marina, A. 

alba, Sesuvium protulacastrum and Suaeda maritima. Remnants of mangrove vegetation 

are seen near the mouth of Budhabalanga river. Mangroves also occur in the small 

deltaic formations near the mouth of river Subarnarekha. 

 

However, the most conspicuous feature of the 

coastal vegetation in Orissa now is the 

Casuarina plantation. Casuarina was planted in 

mid 1970s to prevent beach erosion and to act 

as a barrier against cyclonic storms. Cashew 

(Anacardium occidentalis) has also been 

planted extensively behind the Casuarina belt, 

particularly in Puri and Ganjam districts. 

 

2.4. THE CONTINENTAL SHELF ALONG ORISSA COAST 

The coast line north of Dharmra River mouth is characterized by long stretches of inter 

tidal zones. The continental shelf along this stretch is shallow and the maximum width of 

the inter tidal zone varies up to 4 km. The continental shelf along the entire 35 km coast 

is also very shallow and does not exceed 20m even at an off-shore distance of 7 km. The 

continental shelf south of Paradeep becomes steep and the south Orissa coast is 

characterized by a narrow and steep continental shelf. The total continental shelf area of 

Orissa is estimated to be 23,830 sq. kms of which 29% lie in the depth zone 0 – 20 m and 

36% in 20 – 50 m depth zone (Anon, 1997). 

  

2.5. MARINE FISHING AND FISHERMEN 

Orissa has a long coastline, yet the marine fishing activities here are dominated by 

migrating fishermen from West Bengal (between West Bengal-Orissa border to 

Paradeep) and Andhra Pradesh (between Konark to Andrha Pradesh border). The marine 

Fig. 2.2 Most part of  Orissa coast has now been 
planted with Casuarina .  Plantation of Casuarina has 
drastically altered the natural beach profile along 
Orissa coast. 
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fishing by the native Oriya fishermen is 

minimal. During the early 1990s as part of the 

Bay of Bengal Program, most of the traditional 

crafts were replaced with fibre glass boats with 

out-board motors. Mechanized fishing along 

Orissa coast is characterized by  trawl and gill 

net fishing. The northern part of Orissa coast is 

subjected to heavy mechanized fishing 

activities. Some of the major fishing bases such as Kashaphala, Balaramgadi, Dhamra, 

and Paradeep are located along this part. Mechanized gill netters from neighbouring 

West Bengal also fish in this area. Most fishing in the coastal waters south of Konark is 

carried out by traditional Telgu fishermen. Trawlers from Andhra Pradesh often come 

and fish along the southern Orissa coast. 

 

2.6. SEA TURTLE NESTING ALONG ORISSA COAST AND THE SURVEY 

SECTORS 

Four species of sea turtles - leatherback, green, hawksbill and olive ridley have been 

recorded to occur in Orissa (Dash and Kar, 1990; this study). However, the nesting of 

only one species, olive ridley, has been confirmed so far in Orissa (Pandav et al., 1994). 

Nesting of olive ridleys take place along the entire coastline south of Dharmra River 

mouth. Pandav et al. (1994) provides a detailed account of sea turtle nesting intensity 

along the entire Orissa coast (Figure 2.1).  

 

During the present study, the coastline between mouth of river Dhamra and mouth of 

river Bahuda was surveyed periodically to document the number of dead turtles washed 

ashore. The coastline along this stretch was divided into seven survey sectors (Figure 

2.2) on the basis of major geomorphological features such as river mouths, sand spits, 

bays, and other coastal landmarks. 

Sector I - Gahirmatha coast (35 km). This includes the coastline between mouth of river 
Dhamara and Hansua as well as the three Wheeler Islands and Udabali Island. 

 

Fig. 2.3 As part of the Bay of Bengal programme
most of the traditional crafts are now replaced by
fibre glass motor boats with out board motors.
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Sector II - Paradeep coast (12 Km). This includes the coastline between Paradeep port 
and the mouth of river Jatadhara. 

Sector III - Kujang coast (40 km). This includes the coastline between mouth of river 
Jatadhara and river Petaphutei. 

Sector IV - Devi Coast (30 km). This includes the coastline between mouth of river Devi 
and river Kadua as well as the Akashdia and Robert Islands. 

Sector V - Puri coast (60 km). This includes the coastline between mouth of river Kadua 
and the mouth of Chilka Lake near Brahmagiri. 

Sector VI - Chilka coast (60 km). This includes the coastline between the mouth of 
Chilka Lake and mouth of river Rushikulya. 

Sector VII - Ganjam coast (45 km). This includes the coastline between mouth of river 
Rushikulay and Dankur village bordering Andhra Pradesh. 

 

2.7. THE INTENSIVE STUDY AREAS 

 The present study focuses mostly on the olive ridleys nesting at the three mass nesting 

beaches in Orissa: Gahirmatha, Devi River mouth and Rushikulya. Although, nesting 

olive ridleys were tagged near the Chinchiri mouth, Barunei and Chilka mouths, bulk of 

the tagging was carried out at the three rookeries in Orissa. 
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Fig. 2.4  For systematic coverage of the coast line, the Orissa coast was divided into the above seven survey sectors. 
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The Gahirmatha rookery 

 

In 1974 Dr. H. R. Bustard first made aware to 

the conservation community the importance 

and potential of Gahirmatha beach for sea 

turtle nesting during a survey of the crocodiles 

for the FAO-UNDP project. He observed that 

Gahirmatha might be the largest rookery for 

any sea turtle in the world and an important 

one for the olive ridley (Bustard, 1976). Based 

on his recommendations, the rookery was 

included as a part of the Bhitarkanika Wildlife Sanctuary (WLS) in April 1975. The 35 

km coastline between mouth of river Maipura and Barunei formed the eastern boundary 

of Bhitarkanika WLS. When discovered in 1974, the mass nesting was taking place in a 

10 km stretch from mouth of river Maipura till Habalikhati (Dash and Kar, 1990). The 

mouth of river Maipura was characterised by a three kilometre long sand spit. During a 

cyclonic storm in 1989, this sand spit got dissociated from the mainland and the mass 

nesting beach was reduced to a 3km long island (Nasi, Figure 2.3a). The Nasi Island is 

devoid of any tall vegetation and is characterised by small sand dunes of 1-2 ft high.  

Between 1990 and 2000 significant geo-morphological changes have taken place at this 

Nasi Island. Over the past decade the Nasi 

Island has moved nearly 5 km northwards. 

Studies on morphodynamics of this rookery 

have revealed that they are under severe stress 

due to erosion (Prusty et al., 2000). In 1998, 

the Nasi Island got fragmented into two parts 

and since then it has been subjected to further 

fragmentation resulting in a drastic reduction 

in space available for the turtles to nest (Figure 

2.3b). These islands have presently broken into four parts, two of which are no longer 

suitable for turtle nesting. 

 

The coastal waters off Gahirmatha was declared a wildlife sanctuary in September 1997 

for protecting the olive ridley sea turtle both in its nesting habitat and near shore waters. 

Fig. 2.5 The Gahirmatha beach after its 
fragmentation in 1989. The 3.8 km long Nasi Island 
continued to host sea-turtle mass nesting after 1990. 
 

Fig. 2.6 After its formation in 1989, the Nasi Island 
has been subjected to further fragmentation. This has 
drastically reduced the area available for sea turtles 
to nest. 
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The Gahirmatha Marine Wildlife Sanctuary (GMWS) encompasses an area of 1435 sq. 

km, 1408 sq. km of which are coastal waters while rest constitute mangrove forests, 

mudflats and sand spits. The core area of the park is ~725 sq. km. and the buffer area is 

~709 sq. km. Courtship and mating of olive ridley takes place in a shallow bay, 4 km 

south of the Nasi group of islands near the mouth of river Maipura in the core area of 

GMWS. The continental shelf in this region is shallow and does not exceed 20 m up to 

an off shore distance of 7 km. Mating pairs of olive ridley were captured and tagged in 

this area of approximately 72 sq. km during the present study.  

 

The Devi River mouth rookery 

The mass nesting of olive ridleys near the 

mouth of river Devi was first reported in 1981 

(Kar, 1982). However, after 1981 the nesting 

population at this rookery remained 

unmonitored for more than a decade. Pandav 

et al. (1994) reported the continuance of mass 

nesting at this rookery. The mass nesting at 

this rookery takes place on an island located 

between the mouth of river Devi and Petaphutei. Over the years much of the nesting area 

at this rookery has been lost to Casuarina plantation. Mass nesting was recorded only 

once during the present study. Nearly 25,000 turtles nested here in a newly accreted sand 

bar (Robert Island) from 13 to 17 March 1997. While this island has now submerged, a 

newly formed four km long sand spit on the southern side of  Devi River mouth appears 

to be an ideal nesting ground for sea turtles. After the 1999 super cyclone this sand spit 

has become an island (Pandav, 2000; Figure 2.4a). The sea turtle nesting activity at this 

island is yet to be documented. 

    

The Rushikulya rookery 

The rookery near the mouth of river Rushikulya (19° 22' - 19° 24' N latitudes and 85° 02' 

- 85° 05' E longitude) is located 320 km south of Gahirmatha along the southern Orissa 

coast. The mass nesting beach at Rushikulya is located on a sand spit on the northern 

side of the river mouth (Figure 2.4b). The Rushikulya river opens to the Bay of Bengal 

near Ganjam town. The estuary near the river mouth is connected with the Chilka lake 

through a man made canal locally known as Palur canal or the French Canal. The 

Fig. 2.7 The sand bars near Devi river mouth are 
frequented by olive ridleys for nesting. 
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topography of the estuary has undergone many 

recognizable changes during the past one 

decade. During 1989 flood, a barrier sand spit 

has separated the low ridges of the estuary 

running almost parallel to the mainland after 

the formation of a second mouth facing the 

Potagada village. The old mouth near 

Gokharkuda village has subsequently been 

filled up by sand. At present an expanded sandy beach has developed on this old river 

mouth. The backwater of Rushikulya river estuary runs parallel to the nesting beach for a 

distance of one kilometre northward, thus forming a lagoon on its own. This lagoon is 

now connected with the Chilka lake through the Palur canal. 

 

The occurrence of sea turtle nesting at Rushikulya and the availability of turtle eggs in 

the locality were first reported by Panigrahy et al. (1990). Of late this extensive sandy 

beach near Rushikulya river mouth has been identified as a major nesting ground of olive 

ridley (Pandav et al., 1994 a, b). The nesting beach is characterised by 3-4 ft high, 

scattered sand dunes with sparse natural beach vegetation. Natural vegetation on the 

beach includes psammophytes such as Ipomea pescaprae, Spinifex littoreus and 

Hydrophylax maritima. One of the conspicuous features of this beach is the absence of 

Casuarina plantation, which is otherwise common along the rest of the Orissa coast. 

Human settlements near the beach include two fishing villages viz. Purunabandha and 

Palibandha. The major fish landing centres here are Gokharkuda, Kantiagada and 

Nuagan. The other features of this area are the presence of abandoned prawn fields 

behind the nesting beach and presence of a chloro-alkali chemical plant, which 

discharges effluents directly to the estuary. 

Fig. 2.8 The sea beach north of Rushikulya river 
mouth has emerged as one of the major mass nesting 
areas of olive ridley in India. 
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CHAPTER –III 

 

THE DISTRIBUTION OF OLIVE RIDLEY  

SEA TURTLE POPULATION AND  

THEIR DYNAMICS IN ORISSA 

 

Four species of sea turtles; olive ridley, hawksbill Eretmochelys imbricata, green 

Chelonia mydas, and leatherback Dermochelys coriacea were recorded during the course 

of this study. Juvenile hawksbill were recovered stranded near the sea coast near Devi 

River mouth on three occasions and a juvenile green turtle was recovered from a 

monofilament gill net at the Rushikulya rookery during the study. The only leatherback 

recorded during the study was found dead and washed ashore the Gahirmatha coast. As 

evident from this study, occurrence of sea turtles other than olive ridley in Orissa are 

extremely rare. 

 

The coastal waters of the Bay of Bengal along the state of Orissa are an important 

breeding ground for the olive ridley sea turtle. It supports one of the largest nesting 

populations for the species (Bustard, 1974; Dash and Kar, 1990) and has witnessed 

enormous arribadas over the past decades. Although the nesting population at 

Gahirmatha has been the focus of numerous studies over the past two decades (Dash and 

Kar, 1990; James et al., 1991; Mohanty-Hejmadi and Sahoo, 1994), only scanty 

information exists on the ridley population using Rushikulya and Devi rookeries in 

Orissa. The studies mentioned above have  quantified the Gahirmatha nesting population 

whereas information on the breeding population and their distribution in the offshore 

waters has been lacking. The lack of such fundamental information precludes further 

understanding of several facets of the biology of the species in concern. The sea turtle 

research community recognises such gaps exist in our understanding of marine turtle 

populations and of their life histories (MTSG, 1995). As part of this study, investigation 

was carried out on the distribution olive ridley population congregating in the coastal 

waters off Gahirmatha and the turtles nesting at Gahirmatha, Rushikulya and Devi 

rookeries. 
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A significant number of olive ridleys congregate in the offshore waters of Orissa to 

copulate and nest. This phenomenon is also characteristic of other species where much 

smaller assemblages of turtles have been observed in courtship areas very close to 

nesting beaches (C. mydas: Northern Australia – Limpus, 1993; Aldabra – Frazier, 1971; 

Sarawak – Hendrickson, 1958). Knowledge on the distribution, location and temporal 

use of such breeding grounds is important because sea turtles that assemble there for 

reproductive activities become extremely vulnerable to exploitation. This chapter 

describes the distribution and dynamics of one such off-shore aggregation of olive ridley 

near the Gahirmatha rookery. Because of constraints in resources and logistic problems 

the offshore distribution study was carried out only near Gahirmatha rookery and not 

along other rookeries off Orissa coast. 

  

In order to study the distribution of turtle population using the three rookeries in Orissa, 

a tagging program was initiated at the beginning of this study. Tagging has been widely 

used in sea turtle research to obtain information on reproductive biology and movements 

(Balazs, 1999). Tagging provides information on site fidelity and movement between 

breeding sites apart from long distance movements.  

 

Tagging of olive ridley was first initiated in 

French Guyana during late 1960s (Pritchard, 

1973). Olive ridleys have been tagged 

extensively along the pacific coast of Mexico 

and Costa Rica (Marquez et al., 1976; 

Cornelius, 1982). In India the first long term 

tagging program on olive ridley was initiated 

by Orissa Forest Department in 1978 at the 

Gahirmatha rookery. Nearly 15,000 ridleys 

were tagged at this rookery between 1978 

and 1985 (Dash and Kar, 1990). This tagging 

program has provided substantial information 

on the reproductive ecology of the ridleys at Gahirmatha rookery (Dash and Kar, 1990). 

However, the scope of this tagging study was restricted only to the Gahirmatha 

population and it is yet to reveal any information on the tagged turtles using other 

beaches in Orissa for nesting. Apart from understanding the biology of ridleys using 

Fig. 3.1 A small metal tag attached to the fore flipper 
helps in identifying individual sea turtles. Each of 
these tags bear an unique number with a return 
address inscribed on it. 
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Devi and Rushikulya rookeries, the present tagging program intended to study the 

biology of male olive ridleys visiting the Orissa coast as well as fidelity of both males 

and females to a breeding ground and movement pattern between the nesting beaches.   

 

2.1. METHODS 

2.1.1. Onshore Studies 

2.1.1.1. Nesting beach monitoring – For systematic coverage, the nesting beaches at the 

three rookeries were divided into 100-m segments. The segments were marked with 

either wooden poles or with cemented pillars. Patrolling by foot was carried out every 

night during the nesting season (January to April) at the rookeries to monitor turtle 

activities. Turtle crawls on the beach were classified into nesting and non-nesting types. 

A nesting crawl was characterized by the presence of a nest pit. In contrast, the non-

nesting crawls lacked a nest pit and the turtle had returned back to sea without nesting. 

The turtle encountered during night patrolling were tagged immediately after they had 

completed the process of egg laying.  

 

At Gahirmatha rookery, beach width was recorded at fortnightly interval at every 100-m 

segment. A fiberglass tape was used to measure the beach width. Beach width here refers 

to the extent of beach available between the high tide line of the sea and the high tide line 

of the estuary. 

 

2.1.1.2. Enumeration of nesting females during arribada - In the past twenty five years 

from 1976 to 2000, various groups of researchers, state forest department officials and 

non governmental organizations have been involved in monitoring of arribada events in 

Orissa (Dash and Kar, 1990; Mohanty-Hejmadi and Sahoo, 1994; Chadha and Kar, 1999; 

Mohanty-Hejmadi, 1999; Shanker and Mohanty, 1999). Consequently, a variety of 

approaches and methods have been used for the estimation of turtle nesting at arribada 

sites in Orissa, and the reliability of these estimates has been doubted by marine turtle 

biologists.  

 

During this study, four mass nesting events were observed  (one at Devi mouth and three 

at Rushikulya). However, no precise estimates are available for these arribadas. Olive 

ridley turtles were censused during the arribada between March 25 – 31, 1999 at Nasi II 
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island, Gahirmatha. Seventeen strip transects were established every 100 meters over the 

entire length of the beach. Each 20 metre wide transect was demarcated by wooden poles 

and extended from the high tide mark to the riverine end of the island i.e. over the 

effective nesting area. Turtles laying eggs in this 20 metre transect were counted every 

hour from 6 pm till 6 am in each strip from March 25-29, 2001. During this period, mass 

nesting also occurred on Nasi I, the adjacent island. Though the beach was not censused, 

the area and period of nesting was documented. Estimates of nesting and variances were 

derived using equations from Valverde and Gates (1999). 

 

2.1.1.3. Estimation of incubation success - Determining incubation success provides data 

fundamental to conservation of sea turtles. These data are essential because they assist in 

understanding the suitability of the beach to act as an incubation system and the general 

health of nesting population. In order to examine the hatching success of sea turtle eggs 

at the three rookeries in Orissa, the nests were excavated after 4-6 days of emergence of 

hatchlings. Depth of the nest from the beach surface to the top of the first egg in the 

chamber was recorded for each excavated nest. The contents of the excavated nests were 

categorized as follows: 

1. Hatched egg shells (H). Only shells that make up more than 50% of the egg size were 

taken into account and shell fragments were not considered while counting the 

number of hatched eggshells.  

2. Live in nest (LIN). Live hatchlings that were left among shells and not those in neck 

of nest. 

3. Dead in nest (DIN). Dead hatchlings that had left their shells and were found inside 

the nest. 

4. Embryonic death (ED). Eggs that remained unhatched after the lapse of incubation 

duration were cut open and examined. The unhatched fertile eggs were further 

classified into three categories based on the extent of embryonic development. 

Early embryonic death (EED) - Eggs showing signs of blood vessel formation or 

small embryo without pigmentation.  

Mid embryonic death (MED) - Eggs containing a small embryo with pigmented eyes 

but unpigmented body measuring approximately 10-30 mm from head to tail. 

Late embryonic death (LED) - These included eggs with fully developed embryos as 

well as the dead ones that had pipped their head from the eggshell. 
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5. Unfertilized egg (UFE) - Unhatched eggs without visible embryos or blood formation 

were classified as infertile eggs. 

 

After categorizing and counting the contents of the nest, the number of eggs in the clutch 

was determined using the formula: 

Clutch Size = H + ED + UFE 

 

Incubation success was determined in two stages, which involved calculation of hatching 

success and emergence success. Hatching success refers to the number of hatchlings that 

hatch out of their eggshell and emergence success refers to the number of hatchlings that 

reach the beach surface. Both hatching success and emergence success were calculated 

as follows: 

Hatching success (%) = (H ÷ Clutch size) × 100 

Emergence success (%) = {[H - (LIN + DIN)] ÷ Clutch size} × 100 

 

2.1.2. Offshore Studies 

2.1.2.1. Extent of distribution of mating pairs – Mating pairs were actively searched from 

morning to evening during November to January in the coastal waters off Gahirmatha. 

The search effort was continued as long as pairs were present. Efforts were discontinued 

only when no pairs were detected for more than two kms. In order to determine the size 

and extent of this reproductive aggregation in the coastal water,  latitude and longitude of 

each capture and sighting was recorded using a hand held Global Positioning System 

(Garmin Inc.). These locations were then plotted on a bathymetric map of the area 

obtained from the Chief Naval Hydrographer, India at Dehradun to determine the extent 

of distribution of ridley mating pairs. 

 

The extent of distribution was obtained by drawing a minimum convex polygon (MCP) 

around the turtle locations. This is a simple method for calculating the area enclosed by a 

set of locations (Bekoff and Mech, 1984). The peripheral locations of the points are 

connected in such a way that internal angles of the polygon do not exceed 180 degrees. 

Another method, the harmonic mean (HM) was used to obtain an area of maximum 

utilization. The harmonic mean is a non-parametric estimator. It determines distribution 

by estimating the probability of use at any given location within the home range. The 
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above mentioned methods are traditionally used to determine the home range of radio 

tagged animals, but the concept can also be applied to assemblages of certain groups 

such as the present one. The locations were converted from degree decimals to UTM for 

home range analysis (MCP and HM) in the program CALHOME (Kie et al., 1994). The 

capture and recapture locations of male and female olive ridleys in the same mating 

season were plotted in ARCVIEW and a line was drawn between both the capture and 

recapture points to depict the movement of olive ridleys during the mating season in the 

coastal waters off Gahirmatha. 

 

2.1.3. Tagging 

The tagging operation carried out over three nesting seasons of November to May during 

the year 1996 to 1999 comprised of two phases: capture and tagging of ridley mating 

pairs in the coastal waters off Gahirmatha and on the beach tagging of nesting females. 

 

2.1.3.1. Capture and tagging of olive ridley mating pairs - The offshore aggregations of 

olive ridleys were studied along Gahirmatha nesting beach. The sheltered bay just south 

of the mass nesting beach where mating pairs 

congregate was selected as the intensive study 

area. The coastal waters in this area was scanned 

for ridley mating pairs. As pairs became visible, 

they were approached by a motor boat and 

captured. All captures were done using an 

indigenously developed hand held triangular 

scoop of bamboo trap loosely fastened to the side 

of the boat (Plate ). As the boat approached the 

pair, the leading edge of the trap was lowered to a depth of a meter below the water 

surface. When contact was made with the pair, the net was drawn out of water scooping 

the pair out, and fastened to the side of the boat. Each individual was picked up by its 

fore flippers and placed on a rubber tyre for measurement and tagging. For each 

individual captured, following variables were measured: curved carapace length and 

width (CCL, CCW), straight carapace length and width (SCL and SCW), plastron length 

and width (PL, PW) and weight (Plate ). Other information recorded includes presence 

and severity of scars and the manifestation of secondary sexual characters in adult turtles. 

All the turtles captured were double tagged. Once tagged the turtles were returned to the 

Fig. 3.2 The indigenously developed triangular 
trap was found to be very effective in catching 
sea turtle mating pairs. 
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sea along the side of the boat. The entire operation would be carried out within five 

minutes, per individual capture.  

 

2.1.3.2. Tagging of nesting females - On the beach tagging of nesting olive ridleys was 

carried out at the five sites mentioned in the study area during January to May over three 

seasons. The nesting beach at all the three rookeries in Orissa was divided into 

permanent 100 m segments with wooden or 

concrete poles and each of these beach 

segments were patrolled every night by foot 

through out the nesting season to look for 

nesting sea turtles. Turtles encountered 

during the night patrolling were tagged 

immediately after they completed the process 

of egg laying. Tags were applied on the fore 

flippers, through, or immediately adjacent to, 

the most proximal large scale on the trailing edge of the front flipper (Plate ). This is 

defined as the axillary tagging scale and has been the recommended position for tagging 

sea turtles (Limpus 1992). While tagging, parameters such as date of tagging, segment of 

the beach where the turtle was tagged, and wherever possible the CCL and CCW were 

recorded. All the turtles were double tagged to minimise tag loss and to find out the tag 

loss correction factor. The self-piercing, self- locking Monel tags (style 49) by means of a 

specific tag applicator supplied by the manufacturer was used for tagging the turtles. The 

standard Monel tags used extensively in marine turtle research were obtained from the 

National Band and Tag Company, Newport, USA. 

 

2.1.3.3. Recapture of tagged turtles - The mating pairs captured in the coastal waters, the 

nesting turtles on the beach and the dead sea turtles washed ashore along the Orissa coast 

were searched for presence of tags on their flippers. Upon recapture, the date and place 

of recapture, in case of a nesting female the segment of the beach where the turtle was 

recaptured and the morphological measurements were recorded.  

  

Fig. 3.3  Tags are applied on the fore flipper as close to 
the body as possible so as to minimise tag loss. 
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2.2. RESULTS 

ONSHORE STUDY 

2.2.1. Nesting beach monitoring  

Ridleys in Orissa showed a distinct temporal pattern of nesting with most of the nesting 

activity taking place during neap tidal nights. A great variation in the number of turtles 

nesting at the three rookeries was recorded during the study. For two consecutive seasons 

in 1997 and 1998 the arribada failed to occur at Gahirmatha. Proportion of nesting crawls 

to that of non-nesting crawls also showed            considerable variation during the study 

period (Figure 4.5). Whereas 84.3% of the turtles (n = 800) emerged during 1996 

nesting, only 13.6% of the crawls (n = 362) monitored in 1998 resulted in nesting. A 

drastic change in the width of the nesting beach was also recorded at Gahirmatha during 

the study period. Whereas the average beach width ± S.D. was 140.56 ± 32.92 m. in 

1996 it got reduced to 82.44 ± 54.13 m. in 1998 (Figure 4.6). 

 

Figure 2.1. Proportion of nesting vs. non-nesting olive ridley crawls  recorded during the study at Nasi 

rookery, Gahirmatha. 
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Figure 2.2. Changes observed in beach width at Nasi rookery, Gahirmatha during 1996-1998. 
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2.2.2. Enumeration of nesting females during arribada 

Mass nesting occurred over five days on the two Nasi group of islands in Gahirmatha 

during March, 1999. Nesting occurred over the entire length of the beach on Nasi II 

Island (1.7 km) and was localized to 700 metres of beach on Nasi I Island. During four 

days of peak nesting, 125,500 to 145,500 olive ridley turtles were estimated to have 

nested on Nasi II Island (Table 2a). Nesting was extrapolated to the first day (when 

sampling was not carried out). Based on available information on duration of nesting and 

area available on Nasi I Island, nesting was estimated by extrapolating densities of 

nesting of Nasi II Island on the same days (Table 2b). The toatal nesting during this 

event is estimated to be ~ 180,000 clutches.  

 

Table 2a: Estimates of nesting  numbers during four days of peak nesting in March 1999 

Day Mean Lower Confidence 

limit 

Upper Confidence limit Coefficient of 

Variation 

1 51981 44436 59525 7.26 % 

2 55182 48599 61765 5.96 % 

3 17053 15127 18978 5.65 % 

4 10850 8924 12775 8.87 % 

     

Combined 135066 124549 145583 3.89 % 
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Table 2b: Extrapolation of total nesting numbers in March 1999 in Gahirmatha (Based on length of beach 

on Nasi 1 (1/3 length of Nasi 2) 

 

Date Nasi 1 Nasi 2 

 Day Night Day Night 

 March 24-25, 1999    High sporadic 

March 25-26,1999  Sporadic Nesting (??) 17,000 

March 26-27, 1999  Sporadic Nesting (??) 51981 

March 27-28, 1999 
Mass nesting 

(4PM-6AM) 
18394  55182 

March 28-29, 2001  5684  17053 

March 29-30, 2001  3616  10850 

 

2.2.3. Incubation success 

Because of failure of nesting during 1997 and 1998, incubation success at Gahirmatha 

rookery was calculated for three nesting seasons (1995, 1996 and 1999). The incubation 

success at Rushikulya rookery was calculated for four seasons (1995 to 1998). 

Incubation success data for 1999 at Rushukulya rookery is not available for analysis in 

this study because of failure of mass nesting at this rookery. Average clutch size for all 

excavated nests at Gahirmatha and Rushikulya rookeries were 124.4 ± 20.9 (range = 55 

to 177, n = 277) and 127.9 ± 19.2 (range = 66 to 199, n = 600) respectively. In total, 

34,469 and 77,208 eggs were examined respectively at Gahirmatha and Rushikulya 

rookery to determine the incubation success (Table 2c). A great variation in incubation 

success was observed at Gahirmatha compared to that of Rushikulya. The mean 

percentage hatching success and emergence success at Gahirmatha varied from 47.7 to 

94.4 and 39.8 to 84.3 respectively (Table 2d). Compared to Gahirmatha, Rushikulya 

showed a higher rate of hatching as well as emergence success. The mean percentage 

hatching success and emergence success at Rushikulya varied from 83.8 to 97.01 and 

69.78 to 96.1 respectively (Table 2d). The overall mean hatching success of these nests 

in the whole period of study were 63.5 ± 30.4 (range = 0 to 100, n = 277) and 95.01 ± 

7.03 (range = 39.7 to 100, n = 600) for Gahirmatha and Rushikulya respectively. 
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Univariate analysis of variance carried out on hatching success showed a significant 

variation between Gahirmatha and Rushikulya (F = 304.137, df = 1, p < 0.001). The 

hatching success between the nesting season during the study period at both the rookeries 

were also significantly different (F = 225.637, df = 6, p < 0.001). The overall mean 

emergence success for the excavated nests during the study were 54.9 ± 30.8 (range = 0 

to 100, n = 277) and 92 ± 10.9 (range = 18.2 to 100, n = 600) for Gahirmatha and 

Rushikulya respectively. Univariate ANOVA carried out on emergence success between 

Gahirmatha and Rushikulya showed a significant difference during the study (F = 

282.127, df = 1, p< 0.001). Similarly the emergence success between the nesting seasons 

during the study period at both the rookeries were also significantly different (F = 

242.544, df = 6, p < 0.001). 

 

Table 2c. Fate of the eggs excavated at Gahirmatha and Rushikulya rookeries to determine the incubation 

success during 1995 - 1999. 
 

Rookery % eggs 

hatched 

%  

LIN  

%  

DIN  

%  

EED 

%  

MED 

%  

LED 

%  

TED 

%  

UFE 

N 

Gahirmatha 63.6 6.3 6.9 1 0.5 25.9 27.4 9 277 nests (34,469 

eggs) 

Rushikulya 95.3 1.3 1.8 0.1 0.08 1.52 1.7 3 600 nests (77,208 

eggs) 

 
 
Table 2d. Incubation success of olive ridley nests at Gahirmatha and Rushikulya rookeries during 1995 – 

1999. HS = Hatching Success, ES = Emergence Success, S.D = Standard Deviation. 
 

Rookery Year Mean % 

HS ± S.D. 

Range Mean % 

ES ± S. D. 

Range # Nests 

excavated 

# eggs 

counted 

Gahirmatha 1995 47.7 ± 30.8 0 to 99.2 39.8 ± 30.3 0 to 98.3 77 10,059 

 1996 94.4 ± 7.5 60.6 to 100 84.3 ± 14.5 33.7 to 100 67 8,661 

 1999 57.2 ± 26.1 3.7 to 100 48.9 ± 27.2 0 to 100 133 15,736 

Rushikulya 1995 85.94 ± 9.1 65 to 97.7 69.8 ± 14.9 46.6 to 96.4 17 2,055 

 1996 96.04 ± 3.6 77.4 to 100 92.1 ± 8.3 49.2 to 100 173 21,860 

 1997 97.01 ± 2.9 75.6 to 100 96.1 ± 3.3 75.6 to 100 346 45,381 

 1998 83.8 ± 13.9 39.7 to 99.3 75.4 ± 18.4 18.2 to 96.6 64 7,452 
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OFFSHORE STUDY 

2.2.4. Courtship and mating 

Olive ridleys arrive in the coastal waters off Gahirmatha by early November and 

immediately upon their arrival mating pairs become visible in the coastal waters. Mating 

pairs are observed till mid February with peak mating taking place between 20 December 

and 10 January in the coastal waters off Gahirmatha. During the offshore capture of 

mating pairs for tagging, presence of mating triplets, quadruplets as well as male-male 

pairs of olive ridleys were observed in the coastal waters off Gahirmatha. In total 43 

male-male pairs were observed over three breeding seasons. The male-male pairs were 

commonly encountered during early part of the mating season with 83% of the captures 

made in December and showed a declining 

trend during later part of the breeding 

season (Figure 2.3). Multiple mating of 

same male and female turtles with different 

partners was observed during the present 

study. An analysis of within season 

recaptures of breeding males and females 

revealed that males remained sexually 

active for a longer period (up to 50 days) 

compared to that of females (Figure 2.4). Some of the females tagged while mating in the 

coastal waters off Gahirmatha were subsequently recaptured nesting at Nasi group of 

islands in the same breeding season. The females were recaptured nesting after an 

average of 86.6 days (S.D. = 23.3 days, range = 35 to 113 days, n = 17) of being 

captured while mating (Appendix ). 

 

 

Fig. 3.4 Although mating pairs were common, triplets 
and quadruplets consisting of two to three males mounted 
over one female was often encountered in the coastal 
waters off Gahirmatha. 
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Figure 2.3. Fortnightly distribution of male –  male pairs in the coastal waters off Gahirmatha. A total of 43 

such pairs were captured during the study. 
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Figure 2.4. Within season recapture of male and female olive ridley sea turtle in the coastal waters off 

Gahirmatha.  
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2.2.5. Distribution of mating pairs 

In total 85 surveys were made in the coastal waters off Gahirmatha and locations of 563 

turtle mating pairs were taken to ascertain the breeding aggregation in the area. However, 

since the program CALHOME does not entertain more than 500 locations for home 

range analysis, only 450 randomly selected points were considered in the present 

analysis to determine the extent of aggregation (Figure 2.5). Mating pairs were found to 

be aggregated in an area of 52.58 sq. km (100% MCP) in the coastal waters off 

Gahirmatha and the area of maximum utilisation was 27.52 sq. km (90% HM, Table 2e). 

All the sightings of mating pairs recorded during the study were within 5 km of the 

coastline. All the observed mating took place within a depth of 20 meters. 

 

Table 2e. Area of utilizatiion by mating pairs in the coastal waters off Gahirmatha calculated using 

Minimum Convex Polygon (MCP) and Harmonic Mean (HM) methods at different levels. 

 

Estimator 100% 90%  80%  75%  

Minimum Convex Polygon 5258 ha    

Harmonic Mean  2752 ha 1904 ha 1649 ha 

Average distance between points: 1042 m     

 

Capture and recapture locations of 12 turtles in the coastal waters off Gahirmatha were 

plotted to find out the movement of individual turtles in one breeding season (Figure 

2.6). Males and females were recaptured copulating after an interval of 10 minutes to 48 

days and 25 minutes to 28 days respectively (Appendix ). The average distance covered 

by males during this period was 1.99 ± 1.51 km (range = 0.16 to 4.02 km, n = 8). 

Although the sample size is small, females were found to cover slightly longer distance 

compared to the males in the breeding area off Gahirmatha. The average distance 

covered by females during this period was 2.64 ± 1.72 km (range = 1.06 to 4.84 km, 

n=4). 
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Fig. 3. Movement of male (n=8) and female (n=4) olive ridley sea turtles in the reproductive patch off 
Gahirmatha during 1997-98 mating season  
 

Fig. 3. Area of utilization (100% MCP) by olive ridley sea turtle mating pairs in the reproductive patch off 
Gahirmatha during 1997-98 mating season. 
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2.2.6. Tagging 

In total, 329 hours were spent in off shore tagging operation during the year 1997 and 

1999, and over a period of 85 days 1,767 mating pairs of olive ridleys were captured of 

which 1,657 males and 1,616 females were tagged. On the beach 10,327 nesting females 

were tagged at the five tagging sites in Orissa between January 1997 and May 1999. 

 

2.2.6.1. Morphometrics of the ridleys captured during the study - The measurements 

obtained during these captures reveal frequency of size classes of turtles present in the 

offshore waters off Gahirmatha. The size distribution of breeding males and females is 

summarised in Table 2f and Figure 2.7. 

 

Table 2f. A four year comparison of straight carapace length (SCL in cm) of breeding male and female 

olive ridley from mating aggregations off Gahirmatha. * Source – Ram (2000) 

 

 Year Mean S.D. Range N 

Male 1996-97 67.3 2.5 55.3-73.3 182 

 1997-98 67.1 2.65 55.6-74.6 534 

 1998-99 65.2 2.91 49.0-73.8 690 

 1999-2000* 65.5 2.54 61.6-77.7 90 

Female 1996-97 67.1 2.5 54.7-74.9 183 

 1997-98 67.04 2.32 52.3-73.6 350 

 1998-99 66.3 2.44 58.8-72.6 692 

 1999-2000* 66.1 2.16 61.9-71.8 85 
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Figure 2.7. Size class (CCL) of breeding male and female olive ridleys captured while mating in the 

coastal waters off Gahirmatha during 1997-99. 
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When annual samples of breeding turtles are pooled for all years, the males captured 

during the study had a mean (± S.D.) CCL of 69.9 cm ± 2.9 cm (range = 51.0 to 79.0 cm, 

n = 1,529), SCL of 66.2 cm ± 2.9 cm (range = 49.0 to 74.6 cm, n = 1,407) and PL of 49.6 

cm ± 2.3 cm (range = 38.3 to 79.0 cm, n = 1,660). The breadth measurements of males 

were CCW of 68.0 cm ± 2.7 cm (range = 47.8 to 78.3 cm, n = 1,527), SCW of 58.0 cm ± 

2.3 cm (range = 48.5 to 72.0 cm, n = 1,407) and PW of 49.7 cm ± 2.3 cm (range = 38.0 

to 68.9 cm, n = 1,660). 

 

The females captured during the study had a mean (± S.D.) CCL of 71.2 cm ± 2.5 cm 

(range = 61.2 to 82.0 cm, n = 1,484), SCL of 66.7 cm ± 2.4 cm (range = 52.3 to 74.9 cm, 

n = 1,374) and PL of 53.9 cm ± 2.3 cm (range = 40.7 to 63.6 cm, n = 1,628). The breadth 

measurements of the females were CCW of 69.3cm ± 2.5 cm (range = 54.3 to 78.3 cm, n 

= 1,484), SCW of 58.2 cm ± 2.2 cm (range = 49.0 to 69.3 cm, n = 1,374) and PW of 52.1 

cm ± 2.4 cm (range = 40.6 to 60.0 cm, n = 1,628).  

 

The mean curved carapace length of both sexes together was 70.5 cm ± 2.8 cm (range = 

51.0 to 82 cm, n = 3,013) and the mean straight carapace length was 66.5 cm ± 2.7 cm 
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(range = 49 to 74.9 cm, n = 2, 781). The sizes in comparison with other populations of 

olive ridley are given in Table 2g. 

 

Table 2g. Comparison of carapace lengths between different geographic populations of olive ridley. 

 

Location SCL (cm) Range (cm) N Source 

Gahirmatha 66.5 49 – 74.9 2,781 This study 

Oxaca, Mexico 62.9 52.5 - 73 1,203 Marquez et al. (1976) 

Guerrero, Mexico 63.5 52 – 73.5 253 -do- 

Michoacan, Mexico 63.1 60 - 67 13 -do- 

Colima, Mexico 64.3 60 - 68 19 -do- 

Sinaloa 62.2 55 - 69 190 -do- 

Nancite, Costa Rica 63.6  942 Cornelius & Robinson (1985) 

 

 

The females captured during the study were heavier than the copulating males. The 

weight frequencies of males and females courting in the coastal waters off Gahirmatha 

are represented in Figure 2.8. Mean (± S.D.) weight of males and females were 39.7 kg ± 

4.0 kg (range = 25 to 56 kg, n = 702) and 47.1 kg ± 3.9 kg (range = 32 to 62 kg, n = 670) 

respectively. 
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Figure 2.8 . Weight frequency of breeding male and female olive ridleys capture in the coastal waters off 

Gahirmatha during 1997-99.  
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2.2.6.2. Nest site fidelity and movement between the nesting beaches - During the course 

of this study, the beach profile at Gahirmatha and Devi River mouth witnessed rapid 

changes. The nesting beach at Gahirmatha (Nasi rookery) was fragmented into two 

widely separated islands and the Robert Island near the Devi River mouth where most of 

the turtles were tagged in March 1997 arribada got submerged during the subsequent 

breeding season. This rapid change in beach profile made it impossible to compare the 

place of nesting (segment of the beach) between years for nest site fidelity analysis. 

Therefore, only recaptures made at the Rushikulya rookery is being considered in this 

chapter for nest site fidelity analysis. Turtles recaptured at Rushikulya rookery showed a 

higher degree of nesting site fixity during the present study. Of the 519 turtles tagged in 

February 1997 arribada at Rushikulya rookery 44 were recaptured in the March 1998 

arribada at the same rookery. Ridleys generally re- laid their nests within 100 to 300 m of 

their previous nests with a range of 0 to 1,000 m (Figure 2.9). 
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Figure 2.9. Nest site fidelity of olive ridley sea turtle upon remigration at Rushikulya rookery. 
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Ridleys tagged at nesting beaches in Orissa also exhibited movement between two 

rookeries. Two of the turtles tagged during the arribada at Rushikulya rookery on 2 and 3 

February 1997 (Tag No. WR25417, WR25418 and WR25793, WR25794) were 

recaptured while nesting in another arribada at Robert Island near Devi River mouth on 

17 March 1997. One of the turtles tagged during the arribada at Robert Island on 14 

March 1997 (Tag No. WG23444 and WG23445) was subsequently recaptured while 

nesting at Nasi rookery on 16 April 1997. An estimated 300 turtles had nested at Nasi 

rookery on the same night. Besides these inter-seasonal movements between the 

rookeries, ridleys in the present study also exhibited intra-seasonal shift in nesting 

beaches. Two of the turtles tagged at Nasi rookery on 2 April 1997 (WG01484 and 

WG01485) and 14 April 1997 (WG01912 and WG01913) were recaptured while nesting 

on the sea beach near mouth of river Baunsagarha on 22 April 1998 (35 km away from 

Nasi). Similarly one of the turtles tagged near Chilka mouth (WG20020 and WG20021) 

on 30 March 1997 shifted its nesting beach and was recaptured while nesting at 

Rushikulya rookery during the arribada on 23 March 1998. The distance range of these 

inter-rookery movements of olive ridley in Orissa varied from 35 to 320 km (n = 30, 

Table 2h). 
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Table 2h.  Details of beach exchange by olive ridley sea turt le between the three sea turtle rookeries and 

sporadic nesting beaches in Orissa. A total of 30 turtles were recorded straying between nesting beaches in 

Orissa and the distance of this movement varied from 35 to 320 km. AA = Arribada-Arribada, SA = 

Solitary-Arribada, SS = Solitary-Solitary 

Date of 
tagging 

Place of 
tagging 

Turtle Date of 
recapture 

Place of 
recapture 

Distance 
between 
the sites 

Nesting 
type 

Remarks 

02.02.1997 Rushikulya WR25417 17.03.1997 Devi Mouth 220 km AA Within 
season 

03.02.1997 Rushikulya WR25793 17.03.1997 Devi Mouth 220 km AA Within 
season 

14.03.1997 Devi Mouth WG23444 16.04.1997 Gahirmatha 100 km AA Within 
season 

30.03.1997 Chilka 
Mouth 

WG20020 23.04.1998 Rushikulya 60 km SA Between 
season 

02.04.1997 Gahirmatha WG01484 22.04.1998 Chinchiri 35 km SS Between 
season 

14.04.1997 Gahirmatha WG01912 22.04.1998 Chinchiri 35 km SS Between 
season 

23.03.1998 Rushikulya WR28045 14.03.2000 Gahirmatha 320 km AA Between 
season 

17.03.1997 Devi Mouth WG06264 14.03.2000 Gahirmatha 100 km AA Between 
season 

07.04.1999 Barunei WG12891 18.03.2000 Gahirmatha 40 km AA Between 
season 

25.02.1999 Agar Nasi WG21853 19.03.2000 Gahirmatha 40 km SA Between 
season 

23.03.1998 Rushikulya WR29309 03.02.2001 Gahirmatha 320 km AA Between 
season 

03.04.1999 Barunei WG02875 06.02.2001 Gahirmatha 40 km SA Between 
season 

23.03.1998 Devi Mouth WG06706 06.02.2001 Gahirmatha 100 km AA Between 
season 

07.04.1999 Barunei WG12837 06.02.2001 Gahirmatha 40 km AA Between 
season 

27.03.1999 Agarnasi WG02953 06.02.2001 Gahirmatha 40 km SA Between 
season 

23.03.1998 Rushikulya WR27659 06.02.2001 Gahirmatha 320 km AA Between 
season 

14.03.1997 Devi Mouth WG23947 26.02.2001 Rushikulya 220 km AA Between 
season 

31.03.1999 Gahirmatha WG24875 26.02.2001 Rushikulya 320 km AA Between 
season 

14.03.1997 Devi Mouth WG23753 26.02.2001 Rushikulya 220 km AA Between 
season 

31.03.1999 Gahirmatha WG24667 26.02.2001 Rushikulya 320 km AA Between 
season 
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Date of 
tagging 

Place of 
tagging 

Turtle Date of 
recapture 

Place of 
recapture 

Distance 
between 
the sites 

Nesting 
type 

Remarks 

28.03.1999 Gahirmatha WG24425 27.02.2001 Rushikulya 320 km AA Between 
season 

31.03.1999 Gahirmatha WG24657 27.02.2001 Rushikulya 320 km  AA Between 
season 

14.03.1997 Devi Mouth WG23506 01.03.2001 Rushikulya 220 km AA Between 
season 

30.03.1999 Gahirmatha WG24386 01.03.2001 Rushikulya 320 km AA Between 
season 

14.03.1997 Devi Mouth WG23250 01.03.2001 Rushikulya 220 km AA Between 
season 

14.03.1997 Devi Mouth WG23464 01.03.2001 Rushikulya 220 km AA Between 
season 

30.03.1999 Gahirmatha WG24702 01.03.2001 Rushikulya 320 km  AA Between 
season 

14.03.1997 Devi Mouth WG23970 02.03.2001 Rushikulya 220 km  AA Between 
season 

17.03.1999 Devi Mouth WG06146 26.02.2001 Rushikulya 220 km AA Between 
season 

08.04.1997 Chilka 
Mouth 

WG20026 26.02.2001 Rushikulya 60 km SA Between 
season 

 

 

2.2.6.3. Tag recoveries from dead turtles washed ashore - More than 45,000 dead adult 

olive ridleys washed ashore the Orissa coast during the entire study period were counted, 

out of which 85 dead turtles were found with tags. Of the 85 dead tagged turtles, three 

were recovered after three season intervals (Mean ± SD = 1040 ± 21.1 days, range = 

1016 to 1054 days), 28 were recovered after two season intervals (Mean ± SD = 710 ± 

33.4 days, range = 661 to 760 days), 39 were recovered after one season interval (Mean 

± SD = 338 ± 46.4 days, range = 248 to 483 days) from the date of tagging. The 

remaining 15 dead tagged turtles were recovered during the same season (Mean ± SD = 

24 ± 16.6 days, range = 7 to 52 days). Recovery of tagged turtles showed evidences of 

movement of olive ridleys between the nesting sites in Orissa. 

 

2.2.6.4. Migration -Prior to their arrival along Orissa coast in early November, olive 

ridleys are known to follow a coastwise northerly course i.e. turtles cross the coastal 

waters off Tamil Nadu and Andhra Pradesh and arrive in Orissa (Dash and Kar 1990). 

However, little is known about the post-nesting movements of ridleys using the Orissa 

coast and the existing literature is completely silent about the return migration of ridleys. 
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Long distance tag recapture data from this study suggests that female turtles move 

southward along the coast after the commencement of nesting season. One of the turtles 

tagged on 13 March 1997 during the arribada at Robert Island rookery (Tag No. 

WG22081 and WG22082) was subsequently recovered 324° off Kalmunai coast and 

about 22 nautical miles from the beach off Kalmunai, eastern Sri Lanka on 27 April 

1997. The straight- line distance (as the crow flies) between Robert Island and Kalmunai 

is roughly around 1,900 km. So far, there have been 22 long distance recoveries of the 

ridleys tagged in Orissa (Appendix ). Of the 22 long distance recoveries five are from the 

Gulf of Mannar, south Tamil Nadu and the remaining are from Sri Lanka (Figure 2.10). 

Ridleys tagged at all the three mass nesting beaches as well as in the coastal waters off 

Gahirmatha have been recaptured from Sri Lanka.  

 

Fig. 3.  Recovery sites of tagged olive ridley sea turtles from  
coastal waters off Sri Lanka 
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2.2.6.5. Remigration interval - During the present study some males have been recorded 

in courtship activity in subsequent breeding season and all such recaptures were made in 

the coastal waters off Gahirmatha where they had been originally captured while 

courting in a previous year. For the males recorded mating in subsequent years, mean 

remigration interval was 0.99 years (S.D = 0.06, range = 0.86 to 1.14 years, n = 28). 

Females recaptured offshore were returning after an interval of 1.01 years (S.D = 0.05. 

range = 0.96 to 1.09 years, n = 5).  

 

Remigration intervals for nesting turtles tagged at Gahirmatha and Rushikulya rookeries 

between 1997 and 2000 are shown in Table 2i. In total 193 and 98 recoveries were made 

at Gahirmatha and Rushikulya respectively during the above period. The remigration 

pattern of olive ridleys shows that one year remigration intervals were the commonest 

(64.8% and 74.5% respectively for Gahirmatha and Rushikulya), and the second and 

third year remigration intervals were correspondingly less common (25.4% & 9.8% for 

Gahirmatha and 22.4% & 3.1% for Rushikulya). Those turtles which remigrated 

annually to Rushikulya rookery showed a mean remigration interval of 1.07 years (S.D = 

0.06, range = 0.96 to 1.13 years, n = 73). Similarly, the turtles nesting annually at 

Gahirmatha showed a mean remigration interval of 0.97 years (S.D = 0.03, range = 0.92 

to 1.14 years, n = 193). 

 

Table 2i. Recapture of tagged turtles at Gahirmatha and Rushikulya rookeries during 1997 - 2000. 

 

# of turtles recovered in different nesting seasons Beach Nesting 
Season 

# of turtles 
tagged 

1997 1998 1999 2000 

Gahirmatha 
(Nasi) 

1997 571  8 35 19 

 1998 93 - - 9 14 

 1999 4851 - - - 108 

 2000 - - - - - 

Rushikulya 1997 518 - 41 19 3 

 1998 2063 - - 28 3 

 1999 499 - - - 4 

 2000 - - - - - 
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2.3. DISCUSSION 

Olive ridleys on the shore: 

Olive ridleys have been reported to exhibit distinct temporal pattern of nesting. Marquez 

et al. (1976) correlated Mexican arribadas with the phases of the moon; emergences 

usually take place during the waning quarter when tidal amplitude is low. Dash and Kar 

(1990) have also recorded nesting of ridleys during neap tidal nights. Spring tidal days 

are marked by high variation in tide. Tidal variation during neap tidal days is minimal 

and sea remains relatively calm, thus providing an easy access to the nesting beach. This 

could have been the possible reason behind the distinct temporal patterns of nesting 

exhibited by ridleys in Orissa. The significant relationship between moon phase and 

nightly nesting densities is important for sea turtle conservation program. Surveys to find 

out nesting intensities of olive ridleys along Orissa coast can be effectively planned 

during neap tidal days. Intense artificial lighting on the beach-front that disorients the 

nesting females and the emerging hatchlings ought to be controlled during these periods 

at rookeries like Gahirmatha and Rushikulya. 

  

During normal nesting season when beach formation is proper, Gahirmatha witnesses a 

high proportion of nesting emergences. During peak nesting years in 1982 and 1983, 

Dash and Kar (1990) recorded low percentage of non-nesting emergences (9.4 to 13.1 

%). During the present study when beach formation was proper in 1996, only 15.7% of 

crawls resulted in non-nesting emergences. However, with the reduction in beach width 

during 1997 and 1998, most part of Gahirmatha rookery was subjected to frequent tidal 

inundation. The beach remained wet for most part of the nesting season. Wet beach 

condition because of excessive rainfall or tidal inundation is known to adversely affect 

the survival of post-ovipositional eggs (Ragotzkie, 1959; Kraemer and Bell, 1980). The 

high proportion of non-nesting emergences (86.4%) recorded in 1998 when most part of 

the nesting beach was wet indicated the unsuitability of beach condition for turtle 

nesting. 

 

Barring the March 1999 arribada at Gahirmatha, standardized methods have not been 

used in Orissa to estimate turtles nesting in arribadas. This makes the estimates of large 

arribadas in Orissa a suspect. None of the published reviews of nesting in Orissa (Dash 

and Kar, 1990; Mohanty-Hejmadi and Sahoo, 1994; Chadha and Kar, 1999; Mohanty-

Hejmadi, 1999) makes any mention of methods used in the counting of turtles or 
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estimation. One unpublished report describes a stratified strip (100m) transect used to 

count turtles in Gahirmatha in 1985 (Mishra and Kar, 1986). However, none of them has 

been published in peer reviewed publications, and estimates published in these books and 

reports by different authors do not in fact match. Furthermore, the absence of an estimate 

of variance is felt acutely. 

 

Enumeration of turtles carried out in this study during 1999 arribada at Gahirmatha 

emphasized on the count of only ovipositing turtles. Counting of only ovipositing turtles 

is specifically important since many turtles are likely to strand several times before 

nesting successfully in an arribada. In Gahirmatha, the nesting beach got fragmented in 

1989 and was subjected to frequent tidal inundation, leading to multiple strandings 

before nesting, especially during arribadas. Hence it is very likely that earlier figures 

reported for Orissa overestimate the number of turtles to an unknown degree each year. 

The census in March, 1999 suggests that less than 200,000 turtles nest during major 

arribadas in Gahirmatha.  

 

Compared to the Rushikulya rookery, nests placed at Gahirmatha show considerable 

variation in incubation success. The overall mean hatching success at Gahirmatha during 

this study (63.5%) is considerably lower to that of findings of Dash and Kar (1990). In 

five nesting seasons from 1981 to 1985, Dash and Kar (1990) estimated the overall mean 

hatching success to be 87.72%. Incubation success in sea turtles is believed to be 

influenced by a number of interacting ecological factors such as sand temperature, sand 

particle size, water content and salinity (Miller, 1985). Wet beach condition as a result of 

excessive rainfall has been documented to adversely affect the survival of post-

ovipositional eggs of olive ridleys at Nancite, Costa Rica (Ragotzkie, 1959; Kraemer and 

Bell, 1980). High moisture content in the beach sand reduces the hatching success by 

inhibiting or reducing gas exchange between egg clutch and its surroundings (Packard et 

al., 1977; McGehee, 1990) or by promoting fungal growth on the egg shell (McGehee, 

1990). As the results of this study indicates. Gahirmatha has shown over the years a 

decline in the hatching success of eggs laid during the arribada. This decline in hatching 

success at Gahirmatha could be possibly due to the changes in nesting beach profile. 

Over the years the nesting beach at Gahirmatha has been severely fragmented. The Nasi 

group of islands over the years has witnessed a drastic reduction in the length and width 

of the nesting area. Moreover, the nesting beach at Gahirmatha during this study were 
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subjected to frequent tidal inundation and most part of the beach remained wet through 

out the incubation duration. This could have played a major role in reducing the hatching 

success at this rookery.  

  

The low incubation success at Gahirmatha and 

a higher rate at Rushikulya could  possibly be 

because of the major differences in the 

physical characteristics of the two beaches. 

The beach is wider, three tired, free of tidal 

inundation and the turtle nests are spread out at 

Rushikulya rookery. Consequently, destruction 

of nests by subsequently emerging nesting 

females during the arribada is much less at 

Rushikulya. In comparison, the narrow nesting stretch restricted on both sides by 

Maipura estuary keep the turtles on a finite beach at Gahirmatha. Extensive destruction 

of nests by turtles takes place during arribada at Gahirmatha, promoting microbial 

proliferation in the nesting beach. Microorganism proliferation is thought to result from 

the increased amount of egg derived organic matter found in the arribada beaches as a 

direct consequence of nest destruction by other nesting turtles, as well as predators, 

beach erosion and high tides (Cornelius et al., 1991). All the factors that promote 

microbial proliferation in the nesting beach are prevalent in Gahirmatha. Due to the 

limited size of nesting area at Gahirmatha, nest disturbance increases as the nesting 

density increases during the subsequent nights of an arribada. Estimating that 25% of 

300,000 nests (of ca. 100 eggs each) were destroyed by turtles during the 1999 arribada 

at Gahirmatha, and if the average mass of the eggs is 32.6 g (Reichart, 1993), then about 

244 metric tons of organic matter were added to the beach that year as a consequence of 

nest disturbance by other nesting females. This figure increases significantly if embryos 

that die during different developmental stages are included. 

 

Turtle eggs require an optimal respiratory environment to develop properly (Ackerman, 

1980). Given the tremendous amount of decomposing organic matter from the many 

broken eggs and the frequent tidal inundation at Gahirmatha, the level of oxygen 

available for the development of embryos may not be optimal. Thus, it is conceivable 

that high embryonic mortality at Gahirmatha could be due to a large extent to low 

Fig. 3.  The low lying nesting beach at Nasi was 
subjected to frequent saline inundation thus 
considerably reducing the hatching success of turtle 
eggs laid in it. 
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availability of oxygen brought about by the massive decomposition of organic matter and 

by frequent tidal inundation during the incubation period. A similar reason for the low 

hatching success of nests laid during arribada at Nancite, Costa Rica has been provided 

by Valverde et al. (1998).  

 

In comparison to Gahirmatha, the incubation success at Rushikulya is extremely high. 

The beach at Rushikulya is wide, turtle nests are spread out and moreover its three-tier 

structure (low, medium and high beach) is free of frequent tidal inundation. The ideal 

condition of egg development at Rushikulya is reflected in terms of low embryonic 

mortality (1.7%, Table 4.3). Although Rushikulya receives smaller number of nesting 

turtles in comparison to Gahirmatha, its potential in terms of a stable and more 

productive beach cannot be ignored. Considering the rapid fragmentation and erosion of 

nesting habitats of olive ridleys at Gahirmatha, stable beaches like Rushikulya can play a 

vital role in sustaining a viable population of ridleys in future.  

 

Olive ridleys in the off shore waters: 

Courtship and mating has been least studied in sea turtles. Information available on sea 

turtle courtship and mating are mostly anecdotal. Ehrhart (1982) tabulated 15 studies, 

which provide the foundation for the current understanding of courtship and mating in 

sea turtles. Sea turtles have a promiscuous mating system. Mounted pairs have been 

reported in the open ocean, along migratory pathways, in aggregations and off nesting 

beaches (Richard and Hughes, 1972; Cornelius, 1986; Pitman, 1990; Meylan and 

Meylan, 1994). Unlike the Costa Rican mass nesting beaches of olive ridley, where 

mating pair assemblages appear to be minimal (Kalb, 1999), Gahirmatha witnesses a 

huge congregation of mounted pairs off the nesting beach at the beginning of breeding 

season. Similar observations have been made for green turtles where the main courtship 

area occurs within sight of the nesting beaches (Central Pacific: Balazs, 1980, 1983; 

Northern Australia: Bustard, 1972; Aldabra Atoll: Frazier, 1971). Balazs (1980) tagged 

the courting turtles and demonstrated that they included the same females that were 

nesting on the adjacent islands, usually within 2 km of the courtship sites. 

 

Although most of the turtles that breed off the Gahirmatha coast use the Nasi group of 

islands for nesting, few of them have been recorded to nest as far south as Chinchiri (35 

km). Three of the females tagged at Devi River mouth and one female at Rushikulya 
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have also been recorded in courtship activities in the offshore waters of Gahirmatha 

during subsequent breeding seasons. These tag recoveries indicate the possibility that at 

least some of the mounted females disperse from courtship sites to distant rookeries 

within the region (Chinchiri, Devi and possibly Rushikulya), and not necessarily to the 

closest one. Limpus (1993) observed similar movement of female green turtles and noted 

that turtles courting in lagoonal areas of Heron Reef (Southern Great Barrier Reef) 

dispersed from courtship sites to rookeries that lie within 92 km without nesting at Heron 

Reef. Meylan et al. (1992) reported movement of 240 km in female green turtles from a 

courtship aggregation off Bocas del Toro, Panama to the Tortuguero rookery in Costa 

Rica. The few tag recoveries during this study only provide a clue that turtles nesting in 

different rookeries in Orissa are possibly using the courtship area off Gahirmatha. 

Further tagging and monitoring at the courtship area in Gahirmatha will provide definite 

answers on the use of this area by the turtles nesting in the near by rookeries (Devi, 

Rushikulya).     

 

Males probably arrive earlier in the breeding season and females are present in less 

numbers during this period (Dash and Kar, 1990). Because of scarcity of females during 

early part of breeding season, males actively compete with each other to copulate with 

the females. Presence of male-male pairs as well as the triplets (two males mounted on a 

female) and quadruplets (three males mounted on a female) in the initial part of mating 

season seems to indicate the scarcity of females during this period.  

 

A female sea turtle exhibits a receptive period, or "heat", for about 7 to 10 days and 

males appear to be sexually active for about one month (Wood and Wood, 1990; 

Limpus, 1993). Recapture of tagged turtles during the mating season in this study also 

shows a similar period of receptivity for both female and male olive ridleys. Results of 

this study also augment the findings of several genetic studies that indicate promiscuous 

mating in sea turtles (Limpus, 1993; Owens, 1980). 

 

Approximately two weeks after mating the ovulation starts and the first nesting typically 

occurs about two weeks after ovulation, although longer intervals are possible in the 

ridleys (Owens, 1980; Wood and Wood, 1980). During this study females were 

recaptured nesting within an interval of 35 to 113 days of mating, corroborating Owens 

(1980) that nesting is followed almost four weeks after mating. However 15 out of 17 
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recaptures were obtained after an interval of 60 days or more (Table 4.1). As ridleys are 

known to lay more than one clutch per season (Dash and Kar, 1990), all these recaptures 

could be of the turtles that are nesting for the second time during the season.  

 

Olive ridley sea turtle is well known for its huge breeding assemblages both on the 

nesting beach as well as in the offshore waters during mating and prior to the 

commencement of arribada. Kalb et al. (1992) have defined assemblages of olive ridleys 

located just off the nesting beaches as the "reproductive patch". Their study revealed that 

individuals within the patch are reproductively active and transitory during the breeding 

period. However, nothing more is known about the dynamics within such a patch. 

During the present study the reproductive patch at Gahirmatha was located just south of 

the nesting beach and with the progress of the nesting season this patch gradually shifted 

north and prior to the commencement of arribada the patch was located right in front of 

the nesting beach. This study reveals that maximum area covered by the reproductive 

patch during the mating season at Gahirmatha was 52.58 sq. km. (100% MCP) and most 

of the mating was concentrated over an area of 27.52 sq. km. (90% HM). The extent of 

off shore distribution seems to be consistent with observations off Nancite where 

individuals in the reproductive patch although transitory were found within 5 km off 

shore during the breeding period. The mating pairs at Gahirmatha tend to occur in much 

shallower waters than do other species of sea turtles. The reproductive patch off Nancite 

was aggregated at a depth of 40 - 130 feet (Kalb, 1999) but the Gahirmatha patch during 

mating season is located in an area of less than 60 ft deep. This is because of the shallow 

nature of the continental shelf in the region.  

 

The exact reason why the ridleys aggregate in such shallow near-shore waters at 

Gahirmatha is unknown. Factors such as availability of food in the area, river effluents 

and near-shore current pattern may play a role in the aggregation of turtles off 

Gahirmatha. However, the fact that turtles aggregate in huge numbers in the offshore 

waters during the breeding season is of considerable importance from management point 

of view. The Gahirmatha Marine Sanctuary spreads over an area of 1400 sq. km. and 

there is only one patrolling vessel to protect this entire area. Because of lack of effective 

patrolling, mechanized fishing is rampant within the sanctuary limit. The adverse impact 

of mechanized fishing is reflected in terms of high sea turtle mortality along the 

Gahirmatha coast (Dash and Kar, 1990; Pandav and Choudhury, 1999; also discussed in 
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detail in Chapter III). Keeping a vigil on the entire marine sanctuary with one patrolling 

vessel is certainly not feasible. Result of this study shows that ridleys during the breeding 

season are not randomly distributed throughout the marine sanctuary. And rather, they 

occur in certain patches. One such reproductive patch located during the mating period in 

this study covers a maximum area of 52.58 sq. km. Locating such reproductive patches 

and providing adequate protection to these congregations will definitely reduce fishing 

pressure in these areas. Instead of diluting the patrolling effort throughout the sanctuary 

with just one vessel, the management can concentrate on intensifying the patrolling effort 

in such reproductive patches, thereby reducing the turtle mortality in the area. 

 

Tagging Sutides:  

It is a well-known fact that many species of marine turtles undertake long distance 

migration between their foraging areas and nesting sites with a high degree of accuracy. 

Recent genetic studies have demonstrated that breeding sea turtles return to their region 

of birth (Bowen et al., 1992; Gyrius and Limpus, 1988). After returning to their region of 

birth and selecting a nesting beach, sea turtles tend to re-nest in relatively close 

proximity. During subsequent nesting attempts within that nesting season, a small 

percentage will utilise more distant nesting sites in the general area or within a few 

hundred kilometres (Bjorndal et al., 1985; Limpus et al., 1984; Limpus et al., 1992). 

Results of this tagging study on the nest site fidelity concurs with that of Dash and Kar 

(1990) on olive ridleys at Gahirmatha, Bosc and Le Gall (1986) on green turtles and 

Chaves et al. (1996) on leatherback, Dermochelys coriacea, at Playa Langosta, Costa 

Rica. Like the olive ridleys in Orissa, green and leatherback were also found to have re-

laid their nests usually less than 300 m and often within 100 m of the previous nests with 

a range of about 600 m to 1,100 m. 

 

Earlier tagging studies on olive ridley have also recorded the movement between nesting 

beaches with a range of 85 km (Schulz, 1971; n = 3) to 160 km (Meylan, 1982; n = 1). 

Compared to these studies, the movement of olive ridley between nesting beaches in 

Orissa seems to be the longest for the species recorded so far. Eckert et al. (1989) 

recorded similar movements between nesting beaches for leatherback sea turtle with a 

range of 30 to 110 km. Bjorndal et al. (1983) reported the distance between intra-

seasonal re-nesting attempts of 38 loggerheads ranged up to 290 km. Other records of 

intra-seasonal nesting movements suggest that loggerhead turtles are capable of moving 
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long distances, but the proportion of individuals doing so is low (Limpus, 1985). 

Movement of olive ridleys between nesting beaches has also been observed between the 

two mass nesting sites in Costa Rica; Nancite and Ostional. Between 1980 and 1984, a 

total of 29 Ostional ridleys were observed at Nancite and 35 Nancite turtles were 

recorded at Ostional (Cornelius and Robinson, unpubl. Report; cited in Valverde et al., 

1998). This dynamic movement between beaches is remarkable and may represent an 

exception to the natal homing hypothesis as applied to green turtles (Bowen et al., 1992). 

It is possible that beach exchange is part of a complex phenomenon that olive ridleys use 

to colonise or even move to another beach altogether. So far, in Orissa we have six 

instances where the ridleys have shifted their nesting beach. Continuous monitoring at 

these nesting beaches in Orissa is essential to determine the degree of such movements 

between nesting beaches. Further, some of the turtles that were tagged while nesting at 

Devi River mouth were recaptured mating at Gahirmatha. The turtles that mate at 

Gahirmatha have also been recorded to nest as far south as Chinchiri (25 km) and some 

have been recovered 100 km south. This seems to be consistent with the findings for 

male green turtles (Fitzsimmons et al., 1997) that there is some degree of male mediated 

gene flow in this population although the population structure seems to be quite weak 

(Shanker et al., 2000). Monitoring the coastal waters off the nesting beaches can also 

provide substantial information on movement of olive ridleys between sites in Orissa.  

 

The recovery of dead tagged turtles along Orissa coast during this study also gives some 

understanding of their movement in the coastal waters off Orissa. Till January 2000, 13 

of the 3079 nesting females tagged at Rushikulya rookery were found dead in Orissa. Of 

the 13 tagged turtles, one was found washed ashore near Satbhaya village along the 

Gahirmatha coast and the remaining 12 were found in the coastal stretch between 

Paradeep and Devi River mouth. The distance between the place of tagging and the place 

of recovery of dead turtles varied from 200 to 320 km. Similarly four of the turtles 

tagged at Gahirmatha rookery were subsequently found washed ashore in the coastal 

stretch near Devi River mouth (approximately 100 km south of Gahirmatha). Recovery 

of dead turtles away from their place of tagging strengthens the view that there exists 

certain degree of movement of sea turtles in the coastal waters off the mass nesting 

beaches in Orissa. The same turtles that are using the Rushikulya rookery for nesting are 

also frequenting the coastal waters off Devi River mouth, Paradeep and Gahirmatha. 

This is again substantiated with the fact that ridleys in Orissa are using more than one 
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beach for nesting. Although mortality of sea turtles near the Rushikulya rookery is 

minimal, turtles tagged at the same rookery have been recovered dead near Devi River 

mouth, Paradeep and Gahirmatha. The coastal waters in these areas are subjected to 

heavy commercial fishing activities and densities of dead turtles washed ashore in these 

areas are extremely high. Therefore providing adequate protection to sea turtles in the 

coastal waters off Gahirmatha and Devi is not only crucial for the turtles nesting in these 

areas but also for the turtles using the Rushikulya rookery. 
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CHAPTER - IV 

 

SEA TURTLE MORTALITY IN ORISSA 

- ABIOTIC & BIOTIC FACTORS 

 

Sea turtles are killed by various animals and environmental phenomena. Predators, 

erosion, and inundation by rain or tides destroy nests and eggs. After hatching turtles of 

all ages, both at sea and on land are consumed by predators. They are also subjected to 

debilitating parasites and diseases (George, 1997) and are killed by various abiotic 

factors, including hurricanes (Limpus and Reed, 1985) and thermal stress (Meylan and 

Sadove, 1986; Witherington and Ehrhart, 1989). Quantitative accounts of sea turtle 

mortality in the wild are few. Natural mortality of sea turtles has been studied well 

during the egg and hatchling stages, including the brief period when hatchlings emerge 

from the nest and make their way down the beach to the water.  

 

Many species, from ants to jaguars, prey on sea turtles. Excellent reviews by Hirth 

(1971), Stancyk (1982), and Dodd (1988) categorize predators by the life stage of sea 

turtles on which they prey. Eggs and emerging hatchlings are some times killed when a 

nesting female of either the same or a different species digs into their nest. Bustard and 

Tognetti (1969) described this activity as a density dependent mortality factor and this 

phenomenon is highly prevalent in mass nesting species like olive ridley (Cornelius, 

1991; Valverde et al. 1998). Other biotic and abiotic factors that cause mortality in sea 

turtles include invasion of plant roots in the turtle nests (Witherington, 1986), beach 

erosion and tidal inundation (Whitmore and Dutton, 1985; Eckert, 1987). 

 

Sea turtle mortality associated with human activities far exceeds to that of natural 

mortality. Human induced activities have resulted in the world-wide decline of most 

species of sea turtles. Today their numbers are drastically reduced to the point that all 

seven sea turtle species are considered either threatened or endangered. The challenges 

that sea turtles face from human activities impact every stage of their life cycle, from loss 

of nesting beach and foraging habitats to mortalities on the high seas and coastal waters 

through intense mechanised fishing activities (NRC, 1990; Lutcavage et al., 1997). 

Anthropogenic activities have been a major reason behind the decline in the number of 
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olive ridleys. Direct harvest of adult turtles and their eggs from nesting beaches have 

resulted in the collapse of some of the major nesting congregations of olive ridley sea 

turtles in Mexico in recent times (Cliffton et al., 1982; Green and Oritz-Crespo, 1982). 

The nesting population of ridleys in Orissa has recently been the focus of attention of 

national and international community because of the large-scale mortality of adult 

turtles. Uncontrolled mechanised fishing in areas of high sea turtle concentration has 

resulted in large scale mortality of adult sea turtles during the last two decades in Orissa 

(James et al., 1989; Dash and Kar, 1990; Pandav et al., 1994; Pandav et al., 1997; Pandav 

and Choudhury, 1999). 

 

Clearly, a complete analysis of all natural and human activities that adversely impact the 

survival of olive ridleys in Orissa is beyond the scope of this chapter. In this chapter the 

mortality of olive ridleys in Orissa are dealt in three stages: loss of post ovipositional 

eggs laid during the arribada as a result of beach erosion; mortality of olive ridley 

hatchlings as a result of artificial illumination near nesting beaches and the mortality of 

adult olive ridleys in the coastal waters off Orissa related to mechanised fishing 

activities. 

 

3.1. METHODS 

3.1.1. Quantification of egg loss because of beach erosion 

As mentioned in chapter 4.1.2, for systematic coverage the nesting beaches were divided 

into 100m segments. With the commencement of arribada, the total beach width (a) and 

width of the total nesting stretch (n) was measured at each of the 100m segments using a 

fibre glass tape. Total nesting stretch refers to the extent of turtles nesting (perpendicular 

to the high tide line of the sea) at each of the 100m segments. Average of the total 

nesting stretch was multiplied into the total length of the beach to find out the total area 

used by turtles for nesting (N). 

 

Erosion of the nesting beach is a common phenomenon in Orissa after March. By March 

the arribada gets over at the nesting beaches in Orissa and hence beach erosion results in 

loss of large number of turtle eggs. To find out the extent of beach lost because of beach 

erosion, the total beach width after erosion (b) was again measured at the same points 

during the hatchling emergence period. 
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The loss of beach area (l) was calculated for each segment by subtracting the beach 

width after erosion from the total beach width at the time of nesting. 

l = a - b 

 

The average loss of beach width (l) was multiplied into the total length of the beach to 

find out the total area lost (L) because of beach erosion. 

L = Average of l x total length of the beach 

Percentage of total nesting area lost (NAL) because of beach erosion was calculated by 

dividing the total area lost with total area used by turtles for nesting.  

% NAL = (L ÷ N) x 100 

 

3.1.2. Quantification of orientation of hatchlings 

Under natural condition, the sea turtle hatchling after emerging from the nest moves 

directly towards the sea. However, presence of artificial lights near the nesting beach 

disrupts the sea finding behaviour of the hatchlings. In the presence of artificial lights the 

hatchlings get disoriented and instead of moving toward the sea they tend to move 

towards the source of artificial illumination. Of the three mass nesting beaches in Orissa, 

background of Rushikulya rookery is brightly illuminated because of the presence of 

chemical factories and the township. To quantify the orientation of olive ridley 

hatchlings at Rushikulya, a circular plot of one-meter radius was drawn from the centre 

of the nest where the hatchlings were observed to emerge from the nest. The circle was 

divided into two equal parts, one facing the land ward side and the other facing the sea. 

A pit of 15 cm deep was dug around the periphery of the circle and the pit on land ward 

side was separated from the seaside by placing two cardboards. The hatchlings falling 

into both sides of the pit were counted to find out their orientation. 

 

3.1.3 Quantification of adult turtle mortality along Orissa coast 

The coastline, south of the Gahirmatha rookery till the mouth of Bahuda River bordering 

Andhra Pradesh was monitored to document the sea turtle mortality during this study. To 

enable systematic coverage, the coastline was divided into seven survey sectors based on 

major geographical features, such as estuaries, sand spits, bays and other coastal 

landmarks (refer Figure 2.2). Three teams consisting of nine members covered these 

eight survey sectors by foot once in a fortnight throughout the breeding season 
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(November till April). A total count of the dead turtles washed up in each sector was 

carried out during fortnightly surveys. Dead turtles were marked on their carapaces with 

white paint to avoid repeat counting during subsequent surveys. The turtles were sexed, 

using external characters. Males were characterised by the presence of a long tail, which 

extends much beyond the posterior end of the carapace, and the strongly curved claw on 

the fore flipper. Females had shorter tails extending little beyond the post central, with a 

small and pointed claw on the fore flipper. In case of decomposed turtles, the claw 

character on the fore flipper was used to determine the sex. Highly decomposed 

specimens with no visible external characters were classified as turtles of unknown sex. 

Curved Carapace Length (CCL) was measured from the nuchal notch to the tip of the 

post central. Curved Carapace Width (CCW) was measured at the widest part of the 

shell. All measurements were taken in centimetre.   

 

3.2. RESULTS 

3.2.1. Egg loss due to beach erosion 

Of the two mass nesting beaches (Gahirmatha and Rushikulya) regularly monitored 

during the study, beach erosion was minimal at Rushikulya. Most of the turtles at 

Rushikulya nested in the mid beach area which was free of beach erosion. Because of the 

shifting nature of the beach at Gahirmatha, heavy erosion was noticed at this rookery 

during the study (Plate ). Although the beach width at Gahirmatha varied from 71 to 

213m during the 1995 arribada, most of the turtles nested within 50m of the high tide 

line (Figure 3.1). The total area used by turtles for nesting at this rookery was estimated 

to be 0.206 sq. km during this arribada. Of this total nesting area 0.122 sq. km was 

estimated to have been lost because of beach erosion resulting in the loss of almost 59% 

of the total nesting area. The post-arribada period at Gahirmatha during 1995 breeding 

season therefore witnessed a heavy loss (>50%) of the post ovipositional eggs (Plate ). 

Fig. 4.1 (a & b)  With the onset of south ward wind, the beach erosion starts in Orissa. As a result of beach erosion 
the nests get exposed thus resulting in the loss of extremely large number of eggs. 
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Figure 3.1. Spatial pattern of olive ridley nesting at Nasi rookery, Gahirmatha during 1995 arribada. TBW 

= Total Beach Width, TNS = Total Nesting Stretch 
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3.2.2 Disorientation of the hatchlings 

Hatchlings at Rushikulya showed extremely high degree of disorientation (Plate ). A 

total of 105 nests were sampled at Rushikulya rookery and 13,921 hatchlings were 

counted to determine their orientation during the 1997 breeding season. 91.4% of the 

hatchlings fell in the pit facing the land ward side. The nesting beach at Rushikulya is 

backed by sand dunes and creeping grasses. The disoriented hatchlings after straying 

form the sand dunes enter into the creeping grasses and get badly entangled in them. The 

hatchlings that remain stuck in the creeping vegetation either get predated by various 

avian predators or die because of desiccation. 

 

3.2.3. Mortality of adult olive ridleys in Orissa 

During the study duration, the Orissa coast witnessed an exponential increase in the 

number of dead turtles with every passing season and reached an all time high in 1997-

98 when 13,575 dead olive ridleys were washed ashore. In total, 46,219 dead olive 

ridleys were counted during the periodic surveys over six breeding seasons in Orissa. 

41% of this mortality occurred in the 35kms stretch of Gahirmatha coast (Figure 3.2). All 
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the turtles counted during the study were adults (Figure 3.3). Mean CCL ± S.D. for dead 

females and males counted were 67.9 ± 2.8 cm (range = 54.5 - 78.4 cm, n = 1066) and 

67.2 ± 2.6 cm (range = 52.5 - 76.4, n = 1025) respectively. Mean CCW ± S.D. of dead 

females and males were 66.9 ± 2.6 cm (range = 54.4 - 77.8, n = 1055) and 66.2 ± 2.5 cm 

(range = 56.3 - 75.3, n = 989) respectively.  

 

The sex ratio of the dead turtles washed ashore the Gahirmatha coast was analysed for 

three breeding seasons (1996-97 to 1998-99). In total, 12,376 dead turtles were counted 

in Gahirmatha coast during the above period of which percentage of males were 36.5, 

percentage of females were 55.6 and indeterminate individuals constituted 7.9%. Except 

for the 1996-97 nesting season, a higher percentage of males were observed during initial 

part of the breeding season (November to February, Figure 3.4). 

 

Figure 3.2: Dead olive ridley turtles washed ashore the Orissa coast during 1993 to 1999. 
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Figure 3.3. Size class (CCL) of the dead olive ridleys washed ashore the Orissa coast during the study 

(1995-1999). 
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Figure 3.4. Sex ratio of the dead olive ridleys washed ashore the Gahirmatha coast during 1996 – 1999.  

0

200

400

600

800

1000

1200

1400

1600

1800

2000

N o v D e c J a n F e b M a r N o v D e c J a n F e b M a r A p r D e c J a n F e b M a r A p r

Study Period

N
o.

 o
f 

T
ur

tl
es

Male 
Female
Indeterminate

1998-1999

1996-1997

1997-1998

 

 



 

 57

A sector wise analysis of dead turtles washed ashore, showed that most of the dead 

turtles were concentrated in the Gahirmatha and its adjoining coast lines. The majority 

(89.6% and 93% respectively in 1997-98 and 1998-99) of the dead turtles were recorded 

on the coast near Gahirmatha, Paradeep, Kujang, and Devi (Sector I to IV, Figure 3.5). 

The number of dead turtles in these survey sectors show a strong correlation with the 

number of mechanised fishing vessels (trawlers and multi- filament gill netters) operating 

in their respective coastal waters (Figure 3.5). Although, no quantitative information was 

collected on the rate of capture of sea turtles in fishing nets and the resulting mortality 

during the study, the frequent observations of large scale entanglement of olive ridleys in 

fishing gears (Plate ) support the argument that mechanised fishing operation is the major 

reason behind this large scale mortality of olive ridleys in Orissa. 

 

Figure 3.5. Intensity of trawling and number of dead olive ridleys washed ashore in different survey 

sectors along the Orissa coast during 1997 - 1999. 
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3.3. DISCUSSION 

As mentioned in Chapter II (section ), over the years considerable morphological 

changes of the nesting beach has taken place at Gahirmatha. The nesting beach at 

Gahirmatha (Nasi Island) is shifting northwards every year and loss of nesting habitat 

after the arribada is considerable (Prusty et al., 2000). In almost every nesting colony, 

some nests are lost to erosion accretion, and tidal inundation. The extent of egg mortality 
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varies widely among beaches, years, and species. Nests deposited on shifting beaches are 

more susceptible to destruction from erosion. Almost 40-60% of the nests of 

leatherbacks laid on shifting beaches are reported to have been lost because of beach 

erosion (Surinam: Mrosovsky, 1983; Whitmore and Dutton, 1985; Guianas and St. 

Croix: Eckert, 1987). Beach erosion have been attributed to destroy 3-25% of the 

loggerhead nests deposited each year on two barrier islands in South Carolina in 1980-82 

(Hopkins and Murphy, 1983). Although erosion of the beach is a natural process, it can 

greatly be influenced by human interference. Human interference with natural processes 

through coastal development and associated activities has resulted in accelerated erosion 

rate in some localities and interruption of natural shoreline migration (NRC, 1990). In 

this context planting Casuarina during mid 1970's has extensively modified the shoreline 

along the Gahirmatha coast. Plantation of Casuarina on natural sand dunes has resulted 

in the stabilisation of the dunes thereby affecting the natural process of shore line 

formation along this coast. It is presumed that this may have resulted in the rapid erosion 

of shoreline along Gahirmatha coast. 

 

The other possible reason behind the accelerated beach erosion along Gahirmatha coast 

could be a result of the changes in off-shore current pattern. As evident in the satellite 

imageries, there are huge gyre formations off Gahirmatha coast (Indian Institute of 

Remote Sensing, Personal Communication). Waves generating from these gyres are 

coming and colliding with the Gahirmatha coast with great force, thereby resulting in 

erosion of the nesting beach. However, further studies are required to understand the 

dynamics of beach formation or erosion in these areas so that proper predictions can be 

made regarding the fate of the nesting beach. 

 

Extensive research elsewhere have 

demonstrated that emergent 

hatchlings principal cues for finding 

the sea are visual responses to light 

(Daniel and Smith, 1947; Ehrenfe ld 

and Carr, 1967; Witherington and 

Martin, 1996; Lohmann et al., 

1997). Artificial beach front light 
Fig. 4.  Both nesting females as well as turtle hatchlings are 
extremely sensitive to artificial illumination.  Even a small 
flash light can disorient thousands of hatchlings 
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from buildings, street lights, vehicles and other sources has been documented to disorient 

the turtle hatchlings (McFarlane, 1963; Philibosian, 1976; Ehrhart, 1983). As evident 

from the results of the present study, extremely large numbers of hatchlings get 

disoriented after emerging from the nest at Rushikulya rookery. The source of 

illumination at this rookery are the nearby town ship and the chemical factories located 

near the Rushikulya estuary. Although the lights are not directly visible to the nesting 

beach, the background glow associated with intensive inland lights is clearly visible from 

the nesting beach. This brighter horizon on the land ward side disorients the turtle 

hatchlings. The results of disorientation at this rookery are mostly fatal. As hatchlings 

head toward the wrong direction or meander along the beach, their exposure to predators 

and likelihood of desiccation are greatly increased. Disoriented hatchlings get entrapped 

in vegetation and large numbers of hatchlings have been found dead behind the nesting 

beach at Rushikulya.           

 

One major effort during this study went in documenting the enormous number of dead 

turtles along the coast of Orissa. More than 46,000 dead olive ridleys were documented 

over six breeding seasons during this 

study. Except for couple of instances 

(Pandav et al., 1995), all the dead turtles 

counted were adult breeding individuals. 

Such high mortality is a cause for grave 

concern as Kemp's ridley population 

faced a similar problem and is the most 

endangered sea turtle in the world today 

(Pritchard, 1997). What is more alarming 

is the fact that all the turtles that get 

washed ashore are adult breeding individuals. Demographic models on sea turtles have 

clearly established that the reproductive value of adult breeding individuals are much 

more higher than compared to any other life stages of a sea turtle (Frazer, 1986, 1987; 

Crouse et al., 1987). Crouse et al. (1987) estimated the reproductive value of an adult 

breeding loggerhead turtle to be 584 times greater than that of an egg or hatchling. 

Considering the high reproductive value that an adult sea turtle has in a population, this 

large scale mortality of adult olive ridleys in Orissa is definitely alarming. It is true that 

no conservation effort can be successful without adequately protecting all stages in the 

Fig. 4. Thousands of dead turtles get washed ashore 
the Orissa coast during every breeding season.  Off 
late the mortality of adult ridleys in Orissa has reached 
alarmingly high proportion. 
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life cycle of a sea turtle, but the analyses of Crouse et al. (1987) strongly suggest that 

efforts to reduce mortality of adult turtles will be more effective at promoting the 

population growth than efforts to increase the number of hatchlings leaving the beaches. 

The analyses also predict that efforts to protect eggs on nesting beaches and efforts at 

head starting would themselves be insufficient to reverse the decline in the population 

without adequately protecting the breeding individuals. Because the population growth in 

sea turtles is most sensitive to changes in survivorship of adults, the death of large 

number of adult turtles in Orissa in this context is definitely a matter of grave concern. 

 

The presence of dead or stressed turtles on the beaches has been used as an index of at 

sea mortalities (Murphy and Hopkins-Murphy, 1989; NRC, 1990). There are many 

factors that bias this index such as wind and ocean currents. Juvenile and adult turtles 

have a specific gravity greater than sea water and both adjust their buoyancy by inflating 

their lungs (Milsom, 1975). Consequently the dead turtles sink to the bottom and as a 

result of decomposition the animals eventually bloat and float to the surface only to sink 

again later. Thus probability of stranding at any given location on the beach is largely 

dependent on the near bottom current field (Epperly et al., 1996). Studies suggest that the 

number of dead turtles washed ashore represent a minimum estimate of mortality 

(Hillestead et al., 1978; Murphy and Hopkins-Murphy, 1989). Therefore, documentation 

of 46,200 odd turtles during this study is a minimum estimate for mortality of olive 

ridleys in Orissa. The actual number of dead turtles killed during fishing operations 

could actually be much higher than this count.    

 

The primary cause for such mortality in Orissa is fishery related although other causes 

have been suggested by various government agencies (Pandav and Choudhury, 1999). 

One of the major hurdles in overcoming this problem has been the lack of quantitative 

information on the rate of incidental capture during mechanised fishing operations off 

Orissa coast. Sea turtles are caught in fishing activities around the world, especially in 

trawl net (Hillestad et al., 1982; Robins, 1995). Trawl captures may result in drowning of 

turtles or may weaken their physical condition, putting them at a greater risk of predation 

(Kilma et al., 1988). Drowning in trawl nets is the main cause of sea turtle mortality due 

to human activities in the south eastern Untied States of America (NRC, 1990), where 

between 5,000 to 50,000 turtles are estimated to be caught annually in shrimp trawl nets 

(Henwood and Stuntz, 1987). From the frequent observations in the coastal waters off 



 

 61

Gahirmatha during this study it is quite obvious that olive ridleys are caught in trawl 

fisheries in Orissa and the positive correlation between trawling intensity and adult 

mortality has been adequately demonstrated (refer Figure 3.5). Gahirmatha and its 

adjoining areas (Sector I to IV) are subjected to the highest levels of shrimp trawling in 

Orissa. Trawlers and gill-netters from fishing bases such as Balaramgadi, Kashaphali, 

Dhamara, Paradeep and Nuagada operate in the coastal waters off these four sectors. The 

intensity of mechanised fishing is reflected by the presence of highest number of dead 

turtles in these sectors. 

  

(a) 

(b) 

Fig. 4.   (a) & (b)   While sea turtles incidentally captured during trawl fishing, gill 
nets are also responsible for large scale sea turtle mortality. 
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CHAPTER -V 

 

MANAGEMENT STRATEGIES 

 

The concentrated mass nesting of olive ridley sea turtles in several critical localities 

along the Orissa coast is one of the most intensive in the world and needs to be protected. 

Measures must be taken up urgently to conserve this sea turtle population which is facing 

increasing threats to its survival. A recent study on molecular genetics of this population 

has come up with the finding that the Orissa population of olive ridley sea turtle may 

have served as the ancestral source for ridley populations across the world (Shanker et 

al., 2000). This greatly enhances the conservation value of this population. It is clearly of 

utmost importance that this large population visiting Orissa coast must be given the 

highest priority. Based on the findings of this study following measures are 

recommended to effectively manage the sea turtle population in Orissa. 

 

5.1. ESTABLISHMENT OF A NETWORK OF PROTECTED AREAS IN ORISSA 

FOR SEA TURTLE CONSERVATION 

Of the three mass nesting beaches of olive ridleys in Orissa only the Gahirmatha rookery 

and its coastal waters are given protected area status. The nesting beaches as well as their 

coastal waters at Devi and Rushikulya lack any kind of legal protection, making them 

vulnerable to human related disturbances. Tag recoveries during the present study have 

revealed the movement of sea turtles between the rookeries as well as their coastal 

waters. This study also proves that olive ridleys in Orissa are using more than one beach 

for nesting during the same as well as subsequent breeding seasons. Therefore, the 

possibility that the turtles, nesting at Rushikulya are also nesting at Devi and Gahirmatha 

cannot be ruled out. Hence any adverse impact on the turtles at Devi or Rushikulya 

rookery is ultimately going to affect the nesting population at Gahirmatha. Further, if the 

nesting beach at Gahirmatha continues to decline due to geographical factors, these 

turtles may nest at the other rookeries and it is important that these alternate-nesting 

beaches should be safeguarded from disturbance factors. Therefore the entire sea turtle 

population using Orissa coast for nesting should be considered as a single conservation 

unit and protecting the three mass nesting beaches as well as their coastal waters is 
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extremely crucial for the survival of sea turtles in Orissa which could well be a single 

population. 

 

Further, the analysis in section (  ) 

highlights the importance of smaller 

rookeries like Rushikulya. Although 

Gahirmatha undoubtedly supports the 

largest congregation of olive ridleys, this 

study reveals that the mortality of eggs is 

also higher there due to high intensity of 

beach erosion. Further, frequent saline 

inundations also considerably lower the rate 

of incubation success at Gahirmatha. 

Compared to Gahirmatha, nests laid at 

Rushikulya showed a significantly higher 

incubation success during this study. 

Considering the rapid changes in nesting habitat at Gahirmatha and the resulting lower 

incubation success, a stable beach like Rushikulya emerges as an important rookery that 

can help in sustaining a stable population of olive ridleys in the long run.   

 

The mass nesting beach at Devi River mouth, discovered in 1981, has not yet received 

any kind of protection measure. To make matters worse, much of the nesting ground at 

Akashdia Island on Devi River mouth has been lost to Casuarina plantation due to lack 

of proper land-use management program. It is recommended that the coastline between 

Kadua River mouth and mouth of river Petaphutei (which includes two islands - 

Akashdia and Sahana Nasi) should be declared as a protected area and proactive 

management strategy is required to conserve the nesting habitats of ridleys along this 

coast. 

 

Similarly the Rushikulya rookery although discovered in 1994 (Pandav et al., 1994), is 

yet to receive any protective measure. In the absence of legal protection status, the 

nesting beach at this rookery has been usurped and altered by aquaculture firms. It is 

therefore suggested that a 20 km coastal stretch, from the Rushikulya river mouth north 

wards to the Malud village along Chilka coast should be declared a sanctuary.        

Fig. 5.1  Tag returns during the study indicated 
the movement of olive ridley sea turtles between 
nesting beaches.   
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5.2. REDUCING THE MORTALITY OF ADULT SEA TURTLES IN ORISSA 

Natural mortality factors except those affecting eggs and hatchlings on beaches are 

difficult to alleviate. However, mortality factors that result from human activities are 

more amenable to management. The present study documents an extremely high 

mortality of olive ridleys on the coast of Orissa. A major reason behind this large-scale 

turtle mortality is mechanised fishing activities in areas of high sea turtle concentration. 

  

Organised harvesting and large-scale killing of sea turtles over a prolonged time is a 

major cause for drastic declines in turtle populations; kemp's ridley sea turtle in Mexico 

is a prime example of this. No one has ever successfully managed marine turtle 

population at stable population levels while subjecting them to large-scale mortalities. As 

discussed in Chapter 3.3, the reproductive value of an adult turtle is much more higher 

than any other life stages. More over the fact that both male and female olive ridley 

remigrate annually to the same breeding area (Chapter 2.2.6.5) where fishing intensity is 

high, puts them at a greater risk of getting killed in the fishing nets. Therefore, the high 

levels of olive ridley mortality recorded during this study are a matter of utmost concern 

and need to be addressed without any further delay. The first step is a strict enforcement 

of ban on near-shore mechanised fishing and commercial fishing activities in areas of 

high sea turtle concentration. As discussed in Chapter 3.2.3, most of the turtle mortality 

in Orissa has been documented in the coastline between Gahirmatha and Devi River 

mouth. Undoubtedly, the coastal waters along this stretch support high sea turtle 

population. The Government of Orissa has declared the coastal waters off Gahirmatha a 

marine sanctuary and the coastal waters off Devi River mouth a no-fishing zone for 

certain period. Besides, the Orissa Marine Fishing Regulation Act, 1982 and Rules 1983 

seek to prevent any kind of mechanised fishing within 5 km of the shoreline. However, 

the enforcement agencies viz., the State 

Forest Department and the State Fisheries 

Department, lack infrastructure to enforce 

the ban on fishing in these areas. Therefore 

the agencies concerned, should be provided 

with adequate sea going vessels and 

personnel for strict enforcement of these 

bans.  
Fig. 5.2  While TED has been effective in 
reducing trawl related mortalities, of late large 
scale drowning in gill nets has been a major 
concern.  
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The use of Turtle Excluder Devices (TED) in trawl nets should be made mandatory for 

trawlers operating in the coastal waters beyond five km from the shoreline. TEDs are 

essentially trapdoors, which can be attached to trawl nets and they allow large animals 

like sea turtles to escape from the net without significant loss of fish catch. However, use 

of TED alone will not bring down the turtle mortality because turtles are also caught and 

killed in gill nets and TEDs cannot be used in gill nets. Therefore, a combined strategy 

involving strict enforcement of the existing law on marine fishing and the use of TEDs, 

should be adopted to bring down the turtle mortality. 

 

5.3. PROTECTION OF SEA TURTLES IN THE COASTAL WATERS 

Protection of the nesting turtles and the post-ovipositional eggs on the nesting beach is a 

fairly straightforward option open to us. However, the real problem for the management 

is the protection of sea turtles in the sea where much of the problem occurs. Protecting 

vast stretches of coastal waters with inadequate infrastructure has been a major problem 

in managing the sea turtle population in Orissa. The Gahirmatha Marine Sanctuary is 

spread over an area of 1400 sq. km. There is 

only one sea going vessel with the 

management to patrol the entire area. Results 

of this study (section 2.2.5, Figure 2.5) clearly 

show that much of the congregation of ridleys 

during early part of the breeding season is 

confined to an area of roughly 52 sq. km. 

Although possibility of other reproductive 

congregations in the vicinity cannot be ruled 

out, this study has identified one big congregation. The management, instead of diluting 

its effort in patrolling the vast 1400 sq. km of coastal waters with just one patrolling 

vessel, can actually intensify patrolling in a small area such as the reproductive patch 

identified during this study. Such reproductive patches keep shifting with the progress of 

the breeding season. The management should try to locate such reproductive patches and 

intensify patrolling there to deter the mechanised boats to trawl/fish in the area. The 

exercise to identify reproductive patches should be extended to all the other parts of the 

Orissa coast so that adequate protection can be provided to the whole population during 

the breeding season. 

 

Fig. 5.3  Unless turtle congregations in the 
coastal waters are provided absolute protection, 
turtles will continue to die in large numbers like 
this.  
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5.4. MINIMISING THE IMPACT OF ARTIFICIAL ILLUMINATION 

More than the adult turtles, the turtle hatchlings were found to be strongly disoriented in 

the presence of artificial illumination at Rushikulya rookery. Since hatchling emergence 

at this rookery takes place only for 3-4 nights in a year and these dates can be predicted 

well in advance, the management should initiate a dialogue with the local municipal 

authorities and the chemical plants to put off the lights during the hatchling emergence 

period. Most of the background glow at Rushikulya results from the high intensity 

mercury vapour lamps that are used as street lamps by the municipal authorities and the 

chemical plants. These high intensity lamps can be replaced with lights of low intensity 

such as sodium vapour lamps to minimise disorientation of turtle hatchlings. A green 

fence, in the form of a plantation, can be raised on the higher grounds behind the mass 

nesting beach at Rushikulya to counter the impact of background glow. However, it 

should be ensured that the green fence be raised well away from the nesting beach 

leaving enough space for the turtles to nest. 

 

5.5. IDENTIFICATION OF THE EXACT NON-BREEDING GROUNDS OF 

OLIVE RIDLEYS NESTING IN ORISSA 

Though olive ridleys spend almost six months in a year in the coastal waters off Orissa, 

till recently nothing was known about the area where they spend the remaining six 

months. Recovery of 22 turtles tagged in Orissa from Sri Lanka and Gulf of Mannar 

during this study indicate that this could possibly be the non-breeding grounds for the 

ridleys migrating to the Orissa coast every winter. Although the tagged turtles ha ve been 

Fig. 5.4  In order to ensure smooth return of hatchlings back to sea, artificial lights near mass nesting 
beaches in Orissa must be put off during the hatchling emergence period. 
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recovered all around Sri Lanka, most of the recoveries are made from Gulf of Mannar 

and the west coast of Sri Lanka. Satellite telemetry studies can provide definite answers 

about olive ridleys non-breeding area. However, with the existing tag returns it is clear 

that olive ridleys are migrating from as far south as Sri Lanka to breed in Orissa. 

Therefore, further surveys are needed to find the status and identify potential threats to 

the ridleys in these areas especially in the Gulf of Mannar. 

 

5.6. CONTROL AND REALIGNMENT OF COASTAL CASUARINA 

PLANTATION 

A prominent feature of coastal vegetation in Orissa is the presence of extensive 

Casuarina plantation. The former nesting beach at Gahirmatha and the existing nesting 

beach at Devi River mouth has been 

completely taken over by this dense 

Casuarina plantation. Casuarina is 

detrimental to the nesting of sea turtle 

population in more than one way. Dense 

Casuarina plantation causes excessive 

shading of the nesting beach. Studies in 

south western Florida suggest that nests 

laid in the shaded areas are subjected to 

lower incubation temperature which can 

alter the natural sex-ratio of hatchlings 

(Schmelz and Mezich, 1988). Casuarina with its superficial root growth and thick litter 

fall renders the beach unsuitable for turtles to nest. Davis and Whiting (1977) reported 

declines in nesting activity of loggerhead in Everglades National Park where dense 

strands of Casuarina took over native beach vegetation. 

 

Fresh plantations are still coming up very close to the high-tide line near Barunei along 

the Gahirmatha coast and near Devi River mouth. It is essential to put an end to the 

spread of Casuarina plantations towards beach-front and, in fact, recent plantations that 

were raised close to the high tide line should be uprooted and cleared. This study 

strongly recommends that Casuarina plantations should be at least 150-200 m away from 

the high- tide line to provide adequate nesting habitat for sea turtles. Such stipulation 

should ideally be extended to the entire stretch of Orissa coast.  

Fig. 5.5  No amount of legal status is going to save sea 
turtles in Orissa unless reckless plantations like this in 
some of the prime nesting habitats are immediately 
stopped and the planted Casuarina uprooted and 
removed. 
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5.7. RESEARCH IN SUPPORT OF CONSERVATION 

Research on sea turtles throughout the world has contributed in a long way towards 

understanding their biology and managing these endangered animals. The tagging 

program carried out during this study indicated that there is inter-rookery movement of 

olive ridleys in Orissa, while the tagging of mating pairs has provided key information 

on reproductive biology of the species. Keeping this research as a baseline study, follow 

up work needs to be taken up on this species to develop further management strategies.  

 

The sea turtle rookeries as well as the sporadic nesting beaches in Orissa need constant 

monitoring during the breeding season to determine the intensity of sea turtle nesting 

based on which detailed management program can be laid out. Regular surveys of the 

coast during the breeding season will also provide crucial information on sea turtle 

mortality. Although this study documented a high mortality of adult turtles in Orissa, 

there are still glaring gaps in our knowledge in understanding the root cause of the 

problem. No quantitative information is available on the capture rates of sea turtles in 

shrimp trawls or in gill nets and on their mortality rate due to such incidental capture. In 

order to prevent this large scale incidental capture, it is essential for the manager to know 

when and where turtle captures occur, at what depth majority of the captures occur and 

how many turtles are killed. To resolve these questions a quantitative study of incidental 

capture-related-mortality during fishing operations needs to be carried out in Orissa. 

 

The largest known rookery of olive ridleys at Gahirmatha has undergone considerable 

changes in the recent past. The study of coastal geomorphology in this area will help in 

understanding the beach dynamics so that proper plans can be worked out to effectively 

manage the turtles nesting at this rookery. Since the olive ridleys migrating to Orissa 

coast do not necessarily spend the remaining part of the year within the geographical 

limits of Orissa or for that matter India, it is necessary to involve various governmental 

and non-governmental agencies across countries in the management of these long 

distance migrants. 
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