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conditions present along the beach and from the adjoining villages. With areas near the

villages showing maximum disorientation while compared to areas shielded from light by

Casuarina plantations.

Associated human activities near the Rushikulya rookery could also act in supporting
and maintaining populations of certain animals (feral dogs, jackals), which have had an
increased threat to turtle nests. The plantation of Casuarina adjoining the nesting beaches
could also act in providing refuge to such predators apart from the known effect of changing
the geomorphologic profile of the beach. These predators are known to be able to thrive
even in marginalised habitats sustaining their numbers near human occupied areas. These
plantations may thus also be aiding an artificial boom in their numbers thus having an
increased impact of their predation on turtle nest while compared to natural levels of

predation loss.

A Passive Tracking Index (PTI) for the predator presence and activity observed a
minimum presence before the mass nesting which increased immediately after the
commencement of thé mass nesting. Protective chain link fencing laid across sections of the
beach flanked by Casurina to reduce the predator pressure in these areas may not have

proven to be completely successful as high activity was still observed in the weeks following

the mass nesting.
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I. Introduction

Seven species of sea turtles representing two families, Dermochelyidae and Cheloniidae are
the only living members among the turtles (Lutz and Musick, 1997). These seven species
include the largest among the turtles, the leatherback (Dermochelys coriacea) and the
smallest, the olive ridley turtle (Lepidochelys olivacea). The other five species are the
hawksbill turtle (Eretmochelys imbricata), green turtle (Chelonia mydas), loggerhead turtle

(Caretta caretta), kemp’s ridley (Lepidochelys kempii) and flatback turtle (Natator

depressus).

Amongst the seven, five species of sea turtles have been reported from Indian waters, viz.
leatherback turtle, hawksbill loggerhead, green turtle and the olive ridley (Kar and Bhaskar,
1982). Barring the loggerhead turtle, all the other four species are known to nest along the
mainland and Bay Islands of India (Kar and Bhaskar 1982, Biswas, 1982; Shanker and

Choudhury, 2005; Tripathy, 2005).

The olive ridley turtle is a circumglobal species, widely distributed throughout the tropics,
with the exception of the Gulf of Mexico, and appearing in the highest densities in the
northern Indian Ocean and eastern Pacific Oc.ean (Marquez, 1990; Reichart, 1993; Ernst et.
al., 1994). This species is well known for its synchronous nesting behaviour, also known as
arribada (Spanish for “arrival”) in which several hundred thousand of female olive ridleys
nest en-masse. A significant portion of the world’s olive ridley population nests along the

Orissa coast of India. Besides sporadic nesting all along the Indian coastline and its Bay
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Islands, the Orissa coast harbours three major arribada sites (Gahirmatha, Devi and the

Rushikulya rookery).

The southern most arribada site along the Orissa coast; the Rushikulya rookery was
discovered in 1994 (Pandav et al. 1994), and is approximately 5 km long beach located
immediately north of the Rushikulya river mouth (Fig 1) from Purunabandha to Kantiagada
village. Like the Gahirmatha site, mass nesting at the Rushikulya rookery has also been
regularly recorded (Fig. 2). The Rushikulya rookery currently has the most consistent record
of arribadas in the last decade along with fewer dead adults washing ashore. Thus, this site is
considered by many as to contribﬁte significantly to the future populations of the olive ridley

turtle in the Indian Ocean (Shanker et al. 2003, Tripathy 2005).

I. 1. Nest Site Selection in Individual Olive Ridley Sea Turtles

(Lepidochelys olivacea) at Rushikulya, Orissa, India.

Nest-site selection behaviour is a maternal effect that contributes to offspring survival and
variation in offspring that are subject to natural selection (Kolbe and Janzen 2002). Nest-site
selection can be defined as the placement pf eggs by females at sites that differ from random
sites within a delimited area. Site selection often results in non-random patterns of organism
distribution, which are assumed to be the result of natural selection (Martin 1998).
Evaluating the nest-site selection offers a tangible way to track habitat selection during an

important life-history event with implications for offspring and maternal fitness.
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The olive ridley turtle is known to nest along the Orissa coast beginning from December till
late April varying in numbers from solitary to arribada (Pandav 2000). Nest-site selection in
sea turtles can be divided into three phases: beach selection, emergence of the female, and
nest placement. Beach selection and emergence probably depend largely on offshore cues
and beach characteristics (Mortimer 1982). Whereas, final nest placement is most likely
largely dependant on the physical conditions of the beach at that that point of time at which
the female emerges onto the shore. Nest-site placement in sea turtles plays an important role
in the reproduction, since conditions inside the nest and in its surroundings directly or
indirectly affect recruitment of offspring [incubation period, survival of hatchlings, hatchling

size, hatchling growth, and sex determination] (Wood and Bjorndal, 2000).

Little is known about proximate cues that sea turtles may use for nest-site selection
(Hendrickson, 1958; Carr and Ogren, 1960; Carr et al., 1966). The genera Caretta, Chelonia,
Eretmochelys, and Lepidochelys have a fixed behaviour pattern before selecting nest-sites
that includes pressing their heads into the sand as they ascend the beach, perhaps to monitor
microhabitat characteristics to assess potential nest-sites (Hendrickson, 1958; Carr and
Ogren, 1960; Carr et al., 1966). Sand characteristics that turtles may evaluate in this manner
include temperature, moisture, texture, etc. Studies have also indicated that sea turtle nest-

sites are not randomly distributed; moreover they do not indicate, which characteristic or

characteristics may be the cues (Hays and Speakman, 1993).

Nest placement in sea turtles have implications beyond nest success as variable external

environments can influence gas, water exchange and the temperature experienced by eggs.
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During incubation, these microenvironmental factors influence developmental rate, offspring
size, offspring sex, locomotor speed, thermoregulation behaviour, and growth rate

(Mrosovsky and Yntema, 1980; Ackerman, 1997; Kolbe and Janzen, 2002;Wood and
Bjorndal, 2000).

The olive ridley population in the Orissa coast have been studied at varying levels through
the years and certain aspects of their life history have also been documented (Pandav 2000;
Tripathy 2005). These studies have also looked into the aspects of nesting characteristics,
offshore distributions, migratory pathways, etc. However, there is no detailed information on

nest site selection of this species in relation with micro-environments.

I. 2. Hatchling orientation of Olive Ridley turtles at different photic regions

of Rushikulya beach, Orissa, India

Generally, sea turtle hatchlings emerge from their nests at night and have been known to be
positively phototropotactic, orienting themselves towards the brighter horizon. This
orientation behaviour is critical in the sea finding abilities of the hatchlings (Mrosovsky,
1972). Under natural circumstances when hatchlings leave the nest, the landward horizon is

often elevated and darkened by vegetation, and the view toward the sea which is lower and

usually brighter.

Experiments by Mrosovsky (1972) led to the hypothesis that hatchlings find the sea by

orienting toward the brighter seaward horizon. Though, other studies (Parker, 1922). Limpus
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(1971) also show that hatchlings also to respond to objects (bushes, dunes, trees and/or their
silhouettes) which darken the view and elevate the horizon toward shore (found that
hatchlings moved away from elevated horizons, even if that took them toward a night sky
darker than the sky in other directions. These results suggest that turtles find the ocean by
orienting away from landward horizons, not toward cues located out to sea.

Previous studies on hatchlings orientation in Rushikulya have looked into this aspect and
observed high levels of disorientation due to the presence several lighting factor present
(Karnad et al 2009, Tripathy 2003, Pandav 2000). However, there was no study conducted to
look at the orientation of hatchlings at the various sections of the nesting beach having
different levels of illuminations in the background. In this connection, this experiment was
carried out, so that the different levels of management actions can be taken at different
sections of beach to handle such events especially due to the overwhelming numbers of

hatchlings emerging.
I. 3. Distribution pattern of nest predators in Rushikulya.

Predation is a critical threat to many endangered species and predation losses can have an
increased deleterious impact due to the compounding effects of habitat loss (Engeman et al
2003). Sea turtle nests in particular are vulnerable to such impacts as there is no protection to
the nest once the female has nested. At Rushikulya, the main nest predators of Olive ridley

nests are feral dogs, golden jackals, striped hyenas, etc which are able to detect these nests

with their strong olfactory senses. These nest predators have been observed to subsist on this

seasonal “bounty” of turtle nests and have also been noticed to increase in numbers and move
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In the following context the Present study focuses on three different aspects pertaining to

Olive ridley ecology

(1) looking into the behaviour of the nesting females in making active choices while

choosing site for nesting upon coming ashore,

(2) observations of hatchling disorientation in the various sections of the beach at Rushikulya

with respect to the lighting conditions associated with human activity

(3) temporal and spatial distribution patterns of the nest predators along the entire nesting

season of the olive ridleys.

Three main hypothesis were chalked down for testing in each of the three chapters:
Hypothesis 1.

Olive ridleys emerging from the sea place their nests at randomly placed distances away from

the water.

Hypothesis 2.

The orientation of hatchlings is similar across the entire beach stretch of Rushikulya.

Hypothesis 3.

The turtle nest predators are distributed equally across the entire beach stretch of Rushikulya

and their abundances are similar throughout the entire season.
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IIL. Study Area:

The Rushikulya mass nesting site was discovered in 1993-94 during a status survey of olive
ridley sea turtle and its nesting habitats in Orissa conducted by the Wildlife Institute of India
(WII) in collaboration with the wildlife wing of the Orissa Forest Department (Pandav et al.,

1994a, 1994b). This site is at the mouth of the Rushikulya River in the state of Orissa (Fig 1).

The mass nesting beach historically has been a sand bar along the northern side of the
Rushikulya river mouth (Fig. 2) found 320 km south of the Gahirmatha rookery (19°22°56.30N,
85°05°0.23E - 19°24°35.74N, and 85 ° 05’ 59.48E). Tidal action along with siltation and flooding of
the river causes the beach profile to vary both seasonally and annually. Due to the tidal action
and the sand deposition, this year the sand spit has become a part of the mainland beach. The
Rushikulya rookery currently has the most consistent record of arribadas in the last decade
along with fewer dead adults washing ashore. Hence, it is considered to contribute

significantly to future populations of the olive ridley turtle in the Indian Ocean (Shanker et

al. 2003, Tripathy 2005).

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 (Pandav et al., 1994a). Dense
plantations of Casuarina equisitifolia have been planted backing the beach along the entire

Orissa Coast. This is also present along certain portions of the Rushikulya beach (Fig 3).

These plantations have also been suggested to possible act as effective light barriers against

hatchling disorientation (Karnad 2009).
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IV. 2. Hatchling Orientation:

Orientation arenas were set up (Kamel 2004), which consisted of a circular arena of four

metres in radius and divided into eight equal segments and a pit at the centre simulating the

conditions of a naturally emerging nest pit. Five arenas were placed in different visually

classified photic regions of the beach according to the presence of village lights, distance

from vegetation and distance from the tide line (Table IV. 2. A, Fig. IV. 2. A). For each

arena, while 270°-90° represented the landward half of the arena, 90°-270° represented the

seaward half. All experiments were conducted between 20:00h and 03:00h under a clear sky

when the lunar phase was nearing full.

Table IV. 2. A: Arena Characteristics

Arena Id Distance Distance Light Remarks
from from conditions
tideline (m) | vegetation
(m)
Arena 1 10 No tall | Purunabandha | Maximum photic region of beach.
vegetation vilage lights | Adjacent to Rushikulya river mouth.
Arena 2 20 visible from | and highway | Average beach width ~100m
beach lights clearly
visible 1Km
away
Arena 3 40 ~250 Faint glow from | Wide portion of beach ~150m width. 2 km
Gokharkuda from arena 1, 2. Faint glows from different
village and | light sources visible.
distillery visible
Arena 4 40 50 No _ external | Minimal photic  conditions. Backing
light source | plantation acting as effective light barriers
Arena 5 30 50 visible. against factors affecting arenat, 2, and 3.

Least beach width ~60m. 3 km away from

arena 1 and 2.
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IV. 3. Nest Predator Presence and Activity:

Track plots were laid across the entire study area distributed at intervals of ~250m (Fig IV. 3.

A). The plots were ~2m X 3m in area and discreetly marked by wooden stakes at the corners

and the sand was smoothed to provide a good tracking base. A total of 20 track plots were

laid uniformly across' the Skm stretch of beach to monitor the presence of the various nest

predators. All the plot locations were recorded using a GPS (Garmin GPS 72). The same

locations were observed for the entire study period (Map 1).

As most turtle nesting and nest predation events occurred during the dark, the plots were laid
during the previous evening and checked for predator spoor after a 12 hour interval. Due to
the difference in the sand compactness in various sections of the beach accurate identification
of the different canid species was difficult, thus, tracks of all species were pooled together as
a similar entity. Each monitoring event was repeated on a weekly basis thus providing

adequate temporal replicates through the entire nesting season.

Nest predator abundance and activity along the beach was calculated using the Passive

Tracking Index (PTI) developed by Engeman et al (2003). Furthermore, the beach was

spatially classified into five ]km segments based on the adjoining habitat characteristics

(Table IV. 3. A).
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V. Statistical Analysis:

V. 1. Nest Site Selection:

All analyses were performed with Statistical Package for Social Sciences (SPSS) V.16.0
(SPSS Inc.). Univariate General Linear Models (GLM) with one-way ANOVA was used to
analyze the single-factor, between-subjects effects of soil temperature, moisture, pH and
beach slope. Each factor was loaded as the dependant variable along the track taken by the
nesting turtle with repeated contrasts to test for differences at each adjacent level (10 m
distances from the nest). Bonferroni multiple comparison post-hoc tests between the means

was performed to check for changes between each 10 m interval away from the nest.

V. 2. Hatchling Orientation:

Circular statistics (Batschelet, 1965) was used to determine the direction of orientation and
the strength of direction. The mean vector length (r) indicates the consistency of orientation
in a particular direction, mean direction (p) represents the mean angle of orientation.
Rayleigh’s Z test (Zar 1998) was used to determine whether orientation was significant in
ompared to random. Upon observation of significant

any particular direction while ¢

orientation. Watson’s F-test (Fisher, 1993) was used to check for differences in direction

between arenas. Analysis and graphs were prepared using the software Oriana version 3.00

(Kovach computing services 2009).
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Table V1. 2. A.: Orientation results of different arenas

Arena 1 Arena 2 Arena 3 Arena4 | Arena s

Number of Observations 50 50 50 50 50
"Mean Vector () 225° 290.068° | 261.021° | 198.858° | 187.747°
"Length of Mean Vector (r) 0.706 0.827 0.725 0.893 | 0.944
Median 225° 270° 270° 180° 180°

Concentration 2.046 3.238 217 4.976 9.23

Circular Variance 0.294 0.173 0.275 0.107 | 0.056

Circular Standard Deviation 47.783° 35.291° 45.963° 27.23° | 19.419°

Standard Error of Mean 6.741° 4,951° 6.46° 3.843° 2.745°
Rayleigh Test (Z) 24.941 34.214 26.271 39.891 44 574
Rayleigh Test (p) 1.47E-11 <1E-12 | 3.89E-12 | <1E-12 | <1E-12

Watsons F Test Between Arenas:
Upon comparison for the differences in direction between arenas using Watson’s F-test,
arenas 4 and 5 showed least variation in the orientation (Table VL 2. B). Arena 1 and 4 also

showed very little difference in the observed orientation (although, orientation in arena 1 and

5 showed significant difference in orientation).

These results show the effect of lighting in different sections of the beach affecting the

. . d
orientation of the hatchlings. Only arena 4 and 5 showed near perfect seaward orientation an

: : idn’t show an
even though arena 1 when placed at such close distance from the water didn’t s

i i he beach.
orientation as strong as the arenas placed in the darker portions of t
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VI. 3. Nest Predator Presence and Activity

Predator spoor was easily detected in all the plots but due to variation in the compactness of
the sand in the various portions of the beach all the canid spoor were pooled together as a
single entity of a nest predator. This was done due to the difficulty in accurate identification
of jackal vs. feral dog spoor, hyena presence throughout the season was found to be
extremely low (4 track sets through the entire study period). As the effect of each of these
predators on the survival of the nest was assumed to be equal (i.e. damage caused by any of

these predators on the nest was equal), pooling the data for nest predator presence using them

as a single entity is justified.

VL. 3. i. Fortnightly Index:
From, the index derived for fortnightly predator presence it was observed that there was
minimal difference in predator presence across the first five fortnights and a slight increase in

predator numbers immediately after the mass nesting between fortnight 5 and 6. Protective

chain link fencing was laid across certain sections of the beach by local NGO’s and the

Orissa State Forest Dept. which caused clumping of predator tracks only in particular sites of

the beach thus adding significantly to variance across plots which is evident from the large

error estimates fortnight 7 and 8.

h ‘ .
Predator numbers were observed to gradually reduce around the 9™ fortnight during the mass

emergence of hatchlings (Fig. VL. 3. a). This could be due to the presence of larger numbers
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Miller et al (2003 i e
As ( ) pointed out; while severa] studies have been conducted to determine

the factors which discou .
rage the nesting process as a result of lighting, beach vegetation, etc

little is known about proximate cues that sea turtles use for nest-site placement

Since, there is no parental care involved in during the period of incubation the process of

nest-site selection is considered a significant part of the maternal investment made by the
female turtle. This strengthens the idea of individual females making an active effort in
testing the microhabitats scale before nesting. Our study here show the that soil moisture and
pH may act amongst the various potential proximate cues used by nesting turtles at
Rushikulya for their final nest site selection while compared to temperature and beach slope
which showed large amounts of variation in their observations thus, may not be finally be

serving as a cues used.

VIL. 2. Hatchling Orientation

A number of studies have reported the different factors influencing sea turtle hatchling

orientation towards the sea (Mrosovsky 1972, Kamel and Mrosovsky 2004). These factors

include several physical characters which attract/deter the hatchling to a particular direction.

: i wards
Under natural conditions upon emergence hatchlings are known to orient naturally sea

a have looked into this aspect and

i i i ies in Rushikuly
using these various cues. Previous studies 1

al lighting factor
observed a high level of disorientation observed due to the presence SEVer ghting

- 000).
present (Karnad et al 2009, Tripathy 2003, Pandav 2 )
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By looking at orientation of hatchlings at the various sections of the beach used by nesting
females the issues regarding disorientation at Rushikulya is clearly seen. The results seen in
the case of areas in the zone of maximum photic conditions indicate the extent of
disorientation as hatchlings placed within 10m of the tideline were also observed to be
confounded by the external lighting factors present. As expected strong landward orientation
was seen when the nests are placed further away from the water in areas with maximum
photopollution. Though the patterns of sea turtle nesting over the years have been observed
to have moved further away into darker sections of the beach while compared to past records
(Karnad et al 2009, Tripathy 2003), there are still sizeable number of turtle nests in the zones
with sources of external light. As all observations here were made during a bright moonlit
night where the effect of light induced disorientation is expected to be minimal the results
here seem to show that the certain external sources still having a big role in affecting the
seaward orientation of the hatchlings. This indicates the different levels of management

required to handle such events especially due to the overwhelming numbers of hatchlings

emerging.

VIL 3. Nest Predator Presence and Activity

This study was able to identify the clear shift in predator presence across months and also

areas of maximum usage. This indicates that the drastic increase in predator numbers In the

. ; : : b
area upon the commencement of mass nesting even with the protective measures taken up by

: i i ch.
the State Forest Department using chain-link fencing between plantation and nesting bea

. : it i rved that
From the pattern of predator presence in the different sections of the beach it is obse

: i i flanked
the highest predator numbers are observed in the sections of the beach immediately fla
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VIII. Conclusion and Conservation Implications

. tud .
This study focused on the behavioural aspects as well as the implications of survival and

men . '
recruitment of the olive ridley turtle (Lepidochelys olivacea). Basic behavioural information
such as the aspects qf nest-site selection provide us with vital information about vital in the

overall understanding of any organism’s ecology.

= Such studies provide clues regarding the evolutionary history of an organism such as

~ natural selection.

At Rushikulya, hatchlings were observed to have variable levels of landward as well as
seaward orientation along the entire stretch of the beach.
= This implicates the necessary levels required to be taken in order to prevent such
overwhelming levels of hatchling displacement requiring large amounts of
manpower.
= This supports the role of providing appropriate light shields or barriers to prevent the

effects of the photo-pollution acting upon the nesting beach.

. “Turtle friendly’ lighting can be employed in the adjoining villages to reduce their

impacts on the hatchlings.

53



Casuarina plantations across the country have known to have various impacts on the
geomorphology of beaches impacting the nesting habitats of sea turtles. At beaches with high

turtle nesting densities such as Rushikulya this can also doubly affect the turtles by providing
refuges to many associated marginalised predators.

This can be looked into further while providing protection to turtle nests from

predators by giving extra attention to beach areas adjoining plantations.

= Effective }predator control mechanisms can be looked into such as
removal/management of human associated marginalised predators such as feral dogs
in such areas.

= Appropriate period for planning predator control strategies can be formalised by

looking into the times at which increase in predator numbers is noticed.

Any developmental activity along the rookery areas should consider their potential impacts

on the nesting turtles as well as the hatchlings.
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