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1 Abstract
A migratory population of olive ridley sea turtle (Lepidochelys olivacea) forms huge

reproductive congregations in the coastal waters of Odisha every winter. This breeding
population of olive ridley has been subjected to heavy fisheries related mortality for the past two
and half decades. Although a number of studies have been carried out on olive ridleys
congregating and nesting along the Odisha coast, the impact of such large scale mortality on the
demography of this breeding population has been least understood. The effect of this continued
mortality on the age class of olive ridleys nesting along Odisha coast is not known. In order to
understand the age class of this breeding population I carried out this study from December 2012

till May 2013.

I used skeletochronological analysis to estimate the age class of this breeding olive ridley sea
turtle population. Although this technique has been applied for marine turtles mostly in North
Pacific, Atlantic and Gulf of Mexico coast of United States of America, no studies of this kind
have been carried out on sea turtles of Eastern Pacific as well as Indian Ocean region. This study
provides the information needed to bridge this gap and establish baseline for future
skeletochronological studies on the breeding population of olive ridley. Humeral samples from
85 dead turtles (29 males and 56 females) washed ashore the Odisha coast was collected for
skeletochronological studies. Cross sections were taken from the mid-diaphysis, just distal to the
deltopectoral crest and beneath the insertion scar on the humerus were taken using first a Dremel
4000 round saw, then a freezing stage microtome. These sections were processed according to
standardized histological techniques; growth rings on the stained humeral cross sections were
counted to estimate age of dead turtles. Two age estimation protocols were used; the correction
factor protocol and the ranking protocol; which yielded age estimates of 19.9 - 51.8 and 24 - 49
years respectively; for a size class of 56 - 74 cm (SCL). No correlation between size class and
age was obtained from this analysis. This relationship was not established because the samples
collected were from an adult breeding population, whereas, in the previous studies, sample
collection represented individuals that greatly varied in size (hatchlings to adult). This study
suggests that adult breeding population size class has no correlation with age; however, age can
be correlated with size class of a younger population. This breeding population is sustaining a

wide age group even though mortality rates are high in this area.



2 Introduction

2.1 Age estimation

Age estimation is an important tool and technique in wildlife and ecological studies. Information
on the age of a species or population provides data on growth rate, reproductive potential and
mortality rate, thus, making it one of the important biological variables (Campana 2001). For
wild populations of different species, it is important to group animals into different age classes in
order to assess the reproductive potential of a population. A healthy population should be able to
sustain a reasonably equal amount of individuals in the different age classes such as: adults, sub-
adults, juveniles and young. However, estimation of age in wild populations is often difficult to
ascertain; thereby limiting and hindering conservation and management options. Information on
age class serves to prevent a collapse in the population and is critical in the development of
species specific conservation and management programs. This assumes all the more importance

if the species concerned is subjected to severe exploitation.

For different taxa different age estimation methods have been applied. Dendrochronology
(growth rings of trees) is used to estimate age of trees (Kuniholm et al, 1996). Statoliths (calcium
carbonate structures) increment has been used to estimate the age of squids and sepioids (Dawe
et al. 1985; Yang et al, 1986). Sclerochronology is another age estimation technique used to
estimate the age of bivalves, mollusks, corals and other marine organisms with hard structures
(Dodge and Thompson, 1974; Lutz and Rhoads, 1980; Jones 1986). For fishes, age can be
estimated from several structures such as the scales (Robillard and Marsden, 1996), vertebrae
(Brown and Gruber, 1988), fin rays (Cass and Beamish, 1983), cleithra (Casselman, 1974),
opercula (Baker and Timmons, 1991) and the otolith (Campana 1983). Most age estimation of
fishes is done using the scales and otoliths following skeletochronological methods (Campana
2001). In most mammals tooth cementum layers, tooth wear, cranial structure fusion, closure of
the canine pulp cavity and tooth eruption are used for the determination of age (Chapskii, 1941;
Laws,'l952; Scheffer, 1950; Klevezal & Kleinenberg, 1969; Myrick et al, 1984; Landon ef al.,
1998). Plumage descriptions which entail description of color patterns on the throats and retrices;

the length of wings, length of culmen and the length of the retrice are used to estimate age of
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conducted a survey on four methods that has been used to estimate the age of amphibians and
reptiles in the past. Of the four methods (mark - recapture, extrapolation from size - frequency
data, skeletochronology and testis lobation), only mark - recapture and skeletochronology
provided the most accurate data. Francillon - Vieillot et al. (1990) found that skeletochronology
provides age estimation; however, body size is a poor predictor of age in the Triturus cristatus
and Triturus marmoratus newts. Studies by Kellner and Green (1995) and Platz and Lathrop
(1993) found the same results in their study on the Fowler's toad Bufo woodhousii fowleri and
the male chorus frog - body size is a poor predictor of age in these anuran species. Other studies
over the years have reinforced that skeletochronology can be used to estimate the age of an
amphibians along with the theory of growth rings being annual and one growth ring is equivalent
to one year of the individual's life (Bastein and Leclair, 1992; Kusano et al. 1995; Kuzmin and
Ischenko, 1997; Matthews and Miaud, 2007). Most of these studies have used temperate species
and have associated the growth rings to periods of hibernation and environmental factors.
Kellner and Green (1995) and Guarino et al. (1998) proved that tropical species also have LAGs

present, and can be aged by skeletochronology.

Italian viper, Vipera aspis born and raised in captivity matched aged with the number of growth
rings present in the bones (Castaﬁet and Naulleau, 1974). The deposition of a single zone
(growth period) was demonstrated in the himehabu pit viper Trimeresurus okinavensis, where
the growth period was between June to September (Minakami, 1979). Study on a captive
Siamese crocodile Crocodylus siamensis which was four years old, showed the presence of three
complete gromh rings and had an incomplete fourth ring at the time of death (De Buffrenil
1980). With the use of fluorescent labeling Castanet (1982) was able to show the deposition of
one layer each year in European green lizard Lacerta viridis. A study by Zug et al. (1983),
showed the number of growth rings matched closely with the known age of marked-recaptured

common green iguana Iguana iguana.

Capture-Mark-Recapture is one of the most precise methods used to arrive at age of turtles.
However, this method is time consuming, labor intensive, logistically difficult, expensive and not
suitable for short term studies. An alternative technique was suggested by the research activities

of the Universite de Paris "Eqﬁipe de Recherche 'Formation squelettiques, lead by Dr. Castanet.
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In these research activities, dead turtle's stranding was used as specimens for
skeletochronological studies. Studies conducted by Castanet (1970) and Castanet et al (1977),
provided the basis for their argument that the bones of ectothermic vertebrates have cyclic
growth rings which were annual. A study conducted on Red-eared slider Trachemys scripta
elegans, found the presence of annual growth layers in long bones, however, due to extensive
resorption and remodeling throughout the growth, the researcher rejected the use of these bone
growth for age estimation (Suzuki, 1963). Hammer (1969), conducted a study which contrasted
the findings of Suzuki (1963). In his study Hammer found a high correlation (r = 0.94) to the
nufnber of growth rings to the length of the carapace. Hammer used a number of skeletal
materials, but found that growth rings were more evident and pronounced in the long bonesl.
However, Dobie (1971) could not find the same correlation in his studies on alligator snapping
turtle Macroclemys temminckii as did Hammer in his study. Dobie (1971) used sections of the
mandible and the vertebrae. High correlation (r = 0.89) was found between the number of rings
and the carapace length of Testudo hermanni, along with concurrence between the number of
growth rings present and known age of the said species in a study conducted by Castanet and
Cheylan (1979).

2.4.2 Skeletochronological studies on sea turtles

Although a number of studies have been conducted on skeletochronological analysis of age
estimation of herpetofauna; Castanet (1982), advised against the use of skeletochronology for sea
turtle species, due to the amount of resorption and remodeling in their bones. However, since
1986 till date a number of studies on skeletochronological analysis of age estimation on sea

turtles have been conducted. These studies have been summarized below.

On a global perspective, skeletochronological studies have been carried out on all species of sea
turtles with the exception of Australian flat-back and hawksbill sea turtles. Skeletochronology
has been used to estimate the age of sea turtles in the North Pacific, Atlantic and Gulf of Mexico
Coast of United States of America. Protocols have been developed for the age estimation of sea
turtles in that part of the world. Zug et al. (1986) were amongst the first to conduct

skeletochronological on the loggerhead (Caretta caretta) turtles, in the Cumberland islands and
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Camden County, Georgia, U.S.A. From this study the first protocol for age estimation for marine
turtles was developed. The results from this study highlighted the importance of
skeletochronology as a tool for age estimation along with which bones and part of the bone is
most useful for this study. The bones selected for use were "the third peripheral bone from the
carapace, the dentary - a section which is adjacent to the symphysis and one in the middle ramus
- a centrum of a cervical vertebrae, penultimate phalanx of the forefoot, an ulna and humerus"
(Zug, et al. 1986). Growth layers were present in the dentary, but due to the spongy nature of the
bone, the layers were irregularly arranged for accuracy in counts and measurements; there was
no discernible pattern in the phalanx, centrum and peripheral bone; the ulna had a weak pattern;
while the shaft of the humerus showed a clear pattern of growth layers and was thus selected for
the histological selections. The final results showed that the average age estimation of
loggerheads nesting at Cumberland Island was between 13 - 15 years and they had a curved
carapace length (CCL) of approximately 800 - 900 mm. There have been many other studles of
similar nature on the other species of sea turtles. The results from those studies showed age
estimation of: Kemp's ridley from the Atlantic and Gulf of Mexico coasts of USA was between
2 - 15 years with a straight carapace length (SCL) of 188 - 720 mm (Zug et al. 1997); the
Hawaiian green sea turtles 4.1 - 34.6 years using correctio?i factor protocol and 3.3 - 49.4 years
using spline integration protocol with a straight carapace length of 28.7 - 96.0 cm (Zug et al.
2002). In north Pacific, age of olive ridley (Lepidochelys olivacea) using rank protocol and
correction factor was found to be 5 - 38 and 7 - 24 years respectively with a SCL of 4 - 65 cm
(Zug et al. 2006). Leatherbacks (Dermochelys coriacea) from the western North Atlantic
showed age at maturation to be between 24.5 - 29 years with a curved carapace length (CCL)
from 122 - 173 cm (Avens et al. 2009).

The age estimation of Chelonia mydas green sea turtles has been carried out in Florida, Hawaii,
US.A Atlantic Coast, Bahamas and Southeastern U.S Atlantic (Zug & Glor, 1998; Zug et al.,
2002; Goshe et al., 2010; Bjorndal et al., 1998; Goshe 2009); the leatherback in the British
Virgin Islands (Avens e al., 2009), Kemp's ridley, Lepidochelys kempii, in Southeastern United
States, Long Island, Padre Island, New York (Zug et al., 1997; Schmid and Witzell, 1997; Goshe
et al., 2009; Snover, 2002; Snover & Hohn, 2004); loggerheads, Caretta caretta, in Atlantic and
Gulf of Mexico coast in U.S.A, Cumberland Island, Camden County, North Pacific and the
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Mediterranean Sea (Braun-McNeil et al. 2008; Guarino et al. 2004; Parham and Zug, 1997,
Snover, 2002; Snover & Hohn, 2004;; Snover and Hohn, 2007; Zug et al.,1 995; Zug et al.,
1986) and the olive ridley has been studied from the North Pacific Ocean (Zug ef al., 2006).

Zug et al (1986) conducted a study on loggerheads Caretta caretta, on the Cumberland Islands
to estimate the age. In this study they used several skeletal materials such as the femur, third
peripheral bone from the carapace, the dentary, and centrum of the cervical vertebrae,
penultimate phalanx of the forelimb, humerus and ulna to test for growth rings. From these
samples, they found the humerus bones to be the most suitable sample because it had the least
amount of resorption and remodeling. A region just distal to the deltopectoral crest was selected
for the cross sections. From the histological preparations, cyclic marks could be observed from

these samples under the microscope that were counted to estimate age for different size classes.

Zug (1990) developed the Ranking Protocol technique which is a modification of Hemelaar's
(1980) analytical technique that was used to age Common Toad Bufo bufo. Zug modified this
technique specifically to account for the resorbed periosteal growth layers in the humeri of

turtles. The steps in the protocol are as follows, according to Zug (1990):

1) Rank the bone sections in order of increasing resorption core diameters.

2) Starting with the section with the smallest core, assign the innermost (smallest) periosteal
diameter to the lowest growth class possessing an appropriate range of MSGs' diameters.

3) The succeeding (outer) MSGs' diameters are placed in successive classes. No classes are
skipped.

4) The class containing the outermost diameter of the bone is the estimate of the number of
growth cycles.

5) Each growth cycle presumably equals one year.

Zug et al. (1995) conducted a study on juvenile loggerheads (Caretta caretta), which was
salvaged from drift net fishing in the North Pacific Ocean. They used the ranking protocol and
regression growth model to estimate the age of these turtles. Regression growth model assumes
that the thickness (width) of each growth layer is a function of its distance from the initial
diaphysis (periosteal surface at hatching), by which age can be estimated by integrating this

function over the entire radius of the humerus. Regression analysis determines the relationship
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between layer width and the radius of the humerus at the end of each growth. The results from
both the protocols yielded similar results which was reliable. Zug et al., al. (1997), conducted a
survey on the Kemp's Ridley (Lepidochelys kempii) in the Atlantic and Gulf coasts of USA and
predicted that sexual maturity is attained between 11 - 16 years and the regression growth model
predicted maturity at a bit older age: 13 - 19 years. Their data also showed the kemp's ridley
from the Gulf of Mexico had a faster growth rate than those from the Atlantic Ocean; however,
the data set was too limited for a more reliable interpretation. From the samples collected and

after age estimation was done, they found that the Atlantic samples lacked adult turtles.

Parham and Zug (1997) developed a new protocol called the correction factor. This protocol was
developed to aid in accuracy for estimating age. The bones of sea turtles are under constant
resorption and remodeling, which makes reading of growth rings difficult. Resorption can be
seen within the core of the shaft (diaphysis) of the humerus and femur, but the periosteal layer on
the outer periphery is retained. Using this information, Parham and Zug developed the correction
factor protocol. This protocol is dependent on the presence and size of growth layers in sample
consisting of juvenile specimens. “A growth trajectory (X, number of growth layers; Y, radius of
the humerus) is determined for each individual by connecting the point (Xi, Yi) at smallest size
to point at death (Xi + n, Yi + n). The “average” slope of the trajectories of the smallest
individuals is determined by regression analysis (least square) and the Y-intercept is set at the
radius of the hatchling’s humerus. The number of lost layers is determined by substituting the
radius of the resorption core in the regression equation: Y = A + BX, or radius = hatchling radius
+ [(slope)*(number of lost layers)]; number of lost layers = (radius - hatchling radius)/slope"
(Parham & Zug, 1998). The correction factor (the number of lost layers) would be added to the
number of layers observed and this gives the estimate of the total number of layers for an

individual, indicating the age.

Schmid and Witzel (1997) used mark recapture and the Bertalanffy method to estimate the age of
Kemp's ridley at two locations in Florida. During 1986 - 1991 they tagged 251 turtles in Cedar
key (western Florida; Atlantic Ocean) and 113 at Canaveral (eastern Florida; Gulf of Mexico)
and recaptured 24 and 12 respectively. The mean carapace length of the turtles from these two
locations was different; there is evidence which suggest that the turtles from Gulf of Mexico

have a faster growth rate than those of the Atlantic Ocean. Seasonality also influences growth
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rates; they found that growth rates during the summer were greater as compared to the growth

rates of turtles captured after winter (Schmid and Witzel, 1997).

Green sea turtles (Chelonia mydas), were collected during the cold stunning event by Zug and
Glor (1998). These turtles had a straight carapace length between 28 - 74 cm, with an estimated
age between 3 - 14 years and growth rate was between 30 - 52 mm per annum. The age estimates
also showed that green turtles from the western Atlantic changed from a pelagic life to a neritic
life as they became adults. On the other hand, a study of age estimation via skeletochronology on
the Hawaiian Green Turtles (Chelonia mydas) was carried out by Zug, et al. 2002. They used
correction factor (CF) and spline integration to determine age. For correction factor the age
estimation was 4.1 - 34.6 years, while spline integration age estimation was 3.3 - 49.4 years. The
growth rate was found to be 4 - 5 cm per year in juveniles, then it starting decreasing to a
constant rate of 2 cm per year at age 10; and began declining to 1 cm per annum as the turtles
reached 30 yrs. Spline integration method uses the curvilinear relationship between humerus

diameter and the width of periosteal growth increments within the humerus.

Guarino ef al. (2004) performed skeletochronology on the digits of loggerheads from the Italian
Adriatic and Mediterranean coasts. The second and third intermediate and proximal phalanges
were collected from the forelimbs for skeletochronological analysis. Cross sections were taken
from the mid-diaphyseal level after which histological process was followed. This study showed
the phalanges are just as useful in age determination as the humerus. Guarino et al. (2004) found
the phalanges to be advantageous over the humerus due to faster skeletochronological
preparations of the cross sections. However, numerous cross sections have to be taken to account
for the resorption of the LAGs. Never-the-less, they were able to estimate the age of forty-three
(43) specimens and they found the age to be between 9 - 18 years for specimens between curve
carapace length (CCL) of 28 - 49 cm, individuals over 50 cm were more than 20 years of age,

while their largest specimen was 83 cm and was aged between 32 - 37 years old.

Zug, et al. 2006, conducted a survey on the olive ridley (Lepidochelys olivacea) sea turtle
population in the North-Central Pacific Ocean. Specimens where collected from long-line
incidental fishery catch and from dead turtles washed ashore. They used the ranking and
correction factor protocols and yielded results of age estimation of 5 - 38 from the ranking

method and the correction factor age estimation was 7 - 24 years. The rank estimates where
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highly correlated to straight carapace length while the correction factor (CF) was not; thus CF
age estimates was considered more biologically accurate due to its dissociation with age and
size. Another means of estimating the age of sea turtles was applied by Snover, et al. 2007. They
used back - calculation to calculate the growth rate by using the diameter of the skeletal growth
mark which represented the time of capture as a predictor. Results showed the mean difference
between the carapace length at time of capture and the estimated carapace length which was
obtained from the back - calculation was 0.6 cm = 0.2 SE. The estimates for annual growth rate
mean error was 0.2 cm yr—1 + 0.05 SE. Back - calculation combined with skeletochronology

provides a powerful tool for studying growth dynamics of sea turtles (Snover, et al. 2007).

Braun-McNeil, et al. 2008, suggested from their study that there is no clear relationship between
carapace length and the age of sea turtles. They however, suggested that to understand the
growth rates and life stages better, a fair understanding of environmental factors such as prey
selection, availability of food, and the individual's behavior such as foraging and migration
should be investigated more thoroughly to understand growth patterns. Chinsamy and
Valenzuela (2008) conducted a study on the endangered side neck turtle (Podocnemis expansa).
This species of turtle is found in Amazon. Bone specimens were collected from the leftovers
from natural predators; and even though these bone specimens were subjected to harsh
environmental conditions, histological details could still be derived from them. They were able
to determine that there is a positive correlation with the annual growth rings and the carapace
length. The study was a pilot study and it concluded skeletochronology is an effective measure to
estimate the age of turtles, which gives better insight into the conservation and management

practices (Chinsamy and Valenzuela, 2008).

Goshe, et al. 2009, evaluated histological techniques used for aging turtles. Their study focused
on comparing stained and unstained cross sections of the humeri from kemp's ridley and
loggerhead sea turtles to determine whether both methods resulted in equal numbers of visible
lines of arrested growths (LAGs). They found stained sections when viewed at a higher
magnification resulted in more closely spaced LAGs; while the unstained sections had less
distinct lines. They recommended sta_ined sections to be used for skeletochronological studies. A

more recent study by Casale ef al. (2011) reported from their study that loggerhead from the

Mediterranean Sea take between 14.9 - 28.5 years to reach a curve carapace length (CCL) of
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66.5 - 84.7 cm. They compared these results to the average size of nesting females found in
important rookeries in the Mediterranean and confirmed that their results corresponded to the

size of those nesting females (Casale, et al. 2011).

2.5 Objectives

The objectives of this project were to:
« Estimate the age of dead sea turtles washed ashore; using skeletochronology
«  Assess the relationship between estimated age and morphometric characteristics
 Establish a base line age distribution of the 'population of olive ridley using this protocol

2.6 Study Site

Odisha is found within the geographical limits of 17° 31" to 20° 31' N and from 81° 31' to 87°
30' E, which covers approximately 1,56,000 km2. The coastline of Odisha is 480 km which
stretches from Subarnarekha River mouth in the west next to Udyapur village on the borderline
of West Bengal, to Ichhapuram in Andhra Pradesh. Balasore, Bhadrakh, Kendrapara,
Jagatsinghpur, Puri and Ganjam are the districts which traverses the coastline. Major rivers in
Odisha are Subarnarekha, Budhabalanga, Brahmani, Baitarani, Mahanadi, Devi and Rushikulya.
This study was conducted along the Chilika coast, Gahirmatha, Rushilya, and Devi rookeries,

covering a total of 90 km.

2.6.1 The intensive study areas

This study focuses on olive ridleys which were collected from Gahirmatha, Rushikulya

rookeries, Devi River mouth and Chilika coast (Figure 2).
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. 2 .
Sanctuary is 1435 km” with a core area of 725 km? and a buffer area of 709 km>. Mating and
courtship takes place 4 km south of the Nasi group of Islands.

2.6.1.2 Devi River mouth rookery

More than ten years after the first report of mass nesting in Devi by Kar (1982), Pandav et al
(1994) confirmed the continuance of mass nesting at this rookery. Mass nesting takes place on an
island located between Devi and Petaphutei river mouths. Due to Casurina plantation majority of
the nesting ground at this rookery has been lost. After the super cyclone in 1999, mass nesting

activities have neither been monitored nor documented. This area receives large number of dead

turtles during the breeding season.

2.6.1.3 Rushikulya rookery

Rushikulya rookery is located 320 km south of Gahirmatha on the southern Odisha coast. Mass
nesting area is located on a sand spit on the northern side of the river. This river opens to the Bay
of Bengal on the northern side near Ganjam town. The estuary is connected with Chilika Lake by

a man made canal known as the Palur Canal.

2.6.1.4 Chilika

Chilika Lake is a brackish water lagoon which is spread through the districts of Puri, Khurda and
Ganjam at the mouth of Daya River, flowing into the Bay of Bengal. It is the second largest
lagoon in the world. It is home to about 160 species of birds during the migratory season, the
endangered Irrawaddy Dolphin and has high fish diversity. Ramsar Convention designated

Chilika Lake as a wetland of international importance in 1981. The coastline of Chilika Lake is

approximately 64 km.
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7) Width at deltopectoral crest (DpCW), transverse distance of shaft from pre- to postaxial
surfaces at deltopectoral crest;

8) Distal width (DW), transverse distance from pre- to postaxial surfaces at juncture of
articular condoyle with shaft;

9) Maximum head diameter (MaxHD) of the shaft;

10) Minimum head diameter (MinHD) of the shaft.
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Figure 3. Morphometric measurements of the humerus bone
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Figure 4. Humerus bone showing the different measurements taken
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3.3 Preparation of bone

The humerus bones were removed from the forelimbs using a knife. These bones were flensed of
tissue, boiled and finally left to be dried for approximately three weeks. Using a Dremel 4000

circular saw at an rpm of 5000, 3 - 5 mm cross section of the humerus, just distal to the
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[I. The bone with the smallest core diameter has its innermost growth layer assigned to the

smallest growth class, while the subsequent layers are assigned to growth classes
accordingly.

[II. The remaining bone sections are ranked and assigned growth classes from the previously
ranked bone

[V. The growth class containing the outermost growth layer indicates the age of the
individual

2.6.3.2 Correction Factor Pirotocol

Correction factor protocol was developed by Parham and Zug (1997) to determine the age of the
individual. The correction factor protocol is developed from the smallest individual (by size)
from the sample collected. This protocol accounts for the growth layers lost to resorption, by
using the data on growth layers from the smallest individuals in the sample. The protocol is

based on an equation:
Age=# of LAG + CF

To calculate the correction factor an average slope value is used. The average slope value is
calculated from a growth trajectory of the smallest individual. X = number of growth layers and
Y = radius of the humerus. The slope is determined by connecting (Xi, Yj) from the smallest
point to the point at death (Xi +n, Yi+n) (Parham and Zug, 1997). The value of the average

slope is then used to determine the number of lost layers (correction factor) by this equation:

CF = (radius of the cross section - radius of the hatchling's humerus) / slope

Correction factor values are found for all the individuals, which are then added to the number of

observed LAG to determine the estimated age of the individuals.
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3.6.4 Relationship between age and size class

Regression analyses were used to determine whether a relationship exist between the external
and/or internal morphometric characteristics with age estimates from the two protocols

mentioned above. This analysis helped to determine whether any of the morphometric

characteristics can be used as a predictor of age.

3.6.5 Aging arribada population

External morphometric characteristics of live turtles were taken during the arribada at
Rushikulya rookery. Summary statistics was done to describe the data set. From the data
generated from the skeletochronological analysis of the dead turtles, age was assigned to the
different size classes obtained from the nesting population. The age estimates assigned to size

class can be used as a baseline database to age future breeding population in coming arribadas.
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4 Results

A total of 78 days (3260 man hours) were spent surveying a total of 90 km beach stretch along
the Odisha Coast to locate dead turtles. During the beach surveys 215 dead turtles were
encountered, however humerus bones could be collected from only 85 individuals (Table 1), as
in most cases humerus bones were missing due to predation. In some other cases the humerus
bones were intact while the carapace was decayed or broken thus the external morphological
characteristics could not be properly recorded, and therefore these were skipped. During arribada
4 days (70 man hours) were spend in the field taking the carapace lengths and widths of 1212

nesting turtles at Rushikulya rookery. At hatchling emergence 1 day (4 man hours) was spent

collecting 4 hatchlings.

Table 1. Summary of dead male and female turtles collected from the four sites.

Location Male Female Total
Gahirmatha 2 23 25
Rushikulya 8 3 11
Chilika 19 20 39
Devi - 10 10

29 56 85

4.1 Humerus bone section

Examination of the humerus bone cross section just below the deltopectoral crest, showed the
cross section to be oblong in shape along the anterior - posterior axis. Approximately two-thirds
of the cross section is made up of spongy material, the marrow which is cancellous bone tissues
and is the site where resorption and redeposition takes place. The outer periphery of the bone is

compact and solid and is the area where growth layers are observed (Figure. 14).

34







40.0

35.0

30.0

|

25.0
20.0 B

15.0

1

10.0

1

5.0 -

% Number of turtles observed

3
E 8
0.0 =

Female

62

64 66 068

72 74

Straight Carapace Length {SCL em

Figure 15. A comparison of the frequency distribution of carapace size (SCL) between 29 male

and 56 female dead turtles recorded during the study.

Table 2. A comparison of the external morphology between 29 male and 56 female dead turtles

recorded during the study.

Morphometric Characteristics Male Female
Straight Carapace Length (SCL) 63.7+t2.4 64.6 £3.2
(59.6 — 68.3, 29) (56.4-72.2, 56)
Straight Carapace Width (SCW) 57.1+19 57.2+24
(53.3-60.5, 29) (52.4-63.1, 56)
Curved Carapace Length (CCL) 67.4+2.7 69.11£3.2
(62.5-73.0, 29) (61.7—77.3, 56)
Curved Carapace Width (CCW) 65.8+2.4 67.4+3.1
(61.4-71.2,29) (60.9—74.5, 56)
Head Length (HdL)** 16.8+0.7 17610
(15.2 - 18.2, 25) (15.7-19.7, 51)
+
Head Width (HdW) 10.7+1.0 11.0£0.6
(7.0-12.0, 25) (9.7-12.2, 51)

O Male
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Table 3. Comparison of humerus bone morphology between the 29 male and 56 female dead

turtles collected during the study and was not significantly different between the sexes.

Morphometric Characteristics Male (n =29) | Female (n = 56)
Maximum length (ML) 148.7+7.2 150.5 + 10.3
(135.1-163.8) (125.4 -171.3)
Longitudinal length (LL) 141.8£6.1 141.0£7.9
(130.6 - 151.5) (120.4 — 159.0)
Ulnar process length (UPL) 60.8 £4.6 60.2+6.9
(52.9 - 68.2) (42.1-73.1)
Proximal length (PL) 126.2+6.4 1247 7.7
(113.8 — 144.6) (104.5 —139.3)
Proximal width (PW) 58.5+29 58.74.3
(53.5 - 65.2) (49.0 —69.2)
Radial process length (RPL) 29.0£19 28925
(25.8 - 33.7) (24.1-34.9)
Width of Delto-pectoral crest {DpCW) 36.5+1.6 364118
(34.0 - 40.8) (31.8-40.2)
Distal width (DW) 51726 51.1%3.5
(46.4 — 56.3) (41.1-56.7)
Maximum head diameter (MaxHD) 270£159 27.1+3.0
(23.5—31.9) (22.9-38.9)
Minimum head diameter (MinHD) 227+11 229+13
(20.6 —24.8) (19.8 —25.8)
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A comparison of the straight carapace length (SCL), with the maximal length (ML) of the
humerus bone showed a strong correlation (R = 0.79 for males, R = 0.77 for females; Figure 16).

A positive correlation between the SCL and the humerus longitudinal length (LL) was also found
(R =0.78 for males, R = 0.71 for females).
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Figure 16 Relationship between straight carapace length and maximum length of the humerus

4.3 Age Estimation: Ranking and Correction Factor Protocol

Of the 85 humerus bone cross sections only 74 sections have been used for the age estimation, as

the data contained outliers that could not be accounted for. Due to time constraints it was not

possible to re-run test on these individuals to account for the problems encountered while

estimating their ages. The smallest and largest resorption core width in the samples ranged from
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9.20 mm to 19.48 mm respectively. Further, the resorption core width was not correlated with

the diameter of the cross section (R = 0.24). Table 5 has a summarization of the age estimates by
both protocols for female turtles.

Table 5 Age estimates for females from the Ranking and Correction Factor Protocols

S. No

Sex

Tag # SCL (cm) | CCL (cm) | Diameter of | Observed | RP CF age
RC LAG Age
1 079-F | F 65.3 68.8 9.20 36 36 | 392
2 080-F | F 67.5 70.0 9.50 34 37 37.3
4 081-F|F 63.6 68.3 9.70 35 37 38.4
5 077-F | F 62.2 66.4 10.10 39 40 42.6
6 083-F | F 62.7 67.1 10.20 31 35 34.6
8 019-F|F 69.0 74.2 10.30 35 38 38.7
10 011-F|F 72.2 71.3 10.51 31 43 34.8
11 020-F | F 66.3 71.0 10.77 16 37 19.9
12 082-F | F 65.9 69.9 10.80 34 35 37.9
13 076 -F | F 61.5 65.9 10.90 30 30 34.0
14 085-F | F 64.6 68.2 10.90 30 33 34.0
17 062-F | F 65.1 69.6 11.20 21 28 25.1
18 074 -F | F 66.3 70.0 11.20 30 37 34.1
20 003-F|F 63.9 67.2 11.54 23 35 272
21 010-F | F 60.6 66.4 11.66 18 26 223
23 034-F | F 61.6 66.7 11.80 16 24 20.4
26 021 -F | F 64.3 68.2 11.83 29 39 33.4
28 017-F | F 67.8 72.5 12.11 28 38 32.5
29 052-F | F 60.1 63.8 12.20 21 25 25.5
31 057-F | F 62.6 66.0 12.40 27 27 31.6
32 071-F |F 65.7 69.5 12.80 31 34 35.8
35 008-F | F 683 72.3 13.02 23 35 27.9
3L 054-F | F 62.4 66.4 13.14 33 41 38.0
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CF Age - correction factor age

Age estimation was conducted on forty-eight (48) female individuals. The number of observed
LAGs ranged from 16 - 44 and a median of 27. The sample size class of the female population
ranged from straight carapace length of 56 - 72 cm, with majority of the sample being within the
SCL range of 64 - 66 cm. According to the ranking protocol, the minimum age is 24, maximum
49 and the median age is 35 years. However, within size classes there is also a variation in the
age; for instance, size class 66 cm has age variations from 26 - 37 years. There is no pattern
between the size class and the estimated age according to the ranking protocol. For the correction
factor protocol, the slope value is determined from the youngest individuals, however, in this
study all the samples came from the breeding population, thus the slope value used here was

borrowed from Zug et al (2006) for smaller individuals.

In the correction factor protocol the minimum age estimate is 19.9 years, maximum; 51.8 and the
median 32.5 years. In this case, the size class that has the minimum year is 66.3 cm, while the
maximum estimate year is for an individual of 65.6 cm. In this case, the smallest individual (56.4
cm) is 29.6 years, while the biggest individual (72.2 cm) is 34.8 years old. The age estimated by
the correction factor protocol also shows that there is no definite relationship between size class

and estimated age. Figure 17 shows the comparison of the age estimated by both protocols.
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Table 6 Age estimates for males from the Ranking and Correction Factor Protocols

45

S.No | Tag# |Sex |SCL (cm) | CCL (cm) | Diameter of | Observed | RP CF age
RC LAG Age
3 033-M |M 1399 64.9 9.60 23 27 | 264
7 066-M | M | 649 67.8 10.20 30 33 33.6
9 065-M | M 59.7 63.9 10.40 32 30 35.7
15 064 -M | M 65.1 69.2 10.90 27 28 31.0
16 069-M|M |655 70.7 11.10 28 30 32.0
19 005-M [ M 65.9 62.5 11.51 27 41 31.2
22 068 -M | M 60.3 64.2 11.70 34 35 38.3
24 056 -M | M 64.0 67.2 11.80 20 27 24.4
25 067-M | M 66.9 71.2 11.80 23 30 274
27 026 -M | M 62.3 67.7 11.84 17 28 21.4
30 061-M | M 63.0 68.6 12.20 41 41 45.5
33 030-M | M 59.6 63.7 12.90 19 27 23.9
36 027-M|M  |632 67.6 13.03 18 32 229
38 001-M | M 68.3 73.0 13.19 32 38 37.0
39 072-M |M | 61.7 65.2 13.20 28 31 33.0
42 029-M | M 65.5 69.5 13.50 20 30 25.1
45 038-M |M 66.8 70.3 14.00 26 37 314
48 032-M | M 61.8 66.1 14.02 20 31 25.4
55 045-M|M | 663 71.0 14.90 27 32 32.8
58 049-M | M 63.9 68.1 15.30 35 37 41.0
59 050-M |M | 620 65.2 15.40 24 27 30.0
61 035-M|M |63.8 68.7 15.90 19 31 25.2
64 042-M|M | 646 67.9 16.30 28 37 34.4
66 031-M|M |63.8 66.4 16.60 26 37 32.5
69 040-M | M 61.7 63.0 16.80 18 33 24.6
70 041 -M | M 63.9 67.1 16.90 22 35 28.7
& 043 -M | M 66.3 69.6 16.90 24 36 30.7
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Figure 22 Frequency distribution of age ranges from the correction factor protocol of males

against the number of turtles observed.

The ranking protocol shows the frequency distribution of age range for the size class 56 - 74 cm
for females to be from 26 - 41 years (Figure 21), with the majority of individuals being within

the age range 32 years, while in the correction factor protocol the age range is 20 - 46 year and

majority of the individuals falling into the age group of 31 years (Figure 22).

for a turtle (Tag # 032 — M) showed the presence of

growth layers and 19 LAGs were observed. For the same individual the number of LAGs

20. Examination of a phalanges bone cross section for

19 LAGs were observed. For the

Examination of a femur bone cross section

observed in the humerus bone section was
a turtle (Tag # 002 — F) showed the presence of growth layers,

same individual the humerus bone section showed 22 LAGs.
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lati .
No correlation exists between SCL and the age estimated from the Ranking and Correction
Factor protocols (Figure 25 & 26). Age estimated highly varied with body size (SCL).
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Serial # Carapace
length (SCL, 2006)
cm)
Ranking Correction | Ranking Correction
protocol factor protocol factor
i 20.5 5 73 |



2 33.0 B 51

3 38.2 T8 =

4 1 43.7 T o

5 46.6 24 Ty

6 47.9 73 N

7 52.7 26 T

8 54.0 27 =

4 353 27 16.9

10 56.4 T 5%
11 56.5 28 179

12 57.5 34 77

13 57.7 34 181

4 571 34 18.6

15 57.8 33 19.6

o 379 27 284
17 59.6 27 23.9
18 59.7 30 35.7
19 59.8 31 30.5
20 59.9 27 26.4
21 60.0 36 24.1

22 160.1 25 25.5
23 60.2 34 15.7

24 60.3 37 18.0 35 38.3
25 60.4 32 23.4

26 60.6 26 223
27 61.1 35 36.4
28 61.5 30 34.0
29 61.5 35 30.5
30 61.6 33 14.8 24 20.4
31 61.7 31 33.0

52




53

32 61.7

33 246
33 61.8 31 16.3 31 254
34 62.0 27 30.0

35 62.1 32 13.7

36 62.1 34 18.1
37 62.2 20 0.6
38 622 24 22.0
39 62.3 28 214
20 62.4 37 14.7 41 38.0

A1 62.5 38 12.8
42 62.6 27 31.6
43 62.7 | 35 34.6
44 63.0 34 19.3 a1 45.5
45 63.2 32 1229
46 63.6 37 384
47 63.8 31 252
48 63.8 37 32.5
49 63.9 35 272
50 63.9 37 27.5
51 639 37 41.0
52 64.0 27 244
53 643 39 334
54 643 29 A
55 64.4 38 12.9 29 22.8
56 645 38 301
57 645 % 33.3
58 64.6 3 340
59 646 *¢ 34
60 64.7 33 36
B 64.9 L_Bfﬁ -







92 70.3
93 72.2

35 : 28.9
43 34.8

From the above table it is shown that age was estimated for 27 individuals from the North Pacific
ranging in SCL from 20.5 - 64.5 cm. From the ranking protocol the age ranged from 5 - 38 years
(Table 7). From size classes 20.5 - 57.5 cm, the age estimation increases as the size classes
increases, however, the years fluctuate from size class 57.7 - 64.5 cm, there is no definite pattern
of age estimation as the size classes increases from 57.7 according to the ranking protocol. From
the correction factor protocol, as size class increases so does the years from size class 20.5 - 60.0
cm, with the exception of size class 43.7 cm which is aged at 17 years, otherwise all others up to
60.0 cm follow a pattern. Beyond this size class there is no definite pattern with age and size
class from the North Pacific olive ridleys. As mentioned earlier, the Indian Ocean olive ridleys
do not have a positive relationship between size class and age estimation from either of the two
protocols. Comparison of age estimation of the Indian Ocean olive ridleys with the North Pacific
olive ridleys showed for those individuals with the same size class, the ranking protocol from
both population vary from 2 - 11 years. The correction factor protocol has no similarities
between the two populations. The age estimation from the Indian Ocean population is older than

the North Pacific population.

4.5 Aging arribada population

The straight carapace length measurements from 1212 nesting turtles during the arribada in 2013
ranged from 56.1 to 72.2 cm, and the majority falling in the 66 - 68 cm class interval (Figure 26).

Carapace morphology has been summarized in Table 8. Since there was no correlation between

body size and age estimated it was not possible to age individual nesting turtles of the arribada.

A range of age estimates could only be assigned to the turtles (Table 9).
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From the arribada population majority of the individuals were from the size class 64 - 68 cm.

The youngest arribada individual was from the size range 58 - 59 cm. Table 9 provides a baseline

data for age estimation of the arribada population based on size class. Individuals as small as 56

cm can be as young as 27 years and as old as 31.5 years; while large individuals from the size

range 72 - 73 cm can be as old as 34 - 43 years. The size class from 64 - 68 cm has an age

estimate of 22 - 49 years.

Table 9 Age assignment from both protocols to size class of the arribada females

SCL range (cm) Ranking Protocol  Age | Correction Factor Protocol
(Median; Max; Min) Age (Median; Max; Min)

56 - 57 31.5 (36; 27) 29 (29.6; 28.4)

58 -59 30 (31;27) 28.5(35.7;23.9)

60 - 61 30 (35; 24) '30.5 (38.3;20.4)

62 -63 32 (41;24) 30.8 (45.5;21.4)

64 - 65 35.5 (49; 25) 33.3 (51.8; 22.8)

66 - 67 32 (38; 26) 31.4 (37.3; 19.9)

68 - 69 36 (38; 29) 36.9 (41.2; 27.9)

70 -71 35 28.9

72-73 43 34.8
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5 Discussion

Demographic St‘fdles on olive ridley are not well studied. Being a marine species and having a
migratory behavior makes studies on population difficult (Reichart 1993). With the exception of
arribada studies and other localized studies such as telemetry tracking, tagging studies very little
information is available on this species. Data to date on population dynamics are based on
studies from females, which only represents a part of their entire life. In the past, few studies
have been conducted to account for different aspects of population dynamic studies. Methods
and the shortcomings for estimation of population size has been discussed by Meylan (1981),
population model was developed by Marquez ef al (1976 ) for olive ridleys of the Eastern Pacific
Ocean, and the assessment of the ways available for females arrival for arribada on shore has
been done by Marquez and Van Dissel (1982). Understanding population dynamics for effective
management entails studying the natality, morality, sexual maturity, sex ratio and longevity
(Reichart 1993). In any sea turtle conservation plan and management, the overall goal is to
promote long term survival of the population, which includes: safe guarding critical habitats,
sustained recovery of depleting stocks and the well being of the species and the needs of
commurﬁties and humans. To fully and effectively carry out conservation and management
plans, data on population dynamics is necessary, otherwise decisions on effective management

becomes a matter of making educated guesses.

Skeletochronological studies provide data for the estimation of age for sea turtles. The ideal
technique for age estimation would be mark and recapture, however due to migratory and marine
lifestyles this method is time demanding in short term studies, labor intensive, logistically

difficult and expensive. Age estimation is important for population dynamics studies and also for

effective management and conservation of a species. Skeletochronology is analogous to

dendrochronology (study of growth rings in trees), thus skeletochronological studies assumes

n the cross sections of long bones (humerus, femur or
r of the individuals life. Zug et al (1986) used humeral

bones to estimate the age of the North-western Atlantic population of loggerheads (Caretia

that the growth rings present withi
phalanges) are representative a one yea
caretta) where they found these turtles attained sexual maturi;y between 13 - 15 years ranging

from size classes between 800 - 900 mm CCL. Skeletochronological studies are means by which
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5.2 Morphological characteristics of the dead olive ridley turtles

In sea turtle species, males and females differ in size, usually females are larger. According to
the Mann-Whitney U Test, the difference in the straight carapace lengths between males and

females were not statistically significant. However, males were not recorded in size classes
beyond 68 cm (SCL).

5.3 Age estimation: Ranking and Correction Factor Protocol

The ranking protocol (RP) and correction factor protocol (CF) yielded age estimates that were
not remarkably different from each other. For females age was estimated at 24 - 49 (RP) and
19.9 - 51.8 (CF) while males were 27 - 41 (RP) and 21- 46 (CF). There was no correlation
between either protocols to SCL. Zug et al (2006) found a high correlation between the ranking
age estimates with the SCL for olive ridleys, and the age estimates from correction factor were
found to be biologically plausible. Since no correlation was found in my study‘and the two
protocols yielded age estimates that were not significantly different from each other, both the age
estimates are accepted as biological plausible age for the Indian Ocean olive ridley turtles. The
results from this study, mirrors the results of investigations on the American toad Bufo
americnus, northern crested newt Triturus cristatus and marbled newt Triturus marmoratus
where they found body size is a poor predictor of age and larger individuals are not necessarily
older (Acker et al., 1986; Francillon - Vieillot et al.,1990). Discrepancies found for age estimates
for different size class could be attributed to the low sample collection. Age differences observed
in cases where larger sized individuals were found younger than smaller sized individuals can be
attributed to injury, disease or being the ‘runt of the litter" (Zug et al., 2006). At a certain point
these turtles also stop growing, however, this does not mean they do not grow older, therefore, in
cases where small sized individuals are aged older than larger size individuals, it suggest that
these individuals may have reached the maximum growth length. For example, individuals in the
size class 63 cm were found to be as old as 41 (RP) and 45.5 (CF) years old, while individuals in

the size class 64 cm was found to be 27 (RP) and 24.4 (CF) years old. Although it is a matter of 1

60



i »
b f:erence between these two individuals there is a difference of more than 20 years using the
vorveolion factor pretovol and 14 years by the ranking protocol

5.4 Size and age relationship

Previous studies by Zug et al (1986) study on loggerheads, Zug et al (1997); kemp's ridley, Zug
& Glor (1998); green turtles, Zug et al (2006); olive ridley turtles found a positive correlation
between age and size class. Contrary to these findings, this study did not establish such
correlation between age and size class. In all the previous studies, the size class represented
smaller sized individuals; loggerheads were from size class of 80 - 90 cm SCL and age was
estimated at 13 - 15 years for attaining sexual maturity, Kemp's ridley (Zug et al., 1997) were
18.8 - 72 cm; age estimates 2 -15 years, green turtles (Zug & Glor 1998) 28 - 74 cm; age
estimated 3 - 14 years, with the sample lacking adults. Olive ridleys (Zug et al., 2006) 20.5 - 64.4
cm, aged 5 - 38 years by ranking protocol and 7.3 - 24.1 years by correction factor protocol. In
this study the size class was 56 - 74 cm and they were aged as 24 - 49 years (RP) and 19.9 - 51.8
years (CF). Reasons for lack of correlation may be because the samples are all from an adult
breeding population as compared to the other studies where the sample collections were from a

mixed population.

5.5 Aging arribada population

Arribada is a unique phenomenon amongst the ridley turtles only. Females synchronously arrive
at nesting beaches en masse to nest. To date no skeletochronological study has been conducted to
age an arribada population. Therefore, the information provided by this study is a baseline data

set for future monitoring. Since this breeding population has no positive correlation between age

and size, age ranges has been given for size classes. Studies conducted by Pandav & Choudhury

(2000) has documented a wide range of size classes (50 - 84 cm), however in the past ten years,

there has been reports of decline in size class. In this study, size classes recorded were from 58 -
74 cm. Data provided from the skeletochronological method accounts for individuals within this
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size class, however, the number of individuals from larger size (70 - 74 cm) and smaller size
class (56 - 60 cm) was less. Therefore, age estimations for these size classes are limited by
sample size. Age range for the larger size class (70 - 74 c¢m) is 35 - 43 and 28.9 - 34.8 by the
ranking and correction factor protocols respectively. These estimates of age were derived from
two (2) individuals from the dead population. Because there is no correlation between size and
age for the breeding population, the arribada population does not have an external morphological
feature which can be used as a predictor of age. The variation of age in this investigation gives
an understanding of how healthy the breeding population is and shows this adult breeding
population to be healthy since age ranges between 24 - 49 years (RP) and 20 - 52 (CF). These
findings, although limited by sample size have provided much needed information into the

demography of olive ridleys in the Indian Ocean.
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6 Conclusion

My investigations into age estimation of a breeding population of olive ridleys along the coast of
Odisha documented ages from 19.9 -51.8 and 24 - 49 years by the correction factor and ranking
protocol respectively. It is clear there is no correlation between size class and age, which
disagrees with studies by Zug er al (1986, 1997, 2002, and 2006). In those studies they have
established a positive correlation between age and size class. The sample collection from those
studies is representative of several populations (hatchling, juveniles, sub adults and adults) and
thus positive correlations exist between size class and age; whereas in the adult breeding
population this relationship is non-existent. In smaller sized individuals the resorption core is
smaller than in larger individuals and the number of LAGs resorbed is also lesser in smaller size
class. In adult breeding population, these individuals at some point would stop growing, but
resorption and deposition of growth layers would not cease thus a positive correlation would not
be established between the size and age of these turtles. Arribada populations do not have an
external morphometric feature which can be used as a predictor of age. The variation in the age
across size class overlaps; however, this study shows the breeding population of olive ridleys has
a huge variation in age even though they are subjected to high mortality on a yearly basis. A long
term study needs to be done to have a comprehensive understanding of the age variation within

the breeding population.
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