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Abstract: Reproductive output provides data 

fundamental to the conservation and management of 

sea turtles. Five years of data on the reproductive 

output of female green turtles was collected from 

Kosgoda beach, the second largest sea turtle rookery 

in Sri Lanka. Egg size, clutch size, clutch frequency, 

female size, hatchling size, hatching success, nest 

depth, and incubation duration were recorded. A total 

of 1,492 nests comprising 166,358 eggs were laid by 

575 nesting females during the study period. Larger 

females had a higher reproductive output, laying 

larger eggs, bigger clutches, and producing a greater 

number of eggs in total for a season. There was no 

relationship between clutch size and egg size, and the 

hatchling size did not depend on the egg size or the 

female size. The mean hatching success was 77.3% 

and the mean incubation duration was 50.6 days. 

Clutch size, egg size, female body size, and nest depth 

had no effect on hatching success of the green turtles 

nests laid at Kosgoda rookery. Even though the size of 

the nesting turtles and clutch size were similar to 

other green turtle populations, the reproductive output 

and clutch frequency of green turtle females nesting at 

Kosgoda rookery were low compared to the 

population at Rekawa beach in southern Sri Lanka 

and other green turtle populations worldwide. The 

shorter stretch of beach (1 km) used to collect data 

may be a reason for this difference, precluding 

observation of re-nesting efforts by the female turtles. 

Keywords: Green turtle, Chelonia mydas, Kosgoda 

rookery, Reproductive output, Morphometrics.  

INTRODUCTION 

Reproductive output is an important aspect of 

life history and fundamental to understanding the 

species reproductive biology which informs 

development of effective conservation and 

management plans for individual populations. 

The reproductive output can vary among 

individuals due to differences in adult female 

body size (Olsson and Shine, 1996). Sea turtles 

show indeterminate growth as adults, although 

many turtle species do not continue to grow 

significantly after sexual maturity (Carr and 

Goodman, 1970; Avery, 1994). However, the 

body size of nesting female turtles can vary 

among different populations and it is not a 

dependable indicator of sexual maturity (Limpus 

et al., 1994).  For example, the east Australian 

population of green turtles are first observed 

nesting with a curved carapace length (CCL) of 

90 - 100 cm (Limpus and Chaloupka, 1997) 

compared with approximately 80 cm in the 

Hawaiian Archipelago (Balazs and Chaloupka, 

2004; Zug et al., 2002) and Gulf of Mannar 

(Agastheesapillai and Thiagarajan, 1979). The 

estimated age at sexual maturity of the green 

turtles also varies among different populations, 

ranging from 12 - 26 years in Costa Rica, 24 - 36 

years in Suriname (Frazer and Ladner, 1986), 27 

- 33 years in the Virgin Islands, USA, and 40 - 

50 years in the Hawaiian Archipelago (Zug and 

Balazs, 1985), and 42 - 44 years in Atlantic 

green turtles (Goshe et al., 2010). Type of diet 

(Wood and Wood, 1980; Balazs, 1982; Bjorndal, 

1985), availability of food (Balazs, 1979) and 

climatic conditions (Balazs, 1982) are important 

factors in determining growth of sea turtles. For 

example, captive green turtles reach maturity 

much earlier (8 - 11 years; Wood and Wood, 

1980) than wild turtles as the former are usually 

fed with a high protein diet and hence grow more 

rapidly than individuals in the wild with 

herbivorous diets (Wood and Wood, 1980).  

Moreover, those living in colder habitats have a 

slower growth rate (Balazs, 1982).   
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The number of eggs laid by a female varies 

among conspecifics of different sizes (Olsson 

and Shine, 1996).  Several studies reported a 

positive relationship between the female body 

size and the clutch size of green turtles (Hirth, 

1980; Bjorndal and Carr, 1989; Hirth, 1997; 

Broderick et al., 2003).  Moreover, the clutch 

size significantly increases with the age of the 

female (Bjorndal and Carr, 1989).  Size at 

maturity of the female affects the lifetime 

reproductive output of an individual female turtle 

(Tiwari and Bjorndal, 2000). Females that 

mature early in their life have a higher 

reproductive output per season than late maturing 

individuals (Iverson, 1992).  This indicates that 

the body size of a female may set the upper limit 

to reproductive output, but Shine (1992) points 

out that this limit may not be reached if 

conditions are suboptimal. Resource availability 

at the foraging ground and inter-annual climate 

variability directly affect the body size and 

thereby reproductive output of the green turtles 

per season (Limpus and Nicholas, 1988; 

Bjorndal, 1997;  Broderick et al., 2001).   

Sea turtles produce multiple clutches of 

eggs per nesting season, greatly reducing the 

likelihood of all eggs being lost because the 

clutches are temporally and spatially separated 

(Miller, 1997).  The mean number of eggs in a 

clutch varies among the individuals of the same 

species (van Buskirk and Crowder, 1994).  The 

number of clutches laid by a female varies 

considerably from year to year and is dependent 

on dietary, behavioural and physiological factors 

(van Buskirk and Crowder, 1994). In green 

turtles, the number of clutches is independent of 

female body size (Broderick et al., 2003). 

Miller (1997) studied green turtle 

morphometrics and reported that the average size 

of green turtle eggs is 4.5 cm diameter and 

weight is 46 g, and there is little variation in the 

size of the eggs within a species and even less 

variation within a clutch. Egg size of green 

turtles is significantly correlated with female 

body size where larger females produce larger 

eggs (Bjorndal and Carr, 1989). 

Green turtles do not nest annually (Miller, 

1997). A recent study by Ekanayake et al. 

(2010a) described the nesting behavior of green 

turtles at the Kosgoda rookery, the second largest 

turtle rookery in Sri Lanka. Female green turtles 

nesting at the Kosgoda rookery lay one to ten 

clutches of 24 to 200 eggs every 1.5 to 4 years 

(Ekanayake et al., 2010a).  These clutches are 

laid during a nesting season with an inter-nesting 

period of seven to 43 days between successive 

clutches.  Even though nesting takes place year 

round, 66% of nesting at the Kosgoda rookery 

occurs between February and June, with highest 

and the lowest number of nests recorded in April 

and November, respectively (Ekanayake et al., 

2010b).  The present study was carried out to 

determine the morphometrics and the 

reproductive output of female green turtles 

nesting at Kosgoda rookery to better understand 

the importance of the rookery in context of green 

turtle populations in the northern Indian Ocean 

and worldwide. 

 

MATERIALS AND METHODS 

Study site 

The 4 km stretch of beach at the Kosgoda 

rookery (633’ N, 8002’ E) in the south-western 

coast of the island has year-round nesting of five 

species of sea turtles: green turtle (Chelonia 

mydas), leatherback turtle (Dermochelys 

coriacea), loggerhead turtle (Caretta caretta), 

hawksbill turtle (Eretmochelys imbricata) and 

olive ridley turtle (Lepidochelys olivacea; 

Deraniyagala, 1953). Close to the Colombo - 

Galle main road, in an area where the human 

population is ~7,500, the coastline is influenced 

by a range of anthropogenic factors but beach 

access within the rookery operated area is limited 

and, thereby, provides a virtually undisturbed 

nesting area for sea turtles.  The slope of the 

beach is less than 30º and the tidal amplitude is 

very low. Most of the beach area comprises fine 

sand.  A 1 km stretch of beach at Kosgoda 

rookery was selected (Figure 1) for the study as 

there is large number of nesting occurs 

throughout the year and the nesting was 

monitored for 24 h throughout the five year study 

period from 2003 to 2008.   
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Figure 1: Kosgoda nesting beach on the southwest coast of 
 Sri Lanka 

Data collection 

Eggs, hatchlings and nesting females 

All the eggs laid by a female green turtle were 

visually counted at the time of oviposition or by 

excavating the nest after the hatchlings emerged 

to determine the clutch size.  If a female selected 

an unsuitable place for nesting, the nest was 

relocated to a safer place on the same beach. 

Weight and diameter were measured for ten eggs 

selected randomly while the female was laying.  

Eggs were cleaned using a soft dry cloth to 

remove adhering sand and weighed to the nearest 

0.1 g using a spring balance.  Egg diameter was 

measured using a plastic vernier caliper, holding 

the egg by fingers and by pressing a finger gently 

against the shell to form a dimple as explained in 

Miller (1999).  The maximum and minimum 

diameter was measured to the nearest 0.1 mm 

and the average was taken. The eggs removed for 

measurements were carefully placed back in the 

nest before the female covered the nest.  After 

the female turtle had left the beach, a steel cable 

mesh ‘nest screen’ (measuring 1 m
2
) with a mesh 

size of 5 cm x 5 cm, was placed over the nest. 

This screen prevented predators from excavating 

the nest, yet was large enough to allow the 

emergence of hatchlings.  The beach was 

patrolled for 24 h a day and the nests were 

guarded until all of the hatchlings emerged. 

The curved carapace length (CCL) and 

curved carapace width (CCW) of nesting females 

were measured to the nearest 0.1 cm using a 1.5 

m flexible measuring tape.The size of emerging 

hatchlings was measured for in situ nests but not 

for those that were relocated.  Ten randomly 

chosen hatchlings were weighed to the nearest 

0.1 g using a spring balance and the straight 

carapace length (SCL) and the straight carapace 

width (SCW) were measured to the nearest 0.1 

mm using plastic vernier calipers. 

Incubation duration, hatching success and nest 

depth 

The incubation duration was determined by 

counting the number of days from oviposition to 

the date when the first hatchling emerged from 

the nest.  The nest was excavated five days after 

the first hatchling emergence.  Any live 

hatchlings remained in the nest were counted and 

released to the sea.  Dead hatchlings, eggshells 

and unhatched eggs were removed from the nest 

and counted to calculate the hatching and 

emergence success according to Miller (1999) as 

follows: 

eggs unhatched+shells egg No.of

shells egg No.of
 Success Hatching   

nest in the % hatchling                                                    

 dead & Live -success Hatching Success Emergence   

The unhatched eggs were opened to 

determine the development stage of the embryo.  

Embryos were categorised as ‘early’ (embryos 

less than 1 cm diameter), ‘mid’ (embryos 1 cm to 

3 cm, with big yolk sack) and ‘late’ development 

(completely developed embryo).  Undeveloped 

eggs without an embryo or egg yolk were also 

counted.  Rotten eggs were recorded as 

‘unknown’ because their developmental stages 

could not be identified.  The percentage of 

hatched and unhatched eggs and dead hatchlings 

inside the nest were calculated as proportions of 

the total number of eggs. The nest depth was 

measured as the distance from the surface of the 

nest to the bottom of the nest when the nest was 

excavated and the contents were removed. Data 

on incubation and hatchling morphometrics were 

collected only for the first three years of the 

study period from 2003-2006. Data from the 

relocated nests were not considered to determine 

the reproductive output of females. 

Data analysis 

The total number of the eggs in all of the 

clutches laid by an individual turtle within a 

single nesting season was denoted as 
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reproductive output per season.  The correlation 

between adult female body size (measured as 

CCL) and reproductive output per season, egg 

count per nest (clutch size), clutch frequency 

(number of clutches per season), egg size (egg 

diameter and egg weight), and hatchling size 

were analysed individually using a linear 

regression.  All the data sets were checked for 

the normality and the outliers were removed 

before analysis. Significance of the associations 

between female body size and clutch size, 

number of clutches, egg size, hatchling body size 

(SCL) and total number of eggs laid during the 

season were also determined using a linear 

regression. The associations between clutch size, 

egg size, number of clutches, hatchling size, and 

total number of eggs were again analysed using a 

linear regression. Effect of nest depth on the 

hatching success was analysed using a 

polynomial regression. Data analyses was carried 

out using Minitab version 14. 

 

RESULTS 

Eggs 

A total of 166,358 eggs in 1,492 nests were 

recorded along the 1 km study site at the 

Kosgoda rookery for the five year study period 

(Table 1).  The mean number of eggs per nest 

(clutch size) was 113.7 ± 1.58 (Table 1) with a 

range of 24 to 209 eggs per clutch (Table 2).  

The minimum number of eggs (24) was recorded 

from a female which was disturbed while laying 

eggs and never returned to nest at the same 

stretch of beach during that nesting season.  The 

highest number of eggs laid by an individual 

female in a single season was 1,249 eggs, which 

were laid in nine nests during a five month 

period from October 2005 to February 2006.  

The mean number of eggs laid by a green turtle 

per season was 289.3 ±185.5 (Table 1).  The 

mean weight and diameter of eggs laid by green 

turtles at Kosgoda rookery were 46.5 ± 6.3g and 

41.8 ± 2.1 mm, respectively (Table 2). The mean 

number of clutches deposited by a nesting female 

during a nesting season was 2.17±1.58 (Table 1). 

 

 Females 

A total of 575 females nested during the study 

period, with 157 as the highest nesting 

population during 2005 and 2006 and 87 turtles 

as the lowest nesting population in the 

subsequent nesting season (Table 1). 

Morphometric measurements were taken 

from418 females (Table 3).The mean CCL for 

the green turtle population nesting at the 

Kosgoda rookery was 105.0± 5.9 cm and mean 

CCW was 94.7± 6.2 cm (Table 3). 

  

 

Table 1: Reproductive output measured as the number of eggs, number of clutches, number of eggs per female and the 
clutch frequency for green turtles nesting at Kosgoda rookery. 

 

 

 

 

 

Year 

Total 

no. of 

females 

Total no. 

of eggs 

Total no. 

of clutches 

Mean no. of 

eggs per 

female 

Mean no. clutches 

±SD/season Range 

2003-2004 108 32,558 292 301.5 2.28 ±1.75 1-10 

2004-2005 113 32,112 288 284.2 2.01±1.35 1-7 

2005-2006 157 44,600 400 284.1 2.33 ±1.74 1-8 

2006-2007 87 23,303 209 267.9 1.90 ±1.26 1-7 

2007-2008 110 33,785 303 307.1 2.19±1.59 1-9 

Total    575 166,358 1,492 289.3±185.5 2.17 ±1.58 1-10 
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Table 2: Mean clutch size, egg weight and egg diameter for green turtles nesting at Kosgoda rookery. 

 

Year Mean clutch size ±SD 

(range; n) 

Mean weight ± SD/g 

(range; n) 

Mean diameter ± 

SD/mm (range; n) 

2003-2004 13.8 ± 31.2 

(27-200; 209) 

41.8 ± 4.3 

(28.5-50.4;271) 

42.1 ± 2.5 

(10.7-50.7; 271) 

2004-2005 108.4 ± 29.6 

(31-170; 200) 

46.1 ± 5.0 

(30.0-60.9; 248) 

42.0 ± 1.9 

(35.3-51.5; 248) 

2005-2006 118.1 ± 29.0 

(29-209; 267) 

45.5 ± 6.3 

(33.3-64.2; 366) 

41.9 ± 1.9 

(31.9-48.9; 366) 

2006-2007 112.0 ± 32.3 

(24-164; 129) 

46.5 ± 4.0 

(36.4-59.6; 164) 

41.9 ± 1.2 

(38.7-47.7; 164) 

2007-2008 111.8 ± 29.9 

(28-195; 277) 

52.2 ± 5.8 

(30.1-71.0; 291) 

41.0 ± 2.1 

(30.7-47.3; 291) 

Total 113.7 ± 27.3 46.5 ± 6.3 41.8 ± 2.1 
SD = Standard Deviation; n=number of clutches or eggs 

 

Table 3: Size (measured as CCL and CCW) of the green turtle nesting at Kosgoda rookery. 

 

 

 

 

 

 

CCL = Curved Carapace Length, CCW = Curved Carapace Width, SD = Standard Deviation 
 

Female size and reproductive output 

Larger females had a higher reproductive output, 

laying larger clutches and larger eggs and 

producing higher number of eggs in total during 

a nesting season. A highly significant correlation 

was observed between female size (CCL) and 

mean clutch size (Linear regression; R
2
 = 0.108, 

p< 0.001, Figure 2a), the total number of eggs 

per season (Linear regression; R
2
 = 0.010, p = 

0.038, Figure 2b), mean egg diameter (Linear 

regression; R
2
 = 0.030, p< 0.001, Figure 2c), and 

mean egg weight (Linear regression; R
2
 = 0.044, 

p < 0.001, Figure 2d). However, there was no 

relationship between female size and the number 

of clutches per season (clutch frequency; Linear 

regression; R
2
 = 0.001, p = 0.438, Figure 2e).  

The size of the adult female was not association 

with hatchling size (Linear regression; R
2
 = 

0.094, p = 0.188, Figure 2f).   

Incubation duration and hatchlings 

The mean incubation duration for green turtle 

nests at the Kosgoda was 50.6 ± 3.6 days (range 

43-68 days; Table 4).  Mean hatchling weight 

was 24.6 ± 3.5 g (range 18.9 - 39.6); mean 

hatchling SCL and SCW were 46.5 ± 2.8 mm 

(range 36.8 - 51.4) and 36.6 ± 2.9 mm (range 

32.3 - 46.8), respectively (Table 4). Although 

larger females laid larger eggs, the female CCL 

was not associated with hatchling length (Linear 

regression; R
2
 = 0.094, p = 0.188, Figure 2f).  

Moreover, there was no significant relationship 

between the clutch size and egg diameter (Linear 

regression; R
2
 = 0.008, p = 0.055, Figure 3a). 

Similarly, hatchling size was not associated with 

egg size (Linear regression; R
2
 = 0.004, p = 

0.388, Figure 3b).   

 

 

 

 

Year 
No. of  females 

measured 

Mean CCL ± SD/cm 

(range) 

Mean CCW ± SD 

(range)/ cm 

2003 -2004 74 104.9 ± 6.6 (94.0-120.2) 95.0 ± 7.2 (83.6-114.0) 

2004 - 2005 100 104.3 ± 5.8 (87.5-117.7) 94.6 ± 5.6 (80.2-107.5) 

2005 - 2006 112 105.6 ± 5.9 (91.5-118.7) 95.1 ± 5.4 (83.5-108.0) 

2006 - 2007 48 106.2 ± 6.0 (94.3-117.2) 95.0 ± 7.2 (79.2-109.7) 

2007 - 2008 84 103.8 ± 5.2 (85.9-115.0) 94.0 ± 5.4 (77.3-109.3) 

Total 418 105.0 ± 5.9 (85.9-120.2) 94.7 ± 6.2 (77.3-114.0) 



108 
 

 

Ceylon Journal of Science 45(3) 2016: 103-116 

 

         

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Relationship of female body size (measured as curved carapace length, CCL) with reproductive output 

parameters and morphometrics: clutch size, total number of eggs laid per season, egg diameter, egg weight and clutch 

frequency and hatchling size for the green turtle population nesting at Kosgoda rookery. 

 

Hatching success, emergence success and nest 

depth  

The mean hatching success of 526 clutches of 

green turtles nests at the Kosgoda turtle rookery 

was 77.3% (SD ± 22.2), with 22.7% of eggs 

being non-viable, including the eggs that died at 

early, mid or late stage of development or 

undeveloped eggs or dead eggs that were 

difficult to categorize because they were rotten 

(Table 5; Figure 4).  Of these non-viable eggs, 

most of them (10.0%) were at an unknown stage 

of development and/or rotten eggs, and some 

were undeveloped eggs (7.3%) with no sign of 

embryonic development (Figure 4).  A small 

percentage of live hatchlings (1.8%) was trapped 

in the nests and dead hatchlings (1.2%) were also 

found inside the nest. The emergence success of 

hatchlings from green turtle nests at Kosgoda 

rookery was 74.3%.  The hatching success and 

emergence success for each year are given in the 

Table 4. The mean nest depth of 482 green turtle 

nests was 72.9 cm (SD ± 11.88, range 30 cm-114 

cm; Table 4). 
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Figure 3: Relationship of clutch size with egg size and egg size with hatchling size for the green turtle population nesting at 

Kosgoda rookery. 
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Figure 4: Estimates of hatching success and un-hatched, non-viable eggs in green turtle nests at Kosgoda rookery. 

Table 4: Hatchling size, hatching success, emergence success and nest depth for the green turtles nesting at Kosgoda 

rookery. 

 

Year Mean hatchling 

size ± SD/mm 

Hatching 

success 

(%) 

Emergence 

success (%) 

Mean nest depth  

± SD /cm 

2003-2004 46.6± 2.4 66.4 60.3 74.05 ± 11.7 (30-107) 

2004-2005 Data NA 77.6 74.9 70.09 ± 10.3 (39-95) 

2005-2006 45.8± 4.1 80.5 78.3 76.14 ± 12.3 (38-114) 

2006-2007 Data NA 79.0 77.8 68.56 ± 7.9 (42-82) 

Total  46.5 ± 2.8 77.3 74.3 72.9 ±11.88 (30-114) 
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NA= Not available, SD = Standard Deviation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Relationship of hatching success with reproductive output parameters and morphometrics: egg size, clutch size, 

female size (measured as curved carapace length, CCL) and nest depth for the green turtle population nesting at Kosgoda 

rookery. 
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Figure 6: Relationship between female size and nest depth for the green turtle population nesting at Kosgoda rookery. 

Egg size, clutch size, and female body size 

were not related to hatching success of green 

turtle nests at Kosgoda rookery (Linear 

regression; egg diameter R
2
 = 0.003, p = 0.185, 

clutch size R
2
 = 0.028, p = 0.115, adult CCL R

2
 

= 0.085, p = 0.355; Figure 5a, 5b and 5c).  

Moreover, the nest depth had no relationship 

with hatching success of eggs (Linear regression; 

R
2
 = 0.008, p = 0.055 Figure 5d) however, 

polynomial regression predicted a negative 

relationship between nest depth over 100 cm and 

the hatching success (Figure 5e).  Although 

larger females dug deeper nests, there was no 

statistically significant relationship found 

between size of the female and the depth of the 

nest (Linear regression; R
2
 = 0.010, p = 0.10; 

Figure 6). 

DISCUSSION  

The female green turtles nesting at the Kosgoda 

rookery produced an average of 289.3 ± 185.5 

eggs per nesting season, which is much lower 

than the reproductive output of the same species 

nesting at other locations. In Rekawa, the largest 

green turtle rookery in Sri Lanka, the females 

have a higher reproductive output of 480 eggs 

per season (as calculated from 752 females; 

Ekanayake, 2003). Bjorndal (1980) recorded in 

14 cohorts of green turtles nesting at Tortuguero, 

Costa Rica, laying a mean of 397.2 eggs per 

season.  Limpus et al. (1984) recorded 115.2 ± 

27.88 eggs per clutch from 50 individuals who 

laid 5.06 ± 1.99 clutches per season per female 

on Heron Island within the Great Barrier Reef in 

Australia. Ali et al. (2005) observed that 49 

green turtles at Mak Kepit beach on Redang 

Island, Malaysia, laid a mean of 435 eggs during 

one nesting season. Broderick et al. (2003) 

showed that the major factor contributing to the 

reproductive output is female body size whereby 

larger females lay a higher number of eggs. 

However, Iverson (1992) examined the correlates 

of reproductive output per season and presented 

data from 51 populations of turtles representing 

35 species and eight families, reporting that 

annual reproductive output may be related to the 

rate at which a turtle acquires its resources, with 

slow rates resulting in slow growth, delayed 

maturity, and reduced energy available for 

annual reproductive output. Iverson (1992) 

analysed the factors that affect the reproductive 

output by removing the effect of body mass on 

reproductive output and reported that individual 

clutch mass was positively correlated strongly 

with latitude and somewhat with diet where it is 

higher in carnivores. Moreover, the total annual 

clutch mass was correlated most strongly with a 

decrease in average age at maturity. Species of 

turtles in high latitudes have shorter nesting 

seasons, and therefore lower clutch frequencies, 

and higher size-adjusted individual clutch mass 

(Iverson, 1992).  

Female green turtles nesting at Kosgoda 

rookery had a mean clutch size of 111.5 eggs, 

which was similar to that of Rekawa turtle 

rookery (112.1; Ekanayake, 2003) and also many 

other green turtle populations around the world 

(112.2 at Tortuguero, Costa Rica- Bjorndal and 

Carr, 1989; 112.8 for 24 populations of green 

turtles worldwide, Miller, 1997).  Although the 

mean clutch size of females nesting at Kosgoda 

is similar to that of the females at Rekawa, the 

clutch frequency is much lower at Kosgoda (2.17 

clutches per season) than at Rekawa (4.0; 

Ekanayake, 2002) and this clearly accounts for 

the low reproductive output calculated in the 
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current study for the Kosgoda population. Most 

re-nesting attempts occur within 200 m to 600 m 

from the previous attempt (Miller, 1997).  

Therefore, there is a strong possibility that 

nesting attempts during a single nesting season 

were missed on the 1 km study site at Kosgoda, 

and hence the observed clutch frequency could 

be lower than the actual.  The length of the 

stretch of beach used to collect data has to be 

considered when determining the clutch 

frequency and the reproductive output of a 

female (SWOT, 2011). For example, the data for 

Rekawa was collected from a 2 km stretch of 

beach (Ekanayake, 2002) and in Tortuguero an 8 

km stretch was used to collect data (Bjorndal, 

1980) whereas in the present study only 1 km 

was surveyed. Therefore, differences in clutch 

frequency and reproductive output reported in 

the current study could be attributed to turtles at 

Kosgoda laying undetected nests outside of the 

study site and not being included in our 

calculations.   

Larger females of the nesting population 

of green turtles at Kosgoda laid larger clutches. 

The available space of the coelomic cavity of 

females affects their carrying capacity of a 

female (Broderick et al., 2003) and hence, larger 

females can carry more eggs to make up a clutch.  

The clutch size should also be an outcome of the 

interactions among the egg size (yolk energy 

required for embryonic development and post 

hatchling survival and dispersal), as well as the 

physical and ecological limitations of the female 

(Miller, 1997).  While some studies have 

determined relationships between CCL or clutch 

size and egg size (e.g. Bjorndal and Carr, 1989; 

Hays et al., 1993) others have found no such 

relationship (e.g. Hays and Speakman, 1991; 

Broderick et al., 2003). Thus, Broderick et al. 

(2003) argue that the egg size cannot be ruled out 

as an important variable in the reproductive 

output of our population. 

The mean egg weight and diameter for the 

green turtles at Kosgoda was 46.4 g and 41.8 

mm, respectively.  The largest green turtle eggs 

of 53.2 g and 45.1 mm were reported from Peng-

Hu Archipelago, Taiwan (Chen and Cheng, 

1995); the smallest eggs of 36 g and 40 mm were 

recorded at Sarawak Island (Hirth, 1980).  

Hence, the eggs of the green turtle population 

nesting at Kosgoda were of moderate size for the 

species. This could be because the females 

nesting at Kosgoda rookery were of medium size 

(mean CCL 105.0 cm) compared to other nesting 

turtles in the world (123.3 cm in Praia do Forte, 

Bahia, Brazil (Marcovaldi and Laurent, 1996); 

118.6 cm in Fernando de Noronha Archipelago, 

Brazil (Bellini et al., 1996); 91.5 cm in Alagadi 

Beach, Northern Cyprus (Broderick et al., 2003); 

82 cm in Mexico (Hirth, 1997)).A highly 

significant relationship was found between the 

female CCL and mean egg diameter and mean 

egg weight at Kosgoda. Bjorndal and Carr (1989) 

also determined egg size to be significantly 

correlated with carapace length and Congdon and 

Gibbons (1985) observed that egg size increased 

with the body size for the twelve species of 

freshwater and terrestrial turtles.  However, 

Broderick et al. (2003) observed no relationship 

of the adult CCL with the egg size or weight, but 

used only 11 green turtle clutches for their 

analysis while the present study included 404 

clutches.  There was no relationship between 

clutch size and egg size of the Kosgoda green 

turtle population, which is consistent with 

previous studies of green turtles (Bjorndal and 

Carr, 1989; van Buskirk and Crowder, 1994). 

The average number of clutches laid per 

female per season at Kodgoda rookery was 2.17 

with a range of 1-7. Moll (1979) predicted that 

clutch frequency should increase with adult CCL 

in most species of turtles, suggesting that the 

clutch size, egg size, and number of clutches are 

adaptive compromises that facilitate the survival 

of the species.  The number of clutches laid per 

season will be an evolutionary advantage for 

separating the total reproductive output per 

season into small groups in the context of risks 

such as predation, erosion, length of the nesting 

season, and the energy required for reproduction 

(Moll, 1979).  However, there was no correlation 

between body size and clutches per season for 

females nesting at Kosgoda rookery.  Other 

studies on green turtle populations that also 

observed that no significant relationship existed 

between body size and clutches per season 

include Florida, USA (Johnson and Ehrhart, 

1996), Colola beach, Michoacán, 

México (Alvarado-Díaz et al., 2003) and Cyprus 

(Broderick et al., 2003).   

The mean incubation duration calculated at 

the Kosgoda site was 50.6 days (SD ± 3.6, range 

43-68), similar to that of 52.8 days (SD ± 3.8, 

range 43-68) at the Rekawa turtle rookery 

(Ekanayake, 2002) and 49.3 days in Wan-an 

Island, Peng-Hu Archipelago, Taiwan (Chen and 
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Cheng, 1995). However, the Kosgoda population 

had a shorter incubation duration compared to 

64.5 days in Honolulu Hawaii (Balazs, 1980) and 

57 days in Caribbean region (Hirth, 1997).  

Incubation period is dependent on nest 

temperature (Mrosovsky, 1982: Marcovaldi et 

al., 1997).The sex of sea turtles depends on the 

temperature during the thermo sensitive period of 

incubation and, hence, incubation duration can 

be used as an index of sex (Marcovaldi et al., 

1997; Mrosovsky et al., 1999).  The estimated 

sex ratio of males and females was 30:70 for 

Rekawa rookery (Ekanayake, 2002) and 

therefore, it can be predicted that the green 

turtles nesting at Kosgoda may also be producing 

female skewed hatchlings. Recently, Rajakaruna 

and Ekanayake (2014) and Hewapathiranage et 

al. (2015) showed that green turtle hatchlings 

emerging from eggs relocated and incubated in 

hatcheries along southwestern coast of Sri Lanka 

including Kosgoda were highly skewed towards 

females. 

Hatchlings at Kosgoda have a mean SCL of 

46.5 mm (SD ± 2.8) and mean body weight was 

24.6 g (SD ± 3.5).  This was within the range of 

many green turtle populations around the world: 

Honolulu, Hawaii (Balazs, 1980), 96 populations 

from worldwide (van Buskirk and Crowder, 

1994) and Wan-an Island, Peng-Hu Archipelago, 

Taiwan (Chen and Cheng, 1995). Hirth (1980) 

stated that for all populations of sea turtles the 

mean carapace length of hatchlings is a few 

millimeters larger than the mean egg diameter.  

Hence, when the mean egg diameter increases, 

the hatchling size will increase. 

The percentage hatching success of green 

turtles nesting at Kosgoda rookery was 77.3%, 

similar to that recorded by Chen and Cheng 

(1995; 70% in Peng-Hu Archipelago, Taiwan) 

and by Ozdemir and Turkozan (2006; 75.3% in 

northern Cyprus).  The hatching success of the 

green turtles nesting at Rekawa turtle rookery 

(82%; Ekanayake, 2003) is slightly higher than 

that of Kosgoda. In general, hatching success 

varies from 2% to 88% among the green turtle 

populations in the world (Hirth, 1997).  The 

hatching success of green turtle eggs did not 

depend on the clutch size, egg size or female 

body size at Kosgoda.  However, Gutzke and 

Packard (1985) observed a significantly higher 

hatching success with increasing egg size for the 

painted turtles (Chrysemys picta).  Many factors 

affect hatching success, substrate water content 

and salinity (Mortimer, 1990; Foley et al., 2006), 

geographical location (Tiwari and Bjorndal, 

2000), sand particle size (Mortimer, 1990), and 

nest site location (Foley et al., 2006).  High 

embryo mortality of hatchery relocated green 

turtle eggs due to handling of eggs has been 

reported (Hewavisenthi and Kotagama, 1991). 

The Kosgoda beach is an open beach with clean 

sand and low water content due to the slope of 

the beach.  A detailed study on the biotic and 

abiotic factors affecting the hatching success has 

not been carried out in Sri Lanka.   

Clutches with a nest depth between 60 -100 

cm had a higher hatching success than shallower 

or deeper nests at Kosgoda.  The average nest 

depth for green turtles is 70 cm (IUCN, 2005).  

The mean nest depth of females nesting at 

Kosgoda rookery was 72.9 cm with a range of 30 

-114 cm.  Similar average nest depths of 69 cm 

and 67.6 cm have been reported by Chen and 

Cheng (1995) in Wan-An Island, Taiwan and 

Ozdemir and Turkozan (2006) in Northern 

Cyprus, respectively.  The depth of green turtle 

nests at Kosgoda rookery was not related to the 

size of the individual digging it. Hays et al. 

(1993) also found that there was no relationship 

between adult size and nest depth in green turtle 

populations nesting in Ascension Island. Dryness 

of the sand is a factor which is related to the nest 

depth, and turtles tend to dig deeper body pits, 

leading to greater nest depths, in dryer sand.  

Moreover, the beach may accumulate or lose 

sand during the incubation period and, hence, the 

nest depth could change between the time of 

oviposition and excavation.  Therefore, nest 

depth should be measured just after oviposition, 

but most of the time this is not possible due to 

the likelihood of disturbing the nesting turtle.   

Nest depth is an important factor 

influencing hatching success. Mortimer (1990) 

found that hatching success was positively but 

weakly correlated with nests depth in the green 

turtles nesting in Ascension Island.  Similarly, a 

positive weak correlation between the nest depth 

and hatching success of the green turtles nesting 

at Kosgoda rookery was observed in the current 

study. In the same population, hatching success 

showed a negative correlation with the nest depth 

when it exceeded 100 cm. Deeper nests prolong 

the hatchling emergence and have greater risk of 

higher number of dead hatchlings (Van De 

Merwe et al., 2005;  Glen et al., 2005). 
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CONCLUSION 

Reproductive output and clutch frequency of 

green turtle females nesting at the Kosgoda 

rookery were low compared with other 

populations of green turtles as some variables 

may be underestimated due to short study beach 

length. Larger females had a higher reproductive 

output as they laid a higher number of eggs as 

well as larger eggs. However, larger eggs did not 

produce larger hatchlings as various 

environmental factors and incubation duration 

can affect the hatchling size. A comparatively 

high hatching success of 77.3% was recorded 

from green turtle nests at the Kosgoda rookery, 

with a mean incubation duration of 50.6 days. 

The clutch size, egg size, female body size and 

the nest depth had no effect on hatching success. 

Estimating reproductive output is important for 

long-term monitoring of life history traits of the 

green turtle to provide a meaningful insight into 

their conservation. 
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