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The younger life history stages of marine turtles (eggs, hatchlings) often 

fail to survive.  To compensate, sea turtles nest several times/season and produce 

large clutches of eggs.  The hawksbill produces the largest clutches (150 eggs) 

and the smallest hatchlings of any marine turtle.  My study, done at Jumby Bay in 

Antigua, West Indies, was designed to determine whether they did so to 

compensate for loss in the nest, hatchling loss in the water, or both factors.  I 

found that most of the eggs (79 %) survived to become hatchlings that left the 

nest and entered the sea.  However, 88 % of the hatchlings swimming offshore 

were taken by predators within minutes after they began their migration.
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 These results suggest that at Jumby Bay, large clutch size is favored in 

hawksbills because of predation pressures on the hatchlings.  
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INTRODUCTION 

 All organisms attempt to maximize their reproductive success but vary in how this 

task is accomplished. Two general strategies exist.  Some organisms are semelparous, 

that is they channel all of their reproductive effort (investment in reproduction; Fisher 

1930) into a single breeding event just preceding their death. The more common 

alternative is iteroparity, or breeding several times before death (Pianka 1976).  

Iteroparous organisms show considerable variation in when they breed, how often 

they breed, and how many offspring they produce during each breeding period.  Among 

marine organisms, sharks and teleost fishes exemplify this variation.  Both groups are 

iteroparous but most sharks produce a few large offspring, each requiring a large 

investment by females (Feldheim et al. 2002).   Most teleosts, however, produce millions 

of small eggs that develop into small, vulnerable planktonic larvae, most of which perish 

(McGurk 1986, Winemiller & Rose 1993) but enough survive to maintain the population.  

This variation in reproductive strategies is correlated with several variables such as body 

size, predation pressures, habitat stability and space, and larval dispersal distances.  A 

successful life history strategy is one that presents to the environment the combination of 

growth and reproduction that best promotes an individual’s survival (Gadgil & Bossert 

1970, Pianka 1976, Stearns 1977). 
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Comparative studies of the testudines (turtles) also provide interesting examples 

of variation.  Most freshwater turtles produce small clutches of 2-17 eggs no more than 

twice during a given breeding season (Gibbons et al. 1982).  Marine turtles, in contrast, 

produce clutches on average of 50 - 150 eggs, 3 to 11 times (depending upon species) 

during a breeding season (Hendrickson 1980, Wilbur & Morin 1988).   These differences 

can be attributed both to morphology (large body size permits the accumulation of energy 

stores) and ecological pressures (elevated levels of predation on the nests, hatchlings and 

juvenile stages of marine species).  Large body size of adult marine turtles has at least 

three advantages: it enables them to defend themselves against predators, to sequester 

sufficient energy stores for large clutches laid in several nests during any one breeding 

season (Wilbur & Morin 1988, Tucker et al. 1999), and to complete long migrations, 

sometimes across whole ocean basins, between areas that are optimal for breeding and 

those that are favored for foraging (Dingle 1996, Bowen & Karl 2007) 

Marine turtles exhibit broadly similar life cycles (van Buskirk & Crowder 1994).  

Females emerge from the sea, select a nest site, deposit their clutch of eggs, cover the 

nest, and return to the sea.  If the nest survives both predators and storm tides, the 

hatchlings dig their way to the surface and emerge after about 50 – 70 days of incubation, 

generally at night.  Emergence is followed by a crawl to the sea and offshore migration to 

oceanic nursery grounds where the turtles develop over several years into larger 

juveniles.  The juvenile stages of most species return to continental shelf waters to forage 

and complete development to maturity.   
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Exceptions to this pattern include the leatherback (Dermochelys coriacea) which as 

both juveniles and adults forage on gelatinous prey primarily in open ocean waters, and 

the flatback turtle (Natator depressus) which during all stages of development remains in 

continental shelf waters (Carr 1987, Walker & Parmenter 1990, Bolten 2003).  

The more common pattern (an oceanic phase by the youngest life history stages; a 

neritic phase by larger juveniles and adults) may have evolved because predators that 

take hatchlings and small turtles exist at higher densities within coastal waters (Bolten 

2003).   Oceanic nursery areas reduce the danger of predation but contain less food so 

that turtles in the open ocean grow more slowly than those that have returned to neritic 

habitats (Werner & Gilliam 1984, Bolten 2003). The flatback turtle is unique in this 

respect since it never leaves coastal waters (Walker & Parmenter 1990) and thus can 

potentially grow rapidly.  However, it may also encounter more predators (Walker 1994).  

It meets this challenge by producing larger hatchlings that are apparently capable of 

avoiding these threats (Salmon et al. 2010).   Larger hatchlings are costly to produce and 

so clutch size in flatbacks is typically low for a marine turtle: ~ 50 large eggs per nest 

(Walker & Parmenter 1990).  

The hawksbill, Eretmochelys imbricata¸ on average produces the largest clutches of 

any marine turtle: 142 eggs per nest (Witzell 1983) . The clutches of other marine turtles 

average 120 eggs per nest for green turtles (Chelonia mydas(Hirth 1997)),  118 eggs per 

nest for loggerheads (Caretta caretta; (Dodd 1988)), and 78 eggs per nest for 

leatherbacks (Eckert et al. 2012).  Hawksbill eggs and hatchlings are smaller than those 

of other marine turtles; hatchlings range between 8.0-18.5 g in mass (Witzell 1983).  
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Hatchling mass in other  marine turtles ranges between 12.2-27.6 g in loggerheads (Dodd 

1988),  13.5-21.0 g in Kemp’s ridleys (Lepidochelys kempii; Pritchard & Marquez 1973), 

15.0-35.0 g in green turtles (Hirth 1997), and 31.0-53.5 g  in leatherbacks (Eckert et al. 

2012). 

Hawksbills usually nest in circumtropical areas on the shores of secluded islands 

surrounded by coral reefs (Hendrickson & Alfred 1961, Carr et al. 1966, Limpus 1980).   

Coral reefs provide habitat for a variety of predaceous fishes, many of which are known 

to consume hatchlings as the turtles swim away from nesting beaches and toward deep 

water (Gyuris 1994, Pilcher et al. 2000).  Thus, secluded islands may represent safe 

nesting sites for females, but they may be potentially dangerous habitats for hatchlings.  

Only one previous study has documented predation rates on hawksbill hatchlings 

swimming offshore.  At Barbados, the predation rate was 6.9 % for hatchlings followed 

offshore for a period of twenty minutes, but the bottom topography (and therefore the 

density of predators) at this site was not described (Harewood & Horrocks 2008). Given 

the paucity of data from other locations, it is impossible to know whether this predation 

rate is typical for hawksbills.  

Hawksbill females nest on the beach as well as within vegetation behind the beach 

(Kamel & Mrosovsky 2005, 2006b, Ditmer & Stapleton 2012). Vegetated nest sites are 

avoided by other marine turtles because hatchlings can become entangled in plant roots 

(Caldwell 1959, Conrad et al. 2011) and root systems can invade the egg chamber, killing 

the embryos (Bell et al. 2003).   There are also other disadvantages. Under some 

conditions, the ability of newly emerged hatchlings to locate the sea is compromised 

under a canopy of dense vegetation (Godfrey & Barreto 1995, Kamel & Mrosovsky 
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2005).  Kamel & Mrosovsky (2005) observed more potential terrestrial predators, such as 

land crabs (Gecarcinus lateralis) had burrows adjacent to nests within vegetated forests.    

The aim of my study was to determine why clutch size in hawksbills is so much 

greater than in other species of marine turtles.  I had two hypotheses, both predicated on 

the assumption that the larger clutches of hawksbills compensated for typically higher 

mortality rates than those of other marine turtles during the early stages of development. 

Accordingly, my first hypothesis was that clutch size is elevated because emergence 

success (the proportion of the eggs ultimately developing into hatchlings that leave the 

nest) was low.  My second hypothesis was that most hatchlings were taken by predators 

as they swam across shallow reefs toward deep water.  I did not exclude the possibility 

that both hypotheses might apply. Finally, I compared my findings to those reported for 

other marine turtle species, with particular emphasis on the hawksbills’ closest relative, 

the loggerhead (Bowen & Karl 2007, Naro-Maciel et al. 2008).  

The following questions were of particular interest.  (i) How does the success of 

nests placed under a vegetation canopy compare with the success of nests placed on the 

open beach? (ii) When during the light-dark cycle do hatchlings most frequently emerge, 

and what might be the benefits associated with that timing? (iii)  Do hatchlings have 

morphological features that might enable them to more easily negotiate plant roots 

encountered as they dig out of their nests? (iv) Does female choice of a nest site promote 

the survival of their hatchlings as they swim offshore? (v) How do these results compare 

to those of previously studied marine turtle species, and especially the loggerhead? 
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METHODS 

The study site 

     My study was done at Antigua, West Indies (17°09'N; 61°45'W), during July – 

September, 2012, a small member of the Leeward Islands in the eastern Caribbean 

(Figure 1).  My study site was a horseshoe-shaped bay (Pasture Bay, Long Island [A.K.A.  

Jumby Bay]).  The turtles nesting at this site have been intensively studied since 1987, 

with every nesting female tagged (Ditmer & Stapleton 2012).  The population is currently 

increasing and represents one of the largest assemblages of nesting hawksbills in the 

Caribbean (Richardson et al. 2006).  A description of Long Island and my Pasture Bay 

study site is provided by the Jumby Bay Hawksbill Project in its Annual Reports 

(www.jbhp.org/).  Here, I summarize the bay’s features of importance to this study.   

     Pasture Bay is defined by a crescent-shaped, NE facing 650 m long beach that ends in 

two points: Pasture Point to the west and Arawak Point to the east (Figure 2). The beach 

is backed by low-lying vegetation dominated by 4 species: seagrape (Cocoloba uvifera), 

inkberry (Scaevola sericea), coconut palm (Cocos nucifera), and green buttonwood 

(Conocarpus erectus).  The west side of the beach contains the last remnants of the 

original maritime forest, as well as the highest density of the most diverse plant species.  

It is also the area where hawksbill place most of their nests (see below).

     Because predators are concentrated in shallow waters as hatchlings swim offshore 

(Stancyk 1982, Gyuris 1994, Pilcher et al. 2000, Stewart & Wyneken 2004), I measured 
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water depth inside the bay. I began at the bays deepest location, along a transect between 

Pasture and Arawak points. I measured depth using a weighted and marked line at 4 

locations along this transect: one each ~ 100 m from each shoreline, and at two locations 

spaced equidistant between them near the bay center. Depth did not exceed 3 m (water 

surface to the open sand bottom).  From this location toward shore, the sandy bottom of 

the bay became shallower. The shoreline on either side of the bay is bordered by large 

patches of mostly dead coral and a multitude of smaller patches of dead coral are 

scattered within the bay.  The tops of a few of these patches were exposed during low tide 

(Figure 2).  A limestone bed varying in width is present in the shallows near shore.  Near 

the center of the shoreline, this bed is covered with sea grass (Thalassia testudinum).   

     Since the project’s inception in 1987, field personnel have marked each nesting female 

and monitored the success of the nests placed on the beach.  About 30 of the same 

females consistently nested at Pasture beach between 1987 and 2000.  Since 2000, 

however, both the number of nesting females and the number of nests has increased due 

to the presence of new recruits (“neophytes”) to the rookery.

 Hatchling collection and emergence events 

All nests deposited at Jumby Bay are marked to indicate the deposition date and nest 

location.  Nest site habitat and its features (surrounding vegetation and distance from the 

water) are recorded as field notes.  I encircled nests that had been incubating for 

approximately 55 days with plastic coated wire screening above ground (Figure 3) to 

prevent the hatchlings from escaping after an emergence, and so I could capture subject 
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turtles for measurements and experiments. The rest of the turtles were immediately 

released.   

Nests were monitored for emergences by inspections at half hour intervals 

between 1700 and 0300 h. Emergence events were recorded to the nearest half hour. 

Once an emergence occurred, 10 hatchlings were retained from each nest and stored in a 

covered cooler with moist sand on the bottom for later measurements and experiments 

(see below).  The cage was then removed and the remaining hatchlings were allowed to 

crawl to the sea.  

Nests were excavated within 72 h of an emergence event.  I recorded clutch size, 

determined emergence success, and noted the presence of any hatchlings (alive or dead) 

inside the nest. Emergence success is defined as the number of hatchlings that made it out 

of the nest divided by the total number of eggs in the nest.

 Comparative hatchling morphology 

I gathered morphological data to determine if hawksbill hatchlings possessed 

features that could enable them to more easily dig their way out of nests invaded by plant 

roots.  I collected data from 10 hatchlings that emerged from each of 35 nests. I measured 

body shape (straight carapace length [SCL]; straight carapace width [SCW]; body depth 

[to the nearest 0.1 mm using vernier calipers]; and body mass using a Pesola® [Micro-

Line 20030] spring scale calibrated to the nearest 0.1 g) and rear flipper surface area, 

since this appendage should be important in generating the thrust required to push the 

turtle toward the surface. Five of the 10 hatchlings from one nest were photographed 

from above over 1 mm
2
 grid paper. The left rear flipper of each hatchling was traced on 
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grid paper by lightly pressing the flipper down and drawing its outline from its distal tip 

to its articulation with the femur. I used Image J (version 1.5) to determine rear flipper 

surface area from these tracings. 

I compared these morphological features from the hawksbills to those measured 

from loggerhead hatchlings using the same procedures. The loggerhead turtles I used 

emerged from nests at Boca Raton, Florida, during the same (2012) nesting season. 

 Predation rates on swimming hatchlings 

Two of 10 hatchlings collected from each nest were used to estimate predation rates 

on the turtles as they swam offshore.  Hatchlings were followed using a 3 m long kayak.  

Trials took place any time between 1700 – 0300h.  Each hatchling towed a Witherington 

float carved into a streamlined shape from a 5 cm length of balsa wood (Stewart & 

Wyneken 2004, Whelan & Wyneken 2007, Figure 4).  A short (2.4 cm long) cold-

chemical glow stick was glued into a cavity on top of the float. A counterweight attached 

to the bottom of the float kept the glow stick facing upward so its glow was visible only 

from above the water. The float was tied to the turtle by a short (~ 1.5 m) length of 

lightweight thread that encircled the hatchling, just behind the front flippers. The weight 

of the float was ~ 1.9 g in air, had a negligible impact on hatchling swimming speed (see 

below), and in previous studies did not attract predators (Stewart & Wyneken 2004).   

Once fitted with a float, hatchlings were allowed to crawl ~ 4 m down the beach, 

enter the water, and begin swimming.  I followed each swimming turtle with a kayak at a 
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distance of 5-20 m.  I used a hand-held GPS (Garmin Geko 201
TM

, accuracy: ± 3 m) to 

measure hatchling progress offshore at 5 min intervals.   Each turtle was followed until it 

left the bay, was at least 400 m offshore, 30 min had passed, or it was taken by a predator 

(whichever came first).  Surviving hatchlings were recaptured, untied, and released.  Half 

of these trials were done from the east side of the bay and half on the west side, where 

most of the turtles nested. 

When a hatchling was taken by a predator, I used a battery-powered voice 

recorder to note the following information: the turtle’s final GPS location, the 

approximate depth, a brief description of the bottom habitat, and the duration of its 

swimming period.  The float was typically recovered after a predation event with the 

thread severed.  Floats towed ~10 m behind the kayak for 0.5 h at night were not attacked 

by aquatic predators, nor did any predators attack the float shortly before, during or after 

attacking a hatchling.  

 Swimming speeds and offshore orientation  

I estimated turtle swimming speed from the records of 21 hatchlings that were not 

disturbed or taken by predators, as these turtles swam for the longest time periods.  

Predated hatchlings were typically consumed within 5 min after entering the water, which 

was an insufficient time period to obtain an accurate estimate of swimming speed. Speed 

(m/min) was approximated measuring the distance between the location where the turtle 

entered the water and its open-water (GPS location) retrieval site, then dividing the 

distance by the time spent swimming to determine average progress.  
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I determined swimming orientation for each turtle by measuring the vector between 

the location where the turtle entered the water, and the location where its trial ended 

(either in escape from the bay or after being taken by a predator).  Orientation angles on 

the east and west side of the bay were separately pooled to determine a group mean angle 

and measure of dispersion (the 95% confidence limit) at each site.   I used Rayleigh tests 

(Zar 1999) to determine if the turtles on each side of the bay were significantly oriented, 

and to calculate the 95% confidence limits on each side of the mean angle of orientation 

for both distributions. 

 Other comparisons and statistics 

My data fell into two categories: measurements designed to characterize hatchling 

survival on land (emergence success) and after entering the sea (predation rates on 

swimming hatchlings), and measurements designed to compare behavioral (emergence 

times) and morphological (body shape, flipper area) attributes between hawksbill 

hatchlings and their closest relative, the loggerhead.  In comparisons between the species, 

I first determined whether the data were normally distributed using a Kolmogorov-

Smirnov goodness of fit test. If the data were significantly skewed, comparisons were 

made using non-parametric statistics (Kolmogorov-Smirnov, Mann-Whitney or Chi-

square tests).  Where normality prevailed, comparisons were made using two sample t-

tests (Zar 1999). To analyze emergence success data was transformed using a logit 

transformation (Warton & Hui 2011). An ANOVA was run to determine if there was a 

significant difference of success between sand and vegetated habitats. 
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RESULTS 

 Emergence time, nest placement, and emergence success  

The distribution for hatchling emergence times from 75 nests was skewed compared to 

a normal distribution (Kolmogorov-Smirnov goodness of fit, D = 0.504, p < 0.01) with 

the majority of all emergences (> 79%) occurring between 1800-2200 h (Figure 5).  

Hawksbills emerged from their nests significantly earlier in the day than did Florida 

loggerheads (which emerged between 2200 – 0200 h (Witherington et al. 1990); 

Kolmogorov-Smirnov two-sample test, D = 0.66, p = 0.01). 

     During the 2012 season, hawksbills placed most of their nests within the canopy on 

the west side of Pasture beach (Figure 3).  Emergence success for 67 nests that emerged 

between July and October ranged between 5 – 100 % with a median of 81% (Figure 6).  

The median emergence success of 55 of these nests placed within vegetation was 79 % 

(Figure 7 A).  Twelve of the 67 nests were placed in open sand.  Their median emergence 

success was 93 % (range of 51 – 99 %; Figure 7B. 

   To determine if emergence success differed significantly between nests laid in open 

sand and nests laid in vegetation data were analyzed and compared using an ANOVA. 

Raw data was not normally distributed so data was logit transformed and residuals were
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 adequately normal to run a robust ANOVA. Emergence success was significantly 

different between the two habitats (F1,65 = 5.67, P = 0.02).  

Hatchling morphology 

Hawksbill hatchlings from Pasture Bay had an average SCL (+ sd) of 40.7 + 1.62 mm 

and an average SCW of 29.70 ± 1.52 mm (Table 1).  They had a mean mass of 14.5 ± 

1.55 g (Table 1).  

The ratio distributions (SCL:SCW) were normal for both species (hawksbills Shapiro-

Wilk p-value = 0.513, mean ± SD: 1.37 ± 0.05; loggerhead Shapiro-Wilk p-value = 0.09, 

mean ± sd: 1.30 ± 0.05).   So, also, was rear flipper surface area (hawksbill Shapiro-Wilk 

p-value = 0.25, mean + sd: 155.59 + 23.6 mm
2
; loggerheads Shapiro-Wilk p-value = 

0.36, mean ± sd: 131.38 ± 15.45).  

Hawksbill SCL:SCW ratios were significantly greater than those in loggerheads (t = 

9.37, d,f, = 117, p < 0.001; Figure 8) confirming that hawksbill hatchlings were 

proportionally narrower for their length than loggerheads.  Hawksbills also possessed 

larger rear flipper areas than loggerheads (t = 6.69, d.f. = 117, p > 0.001 Figure 8) even 

though loggerhead hatchlings are typically larger in both mass and length than hawksbills 

(Chung et al. 2009b, Dodd 1988). 

 Offshore migration 

 Predation rates  

I followed 50 hatchlings (25 hatchlings from the east and 25 from the west side of the 

bay) as they swam offshore.  On the west side, 3 hatchlings survived long enough to exit 

the bay 400m offshore (predation rate = 88%) whereas on the east side, 22 of the 25 
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turtles survived long enough to exit the bay (predation rate = 12%, Figure 9).  Predation 

rates were significantly higher on the west side of the bay (X 
2 

= 28.8, 1 df, p < 0.0001). 

 Swimming speed 

The swimming speeds of 21 hawksbill hatchlings followed on the east side of the bay 

ranged from 5.0 – 18.0 m/min, with a mean (± sd) of 12.4 ± 3.2 m/min (Figure 10). 

Orientation 

Hatchlings swimming offshore were significantly oriented on each side of the bay 

(Rayleigh test z = 22.8 [east distribution], z = 20.4 [west distribution], p < 0.01 for each 

distribution).  Hatchlings tracked on the east side on average oriented slightly to the west 

of north (354° ± 7°) whereas hatchlings followed on the west side of the bay on average 

oriented slightly east of north (21° ± 10°; Figure 11).  The two distributions showed no 

overlap between the 95 % confidence limits.
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DISCUSSION 

  Hawksbill turtles produce the largest clutches and the smallest eggs and hatchlings of 

any marine turtle (Witzell 1983, van Buskirk & Crowder 1994).  These characteristics 

(production of many young, with minimal investment in each) are typical of species that 

during the early stages of development, suffer high rates of egg and/or juvenile mortality 

(Stearns 1977).   High rates of hatchling mortality might be a consequence of events that 

affect turtles in the nest, the hatchlings after they emerge, or both life history stages.  This 

study was designed to investigate these possibilities at a large hawksbill nesting beach in 

the Caribbean (Fuller et al. 1992, Richardson et al. 1999).  I was also interested in 

whether hawksbill hatchings showed any morphological or behavioral traits that could 

potentially promote their survival in the nest or while swimming offshore.   

My results indicate that at Pasture Bay, emergence success was surprisingly high (> 80 

%) even though most of the hatchlings had to dig their way through plant roots to emerge 

from the nest.  However, hatchling survival after entering the bay on the west side was 

low (12 %).  Thus, at Pasture Bay relatively few of the many eggs produced by females 

ultimately resulted in hatchlings that survived to reach deep water, even though 

hatchlings entered the sea from sites on shore favored by nesting females.  
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 Nest placement and emergence success. 

During the 2012 nesting season, most females placed nests within the vegetated canopy 

on the West side of the Bay (Fig. 3).  I excavated 67 nests (n = 55 under the canopy and 

12 in open sand) that approximated those proportions. These findings agree with 

previously published work indicating hawksbill females typically place more nests within 

a vegetated canopy than in open sand, lower on the beach (Witzell & Banner 1980, 

Horrocks & Scott 1991, Kamel & Mrosovsky 2005, 2006b, Ficetola 2008, Ditmer & 

Stapleton 2012).  Kamel & Mrosovsky (2006) found only 16 (out of 185)  nests were 

placed within open sand habitat at Trois Ilets, Guadalope while the remaining nests were 

placed in either low lying vegetation, forest border, or forest edge. Horrocks & Scott 

(1991) also found that at Barbados most females nested within vegetation when it was 

present although they did not indicate their sample size.   

Few hypotheses have been presented to account for this nesting preference.  One 

suggested advantage  may be that nests placed further inland are protected from high 

waves and beach erosion that can occur during tropical storms (Kamel & Mrosovsky 

2005). The few nests that were washed out at Jumby Bay were typically placed at the 

edge of the vegetation canopy in areas where the high water line reached the vegetation.   

Additionally, nests placed under the canopy should experience lower temperatures than 

those exposed to direct sunlight on the open beach.  Those vegetated nests might produce 

more males, and that might benefit individual females in a species with a sex ratio 

historically biased towards females (Kamel & Mrosovsky 2006a, Blanvillain et al. 2008, 

Kamel 2013).   
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Conversely, there could be some disadvantages associated with placing nests in 

vegetated areas. Eggs may be damaged by and hatchlings entangled in plant roots, thus 

compromising nest success and ultimately, the nesting female’s fitness relative to females 

laying eggs in open sand.  Conrad et al. (2011) found that roots trapped leatherback 

hatchlings in 60% of the nests placed in vegetation at St. Croix. There may also be an 

energetic cost associated with having to dig through roots, potentially resulting in less 

energy available for offshore migration.  Forested areas may support more predators, 

such as land crabs (Gecarcinus lateralis), which increase hatchling mortality (Kamel & 

Mrosovsky 2005).   These authors also found that hatchlings emerging from nests placed 

furthest inland had more difficulty successfully orienting toward the sea when the moon 

was visible and its azimuth was located inland.  The consequences of nesting too far 

inland can have a negative impact on hatchling success and female fitness.   

My results indicate that there was a significant difference in emergence success 

between nests placed in open sand and those placed in vegetation, with emergence 

success greater in open sand. Ditmer & Stapleton (2012) observed the same trend, though 

they measured hatch success rather than nest success.  Kamel & Mrosovsky (2005) found 

mean emergence success for 81 nests at Trois Ilets, Guadeloupe, to be 84.6 ± 13.5 (mean 

+ sd).  They found no significant difference in hatching success among the different 

beach zones (forest, low lying vegetation, and open sand). They reported that nests placed 

in open sand had the lowest emergence success while those nests placed at the forest edge 

had the highest success. However, they did not determine whether these differences were 

statistically significant.  
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The fact that emergence success within vegetation was generally high (median of 79%; 

Fig. 7) suggests that hawksbills may have adapted to the challenges of emerging from 

nests with invasive roots. This idea is further exemplified when this emergence success is 

compared to that of loggerhead sea turtles, whose nests are almost exclusively placed in 

open sand. For loggerheads nesting in Boca Raton during the 2012 season, average 

emergence success was 79.5% (Boca Raton, Florida, Sea Turtle Conservation Program, 

2012).  Thus, hawksbills emerge from nests as successfully as loggerheads, even though 

unlike loggerheads they must negotiate root systems.  This suggests hawksbills have 

adapted to emerging from nests placed in vegetated canopy.   

 Hatchling Morphology 

Mean body size (40.7 SCL) and mass (14.5 g) for hawksbill hatchlings at Jumby Bay 

were similar to previously reported values for this species (Table 1). Witzel (1983) 

reported a mean SCL of 41.0 mm (range of 38 -45mm) and mean mass of 13.5g (range of 

10.7-18.5g).  My morphological measurements also indicated that hawksbill hatchlings 

differ in shape from their closest relative (Bowen & Karl 2007, Naro-Maciel et al. 2008), 

the slightly larger loggerhead hatchling.  Hawksbills were proportionally narrower and 

rounder (when viewed from the front) than loggerheads, which are flatter dorso-ventrally, 

and wider laterally (Fig. 8). Hawksbill hatchlings also had larger rear flippers than 

loggerheads, even though they are smaller in mass and shorter in length than loggerheads.   

I hypothesize that these unique physical characteristics of hawksbill hatchlings may 

have favorable effects.  First, a narrower body should enable the turtles to reduce the 

probability of entanglement in a network of roots as the animal digs its way out of the 
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egg chamber, and toward the surface.  Second, larger rear flippers should provide the 

thrust needed to break through root networks should entanglement occur.    

The enlarged rear flippers of hawksbills may also have a third benefit, one that accrues 

during offshore migration.  Chung et al. (2009a) quantified the swimming activity and 

swimming gaits used by hawksbill hatchlings tethered individually in small tanks.  The 

turtles were observed over a 6 day period, beginning immediately after they emerged 

from the nest. The results showed that hawksbill hatchlings lacked a “frenzy period” and 

instead, swam only briefly for about 3 hours each day.  Within the first hour after they 

began swimming the turtles changed their dominant swimming gate from powerstroking 

to rear-flipper kicking, and it was this gait that they used most often (when they swam at 

all) over the first 4 days of migration (Chung et al. 2009b). Relatively large rear flippers 

may allow hawksbill hatchlings to swim more powerfully, yet more discretely, during 

this phase of their migration. 

 Timing of nest emergence 

Many marine animals perform specific tasks during particular phases of the day-night 

cycle, lunar cycle, or tidal cycle because doing so has survival and/or fitness benefits 

(Schwassmann 1972).  Hatchling marine turtles might also increase their survival 

probabilities by emerging from their nests and entering the sea during optimal time 

periods.  Unfortunately, there are few data documenting either this periodicity, or its 

potential survival benefits.  One study  (Witherington et al. 1990) quantified the temporal 

pattern of emergence for loggerheads emerging from nests in Melbourne Beach, Florida.  

Most of the turtles emerged during a 4 hour period (2200 – 0200 h, or 2-6 hours after 
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sunset), centered around 4 hours after sunset.  My data for hawksbills revealed that at 

Pasture Bay, most of the turtles emerged significantly earlier in the light-dark cycle 

(between1800-2200 h, or 0-3 hours after sunset; Fig. 5). 

 The proximate explanation for this behavior is based upon how hatchlings respond to 

sand temperature.  Sea turtle hatchlings digging their way out of the nest experience 

thermal inhibition of activity when they encounter surface sands, heated by solar 

radiation.  As a result, emergence typically occurs during the dark period, after the 

surface sands have cooled (Mrosovsky 1968).  Sand temperatures can differ significantly 

between beach zones, with as much as a 2 C difference between open sand and forested 

areas (Kamel & Mrosovsky 2006a).  Thus, one explanation for why hawksbills emerge 

earlier in the evening than loggerheads is that nests placed underneath a canopy of 

vegetation are shaded during the day and should therefore cool sooner after sunset then 

sands over loggerhead nests, directly exposed to solar heat on an open beach.   

However, this explanation in no way negates the possibility that hatchlings might differ 

in when they emerge because there are survival benefits for emerging at specific times.  

Unfortunately, I know of no studies that have specifically investigated that possibility.   

What evidence exists suggests that the survival prospects for hatchlings, at least within 

the first hour or two of offshore migration, are determined primarily by the concentration 

of predators they encounter in shallow coastal waters they negotiate during offshore 

migration (Gyuris 1994, Wyneken & Salmon 1994, Stewart & Wyneken 2004, Whelan & 

Wyneken 2007).  Entering the sea immediately after sunset or at the beginning of the 
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dark period may, in fact, have disadvantages.  Many reef predators become active during 

both the twilight and nocturnal period (Hobson 1972, Danilowicz & Sale 1999).  

In hawksbills, emerging early in the evening may occur in spite of these constraints, 

because doing so is behaviorally linked to how the turtles complete the next stage of 

migration.  As noted above, hawksbill hatchlings in Malaysia have no frenzy period 

(Chung et al. 2009a, b). Instead, hatchlings swam slowly for about 3 hours after they 

enter the sea, and then assumed a “tucked” position. Hatchlings are hypothesized to be 

carried to deeper water by prevailing tidal and/or surface-wind generated currents.  

Assuming the hatchlings in Antigua behave similarly, swim slowly and then tuck, it may 

be advantageous to enter the sea earlier during the dark period to maximize the benefits 

of transport at night.  Doing so also means that by sunrise, they are carried as far as 

possible toward deep water. 

 Hatchling survival during offshore migration 

Another one of my goals was to determine whether female choice of a nest site 

promoted hatchling survival during offshore migration.   That question was prompted by 

the consistent trend over many years for nearly 60% of females at Pasture Bay to nest on 

the west side of the bay (Levasseur & Tilley 2011, Tilley et al. 2012).  On the western 

side of the bay, there is virtually no beach as the water’s edge lapped against a shallow 

berm, kept intact by the root system at the edge of the forest.  The tendency for females to 

place nests on the west side was also evident in 2012 (Fig. 3).   

My results indicated that on the contrary, females placed their nests where hatchlings 

that entered the water were more likely to be taken by predators (Fig. 9).  It seemed 
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unlikely that this result was a consequence of how the hatchlings oriented as they clearly 

maintained appropriate trajectories that would lead them out of the bay and toward deep 

water.  That was the case both on the west side of the bay, where most were taken by 

predators, as well as the east side where most of the turtles survived (Fig. 11).   

It also seems unlikely that hatchlings on the west side were taken because they towed a 

Witherington float that reduced their swimming speed.  With the possible exception of 

the Australian flatback, no hatching swims faster than its fish predators.  In addition, the 

swimming speeds I recorded were within the limits of the previously published values for 

hawksbill hatchlings unencumbered by a float ( 12.7m/min Chung et al. 2009a).  Finally, 

turtles released from the east side of the bay were rarely taken by predators even though 

they towed identical (and often the same) floats (Fig. 9). 

My data on predation rates are consistent with the results of other studies, all of which 

indicate that females do not select nesting sites based upon the immediate survival 

prospects of their migrating hatchlings; rather, sites are selected primarily on the basis of 

the risks (of injury; of encountering predators) that females are likely to experience 

(Mortimer 2003). Female green turtles nesting at Ascension Island, for example, are 

relatively insensitive to the quality of sand present on a nesting beach, or to physical 

attributes such as sand porosity and moisture content, both of which affect nest success 

(Mortimer 1990, 2003, Ackerman 1997). Females will, however, abandon nesting 

attempts, return to the sea, and select another site if they encounter sand conditions that 

makes it difficult to dig an egg chamber because the sand is too compact or too dry 

(Bjorndal et al. 1992, Hays et al. 1995, Rumbold et al. 2001).   
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While females may not select nesting sites that favor the survival of their hatchlings 

during the early stages of migration, there is some evidence that sites favored for nesting 

by some species (loggerheads, Kemps ridley) may promote hatchling survival a day or 

two later.  The largest rookeries for these turtles are often located in close geographic 

proximity to oceanic currents required for hatchling transport and dispersal (Musick & 

Limpus 1997, Mansfield & Putman 2013). Whether this trend also applies to hawksbill 

females is unknown, though it appears that females nest near oceanographic currents that 

should allow hawksbill hatchlings to enter nursery areas (Blumenthal et al. 2009). 

Hawksbills in the Caribbean and tropical Pacific often nest at remote island or atoll sites 

where encounters with large terrestrial predators are unlikely (Musick & Limpus 1997). 

These islands are often bordered by extensive coral reef habitats that can concentrate 

populations of hatchling predators, especially fishes (Witzell 1983, Helfman 1993, 

Gyuris 1994, Amorocho 1999).  Those general conditions may represent strong selection 

pressures favoring the relatively large clutch sizes of hawksbill turtles (documented by 

Witzell 1983) worldwide. 

While snorkeling in the bay during the day I noted that most of the patch reefs were 

dead, covered with algae and served as habitats for a few small fishes.  I rarely saw any 

larger fish that might prey on hatchlings.   Nocturnally active predators might have 

entered the bay at dusk. I was unable to capture and identify the predators, but this should 

be an obvious next step.  It would also be useful to learn if predation rates on hawksbills 

reported here, which greatly exceeded the 6.9% reported by Horrocks & Harewood 

(2008) from Barbados, are representative of those at other hawksbill rookeries. 
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Compared to other studies investigating offshore hatchling mortality by predation, 

hawksbill hatchling predation rate at Jumby Bay is extremely high.  For example, for 

loggerheads migrating offshore from nesting beaches on the eastern coast of Florida, 

predation rates were ~ 5% (Stewart & Wyneken 2004, Whelan & Wyneken 2007) at sites 

where the bottom consisted mainly of open sand. At Heron Island, Australia, predation 

rates averaged 31 % on green turtle hatchlings swimming across a reef toward deep 

water, and ranged between 0 – 85% (Gyuris 1994).  These results suggest that the 

predation rate on hatchlings is higher when reefs are present and may supply habitat for 

hatchling (fish) predators (Whelan & Wyneken 2007).  Another variable that is correlated 

with high predation rates is a consistent supply of prey through time and space.  Those 

conditions are met in shallow waters fronting hatchery sites.  Green turtles released en 

masse from a hatchery in Malaysia experienced predation rates of 61.9% (Pilcher et al. 

2000).  The concentration of nests on the west side of Jumby Bay (Fig. 3) may represent 

a comparable situation

 Management implications 

Jumby bay is a high density nesting area where nearly 240 nests were laid during the 

2012 season. Over 70% of the nests laid on Jumby Bay were placed on the west side of 

the bay (JBHP, unpublished data).  During July through September, 2-3 nest emergences 

occurred on the west side of the Bay each evening.  Those numbers suggest that predators 

might find a reliable source of food if they patrolled the shallow waters bordering the 

area.  At a loggerhead hatchery site located in southeastern Florida, similar conditions 

persisted for several weeks (Wyneken & Salmon 1994) prompting these authors to 
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suggest that predators (several species of fishes, cephalopods) might learn to forage in the 

area.  Spreading the hatchery to three sites several hundred meters apart, and relocating 

nests to each site for different time periods during the nesting season significantly 

reduced predation rates (Wyneken and Salmon, unpublished).   

This alarmingly high predation rate may not only have severe consequences for the 

population of nesting females at Jumby Bay, but for the ecosystem and economy of the 

island. If most of the turtles fail to survive before they exit the bay as a result of 

predation, few have the opportunity to reach maturity and return to nest.  Eventually, that 

failure should be manifested by a decline in the number of neophytes, or first time nesters 

on the island, and ultimately lead to a decline in the population (Heppell et al. 2003, 

Tilley et al. 2012). Adult hawksbills play an important role in coral reef community 

maintenance. Hawksbill predation on sponges can modify the outcome of competition for 

space on the balance in diversity between sponge and coral reef species found on the reef; 

that balance, in turn, alters the habitat available for other prey and predator species (León 

& Bjorndal 2002), including some that may be important to fisheries. Additionally, 

Antigua’s economy is reliant upon tourism, and nesting sea turtles provide an exciting 

tourist attraction. If this nesting population is not preserved, it can be expected that 

Jumby Bay Island may suffer a decrease in tourism and resulting decrease in economic 

growth.  It will be important to manage the situation well in advance of such a decline 

which will not only take years to become apparent, but years to reverse.   

How should this situation be managed?  The alternatives are all based upon a single 

underlying principle: reducing the concentration of hatchlings entering the sea from the 
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west side of the Bay.  One option is to relocate nests to the east side of the Bay, but doing 

so would be a labor-intensive effort.   Alternatively, nests could be left in situ but half of 

them could be screened to retain the hatchlings after an emergence.  These turtles could 

then be released within the hour at several locations on the east side of the Bay.   

Another option is to make the beach on the east side of the bay more attractive to 

nesting females by (i) restoring the native vegetation, and by (ii) better management of 

decorative lighting from homes in this area. It is likely that artificial lighting from those 

homes repels females (Witherington 1992, Salmon et al. 1995), and is thus in part 

responsible for the concentration of nesting on the darker, west side of the bay.    The 

latter might be more palatable to residents then restoring a vegetation barrier that would 

block a view of the sea, especially since most of these homes are unoccupied during the 

summer months. In the future it will be important to continue to monitor rates of 

predation on hatchlings swimming away from shore. It will be essential to develop and 

implement management strategies, such as those mentioned above, as soon as possible. 

In conclusion, I found that hawksbill hatchlings migrating offshore from Jumby Bay 

suffer significant early mortality as a result of predation. This may be because females 

nest preferentially at the small portion of beach which still retains a natural forest, 

because they are repelled from nesting in other areas by artificial lighting, or from a 

combination of both of these variables. The result is an artificial concentration of nests 

(and emerging hatchlings) in space and through time which may have enabled predators 

to more easily locate and capture the hatchlings. The continued survival of this nesting 

assemblage may therefore depend upon the establishment of management strategies that 
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reverse these trends so that the Jumby Bay assemblage remains an important resource, 

not only for the turtles but also for the scientists that study their biology.
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APPENDIX 

 

 

Figure 1.  A, Location of Antigua in the Caribbean Sea. B, Long Island (also known as 

Jumby Bay) is located about 2 km to the north of the main island.  C, Jumby Bay, 

showing Pasture Beach (arrow) where this study was done.
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Figure 2. Aerial view of Pasture bay and its beach. Arrows show areas of shallow reef, 

sea grass beds (Thalassia testudinum), and open sand bottom with clumps of coral 

interspersed and rising almost to the surface.  The densest area of canopy vegetation is 

located on the West side of the bay where most of the turtles place their nests.
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Open Sand 

Reef 
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Figure 3.  A: A nest under canopy vegetation, surrounded by screening to retain any 

hatchlings that might emerge that evening.  B: Red dots indicate where hawksbills nested 

during August and September of the 2012 season.  Most nests were placed under the 

vegetation canopy on the west side of Pasture beach.  

A 

B 
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Figure 4. Witherington float attached to a hatchling’s carapace using a 1.5 m length 

of lightweight thread.   
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Figure 5.  Comparison between the emergence times for hawksbill hatchlings from 

Pasture beach and loggerhead hatchlings from Melbourne Beach, Florida (data from 

Witherington et al. 1990). While the loggerhead distribution was normally distributed, the 

hawksbill distribution was skewed (Kolmogrov-Smirnov goodness of fit test, D = 0.504, 

α = 0.01).  Hawksbills emerge significantly earlier in the evening than loggerheads 

(Kolmogrov-Smirnov two-sample test, D = 0.66, α = 0.01).
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Figure 6. Emergence success for a sample of 67 hawksbill nests from Pasture beach.  

Arrow shows the bin containing the median (81%).   



34 
 

0.00

0.20

0.40

0.60

0.80

1-20 21-40 41-60 61-80 81-100

F
re

q
u

e
n

c
y

Nests in Vegetation

n = 55

 

0.00

0.20

0.40

0.60

0.80

1-20 21-40 41-60 61-80 81-100

Emergence Success (%)

F
re

q
u

e
n

c
y

Nests in sand

(n = 12)

 

  

Figure 7.  Emergence success of nests placed under vegetation canopy (Above, n = 55) 

and in open sand (Below, n = 12 nests).  Arrows show the bins containing the median 

value (79 % for nests within vegetation; 93 % for nests placed in sand)
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Figure 8. Morphological comparisons between hawksbill (n = 80) and loggerhead (n = 

39) hatchlings. SCL:SCW ratio (left panel) is significantly greater for hawksbills than 

loggerheads (t = 9.37, d.f. = 117, p > 0.001) indicating that hawksbill hatchlings are 

proportionally narrower for their length than loggerheads.  Rear flipper surface area (right 

panel) is significantly larger for hawksbill than loggerhead hatchlings (t = 11.17, d.f. = 

117, p > 0.001) even though loggerhead hatchlings are typically larger in both mass and 

length than hawksbills. Vertical boxes in each panel encompass the 25
th

 – 75
th

 data 

percentiles.  Horizontal line bisecting each box is the median.  Vertical line shows 

minimum and maximum values, exclusive of outliers (asterisks). 
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Figure 9.   Swimming paths of 50 hatchlings as they migrated offshore from the east (n = 

25 hatchlings) and west (n = 25) side of the bay.  The solid black line arbitrarily divides 

the bay into east (right) and west (left) sides. Yellow lines indicate those hatchlings that 

survived; red lines indicate hatchlings taken by predators, usually before they could exit 

the bay. 
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Figure 10.  Swimming speeds of hawksbill hatchlings released from the east side of 

Pasture Bay, and followed for a minimum of 30 minutes before they were recaptured and 

released.  All of the turtles were towing Witherington floats.  
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Figure 11.  Orientation of 50 hawksbill hatchlings as they swam offshore from the West 

(n = 25) and East (n = 25) side of Pasture beach.  Each blue dot is a single hatchling.  

Both groups of hatchlings are significantly oriented (Rayleigh test p < 0.01).  On the East 

side, the mean angle (shown by the red arrow) is 354°; on the West side, it is 21°.  There 

is no overlap between the 95 % confidence intervals (brackets outside the circle diagram) 

indicating that the two distributions differ statistically. 
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Table 1.  Morphological features (straight-line carapace length [SCL], carapace width 

[SCW], and  body depth [BD]), all measured in mm, mass (in g) and rear flipper area 

(RFA, mm
2
) of the hawksbill hatchlings emerging from nests at Pasture beach.  Sample 

size was 347 hatchlings taken from 35 nests. 

________________________________________________________________________ 

Parameter SCL  SCW    BD  Mass  RFA 

________________________________________________________________________ 

Mean  40.70  29.70  18.80  14.50  155.59   

  sd   1.62   1.52   1.35   1.55    23.60 

Range         35.0-45.0         21.1-33.0         10.7-22.3        9.0-19.0            76.0-206.9 

________________________________________________________________________ 
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