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Abstract The emergence patterns of both green (Chelo-
nia mydas) and loggerhead (Caretta caretta) turtle
hatchlings were observed in great detail over three sea-
sons at Alagadi beach, northern Cyprus. In total, 38
green turtle and 50 loggerhead turtle nests were moni-
tored, accounting for the emergence of 2,807 and 2,259
hatchlings, respectively. We quantified these emergences
into 397 green turtle and 302 loggerhead turtle emer-
gence groups. Overall, 85.0% of green turtle and 79.5%
of loggerhead turtle groups emerged at night; these ac-
counted for 85.5 and 90.8% of hatchlings, respectively.
The remaining emergences were dispersed throughout
the day for green turtle nests but confined to the
morning in loggerhead turtle nests. Hatchling emergence
from individual nests occurred over periods of between 1
and 7 nights, with most hatchlings typically emerging on
the first night. Group sizes of green turtles emerging
during the day were significantly smaller than those
emerging at night. Hatchlings of both species that
emerged from nests during the day had longer emer-
gence durations than those that emerged from nests at
night only.
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Introduction

For sea turtle hatchlings, the timing and pattern of
emergence from the nest is crucial in determining their
survivorship. For example, by emerging at night, a
hatchling will avoid potential diurnal predators and
lethal daytime temperatures. Most hatchlings do emerge
at night (Bustard 1967; Mrosovsky 1968; Witherington
et al. 1990; Gyuris 1993), but some daytime emergence
does occur (Bustard 1967; Mrosovsky 1971; Balazs 1974;
Le Gall et al. 1985; Drake and Spotila 2002) and has
been estimated at 3 and 8% of all green turtle (Chelonia
mydas) emergences (Bustard 1967; Le Gall et al. 1985).
Although studies have shown that daytime sand tem-
peratures at sub-surface depths are important in con-
fining hatchling emergence to night, few studies report
on group dynamics during emergence (Hendrickson
1958; Bustard 1967, Mrosovsky 1968; Witherington
et al. 1990; Hays et al. 1992; Moran et al. 1999; Drake
and Spotila 2002; Glen 2002); indeed, the classification
of an emergence event when investigating behavioural
cues varies among studies. For example, group size was
usually assigned as between 10 and 20 hatchlings, with
those hatchlings emerging from the sand in smaller
groups being omitted from subsequent analyses
(Witherington et al. 1990; Gyuris 1993; Moran et al.
1999).

Hatchlings emerge from the sand typically 4-7 days
after they hatch from the egg (see Godfrey and Mro-
sovsky 1997 for a review), often running a gauntlet of
land-based and aerial predators as they move toward the
sea (Stancyk 1995). This movement to the sea in groups
is thought to reduce the probability of an individual
being killed through predator dilution (Davenport 1997;
Dehn 1990). Another anti-predator strategy includes
becoming immobile and ““playing dead” during an aerial
attack (Bushong et al. 1996). Through natural selection,
we would expect that evolution would have favoured a
mass exodus from the nest over 1 or 2 nights, producing
large groups of hatchlings, increasing the probability of
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an individual successfully making it to the sea. However,
when reviewing the literature, although studies do re-
cord a level of synchrony in emergence (e.g. Withering-
ton et al. 1990), that is, where predominantly all
hatchlings leaving their nest in 1 night, considerable
asynchrony has also been observed. Hatchlings have
been recorded to emerge for periods of up to 4 days in
nests of the hawksbill turtle (Eretmochelys imbricata)
and 3-8 days for the green turtle (Balazs 1974; Diamond
1976). Loggerhead turtle hatchlings have been recorded
as emerging for periods of up to 11 nights (Hays et al.
1992; Houghton and Hays 2001), a possible consequence
of eggs within the same clutch being subject to different
incubation temperatures. The implications of waiting in
the egg chamber, post hatching, delaying emergence for
an extended period are certainly not trivial, with the
probability of predation, loss of energy while waiting
within the egg chamber, and dipteran infestation
increasing over time (Godley and Kelly 1996; Hays et al.
1992; McGowan et al. 2001).

Once at sea, inshore waters are thought to pose a
significant challenge to survival of neonates, with high
numbers of hatchlings being taken at many sites by bony
fish, sharks, and birds (Stancyk 1995). It has been shown
that aquatic predation is lowered when the number of
hatchlings being released into the sea at any one time is
decreased (Wyneken et al. 1998). For example, preda-
tion of green turtle hatchlings was nearly 50% higher
when they were released en masse rather than in smaller
groups (Pilcher et al. 2000). In Australia, aquatic pre-
dation was comparable during both day and night
(Gyuris 1994), although hatchlings close inshore during
the day were more likely to be taken by aerial predators
(Stancyk 1995; Glen 2002). Selection, therefore, may
favour asynchrony of emergence and smaller hatchling
emergence groups.

The present study was based on Alagadi beach, the
main nesting site for both green and loggerhead turtles
in northern Cyprus (Broderick and Godley 1996;
Broderick et al. 2002). The moderate number of nests
laid on Alagadi, combined with the short beach length,
allowed us to monitor intensively patterns of hatchling
emergence from a relatively large proportion of indi-
vidual nests of two marine turtle species.

Materials and methods
Study site

The study was conducted on Alagadi beach (35°33'N,
33°47°E) northern Cyprus, in the eastern Mediterranean
(range of seasonal total of nests from 1993 to 2000:
loggerhead: 38-95 per season, green: 8111 per season).
The beach consists of two short coves, 0.8 and 1.2 km
long, separated by a rocky headland and backed by
extensive dunes and low scrub. There is no natural
shading of the beach and although there is a high level of
human activity, it is confined to the water’s edge, a re-

gion in which no clutches are laid. The climate is typical
of the eastern Mediterranean, with virtually no rain
from May to October and mean daily air temperature
for each 24 h during this period ranging from 20 to 30°C
(Godley et al. 2001).

Aerial and diurnal onshore predation of marine turtle
hatchlings on Alagadi is negligible. Onshore nocturnal
predation is more common, with the ghost crab (Ocy-
pode cursor) and the red fox (Vulpes vulpes) actively
taking those hatchlings on their way to the sea. Fish
density off the nesting beaches is, as in much of the
eastern Mediterranean, relatively low. Large predatory
fish capable of taking hatchlings are occasionally caught
by fishermen in the area, but their density is unknown.

Data collection

Hatchling emergence patterns were observed in 1997 and
1998 for green turtles, and in 1997 and 1999 for log-
gerhead turtles. Nesting of both species on Alagadi oc-
curs between May and August. During this period, the
beach was monitored nightly from 2100 to 0800 hours
(+2 h GMT) by three pairs of observers. Once a nesting
female was encountered, the species established, and egg
deposition was complete, the position of the nest was
recorded by triangulating to marker posts at 50-m
intervals at the back of the beach. To prevent predation
by dogs and foxes, a numbered 1.5x1.5-m anti-predation
wire screen was placed over each nest.

Incubation periods for the green turtle on Alagadi
beach are known to be from 43 to 60 days (Broderick
et al. 2000) and for the loggerhead from 42 to 58 days
(Godley et al. 2001). Forty days after egg deposition, a
circular wire-mesh corral of 1.6 m diameter and 35 cm
depth (mesh size 1x2 cm) was placed around the nest to
prevent emergent hatchlings from making their way to
the sea. Previous screening that had been placed over
nests into the sand immediately after laying was lifted
and placed on top of the circular cage, thus acting as a
cover to prevent predation. Once caged, the sand inside
the corral was not disturbed.

Throughout the study, Alagadi beach was monitored
constantly from 2000 to 0800 hours every night, during
which each cage was checked every 20 min for hatchling
activity. Once hatchling activity was observed, the nest
was monitored constantly. Between 1930 and
2000 hours every night the circular cages were closed,
the surrounding area checked for tracks of hatchlings
that might have emerged during the day, and placements
checked to ensure their integrity as a barrier. At
0800 hours the cages were re-opened, forming a U-shape
with the exit facing the sea. Opening of the cages was a
necessary precaution as daytime emergent hatchlings,
emerging into a closed cage during the day, would cer-
tainly have perished. To counter this possibility, nests
that had produced hatchlings after 0500 hours were
monitored by pairs of observers throughout the fol-
lowing day. Any hatchlings that emerged after



0600 hours were kept and released that evening. We
classified nocturnal emergence as that occurring between
2100 and 0600 hours.

Hatchling heads were often found to be slightly
protruding through the sand, remaining in situ for
periods of up to 4 h (personal observation and Bustard
1967). We recorded the time of emergence of each
hatchling once it had completely emerged from the sand.
All hatchlings were left to emerge without assistance.
Excavation of the nest contents was undertaken once
48 h had elapsed with no hatchling emergence. Depth to
the top and bottom of the egg chamber was measured,
unhatched eggs and hatched shell fragments were enu-
merated, and clutch size and hatch success were deter-
mined. Occasionally, tracks leading away from nests
indicated that hatchlings had emerged eccentrically
outside the corral and had made their way to the sea
unimpeded. Nests in which this happened were omitted
from the study. We were confident that for the nests
used in the analysis, all hatchling emergences were re-
corded, as we were able to compare the number of
hatchlings observed with the number of eggshell frag-
ments counted upon excavation (Paired ¢ test:
tg;=—0.82, P>0.05).

Statistical analysis

Data were analysed using MINITAB version 11.21.
Non-parametric analyses included the Mann—Whitney
U test and the Kolmogorov—Smirnov two-sample test.
Differences were considered significant at P <0.05.

Defining an emergence group

Although hatchlings emerged in groups, each hatchling
emerged at a discrete point in time: often these were so
close together in time that they were indistinguishable
from others. However, discrete intervals were recorded
and to define objectively a hatchling emergence group
with a level of biological reality, we plotted the fre-
quency histogram of time intervals. There was a clear
cut-off point, with 78.7% of all intervals for green tur-
tles, and 67.0% of all intervals for loggerhead turtle
hatchlings being 10 min or less (Fig. 1). Therefore we
classified a group as those hatchlings whose emergences
were separated by intervals equal to or less than 10 min.

Defining synchrony of emergence

The length of time for which a nest produces hatchlings
can be defined in numerous ways; for example, the
number of nights between the first and last emergence is
the “emergence duration”. However, as this may include
nights when very few or no hatchlings emerged, it does
not provide a clear picture of the level of synchrony of
hatchling emergence. We therefore calculated an index
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Fig. 1 Frequency histogram of all the time intervals between
consecutive emergences throughout the study period for green
turtle hatchlings (open bars) in both 1997 and 1998 and loggerhead
turtle hatchlings (filled bars) in both 1997 and 1999

of emergence synchrony using the following equation,
where / is the number of hatchlings that emerge on night
i, divided by the total number of hatchlings that emerge
over the entire nest emergence period. A value of 1
represents all hatchlings emerging on night 1.

Sy (hi x 1)

Index =
ndex htotal

Results
Green turtles

Study nests

Hatchling emergence was monitored in 9 nests in 1997
and 29 nests in 1998; the basic nest parameters are
provided in Table 1. No significant inter-seasonal dif-
ference was observed in medians of clutch size, emer-
gence success, incubation duration, depth of the eggs,
and the number of live/dead hatchlings found in the egg
chamber upon excavation (Table 1; Mann—Whitney U
test, P>0.05 in all cases).

Temporal pattern of emergence

In 1997, 785 hatchlings in 90 emergence groups were
recorded (Fig. 2a, b). In total, 2,022 hatchlings were
observed in 1998 (Fig. 2c), in 307 emergence groups
(Fig. 2d). Despite a statistically significant difference in
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2 the temporal patterns of emergence between the two
% 2933xs 2 years, it can be seen that in both years, the majority of
£ a4 emergence occurred at night [Kolmogorov—Smirnov
§ SSSnis W two-sample test, group distribution: D;4;=0.19,
L 82383 8 P <0.05; hatchling distribution: D;47;=0.19, P<0.05;
5 e Fig. 2, hatchling distribution: 1997:0330, interquartile
= =RsRRs B (IQ) range: 0130-0500; 1998:0130, IQ range: 2330-0430;
= group distribution: 1997:0400, IQ range: 0300-0530;
§AS‘> L a 1998:0300, IQ range 0000—0630). Nocturnal emergence
AN %l ??\ = 2 ¢ accounted for 85% of the total number of hatchlings in
§ o | SESIET 2 & both years. Although dispersed throughout the day, the
- 2| 2aSwa % " S«' remainder, accounting for 30% of group emergences,
= Sl AT 5. & % occurred diurnally in both years.
% 20| 229322 = 4
E TElTYEoeT e @ Duration and synchrony of emergence
2l .| 2 = ; Nests produced hatchlings for between 1 and 4 nights in
W | 5 =2d28s 1997, and between 1 and 7 nights in 1998 (Fig. 3). In
g 5 ol 8998 sl & total, 66 and 69% of nests produced hatchlings for
s151|” Zl2n2gsa € periods of 3 nights or less in 1997 and 1998, respectively.
o | & 2 ol B ‘L‘ o ‘; '4: = S No significant difference between years was observed in
E 2-3 5187 | neacet 4 the emergence duration (1997: median=2, IQ
E QAlZ 28 | RSREGE = range=1.5-4.0; 1998: median=2, 1Q range=1.0-4.5,
> o Mann—Whitney U test W=172.5: P=0.9) or the emer-
5 2 E—vnn—o o gence synchrony (1997: median=1.1, IQ range=1.0-
2 ) 775555 T 1.3; 1998: median=1.1, IQ range=1.0-1.9, Mann—
= = S55555 & Whitney U test W=506.5: P=0.8) of the study nests.
E z Sas®gn O When both the 1997 and 1998 data sets were com-
= g ey T bined, neither nest emergence duration nor emergence
5 s ARRRRRE X synchrony was influenced by incubation duration, depth
E to the top or bottom of the clutch, emergence success,
2 o S &~ f clutch size, or the number of live and dead hatchlings
z T ) o=Z N found in the nest upon excavation (Table 2). Distance of
2 @Q‘ = QI g % “ each nest to the high water mark was available for 1998,
2 «% g:g ;g 2 2 > although no relationship was obsprved betw;en this
Z N :3 it i? T I " measurement and emergence duration or the index of
Td S x—eo—m Hog emergence synchrony (Table 2).
= 2| =2¥RELE & = In each season, over half of the nests produced
.‘Qi = ~ o hatchl@ngs both at night agd during the day, with
= %" S _coae hatchlings emerging only at night from 41% (1997) gnd
= & % S‘ ) °m|° S"S‘ o 44% (1998) of nests. No nests produced hatchlings
21 8| S8STxe 4 during the day only. However, when both years were
2| T :’_I’ z2lgm29c2 & pooled, nests that had hatchlings emerging during the
gl 21 a g ALY SS = day and night were less synchronous than those nests
BlElE|2T |g29ezy 4 that produced hatchlings at night alone (Index of syn-
S Ol=12=|=9RE5= « chrony: day and night: median=1.7, IQ range=1.1-2.1;
5 o~ night only: median=1.0, IQ range=1.0-1.1, Mann-
E AE% Whitney U test W=126.0, P<0.001; Emergence dura-
é 5 %5 o tipn: day and night: median=13.7, IQ range=2.0-5.0;
o 5. £ ‘g nlght only: median=1.0, I1Q range=1.0-2.0, Mann—
2 g @835 38 Whitney U test W=111.5, P<0.001). However, there
2 ﬁ’\;% A z was no significant difference between the two types of
§ sSsE2 4 2 = nests in incubation duration (W =266.0, P=0.14), depth
g E g ggg =255 to the top (W=248.5, P=0.95) or bottom (W=195.5,
2 2200 S8ES 5T P=0.18) of the clutch, emergence success (W =233.0,
& g 8*5*5; 5532 P=0.88), clutch size (W=220.0, P=0.45) and the
- 225208258 number of hatchlings, both live (W=207.0, P=0.26)
= 2258803 .83 and dead (W=266.5, P=0.57) found in the nest upon
= = 8 Eooogo 5.2 |
2 ofE@mAQAZ "z " A excavation.
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Fig. 3 The number of nights over which green turtle nests had
hatchlings emerging in 1997 (solid bars, n=9 nests) and 1998 (open
bars, n=29 nests)

Group size

In general, the greatest proportion of hatchlings
emerged from their nest on night 1 (1997:83.5% Fig. 4a;

Loggerhead turtles

Study nests

In 1997, loggerhead hatchling emergence was monitored
from 21 nests, and in 1999, a further 29 loggerhead nests
were monitored. Nest parameters are provided in Ta-
ble 1. No significant inter-seasonal difference was ob-
served in medians of clutch size, emergence success,
incubation duration, depth of the eggs, and the number
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Fig. 4 The mean percentage of
green turtle hatchlings that
emerged on each night of
emergence during a 1997 and

¢ 1998. Error bars are =1 SD.
The percentage of groups (solid
bars) and hatchlings (open bars)
that emerged within groups of
different sizes b 1997 and d 1998

Fig. 5 Temporal distribution of
all loggerhead turtle hatchling
emergence condensed into half-
hour intervals in a 1997 (n=21
nests; 1,069 hatchlings) and

¢ 1999 (n=29 nests; 1,190
hatchlings), and all hatchling
groups in b 1997 (96 groups)
and d 1999 (206 groups).
Hashed bars indicate the
median, and solid bars the
upper and lower quartile ranges
of the proportion of hatchlings
or group emergences
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Fig. 6 Hatchling emergence duration of loggerhead turtle nests in
1997, n=21 nests (solid bars) and in 1999, n=27 nests (open bars)

W=135.0, P<0.05; 1999: W=241, P<0.005) than nests
that produced hatchlings at night alone.

Group size
Most hatchlings emerged from their nest on night 1

(1997: 82.6%, Fig. 8a; 1998: 67.3%, Fig. 8c), with
numbers decreasing over subsequent nights. The most

frequently occurring group size was that containing one
to five hatchlings (Fig. 8b, d), accounting for 11.7% in
1997 and 21.7% in 1999 of the total amount of hatchling
emergences. However, in 1997, most hatchlings emerged
in groups containing 21 hatchlings or more (73.2%
Fig. 8b), although hatchlings were more evenly dis-
persed among group sizes in 1999 (Fig. 8d). No signifi-
cant difference was observed in group size among nights
1-7 in 1999 (Kruskal-Wallis, P>0.05). However, in
1997, hatchlings emerged in larger groups on night I
than on successive nights (Kruskal-Wallis H; 5=16.4,
P<0.01). The difference in the size of groups that
emerged during the day or at night was not significant
(Mann—Whitney, P> 0.05).

Discussion

In this study we compared the emergence patterns of
individual nests in two species at the same study site. In
both species, although some hatchlings emerged during
the day, most emerged and made their way to the sea by
night. The temporal distribution of nocturnally emerg-
ing green turtle hatchlings observed in the more sub-
stantial data set of this study (1998; n=29 nests) were
similar to the distributions observed by Gyuris (1993) in
Australia, and at Ascension Island (Glen 2002), where a
peak at the start of the night was followed by a gradual
decline in the proportion of emergences throughout the
night. Temporal distributions observed in loggerhead
turtle hatchlings in this study were similar to those found
in North Carolina (Neville et al. 1988) and Florida
(Witherington et al. 1990).
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A substantial minority (15% of green turtles, 8-
12.5% of loggerhead turtles) of hatchlings in this study
were observed to emerge by day. The pattern was dif-
ferent between species with green turtles emerging
throughout the day, whereas diurnally emerging log-
gerhead turtle hatchlings were restricted to the morning.
Sub-surface sand temperature recordings taken at stan-
dardised monitoring sites throughout the three seasons
(Glen 2002) showed that hatchlings of both species
emerged whilst experiencing sand temperatures above all
previous upper critical threshold temperatures proposed
in green turtles (33°C Hendrickson 1958; 28.5°C Mro-
sovsky 1968; 31°C Bustard 1967), and in loggerhead
turtles (32°C Hays et al. 1992; 32.4°C Moran et al.
1999). Upper thermal limits of 38 and 36°C may have
inhibited emergence of green and loggerhead turtles,
respectively (Glen 2002). However, some hatchlings were
emerging either voluntarily or because they were pushed
out by those hatchlings ascending from beneath at
temperatures reaching 44°C, exceeding the previously
proposed critical thermal maximum limit (41.3°C) of
hatchling sea turtles (Drake and Spotila 2002). In gen-
eral, both species were able to survive throughout the
day when their heads were protruding from the sand
surface, although we did not notice uncoordinated
movements or gaping and snapping of jaws as reported
by Drake and Spotila (2002). It has been well established
that incubation temperatures at Alagadi are very high
(Broderick et al. 2000; Godley et al. 2001) and this may
lead to the toleration of high temperatures by hatchlings

at this site. Geographical variation in thermal tolerance
has been shown within some lizards, for which a positive
correlation existed between the range of stress temper-
ature and the average temperature of a niche inhabited
(Ulmasov et al. 1992). Perhaps the differences in the
upper thermal maxima of both green and loggerhead
hatchlings are indicative of variation in the temperature
at which heat shock proteins are expressed within mar-
ine turtles (Feder and Hofmann 1999).

Throughout the monitoring periods over the last
12 years, aerial predation of hatchlings has not been
observed on Alagadi beach. Whether this is due to the
combination of low-density nesting and comparatively
few daytime emergences, such that aerial predators are
not attracted to the area, we cannot be sure. However,
around the coastline of northern Cyprus, aerial preda-
tion of hatchlings is rarely observed. Therefore, due to
this lack of aerial predation and with sand surface
temperatures only becoming lethal to hatchlings after
mid-morning (personal observation), all diurnally
emergent loggerhead hatchlings recorded in this study
were likely to have successfully made it to the sea.
However, for green turtle hatchlings the probability of
reaching the sea when emerging diurnally would be very
low between 1000 and 1600 hours.

Nest placement on Alagadi beach occurs above the
high water mark; consequently hatchlings would have to
cross at least 2 m of sand before reaching the sea. Why,
then, do green turtle hatchlings emerge by day when
they are less likely to survive? A number of hypotheses
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are plausible, for example, the irregular daytime emer-
gence observed in green turtles suggests that hatchlings
may be pushed out by siblings ascending from below. On
the other hand, sand surface temperatures may become
so high during the day that waiting hatchlings in sub-
surface layers of sand would die in situ, and therefore a
mechanism is enacted where diurnal emergence is the
best option for survival.

In general, most hatchlings in this study emerged
from their nest on night 1, with decreasing numbers
emerging on subsequent nights. As the effect of nest
predation or infestation (Godley and Kelly 1996;
McGowan et al. 2001) will be minimised as few hatch-
lings are left in the nest, it is not surprising that similar
patterns of emergence from nests were observed in both
species. Despite generally emerging on the first night, in
both species, large group emergences were infrequent,
and although in some years they accounted for the
emergence of most hatchlings, small group emergences
were prevalent. Terrestrial nocturnal predation of
hatchlings on Alagadi can occur en route to the sea,
where the ghost crab can drag hatchlings into their
burrows. The red fox also will take hatchlings emerging
from the nest and those moving towards the sea. Marine
predators have not been described at this site but are
undoubtedly present. It is interesting to note that large
group size has the paradoxical potential to show a
predator dilution effect on land but increase predation in
the sea (Wyneken et al. 1998; Pilcher et al. 2000). Thus,
it may not be surprising that although hatchlings emerge
in groups, they do not consist of the whole clutch, or
even all the hatchlings emerging on a particular night.

A number of factors were found to be correlated with
the duration of emergence and the level of synchrony of
individual nests. Nests of both species, which produced
hatchlings both in the day as well as night, were found to
have longer emergence durations and higher indices of
synchrony than those that had hatchlings emerging at
night alone. It may be that these clutches become
somehow dysfunctional when it comes to hatchling
emergence, which as well as leading to daytime emer-
gence increases duration and reduces synchrony. For
loggerhead turtles, nests with longer emergence dura-
tions were found to have a higher number of dead
hatchlings. The significance of this was only apparent
upon excavation, when occasionally a layer of dead
hatchlings was found in the sub-surface layers of the
sand that may have acted as a barrier, inhibiting the
emergence of siblings from underneath. This, however,
was not observed in green turtle nests. Houghton and
Hays (2001) had previously suggested that within log-
gerhead nests, an increased thermal range across the egg
mass leads to prolonged emergence duration. Thus we
might expect a correlation between depth parameters of
nests and level of synchrony. No such relationship,
however, was apparent.

We were not able to correlate emergence synchrony
and duration to green turtle nest characteristics in this
study, but within loggerhead turtle nests we discovered a

negative relationship between incubation duration and
emergence synchrony and emergence duration. In gen-
eral, within green and loggerhead nests, short incubation
durations are indicative of high incubation temperatures
(e.g. Miller 1996). As hatchling size and consequently
fitness (e.g. Janzen 1993) has been shown to be affected
when eggs are incubated at high temperatures, we sug-
gest that those hatchlings leaving hot, quickly incubating
clutches are less vigorous than conspecifics, resulting in
longer emergence durations and higher levels of emer-
gence asynchrony.

As already mentioned, previous studies have classi-
fied an emergence event as groups containing 10 or more
(Witherington et al. 1990; Moran et al. 1999) or 20 or
more (Gyuris 1993) hatchlings. Within this study, 27.5
and 31.3% of green hatchlings in 1997 and 1998,
respectively, and 19.9 and 36.9% of loggerhead hatch-
lings in 1997 and 1999, respectively, emerged in groups
of fewer than 10 hatchlings. More importantly, these
hatchlings accounted for 71-80% of all emergence
groups in both species. These numbers are striking and it
should be noted that by defining an emergence event in a
specific way, large proportions of data may be lost. In
comparative studies, observed variation in emergence
patterns may in some way be a reflection of the number
of hatchlings included/omitted from the analysis (e.g.
Drake and Spotila 2002).

In summary, this study, as a result of the great detail
of data collection, has given new insights into the nat-
ural history of hatchling emergence in two species of
marine turtle. We have highlighted the fact that hatch-
ling emergence is far from a simplistic scenario. Addi-
tional comparative studies under different thermal and
predation scenarios are needed, and experimental/
mathematical approaches will be essential to determine
the thermal mechanisms responsible for the timing of
hatchling emergence.

Acknowledgements We thank all the members of the Marine Turtle
Conservation Project, the Department of Environmental Protec-
tion, and the Society for the Protection of Turtles in Northern
Cyprus. This work was undertaken as part of expeditions sup-
ported by British Chelonia Group, British Ecological Society,
European Commission (DG1B/1A), Kibris Turkish Airlines, ME-
DASSET UK, People’s Trust for Endangered Species. BG is sup-
ported by an NERC fellowship. ACB is supported by a grant from
the FCO Environment fund for the Overseas Territories. The
experiments comply with the current laws of the country in which
they were performed. The manuscript was improved by the con-
structive review of two anonymous referees.

References

Balazs GH (1974) Observations on the pre-emergence behaviour of
the green turtle. Copeia 1974:986-988

Broderick AC, Godley BJ (1996) Population and nesting ecology of
the green turtle, Chelonia mydas, and the loggerhead turtle,
Caretta caretta, in northern Cyprus. Zool Middle East 13:27-46

Broderick AC, Godley BJ, Reece S, Downie JR (2000) Incubation
periods and sex ratios of green turtles: highly female biased
hatchling production in the eastern Mediterranean. Mar Ecol
Prog Ser 202:273-281



Broderick AC, Glen F, Godley BJ, Hays GC (2002) Estimating the
number of green and loggerhead turtles nesting annually in the
Mediterranean. Oryx 36:1-9

Bushong ME, Harkins SR, Krumke VK, Mann MA, Mellgren RL
(1996) Responses of sea turtle hatchlings to simulated preda-
tion. In: Keinath JA, Barnard DE, Musick JA, Bell BA (eds)
Proceedings of the fifteenth annual symposium on sea turtle
biology and conservation. National Oceanic and Atmospheric
Administration Tech Memo NMFS 387:52-53

Bustard HR (1967) Mechanism of nocturnal emergence from the
nest in green turtle hatchlings. Nature 214:317

Davenport J (1997) Temperature and the life-history strategies of
sea turtles. J Therm Biol 22:479-488

Dehn MM (1990) Vigilance for predators: detection and dilution
effects. Behav Ecol Sociobiol 26:337-342

Diamond AW (1976) Breeding biology and conservation of
hawksbill turtles, Eretmochelys imbricata L., on Cousin Island,
Seychelles. Biol Conserv 9:199-215

Drake DL, Spotila JR (2002) Thermal tolerances and the timing of
sea turtle hatchling emergence. J Therm Biol 27:71-81

Feder ME, Hofmann GE (1999) Heat shock proteins, molecular
chaperones and the stress response. Annu Rev Physiol 61:243—
282

Glen F (2002) Studies on the behaviour and ecology of adult and
hatchling sea turtles. PhD thesis, University of Wales, Swansea

Godfrey MH, Mrosovsky N (1997) Estimating the time between
hatching of sea turtles and their emergence from the nest. Chel
Conserv Biol 2:581-584

Godley BJ, Kelly A (1996) Glasgow University conservation
expedition to northern Cyprus. Expedition report. Department
of Veterinary Anatomy, University of Glasgow Veterinary
School, Glasgow

Godley BJ, Broderick AC, Mrosovsky N (2001) Estimating the
hatchling sex ratios of loggerhead turtles in Cyprus from
incubation durations. Mar Ecol Prog Ser 210:195-201

Gyuris E (1993) Factors that control the emergence of green turtle
hatchlings from the nest. Wildl Res 20:345-353

Gyuris E (1994) The rate of predation by fishes on hatchlings of the
green turtle (Chelonia mydas). Coral Reefs 13:137-144

Hays GC, Speakman JR, Hayes JP (1992) The pattern of emer-
gence by loggerhead turtle (Caretta caretta) hatchlings on
Cephalonia, Greece. Herpetologica 48:396-401

Hendrickson JR (1958) The green turtle, Chelonia mydas (L.) in
Malaya and Sarawak. Proc Zool Soc Lond 130:455-535

Houghton JDR, Hays GC (2001) Asynchronous emergence by
loggerhead turtle (Caretta caretta) hatchlings. Naturwissens-
chaften 88:133-136

Janzen FJ (1993) An experimental analysis of natural selection on
body size of hatchling turtles. Ecology 74:332-341

1049

Le Gall JY, Lebeau A, Kopp J (1985) Evaluation de la production
de tortues vertes Chelonia mydas nouveau-nees sur les sites de
ponte Europa et Tromelin (ocean Indien). Oceanogr Trop
20:117-133

McGowan A, Broderick AC, Deeming J, Godley BJ, Hancock EJ
(2001) Dipteran infestation of loggerhead (Caretta caretta), and
green (Chelonia mydas), sea turtle nests in northern Cyprus.
J Nat Hist 35:573-581

Miller JD (1996) Reproduction in sea turtles. In: Lutz PL, Musick
JA (eds) Biology of the sea turtles. CRC Press, Boca Raton,
Fla., pp 51-82

Moran KL, Bjorndal KA, Bolton AB (1999) Effects of the thermal
environment on the temporal pattern of emergence of hatchling
loggerhead turtles (Caretta caretta). Mar Ecol Prog Ser
189:251-261

Mrosovsky N (1968) Nocturnal emergence of hatching sea turtles:
control by thermal inhibition of activity. Nature 220:1338-1339

Mrosovsky N (1971) Black vultures attack live turtle hatchlings.
Auk 88:672-673

Neville A, Webster WD, Gouveia JF, Hendricks EL, Hendricks I,
Marvin G, Marvin WH (1988) The effects of nest temperature
on hatchling emergence in the loggerhead sea turtle (Caretta
caretta). In: Schroeder BA (ed) Proceedings of the eighth an-
nual workshop on sea turtle conservation and biology. National
Oceanic and Atmospheric Administration Tech Memo NMFS
214:71-73

Pilcher NJ, Enderby S, Stringell T, Bateman L (2000) Nearshore
turtle hatchling distribution and predation in Sabah, Malaysia.
In: Kalb H, Wibbels T (eds) Proceedings of the nineteenth
annual symposium on sea turtle conservation and biology.
National Oceanic and Atmospheric Administration Tech
Memo NMFS 443:27-29

Stancyk SE (1995) Non-human predators of sea turtles and their
control. In: Bjorndal KA (ed) Biology and conservation of sea
turtles. Smithsonian Institution Press, Washington, D.C.

Ulmasov KA, Shammakov S, Karaev K, Evgen’ve MB (1992) Heat
shock proteins and thermoresistance in lizards. Proc Nat Acad
Sci U S A 89:1666-1670

Witherington BE, Bjorndal KA, McCabe CM (1990) Temporal
pattern of nocturnal emergence of loggerhead turtle hatchlings
from natural nests. Copeia 4:1165-1168

Wyneken J, De Carlo L, Glenn L, Salmon M, Davidson D, Weege
S, Fisher L (1998) On the consequences of timing, location and
fish for hatchlings leaving open beach hatcheries. In: Byles R,
Fernandez Y (eds) Proceedings of the sixteenth annual sym-
posium on sea turtle biology and conservation. National Oce-
anic and Atmospheric Administration Tech Memo NMFS
412:155-156



	Sec1
	Sec2
	Sec3
	Sec4
	Sec5
	Sec6
	Sec7
	Sec8
	Sec9
	Sec10
	Sec11
	Fig1
	Sec12
	Tab1
	Sec13
	Sec14
	Sec15
	Fig3
	Fig2
	Sec16
	Sec17
	Tab2
	Fig4
	Fig5
	Sec18
	Sec19
	Fig6
	Fig7
	Fig8
	Ack
	Bib
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR23
	CR24
	CR25
	CR26
	CR27
	CR28
	CR29
	CR30
	CR31
	CR32
	CR33

