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Abstract: Captive breeding programs are utilized worldwide for the recovery
and conservation of endangered species, including the critically-endangered
hawksbill turtle (Eretmochelys imbricata). However, aggression is an issue that
is commonly reported among captive hawksbill turtles housed together. In the
present study, we installed rocks in a captive environment to assess whether
they can suppress aggressive behavior in captive hawksbill turtles. The
behavior of immature female hawksbill turtles (n=6) was recorded over a 10 d
period (between 0900 and 1700 h daily) in an experimental tank under the
following conditions: (1) housed alone or paired with another individual in the
(2) presence and (3) absence of rocks. Resting behavior was recorded as the
total amount of time spent resting per day, while hiding and biting behaviors
(i.e., aggressive behavior) were recorded as the total number of events observed
per day. Serum corticosterone concentrations were measured at 0900 and
1700 h daily throughout the experimental period. The median number of
hiding and biting events was significantly lower for paired individuals housed
in the presence of rocks than that for those housed in the absence of rocks.
Although no significant differences in serum corticosterone concentrations
were observed among the experimental groups, paired individuals spent
significantly more time resting in the presence of rocks. Our results suggest
that underwater rock installations effectively reduce aggression in captive
hawksbill turtles.
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Introduction

Hawksbill turtles (Eretmochelys imbricata)
are distributed in tropical and subtropical coral
reefs worldwide, and are listed as “critically
endangered” on the International Union for
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Conservation of Nature (IUCN) Red List for
Threatened Species (Mortimer and Donnelly,
2008). The active implementation of captive
breeding programs offers a management tool
for the recovery and conservation of this
endangered species (Owens and Blanvillain,
2013). Such captive programs provide impor‐
tant insights that support the development of
pioneering research approaches (Owens and
Blanvillain, 2013). In addition, several techni‐
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ques used for the captive husbandry of sea
turtles (e.g., blood sampling and ultrasono‐
graphic diagnoses) have been utilized to study
the reproduction and conservation of wild sea
turtles (Owens and Blanvillain, 2013).

Captive sea turtles, including hawksbill
turtles, exhibit aggressive behavior toward
each other when reared together in the same
tank; however, the triggers for aggression
among turtles are poorly unknown (Higgins,
2003). Aggressive behavior, such as biting at
the posterior carapace, front and rear flippers,
and neck, can cause severe injuries (Higgins,
2003). Furthermore, skin lesions caused by
biting may become infected with bacteria,
thereby resulting in morbidity and mortality
(Higgins, 2003). Additionally, the stress
induced by aggression increases serum and
plasma corticosterone concentrations in sea
turtles (Jessop et al., 2002a, b; Milton and
Lutz, 2003; Jessop et al., 2004; Jessop and
Hamann, 2005; Hunt et al., 2012). An increase
in the level of stress hormones (e.g., cortico‐
sterone) can have harmful physiological effects
on turtles, including reduction in blood glucose
levels and immune and salt gland functions
(Milton and Lutz, 2003). The identification and
investigation of such husbandry issues allows
for further development of animal management
and breeding programs to ensure that captive
turtles are provided with a safe and healthy
environment. In addition, such findings could
advance our knowledge about the ecology of
sea turtles.

Wild hawksbill turtles rest under coral reefs
and ledges (van Dam and Diez, 1997;
Houghton et al., 2003; Blumenthal et al., 2009;
Okuyama et al., 2010; Walcott et al., 2014) and
can utilize rocks for shelter during rest periods
(Okuyama et al., 2010; Walcott et al., 2014).
Thus, in captive hawksbill turtles, underwater
rock installations may have an effect on differ‐
ent behaviors such as resting and aggression.
This hypothesis, however, has not yet been
quantitatively confirmed in captivity. In the
present study, we investigated whether the use
of rocks would reduce aggressive behavior
among captive hawksbill turtles and provide a

better captive environment for them. Behav‐
ioral observations (i.e., rest and aggression) or
stress hormone levels (i.e., serum corticoster‐
one concentration) were used to assess the
responses of hawksbill turtles housed alone
and paired with another individual in both the
presence and absence of an underwater rock
installation.

Materials and Methods

Study animals
We studied six immature female hawksbill

turtles (Table 1) that were hatched in captivity
in 1994 and maintained in captivity at the
Okinawa Churaumi Aquarium, Motobu,
Okinawa Prefecture, Japan. Prior to the experi‐
ments, the turtles were housed in cylindrical
holding tanks (0.75×1.50 m, depth×diameter).
The water temperature of the tanks ranged
from 20 to 30°C throughout the 12-month
study period, i.e., it was maintained at a ther‐
mal range similar to that experienced by
hawksbill turtles under natural conditions (sea
surface temperature) around Okinawa Island
(26°30 N, 127°00 E). The turtles were identi‐
fied as females after this study based on
observed follicular development (Kawazu et
al., 2015). The turtles were fed once daily;
their diet included fish, shrimp, and squid, at
0.5–2% of their body mass.

Experimental conditions
We conducted experiments between August

Table 1.  Summary information on the hawksbill
turtles used in the present study.

Turtle Sex Age
(years old)

Straight
carapace

length (cm)

Body mass
(kg)

T1 Female 14 67.7 34.3
T2 Female 14 68.4 35.4
T3 Female 14 69.0 34.2
T4 Female 14 67.6 34.6
T5 Female 14 66.5 27.2
T6 Female 14 65.6 29.8
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and October 2008. We measured serum corti‐
costerone concentration and behavioral param‐
eters (resting and aggression) of the six
hawksbill turtles under following housing
conditions: 1) housed alone (hereafter referred
to as ‘single’), 2) paired with another individ‐
ual in the absence of rocks (hereafter referred
to as ‘pairing without rocks’), and 3) paired
with another individual in the presence of
rocks installed in the experimental tank (here‐
after referred to as ‘pairing with rocks’). The
rock installation consisted of two rocks (lime‐
rock, 0.5 m in diameter) placed on the floor of
the experimental tank. The turtles were sepa‐
rately transferred from their individual holding
tanks to two outdoor experimental tanks (1.5×
2.5 ×0.9 m, length×width×depth, open water
system) for a 10 d period, after which they
were returned to their respective holding tanks.
The six turtles were paired according to simi‐
larities in straight carapace length and body
mass, as follows: T1 vs. T2, T3 vs. T4, and T5
vs. T6 (Table 1). In August, the ‘single’ experi‐
ment was performed on each turtle (T1–6)
using two experiment tanks, and ‘pairing with‐
out and with rocks’ (T1 vs. T2, T3 vs. T4, and
T5 vs. T6) were done in September and Octo‐
ber. The same turtles were used in the experi‐
ments with at least 20 d intervals between
consecutive observations. Maintenance, animal
handling, and all procedures associated with
this study were conducted in accordance with
the ethical guidelines of the Japanese Associa‐
tion of Zoos and Aquariums (JAZA).

Behavioral recording and analysis
The behavioral observations were conducted

between 0900 and 1700 h each day during the
10 d experimental periods. Turtles were moni‐
tored using a digital video camera (DCR-
HC96, Sony, Japan), which was positioned at
the upper part of the tank. Video recordings
were stored on an external hard drive
(LC-13C1, Sharp, Japan). Three behavioral
categories were defined and recorded; resting
behavior (inactivity for 1 s or longer on the
bottom of the tank) was recorded as the total
amount of time spent resting per day, and

hiding (head or a part of the body under
another turtle) and biting (biting a part of the
body of another turtle) behaviors were recor‐
ded as the total number of events observed per
day. During all experiments, all the turtles
were identified based on their carapace
patterns and the behavioral events of each indi‐
vidual were separately recorded. Additionally,
observation and analysis were performed by
the same person.

Blood sampling and serum corticosterone
measurements

The turtles were removed from the experi‐
ment tanks at 0900 and 1700 h daily through‐
out the experimental period and kept in a prone
position. Blood samples (5 mL) were collected
from either the right or left jugular vein using
70 mm 20-gauge needles and 10 mL syringes,
and the turtles were returned to the experiment
tanks. Blood samples were stored in 10 mL
vacutainer tubes (VP-P100K, Terumo, Japan).
Serum samples were obtained from the blood
samples by centrifugation at 3,500 rpm for
20 min. Additionally, the blood samples were
shared with veterinarians and aquarium staff of
the Okinawa Churashima Foundation to assess
the health status of turtles. All turtles were
determined to be healthy throughout the study
period.

Serum corticosterone concentrations were
measured using a time-resolved fluorometric
immunoassay and the DELFIA System (Perki‐
nElmer, USA). Microtiter plates (Thermo
Fisher Scientific Inc., US) were coated
with 200 μL of corticosterone-3CMO-BSA
(0.5 μg/mL in 0.1 M sodium carbonate buffer,
pH 9.5; Cosmo-Bio, Japan). Steroid hormones
were extracted from the serum samples using
the ether extraction method with 50 μL of
corticosterone standards (100, 20, 4, 0.8, 0.16,
and 0.032 ng/mL). Thereafter, the extracted
samples were incubated with 50 μL of rabbit
anti-corticosterone-3-CMO-BSA antiserum
(1:50,000; Cosmo Bio) in a 96-well plate
coated with antigen for 2 h at room tempera‐
ture. After washing, 100 μL europium-labeled
secondary antibody (DELFIA Eu-N0-labeled
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anti-rabbit antibody, 1:5,000; PerkinElmer)
was added and the plates were incubated for
1 h at room temperature. After washing,
100 μL of enhancement solution was added.
Finally, fluorescence was measured after 5 min
using a time-resolved fluorometer (DELFIA
Fluorometer; PerkinElmer).

Statistical analysis
The Wilcoxon rank-sum test was used to

determine the median of the total number of
hiding and biting events observed per day in
turtles housed in pairs in the presence and
absence of rocks. We used a Steel-Dwass test
to determine significant differences in the
median of serum corticosterone concentrations
and the total amount of time spent resting per
day. The Wilcoxon signed-ranks test was used
to determine significant differences in the
median serum corticosterone concentrations
measured daily at 0900 and 1700 h in turtles
housed under the different experimental condi‐
tions (i.e., single and pairing without and with
rocks).

Results

Behavioral observations
The median number of hiding and biting

events was 59.5 (n=60) and 24.0 (n=60) times
per day, respectively, in the ‘paring without
rocks’ experiments and 11.0 (n=60) and 6.0
(n=60) times per day in the ‘paring with rocks’
experiments, respectively (Fig. 1). The number
of hiding and biting events observed in indi‐
viduals housed in pairs in the presence of rocks
was lower than that for individuals housed in
pairs in the absence of rocks (p<0.05,
Wilcoxon signed-ranks test).

The median of the total amount of time
spent resting in the ‘single’, ‘pairing without
rocks’, and ‘pairing with rocks’ experiments
was 0.52 (n=60), 0.99 (n=60), and 1.87 (n=60)
h, respectively (Fig. 2). The total amount of
time spent resting differed among all the
experiments (p<0.05, Steel-Dwass test).

Fig. 1.  Total number of times captive hawksbill
turtles were observed exhibiting hiding (A) and
biting (B) behavior when housed in pairs in the
presence and absence of rocks (‘pairing with rocks’
and ‘pairing without rocks’, respectively). Whiskers
represent the range, boxes represent the inter-
quartile range (25–75%), and lines represent the
medians. Asterisks represent significant differences
among the medians of the total number of hiding
and biting events exhibited (p<0.05).

Fig. 2.  Total amount of time captive hawksbill
turtles spent resting when housed alone (‘single’) or
in pairs in the presence (‘pairing with’) and absence
(‘pairing without’) of rocks. Whiskers represent the
range, boxes represent the inter-quartile range (25–
75%), and lines represent the medians. Asterisks
represent significant differences among the medians
of the total amount of time spent resting (p<0.05).
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Serum corticosterone concentration
The median serum corticosterone concentra‐

tions in the ‘single’, ‘pairing without rocks’,
and ‘pairing with rocks’ experiments were 0.8
(n=120), 0.85 (n=120), and 0.9 (n=120) ng/mL
and did not differ among the experiments
(p>0.05, Steel-Dwass test) (Fig. 3). However,
the median serum corticosterone concentration
at 0900 h were significantly higher than that at
1700 h in all experiments (‘single’: 0.9 [n=60]
vs 0.55 [n=60] ng/mL, ‘pairing without rocks’:
1.9 [n=60] vs 0.65 [n=60] ng/mL, and ‘pairing
with rocks’: 0.95 [n=60] vs 0.7 [n=60] ng/mL,
p<0.05, Wilcoxon signed-ranks test) (Fig. 4).

Discussion

This study is the first to report a reduction of
aggressive behavior in captive hawksbill
turtles. We found that the presence of rocks in
the captive environment effectively reduced
aggressive behavior in captive hawksbill
turtles. The findings of this study can be used
to enhance the captive management of hawks‐
bill turtles.

The aggressive behavior of hawksbill turtles
may be associated with the opportunities to

Fig. 3.  Serum corticosterone concentrations in
captive hawksbill turtles housed alone (‘single’) or
in pairs in the presence (‘pairing with’) and absence
(‘pairing without’) of rocks. Whiskers represent the
range, boxes represent the inter-quartile range (25–
75%), and lines represent the medians. Asterisks
represent significant differences among the medians
of the serum corticosterone concentrations (p<0.05).

encounter other turtles. The decrease in the
number of hiding and biting events (Fig. 1) and
the increase in the time spent resting (Fig. 2) in
the presence of rocks indicate a reduction in
interaction with other individuals. Wild hawks‐
bill turtles occasionally rest under coral reefs
and ledges (van Dam and Diez, 1997;
Houghton et al., 2003; Blumenthal et al., 2009;
Okuyama et al., 2010; Walcott et al., 2014),
suggesting that they prefer a relatively narrow
resting space. The results of the present study
also support this hypothesis as the total amount
of time that the turtles spent resting under rock
installation was the longest among the experi‐
mental conditions (Fig. 2). In other words, the

Fig. 4.  Serum corticosterone concentrations in
hawksbill turtles measured daily at 09:00 and 17:00
when housed alone (A), housed in pairs in the
absence of rocks (B), or housed in pairs in the
presence of rocks (C). Whiskers represent the range,
boxes represent the inter-quartile range (25–75%),
and lines represent the medians. Asterisks represent
significant differences among the medians of the
serum corticosterone concentrations (p<0.05).
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rock installations created narrow spaces in the
tank, which lead to an increase in the time that
the turtles spent resting. Consequently, this can
decrease the opportunities of them encounter‐
ing other turtles. Moreover, the turtles subjec‐
ted in the present study displayed a behavior of
hiding under other turtles; this may be attrib‐
uted to the possibility that they tried to substi‐
tute other individuals for rocks. Thus, the
presence of the rocks can be useful in prevent‐
ing or overcoming aggressive behaviors in
captive hawksbill turtles, such as hiding and
biting.

Corticosterone levels in reptiles, including
sea turtles, typically increase in response to
stressors in the environment (Jessop et al.,
2002a, b; Milton and Lutz, 2003; Jessop et al.,
2004; Jessop and Hamann, 2005; Hunt et al.,
2012). However, no significant differences
were observed in serum corticosterone levels
among the three experimental groups in the
current study. This finding suggests that the
presence and actions of other turtles, including
hiding and biting behaviors, in the present
study are unlikely to induce an increase in the
corticosterone levels. In green turtles (Chelo‐
nia mydas), the mean plasma corticosterone
concentrations increased significantly to
approximately 5–22 ng/mL in response to 8 h
of capture stress (Jessop et al., 2002b; Jessop
and Hamann, 2005). These values are similar
to those recorded for hawksbill turtles, i.e.,
approximately 8–12 ng/mL at 5 h after capture
(Jessop et al., 2004). The mean corticosterone
levels of cold-stunned juvenile Kemp’s ridley
turtles (Lepidochelys kempi) were found to be
39.3 ng/mL (Hunt et al., 2012). The physiolog‐
ical values reported in these previous studies
were substantially higher than the corticoster‐
one levels (<1 ng/mL) measured in turtles
under all three experimental conditions in the
present study (Fig. 3). Indeed, no trauma,
including external and internal bleeding, was
incurred from biting behavior in captive turtles
during this study.

Typical diurnal corticosterone fluctuations
were observed in captive hawksbill turtles
under all experimental conditions. This result

was consistent with previous findings in
captive juvenile green turtles, wherein plasma
corticosterone levels were substantially eleva‐
ted during the day (0600 to 1500 h) and
declined to basal levels at night (Jessop et al.,
2002b). These results suggest that the captive
turtles were not physiologically affected by the
experimental conditions of the present study,
thus indicating the reliability of our behavioral
findings.
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