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Abstract.—The Lesser Crested Tern (Thalasseus bengalensis) is a ground-nesting seabird that breeds only on sub-
tropical and tropical islands from northern Africa to northern Australia. Despite their wide distribution, few studies 
have been conducted on the breeding ecology of this species. On Jana Island, Saudi Arabia, which is northeast of 
the Saudi Arabia mainland, the midday ground temperature may reach 60 °C during the summer. In this study, two 
cameras were used to record the incubation behavior of Lesser Crested Terns to evaluate their coping ability in this 
extremely hot environment. The behavioral mechanism that the seabirds used to maintain optimal egg tempera-
tures was also evaluated. The results show that Lesser Crested Terns attend their eggs continuously during a 24-hr 
period without leaving the nests, except when a disturbance occurs. This behavior prevents the eggs from reaching 
lethal temperatures. In addition, position of the sun influenced the incubation behavior. Most incubating Lesser 
Crested Terns faced west in the morning, and began rotating clockwise until they faced east in the evening. This 
behavior may play a vital role in preventing both eggs and incubating adults from overheating. Received 16 November 
2015, accepted 31 January 2016.
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The Lesser Crested Tern (Thalasseus ben-
galensis) is a medium, ground-nesting, colo-
ny-forming seabird. Its colonies vary in size 
from a few to up to 20,000 pairs (Gochfeld 
and Burger 1996; Hamza 2014). This spe-
cies nests only on subtropical and tropical 
islands, and inhabits islands primarily near 
north and east Africa within the Red Sea, 
the Arabian Gulf, the Indian Ocean, the 
western Pacific, and near northern Australia 
(Gochfeld and Burger 1996; Aspinal 2010). 
As a breeding species, Lesser Crested Terns 
are very common around the Arabian Penin-
sula, and the Arabian Gulf colonies contain 
approximately 59,000 pairs (Aspinal 2010; 
Jennings 2010). This species is classified 
as of “Least Concern” by the International 
Union for Conservation of Nature (IUCN) 
Red List for birds (BirdLife International 
2015). Threats for the colonies include oil 
pollution, human disturbance, human egg-
collection and predation by introduced 
mammals (Aspinal 2010; Jennings 2010).

Despite their wide distribution, few stud-
ies have been conducted on the breeding 
ecology of the Lesser Crested Tern. This 
species is an ideal model for studying how 
extremely hot environments influence incu-
bation behavior since it breeds in nests with-

out any decoration or isolating materials, 
and egg laying is usually between May and 
July (Gochfeld and Burger 1996; Jennings 
2010), where midday ground temperature 
may reach 60 °C. Thus, this study is an at-
tempt to investigate how the incubating 
adults cope with this harsh environment and 
to evaluate the behavioral mechanism used 
by incubating adults to maintain the optimal 
egg temperature to prevent eggs from hy-
perthermia, using silent trail cameras.

Methods

Study Area and Data Collection

This study was conducted from 2-6 June 2015 on 
Jana Island, Saudi Arabia, which is northeast of the 
Saudi Arabia mainland. Jana Island (27° 21' N, 49° 54' 
E) is an offshore coral island in the Arabian Gulf that 
is approximately 45 km from the Jubail Industrial City. 
Jana Island is a protected area with a size of approxi-
mately 2.6 km2; it has dense vegetation that is dominat-
ed by halophytic shrubs (mainly Salsola vermiculata and 
Suaeda baryosma) (Miller et al. 2009). Two silent cameras 
(Bushnell 8 MP Trophy Cam Black Led Trail) were used 
to record the incubation behavior of adults. The dis-
turbance and any potential threats to the colony were 
also recorded 24 hr per day for at least 4 days. The cam-
eras were located 1.5 m from the eastern and western 
parts of the colony. Each camera was set to record one 
image per minute. A motion sensor was implemented 
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that could take three images per min depending on the 
movements of objects. The cameras recorded the noc-
turnal activities of the birds with infrared sensors. Each 
camera was installed with a minimal amount of distur-
bance. This allowed the adults to return to the colony 
only a few minutes after the installation of the cameras 
with a total time for installation of approximately 10 
min. The western camera obtained images for 83 hr and 
15 min (from 08:00 hr on 2 June 2015 to 19:15 hr on 
5 June 2015), and the eastern camera obtained images 
for 42 hr and 23 min (from 08:00 hr on 2 June 2015 to 
02:23 hr on 4 June 2015). In total, 16,186 images were 
extracted and analyzed. The ground surface tempera-
ture was measured at 1-min intervals on the ground 
in an open area for at least 24 hr using a data logger 
(HOBO U10). This open area was 2 m from the western 
part of the colony. The minimum ground temperature 
at night was 24.3 °C, and the maximum daytime tem-
perature was 58.4 °C.

Data Analysis

The 24-hr recordings began at midnight (00.00 hr) 
on 3 June 2015. These recordings were considered to be 
the unit of analysis for each nest (n = 18 nests). Each day 
was divided into 12 2-hr time periods. Two behavioral 
variables were calculated for each period: 1) nest atten-
dance – the percentage of nest attendance time by the 
incubating adults; and 2) orientation – the percentage 
of the incubating adult’s orientation in each direction 
(north, south, east, and west). The average temperature 
outside the colony was taken as the ground temperature 
for each period.

The influence of ground temperature on the in-
cubation behavior was investigated using linear mixed-
effect models (Pinheiro and Bates 2000; AlRashidi et al. 
2010), with nest identity as the grouping structure. The 
model included a random intercept term for each nest. 
The ground temperature was included in the model as 
a second degree orthogonal polynomial covariate. The 
correlation between the time period and the tempera-
ture was also included in the model because the effect 
of temperature on incubation may vary throughout day 
(AlRashidi et al. 2010). Additionally, the influence of 
the position of the sun on the incubation behavior was 
investigated using linear mixed-effect models. The nest 

identity was included as a random factor. The follow-
ing fixed effects were included in the initial models: 
direction (factor with four levels: north, south, east and 
west), time period, ground temperature as a second 
degree orthogonal polynomial covariate, and the inter-
action between the direction, time period and ground 
temperature. Both response variables were transformed 
into the arcsine square-root to achieve normality. The 
statistical package R (R Development Core Team 2015) 
was used for all statistical analyses. The values are given 
as the means ± SE.

Results

Daily Routine of Incubation Behavior

The mean total nest attendance was 97.02 
± 1.27% for the entire day (n = 18 nests). Dur-
ing the daytime (04:00-18:00 hr), the total 
nest attendance was 99.77 ± 0.22%. In con-
trast, at night (18:00-04:00 hr), the nests were 
attended 93.17 ± 2.84% of the time. Thus, 
the nests were attended over 98% of the time 
during each period except for consecutive 
periods (00:00-02:00; 02:00-04:00; 04:00-06:00 
hr). For these time frames, parents incubated 
79.07 ± 8.52%, 86.76 ± 6.53% and 98.47 ± 
1.53% of the time, respectively (Table 1; Fig. 
1). This reduction in attendance was due to 
disturbances of incubating adults in the west-
ern part of the colony. In contrast, no Lesser 
Crested Terns left their nests during these 
periods in the eastern part of the colony, as 
shown by the eastern camera. Moreover, the 
western camera revealed that nests were at-
tended continuously during these periods 
during the third night (Table 2).

The position of the sun influenced the 
incubation behavior. Most incubating Lesser 

Table 1. Minimal mixed-effect models of the nest attendance and orientation in the Lesser Crested Tern (n = 18) 
nests. The ground temperature was included in the models as a second degree orthogonal polynomial. The df val-
ues are the numerator and denominator degrees of freedom, respectively.

Explanatory Variables

Response Variables

% Nest Attendance % Orientation

df F P df F P

Time period 1, 19 1.12 0.290 — — —
Temperature 2, 19 4.41 0.013 2, 83 11.00 < 0.001
Time period x temperature 2, 19 1.90 0.153 — — —
Direction — — — 3, 83 14.95 < 0.001
Direction x time period — — — 4, 83   6.74 < 0.001
Direction x temperature — — — 6, 83 16.20 < 0.001
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Crested Terns faced west in the morning and 
then started rotating themselves clockwise 
until they faced east in the evening (n = 18 
incubating birds) (Table 1; Figs. 2 and 3). 
More than 65% of the incubating individu-
als faced west during the consecutive peri-
ods (06:00-08:00; 08:00-10:00; 10:00-12:00 
hr). The highest nest attendance was ob-
served for the period 08:00-10:00 hr (95.83 
± 1.78%). Almost all of the individuals faced 
west during this period (Figs. 2 and 3). How-
ever, the highest nest attendance when the 
individuals (76.48 ± 6.30%) faced east oc-
curred at 14:00-16:00 hr (Figs. 2 and 3). 
When the individuals faced north, the nest 

attendance percentages were all less than 
50%, except during the period of 12:00-
14:00 hr during which the percentage was 
54.03 ± 6.08% (Figs. 2 and 3). However, less 
than 20% of the birds were recorded facing 
south during daytime hours. In contrast, at 
night (18:00-04:00 hr), none of the percent-
ages were more than 50% for either direc-
tion (Fig. 2).

Colony Disturbance

The colony was approximately 1-3 m in 
width and 60 m in length with approximately 
1,700 eggs. There was typically one egg per 
each nest scrape; however, 22 nests had two 

Figure 1. (A) Ground surface temperature of the open area that was approximately 2 m from the western part of the 
colony (mean ± SE for each 2-hr period). (B) Nest attendance (%) as a function of the ground surface temperature 
(°C) during 2-hr periods (mean ± SE; n = 18 nests).

Table 2. Colony disturbances that were recorded using the cameras during the 5-day study.

Camera Position

Start Time of Disturbance End Time of Disturbance
Disturbance  

Duration (min)Date Time Date Time

Eastern part of the colony 2 June 2015 18:00 2 June 2015 18:04 4
2 June 2015 18:08 2 June 2015 18:11 3
2 June 2015 18:18 2 June 2015 18:20 2
2 June 2015 19:26 2 June 2015 19:43 17
3 June 2015 — — — —

Western part of the colony 2 June 2015 18:00 2 June 2015 18:27 17
2 June 2015 19:25 2 June 2015 22:40 135
2 June 2015 23:00 3 June 2015 00:20 80
3 June 2015 00:38 3 June 2015 01:50 72
4 June 2015 03:25 4 June 2015 03:58 33
5 June 2015 — — — —
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eggs, and one nest had three eggs. The eggs 
were laid on the barren nest scrape with no 
isolated materials. I recorded some distur-
bances among the incubating Lesser Crest-
ed Terns during the nighttime but did not 
record any disturbances during the daytime 
hours (Table 2). Neither camera showed any 
predators attacking the nests or eating eggs.

The western camera recoded a small dark 
animal that may have been a small house 
mouse (Mus musculus) or a darkling beetle 
(Pimelia arabica). It appeared immediately af-
ter the flushing of the Lesser Crested Terns 
during 18:00-02:00 hr on the first night.

Discussion

Incubation may be the most costly phase 
of the breeding cycle, which is similar to 
chick rearing in terms of energy expenditure 
and time limitation. This is particularly the 
case for ground-nesting avian species that 
breed in harsh environments (i.e., extreme 
temperatures, high predation risk and scar-
city of food) (Reid et al. 2002; Martin and 
Wiebe 2004; Nord and Williams 2015). The 
breeding ground-nesting avian species in 
these harsh environments must balance the 
demands of their eggs with their own physi-
ological requirements (Carey 2002). Some 
ground avian species are known to abandon 

their nests when they cannot withstand ex-
treme daytime temperatures or if they expe-
rience a high predation risk (Amat and Ma-
sero 2004; Gómez-Serrano and López-López 
2014).

The Lesser Crested Terns in this study at-
tended their eggs continuously over 24 hr 
without leaving the nests except when a dis-
turbance occurred. This result is compared 
to the Saunders’s Tern (Sternula saundersi) 
(AlRashidi and Shobrak 2015) that breeds in 
a similar hot environment with similar nests 
to the Lesser Crested Tern. Saunders’s Terns 
did not incubate more than 90% of the en-
tire day. The Saunders’s Tern has biparen-
tal incubation systems, whereas the Lesser 
Crested Tern’s incubation behavior is still 
unknown. Cameras did reveal the change-
over behavior: in several occasions one Less-
er Crested Tern relieved the other from the 
incubation duties during the hottest part of 
the day. However, due to the morphological 
similarities among adults, it is still not clear 
whether the incubation pattern is biparental 
or communal incubation. Although some 
avian species that nest in extremely hot en-
vironments have temperature-resistant em-
bryos (Bennett and Dawson 1979; Bennett et 
al. 1981; Aguilar et al. 1998), the embryo’s 
optimal developmental temperature in most 
avian species is typically 36.0-40.5 °C (Webb 
1987). The Lesser Crested Terns in this study 

Figure 2. Lesser Crested Tern orientation (%) as a function of the sun direction during 2-hr periods (mean ± SE; n 
= 18 nests). (A) west and east; (B) north and south.
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incubated their eggs incessantly to prevent 
embryo exposure to the lethal temperatures. 
This 5-day study period only reflected ap-
proximately 20% of the incubation period, 
which is between 22-25 days. The Lesser 
Crested Terns did not need to leave their 
nests for any specific period to avoid preda-
tion during the limited term of this study. 
This was in contrast to Saunders’s Terns 
(AlRashidi and Shobrak 2015), which usu-
ally do leave their nests to distract predators 
and attract them as far as possible from their 
nests, particularly during the early morning 

and late evening when predator activity in-
creases.

The incubating Lesser Crested Terns 
changed their body orientation in relation 
to the sun. They generally faced opposite 
the sun, which could be a behavioral mech-
anism that plays a vital role in preventing 
both incubating adults and eggs from over-
heating. This mechanism could minimize 
the absorption of solar radiation. The heads 
of these birds are black; thus, they avoided 
facing the sun by fluffing the crested nape 
that faces the sun during the hottest part of 

Figure 3. Photos showing Lesser Crested Tern orientation as a function of the sun and time of day: (A) facing west; 
(B) facing north; (C) facing east.
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the day. The fluffed crested nape may dis-
perse the solar radiation and cool the indi-
viduals’ heads (Oswald and Arnold 2012). 
Also, this behavior maximized the shading 
of the eggs by keeping their bodies between 
the eggs and the direct sunlight (i.e., under 
the direct shade of their ventral feathers). In 
addition, this behavior minimized the water 
evaporation rate of their soaked bellies. The 
cameras showed that the incubating adults 
usually wet their ventral feathers, especially 
during the hottest part of the day. This result 
partially agrees with the results of Lustick et 
al. (1978), who reported that Herring Gulls 
(Larus argentatus) rotated themselves 180 
degrees during the day to face the sun to 
expose their white surfaces to the direct sun-
light to reduce overheating of their bodies.

In conclusion, the results of this study 
show some of the behavioral mechanisms 
used by this seabird species that breeds in 
a harsh environment to protect their eggs 
and/or themselves from overheating. How-
ever, with changes in global climate, which 
may result in ground temperatures exceed-
ing the tolerable maxima for eggs and incu-
bating adults, implications on breeding sys-
tems are anticipated. Future studies should 
focus on collecting detailed behavioral and 
ecological data on this species and other sea-
bird species to predict the likely behavioral 
responses of seabirds to global warming.
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