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Abstract
The present study investigated some aspects of the breeding biology of the
Bridled Tern Sterna anaethetus, a pan-tropical oceanic seabird on Nakhilu
Island located in the northern Persian Gulf, Iran, during the breeding seasons
of 2010 and 2011. Four stations with different types of vegetation cover were
selected to estimate the effects of vegetation cover on their breeding biology.
The length, width and depth of nests combined for 2010 and 2011 were
22.0±0.23 cm, 18.5±0.21 cm and 3.71±0.08 cm, respectively, and there were
significant differences in nest dimensions between areas with different
vegetation cover. More than 27% of nests (53 nestsout ofa total of 195 nests)
were oriented towards the east while only 5.6% (11 nests out of a total of 195
nests) of nests were oriented towards the south-west and the west. The mean
clutch size was calculated at 1.05±0.01 (N=4238) and there were significant
differences between the mean clutch size within four categories of vegetation
cover (χ2

3=11.884, N=219, P<0.01). The highest mean clutch size was
calculated at 1.08±0.01 (N=717) in the area with 25%–50% vegetation cover
and the lowest was calculated at 1.03±0.008 (N=455) in the area with less
than 5% vegetation cover. Egg size (N=204) was 43.7×30.9 mm with an
average incubation period of 29.5±0.17 days (range=23–35, N=165).
Hatching success was 77.5% (158 of 204 eggs) with failures being primarily
due to predation by Ruddy Turnstones Arenaria interpres or disappeared,
nestling success was 95% (151 of 158 newly hatched chicks), fledging
success was 76.8% (115 of 151 chicks) and the overall breeding success was
67.5%. Long term monitoring of the breeding colonies on Nakhilu Island
should be considered as an important conservation priority.

1. Introduction
The Bridled Tern Sterna anaethetus Scopoli
1786 is a tropical and subtropical (pan-tropical)
oceanic seabird occurring in the Pacific, Indian
and Atlantic oceans (Cramp et al. 1985;
Hulsman & Langham 1985; Villard &
Bretagnolle 2010) with a population size of
about 600,000–1,500,000 mature individuals
(Birdlife International 2017). It breeds on
offshore islands in Australasia, excluding the
eastern part of the region, and in much of
southern Australia and New Zealand (Hulsman
& Langham 1985; Simpson & Day 1986), in
New Caledonia (Villard & Bretagnolle 2010),
on the coast of India and most of south-east

Asia (Blakers et al. 1984), off the Pacific and
Atlantic coasts of central America (Kale et al.
1992), in the Red Sea, Persian Gulf and Indian
Ocean, around the Arabian Peninsula and in
eastern Africa south to South Africa (Cramp et
al. 1985; Gochfeld & Burger 1996).

The first in-depth investigations on the
breeding biology of the Bridled Tern were
undertaken by Hulsman & Langham (1985) in
colonies on One Tree Island in Australia.
Additional information on its biology is
restricted to a few papers (Diamond 1976;
Domm & Recher 1973; Nicholls 1977; Warham
1958). Hulsman & Langham (1985) considered
features of breeding Bridled Terns, including
dispersion of the nests, nesting under cover,
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unusual colour of the eggs and chicks, fast
initial growth of chicks and behaviour of chicks
and adults. They found that the reproductive
success of the Bridled Tern was high on One
Tree Island due to low rates of predation on
their eggs and chicks, while their ability to fast
for longer periods than other tern species (e.g.
Greater Crested Tern Sterna bergii) buffered
them from the effects of cyclonic weather. This
study showed that Bridled Tern chicks have a
prolonged period of growth compared with that
of other tern species of similar body size.
Garavanta & Wooller (2000) studied the
breeding biology of Bridled Terns on Penguin
Island, Western Australia, where 1200–1500
breeding pairs were recorded. They reported an
incubation period of 27–33 days, hatching
success averaging 72% and estimated that 84%
of the chicks probably fledged.

Bretagnolle & Benoit (1997) studied a
breeding colony of 750–1500 pairs of Bridled
Terns on a rocky island in New Caledonia.
They found that this population appears to be
very similar to the Australian population,
except that the birds are slightly larger.
Nicolson (2002) examined the impact of
environmental variability upon community
structure and the life-history traits of tropical
seabirds. Her study investigated some aspects
of the breeding biology of the Bridled Tern
including timing, egg dimensions, chick
growth, breeding success, and the effect of
environmental variability onbreeding success.
The results showed that breeding success was
more than 50% in all years, but was reduced in
the 1998/1999 breeding season because many
chicks perished in Cyclone Vance. In a New
Caledonia colony, Villard & Bretagnolle (2010)
found that of 93 nests monitored, 82 were
covered by rock and vegetation. Breeding
success was high at an estimated 81% of
clutches producing fledglings.

In the Palearctic region, Bridled Terns breed
on many offshore islands in the Red Sea
(130,000 breeding pairs) and the Persian Gulf
(Ticehurst et al. 1925; Cramp et al. 1985;
Evans 1994; Scott 2007; Shobrak & Aloufi
2014). The Nakhilu Island in Iran was host to a
large population of 17,000–19,000 pairs of
Bridled Terns during the 2010 and 2011
breeding seasons (Tayefeh et al. 2013). Despite
the huge breeding colonies of Bridled Terns on
the Persian Gulf islands, until now information

on this species is restricted to studies on some
aspects of the breeding biology such as
population size (Behrouzi-Rad & Tayfeh 2008,
Tayefeh et al. 2011, 2013), timing of breeding
(Tayefeh et al. 2015) and colony site selection
(Tayefeh et al. 2017). This study provides new
data on nest characteristics, clutch size, egg
dimensions, incubation period and breeding
success of the Bridled Tern on Nakhilu Island.

2. Materials and Methods
2.1. Study area
The study was undertaken on Nakhilu Island
(27°49'N, 51°28'E) in the Mond Islands located
in the northern part of the Persian Gulf, south-
east of Bushehr Province, southern Iran (Fig.
1). Nakhilu Island is located in Dayer-Nakhilu
Marine National Park. Field surveys were
conducted each year between late March and
late August. Nakhilu Island is located 133 km
from the city of Bushehr. The island is located
about 2.5 km south-east of Tahmadon island
and 7.7 km south-west of Omol-Karam island.
Nakhilu Island measures about 35 ha in extent,
ranging from 34.2 ha at high tide to 36.2 ha at
low tide. The highest point of the
island is about 3 metres above mean sea level.
Three types of vegetation occur here, namely 1)
Atriplex leucoclada which grows
in sparse to dense masses, 2) Cyperus
conglomeratus-Halopyrum mucronatum which
occur in the sandy hills together with
Scrophularia sp., Cicer sp. and Heliotropium
sp., and 3) Arthrocnemum macrostachyum
which occurs seasonally in the east of the
island. The fauna of Nakhilu includes a small
mouse Mus sp., which is abundant, and reptiles
such as Ocellated Skink Chalcides ocellatus,
Rough-tailed Gecko Cyrtopodion scabrum and
Hawksbill Turtle Eretmochely simbricata.

The climate data of Dayyer meteorological
station 27º 50′ N and 51º 56′ E, 30 Km south-
east of the study area were used to evaluate the
climate parameters because its climate
conditions are similar with Nakhilu Island.
Harsh condition of heat occurs from June to
August. The minimum and maximum
temperatures are 50°C (5 June 2003) and 6°C (3
January 2009), respectively. Annual
precipitation in the area averages 196.9 mm and
is limited almost entirely to winter. The highest
wind speed was recorded 25 m/sec on 9 July
2006.
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Fig. 1. Nakhilu Island, Bushehr province, where the
breeding biology of the Bridled Tern Sterna
anaethetus was studied.

2.2. Breeding biology
The study covered two breeding seasons and
was undertaken between March 2010 and late
August 2011. To estimate the effects of
vegetation cover on their breeding biology
(Feare et al. 1997), four stations with different
densities of vegetation cover were selected.
Within the tern colonies, plots were chosen
randomly in a stratified habitat of four classes
of vegetation cover defined as station 1 (less
than 5%), station 2 (5%–25%), station 3 (25%–
50%) and station 4 (more than 50%).

Bridled Terns build their nests in shallow
scrapes below vegetation or lay their eggs on
bare rocks and boulders (Cramp et al. 1985;
Hulsman & Langham 1985; Villard &
Bretagnolle 2010). The length, width and depth
of the nests were measured using a steel ruler
on the first day of egg-laying, because nest
dimensions expanded due to the movement of
the birds during the nesting period. Nest
orientation was taken by holding a compass.

Clutch size, as the maximum number of
eggs or chicks per nest was calculated using a
systematic sampling method for nest counts in
both breeding seasons. A comparison of the
mean clutch size was made across the four
stations.

Eggs were numbered with a pencil and their
dimensions (length and breadth) were measured
with an electronic caliper (accurate to ±0.01
mm). Egg volumes were calculated using the
formula, length × breath2 × 0.507 (Hoyt 1979).
Fresh eggs were weighed using an electronic
balance (accurate to ±0.1 g), and egg volume
and weight were used to obtain egg density.
Eggs were weighed within 24 hours of laying.
To operate in windy conditions, the electronic
balance was covered by a box 50 cm in height.
Eggs were selected in four stations during the
two breeding seasons.

To determine weight loss during the
incubation period, the relationship between egg
density and age of the eggs was calculated by
linear regression. Eggs were weighed on the
day of laying, then every five days and finally
when they started to hatch, synchronized with
naturally external pipping. The reason for
weighing eggs before the hatching stage was
that the cracked shell provides additional
avenues for water loss via shell openings. This
will be 25% (Rahn & Ar 1974) to 28%
(Whittow 2002) of the total calculated water
loss, although the duration of pipping is only
10% of the incubation period (Whittow 2002).
The incubation period was defined as the
number of completed days of incubation that
elapsed between the day when incubation
started and the day when hatching started
(Hamer et al. 2002).

Colonies were visited whenever possible
from the beginning of nest building, egg-laying,
through incubation and up to fledging. Bridled
Tern chicks usually remain on their nest
through the chick rearing period up to fledging
(Cramp et al. 1985; Higgins 1996). Study plots
were checked to find newly built nests on 11
May 2010 and 21 May 2011. Empty nests were
marked using small wooden boards in each
study plot, and the bushes surrounding each
nest were marked with coloured spray to ease
nest detection. All nests where breeding was
attempted were given a number. Breeding
success was calculated based on the percentage
of individuals remained from the previous
stage.

2.3. Data analysis
Data were tested for the assumption of
normality using Skewness-Kurtosis and
Kolmogorov-Smirnov test. A non-parametric
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Mann-Whitney U-test and the Kruskal-Wallis
H-test were used when the data were not
normal. For normal data, parametric tests were
applied. An independent-sample t-test was used
to test differences in nest and egg
characteristics across 2010 and 2011. The
homogeneity of variance was tested by
Levene’s test. To compare the nest and egg
characteristics across the four stations, a One-
way analysis of variance (ANOVA) was used.
Tukey post-hoc test (HSD) was used as the
continuation of ANOVA in the case where the
groups showed significance differences for
mean comparisons. Also, a One-sample t-test
was used to test whether the average of a
sample differs significantly from a known value
taken from the previous studies. The
relationship between egg mass and the body
mass of birds and the relationship between egg
mass and newly chick mass was analyzed using
the Pearson correlation. Fisher’s Exact Test
(Crosstabs function) was used to analyse
hatching, nestling and breeding success
(Williams et al. 2007) due to small sample sizes
in some cases. All statistical analysis was
performed using the software SPSS 16.0.1
(SPSS Inc., Chicago 2001) with the α-level set
at 0.05. All values reported are means±SE.

3. Results

3.1. Nest characteristics
Overall, the length, width and depth of nests
combined for 2010 and 2011 were 22.0±0.23
cm, 18.5±0.21 cm and 3.71±0.08 cm,
respectively (Table 1). The results of an
independent sample t-test showed that there
were no significant differences between 2010
and 2011 innest length (t= –0.394, P>0.05),
nest width (t= –0.957, P>0.05) and nest depth
(t= –0.468, P>0.05).

In 2010 and 2011, there were significant
differences in nest dimensions between areas
with different vegetation cover (2010: F3,114

length=12.719, P<0.01; width=14.48, P<0.01
and depth=18.610, P<0.01 and 2011: F3,74

length=4.973, P<0.01; width=7.673, P<0.01
and depth=7.617, P<0.01). The post hoc
multiple comparisons by Tukey indicated that
nests in areas with less than 5% vegetation
cover were shorter in length (P<0.01), width
(P<0.01) and depth (P<0.01) than nests in the

other three stations. Also, nests in areas with
more than 50% vegetation cover the well-
developed soil containing humus allowed the
birds to nest deeper than nests in station 2
(P<0.01) and station 3 (P<0.01).

All compass directions were represented in
the nests sampled during the 2010 and 2011
breeding seasons (Table 1, Fig. 2). Overall,
more than 27% of nests (53 of 195 nests) were
oriented towards the east while only 5.6% (11
nests) were oriented towards the south-west and
west. In 2010, 58.5% of nests (69 of 118 nests)
were oriented between north and south-west in
a clockwise direction. There was no compass
direction for 16.1% of nests (19 of 118 nests)
which were located on flat ground without any
scrape. In 2011, 57.5% of nests (44 of 77 nests)
were oriented between north and south-east in a
clockwise direction, while 35% of nests (27
nests) were oriented between south and north-
west.

Fig. 2. Compass directions of the Bridled Tern nests
during the 2010 and 2011 breeding seasons. A:
Nests oriented to the east are those opening in the
opposite direction to the prevailing winds and sun
exposure in the hot hours in the afternoon. B: wind
plot of Dayyer Weather Station.

3.2. Clutch size
The Kolmogorov-Smirnov test showed that data
on clutch size were not normal (Z=35.070,
P<0.01) and non-parametric analyses were
used; the results of which are given in Table 2.
The mean (±SE) overall clutch size in 2010 and
2011 combined was 1.05±0.01 (N=4238). There
was no significant difference between the mean
clutch size in 2010 and 2011 (Mann-Whitney U
Test; Z= –1.812, P>0.05). In 2010, the results
showed that there were significant differences
between the mean clutch size within the four
stations (χ2

3=11.884, N=219, P<0.01). The
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highest mean clutch size was calculated at
1.08±0.01 (N=717) in station 3 and the lowest
was 1.03±0.01 (N=455) in station 1. In 2011,
there was no significant difference between the
mean clutch size across the four stations
(χ2

3=4.714, P>0.05).

3.3. Eggs characteristics
The mean values (±SE) of egg dimensions in
2010 and 2011 are given in Table 3. The
independent sample t-test showed that there
was no significant difference between years in
egg length (t= –1.871, P>0.05), fresh weight
(t=1.910, P>0.05) and egg density (t=0.682,
P>0.05). Eggs in 2011 were significantly wider
(t= –2.070, P<0.05) and bigger (t= –2.518,
P<0.05) than in 2010. In 2010, a One-way
ANOVA test between areas with different
vegetation cover showed no significant
difference in egg length (F3,120=2.098, P>0.05),
but there were significant differences in other
egg characteristics (F3,120 width=3.015, P>0.05;
volume=3.483, P<0.05; fresh weight=6.853,
P<0.01 and egg density=6.527, P<0.01). The
post hoc multiple comparisons by Tukey (HSD)
indicated that eggs in station 1 were smaller in
volume (P<0.01) than at station 4 and lighter
than at stations 3 and 4 (P<0.01).

In 2011, there were no significant
differences in egg length (F3,76=1.204, P>0.05)
and egg density (F3,76=1.805, P>0.05) between
stations, but there were significant differences
in other egg parameters (F3,76 width=5.002,
P<0.01; volume=5.099, P<0.01 and fresh
weight F3,76=4.244, P<0.01). Eggs at station 1
were less wide than those at stations 3 and 4
(P<0.05), were smaller than those at stations 3
and 4 (P<0.05) and were lighter than those at
station 3 (P<0.05) and station 4 (P<0.01).

Overall, the egg mass decreased by about
15% during incubation (weight of fresh egg
=21.8, N=204; weight just before
hatching=18.6, N=165; Table 3). Using data
from 35 freshly laid eggs weighed at five-day
intervals, the relationship by linear regression
between egg density and age of egg was
established (egg density= –0.005 (egg
age)+1.060; r2=0.691, P<0.01; Fig. 3).
Mean incubation periods were not significantly
different between 2010 and 2011 (t= –0.397,
P>0.05), and the pooled mean was 29.5±0.17
days (N=165, Table 3). Moreover, there were
no significant differences between incubation

period across the four stations in 2010
(F3,90=1.083, P>0.05) or 2011 (F3,68=1.245,
P>0.05).

The relationship between egg mass of 30
eggs and the body mass of adults captured on
their nests during the early incubation period
was established using the Pearson correlation.
The results revealed a significant and positive
correlation between body mass and egg mass
with r=0.406 (P<0.05). There was a positive
correlation between the egg mass of 93 eggs
and the body weight of the newly hatched
chicks (r=0.657, P<0.01).

Fig. 3. Bridled Tern egg density plotted against egg
age (N=35). Eggs were weighed on the day of laying
and at five-day intervals throughout the incubation
period in the study plots on Nakhilu Island (data for
2010 and 2011 combined).

3.4. Breeding success
Overall, of the 204 eggs laid in the study plots
during 2010 and 2011, 158 eggs were
successfully hatched (Table 4). Most failures
were recorded during the incubation period (39
of 46 eggs) and the rest took place during the
hatching period. Hatching failures were
generally because the eggs were eaten by
predators, became cracked, were replaced by
another egg or disappeared. It was observed that
Ruddy Turnstones preyed on eggs especially in
station 1 when the parents were absent. Most
failures during the hatching period (6 of 7 eggs)
were in the area with less than 25% vegetation
cover (stations 1 and 2). Hatching success did
not differ between 2010 and 2011 (Fisher’s
Exact Test, P>0.05). In 2010, significant
differences were found in hatching success
between stations 1 and 2 (P<0.05). The lowest
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hatching success was in station 1 (51%), while
it was calculated at 80% in the area with more
than 5% vegetation cover. Hatching success did
not differ between stations 1–4 in 2011
(P>0.05).

The average nestling success was 95% (151
of 158 newly hatched chicks) in 2010, 2011 and
combined. Most failures in nestling success
were in station 1 (5 of 7 chicks). Fledging
success did not differ between years (P>0.05),
but there was a significant difference between
stations in 2010 (P<0.01) and 2011 (P<0.05).
The lowest fledging success was in station 1
because chicks moved around to find shaded

areas. However, it was not possible to locate all
young and to determine whether they were alive
or not. Only a small number of Bridled Terns
nested in station 1 (455 out of 16924 nests in
2010 and 525 out of 17267 nests in 2011).
Consequently, breeding success was calculated
in the areas with more than 5% vegetation cover
(stations 2–4) to obtain the actual breeding
success. On the whole, breeding success was
67.5% and did not differ between 2010 and
2011 (P>0.05). The results showed that
breeding success was similar between stations
2, 3 and 4 in 2010 (P>0.05) and 2011 (P>0.05).

Table 1. The length, width, depth (cm) and compass directions of Bridled Tern nests on Nakhilu Island in areas
with different vegetation cover (less than 5%, 5%–25%, 25%–50% and more than 50%) during the 2010 and 2011
breeding seasons. Statistics are reported for comparisons between length, width and depth of nests in each area
with different vegetation classes using the post hoc multiple comparisons by Tukey test (HSD) of ANOVA. All
values are given as mean±SE.
Station
(no. of nests)

Length
(cm)

Width
(cm)

Depth
(cm)

Nest directions
Plate N NE E SE S SW W NW

2010
a) <%5 (31) 19.39±0.55a 15.77±0.59a 2.88±0.12a 18 0 3 3 0 2 1 3 1
b) %5-%25(28) 22.43±0.37b 18.71±0.40b 3.71±0.20b 0 3 3 11 4 3 2 1 1
c) %25-%50(30) 22.70±0.45b 19.33±0.29b 3.67±0.10b 0 4 4 11 4 3 1 0 3
d) >%50 (29) 23.41±0.61b 19.69±0.54b 4.53±0.20c 1 3 5 6 5 4 1 2 2

Total (118) 21.94±0.29 18.34±0.28 3.68 ± 0.10 19 10 15 31 13 12 5 6 7
2011
a) <%5 (16) 19.50±0.79a 16.13±0.89a 3.03±0.15a 5 0 2 3 1 0 1 2 2
b) %5-%25(21) 22.67±0.42b 19.00±0.40b 3.64±0.25a 1 2 3 8 2 2 1 1 1
c) %25-%50(23) 22.70±0.72b 19.35±0.32b 3.65±0.13a 0 2 3 6 2 3 2 1 4
d) >%50 (17) 23.06±0.85b 20.12±0.79b 4.73±0.39b 0 1 2 5 2 3 2 1 1

Total (80) 22.13±0.36 18.8±0.32 3.78±0.13 6 5 10 22 7 8 6 5 8
Combined 2010 &
2011 (195)

22.01±0.23 18.50±0.21 3.71±0.08 25 15 25 53 20 20 11 11 15

Note: Means in the same column followed by the same letter are not significantly different at P<0.05 as
determined by Tukey (HSD).

Table 2. Clutch sizes of Bridled Tern on Nakhilu Island in sampling areas with different vegetation cover during
the 2010 and 2011 breeding seasons.
Stations Clutch size (No. of nests sampled) Total no. of clutches sampled Mean ± CE

1 2 3
2010
< 5% 440 15 0 455 1.03±0.008
5%−25% 97 4 0 101 1.04±0.020
25%−50% 660 55 2 717 1.08±0.011

>50% 866 50 2 918 1.06±0.008
Total in 2010 2063 124 4 2191 1.06±0.005

2011
< 5% 506 18 1 525 1.04±0.009
5%−25% 669 31 3 703 1.05±0.009
25%−50% 571 33 2 606 1.06±0.010

>50% 207 6 0 213 1.03±0.011
Total in 2011 1953 88 6 2047 1.05±0.005
Combined 2010−2011 4016 212 10 4238 1.05±0.004
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Table 3. Descriptive statistics of eggs and incubation period on Nakhilu Island in areas with different vegetation
cover during the 2010 and 2011 breeding seasons.

Plant cover (no.
of plots)

Length (mm)Width (mm) Volume (ml) Fresh weight
(g)

Density (g/ml) Weight before
hatching (g)

Incubation (days)

2010

<5% (31) 43.11 ± 0.40a 30.37 ± 0.20a 20.22 ± 0.19a 20.42 ± 0.40a 1.01 ± 0.01a 17.51 ± 0.32a (17) 29.24 ± 0.35a (17)
5%−25% (30) 43.16 ± 0.30a 30.95 ± 0.18a,b 20.98 ± 0.27a,b21.60 ± 0.31a,b 1.03 ± 0.01a,b 18.42 ± 0.29a,b (23) 30.04 ± 0.41a (23)

25%−50% (31) 43.59 ± 0.20a 30.79 ± 0.18a,b 20.96 ± 0.24a,b22.13 ± 0.27b 1.06 ± 0.01a,b 18.79 ± 0.30b (27) 29.07 ± 0.41a (27)
>50% (32) 44.07 ± 0.31a 31.08 ± 0.16b 21.61 ± 0.30b 22.35 ± 0.33b 1.03 ± 0.01b 18.91 ± 0.35b (26) 29.38 ± 0.42a (26)

Total (124) 43.49 ± 0.16 30.80 ± 0.09 20.94 ± 0.16 21.63 ± 0.18 1.03 ± 0.004 18.6 ± 0.17 (93) 29.43 ± 0.21 (93)

2011

<5% (16) 43.51 ± 0.31a 30.57 ± 0.21a 20.61 ± 0.23a 21.12 ± 0.34a 1.03 ± 0.01a 17.65 ± 0.25a (13) 28.92 ± 0.89a (13)
5%−25% (21) 43.67 ± 0.40a 30.78 ± 0.23a,b 21.00 ± 0.38a,b22.19 ± 0.31a,b 1.05 ± 0.01a 19.11 ± 0.37a (19) 30.42 ± 0.46a (19)
25%−50% (24) 44.07 ± 0.33a 31.46 ± 0.18b 22.14 ± 0.36b 22.43 ± 0.34b 1.01 ± 0.01a 18.69 ± 0.36a (22) 29.14 ± 0.57a (22)
>50% (19) 44.61 ± 0.61a 31.41 ± 0.16b 22.34 ± 0.41b 22.82 ± 0.30b 1.02 ± 0.01a 18.81 ± 0.35a (18) 29.67 ± 0.50a (18)
Total (80) 43.98 ± 0.22 31.09 ± 0.11 21.58 ± 0.20 22.14 ± 0.18 1.03 ± 0.003 18.64 ± 0.8 (72) 29.57 ± 0.30 (72)
Combined 2010
& 2011 (204)

43.68 ± 0.13 30.91 ± 0.07 21.20 ± 0.12 21.83± 0.13 1.03 ± 0.003 18.59 ± 0.12 (165) 29.49 ± 0.17 (165)

Note: Means in the same column followed by the same letter are not significantly different at P<0.05 as
determined by Tukey (HSD).

Table 4. The breeding success and percentage of fledged chicks for Bridled Terns breeding on Nakhilu Island
during the 2010 and 2011 breeding seasons. Sample sizes are given in parentheses. NA= Not available because
chicks moved from station 1 to out of sampling areas.
Study plots No. of nest

building
attempts

No. of
Eggs laid

Hatching
% (Number)

Nestling
% (Number)

Fledging%
(Number)

Breeding
success (%)

2010
< 5% 31 31 51.61 (16) 87.5 (14) 42.86 (6) NA
5%−25% 28 30 73.11 (22) 100 (22) 86.36 (19) 63.33
25%−50% 30 31 87.10 (27) 96.30 (26) 88.46 (23) 74.19

>50% 29 32 81.25 (26) 96.15 (25) 88.00 (22) 68.75
Total in 2010 118 124 73.39 (91) 95.60 (87) 80.46 (70) 68.82
2011
< 5% 16 16 68.75 (11) 90.91 (10) 30.00 (3) NA
5%−25% 21 21 80.95 (17) 94.18 (16) 81.25 (13) 61.90
25%−50% 23 24 91.67 (22) 100 (22) 77.27 (17) 70.83

>50% 17 19 89.47 (17) 94.18 (16) 75.00 (12) 63.16
Total in 2011 77 80 83. 75 (67) 95.52 (64) 70.31 (45) 65.63
Combined 2010
& 2011

195 204 77.45 (158) 95.57 (151) 76.82 (115) 67.52

4. Discussion

4.1. Nest characteristics
The Bridled Tern is among the tern species that
build nest scrapes (Hulsman & Langham 1985;
Nicholson 2002; Villard & Bretagnolle 2010).
In very hot climates such as the Persian Gulf
islands, heat can kill the developing embryos.
On the Persian Gulf islands, scrapes tend to be
lined with non-vegetative materials (including
stone, shell fragments, feathers and soil), and
this allows convective cooling to occur as air
moves over the eggs and nestlings. The nests of

Bridled Terns which have semi-precocial young
provide protection for the chicks as well as the
eggs. Bridled Terns attempt to reduce the
temperature of the nest by placing it in partial
or full shade. It was observed that Bridled Tern
nests were in the shade of plants, under rocks or
old building materials, in the empty burrows of
Crab Plovers Dromas ardeola, in the shade of
garbage and even in open areas (Tayefeh et al.
2017)., which indicates that space is a limiting
factor for this species on Nakhilu Island. In this
study, Bridled Terns nested in open areas (<5%
vegetation cover) mostly at the end of the
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laying period when most well-vegetated areas
had been colonized.

A possible hypothesis to explain differences
in the nest dimensions among nesting areas is
that the preferred area is occupied by higher
quality adult (with bigger body size) that
exclude others (Coulson 1968). In Sooty Terns
Onychoprion fuscatus, another tern species
nesting in similar habitat, lower quality
individuals are forced to disperse into low
quality breeding habitats in peripheral areas
(Saliva & Burger 1989). It is now well
established that in many birds, young
individuals tend to nest later compared with
older breeders (Coulson 2002). Amongst
seabirds, experienced breeders are commonly
the first ones to return to their breeding colony
at the beginning of the breeding season and
occupy more suitable habitats in the central area
of the colony, but egg laying might occur with
delay since experience has an important
influence on the timing of egg laying (Hamer et
al. 2002). Although the birds were not
marked/aged, it is possible that younger less
experienced Bridled Terns nest in the peripheral
and less suitable habitats of Nakhilu Island
compared with the experienced birds.
Consequently, nests of Bridled Terns in well
vegetated areas are deeper than those in less
vegetated areas either due to the soil texture that
allows the birds to build deeper nests or
because of the larger body size of birds in the
central areas as compared with birds in
peripheral habitats.

In the study area, during spring and summer,
the sun rises in the north-east and sets in the
south-west. As the sun rides higher in the sky,
an increasing amount of short-wave radiation
heats the soil. In the afternoon when the
temperature rises to its maximum (over 40°C),
solar radiation may have a significant negative
effect on eggs and chicks. Most Bridled Tern
nest entrances were oriented toward the east.
The Bridled Tern showed a preference for nest
orientation which generally protects them from
wind and solar radiation. Since the predominant
wind blows over Nakhilu Island (Fig. 2), the
terns chose a nest site where an easier path for
departure and arrival was located. It is possible
that Bridled Terns are able to take off and land
facing the predominant wind direction as
discussed for the Sooty Tern by Saliva &
Burger (1989).

4.2. Clutch size
The mean clutch size of the Bridled Tern in the
present study (1.05±0.004, Table 2) was within
the range of other studies in Australia
(Nicholson 2002) and New Caledonia (Villard
& Bretagnolle 2010). Factors determining the
clutch size have long been the central issue on
studies in the life history of birds (Klomp 1970;
Winkler & Walters 1983; Hamer et al. 2002;
Niizuma et al. 2005). Ashmole (1963) proposed
that populations of colonial seabirds were
limited by food availability during the breeding
season. In particular, because of over-foraging
the area around colonies, adults could not find
sufficient food to raise more young or faster-
growing young. Furthermore, the chicks of
some seabird species lay down great amounts of
fat during their growth, which seems necessary
to carry them through periods when the adults
could not find a sufficient amount of food
(Ashmole 1963; Lack 1968). Ecological and
taxonomic factors can affect on clutch size
(Lack 1968). The majority of seabirds lay
clutch of one to two eggs (Hamer et al. 2002).
Lack (1947) suggested that the number of eggs
laid by birds corresponds to maximum number
of chicks they can rear to independence.
Ashmole (1963) proposed that “dense
aggregations of seabirds such as the Bridled
Tern in one particular area and depressed local
food resources cause density- dependent
limitations on breeding and nest success”.

4.3. Egg characteristics
Egg quality is one of the most proposed
mechanisms by birds which can adjust the
magnitude and pattern of their breeding effort
in relation to environmental conditions and to
their own breeding condition (Slagsvold et al.
1984). Egg size differences amongpopulations
should represent indicators of various
environmental stresses and limitations,mainly
in cases when the repeatabilityof egg
measurements was taken into consideration
(Christians 2002). Little variation was observed
in egg size, egg mass and the incubation period
between years as well as between stations in the
present study. Description of egg variability and
its reasons can be particularly important for the
breeding seabirds of the Persian Gulf islands,
because this area holds a significant
proportionof the world breeding population of
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some species (Scott 2007; Tayefeh et al. 2011,
2013) and is coming increasingly under
pressure from industrial development and other
human activities.

The mean length and width of Bridled Tern
eggs in this study were smaller than in the Red
Sea, Saudi Arabia (P<0.01, 46.01×32.72 mm,
N=23; Shobrak & Aloufi 2014), in Australia
(P<0.01; 46×32.3 mm; Nicholson 2002) and in
New Caledonia (P<0.01; 46.4×33; Villard &
Bretagnolle 2010). The egg volume was smaller
than in New Caledonia (P<0.01; 26.1 ml in
2003, 25.4 ml in 2004, Villard & Bretagnolle
2010). This could be due to the smaller body
size of the nominate subspecies Sterna
anaethetus antarctica in the Persian Gulf region
than S. a. anaethetus in Australia and New
Caledonia (Cramp et al. 1985). The egg weights
found in the present study cannot be compared
with those found in previous studies, because it
has been reported thategg weights taken during
incubation have little value unless accompanied
by correct measurements of weight loss during
the days after egg-laying (Ar & Rahn 1980;
Whittow 2002). The long incubation period of
the Bridled Tern compared with other tern
speciesis consistent with the different
development mode of species, i.e. precocial or
altricial (Hamer et al. 2002).

The weight of the freshly laid egg is the only
value for which suitable algometry associations
might be made because the fresh egg weight
corresponds to the endproduct of the parent’s
efforts (Whittow 2002). It has long been
documented that avian eggs lose weight during
incubation (Rahn & Ar 1974). Bird eggs begin
to lose weight as soon as they are laid and these
mass losses are the consequence of water
evaporation from the eggs and the resources
consumed by the embryo (Ar & Rahn 1980). It
was calculated that the egg densities (as a result
of losing egg mass) of Bridled Terns decreased
by 12%–15% from the freshly laid egg to the
end of the incubation period (Fig. 3).

The direct correlation between body mass
and egg mass of the Bridled Tern was
consistent with many studies of different
species reported by Whittow (2002). In the
Bridled Tern, the lowest egg size and mass in
the station 1 with less than 5% vegetation cover
could belong to the less experienced and young
breeders that may not find suitable habitat in
competition with the experienced mature birds.

This finding was in accordance with the review
by Saether (1990) of variation in breeding
performance with age and an updated study by
Christians (2002) with a focus on egg size and
the importance of changes in this trait.
Although, egg size appears to be a trait of
individual females, in many species it increases
slightly with age; a statistically significant
increase in egg size with aging or experienced
female was found in many studies.

Seabirds are large birds so they lay larger
eggs, but egg size varies greatly between
species in relation to body mass (Whittow
2002). It has been demonstrated that relative
egg size in birds is correlated with the
developmental mode of the young; “altricial” or
“precocial (Dyke & Kaiser 2010). The
relationship between egg mass and body mass
in this study is in accordance with the semi-
precocial developmental mode of the Bridled
Tern. This means that the mass of the freshly
laid egg is related to high adult body mass in
the Bridled Tern (Whittow 2002; Dyke &
Kaiser 2010). Larger eggs often create larger
chicks, either structurally larger or with larger
energy reserves (Smith & Bruun 1998; Krist
2011). Larger chicks might be better at
competing with other chicks in the crèche,
whereas chicks with larger energy reserves
should tolerate temporary fasting better when
the parents have to move far away in search of
food items (Williams 1994).

4.4. Breeding success
The breeding success of the Bridled Tern in this
study was similar to that found in previous
studies at One Tree Island, Australia (hatching
success >90%, fledging success >77%,
Hulsman & Langham 1985) and in New
Caledonia (range: 27–77 for 2003 and 28–88
for 2004) as reported by Villard and
Bretagnolle (2010). The lowest hatching
success on Nakhilu Island was recorded in the
area with less than 5% vegetation cover, which
is in accordance with previous findings on this
species (Hulsman & Langham, 1985), a closely
related tern species, Sooty Tern (Feare et al.
1997) and colonial gull species (Miyazaki
1996; Kim & Monaghan 2005; Lee et al. 2006),
dealing with the fact that high-quality
individuals may be more able to find better
quality sites, and thus habitat quality and
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individual quality are often correlated (Kim &
Monaghan 2005).

Furthermore, breeding success declines
during the course of the breeding season in
many bird species (Arnold et al. 2008; Hipfner
et al. 2010). Two groups of hypothesis have
been suggested to clarify this decline. The
“timing hypothesis” proposes that seasonal
declines in reproductive success are attributed
to the date of egg-laying (Arnold et al. 2008;
Shultz et al. 2009). The “parental quality
hypothesis” suggests that seasonal declines are
the result of the fact that young, low quality and
inexperienced birds breed later in the season
(Arnold et al. 2008; Hipfner et al. 2010).

Fortunately, due to their legal status within
Iran’s network of protected areas, this island is
subjected to high levels of monitoring,
management and protection. Human activities,
including fishing and outdoor recreation, are
becoming increasingly popular on Nakhilu
Island. These activities may have an adverse
effect on the vegetation cover, soil texture and
colonial breeding systems. In addition to human
activities, natural events such as very high tides,
predation, storms and climate change might
also have an adverse effect on breeding Bridled
Terns (Tayefeh et al. 2013. The long-term
monitoring of the colonies on Nakhilu Island
should be considered as an important
conservation priority. The Mond Islands may be
heavily affected by the development of oil and
gas infrastructures in the near future and the
marine national park status and regional
importance and value of the area for breeding
birds needs to be considered in any planning.
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