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Brown boobies (Sula leucogaster)  have a wide range throughout the pantropical oceans, with a few 
exceptions. Even though this species has an extensive distribution range, little is known about its breeding 
distribution in the Red Sea region. Brown booby populations were surveyed on 16 islands across the 
Red Sea coast of Saudi Arabia in 2011, 2012, and 2013. This survey aimed to evaluate the breeding 
populations and conservation of the Brown Booby in the Red Sea of Saudi Arabia. A total of four new 
colonies comprising of about 33 nests in total were found on three islands. These three islands are 
flat-surfaced with a height of fewer than two meters; they are covered with sand and have mangrove 
shrubs. Brown boobies face multiple threats, including human disturbance, the introduction of animals, 
and predation. Finally, both research and conservation management are vital for ensuring the long-term 
survival of seabird populations and the Red Sea ecosystems.

INTRODUCTION

Most seabird species are experiencing population 
decline; around 28% of them have been classified 

as globally threatened, making them one of the most 
threatened group of birds (Votier and Sherley, 2017). 
Seabird populations are susceptible to environmental 
shifts and thus are an excellent indicator of changes in 
marine ecosystems (Nie et al., 2015; Rajpar et al., 2018). 
The brown booby (Sula leucogaster)  is a large seabird 
species that belongs to the family Sulidae (Bird Life 
International, 2021). This species is extensively distributed 
across pantropical oceans, with some exceptions (Nelson, 
2005; Bird Life International, 2021).  They breed in the 
Caribbean Sea, the Atlantic coasts of Brazil and Africa, 
the Red Sea, northern Australia, many oceanic islands off 
Madagascar, the Western and Central Pacific Ocean, and 
off the coasts of Mexico and Peru (Bird Life International, 
2021). Four subspecies have been characterized and are 

*      Corresponding author: almalki.m@tu.edu.sa
0030-9923/2024/0001-0001 $ 9.00/0

  
Copyright 2024 by the authors. Licensee Zoological Society of 
Pakistan. 
This article is an open access  article distributed under the terms 
and conditions of the Creative Commons Attribution (CC BY) 
license (https://creativecommons.org/licenses/by/4.0/).

mainly distinguished by the color of their male plumage: 
S. l. leucogaster which breeds in the Caribbean Sea and 
Atlantic islands, and it has a darker brown head and neck 
than the rest of its upper body; S. lbrewsteri which breeds 
in the Eastern Pacific Ocean, and it has a whitish head and 
pale neck; S. letesiaca which breeds on the Pacific coasts 
of Central America and Colombia, and it is similar to the 
brewsteri but its head and neck are less extensively pale 
than those of the brewsteri race; and S. lplotus, which 
breeds in the Red Sea and the Gulf of Aden through the 
Indian Ocean and the Pacific Ocean (Del Hoyo et al., 
1992; Schreiber and Norton, 2002; Redman et al., 2016; 
Gill et al., 2021). It has a brown head and neck, which 
is similar to the females. Among the known brown booby 
subspecies, S. lplotus is the largest and S. letesiaca is the 
smallest (Schreiber and Norton, 2002).

The worldwide population has been considered 
to include more than 200,000 individuals (Bird Life 
International, 2021). In the Red Sea and the Gulf of 
Aden, this species is widespread throughout the entire 
region (Newton, 2006). Several of the previous studies 
have shown there to be breeding residents throughout the 
islands of the Red Sea, the Gulf of Aden, and the Socotra 
Archipelago (Newton and Al-Suhaibany, 1996; Jennings, 
2010). Jennings (2010) found that the number of brown 
booby breeding populations in the Red Sea and the Gulf of 
Aden was roughly 15,000, about 3,000 of which were in 
the Red Sea of Saudi Arabia.

Several studies have reported that the highest 
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number of nesting pairs in the Red Sea of Saudi Arabia 
is in the middle and southern regions (Ormond et al., 
1984; Newton and Al-Suhaibany, 1996). Newton and Al-
Suhaibany (1996) confirmed the nesting of 590 pairs of 
brown boobies on 19 islands across the Red Sea of Saudi 
Arabia. Shobrak and Aloufi (2014) reported 84 nesting 
pairs on Riykhah Island north of the Red Sea of Saudi 
Arabia. Several studies have proposed that brown boobies 
in the Red Sea of Saudi Arabia might breed throughout the 
year in certain colonies (Shobrak et al., 2002; Ostrowski et 
al., 2005). This species nests in a wide variety of habitats, 
such as sandy beaches, open rocky islands, coral atolls, and 
sometimes even cliffs (Ostrowski et al., 2005; Shobrak, 
2007; Jennings, 2010; Shobrak and Aloufi, 2014; Bird Life 
International, 2021).

The species is currently classified as ‘‘least concern” 
with a declining population trend according to the 
IUCN Red List (Bird Life International, 2021). Previous 
studies have shown that there is the possibility that 
several factors have negatively impacted the breeding 
population of seabirds in the Red Sea, such as predation, 
coastal development, egg assemblage, tourism activities, 
pollution, alien species, introduced animals, overfishing, 
habitat damage and degradation, and global warming (Del 
Hoyo et al., 1996; PERSGA/GEF, 2004; De Marchi et 
al., 2006; Shobrak, 2007). Several studies conducted in 
different locations across the Red Sea coast of Saudi Arabia 
demonstrated that disturbance, predation, egg collection, 
introduced predators, tourism, leisure activities, and global 
warming were the main hazards that influenced the nesting 
of seabird species (Al-Rashidi et al., 2012; Shobrak and 
Aloufi, 2014; Almalki et al., 2014; Almalki, 2021).

Knowledge about the breeding distributions of 
seabirds in the Red Sea area of Saudi Arabia is limited. 
A survey of brown boobies in the Red Sea region of 
Saudi Arabia was motivated for three reasons. First, a 
comprehensive survey was last conducted in 1996 by 
the National Commission for Wildlife Conservation and 
Development to determine the most important islands for 
nesting seabirds (Newton and As-Suhaibani, 1996). These 
data needs to be updated. Second, the estimated number 
of breeding pairs (3000 pairs, Jennings, 2010) does not 
match the number of non-breeding birds (6000 pairs, 
Jennings, 2010); therefore, the previous surveys might 
have represented an underestimated number of breeding 
colonies in the Red Sea region.

MATERIALS AND METHODS

Surveys were performed across the Red Sea coast of 
Saudi Arabia to discover the nests of brown boobies over a 
period of three years: 2011 (May-June), 2012 (May-July), 

and 2013 (May-June). Sixteen islands were surveyed at 
four different locations along the Red Sea of Saudi Arabia 
(Table 1): (i) Al Wajh Archipelago (two islands), (ii) off 
Umluj City (seven islands), (iii) off Al-Qunfudhah City 
(three islands), and (iv) the Farasan Archipelago (Four 
islands) (Fig. 1). The coastline of the Red Sea of Saudi 
Arabia stretches 1,840 km from the border of Jordan in 
the north of Haql (29°30’ N) to the border of Yemen, south 
of the Farasan Islands (16°22’ N) (Bruckner et al., 2012). 
This which represents about 80% of the eastern Red Sea 
coast (MEPA/IUCN, 1987). Most of this region has a dry 
and hot climate, especially during the summer, with an 
annual precipitation of less than 70 mm (PERSGA/GEF, 
2003; Bruckner et al., 2012). A boat was utilized to access 
the islands, and the locations of the visited islands were 
registered by utilizing a handheld global positioning system 
receiver (Garmin e-Trex) device. The brown boobies were 
counted according to the number of active nests in each 
colony. All discovered colonies were surveyed by foot. In 
each brown booby that was colony discovered, the number 
of occupied nests was assessed visually.

Fig. 1. Map shows visited islands (dark grey) and nesting 
colonies of brown boobies in the Red Sea region of Saudi 
Arabia (black dot).

RESULTS

Breeding population
Brown booby nesting was confirmed on only three 

islands out of the 16 islands surveyed across the Red Sea 
coast of Saudi Arabia during the survey period. Birrim 
Island (Al-Wajh Archipelago) is a flat-surfaced island with 
a height of two meters and covered with sand, especially 
on its northern and southern edges. Some of its coasts, 
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Table I. The number of colonies and nests of brown booby on the Red Sea coastline of Saudi Arabia.

City Islands Coordinates Date No. of colonies No. of nest
Al Wajh Ash Shaykh Marbat 25.8800, 36.60167 18-05-2013 0 0

Birrim 25.6473, 36.48547 18-05-2013 2 15, 9
Umluj Umm Al Malik 25.23666, 37.1383 14-05-2013 0 0

Jizayah 25.2133, 37.170 14-05-2013 0 0
Al Fawaidah ( Attaweel) 25.19027, 37.1705 14-05-2013 0 0
Al Munqalib 25.1583, 37.1433 14-05-2013 0 0
Umm Juluf 25.15694, 37.1566 14-05-2013 0 0
Mulayhah 24.9866, 37.1461 14-05-2013 0 0
Umm Sahar 24.93833, 37.18055 14-05-2013 0 0

Al-Qunfudhah Umm Ar Rak 19.2727, 40.9861 11-07-2011 1 7
Muaydi As Saghir 19.2711, 40.9766 11-07-2011 1 2
Umm Al Qurunatayn 19.2667, 40.9766 11-07-2011 0 0

Farasan islands Abu Shawk 17.0100, 41.7944 25-05-2012 0 0
Manzar Abu Ash Shawk 16.9683, 41.8066 15-05-2011 0 0
Dawshak 16.6500, 41.8694 14-05-2011 0 0
Humr 16.7747, 42.0136 26-05-2012 0 0
Total 4 33

especially the eastern, have mangroves, and some bogs 
are in the middle and west. Umm Ar Rak is a flat sandy 
island, not exceeding one meter in height, on which 
mangroves grow densely. Muaydi al Saghir Islands (in 
the Al-Qunfudhah), a flat-surfaced island covered with 
sand, is densely covered with mangroves (Table I). These 
three nesting locations were the first to be identified and 
reported. The number of nests reported at each breeding 
site was 3 – 15 nests (Table I). Two active colonies (colony 
1 and colony 2) were discovered on Birrim Island, with a 
total number of 24 nests (colony 1 = 15 nests and colony 
2 = nine nests). The distance between them was about 
300 m; the distance between the two colonies and the 
shoreline was 120 m and 40 m, respectively. All nests in 
colony 1 had chicks, and all the chicks were large, had 
white feathers, and seemed to be the same age (Fig. 2). In 
contrast, most of the nests in colony 2 had small chicks 
with white feathers.

On the Al-Qunfudhah, the total number reported in 
this survey was nine nests divided between Umm Ar Rak 
Island (seven nests) and Muaydi al Saghir Island (two 
nests) (Table I). The distance between the nests and the 
shoreline ranged between 2–15 meters. All of the nests on 
these two islands had only eggs (Fig. 2). Four islands in 
the Farasan Archipelago were visited during the breeding 
season; however, no nests were discovered (Table I).

 

 

A 

B 

Fig. 2. A, Brown booby chicks on Birrim island, which 
have white feathers and seem the same age; B, incubating 
an egg in Umm Ar Rak Island.

Nesting Distribution and Conservation of the Brown Booby on the Red Sea Coast of Saudi Arabia 3
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Breeding season 
The brown booby’s breeding seasons differed 

between the northern locations and the central part of 
the Red Sea of Saudi Arabia. On Birrim Island (Al-Wajh 
archipelago), brown boobies were observed to raise their 
chicks in the middle of May 2013. Because the incubation 
duration of brown booby has been found to be around 42 
days (Nelson, 1978; Schreiber and Burger, 2002), it could 
be concluded that the breeding season may possibly have 
started in March. On Birrim Island, the majority of the 
nests in the two colonies had chicks with white feathers. 
On the Umm Ar Rak; and Muaydi al Saghir Islands (in 
the Al Qunfudhah), brown boobies were observed to be 
incubating eggs in the middle of July 2011. Thus, the 
breeding season may have started in mid- to late May.

Nesting habitat
Brown booby breeding colonies were discovered on 

Birrim Island (a coral island) and on Umm Ar Rak and 
Muaydi al Saghir Islands (sandy islands). On Birrim Island, 
the nesting habitats were hard and sandy with many stones 
and shells. In addition, colony 1 was close to vegetation. 
However, no nests were seen in the vegetation area and 
all nests were exposed. On Birrim Island, colony 2 was 
discovered in an open area with no vegetation. 

On Umm Ar Rak and Muaydi al Saghir, the habitats 
were soft, sandy beaches. Both islands contained some 
vegetation, but all nests were in an open site with no 
vegetation. Moreover, four bird species on Umm Ar Rak 
Island, the crab plover (Dromas ardeola), sooty gull 
(Larus hemprichii), cattle egret (Bubulcus ibis), and sooty 
tern (Onychoprion fuscatus) were found nesting at the 
same site as brown boobies. In addition, vast numbers of 
the African collared dove (Streptopelia roseogrisea) were 
observed roosting in the trees on the same island.

Threats 
Several factors may influence the breeding 

populations of the brown booby and other seabird species 
in the Red Sea of Saudi Arabia, such as human disturbance, 
introduced animals, and predation. Human footprints were 
recorded on most of the islands visited during the study. 
These could have been made by fishermen or tourists. 
No introduced animals were evidenced on the Al-Wajh, 
Umluj, and Al-Qunfudhah Islands. However, snake tracks 
(as introduced snakes) were observed on most of the study 
sites in the Farasan Islands. On Umm Ar Rak Island, the 
human presence caused the brown booby nests to flush, 
resulting in eggs leaving the nest and being vulnerable to 
attack by sooty gulls. Moreover, sooty gulls were observed 
to prey on the eggs of members of their own species when 
the parent birds, disturbed by the researchers, left their 

nests for a short time.

DISCUSSION

A small number of surveys have been conducted in 
the Red Sea of Saudi Arabia to determine the distribution 
of nesting seabirds in which several brown booby colonies 
were detected. For example, Newton and Al-Suhaibany 
(1996) discovered nearly 600 nesting pairs on 19 islands 
across the Red Sea coast of Saudi Arabia. Ostrowski et 
al. (2005) reported 108 incubated nests and 94 chicks in 
protected areas in the Umm al Qamari Islands. Shobrak 
and Aloufi (2014) reported 84 nesting pairs on Riykhah 
Island in the north of the Saudi Arabia Red Sea. In the 
Farasan Archipelago, an estimated 150 breeding pairs 
were recorded in 1993 (Bird Life International 2021). 
This study documented that four new colonies of brown 
boobies were found on three of the 16 surveyed islands 
along the Red Sea of Saudi Arabia.

In this study, no colonies were found on the Four 
islands visited in the Farasan Islands. In 1993, an estimated 
150 breeding pairs were recorded in the Farasan Islands 
(Bird Life International 2021). Ormond et al. (1984) and 
Newton and Al Suhaibany (1996) discovered that most 
nesting pairs were in the Saudi Red Sea’s central and 
southern regions, indicating that the Farasan Islands and 
the Al-Qunfudhah areas are the species’ most significant 
nesting grounds. However, the results of the present study 
support Shobrak and Aloufi’s (2014) findings that the 
species may have declined or been grossly overestimated in 
previous studies. Jennings (2010) reported that subsequent 
ground-truthing confirmed that the numbers identified in 
aerial surveys during June 1996 were underestimated for 
several reasons. For instance, the species nests on steep 
broken cliffs or rugged highland areas. It may also nest 
on the ground covered by dense vegetation. Furthermore, 
research indicates that the breeding season of this species 
is earlier in the northern part of the Red Sea (Jennings, 
2010; Shobrak and Aloufi, 2014).

The finding in the present study was that the breeding 
seasons of brown booby populations differed between the 
central and northern parts of the Red Sea of Saudi Arabia. 
According to this study, nesting season may begin in 
March in the north of the Red Sea of Saudi Arabia and in 
May in the central part of the Red Sea of Saudi Arabia. 
The brown booby is a seasonal breeder in some regions, 
but it has been observed to nest in any month in other 
regions (Ospina-Alvarez, 2008; Bird Life International, 
2021). PERSGA/GEF (2003) reported that the nesting 
season of brown boobies in the Red Sea of Saudi Arabia is 
diverse, and several breeding waves could occur in specific 
colonies. In addition, the seasonality of nesting was found 
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to differ between the northern and southern populations. 
The nesting season starts in summer in the latter, whereas 
it most likely begins in April in the former (Shobrak et al., 
2002).

Newton and Al-Suhaibany (1996) found that the 
nesting season of this species in the northern Red Sea of 
Saudi Arabia began in March. Shobrak and Aloufi (2014) 
also concluded that the nesting season on the northern 
islands of the Red Sea of Saudi Arabia may begin in 
March. However, Ostrowski et al. (2005) observed that 
the nesting of this species occurred throughout the year 
on the Umm al Qamari protected islands in the middle 
of the Saudi Arabian Red Sea, and nesting peaks were 
found in May, July, and October. Furthermore, according 
to Jennings (2010), chicks were observed in the Farasan 
Islands in the beginning of February, while most nests with 
eggs were discovered in early July. According to Shobrak 
and Aloufi (2014), the species likely started nesting earlier 
in the northern Red Sea, whereas Boland and Al Suhaibany 
(2020) revealed that the nesting of brown boobies in the 
Red Sea might occur throughout the year.

Implications of conservation
Many seabird populations have changed dramatically 

in recent decades because of the threats to both terrestrial 
and marine habitats (Lewison et al., 2012). Although they 
have received little attention, the Red Sea and the Gulf 
of Aden have been recognized as having 17 species of 
true seabirds that regularly breed there (PERSGA/GEF, 
2004). Seabirds are a primary concern of the managers 
of preserved marine and coastal regions because they 
serve as both measures of marine environmental quality 
and as critical objectives of restoration, protection, and 
management schemes (Thibault et al., 2019). They are 
one of the most highly endangered animal groups globally, 
and they have a higher risk of extinction than any other 
bird species (Croxall et al., 2012; Inniss et al., 2016; Xu et 
al., 2016). Seabirds usually nest on distant or inaccessible 
islands that are rarely disturbed and free of mammalian 
predators (Walsh et al., 1995; Lewison et al., 2012). 
Commonly, seabirds nest in colonies, and they are very 
sensitive to humans and human activities within the colony 
or in the surrounding area (Chardine and Mendenhall, 
1998). One of the main stressors for seabird populations is 
human access to nesting locations, thus controlling these 
activities is a serious issue that is part of ensuring their 
conservation (Inniss et al., 2016). Another issue caused 
by human disturbance in remote islands, especially in 
the Farasan Archipelago, is the introduction of predators 
such as snakes, cats, and mice. Thus, the control of such 
predators is critical to ensuring the survival of ground-
nesting birds on the Farasan Islands. PERSGA/GEF 

(2004) and Almalki et al. (2014) reported snake tracks on 
some islands in the Red Sea, particularly in the Farasan 
Archipelago. Moreover, in recent years, there has been 
an ongoing armed conflict along the Kingdom of Saudi 
Arabia’s southern border with Yemen. Lawrence et al. 
(2015) and Hanson (2018) reported on the negative effects 
of war on biodiversity and the ecosystem, such as habitat 
alteration, pollution, decreasing populations, and declining 
biodiversity. Thus, the battle on Saudi Arabia’s southern 
border may have a significant influence on the biodiversity 
and environment of the Farasan Islands.

The Red Sea coastal habitats in Saudi Arabia are among 
the most vulnerable environments in the region, and they 
are confronted with several human-created problems, such 
as demographic growth, habitat deterioration, and coastal 
development (Sheppard et al., 2010; Sale et al., 2011; Al-
Obaid et al., 2017; Khawfany et al., 2017). The current 
study found human tracks on the majority of the surveyed 
islands, which is in line with the findings of Shobrak and 
Aloufi (2014). Moreover, recently, many islands have 
been exploited and developed to promote tourism in some 
locations along the Red Sea of Saudi Arabia. Humans 
have various negative effects on wildlife. For instance, 
the introduction of exotic species can indirectly affect 
normal behavior and physiology (Weston et al., 2012). 
Furthermore, because human-caused disruptions have 
become increasingly common, researchers have paid 
greater attention to human interference in fragile coral 
island ecosystems (Xu et al., 2016).

The purpose of the current study was to provide an 
update on the nesting distribution and conservation of the 
brown booby in the Red Sea of Saudi Arabia. This study 
revealed there to be four new colonies on three islands out 
of the 16 surveyed across the Red Sea of Saudi Arabia. 
The study documents several threats that may threaten 
brown boobies, including disturbances, the introduction 
of animals, and predation. This research supports the idea 
that comprehensive surveys are required to discover the 
most important islands for nesting seabird species and to 
protect these islands.

Funding
The author would like to acknowledge the Deanship 

of Scientific Research, Taif University for funding this 
work.

Statement of conflict of interest
The author has declared no conflict of interest.

REFERENCES

Al-Obaid, S., Samraoui, B., Thomas, J., El-Serehy, 



6                                                                                        

Onlin
e F

irs
t A

rtic
le

M. Almalki

H.A., Alfarhan, A.H., Schneider, W. and O’connell, 
M., 2017. An overview of wetlands of Saudi 
Arabia: Values, threats, and perspectives. Ambio, 
46: 98–108. https://doi.org/10.1007/s13280-016-
0807-4

Almalki, M., 2021. Breeding biology of Saunders’s tern 
(Sterna saundersi) in the Farasan Islands, Kingdom 
of Saudi Arabia. Saudi J. biol. Sci., 28: 1931–1937. 
https://doi.org/10.1016/j.sjbs.2020.12.044

Almalki, M., Alrashidi, M., Shobrak, M. and Székely, 
T., 2014. Breeding distribution and conservation of 
the crab plover (Dromas ardeola) in Saudi Arabia 
(Aves: Charadriiformes). Zool. Middle East., 60: 
6–12. https://doi.org/10.1080/09397140.2014.892
300

Al-Rashidi, M., Shobrak, M., Al-Eissa, M.S. and 
Szekely, T., 2012. Integrating spatial data and 
shorebird nesting locations to predict the potential 
future impact of global warming on coastal 
habitats: A case study on Farasan Islands, Saudi 
Arabia. Saudi J. biol. Sci.., 19: 311–315. https://doi.
org/10.1016/j.sjbs.2012.02.001

Bird Life International, 2021. Species factsheet: Sula 
leucogaster. Available at: http://www.birdlife.org 
(accessed 22 Dec 2021).

Boland, C. and Alsuhaibany, A., 2020. The birds of Saudi 
Arabia. Motivate, Dubai, United Arab Emirates.

Bruckner, A., Rowlands, G., Riegl, B., Purkis, S., 
Williams, A. and Renaud, P., 2012. Khaled bin 
sultan living oceans foundation atlas of Saudi 
Arabian Red Sea marine habitats. Panoramic Press.

Chardine, J. and Mendenhall, V., 1998. Human 
disturbance at arctic seabird colonies. Conservation 
of Arctic Flora and Fauna (CAFF), Technical 
Report No. 1.

Croxall, J., Butchart, S., Lascelles, B., Stattersfield, 
A., Sullivan, B., Symes, A. and Taylor, P., 2012. 
Seabird conservation status, threats and priority 
actions: A global assessment. Bird Conserv. Int., 22: 
1–34. https://doi.org/10.1017/S0959270912000020

De Marchi, G., Chiozzi, G., Semere, D., Galeotti, P., 
Boncompagni, E. and Fasola, M., 2006. Nesting, 
overwintering, and conservation of the Crab 
Plover Dromas ardeola in central Eritrea. Ibis, 
148: 753–764. https://doi.org/10.1111/j.1474-
919X.2006.00572.x

del Hoyo, J., Elliott, A. and Sargatal, J., 1992. Handbook 
of the birds of the world. vol. 1. Ostrich to ducks. 
Lynx Edicions, Barcelona.

del Hoyo, J., Elliot, A. and Sargatal, J., 1996. Handbook 
of Birds of the World. vol. 3. Hoatzin to Auks. Lynx 
Edicions, Barcelona.

Gill, F., Donsker, D. and Rasmussen, P., 2021. IOC 
world bird list version 11.2.

Hanson, T., 2018. Biodiversity conservation and armed 
conflict: a warfare ecology perspective. Annls N. Y. 
Acad. Sci., 1429: 50–65. https://doi.org/10.1111/
nyas.13689

Inniss, L., Simcock, A., Ajawin, A.Y., Alcala, A.C., 
Bernal, P., Calumpong, H.P., Araghi, P.E., Green, 
S.O., Harris, P. and Kamara, O.K., 2016. The 
first global integrated marine assessment. United 
Nations. http://www.un.org/Depts/los/global_
reporting/WOA_RegProcess.htm 

Jennings, M.C., 2010. Atlas of the breeding birds in the 
Arabia Peninsula. Fauna Arabia, 25: 751.

Khawfany, A.A., Aref, M.A. and Taj, R.J., 2017. 
Human-induced changes in sedimentary facies and 
depositional environments, Sarum area, Red Sea 
coast, Saudi Arabia. Environ. Earth Sci., 76: 61. 
https://doi.org/10.1007/s12665-016-6383-x

Lawrence, M.J., Stemberger, H.L.J., Zolderdo, A.J., 
Struthers, D.P. and Cooke, S.J., 2015. The effects of 
modern war and military activities on biodiversity 
and the environment. Environ. Rev., 23: 443–460. 
https://doi.org/10.1139/er-2015-0039

Lewison, R., Oro, D., Godley, B.J., Underhill, L., 
Bearhop, S., Wilson, R.P., Ainley, D., Arcos, J.M., 
Boersma, P.D., Borboroglu, P.G., Boulinier, T., 
Frederiksen, M., Genovart, M., González-Solís, J., 
Green, J.A., Grémillet, D., Hamer, K.C., Hilton, 
G.M., Hyrenbach, K.D., Martínez-Abraín, A., 
Montevecchi, W.A., Phillips, R.A., Ryan, P.G., 
Sagar, P., Sydeman, W.J., Wanless, S., Watanuki, 
Y., Weimerskirch, H. and Yorio, P., 2012. Research 
priorities for seabirds: Improving conservation and 
management in the 21st century. Endanger. Species 
Res., 17: 93–121. https://doi.org/10.3354/esr00419

MEPA/IUCN, 1987. Saudi Arabia: Assessment of 
coastal zone management requirements. MEPA, 
Jeddah, Saudi Arabia.

Nelson, B., 2005. Pelecaniformes: Pelicans, 
cormorants and their relatives. Oxford 
University Press, Oxford. https://doi.org/10.1093/
oso/9780198577270.001.0001

Nelson, J.B., 1978. The sulidae: Gannets and boobies. 
Oxford University Press, Oxford.

Newton, S.F., 2006. Implementation of the strategic 
action programme (SAP) for the Red Sea and 
Gulf of Aden: Guide to standard survey methods 
for seabirds. PERSGA, Saudi Arabia. http://
www.persga.org/Files/Common/Sea_Birds/SSM_
Seabirds.pdf.

Newton, S.F., Al-Suhaibany, A.H., 1996. Distribution 

https://doi.org/10.1007/s13280-016-0807-4
https://doi.org/10.1007/s13280-016-0807-4
https://doi.org/10.1016/j.sjbs.2020.12.044
https://doi.org/10.1080/09397140.2014.892300
https://doi.org/10.1080/09397140.2014.892300
https://doi.org/10.1016/j.sjbs.2012.02.001
https://doi.org/10.1016/j.sjbs.2012.02.001
http://www.birdlife.org
https://doi.org/10.1017/S0959270912000020
https://doi.org/10.1111/j.1474-919X.2006.00572.x
https://doi.org/10.1111/j.1474-919X.2006.00572.x
https://doi.org/10.1111/nyas.13689
https://doi.org/10.1111/nyas.13689
http://www.un.org/Depts/los/global_reporting/WOA_RegProcess.htm
http://www.un.org/Depts/los/global_reporting/WOA_RegProcess.htm
https://doi.org/10.1007/s12665-016-6383-x
https://doi.org/10.1139/er-2015-0039
https://doi.org/10.3354/esr00419
https://doi.org/10.1093/oso/9780198577270.001.0001
https://doi.org/10.1093/oso/9780198577270.001.0001
http://www.persga.org/Files/Common/Sea_Birds/SSM_Seabirds.pdf
http://www.persga.org/Files/Common/Sea_Birds/SSM_Seabirds.pdf
http://www.persga.org/Files/Common/Sea_Birds/SSM_Seabirds.pdf


7                                                                                        

Onlin
e F

irs
t A

rtic
le

Nesting Distribution and Conservation of the Brown Booby on the Red Sea Coast of Saudi Arabia 7

and abundance of summer breeding seabirds in the 
Saudi Arabian Red Sea 1996. Unpublished Report, 
Riyadh: NCWCD.

Nie, Y., Sun, L., Liu, X. and Emslie, S.D., 2015. From 
warm to cold: Migration of Adélie penguins within 
Cape Bird, Ross Island. Sci. Rep., 5: 1-10. https://
doi.org/10.1038/srep11530

Ormond, R., Shepherd, A.D. and Price, A., 1984. 
Sea and Shore birds. In: Saudi Arabian marine 
conservation program, Report No. 4. University of 
York, UK.

Ospina-Alvarez, A., 2008. Coloniality of brown booby 
(Sula leucogaster) in Gorgona National Natural 
Park, eastern tropical Pacific. Ornitol. Neotrop., 19: 
517–529. https://sora.unm.edu/sites/default/files/
ON%20(19)%20517-530.pdf.

Ostrowski, S., Shobrak, M., Al-Boug, A., Khoja, A. and 
Bedin, E., 2005. The breeding avifauna of the Umm 
al-Qamari Islands protected area, Saudi Arabia. 
Sandgrouse, 27: 53–62. http://stephane.ostrowski.
free.fr/pdf/1-2005-001.pdf.

PERSGA/GEF, 2003. Status of breeding seabirds in 
the Red Sea and Gulf of Aden. PERSGA Technical 
Series No. 8. PERSGA Jeddah, Saudi Arabia.

PERSGA/GEF, 2004. Regional action plan for the 
conservation of breeding seabirds and their habitats 
in the Red Sea and Gulf of Aden. PERSGA, Jeddah, 
Saudi Arabia.

Rajpar, M.N., Ozdemir, I., Zakaria, M., Sheryar, S. 
and Rab, A., 2018. Seabirds as bioindicators of 
marine ecosystems. Seabirds, pp. 47-65. https://doi.
org/10.5772/intechopen.75458

Redman, N., Stevenson, T. and Fanshawe, J., 2016. Birds 
of the horn of Africa: Ethiopia, Eritrea, Djibouti, 
Somalia, and Socotra-revised and expanded 
edition, Vol. 107. Princeton University Press.

Sale, P.F., Feary, D.A., Burt, J.A., Bauman, A.G., 
Cavalcante, G.H., Drouillard, K.G., Kjerfve, B., 
Marquis, E., Trick, C.G. and Usseglio, P., 2011. 
The growing need for sustainable ecological 
management of marine communities of the Persian 
Gulf. Ambio., 40: 4–17. https://doi.org/10.1007/
s13280-010-0092-6

Schreiber, E.A. and Burger, J., 2002. Biology of 

marine birds. CRC Press, Boca Raton. https://doi.
org/10.1201/9781420036305

Schreiber, E.A. and Norton, R.L., 2002. Brown 
booby: Sula leucogaster. Birds of North America, 
Incorporated. https://doi.org/10.2173/tbna.649.p

Sheppard, C., Al-Husiani, M., Al-Jamali, F., Al-
Yamani, F., Baldwin, R., Bishop, J., Benzoni, F., 
Dutrieux, E., Dulvy, N.K. and Durvasula, S.R.V., 
2010. The Gulf: A young sea in decline. Mar. 
Pollut. Bull., 60: 13–38. https://doi.org/10.1016/j.
marpolbul.2009.10.017

Shobrak, M., 2007. On the nesting status of some 
seabirds in djibouti. Zool. Middle East, 42: 59–65. 
https://doi.org/10.1080/09397140.2007.10638246

Shobrak, M.Y. and Aloufi, A.A., 2014. Status of 
breeding seabirds on the Northern Islands of the 
Red Sea, Saudi Arabia. Saudi J. biol. Sci., 21: 238–
249. https://doi.org/10.1016/j.sjbs.2013.11.002

Shobrak, M., AlSuhaibany, A. and Newton, S., 2002. 
Status of breeding seabirds at the Red Sea of Saudi 
Arabia. Unpublished report. PERSGA, Jeddah.

Thibault, M., Houlbreque, F., Lorrain, A. and Vidal, 
E., 2019. Seabirds: Sentinels beyond the oceans. 
Science, 366: 813. https://doi.org/10.1126/science.
aaz7665

Walsh, P.M., Halley, D.J., Harris, M.P., Del Nevo, 
A., Sim, I.M.W. and Tasker, M.L., 1995. Seabird 
monitoring handbook for Britain and Ireland: A 
compilation of methods for survey and monitoring 
of breeding seabirds. JNCC/RSPB/ITE/Seabird 
Group, Peterborough, UK.

Votier, S.C. and Sherley, R.B., 2017. Seabirds. Curr. 
Biol., 27: R448– R450. https://doi.org/10.1016/j.
cub.2017.01.042

Weston, M.A., Mcleod, E.M., Blumstein, D.T. and Guay, 
P.J., 2012. A review of flight-initiation distances 
and their application to managing disturbance to 
Australian birds. Emu, 112: 269–286. https://doi.
org/10.1071/MU12026

Xu, L., Liu, X., Wu, L., Sun, L., Zhao, J. and Chen, 
L., 2016. Decline of recent seabirds inferred 
from a composite 1000-year record of population 
dynamics. Sci. Rep., 6: 1–11. https://doi.
org/10.1038/srep35191

https://doi.org/10.1038/srep11530
https://doi.org/10.1038/srep11530
https://sora.unm.edu/sites/default/files/ON%20(19)%20517-530.pdf
https://sora.unm.edu/sites/default/files/ON%20(19)%20517-530.pdf
http://stephane.ostrowski.free.fr/pdf/1-2005-001.pdf
http://stephane.ostrowski.free.fr/pdf/1-2005-001.pdf
https://doi.org/10.5772/intechopen.75458
https://doi.org/10.5772/intechopen.75458
https://doi.org/10.1007/s13280-010-0092-6
https://doi.org/10.1007/s13280-010-0092-6
https://doi.org/10.1201/9781420036305
https://doi.org/10.1201/9781420036305
https://doi.org/10.2173/tbna.649.p
https://doi.org/10.1016/j.marpolbul.2009.10.017
https://doi.org/10.1016/j.marpolbul.2009.10.017
https://doi.org/10.1080/09397140.2007.10638246
https://doi.org/10.1016/j.sjbs.2013.11.002
https://doi.org/10.1126/science.aaz7665
https://doi.org/10.1126/science.aaz7665
https://doi.org/10.1016/j.cub.2017.01.042
https://doi.org/10.1016/j.cub.2017.01.042
https://doi.org/10.1071/MU12026
https://doi.org/10.1071/MU12026
https://doi.org/10.1038/srep35191
https://doi.org/10.1038/srep35191

