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Introduction: Seabirds and other insular birds are an important part of marine

ecosystems and are increasingly threatened worldwide. Phenology, abundance,

distribution, and breeding success are important baseline parameters needed to

evaluate population trends and dynamics, identify biodiversity hotspots and

potential breeding sites, and assess habitat selection. In the Red Sea basin,

reliable and complete data on birds are lacking for islands in most of the

Important Bird Areas (IBA). Such data are now especially important since

development projects have started at several of these locations. Here, we

assess the distribution, abundance, phenology, and population trends of 13

bird species that breed in the Duba Islands, Al Wajh Bank, and Al Lith Islands.

Breeding success and habitat selection for six species were also assessed.

Methods: Between December 2020 and August 2023, more than 90 islands were

visited multiple times with different frequencies. All nests were counted, and the

area occupied by the different colonies was georeferenced. Breeding success

was assessed by visiting selected colonies multiple times until the chicks were

ready to fledge. Habitat selection was determined by analyzing the habitat found

in the georeferenced colonies.

Results:More than 25,000 nests were counted each year, mainly in the summer,

on more than 75 islands. Of the 13 species studied, the most abundant and

widespread species was the White-cheeked tern, and the second most

widespread was the Osprey.

Discussion: We estimate that the Al Wajh Bank hosts the following percentages

of global breeding populations: Crab plover: 5%, Sooty gull: 17%–35%, White-

eyed gull: 15%, Bridled tern: 1%, White-cheeked tern: 4%, and Lesser crested tern:

2%, making the area a regional and global hotspot for these species. Some of the

islands occupied by breeding birds are slated for development for tourism
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activities as part of the Kingdom’s tourism expansion plans. At the same time,

there are several ambitious conservation programs underway in these areas. To

be effective, such programs require reliable and comprehensive data of the kind

presented here.
KEYWORDS

phenology, population estimate, breeding success, habitat selection, tern, gull, crab
plover, conservation
1 Introduction

Seabirds and other insular avifauna are an important component

of the marine ecosystems (Schreiber and Burger, 2001; Gaston, 2004)

and, being top predators, indicators of its health. They have been well

studied in relation to marine ecosystem functions (Frederiksen et al.,

2006; Zador et al., 2013), used to evaluate the impact of climate

change (Barbraud et al., 2008), fisheries (Einoder, 2009; Le Corre

et al., 2012), and as indicators of prey stock (Piatt et al., 2007; Lyday

et al., 2015). Knowledge about seabirds and other insular avifauna is

therefore essential for the conservation of marine ecosystems (Bibby

et al., 2012). In particular, knowledge of population sizes allows for

determining the status of species and trends. The changes in numbers

and range can be analyzed in relation to environmental features,

direct threats (e.g., poaching of adults, young, and eggs), and the

success or failure of conservation management policies in protected

areas (Sutherland et al., 2004; Bibby et al., 2012).

Seabirds are now more threatened than any other group of

birds. Of the 346 seabird species, 97 (28%) are globally threatened,

and a further 10% are listed as near-threatened. Almost half of all

seabird species are known or suspected to be experiencing

population declines (Dias et al., 2019).

Other insular avifauna, such as waders and piscivorous raptors,

are also strictly dependent on marine insular ecosystems and at risk

if the delicate balance of islands changes (Bond et al., 2019).

Phenology, abundance, and distribution of breeding birds, as

well as breeding success, are important baseline parameters needed

to assess population trends and dynamics, identify biodiversity

hotspots and potential breeding sites, and are useful for

understanding habitat selection (Koleček et al., 2020; Kamp et al.,

2021; Vitasse et al., 2021; Lees et al., 2022).

In the Red Sea, seabirds have generally been understudied, and

data are lacking (http://datazone.birdlife.org/site). Such data are

now especially important since tourism development projects have

started at several of these locations (Chalastani et al., 2020).

In Saudi Arabia, an objective of Vision 2030 (a series of goals to be

achieved by Saudi Arabia by 2030, https://www.vision2030.gov.sa/

v2030/overview/) is to create a more diverse and sustainable

economy, which includes many tourism projects aiming to host

international sustainable and luxury tourism.
02
Concurrently, the Saudi Green Initiative aims to increase the

environmental preservation efforts in the country and improve the

conservation status of many species of animals and plants. This will

primarily be achieved with initiatives focusing on (i) energy

transition, including emissions reduction across sectors and

boosting renewable energy capacity; (ii) habitat rehabilitation; and

(iii) commitments to increase protected areas to increase

biodiversity and safeguard Saudi Arabia’s diverse natural

environments (https://www.greeninitiatives.gov.sa/about-sgi/).

To achieve these ambitious objectives, baseline knowledge on

biodiversity, abundance, and distribution of species is fundamental

to allowing for informed spatial planning, especially in areas that

will be the object of development and enhancement/protection.

Among the areas being developed are several islands that are

potentially important for seabird biodiversity. These include one

out of three islands in the Duba region (hereafter called Duba

islands), notably An Numan island, several islands in the Important

Bird Area (IBA) Al Wajh Bank, established in 1994 by BirdLife

International (Evans, 1994), and one out of four islands located

north of the Farasan Bank IBA (offshore the town of Al Lith,

hereafter called Al Lith islands). For the Duba and Al Lith islands,

prior to this study, there was little information available on breeding

species and population abundance (Newton and Al Suhaibany,

1996). Within the Al Wajh Bank, 16 out of the 92 islands were

visited in 2011 (Shobrak and Aloufi, 2014), but there is no previous

comprehensive and comparable data available for the whole lagoon.

The largest-scale surveys conducted previously, limited to summer,

took place in the Al Wajh Bank and at An Numan Island between

2018 and 2021 as part of an environment impact assessment (Red

Sea Global unpublished reports). The methods used for that work

were mainly flush counts, and the survey data are not published.

Therefore, for the four species triggering the Al Wajh IBA (Crab

plover [Dromas ardeola], Sooty gull [Ichthyaetus hemprichii],

White-eyed gull [Ichthyaetus leucophthalmus], and Sooty falcon

[Falco concolor], not included here) and for other species, the most

recent published estimates still date back to the 1990s and did not

include comprehensive numbers for all islands (Newton and Al

Suhaibany, 1996). In addition, the breeding season for some of these

species had not previously been systematically assessed anywhere in

the Red Sea.
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TABLE 1 Study species with status according to the IUCN Regional (R) and Global (G) lists, rank, which is the position within the high conservation
priority bird species list in Saudi Arabia (Boland and Burwell, 2020), breeding time (beginning of the breeding season), breeding success (ticked if
assessed in the current study), breeding status in the Arabian peninsula according to Jennings, 2010 [near-endemic (NE), endemic (E)], and regional
and global trend [increasing (IN), stable (ST), decreasing (DE), unknown (UN)] (Boland and Burwell, 2020 and Symes et al., 2015).

Bird
species

IUCN red
list (R)

IUCN red
list (G)

Rank Breeding
time

Breeding
success

Status Regional
trend

Global
trend

Osprey LC LC > 102 Winter √ ST IN

Caspian tern LC LC > 102 Winter ST IN

Brown booby LC LC > 102 Winter √ ST DE

Saunders’s tern LC LC > 102 Spring NE UN DE

Great
crested tern

LC LC > 102 Spring √ ST ST

Eurasian
spoonbill

LC LC > 102 Spring UN UN

Crab plover VU LC 13 Spring/summer √ E DE ST

Sooty gull LC LC >102 Summer NE ST/IN DE

White-eyed gull LC LC 66 Summer E ST ST

Brown noddy LC LC 65 Summer UN ST

Bridled tern LC LC > 102 Summer ST UN

White-
cheeked tern

LC LC > 102 Summer √ NE ST DE

Lesser
crested tern

LC LC > 102 Summer √ ST/IN ST
F
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FIGURE 1

Distribution of the study sites across the Saudi Arabian Red Sea. Abundance and distribution of seabirds in the Duba (A), Al Wajh (B), and Al Lith (C)
islands. The abundance is shown as the average over 2, 3, and 1 year, respectively.
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The aim of this study was to fill several information gaps by

assessing phenology, distribution, and abundance and setting the

baseline numbers for future population trends of 13 priority seabird

species that breed in the Duba islands, Al Wajh Bank, and Al Lith

islands. These species are Osprey (Pandion haliaetus haliaetus),

Caspian tern (Hydroprogne caspia), Brown booby (Sula leucogaster

plotus), Saunders’s tern (Sternula saundersi), Great crested tern

(Thalasseus bergii velox), Eurasian spoonbill (Platalea leucorodia

archeri), Crab plover, Sooty gull, White-eyed gull, Brown noddy

(Anous stolidus plumbeigularis), Bridled tern (Onychoprion

anaethetus fuligula), White-cheeked tern (Sterna repressa), and

Lesser crested tern (Thalasseus bengalensis bengalensis). These

species were selected based on their global and local conservation

importance, their level of endemism, and other special local

considerations (Table 1). Most of them are subspecies locally

distributed in the Arabian region. Breeding success and habitat

selection for some of these species were also assessed for the first

time in the Al Wajh Bank. To facilitate narration and ease of

reading, the order in which the species are listed in the text is based

on their time of breeding (from early breeders to late breeders

across the year), unless logic requires otherwise.
2 Materials and methods

2.1 Study sites

The three surveyed sites are shown in Figure 1. From the north,

these are three Duba islands, which include: An Numan, a large rocky

outcrop surrounded by lowland with salt-tolerant shrubs, and

Nabqiyah and Awandia, which are low sandy islands with salt-

tolerant shrubs. They are respectively, about 558, 2.3, and 1.5

hectares (ha). The Al Wajh Bank includes 92 islands; the smallest

ones have an area of less than 1 ha, while the biggest is 1,658 ha. Most

of the islands are low-lying, with sandy substrate and salt-tolerant

shrubs. Of these islands, 52 have different levels of mangrove coverage,

and only 12 present rocky outcrops and areas with sabkha, which is a

dry, salt-encrusted, former wet zone (Vincent, 2008). Among the Al

Lith islands, Jabal Al Lith is the biggest, with 393 ha of rocky outcrops,

sabkha, and low-lying sandy beaches with salt-tolerant vegetation. The

size of the other three islands varies between 5 ha and 15 ha. Mar Mar

Island is the only island almost completely covered with relatively tall

vegetation (1.5 m to 1.8 m, halophyte Suaeda sp.), while the other two

islands are low-lying sandy islands with salt-tolerant shrubs.
2.2 Breeding season, peak, and
species counts

The number of breeding pairs, identified by counting nests, was

selected as the best parameter to assess the bird abundance since it gives

a good indication of the capacity of the population to sustain itself. It is

also the easiest and least biased way to count, since counting nests is

easier and more reliable than counting birds (Bibby et al., 2012).
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Each of the three island groups was visited several times across 3

years of the study (2021−2023) and across all seasons (see

Supplementary Material 1 for detailed periods). During 2021, the

islands in the Al Wajh Bank were visited and surveyed on a regular

basis to provide an accurate phenology of the species, which was

then used to identify key breeding periods and inform future

fieldwork (see below). The Duba islands were visited less often,

but surveys were carried out in February, May, July, and September

in 2022 and 2023 to cover all seasons. The Al Lith islands were

visited only twice: in June and July 2021 to count summer breeders

and in October 2022 to assess any other breeding species. The

islands were visited early in the morning, and in the summer, visits

were limited from sunrise to late morning/midday to avoid

disturbing the nesting birds during the warmest part of the day.

The colony counts were conducted as fast as possible, and birds

moved rapidly back to the nest after the count was done, normally

within a few minutes. Occasional sightings of other breeding species

were also recorded, but population abundance for these was

not assessed.

For species breeding in winter (Osprey and Caspian tern), the

best time to survey the islands was from December to March since

the first eggs were found in December. In 2021, nests were found at

all stages; therefore, breeding attempts that failed at the early stage

may have been missed (especially for the Caspian tern, which does

not build a prominent nest like the Osprey). In 2023, a specific

survey for the Osprey was carried out aimed at counting all breeding

pairs shortly after the peak of the egg-laying period, in February.

Counts of species nesting in the spring were conducted from

March to May. A good population estimate was made for the Brown

booby and the Eurasian spoonbill, while for the Saunders’s tern,

since breeding pairs are more difficult to locate, only a minimum

number of breeding pairs could be estimated.

Summer-breeding species were counted shortly after the peak of

the egg-laying period, when late breeders had also laid their eggs. To

identify this window of time, from April 2021 to the end of June

2021, some sampling islands where colonies were historically

present (Red Sea Global unpublished reports) were surveyed

regularly and the behavior of the birds recorded. The beginning

of the summer census was scheduled for 2 to 3 weeks after the first

egg of gulls or terns was observed. All islands were visited, giving

priority to gull colonies (which generally breed earlier than most

terns). After the gulls were counted, the census continued from

south to north to keep the field methods standardized across years.

The islands with gull colonies were revisited a second time for the

White-cheeked tern and a third time for the Lesser crested tern

based on their egg-laying period. The Bridled tern breeding pairs

could not be counted as they were nested in thick vegetation, and

the egg and/or chick was not visible; as a proxy, the number of

mobbing adults flushed from the eggs was counted while crossing

the colony. Since at least one adult was expected to always be

present with the egg, but both could also be present, the minimum

number of pairs was calculated by dividing the number of counted

adults by two, and the maximum number of pairs was the number

of counted adults.
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Once the appropriate period was determined, the islands were

extensively surveyed on foot by two to four observers for

each survey.

To assess the number of breeding pairs, two different counting

methods were used, depending on the species. For strictly colonial

species, such as the Crab plover and terns (apart from Caspian and

Saunders’s terns since they tended to breed as individuals or in loose

colonies), the perimeter of the colony was marked with GPS by one

observer while the other was counting the number of eggs, chicks, and

scrapes (Apparently Occupied Nests [AON]) found in the colony (for

Crab plovers, only the number of burrows was counted from the

perimeter of the colony as to enter the colony area would destroy the

nests). For loosely colonial and single nest species (Osprey, Caspian,

and Saunders’s Tern, and Sooty and White-eyed gull), every nest was

georeferenced and the content recorded (scrape or active nest, egg,

chick). For the White-eyed gull, from single nest positions, a colony

area was also extracted with GIS software (QGIS Association, 2023).

The total number of breeding pairs was obtained by summing

scrapes/active nests can also be called AON with eggs and chicks.

Observations at the islands and nest contents were used to

refine the phenology of each species based on what is known of their

breeding cycle (i.e., average number of days for incubation, chick

rearing). Each fortnight was identified as (i) the prebreeding stage:

the courtship phase, before the first eggs are laid; (ii) the egg stage:

the period when eggs can be found (in colonies, found together with

chicks); and (iii) chick stage: the period when chicks can be found

before fledging.
2.3 Breeding success

Breeding success was assessed for six species only at the AlWajh

Bank (Table 1). For all species, except the Crab plover, several

colonies and/or nests were visited at least twice to assess the number

of chicks that reached an age close to fledge. Since once fledged, the

birds may leave the colony or nest, a nest or egg was considered

successful when the chick reached approximately: 40 days for

Ospreys (Eriksson and Wallin, 1994); 42 days for Brown boobies;
Frontiers in Marine Science 05
and 17 to 27 days for Great crested, White-cheeked, and Lesser

crested terns (following methods used by Nisbet and Drury, 1972

and Nisbet et al., 2020 for other tern species, but with different

numbers of days according to different species). At this stage, the

chicks were deemed able to fledge. Breeding success was therefore a

measure of the number of large nestlings for each colony or nest

seen on the last visit. In addition, where possible, additional

breeding information was also reported (e.g., the number of adults).

The breeding success of Crab plovers is difficult to assess due to

their burrow-nesting behavior. We deployed camera traps in 2023

to monitor the fledging success of a subset of burrows. A total of 27

burrows were monitored from two colonies on separate islands (N =

15 Um Rumah 1 andN = 12 Al Numaniat 3). Initially, burrows were

checked using a burrowscope camera to assess occupancy. The

camera’s settings were set to record 2 h in the morning, 2 h in the

afternoon, and 2 h in the evening at the beginning of the breeding

season. At approximately 20 days from the expected fledging events,

they were put on motion sensors to capture all birds approaching

the monitored nests and identify fledglings. Chicks regularly emerge

from the burrows when they are close to fledging, as observed in

2022 from camera traps (Calabrese unpublished data); therefore,

this method can be considered a valid tool to assess fledging success.

The camera footage was reviewed at the end of the breeding season,

and all chicks seen at approximately 50 days of age were considered

to have fledged (Tayefeh et al., 2013).
2.4 Habitat use

Habitat use was described by overlapping georeferenced

colonies with the island satellite imagery (ArcGis online maps

from World Imagery, 2022) showing the habitat. The habitat

categories identified were the following: sandy substrate with no

vegetation, sandy substrate with scattered shrubs (less than 50%

coverage), sandy substrate with dense shrubs (more than 50%

coverage), sabkha, limestone rock, and Avicennia marina

mangrove cover (less than 50%). Observations on the habitat

were also made on the field. For the White-cheeked tern, the
FIGURE 2

Phenology of target species. Blue indicates the prebreeding phase when breeding pairs inspect the area, select a suitable area, and nest-building
begins; green is the incubation phase when adults are incubating the eggs; pink indicates the chick-rearing phase that lasts from the hatching to the
fledging of the chicks.
frontiersin.org

https://doi.org/10.3389/fmars.2024.1379601
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Calabrese et al. 10.3389/fmars.2024.1379601
different types of materials used to make the nests were also noted,

and pictures of different typologies of nests were taken.
3 Results

3.1 Phenology, abundance, and distribution

The phenology of each species is described in Figure 2, and the

number of breeding pairs of each species and in each area is
Frontiers in Marine Science 06
summarized in Table 2. The earliest breeding species was the

Osprey, for which the first eggs were found in December, but the

peak of egg-laying was late January or early February. The Caspian

tern also bred in winter, and the egg-laying peak was found in

January. The Brown booby and the Saunders’s tern started breeding

in spring, although eggs of the first were found also in summer. The

Great crested tern was the first summer breeding seabird, with egg-

laying starting in May, together with the Eurasian spoonbill and the

Crab plover. The Sooty and White-eyed gull started laying eggs at

the end of May and the beginning of June, with the peak of the egg-
TABLE 2 Summary of the number of breeding pairs counted for the 3 years (2021–2023, in the table indicated as 21, 22, and 23) of monitoring at the
three different island groups of the Saudi Arabian Red Sea.

Species N colonies N islands were present N breeding pairs Average pairs per colony

21 22 23 21 22 23 21 22 23 21 22 23

Al Wajh Bank

Osprey − − − 47 − 56 71 − 94 − − −

Caspian tern − − − 39 − − 88 − − − − −

Brown booby 1 1 1 1 1 1 35 50 43 35 50 43

Saunders’s tern − − − 17 − − 57 − − − − −

Great crested tern 1 1 1 1 1 1 264 305 436 264 305 436

Eurasian spoonbilla 1 1 1 1 1 1 10 9 9 10 9 9

Crab plover 19 19 17 16 17 15 1,832 1,687 1073 96 89 110

Sooty gull − − − 40 26 26 168 208 104 − − −

White-eyed gull 25 21 23 11 11 12 1,339 2,422 2,708 − − 118

Bridled ternb 79 61 59 35 32 33 2,678–5,356 4,952–9,954 5,444–10,874 34–68 − 85–170

White-cheeked tern 74 73 74 47 43 38 11,758 11,643 11,941 159 159 113

Lesser crested tern 10 16 19 10 11 11 4,453 5,400 5,060 445 338 172

Duba Islands

Osprey − − − − 3 3 − 4 4 − − −

Great crested tern − 1 1 − 1 1 − 6 5 − 6 5

Sooty gull − − − − − 0 − 1 0 − − −

Bridled ternb − 2 2 − 2 2 − 178–355 261–522 − 178 261

White-cheeked tern − 1 1 − 1 1 − 6 56 − 6 56

Lesser crested tern − 2 2 − 2 2 − 1,740 2,048 − 870 1,024

Al Lith Islands

Brown booby 2 − − 2 − − 29 − − 14.5 − −

Sooty gull 3 − − 2 − − 105 − − 28.3 − −

White-eyed gull 2 − − 1 − − 51 − − 25.5 − −

Bridled ternb 1 − − 1 − − 100–200 − − 100–200 − −

Brown noddy 1 − − 1 − − 500–1,000 − − − − −

White-cheeked tern 1 − − 1 − − 24 − − 24 − −

Lesser crested tern 1 − − 1 − − 425 − − 425 − −
fro
aEurasian spoonbill was also found breeding on a second island, but it is not reported here as the egg count is unknown.
bFor bridled terns, the maximum and minimum number of estimated breeding pairs are indicated (see text).
ntiersin.org

https://doi.org/10.3389/fmars.2024.1379601
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Calabrese et al. 10.3389/fmars.2024.1379601
laying being at the end of June. White-cheeked and Bridled terns’

peak of egg-laying is during the second week of July, while for Lesser

crested terns, it occurred in the third week of July.

A total of five, 12, and seven priority species of birds were found

breeding on the Duba, Al Wajh, and Al Lith islands, respectively.

The Red-billed tropicbird (Phaethon aethereus indicus) was also

found to be breeding, but it is the object of another manuscript

(Calabrese in prep.) since it was the first breeding record in the

north of the Saudi Arabian Red Sea.

The highest abundance of birds was recorded in the summer when

the Crab plover and all the colonial seabirds (Eurasian spoonbill, Sooty

and White-eyed gull, Great crested, White-cheek, Bridled, and Lesser

crested tern) except the Brown booby breed. The number of colonies for

each species for the different survey areas is indicated in Table 2 and the

number of breeding pairs on each island and in each year is reported in

Supplementary Material 2, together with the total of breeding attempts

excluding the number of AON (i.e., eggs plus chicks). The latest

parameter is indicated to provide additional baseline information for

further surveys. In summer, in the Duba islands, a total of six colonies

were found in both 2022 and 2023, for a total of 1,917 breeding pairs of

six species counted in 2022 and 2,442 in 2023, while in the Al Wajh

Bank, a total of 210, 199, and 207 seabird colonies were found and

counted in 2021, 2022, and 2023, respectively, for a total of more than

25,000, 30,000, and 30,000 breeding pairs belonging to 12 species. In Al

Lith, 11 colonies were counted on four islands in 2021, for a total of

about 1,500 breeding pairs and seven species.

In winter, in the Duba islands, the Osprey was found breeding

on three islands, for a total of four breeding pairs counted both in

2022 and 2023. In the Al Wajh Bank, it bred on 47 and 56 islands in

2021 and 2023, respectively, for a total of 71 and 94 pairs. In the Al

Lith islands, Ospreys were not surveyed.

Lesser crested tern, White-cheeked tern, and Brown noddy were

the most abundant species found in the Duba, Al Wajh, and Al Lith

islands, respectively (Table 2). The Brown noddy is only a rare

visitor to the Al Wajh Bank (Jennings pers. comm.).

In the Al Wajh Bank, in 2023, the Lesser crested tern had the

highest colony density with 5.78 nests/m2 (Table 3) and formed the

biggest colonies with an average of 514 breeding pairs for each

colony (Table 2). This was closely followed by Great crested terns
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with a density of 5.34 nests/m2 (Table 3). The White-cheeked tern

and Crab plover were the most colonial after the crested terns with

0.25 nests/m2 and 0.15 nests/m2, respectively. The White-eye gull

and the Brown booby were found to be loosely colonial, and the

breeding pairs were scattered across the colony area with low

density (Table 3). White-eyed gull colonies had between one and

689 pairs, while Sooty gulls, Caspian, and Saunders’s terns were

found to be mainly noncolonial, with breeding pairs typically

scattered across the islands, with often only one pair on an island

(Tables 2, 3). Two small colonies of Saunders’s terns were also

found and consisted of up to 10 pairs.

In the AlWajh Bank, the number of islands where at least one of

the 13 target species was breeding was 75 in 2021, 63 in 2022, and 68

in 2023 (however, Caspian and Saunders’s terns were not censused

in 2022 and 2023). In general, 87% of the islands had at least one

species breeding over the 3 years of surveys. All of the Duba islands

hosted at least one of the target species in both 2022 and 2023, while

four of the five Al Lith islands (80%) had at least one species

breeding in 2021. Accounts for each species are reported in Table 2.

The distribution of breeding birds across the three areas and the

number of species and breeding pairs for each island are indicated

in Figure 1. For the Al Wajh Bank and the Duba islands, an average

of the counting years is provided. Other bird species were confirmed

to be breeding on the islands (excluding passerines), such as

Western reef-heron (Egretta gularis schistacea), Kentish plover

(Anarhynchus alexandrinus alexandrinus), and Common kestrel

(Falco tinnunculus, only found on An Numan island). Purple heron

(Ardea purpurea purpurea) and Goliath heron (Ardea goliath) were

recorded all year round, but evidence of breeding was not found,

even if they are likely to breed in the AlWajh Bank (Jennings, 2010).
3.2 Breeding success

The breeding success of six species is summarized in Table 4.

Overall, the Great and Lesser crested tern had the highest breeding

success in 2022, with 74% and 82%, respectively. The other two

species monitored in 2022 were the Brown booby and the White-

cheeked tern, both with breeding success of 20% and 33%,
TABLE 3 Average (± standard deviation), minimum, and maximum colony densities for the Crab plover, Great crested tern, White-eyed gull, White-
cheeked tern, and Lesser crested tern counted in the 2023 season in the Al Wajh Bank.

Species No. colonies surveyed Average colony density
(nests/m2) ± SD

Minimum colony density
(nests/m2)

Maximum colony
density (nests/m2)

Crab plover 17 0.15 ± 0.24 0.02 1.00

Great
crested tern

2 5.34 ± 7.49 0.05 10.63

White-
eyed gull

23 0.001 ± 0.001 0.0001 0.005

White-
cheeked tern

78 0.25 ± 0.70 0.01 5.33

Lesser
crested tern

21 5.78 ± 4.80 0.01 18.86
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respectively. Some species showed a drop in productivity in 2023

compared with 2022, with a reduction from 82% to 47% for Great

crested tern, 33% to 18% for White-cheeked tern, and 74% to 71%

for Lesser crested tern (Table 4).

The Crab plover nests monitored in two colonies in 2023 had

very different outcomes: the ones in the Um Rumah 1 colony had

87% breeding success (N = 15), while the ones monitored on Al

Numaniat 3 fledged zero chicks (N = 12) (Table 4).

In 2023, 46 Osprey breeding pairs were monitored and assessed

for productivity. Clutch size ranged from one to three eggs, with a

mean (± SD) of 2.58 (± 0.67). Brood size varied from one to three

chicks, with a mean (± SD) of 2.03 (± 0.76). An observation of a nest

on An Numan (Duba island) reported a brood of four chicks, which

successfully fledged in 2022. Egg failures (18 eggs) were more

evident than chick mortality (four chicks), and an average (± SD)

of 2.59 (± 0.62) eggs hatched and 1.48 (± 0.89) of chicks fledged per

nest. Of the monitored nests, 37 (80%) hatched at least one chick,

and, out of these, 34 (92%) nests contained at least one large chick

that could fledge. Breeding success (the number of nests that fledged

at least one chick over the total of nests where breeding was

recorded) was therefore 0.74 (Table 4).
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3.3 Habitat use

Sandy substrate with scarce vegetation was the most selected

habitat type by all assessed species. The White-cheeked tern was the

most flexible species in terms of habitat use, utilizing all the habitat

categories for nesting (Table 5). It also used a variety of materials to

build the nest, depending on item availability. In sandy substrates

(beaches), it mainly used shells and pebbles and also dry seaweed

washed ashore; in sandy substrates with scattered or dense shrubs,

leaves and sticks were mainly used, while on sabkha and limestones,

the pairs used small pieces of rock but also seaweed in the limestone

that was in proximity to the beach. If nests were in mangroves, the

materials used were mainly mangrove leaves and sticks. The Lesser

crested tern and the Crab plover both used three habitat types, with

most of their colonies being found on sandy substrates with

scattered shrubs. The former, however, also largely selected sandy

substrate with no vegetation, while the latter’s second choice was

sandy substrate with dense shrubs. Bridled terns were selecting

almost equally dense and scattered shrubs, the same as the two

colonies of Great crested terns. The one Brown booby colony was

found in an area with scattered shrubs.
TABLE 5 Percentage of colonies found in different habitat types for each of the surveyed colonial species.

Species Sandy
substrate

Sandy substrate
(scattered
shrubs)

Sandy substrate
(dense shrubs)

Sabkhaa Limestone Mangrove

Crab plover (19) 5.3 68.4 26.3

Brown booby (1) 100

Great crested tern (2) 50.0 50.0

Bridled tern (63) 52.4 47.6

White-cheeked
tern (74)

16.2 59.5 10.8 4.1 2.7 6.8

Lesser crested
tern (20)

40.0 55.0 5.0
Colony locations and data from 2022 were used. The number of colonies for each species is provided in parentheses.
aCoastal mudflat or sandflat, above the high tide mark, in which evaporite-saline minerals accumulate as the result of semiarid to arid climate. It appears as a hard/semi-hard substrate.
TABLE 4 Summary of the number of nests and fledglings and the breeding success for Osprey, Brown booby, Great crested tern, Crab plover, White-
cheeked tern, and Lesser crested tern surveyed in the 2022 and 2023 seasons.

Species N of colonies
or islands

N of nests N of fledglingsa Breeding success

2022 2023 2022 2023 2022 2023 2022 2023

Osprey − 32 − 46 − 34 − 74%b

Brown booby 1 1 50 43 10 16 20% 37%

Great crested tern 1 1 305 436 253 207 82% 47%

Crab plover − 2 − 27 − 13 − 48%

White-cheeked tern 7 4 1,377 582 455 107 33% 18%

Lesser crested tern 3 4 2,998 1,665 2,230 1,183 74% 71%
For colonial species, the whole colony was considered part of the count.
aHere, fledgling indicates chicks that have grown their flight feathers and are ready to leave the nest.
bNumber of nests that fledged at least one chick over the total of breeding nests.
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4 Discussion

Here, for the first time, we describe the phenology, abundance,

distribution, breeding success, and habitat selection of seabirds and

other insular avifauna breeding at several locations across the Saudi

Arabian Red Sea, between 19.75°N and 27.14°N. The phenology

observed on the islands in the north (Duba and Al Wajh Bank

islands) is slightly delayed compared with the one on the south

islands, by at least 1 to 2 weeks. Little is known about the phenology

of these species in other areas of the Red Sea; however, earlier

studies (Jennings, 2010; Shobrak and Aloufi, 2014) report generally

similar breeding times for most species with a few differences.

Caspian terns were reported to lay eggs from February to May in the

Red Sea and from April to July and September to January in the

Persian Gulf (Jennings, 2010) and in spring in the Al Wajh Bank

(Shobrak and Aloufi, 2014), while in this study, egg-laying started in

December until the end of February (with two nests with eggs also

found inMay, Jennings pers. comm.). This, however, aligns with the

Caspian tern phenology observed on the other side of the Red Sea,

in North Egypt (Habib, 2022). Brown booby egg laying started

earlier (February) than described by Jennings (2010, May and

October, with a likelihood of eggs in February in the south) and

Shobrak and Aloufi (2014, March), but at similar times in the North

Egyptian islands (Habib, 2022). The Great crested tern in the North

Red Sea study areas bred 1 month earlier (May) than described in

Arabia (Jennings, 2010), while in the Egyptian North Red Sea

islands, the species was observed with eggs 2 months later (Habib,

2022). The Eurasian spoonbill and the Lesser crested tern egg laying

happens a month later than described in the northern Red Sea

(Jennings, 2010). In addition, the Eurasian spoonbill has a

significant resident population along the Arabian Red Sea

(Jennings, 2010), but it was never recorded breeding in the Al

Wajh Bank; this study is the first published record. To summarize,

we observed different breeding times among different populations

of the same species in our study areas compared with other sites

across the Arabian Peninsula. Further work may clarify these

differences. This parameter is important as accurate phenology

allows for surveying the islands at appropriate times and

collecting meaningful information to inform construction

planning in relevant areas. Having a baseline phenology survey

will also allow us to detect future changes.

In total, between 25,000 and 30,000 breeding pairs were

estimated each year across the island groups, mainly in the

summer, when most of the eggs or small chicks were present. In

the Al Wajh Bank, the most abundant and widespread species was

the White-cheeked tern, and the second most widely widespread

species, although in much smaller numbers, was the Osprey. In the

Duba and Al Lith islands, the most abundant species was the Lesser

crested tern, which also had the highest density of breeding pairs

across the three breeding sites.

Global population estimates provided by the International

Union for Conservation of Nature and Natural Resources Red

List (IUCN, 2024) are not fully reliable and probably incomplete

for most of these species, but, based on these figures, we estimated

that the Al Wajh Bank alone hosts the following percentages of
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global populations: Crab plover: 5%, Sooty gull: 17%–35%, White-

eyed gull: 15%, Bridled tern: 1%, White-cheeked tern: 4%, and

Lesser crested tern: 2%, making the area a regional and global

hotspot for these species. The populations of the Duba and Al Lith

islands are less numerous as they have fewer islands than the Al

Wajh Bank; however, the first was found to be an important

breeding ground for the Lesser crested tern and the latter for the

Brown noddy. The coastal area in front of the Al Wajh Bank and of

Al Lith was also identified as having high species richness (Almalki

et al., 2015), probably due to their vicinity to seabird colonies.

Our numbers could not be compared with the population

assessment made by Shobrak and Aloufi (2014) in Al Wajh Bank

because different methods were used and only a subset of the islands

were surveyed in the earlier study. The choice of using the walk-over

survey with the direct count of all the nests was preferred to

methods previously used as it gives better estimates of the

number of breeding pairs. Replicating the methods used by

Shobrak and Aloufi in addition to our methods was not feasible,

as it would have greatly increased the time spent and consequent

disturbance to the colonies. Regardless of the methods used,

colonies can move between islands from 1 year to the next; thus,

meaningful comparisons with previous estimates would only be

possible if surveys were carried out on all or nearly all the islands.

The data we present for three consecutive years are not sufficient to

meaningfully assess species trends, for which longer-term

monitoring is required. However, they can give an indication of

population variation during the period we surveyed and will be used

to establish trends from ongoing and future monitoring. From our

data, all censused species except the Crab plover seem to be stable

over the monitored 2 and 3 years in the Duba and Al Wajh Bank

islands, respectively. The Crab plover population indicated an

aberration in the Al Wajh Bank between the counts of the first

and the third years, from 1,832 pairs in 2021 to 1,073 pairs in 2023.

This species is important as it is one of the species that triggered the

identification of the IBA by BirdLife International in 1994 (BirdLife

International, 2023), it is classified as vulnerable in the Regional

IUCN Red List (Symes et al., 2015), and it is ranked 13 among the

bird priority species for conservation in Saudi Arabia (Boland and

Burwell, 2020). Therefore, this apparent reduction needs to be

further investigated at this site and elsewhere using standardized

methods and a long-term trend assessed through more years of

counts to improve the estimation of the conservation status of

the species.

A recent survey on seabirds on the Egyptian side of the Red Sea,

at the same latitude as the Duba islands and Al Wajh Bank (Habib,

2022), found generally similar species breeding as on the Saudi

Arabian Red Sea side. Ashrafi archipelago, Zabargad island, and

Hurghada and Sayal archipelagoes were surveyed for a total of 16

islands. The densities of colonies calculated in our study for most

species are comparable with counts reported by Habib (2022) in

Egypt and are consistent with the breeding biology of the species in

Arabia (Jennings, 2010), and in the rest of their range. Only the

Caspian and the Saunders’s tern appeared to be more solitary

nesters in the Al Wajh Bank than in Egypt and the rest of Arabia

(Jennings, 2010; Habib, 2022).
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The breeding success of six species was assessed in the Al Wajh

Bank across 2022 and 2023 (four species in 2022 and six species in

2023). Obtaining data on breeding success for tern species is

challenging because chicks become very mobile after a few days

of hatching and tend to leave the nest (Nisbet and Drury, 1972).

Conversely, Osprey nests can be followed quite easily until the

chicks are ready to fledge (Forys et al., 2021). Here, we gave an

indication of how many chicks reached the age before the first flight

took place. This was the first time breeding success was described

for the study species in the Al Wajh Bank, and our results can be

used as a baseline to compare future surveys.

The breeding success of some species was assessed elsewhere

and can be compared with our results. Osprey nesting success

assessed by Clancy (2006) in Australia was 0.6, slightly lower than

assessed in this study (0.74). Our fledging success (number of

fledglings out of hatched eggs: 92%) is also higher than reported

in previous studies throughout the Red Sea (82%, Jennings, 2010).

Brown boobies nesting in the eastern tropical Pacific had lower

breeding success (17.3%, Ospina-Alvarez, 2008) than the average

reported in this study (28.5%). Great crested terns monitored in

Australia and Iran (Langham and Hulsman, 1986; Ghasemi et al.,

2011) showed a breeding success of 63.8% and 66.6%, respectively,

very similar to the 64.5% average over 2 years in our study. The

average breeding success of Lesser crested tern in this study (72.5%)

was very similar to the previously assessed value in Iran of 74.43%

(Ghasemi et al., 2011). This parameter is very important to assess

the productivity of the bird colonies and to identify threats or stress

factors that may lead to lower breeding success. Tracking this

parameter will help identify key areas for intervention and

provide early indications of future population trends.

Low-density vegetated habitats were found to be very important

for breeding birds, probably because low shrubs provide important

shelter from the sun and predators for the chicks, as found in other

tern species (Arnold et al., 2020). The distribution of the breeding

birds across the AlWajh Bank could be driven by different factors. The

presence of suitable breeding habitat could play a major role, especially

for the most selective species. For more opportunistic species, like the

White-cheeked tern, other factors such as food availability, philopatry,

and the absence of specific threats could be more important in

determining the colonies’ location. Distribution drivers should be

better described and identified for all the priority species nesting in the

study areas and elsewhere in Saudi Arabia to better understand and

protect the seabird species nesting in the Red Sea.

Other insular avian species were found breeding on some of the

investigated islands in the Al Wajh Bank, notably herons and

plovers. These species should also be further investigated in terms

of population size, trends, and threats identified across the Red Sea.
4.1 Conservation implications

With this study, we found that the Al Wajh Bank hosts important

portions of the world population for regionally endemic and

regionally threatened species, notably the White-eyed gull (Jennings,

2010) and the Crab plover (Symes et al., 2015). Given that both large-
Frontiers in Marine Science 10
scale development projects, which could have significant impacts on

bird populations, and large-scale conservation planning are ongoing

in the region, our data are particularly important to provide a baseline

and a foundation on which future studies, as well as spatial planning

and mitigation measures, can build upon. Developing and focusing on

future wildlife surveys is indeed particularly important to have more

reliable trends and to fill the knowledge gaps in seabird research. At

the same time, well-established conservation techniques can and

should be applied to the study sites to support and enhance the

existing populations and minimize development impacts. Such

techniques are notable: (i) removal of invasive species, which can

favor the settlement of new seabird populations and avoid the

extirpation of existing ones by egg and chick predation; (ii) access

restriction of sensitive areas during critical stages of seabird

reproduction to avoid disturbance that can result in a detrimental

interruption of the breeding attempts; (iii) hunting and fishing

regulations and enforcement to reduce the mortality by direct

killing and bycatch but also to restore fish prey stock; (iv)

continuous monitoring and assessment of new threats, such as

climate change; (v) initiation of habitat protection strategies and

enhancement plans to assure the availability of suitable nesting

habitat; (vi) implementation of biosecurity plans on development

islands; and (vii) spatial conservation planning. Such measures are in

line with what is recommended at the regional (PERSGA, 2004) and

international levels (Dias et al., 2019; Hays et al., 2020) to protect and

facilitate the recovery and enhancement of the seabird population.
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