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Abstract: Bahrain is a cluster of islands in the mid-section of the Arabian Gulf that serves as an
important wintering and stop-over ground for many migratory shorebirds in the Central Asian
Flyway (CAF). However, natural and anthropogenic factors have had a significant impact on these
ecosystems over the last few decades. Long-term, systematic studies based on standardized survey
observations are needed to understand the population dynamics and diversity changes of shorebirds
in these critical sites. We systematically surveyed the shorebird population and community in
Bahrain between 2010 January to 2021 December. This is the first comprehensive study from the
entire Kingdom of Bahrain, and covered 13 sites over 12 years to establish the results. A total of
39 species were encountered during the study period from all 13 sites in Bahrain, of which 27 species
were common and regular migrants to all the study sites; these were selected to analyze the population
trend. Five species represented 77% or more of the total wintering shorebird population. All the
shorebird species assessed exhibited significant declining trends over the years, and majority of
them had over 1% relative abundance. Shorebirds in Bahrain were severely threatened at these sites,
indicating that their population trend in the area could be crucially affected. Further conservation
efforts are needed, aided by an understanding of the mechanisms driving the decline and diversity
changes of shorebirds in the most stressed coastal regions of Bahrain. Further studies organized
throughout the country’s coasts may aid in establishing improved conservation measures to protect
the shorebirds of the CAF in Bahrain.

Keywords: shorebird; conservation; intertidal habitats; Bahrain; wintering grounds

Diversity 2023, 15, 468. https://doi.org/10.3390/d15030468 https://www.mdpi.com/journal/diversity

https://doi.org/10.3390/d15030468
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diversity
https://www.mdpi.com
https://orcid.org/0000-0003-1966-6737
https://orcid.org/0000-0001-9104-6546
https://orcid.org/0000-0002-8951-5646
https://orcid.org/0000-0003-4420-6353
https://orcid.org/0000-0001-8535-1595
https://orcid.org/0000-0001-9195-1677
https://orcid.org/0000-0002-4467-2058
https://doi.org/10.3390/d15030468
https://www.mdpi.com/journal/diversity
https://www.mdpi.com/article/10.3390/d15030468?type=check_update&version=1


Diversity 2023, 15, 468 2 of 17

1. Introduction

Shorebirds are a group species of major concern for conservation that would bene-
fit from an increased understanding of their demographic patterns and the underlying
factors [1]. Shorebirds are among the most rapidly declining groups of birds around the
globe, especially the long-distance migrant species, which rely on habitats and resources
along their entire migratory route [2]. This emphasizes the need to identify where and why
certain challenges exist in order to adopt effective conservation strategies [3,4]. Poor habitat
quality, affected by anthropogenic activities and global climate change, is the broad cause
of their decline [2,5]. Considering the limitations involved in following and documenting
individual variation in demographic rates over time, population-level studies have been
carried out at different locations along the migratory pathways [6]. Long-term popula-
tion studies reveal the shifts in species distribution and shed light on how accelerating
environmental changes reshape vital ecosystems [7].

In order to successfully finish their extraordinary long-distance migration flights,
constrained within a narrow window of time, shorebirds must accumulate large fuel
reserves in the form of fat and protein [8]. Hence, the critical wintering and stop-over sites
of shorebirds are characterized by increased primary productivity and high abundance
of macrobenthic prey items, which are favorably influenced by suitable environmental
variables, organic matter, and nutrients from terrestrial and marine sources [9,10]. Thus,
for successful migration, they require high-quality wintering and stop-over sites that
allow efficient and opportunistic foraging strategies for refueling which, thus, ensure the
survival and timely departure of the migratory shorebirds from wintering sites [11]. Food
preferences and foraging strategies adopted by different species vary considerably [12],
which has important implications on the effect of habitat degradation.

Among the world’s major migratory corridors, research on the CAF is comparably
underrepresented [13–16]. The CAF covers a large continental area of Eurasia bound by
the Arctic and the Indian Oceans [17] which covers 30 countries, including the Arabian
Gulf countries. Though CAF is the shortest flyway covering 30 countries, significant
comprehensive knowledge on important shorebird habitats, demographic patterns, and
the threats faced by the shorebirds in the CAF has not yet been achieved. Catastrophic
declines in shorebirds over the years have been reported in the Central Asian Flyway [9,14],
primarily due to prey depletion driven by changes in multiple environmental factors, such
as relative humidity, rainfall, water temperature, air temperature, and salinity [15]. This
food shortage was observed to be affecting the feeding rate, which in turn affects their
survival and breeding success [18].

The Arabian Gulf countries are characterized by extreme environmental conditions,
with a high-latitude geographical position, relative shallowness, and high evaporation rates.
Hence, the marine organisms in the Arabian Gulf are dwelling close to the limits of their
environmental tolerance due to the extreme sea temperatures and salinity levels, which
fluctuate seasonally [19]. The Kingdom of Bahrain is a cluster of islands in the mid-section
of the Arabian Gulf and falls under CAF, where their most productive coastal mudflat
habitats typically harbor large numbers of migratory shorebirds [20]. These ecosystems
have been exposed to anthropogenic impacts during the last few decades [21]. The major
sources of pollution in the Arabian Gulf include oil spills, brine water intrusion from
desalination plants, and industrial sewage. Bahrain is heavily susceptible to oil spills and
has already witnessed a number of major and minor oil spill incidents [22]. Reductions
in the density, biomass, and diversity of benthic fauna have been linked to petroleum
hydrocarbons. Aarif et al. [15] suggested that salinity and invertebrate prey abundance
influenced shorebird abundance and departure dates. Long-term studies on the abundance
of shorebirds, the top-level predators in the coastal habitat, helps us to better understand
the effects and potential impacts of environmental stress and anthropogenic pressure on
the ecological integrity of this fragile ecosystem [19,23].

Despite its significance as a documented wintering site for globally declining avifauna,
no long-term study has been conducted on shorebird assemblages in Bahrain. A significant
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amount of the data on birds and shorebird counts, in particular in the country, is fragmented,
and much is outdated [24]. Specific focus on shorebirds using intertidal coastal areas is
sparse, and there is no continuous monitoring [25,26]. Hence, to understand the alterations
in the wintering shorebird populations in Bahrain, we collected and analyzed shorebird
abundance data from all major intertidal and other wetland sites in the main island of
Bahrain and assessed changes in the shorebird diversity and abundance in a recent 12-year
period. Further, driving factors that may have affected these shorebird populations are
also discussed. This is the first comprehensive study from the entire Kingdom of Bahrain
which covered 13 sites over 12 years; hence, this data provides first-hand information on
the abundance, diversity shifts, and population trends of common long-distance migrant
shorebirds of Bahrain. This information can be utilized for formulating various conservation
measures to be employed in this important wintering site of CAF.

2. Materials and Method
2.1. Study Area

The long-term survey was carried out at a total of 13 sites in the main island of Bahrain
(Figure 1), which covered almost all areas of wintering grounds for shorebirds in the
Kingdom of Bahrain except for remote islands such as Hawar Islands, which host one of
the world’s largest colonies of the vulnerable Socotra cormorant (Phalacrocorax nigrogularis)
as well as other regionally and internationally important waterbird species.

Tubli Bay 1 (N 26.196255 E 50.56432) is one of the two designated Ramsar site in the
country that hosts large numbers of wintering and migratory shorebirds [20], and the
intertidal habitat provides feeding and roosting grounds for shorebird populations. This
study site occupies the outfall of Tubli Water Pollution Control Centre, the main sewage
treatment plant in Bahrain. We conducted the survey within an area of approximately 1 km2.

Tubli Bay 2 (N 26.138836 E 50.616594) is a bay in the east of Bahrain, between Bahrain
Island and Sitra Island, and is directly south of the capital, Manama. We covered an area of
about 2.5 km2 for the survey.

Jidhali lies (N 26.180335 E 50.567305) adjacent to Tubli Water Pollution Control Centre
(TWCC). We carried out the survey within a 1 km2 area.

Eker Creek (N 26.149035 E 50.605947) is a shallow, sheltered bay in an urban/industrial
area with saltmarsh vegetation, extensive mudflats, and a large area of mangroves. The
survey was carried out within a 3 km2 area.

Nabih Saleh (1 and 2) (N 26.187249 E 50.587021 and N 26.187624 E 50.584665), lies in Tubli
Bay, east of Bahrain Island. We covered an area of about 1.5 km2 for our shorebird survey.

Sitra Walkway (N 26.186958 E 50.590864) connects the island of Nabih Saleh and Sitra
to the capital city of Manama, across Tubli Bay. The main habitats in these shallow waters
consist of sand, rock, and coral reefs, which form a barrier to tidal water movements and
wind-driven wave action [27]. We conducted our survey in this leisure zone featuring a
2 km walkway and green spaces.

Ras Sanad (N 26.15495 E 50.595024) is a sheltered lagoon hosting the last remaining
natural mangrove ecosystems in Bahrain. In addition, it is considered as a foraging and
roosting ground for many migratory birds. The largest concentration of mangrove forests is
located in the Ras Sanad Lagoon, one of the most protected areas of the coast of Bahrain [28].
We carried out the survey within a 2 km2 area.

Arad Bay (N 26.262325 E 50.625393) is a natural intertidal mudflat and a sheltered
bay located (approximately 1 km in length) in the northeast of Bahrain. The bay is a very
shallow, low-lying tidal flat adjacent to the Bahrain International Airport. This is a classic
example of a mudflat providing a feeding ground for shorebird populations [20,29]. This
mudflat bay was designated as a natural marine protected area in 2003. The estimated area
of this bay is around 0.5 km2, and it was considered for our survey.
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Figure 1. A map showing major sites for wintering, staging, and over-summering shorebirds in the 
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2.2. Shorebird Survey 

Figure 1. A map showing major sites for wintering, staging, and over-summering shorebirds in the
main island of Bahrain.

The Busaiteen coastal area (N 26.273966 E 50.589215) is the first typical coastline in
Muharraq with an area of more than 4.5 km2. Shorebirds congregate in large numbers to
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forage on the exposed mudflats during low tide. We covered an area of about 1 km2 for
the survey.

Asker Marsh (N 26.075857 E 50.618081) is situated west of Jazı̄rat ash Shaykh and
northwest of Ra’s Ḩayyān. Mudflats in this area provide feeding and resting areas for
wader populations.

Hamala agricultural and farming land (N 26.1406464 E 50.4742752) is situated on the
western coast of Bahrain Island, which offers wintering grounds for shorebirds.

South Sehla (N 26.1984497 E 50.5376197), the eastern part of Sehla, is an agricultural
land. It has a network of canals that make the area fertile, and many birds thrive in
this canal.

2.2. Shorebird Survey

Direct observation [30] and point count methods were employed to obtain the total
count of shorebirds from each study area from January 2010 to December 2021. The
survey was carried out once a week during low tide, between 06:00 to 12:00 h, using
10 × 50 Swarovski binoculars and three sets of video cameras (CX 130 E Sony, p1000
Nikon Bridge Camera; Canon EOS-1DX Mark II with lens Canon EF 400mm f/2.8 IS II
USM + Canon Extender EF 2X III). The wintering period between September and April and
the over-summering period between the first week of June and the second week of July were
considered (a total of six weeks in a year). Maximum care was taken to avoid disturbance
during the surveys. The observations recorded while moving from one scanning point to
another were entered as incidental records.

2.3. Statistical Analysis

Species that were common and regular migrants to all the study sites were chosen
from among the shorebirds encountered during the study period to investigate popula-
tion trends.

The Shannon–Weiner diversity index and the Gini-Simpson index were used to assess
the changes in diversity, and the Margalef index was employed to check the species
richness. A one-way ANOVA was run to determine the differences in the Margalef richness
index, and Tukey’s post hoc multiple comparisons test was used to test the diversity
changes. Confidence limits were calculated and pairwise comparisons between years for
each diversity index were carried out using bootstrap methods with replacement, using
PAST version 4.03 [31]. Linear regressions were carried out to test the population trends of
each of the 27 analyzed shorebird species. ANOVA and regression analyses were performed
using R version 4.0.5 [32]. Significance for all statistical tests was set at 0.05.

3. Results
3.1. Species Account

A total of thirty-nine species were encountered during our survey between 2010 and
2021, of which thirty-four species were winter visitors and three species were breeding
residents, these being the Black-winged Stilt (Himantopus himantopus), Kentish Plover
(Charadrius alexandrinus), and Red-wattled Lapwing (Vanellus indicus) (Table 1). Kentish
Plovers were breeding in almost all the areas in Bahrain, viz., Amwaj, Asker, Busaiteen,
Sanad, and Tubli Bay. The Black-winged Stilt bred mostly at the Asker coast, whereas
the Red-wattled Lapwing had been regularly breeding at two sites (Hamala and South
Sehla, near Adhari park) for past several years. Crab Plover (Dromas ardeola) and Beach
Stone-curlew (Esacus magnisrostris) were recorded as resident species, but breeding had not
yet been observed in Bahrain.
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Table 1. IUCN, regional, and migratory status of shorebirds in Bahrain’s intertidal habitats.

S. No Common Name IUCN Status Status in
the Bahrain * Migratory Status Peak Count at

One Time

1 Little Stint LC Common Winter Visitor 9421
2 Temminck’s Stint LC Uncommon Winter Visitor 31
3 Little Ringed Plover LC Uncommon Winter Visitor 19
4 Kentish Plover LC Common Resident and Breeding 79
5 Broad-billed Sandpiper LC Common Winter Visitor 29
6 Common Ringed Plover LC Common Winter Visitor 44
7 Caspian Plover LC Uncommon Winter Visitor 14
8 Sanderling LC Common Winter Visitor 123
9 Curlew Sandpiper NT Common Winter Visitor 302

10 Dunlin LC Common Winter Visitor 2781
11 Red-necked Phalarope LC Uncommon Winter Visitor 11
12 Common Sandpiper LC Common Winter Visitor 22
13 Lesser Sand Plover LC Common Winter Visitor 5633
14 Greater Sand Plover LC Common Winter Visitor 176
15 Ruddy Turnstone LC Common Winter Visitor 178
16 Wood Sandpiper LC Common Winter Visitor 78
17 Green Sandpiper LC Common Winter Visitor 283
18 Terek Sandpiper LC Common Winter Visitor 33
19 Pacific Golden Plover LC Common Winter Visitor 32
20 Marsh Sandpiper LC Common Winter Visitor 22
21 Pintail Snipe LC Uncommon Winter Visitor 2
22 Great Knot EN Uncommon Winter Visitor 16
23 Great Snipe NT Uncommon Winter Visitor 4
24 Common Redshank LC Common Winter Visitor 256
25 Grey Plover LC Common Winter Visitor 197
26 Spotted Redshank LC Uncommon Winter Visitor 12
27 Ruff LC Common Winter Visitor 16
28 Common Greenshank LC Common Winter Visitor 174
29 Black-winged Stilt LC Common Resident and Breeding 92
30 Red-wattled Lapwing LC Common Resident and Breeding 13
31 Common Snipe LC Common Winter Visitor 9

32 Crab Plover LC Common Resident and
Non-breeding 19

33 Bar-tailed Godwit NT Common Winter Visitor 122
34 Black-tailed Godwit NT Common Winter Visitor 44
35 Eurasian Oystercatcher NT Common Winter Visitor 18
36 Pied Avocet LC Uncommon Winter Visitor 33
37 Whimbrel LC Common Winter Visitor 49

38 Beach Stone-curlew NT Uncommon Resident and
Non-breeding 9

39 Eurasian Curlew NT Common Winter Visitor 51

* Based on our field experience, common: seen during most of the visits; uncommon: seen less than five times;
rare: seen once or twice).

Among the observed species, the Great Knot (Calidris tenuirostris) was categorized as
endangered (EN), and eight other species, i.e., Beach Stone-curlew, Curlew Sandpiper
(Calidris ferruginea), Bar-tailed Godwit (Limosa lapponica), Black-tailed Godwit (Limosa
limosa), Eurasian Curlew (Numenius arquata), Eurasian Oystercatcher (Haematopus ostrale-
gus), and Great Snipe (Gallinago media) were listed as near-threatened (NT) in the IUCN
Red List. Of the thirty-nine species of shorebirds, twenty-five species were common winter
visitors and nine species were uncommon winter visitors. Three (i.e., Little Stint (Calidris
minuta), Lesser Sand Plover (Charadrius mongolus), and Dunlin (Calidris alpina) are often
dominant species during winter, and peak counts were significantly more highly docu-
mented for them at one time. When it comes to seasonal abundance, shorebird numbers
begin to rise in November and reach a peak in January.
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Nine species of regularly over-summering shorebirds were documented from different
sites of Bahrain. They were the Greater Sand Plover (Charadrius leschenaultii), Whimbrel
(Numenius phaeopus), Eurasian Curlew, Bar-tailed Godwit, Curlew sandpiper, Common Red-
shank (Tringa totanus), Common Greenshank (Tringa nebularia), Ruddy Turnstone (Arenaria
interpres), and Eurasian Oystercatcher. The Bar-tailed Godwit was the most abundant and
dominant species, followed by the Common Greenshank, while the Eurasian Oystercatcher
was the least abundant. Three of these species fall under IUCN near-threatened category:
they are Eurasian Curlew, Curlew sandpiper, and Eurasian Oystercatcher.

We documented forty-six oiled individuals belonging to six species, namely, sixteen oil-
spilled Dunlin, twelve Wood Sandpiper, six Eurasian Oystercatcher, four Curlew Sandpiper
(Figure 2), four Sanderling, and two Whimbrel during the study period in different sites of
Bahrain. They were all exhausted and unfit to fly.
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3.2. Diversity, Relative Abundance, and Species Trends over the Years

We performed a one-way ANOVA to determine the difference in the Shannon diversity
index (H′) between 2010 and 2021, which showed significant variation in diversity indices
(p < 0.05). Tukey’s post hoc multiple comparisons tests showed that diversity significantly
changed in 2019 to 2021 compared to 2010 to 2016, and in 2021, a significant decrease was
evident between 2010 and 2020 (Table 2).

A one-way ANOVA was performed to determine the difference in the Margalef rich-
ness index (d) between 2010 and 2021, which showed a significant increase (p < 0.05). Tukey
post hoc multiple comparisons tests showed that the Margalef richness index significantly
changed between 2012 and 2021.

Shannon–Weiner index values ranged between 1.81 and 1.91, with significant variation
between the years and a generally declining trend, although a slight fluctuation was
reported from 2014 to 2017 (Table 2, bootstrap, p<0.05 in all pairwise comparisons between
years). Margalef richness index varied between 2.13 and 2.31, indicating a gradual increase
in the species richness over the years (Table 2). The Gini–Simpson index values ranged
between 0.66 and 0.70, with significant fluctuations occurring between years and a declining
trend. Five species represented 77% or more of the total wintering shorebird population,
namely, Little Stint, Dunlin, Curlew Sandpiper, Common Redshank, and Marsh Sandpiper
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(Tringa stagnatilis) (Table 3). Little Stint was the most dominant species (54.26% of total
shorebirds) throughout the duration of the study (Table 3). Although all the shorebirds
we assessed exhibited declining trends over the years (Figures 3 and 4, Table 3, p < 0.05
in all cases), eight species among them, namely, Wood Sandpiper (Tringa glareola), Terek
Sandpiper (Xenus cinereus), Sanderling (Calidris alba), Red-necked Phalarope (Phalaropus
lobatus), Pacific Golden Plover (Pluvialis fulva), Green Sandpiper (Tringa ochropus), Eurasian
Oystercatcher, Common Snipe (Gallinago gallinago), Common Sandpiper (Actitis hypoleucos),
Common ringed Plover (Charadrius hiaticula), Broad-billed Sandpiper (Limicola falcinellus),
and Black-tailed Godwit, exhibited less than 1% relative abundance (Figure 3b).

Table 2. Comparison of the changes in Shannon’s index, the Gini–Simpson index, and richness in
relation to year (2010–2021) in Bahrain intertidal habitats.

Years Shannon’s Index Gini–Simpson Index Margalef Richness Index

2010 1.91 (1.90–1.92) 0.69 (0.69–0.69) 2.13 (2.13-2.14)
2011 1.91 (1.91–1.92) 0.70 (0.69–0.70) 2.14 (2.14-2.14)
2012 1.89 (1.88–1.89) 0.69 (0.68–0.69) 2.15 (2.15-2.15)
2013 1.87 (1.86–1.87) 0.68 (0.68–0.68) 2.17 (2.17-2.17)
2014 1.88 (1.88–1.89) 0.68 (0.68–0.69) 2.18 (2.18-2.18)
2015 1.87 (1.87–1.88) 0.68 (0.68–0.68) 2.20 (2.20-2.20)
2016 1.89 (1.88–1.89) 0.68 (0.68–0.69) 2.22 (2.22-2.22)
2017 1.90 (1.89–1.90) 0.69 (0.68–0.69) 2.24 (2.24-2.24)
2018 1.85 (1.84–1.85) 0.67 (0.67–0.67) 2.25 (2.25-2.26)
2019 1.87 (1.86–1.88) 0.68 (0.68–0.69) 2.27 (0.27-0.28)
2020 1.82 (1.82–1.83) 0.66 (0.66–0.67) 2.29 (2.29-2.28)
2021 1.81 (1.80–1.81) 0.66 (0.66–0.67) 2.31 (2.31-2.32)

95% confidence intervals (derived by bootstrap methods) are shown in parentheses.

Table 3. Comparison of population trends in shorebirds in Bahrain intertidal flats.

S. No Common Name Scientific Name Relative Abundance % F Value

1 Little Stint Calidris minuta 54.26 8245
2 Kentish Plover Charadrius alexandrinus 2.56 4608
3 Broad-billed Sandpiper Limicola falcinellus 0.03 652
4 Common Ringed Plover Charadrius hiaticula 0.85 1094
5 Sanderling Calidris alba 0.91 1846
6 Curlew Sandpiper Calidris ferruginea 3.62 155.6
7 Dunlin Calidris alpina 13.64 4299
8 Red-necked Phalarope Phalaropus lobatus 0.08 174.9
9 Common Sandpiper Actitis hypoleucos 0.34 1328

10 Lesser Sand Plover Charadrius mongolus 2.41 3094
11 Ruddy Turnstone Arenaria interpres 2.96 1256
12 Wood Sandpiper Tringa glareola 0.12 1286
13 Green Sandpiper Tringa ochropus 0.09 1332
14 Terek Sandpiper Xenus cinereus 0.88 3895
15 Pacific Golden Plover Pluvialis fulva 0.38 1309
16 Marsh Sandpiper Tringa stagnatilis 2.50 655.6
17 Common Redshank Tringa totanus 3.01 2599
18 Grey Plover Pluvialis squatarola 1.84 1920
19 Ruff Calidris pugnax 1.11 1663
20 Common Greenshank Tringa nebularia 1.63 984.1
21 Black-winged Stilt Himantopus himantopus 2.35 1415
22 Common Snipe Gallinago gallinago 0.00 37.23
23 Bar-tailed Godwit Limosa lapponica 1.65 1240
24 Black-tailed Godwit Limosa limosa 0.01 539.2
25 Eurasian Oystercatcher Haematopus ostralegus 0.41 82.44
26 Whimbrel Numenius phaeopus 1.06 1468
27 Eurasian Curlew Numenius arquata 1.27 4772

All p values were <0.05 according to regression analyses for individual species; all 27 species of shorebirds showed
declining trends.
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4. Discussion

By systematically surveying 13 important sites during 2010–2021, our findings provide
the first detailed account of and insights into the composition of shorebirds and their
population trends in Bahrain. All the observed migratory species showed significant
declining trends during the study period, which highlights the importance of conservation
of the studied crucial habitats for migratory shorebirds in the CAF(Figure 5).

Among the thirty-nine species of shorebirds recorded during the present study,
thirty-four species were winter visitors, including eight species that are IUCN red listed.
Out of the five resident species, just three (the Black-winged Stilt, Kentish Plover, and
Red-wattled Lapwing) were found to be breeding in the Kingdom. There are breeding
reports of the other two resident species, namely, Beach Stone-curlew and Crab Plover,
from other countries of the Arabian Gulf [33–35], but none from Bahrain so far. The study
also documented nine species of regularly over-summering shorebirds from different sites
of Bahrain, including the Eurasian Oystercatcher, Curlew Sandpiper, Bar-tailed Godwit,
and the near-threatened Eurasian Curlew. Therefore, the coasts of Bahrain are critical
habitats that act as “nurseries” for long-distance migratory shorebirds. Bar-tailed Godwits
were found to be the most dominant over-summering species, followed by the Common
Greenshank. This may be due to the tendency of a higher over-summering index for
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large-bodied, long-distance migrant shorebirds due to their delayed maturity [36], even
though different factors, such as adverse weather conditions [37], could be responsible.
Detailed studies on sex and age-related patterns of over-summering shorebird abundance
can greatly aid in implementing the year-round conservation strategies which need to be
adopted in the habitat.
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The present study delineated that in the Kingdom of Bahrain, more than 77% of the to-
tal wintering population of shorebirds was composed of five species, namely the Little Stint,
Dunlin, Curlew Sandpiper, Common Redshank, and Marsh Sandpiper. Among these, the
first three species are surface-pecking small shorebirds. Along with their traditionally recog-
nized macrobenthic prey items, these small-bodied shorebirds were observed as consuming
large quantities of intertidal biofilms [38], containing essential fatty acids [39], providing
fuel, and improving flight performance during migration [40]. The other two species,
being medium-sized shorebirds, seem to have a significant degree of niche overlap with
the small shorebirds in terms of prey and foraging behavior [41]. As the costs of availing
macrobenthic invertebrates are high in certain habitats and are dominated by planktonic
prey items, these shorebirds have been observed to employ surface tension prey transport,
which aids in small prey profitability and is a strategy unavailable to other birds [42]. The
dominance of shorebirds depending directly on the lowest trophic level identifies the coast
of Bahrain as a region with various factors favoring high primary productivity. These
regions might have evolved as important wintering grounds for shorebirds in the CAF
due to these favorable environmental variables and high primary productivity, which
contribute to the abundance of macrobenthic organisms as well.

We observed a steadily declining trend across the years in the total count of all the
shorebirds in the Kingdom of Bahrain. The species diversity and richness varied over
the years, with a general declining trend similar to that observed in the coastal zones of
southwest India [14,15] in the CAF, which was experiencing long-term fluctuations in water
and sediment quality [43] and declining primary productivity [44]. The diversity and
abundance of shorebirds were largely influenced by the quality, quantity, and availability
of their crucial nutritional resources, such as planktonic prey items, intertidal biofilms,
and macrobenthos in the stop-over sites [9,45–47]. Coastal habitat conditions in Bahrain
displayed serious conservation problems and direct habitat loss due to climate change,
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coastal reclamation, desalination, and oil and gas activities [29,48], which led to a general
trend of reductions in both diversity and abundance of macrobenthos [49]. Changes
in habitat quality driven by anthropogenic disturbances, including habitat degradation
by developmental activities and environmental pollution by oil spills [50], have caused
changes in individual bird behavior [51], in a way affecting their fitness [52].

Among the 27 species of shorebirds showing a significant downward trend in abun-
dance, ten of them were observed feeding on discarded food waste during the study period,
especially in the Busaiteen region (Figure 6). These were Little Stint, Dunlin, Curlew
Sandpiper, Broad-billed Sandpiper, Ruddy Turnstone, Grey Plover, Common Redshank,
Common Greenshank, Eurasian Curlew, and Bar-tailed Godwit. Although direct evidence
is sparse due to a lack of studies, this alteration from their specialized diet will induce
negative effects on shorebirds’ physiology in the long term due to the gradual accumulation
of harmful chemicals. Effluents containing high levels of ammonia, nitrate, phosphate,
and other heavy metals are discharged from sewage treatment plants in the Tubli bay
and cause reductions in the biodiversity, richness, and evenness of macrobenthos [53]. A
similar impact can be observed in areas adjacent to seawater desalination plants, where
high-temperature discharged brine water with containing heavy metals and other chem-
ical pollutants limits the survival of most macrobenthos, except for a few opportunistic
species [53]. This change in the community structure of key prey items, such as polychaetes
and crabs, might have accounted for the diversity changes in the shorebird population
along the coasts of Bahrain.

Diversity 2022, 14, x FOR PEER REVIEW 16 of 20 
 

 
Diversity 2022, 14, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/diversity 

shorebirds in the CAF due to these favorable environmental variables and high primary 

productivity, which contribute to the abundance of macrobenthic organisms as well. 

We observed a steadily declining trend across the years in the total count of all the 

shorebirds in the Kingdom of Bahrain. The species diversity and richness varied over the 

years, with a general declining trend similar to that observed in the coastal zones of south-

west India [14,15] in the CAF, which was experiencing long-term fluctuations in water 

and sediment quality [43] and declining primary productivity [44]. The diversity and 

abundance of shorebirds were largely influenced by the quality, quantity, and availability 

of their crucial nutritional resources, such as planktonic prey items, intertidal biofilms, 

and macrobenthos in the stop-over sites [9,45–47]. Coastal habitat conditions in Bahrain 

displayed serious conservation problems and direct habitat loss due to climate change, 

coastal reclamation, desalination, and oil and gas activities [29,48], which led to a general 

trend of reductions in both diversity and abundance of macrobenthos [49]. Changes in 

habitat quality driven by anthropogenic disturbances, including habitat degradation by 

developmental activities and environmental pollution by oil spills [50], have caused 

changes in individual bird behavior [51], in a way affecting their fitness [52]. 

Among the 27 species of shorebirds showing a significant downward trend in abun-

dance, ten of them were observed feeding on discarded food waste during the study pe-

riod, especially in the Busaiteen region (Figure 6). These were Little Stint, Dunlin, Curlew 

Sandpiper, Broad-billed Sandpiper, Ruddy Turnstone, Grey Plover, Common Redshank, 

Common Greenshank, Eurasian Curlew, and Bar-tailed Godwit. Although direct evidence 

is sparse due to a lack of studies, this alteration from their specialized diet will induce 

negative effects on shorebirds’ physiology in the long term due to the gradual accumula-

tion of harmful chemicals. Effluents containing high levels of ammonia, nitrate, phos-

phate, and other heavy metals are discharged from sewage treatment plants in the Tubli 

bay and cause reductions in the biodiversity, richness, and evenness of macrobenthos [53]. 

A similar impact can be observed in areas adjacent to seawater desalination plants, where 

high-temperature discharged brine water with containing heavy metals and other chemi-

cal pollutants limits the survival of most macrobenthos, except for a few opportunistic 

species [53]. This change in the community structure of key prey items, such as poly-

chaetes and crabs, might have accounted for the diversity changes in the shorebird popu-

lation along the coasts of Bahrain. 

 

Figure 6. Dunlin (Calidris alpina) foraging on food waste on the Busaiteen coast (a,b). 

Since the Arabian Gulf is the largest reserve of oil in the world, the coasts of Bahrain 

and its biodiversity are under a permanent threat of oil pollution [49]. This can have a 

direct or indirect, lethal or sublethal impact on the shorebirds. We documented forty-six 

oiled individuals belonging to six species during the study period from different sites of 

Figure 6. Dunlin (Calidris alpina) foraging on food waste on the Busaiteen coast (a,b).

Since the Arabian Gulf is the largest reserve of oil in the world, the coasts of Bahrain
and its biodiversity are under a permanent threat of oil pollution [49]. This can have a direct
or indirect, lethal or sublethal impact on the shorebirds. We documented forty-six oiled
individuals belonging to six species during the study period from different sites of Bahrain.
Oil on feathers causes direct, immediate mortality of shorebirds due to hypothermia [54].
Oil ingestion due to preening of oiled feathers or by foraging in contaminated habitats
and consumption of oiled prey might cause acute toxic effects on internal organs and lead
to mortality [55]. Since migratory shorebirds have strong site-fidelity to wintering and
stop-over sites [56,57], they are more vulnerable to repeated exposure to oil, and this can
ultimately lead to population-level impacts through diminished health and reproductive
success [58]. Similar to the impacts of sewage and desalination plant effluents, the oil
pollution also causes mortality and community changes in macrobenthic prey items [49].
This affects the refueling rates of shorebirds, causing subsequent weight loss and delaying
their departure [15] from wintering grounds. Studies should prioritize the understanding of
this pollution-induced decline in refueling rates, which contributes to the over-summering
abundance of large-sized shorebirds in Bahrain.
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Finally, one of the most important challenges confronting coastal bird assemblages
in general is the persistent threat of habitat degradation and loss linked to coastal land
reclamation. Sea land reclamation activities are widespread in both the Arabian Gulf
and in many other areas in Asia [59,60], and in Bahrain, reclamation activities have led
to the loss of many important intertidal mudflat areas. As a small archipelago country,
coastal reclamation continues to be an option for securing land to meet the needs of
the expanding population and sprawling urban areas in Bahrain [29]. Given the trend
for continued extensive coastal development in Bahrain, intertidal coastal and marine
habitats may continue to be significantly degraded by reclamation works. This threat
is one of the most important problems for a wide range of coastal wildlife, including
specialized shorebird species that feed, rest, and roost directly in intertidal areas and coastal
wetlands [29,61]. However, Bahrain has designated several bird grounds as nationally and
internationally protected areas. These areas include Tubli Bay and Hawar Islands, which are
declared as Ramsar sites. Finally, with careful planning, ecological restoration, and habitat
assessment with specific concern for migratory and over-summering shorebirds, there may
be opportunities to reverse the losses and mitigate degradation [62,63]. This will require
increased knowledge and understanding of intertidal coastal biodiversity, conservation
evaluation studies, and political will for the conservation and rehabilitation of key coastal
wetland sites. More effort should be made to secure and protect specific important areas
for coastal birds in Bahrain [48].

Long-term, systematic studies based on standardized survey observations are neces-
sary to understand the factors responsible for both the decline and diversity changes of
shorebirds in the most stressed coasts of Bahrain. Further studies organized throughout
the country’s coasts may aid in establishing improved conservation measures to protect the
shorebirds of Bahrain in the CAF.
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