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Abstract  Declining shorebirds happen globally due to 

changes in habitat and anthropogenic pressures. The 

shortest flyway (Central Asian Flyway-CAF) hosts  

significant shorebirds that winter in the Indian subcontinent 

lacks long-term studies on population size and trends. This 

paper is based on three-decade population monitoring of 

migratory shorebird species carried out on the uninhabited 

coral island of Manoli in the Gulf of Mannar Marine 

National Park (IBA) located along the southeast coast of 

India. The site is of importance due to its proximity to Sri 

Lankan Important Bird Areas (IBA). Direct observation 

and total counts were done during 2017-2019 and 

compared with earlier data from 1985-1988 and 2005-2007. 

Species diversity, Pielou’s evenness and dominance index 

were also estimated. The similarity between shorebird 

species abundance was approached by cluster analysis and 

non-metric Multi-Dimensional Scaling ordination (NMDS) 

considering the study period as pre-2000 and post-2000 for 

analysis. The Shannon Diversity Index (H) indicated 

highest value (2.413) during 1985-1986 and lowest value 

(1.265) during 2018-2019. The Pieolu's species evenness (J) 

varied between 0.438 and 0.812 with highest value during 

1985-1986 and lowest value during 2018-2019, indicating 

that species diversity and their distribution have 

considerably been reduced in the Manoli Island over three 

decades. The decline of the most dominant species, Lesser 

Sand Plover Chadadrius mongolus was moderate while 

several others species declined dramatically. The absence 

of several species over time from the uninhabited island is 

a conservation concern. This study is the first of its kind 

done on an island in India for three decades that emphasises 

the importance of long-term monitoring of various 

wintering sites of CAF that will help in assessing the 

changes in the global population of these long-migratory 

shorebirds and guide to future conservation actions. 

Keywords  Central Asian Flyway, Conservation, 

Habitat Loss, Intertidal Zone, Population Monitoring 

1. Introduction

Billions of birds migrate annually long distances across 

the globe through migratory flyways [1]. These flyways 

are migratory routes used by shorebirds moving between 

breeding and wintering grounds. Those who migrate to the 

Indian subcontinent are winter visitors. Each shorebird 

species and population migrate differently and use a unique 

set of breeding, migration, staging, and wintering sites. The 

Central Asian Flyway (CAF) to which the Indian 

subcontinent belongs is the world's least studied flyway, 

with crucial knowledge gap of 80 percent of its bird 

populations [2, 3]. 

Shorebird populations are declining worldwide. The 

drastic decline of shorebird populations in Eastern Canada 
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and the north-eastern United States over the past few 

decades has been attributed to habitat degradation  [4]. 

Other factors contributing to the deterioration are  the 

large conversion of intertidal stopover sites [5, 6] and 

hunting on the wintering grounds [7], with several species 

facing extinction or endangerment [8, 9]. Out of the 25 

shorebird species of the East Asian-Australasian Flyway 

(EAAF), 22 have undergone a widespread decline and 

seven have been included in the IUCN Red List as 

Threatened or Near Threatened [ 10]. Shorebirds show 

fidelity to sites that can provide consistent and reliable food 

resources year after year [11, 12]. These birds require open 

foraging grounds like tidal flats and salt marshes [13] and 

food shortages lead to implications for the selection of 

stopover sites [14] and hence survival. 

The declining trend of the shorebird populations has 

been noted in India at several important sites along the east 

coast, through long-term studies by the Bombay Natural 

History Society (BNHS) [ 2, 15]. The Gulf of Mannar 

(GoM) establishes vitally significant linkages for migrating 

and resident shorebirds throughout the east coast of India, 

along with other Important Bird Areas (IBA) like Chilika 

Lake in Orissa, Pulicat Lake in Andhra Pradesh, and Point 

Calimere in Tamil Nadu [2]. Due to the geographical 

proximity to Sri Lanka, this IBA is an important stopover 

site in the CAF for migratory waterbirds and passerines 

[16]. There are four IBAs on the Sri Lankan side, about 10 

kilometres distant, in the Jaffna district (Anatidal-

Thondamannar, Araly South-Punale, Kaithady, and Kayts 

Island-Mandativu) [17]. 

Long-term studies of population dynamics of shorebirds 

are few [18] leading to gaps in community trend 

understandings [19]. Demographic monitoring can be an 

early barometer of population change [20]. 

Comprehending the current state of shorebirds, long-term 

population trends, and the consequences of environmental 

change are necessary for developing effective conservation 

measures. Shorebirds are long-lived with longevity records 

for most exceeding ten years [21]. Therefore, it is important 

to have long-term monitoring at each stopover site to 

understand the shorebird community changes over time. 

Such efforts can give ample evidence of the actual impact 

of stressors on shorebirds.  

Ydenberg et al. [22] found a drastic decrease in the 

usage of the shorebird community in a small stopover site 

compared to the larger areas nearby in a long-term 

monitoring study. Our studies were on Manoli Island, one 

of the smallest island in Gulf of Mannar. This is the first 

long-term study of over three decades on shorebird 

populations decline reported from a coral island in India. 

Moreover, this could also help in understanding and 

determining whether the severity of the shorebirds' decline 

warrants conservation concern in each diverse habitat 

irrespective of the area of the habitat. This study should 

also prompt such long-term population monitoring 

programs elsewhere in other important stopover sites of 

CAF.  

2. Methods 

2.1. Study Area 

The Gulf of Mannar, India's first Marine Biosphere 

Reserve, is located off the southernmost tip of the country 

and consists of a series of 21 islands ranging from 0.2 to 8 

kilometre off the shore. The Gulf of Mannar Marine 

National Park (8.47o N, 79.14o E) is a protected region 

inside the GoM that encompasses the islands that lay up to 

10 km parallel to the shore in a 160-kilometer length 

between Tuticorin and Dhanushkodi of Rameswaram 

Island. The majority of the islands are tiny, ranging in size 

from 0.50 to 124 hectare and are mostly made of corals. 

Manoli Island (9.22°N, 79.13°E) (figure 1) is about 2 km 

long and 50 metres broad, spanning an area of 25.90 

hectares and containing tiny ponds and open mudflats. The 

small water channels that run through the islands are 

surrounded by mangrove vegetation and coarse grass. The 

principal mangrove plants found on the islands include 

Rhizopora sp., Avicennia sp., and Exocaeria sp. The island 

is surrounded by coral reefs and has sandy beaches, which 

provide habitats for a variety of marine wildlife including 

free-swimming tubicolus polychaetes and “crustaceans 

especially Ligia sp., Gammarus sp.”, tiny crabs, and their 

larval centhidea. 
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Figure 1.  Study area with the adjacent Manoliputti Island and the new vegetation structure that appeared over the study period in between the islands. 
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Three regular coastal bird monitoring projects were done 

in GoM during 1985-88, 2005-2007 and 2017-2019. Other 

than Manoli Island, the Dhanushkodi lagoon on 

Rameswaram Island and the Pillaimadam lagoon on the 

mainland, which run parallel to Palk Bay were the sites 

monitored for the shorebird population during these studies. 

In the first study period of 1985-1988, 187 species of 

aquatic and terrestrial birds were recorded in GoM [23;24] 

before it was declared a Marine Biosphere Reserve in 1989 

and GoM was designated as an IBA under Congregation 

and Threatened species Categories. The first study also 

recognized the Lesser Sand Plover Charadrius mongolus, 

Curlew Sandpiper Calidris ferruginea, and Little Stint C. 

minuta as the most abundant shorebirds, and revised the 

status of the Red Knot Calidris canutus, Great Knot C. 

tenuirostris, Bar-tailed Godwit Limosa lapponica from rare 

and vagrant birds to regular winter visitors.  

2.2. Bird Counts 

Month wise bird counts were carried out from September 

1985 to April 1988, June 2005 to May 2007 at the islands 

during both low and high tides using binoculars, 8 * 40. 

The highest numbers recorded for individual species were 

taken for the current population status assessment. This 

method was adopted for the following reasons: 1. lack of 

conspicuous high tide roosts, (2) during high tides, some 

species flew away to return to the island during low tides 

for feeding, and (3) a few species can be easily counted 

during high tide congregation, and their number is more at 

high tide [23]. In the study from February 2017 to March 

2019 of two migratory seasons, we added four scanning 

points to record observations [25], as the island is small 

and the entire area was covered. This has no impact on 

methodology as the island is a small one avoiding 

duplication of counts. Maximum care was exercised to 

prevent duplication in bird counting. Photographs of birds 

taken in the field were additionally used to identify and 

confirm the taxonomic designation of species with the 

support of experts in taxonomy. Common and scientific 

names of each species were taken from field guides [26, 

27]. 

Data collected over three decades were used to evaluate 

the decline in the shorebird community that visits the island 

of Manoli. In the 1985-1988 study, the island recorded the 

maximum number of species in the entire GoM area. First 

two studies on coastal birds of GoM during 1985-1988 [23, 

28] and 2005-2007 [ 29] documented the species-wise 

population of all the coastal species, which forms the basis 

for the present study to assess the changes. This paper 

examines the species-wise changes that happened to 20 

shorebird species regularly occurred until 2006. 

2.3. Statistical Analysis 

For an evaluation of the population trend, we have 

considered the entire duration as two time periods- pre-

2000 and post-2000. The first study was conducted before 

the declaration of the Marine National Park and the 

subsequent monitoring was done after the declaration 

(post-2000). The results were then summarized and an 

analysis of diversity indices of shorebirds was done 

accordingly for comparison. Species diversity was 

estimated by the Shannon diversity index (H). Species 

richness throughout the study was calculated by Margalef 

species richness (d) and the evenness of species was 

estimated by Pielous species evenness (J). The dominance 

of the shorebirds was calculated by Simpson's dominance 

index. To further, analysing the similarity between 

shorebird species abundances was approached cluster 

analysis and NMDS (Nonmetric Multi-Dimensional 

Scaling) ordination by Bray-Curti’s similarity index using 

Past Software version 3. 

3. Results 

During the initial observations of 1985-1988, migrants 

began to arrive in late August and built up to a maximum 

number during October and November on the Island. The 

timing of peak numbers varied between species subject to 

the occurrence of transient individuals and sometimes 

extended till early December. During 2017-2019 study 

shorebirds did not indicate any regular pattern of arrival 

and were seen more in scattered form than the regular 

arrival pattern. The steep declines noticed during 2005-

2007 for several species have continued until 2019. During 

the preliminary study period of 1985-1988, 26 species of 

shorebirds were recorded at Manoli Island (Table 1). This 

species richness of shorebirds decreased to 20 species by 

2005-2007 and further down to 19 species by 2017-2019. 

The maximum number of birds recorded for the period pre-

2000 comprises 13,000 individuals which was further 

reduced to 3000 by the year 2019. Among the shorebirds 

observed, Eurasian Oystercatcher Haematous ostralegus 

were not recorded since 2006. In our initial study of 1985-

1988, Crab plover Dromas ardeola and Eurasian 

Oystercatcher were only recorded on Manoli Island and the 

neighbouring Hare Island from GoM. The shorebirds with 

their current IUCN conservation status and their presence 

and absence during the pre-and post-2000 years from the 

study area are listed in Table 1.  

Among the other regular visiting shorebirds documented 

during pre-2000 period, the Bar-tailed Godwit, Crab Plover, 

Pacific Golden Plover Pluvialis fulva, Grey Plover P. 

squatarola, Greater Sand Plover Charadrius leschenaultii, 

Kentish plover C. alexandrinus, Whimbrel Numenius 

phaeopus, Eurasian Curlew N. arquata, Common 

Greenshank Tringa nebularia, Terek Sandpiper Xenus 

cinereus, Common Redshank T. totanus, Ruddy Turnstone 

Arneria interpres, Sanderling Calidris alba and Great Knot. 

The numbers of birds visiting at the Island have shown a 

drastic decline during post-2000 observations. However, 

the Red Knot Calidris canuta showed a moderate decline 
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in numbers compared to others, even though numerically it 

is a small population (Figure 2). The Lesser Sand Plover, 

Curlew Sandpiper and Little Stint were the three most 

abundant species in the study area during the pre-2000 

period. The dominance of these three species was seen in 

all of the coastal wetlands studied by the BNHS, including 

the key east coast sites of Point Calimere, Kaliveli, Pulicat, 

and Chilika [28]. The reduction of these three species on 

this Island is similar to all wetlands along the eastern coast 

including GoM. However, on Manoli Island, Lesser Sand 

Plover species indicated only a moderate decline and the 

other two species showed a dramatic decline over the last 

three decades (Figure 3). 

Table 1.  List of shorebirds and their IUCN status at Manoli Island from 1985-2019 

Sl. No. Common name Scientific Name IUCN Status  Pre-2000 Post-2000 

1  Bar-tailed Godwit Limosa lapponica NT   

2  Eurasian Oystercatcher Haemotopus ostralegus NT   

3  Crab Plover Dromas ardeola LC   

4  Pacific Golden Plover Pluvialis fulva LC   

5  Grey Plover Pluvialis squatarola LC   

6  Greater Sand Plover Charadrius leschenaultii LC   

7  Lesser Sand Plover Charadrius mongolus LC   

8  Kentish Plover Charadrius alexandrinus LC   

9  Eurasian Whimbrel Numenius phaeopus LC   

10  Eurasian Curlew Numenius arquata NT   

11  Common Greenshank Tringa nebularia LC   

12  Terek Sandpiper Xenus cinereus LC   

13  Common Redshank Tringa totanus LC   

14  Broad-billed Sandpiper Limicola falcinellus LC   

15  Curlew Sandpiper Calidris ferruginea NT   

16  Little Stint Calidris minuta LC   

17  Red Knot Calidris canuta NT   

18  Great Knot Calidris tenuirostris EN   

19  Ruddy Turnstone Arenaria interpres LC   

20  Sanderling Calidris alba LC   

21  Marsh Sandpiper Tringa stagnatilis LC  × 

22  Common Sandpiper Tringa hypoleucos LC  × 

23  Dunlin Calidris alpina LC  × 

24  Little Ringed Plover Charadrius dubius LC  × 

25  Terek Sandpiper Xenus cinereus LC   

26  Red-necked Stint Calidris ruficola NT  × 

(IUCN Status: NT: Near Threatened      EN: Endangered       LC: Least Concern) 

(  -- Recorded; × - Not recorded) 
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Figure 2.  Shorebird count at Manoli Island over time 

 

Figure 3.  Dominant shorebird species count at Manoli Island over time 
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3.1. Species Richness, Eveness, Diversity and 

Dominance 

The Margalef species richness (d) showed the lowest 

value (2.018) during 1985-1986 and the highest value 

(2.120) during 2018-2019. Pielou’s species evenness (J') 

varied between 0.438 and 0.816 with the highest value 

recorded during 1985-1986 and the lowest value during 

2018-2019. The Shannon diversity (H’) index for shorebird 

species showed the lowest value (1.265) during 2018-2019 

and the highest value (2.413) during 1985-1986. Simpson 

dominance index varied from 0.469 to 0.873 with the 

highest value during 1985-1986 and the lowest during 

2018-2019 (Table 2). 

To study the similarity between bird data collected over 

the decades, species abundance data were approached to 

cluster analysis and NMDS (non-metric Multi-

Dimensional Scaling) ordination. The resulting 

dendrogram revealed that the data of 1985-1986, 1986-

1987 and 1987-1988 formed a separate cluster with a 

maximum similarity percentage of 96% and the ones of 

2005-2006 and 2006-2007 formed another group with 95%. 

In contrast, the species abundance data of 2018-2019 

formed a separate group at the subsequent level of 

similarity (83%) (Figure 4). The NMDS plot also 

confirmed the trend of groupings as observed in the cluster 

analysis. The stress value obtained in NMDS was also 

minimal (0.0), signalling a good ordination of shorebird 

species abundance data collected over the years (Figure 5).  

Table 2.  Shannon diversity (H’); Margalef richness (d); Pielou’s evenness (J’) and Simpson dominance (D) 

Years Shannon diversity (H') Margalef richness (d) Pielou’s evenness (J') Simpson Dominance (D) 

1985-1986 2.413 2.018 0.816 0.873 

1986-1987 2.269 2.089 0.757 0.843 

1987-1988 2.391 2.066 0.799 0.873 

2005-2006 2.266 2.098 0.784 0.830 

2006-2007 2.347 2.116 0.802 0.860 

2018-2019 1.265 2.120 0.438 0.469 

 

Figure 4.  Cluster analysis using Bray–Curtis dissimilarity index as input for a summary of shorebird species abundance at Manoli Island from 1985 

to 2019 
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Figure 5.  NMDS for shorebirds species abundance at Manoli Island from 1985 to 2019 

4. Discussion 

Globally, among the migratory waterbird groups, the 

drop in numbers for shorebirds is notable, ranging from 60 

to 80 percent for most species during the previous three 

decades across all flyways [14, 15]. Similarly, shorebirds 

in the East Asian Australasian Flyway (EAAF) are also 

experiencing substantial, long-term population declines in 

stopover and non-breeding locations [30]. Moreover, in 

CAF too, a significant decline in shorebird population is 

reported over a decade from Kadalundi-Vallikunnu 

Community Reserve (KVCR), a major stopover site on the 

west coast of India [31]. In GoM, the east coast of India 

also reports decline of shorebird population over the last 

decades [32]. Our studies on Manoli Island also confirm 

the sharp fall in shorebird populations over the past three 

decades. 

As the Shannon Diversity Index (H) indicated the 

highest value (2.413) during 1985-1986 and the lowest 

value (1.265) during 2018-2019, it’s very important to 

assess the changes in the shorebird community to 

understand habitat changes in Manoli Island as it’s an 

uninhabited one. The observations of this study suggest 

that changes in stopover habitats can severely limit 

migratory shorebird populations. One of the most apparent 

reasons for shorebird population decline is attributed to the 

loss of habitat in staging areas, as documented on coral sea 

islands elsewhere [33, 34]. We have observed the 

degradation of the intertidal habitats leading to the loss of 

the foraging area and hardening of the substratum. Similar 

works were reported by other researchers [35, 36]. One of 

the contributory factors for habitat loss is the invasion of 

mangroves towards the seaside on the island over time. 

This has considerably reduced the foraging area in the 

intertidal zone for the birds. Comparable observations were 

done elsewhere by on the shores [37] and in KVCR, a 

wetland [38]. 

The Pieolu's species evenness (J) varied between 0.438 

and 0.812 with the highest value during 1985-1986 and the 

lowest value during 2018-2019, indicating the species 

distribution have considerably reduced in Manoli Island 

over three decades. Loss of foraging area can lead to less 

availability of the prey. Because benthic invertebrates 

constitute the major diet of waterbirds [39], they have a 

substantial impact on waterbird distribution [ 40] and 

feeding behaviour [41]. Prey species used by the Ruddy 

Turnstones include amphipods found in the intertidal zone 

and on washed ashore seaweed clumps. We have observed 

the loss of these prey species over time in the study site 

even though the decline is not estimated. Another major 

observation was that a pre-2000 sandbar that separated the 

Manoli and Manoliputti Islands and was once clearly 

visible even during high tide has recently transformed into 

a vegetated islet (Figure 1). This newly formed terrestrial 

area has also reduced the feeding ground as well as 

deprived a resting place for shorebirds and hardened the 

substratum. In addition to the foraging area loss, the 

vegetation growth of mangroves also hardens the surface. 

The variation in species composition of vegetation on the 

islands throughout time may be influenced by the substrate 

composition, which impacts the amount and availability of 

prey. Sediment hardening is an environmental limitation 

for foraging shorebirds. Macrobenthic polychaetes, which 

are important prey for shorebirds, are most abundant when 
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there is a loose texture of sediment due to the high content 

of sand and high saline waters [42-45]. The decline of the 

shorebird community post-2000 may therefore be 

attributed to a decrease in prey density as the fall in 

numbers of crab-eating birds including Crab Plover, 

Eurasian Curlew, Whimbrel and Greater Sand Plover 

indicated from the site. Similar studies performed on the 

Kole wetland of the western coast of India [46] reported a 

direct correlation between the increased number of Curlew 

Sandpipers with the prey abundance of polychaetes and 

crustaceans. Species abundance of shorebirds on their 

wintering and stopover sites are influenced by local habitat 

characteristics, including vegetative structure, cover 

patterns, moisture and biomass associated with invertebrate 

prey [47-50]. Hence, we can assume that the substratum 

changes that happened due to the factors explained as well 

as the loss of intertidal zones mainly contributed to the 

declining shorebird diversity and abundance in Manoli 

Island. Henceforth, the protection and restoration of soft-

bottom intertidal habitats may be extremely important for 

probing shorebirds [51]. 

Apart from the above-mentioned habitat changes that 

incurred during the three decades, some morphological 

changes also occurred on the island during the study period. 

We observed that the coral degradation and sedimentation 

rate of the reefs were more on the seaward side than on the 

shoreward side. This was corroborated by a recent study 

[52] using the mapping data and topo sheets of the Survey 

of India from 1969-2018 for all the 21 islands of GoM. A 

previous multi-date bathymetry analysis indicated that 

nearly 0.24m depth has decreased over 24 years on the 

seaward side of Manoli Island along with the other group 

of small islands causing coral degradation  [53]. These 

additional factors associated with worsening climatic 

changes that are happening globally could completely 

degrade the habitat in Manoli Island of GoM due to sea rise 

and loss of habitat as two of the 21 islands are already 

submerged [52]. Our findings were similar to several other 

studies elsewhere in CAF that also linked the shorebird 

population declines to several environmental factors, 

habitat loss, or alteration influencing various trophic levels 

[3, 31, 54].  

5. Conclusions 

Observations that had been highlighted in the studies 

should be examined further in light of the observed 

reduction of shorebirds on Manoli Island, which happens 

to be a highly important migration point, as well as being 

in the vicinity of key IBAs on the Sri Lankan side. 

Comprehensive data analysis from long-term surveys at 

several staging locations will aid in recognizing the 

geographical and temporal alterations in shorebirds linked 

with recurrent environmental changes that seem unlikely to 

abate in the near future. The loss or degradation of habitats 

in one location can exercise a cascading detrimental 

influence on regional populations as the long-distance 

migrant shorebirds are extremely dependent on a series of 

key stopover sites between wintering and more northerly 

breeding areas [1]. The decline trends of shorebirds are 

expected to intensify as human populations grow and the 

consequences of climate change worsen. Conservation 

actions on stopover places like Manoli Island should be 

prioritized to mitigate the effects of long-term and 

emergent threats to shorebird populations. 
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