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Abstract Birds are one of the prominent classes of vertebrates, occurring worldwide in nearly all habitat types,
and providing a wide range of ecological functions, which in turn, generate a wide array of ecosystem services.
While ornithological research on ecosystem services has become more prevalent, studies specifically focusing
on the contributions of waterbirds in aquatic ecosystems have been largely overlooked.

We undertook a review of the ecosystem services provided by the waterbirds inhabiting the Ganga River,
which is home to a wide variety of waterbirds that compete with the human-induced developments for habitat,
and therefore, their survival is dependent on human understanding of their critical role within the ecosystem.
The review highlighted that the waterbirds are efficacious bioindicators of different ecological conditions,
control pests, maintain the diversity of other organisms, act as predators, herbivores, vectors of aquatic plants,
invertebrates, and nutrients, and also play the role of ecosystem engineers. Furthermore, they provide cultural
services to human society. Understanding the functional role of waterbirds, through natural history research,
can inform conservation-oriented decision making by policymakers as well as public. The findings of this study
would increase public support for the conservation of biodiversity in a holistic manner.

Keywords: waterbirds, ecosystem services, bioindicator, ecosystem engineer, seed dispersal, freshwater
ecosystem

Osszefoglalas A madarak a gerincesek egyik jelentds osztalyat alkotjak, viligszerte csaknem minden élhelytipus-
ban el6fordulnak, és szamos 6kologiai funkciot latnak el, amelyek révén sokféle dkoszisztéma-szolgaltatast nyuj-
tanak. Bér az utobbi idében egyre gyakoribba valtak az 6koszisztéma-szolgaltatasokat vizsgald ornitologiai kuta-
tasok, a vizimadarak szerepével, kifejezetten az édesvizi rendszerekben, tovabbra is kevés tanulmany foglalkozik.

Tanulmanyunkban attekintettiik a Gangesz foly6é mentén ¢16 vizimadarfauna altal nyujtott 6koszisztéma-szol-
galtatasokat. A térségben szamos vizimadarfaj €1, melyek élhelyeit egyre inkabb veszélyeztetik az emberi tevé-
kenységek, igy fennmaradasuk nagymértékben azon mulik, hogy az ember felismeri-e 6koldgiai jelentéségiiket.
Az attekintés ravilagitott arra, hogy a vizimadarak hatékony bioindikatorai a kiilonféle dkologiai allapotoknak,
szerepet jatszanak a kartevok gyéritésében, mas ¢élélények diverzitasanak fenntartdsaban, tovabba ragadozoként,
novényevoként, valamint vizi névények, gerinctelenek ¢s tapanyagok terjesztoiként is funkcionalnak. Emellett
Gkoszisztéma-mérnok szerepet is betdltenek. A vizimadarak ezen tilmenden kulturalis szolgaltatasokat is nyujta-
nak az emberi tarsadalom szamara.

A vizimadarak funkcionalis szerepének természetrajzi kutatasokon alapuld mélyebb megértése segitheti a ter-
mészetvédelmi céli dontéshozatalt, mind a szakpolitikai szinten, mind a lakossag korében. Jelen tanulmany ered-
ményei hozzajarulhatnak a biodiverzitds megorzését célzo tarsadalmi tdmogatottsag erdsitéséhez, holisztikus
szemléletben.

Kulesszavak: vizimadarak, Okoszisztéma-szolgaltatasok, bioindikator, 0koszisztéma-mérnok, magterjesztés,
édesvizi 6koszisztéma
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Introduction

Birds are one of the most diverse groups of vertebrates, with more than 10,000 extant
species distributed globally (BirdLife International 2004). They occupy an extensive range
of ecological niches and range, and widely vary in size from the Ostrich (Struthio camelus)
(~2.4-2.7 m) to the Cuban Bee Hummingbird (Mellisuga helenae) (~5.7 cm) (Pettingill
2013). Birds occupy almost all the ecosystems and have association with forest vegetation,
agroecosystem, riverine habitat, grassland, and marine ecosystems, involving a wide
range of feeding niches (Whelan ef al. 2008, Wenny et al. 2011, Mariyappan et al. 2023).
Being a diverse group occupying diverse habitats and niches the birds’ diversity signifies
environmental stability (Sekercioglu 2006). They play an important role in biogeographical
cycling, nutrient, and energy transfer; thus, they are critically important in regulating and
supporting ecosystem services. Some of the services provided by the birds include pest
control, seed dispersal, pollination, nutrient cycling, soil formation, waste management, and
ecosystem engineering (Bock & Jones 2004, Sekercioglu 2006, Whelan et al. 2008, Wenny
et al. 2011, DeVault et al. 2016, Chain-Guadarrama et al. 2019, Diaz-Siefer et al. 2022,
Valké et al. 2022, Green et al. 2023).

With the growing concern to conserve natural ecosystems, it is becoming impertinent to
document the avian ecological functions that sequentially bring about ecosystem services
that are of immense value to human beings (Whelan et al. 2008, 2015).

The functions provided by birds and the methodologies to quantify their values are well-
studied in terrestrial ecosystems (Bock & Jones 2004, Sekercioglu et al. 2004, Sekercioglu
2006, Whelan et al. 2008, Wenny et al. 2011, Karp et al. 2013, Lindell et al. 2018, Grilli
et al. 2019, Chain-Guadarrama et al. 2019), but there is a lack of consolidated information
for their role in aquatic ecosystems. Birds that are ecologically dependent on wetlands have
been identified as ‘waterbirds’ by Ramsar Convention (Wetlands International 2012). They
have many fascinating features in their biology that include long-distance migration, large
congregation, colonial breeding and ground nesting. Though waterbirds are one of the best-
studied groups of birds, from the view of ecosystem services, however, the studies focusing
on their role are largely overlooked (Green & Figuerola 2005, Green & Elmberg 2014,
Green et al. 2016, 2023, Sebastian-Gonzalez et al. 2020).

Wide altitudinal range from sea level extending up to the summit pinnacle of the Himalayas,
highly varied climate and corresponding diversified vegetation, and overlapping of three
biogeographical provinces namely, the Indo-Malayan, Palearctic and Afrotropical realms,
make the Indian subcontinent one of the unique hotspots for birds (Grimmett et al. 2014).
Due to these features, three flyways namely, Central Asian, East Asian Australian, and Asian
East African Flyway, pass through the Indian subcontinent. India is known to have about
243 species of waterbirds and 1,383 avian species in total (Avibase 2024), and has a strategic
role in the Central Asian Flyway, as it provides critical stopover sites to over 90% of the bird
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species known to use this migratory route (MoEFCC 2018). The Ganga River basin in the
Indian subcontinent harbors many of these important aquatic avian species. This basin is the
largest and most diverse river basin in India, and encompasses five ecologically different
biogeographical regions, namely, Himalayan, Semi-arid, Deccan Plateau, Gangetic Plains,
and Coastal Region (Rodgers & Panwar 1988). Due to copious rainfall in the Gangetic
plains and the Himalayas, this region comprises numerous floodplain wetlands, which are
extremely productive in terms of vegetation biomass and avian diversity (Rawat 2004). Out
of 467 Important Bird and Biodiversity Areas (IBAs), 12 are present here with significant
populations of waterfowls (Islam & Rahmani 2004, BNHS-ENVIS 2021). Being an integral
part of Central Asian Flyway, all these wetlands in the basin are not only the crucial habitat
for resident breeders but also provide wintering ground to many migratory waterbirds.
The Ganga basin has approximately 128 species including 52 species of migratory and 76
species of resident water- and water-associated birds, which are indicators of the health of
the fragile riverine ecosystem (WII-GACMC 2018). According to the IUCN Red List of
threatened species, 15 of these species are globally threatened, of which one is critically
endangered, five are endangered and seven are vulnerable.

The Government of India’s (GOI) initiative to restore the ecological and hydrological
integrity of the Ganga River through its ambitious Namami Gange Program, with
biodiversity as one of its thrust areas, calls for a comprehensive understanding of the role
the avian species play in ecological functioning of the Ganga River and its surrounding
areas. Understanding the functional role of waterbirds, through natural history research
can aid in informed decision-making. Such studies would also increase public support for
conservation of the waterbirds and their habitats, in a holistic manner. Thus, the aim of this
paper is to review the aquatic avian ecology literature, congruent with the species found in
the Ganga River area, to assess the ecosystem services generated from their functional role.

Material and Methods

This review focused on the ecosystem services provided by waterbirds. 128 species of
waterbirds found in the Ganga River area have been restricted in the study. Peer-reviewed
papers published from 1990 to 2024 were searched using the search engines of Google
Scholar and Publish or Perish software (Harzing 2007). General search statistics are
reported in accordance with PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta Analysis) guidelines (Page et al. 2021) (Figure 1). The keywords related to
supporting and regulating services provided by birds through their functional roles were
used for literature search. The Publish or Perish database was searched with a combination
of keywords such as “Ecosystem services” and “waterbirds”, which resulted in a total of
493 records. Functional roles of different waterbird species were also searched in the
Google Scholar database to obtain species-wise information, which resulted in another
132 records. All these 625 publications were screened for repetitive articles, titles and
abstracts to check the adequacy of the study’s aim. The screening further reduced the
number of articles to 174.



176 ORNIS HUNGARICA 2025. 33(2)

Articles identified through database searching Articles identified through database searching
Publish or Perish Google Scholar
(n=493) (m=132)

Total articles screened
(n=625)

Articles excluded based on

] repetitive titles, articles and
abstract (n = 451)

Articles assessed for eligibility
(n=174)

Articles excluded based on
terrestrial bird species (n = 82)

Articles included for the study
(n=92)

Figure 1. PRISMA flowchart summarizing the workflow adopted for this review
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Figure 2. Number of publications on ecosystem services of waterbirds
2.dbra A vizimadarak 6koszisztéma-szolgéltatasait elemz6 cikkek szama
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Figure 3. World map showing country-wise publications on ecosystem services provided by birds
3.dbra A madarak altali 6koszisztéma-szolgaltatasokat elemzé cikkek orszagonkénti megoszlasa,
vilagtérképen dbréazolva

Scientific publications on ecosystem services of waterbirds were scant prior to the
Millennium Ecosystem Assessment in 2003. Thereafter, there was an increase in the number
of publications on ecosystem services of waterbirds, which was brought about by the concept
of ecosystem services to the vanguard of the global policy debate (Figure 2). Of 174 articles,
a total of 92 publications described the functions and services provided by both waterbirds
and terrestrial birds; of these, only 77 were specific to the functions of waterbirds, and the
remaining 15 described both aquatic and terrestrial birds. Papers with the most relevance
to Ganga River, in terms of similar species or genus, were segregated further for in-depth
study. These 92 articles on avian ecosystem services were mapped to show the country of
origin of these articles (Figure 3).

Results and Discussion

The functional role of waterbirds determined through their feeding, and the behavioral pattern
suggests that there is a close relationship between the feeding guilds and the ecosystem
services provided by different families (7able 1). They have a profound positive effect on
aquatic biodiversity, contribute to biological pest control, act as indicators of conditions of
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Table 1. Feeding guild and family-wise delivered services
1. tdbldzat Taplalkozasi guildek és csalddonkénti szolgaltatdsaik
Family Feeding guild Ecosystem Service References
Bioindicator of absence of large
Podicipedidae Piscivorous predatory fish (Avoid water with Konter 2001
large predatory fish)
Phalacrocoracidae | Piscivorous Blo!oglcal.pest EUE U Engstrom 2001
regime shift of wetland
Indicator of unpolluted and deep
Anhingidae Piscivorous waterbody, Indicator of presence Rahmani 2005
of fish
Biological pest control, Seed Nachuha et al. 2014,
Ardeidae Insectivorous | dispersal, Dispersal of aquatic IUCN-SCC Heron
invertebrates Specialist Group 2021
Pelecanidae Piscivorous Secondary dispersers of propagules, | Michel et al. 2020,

Nutrient cycling

Green etal. 2023

Threskiornithidae

Carnivorous

Indicator of spatial variability of
prey availability, Indicator of habitat
condition

Frederick et al. 2009

Carnivorous/

Biological pest control, Seed

Ciconiidae . dispersal, Animal propagule Nachuha et al. 2014
Omnivorous .
dispersal
Ormerod & Tyler
Animal propagule dispersal, plant 1993, Green et al.
propagule dispersal, Biological pest | 2002, Charalambidou
Anatidae Herbivorous/ | control, Indicator of presence of & Santamaria 2005,
Omnivorous | fish, Indicator of presence of healthy | Green & Figuerola
riverine habitat, Birdwatching and | 2005, Frisch et al. 2007,
ecotourism, Nutrient recycling Navedo et al. 2015,
Boros et al. 2016
Carnivorous/ Biological pest control, Nutrient
Accipitridae o cycling, Waste removal, Disease Grande etal. 2018
Piscivorous -
control, Religious symbol
Pandionidae Piscivorous Nutrient cycling Green & EImberg 2014
Falconidae Carnivorous Biological pest control, Religious Wilkinson 2003,
and cultural symbol Grande et al. 2018
. . Nutrient recycling; Religious and Navedo et al. 2015,
Gruidae Omnivorous cultural symbol Green etal. 2016
Herbivorous Indicator of presence of Mitchell & Perrow
Rallidae " | macrophyte, Indicator of regime 1998, Frisch et al. 2007,

Omnivorous

shift of wetland

Green etal. 2016

Charadriidae

Carnivorous

Seed dispersal

Green et al. 2002

Scolopacidae

Carnivorous

Seed dispersal, Animal propagule
dispersal, Indicator of presence of
wet grassland habitat, Indicator of
alteration of physical structure of
mudflat habitat, Nutrient recycling

Green et al. 2002,
Green & Figuerola
2005, Fisher et al.
2011, Navedo et al.
2015, Boros et al. 2016
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Family Feeding guild Ecosystem Service References

Biological pest control, Disease
Recurvirostridae | Carnivorous control, Indicator of presence of
polluted water

Ueng et al. 2009, Singh
etal. 2016

Burhinidae Carnivorous Seed dispersal Green et al. 2002

Glareolidae Carnl\{orous/ Seed dispersal Green et al. 2002
Insectivorous

. Regulation of intertidal food web, Ellis et al. 2007, Green
Carnivorous,

Laridae Omnivorous Secondary dispersers of propagules, | et al. 2023, Mansfield
Bioindicator of plastic pollution etal. 2024
. . . Whelan et al. 2015,
. Ecosystem engineering, Nutrient z .
Alcedinid e cycling, Bioindicators of plastic Belatstegui et al. 2018,
ce ae Piscivorous )(l)llut?(;n P Winkler et al. 2020,
P Qaiser et al. 2023
. Belaustequi et al.
Hirundinidae Insectivorous | cdiment transport and 2018, McLendon 2019

biodeposition Tokunaga et al. 2023

freshwater ecosystems, help in nutrient influx from terrestrial to aquatic ecosystem, and
contribute to waste removal and disease control.

Members of the family Phalacrocoracidae (Cormorants) are chiefly piscivorous and are
represented by three species in the mainstream Ganga. Since the early 1990s, rapid increase
in cormorant population in Europe and North America (Carss 2003) led to numerous studies
on fish consumption by these birds, to reduce the negative conception of the local fishermen
who consider these birds responsible for fish exploitation (Zydelis & Kontautas 2008).
Studies proved that cormorants are generally predators of artificially stocked fish which
are considered a pest to the fishery industry (Bzoma 1998, Engstrom 2001, Carss 2003).
They also increase water transparency by predating on benthivorous fish (Dirksen et al.
1995). Reduction of benthivorous fish is necessary to get macrophytes which keep the algal
biomass low. Thus, cormorants act as indicators of regime shift of wetlands.

The Little Grebe (Tachybaptus ruficollis), a member of the Podicipedidae family, serves
as bioindicator by avoiding waterbodies with large predatory fish (Konter 2001). Oriental
Darter (Anhinga melanogaster) is the only representative of the family Anhingidae in India.
Being an obligate piscivorous bird, its presence indicates the presence of fish species in
the waterbody (Ryan 2007, Niangthianhoi & Khudsar 2015). They are also indicators of
unpolluted and deep-water bodies (Rahmani 2005).

Agricultural fields — specifically the rice paddies — are favorable foraging grounds for
Ciconiidae and Ardeidae, represented by seven and eleven species, respectively, in the
Ganga River area. These birds — particularly egrets, herons and storks — feed extensively on
rats, snails, crayfish, and tadpole shrimps, and thus, control potential pests in rice paddies
(Hafner & Britton 1983, Negro et al. 2000, Green & Elmberg 2014, Nachuha et al. 2014).
By predating upon snails, Asian Openbill (Anastomus oscitans) indirectly reduces the
incidence of schistosomiasis infection in humans working in agricultural fields (Nachuha
et al. 2014). Yellow Bitterns (Ixobrychus sinensis) also help in pest control by catching
flying insects and stem-boring crickets from rice fields (Lansdown & Rajanathan 1993,
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IUCN SSC Heron Specialist Group 2021). Other valuable representatives of the order
Ciconiiformes are Greater Adjutants (Leptoptilos dubius), having an important role in
scavenging discarded waste material including unburied corpses as well as large carrions,
thus saving the populace from pestilence (BirdLife International 2016). Now having only
a few records from the Gangetic basin, the Greater Adjutants were once common in the
streets of Kolkata, West Bengal, and even figured prominently in the first emblem of
Calcutta Municipal Corporation (1896).

Ibises (Threskiornithidae) are colonially nesting waders and tactile feeders, hence they
require concentrated prey in shallow water. That is why they are important indicators of
spatial variability of prey abundance, because they quickly abandon feeding sites when prey
availability begins to decline due to longer patterns of precipitation or drying (Frederick
et al. 2009). Though their conservation status is Least Concern, their population trend is
decreasing globally owing to ongoing habitat destruction.

Sarus Crane (Antigone antigone), one of the important members of the family Gruidae, is
traditionally protected in India due to its association with the Hindu scriptures and is thus
considered sacred. The earliest literary evidence of Sarus Crane is in the ancient Sanskrit
literature Ramayana (Sundar & Choudhury 2003). The ubiquitousness of sarus in the
Gangetic floodplains, their unison calls, and the legends of life-long pair-bonds have given
the species an eminent position in Indian culture and folklore. This crane aids in nutrient
cycling and pest management in the agricultural fields (Sundar 2018). Another member of
this family, Common Crane (Grus grus) has proved to be helpful in nutrient recycling in rice
agroecosystems through guanotrophication (Navedo et al. 2015).

Due to their widespread distribution and abundance, Anatids (ducks and geese) are
important for the dispersal of aquatic plant and animal propagules, employing ecto-
and endozoochory (Green et al. 2002, Frisch et al. 2007). They are responsible for the
dispersal of some keystone species of aquatic ecosystems like Daphnia sp. (Green &
Elmberg 2014), which are abundant in the Ganga River basin too (Padhye ef al. 2016).
These crustaceans cannot move between wetlands or river catchments on their own and
depend largely on ducks for their dispersal. Studies have provided evidence that they are
dominant zooplanktons that regulate phytoplankton abundance, and thus, also help to
reduce the turbidity of water (Wurtsbaugh 1992, Scheffer 2001), and promote the growth of
aquatic macrophyte population and associated benthic invertebrate communities (Leah et al.
1980). Herbivorous dabbling ducks including Eurasian Teal (Anas crecca), Mallard (Anas
platyrhynchos), Northern Pintail (4nas acuta), Northern Shoveler (Spatula clypeata), and
Gadwall (Mareca strepera) play a crucial role in dispersing viable plant propagules, many
of which are important components of the ecosystem and offer valuable indirect benefits to
humans (Green et al. 2016). The Gangetic basin is one of the important wintering grounds of
Anatidae (Grimmett et al. 2014, WII-GACMC 2018), and their presence in the agricultural
fields, specifically in the rice paddies, can reduce the biomass of weeds during harvest times
and increase the rate of residue decomposition (van Groenigen et al. 2003), and also help
in nutrient recycling through defecation (Navedo et al. 2015). Besides, ducklings also help
to control the mosquito population by feeding on their larvae (Miles et al. 2002). There is
a positive correlation between the presence of piscivorous Anatids like Goosander (Mergus
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merganser) and the smaller fish population in the large lotic water body because they
feed mostly on larger fish. They also need an adequate supply of fish population to raise
many ducklings (McNicol et al. 1995, Kajtoch et al. 2014). Furthermore, their existence is
congruent with the healthy riverine habitat, as they avoid the river stretch altered due to bank
regulation or, dam or barrage construction (Kajtoch & Figarski 2013). It has been reported
that the distribution of aquatic mammals, like Eurasian Otter (Lutra lutra), is positively
influenced by Goosander (Kajtoch et al. 2014).

Apart from all these functions, Anatidae and colonially nesting waders are also valuable
from the perspective of bird watching and ecotourism (Edgell & Williams 1992, MacMillan
& Leader-Williams 2008), and thus, have the potential to contribute to the rural economy
and also to the conservation of the species and their habitat (Sekercioglu 2002, Green &
Elmberg 2014, Gaston et al. 2018). Furthermore, the presence of ducks and geese is revered
in the ancient Indian scriptures where their long migratory flight and family loyalties have
been mentioned (Kumar ez al. 2005).

Many of the raptor species inhabiting the Gangetic basin have a globally decreasing
population trend due to habitat loss and degradation. Some of them inhabit agricultural
ecosystems and control the population of rodents and other small mammals (Korpimaki
et al. 1996, Kross et al. 2018). Their presence also helps to control rodent activity in the
respective agricultural fields (Abramsky et al. 1996). This evidence suggests that they
have the potential to contribute to biological pest control services. Other birds of prey like
Fish-eagles (Icthyophaga spp.) and Osprey (Pandion haliaetus) are chiefly piscivorous,
and they help in transporting nutrients from aquatic to terrestrial ecosystems. The input of
their phosphate-rich guano influences wetland productivity and fish production (Green &
Elmberg 2014, Whelan et al. 2015). Obligate scavengers like Egyptian Vultures (Neophron
percnopterus) have a potential role in transporting a large amount of energy and nutrients
from carcasses to the food web, and thus, they contribute to waste removal, disease control,
and also nutrient cycling (Whelan et al. 2015, DeVault et al. 2016). Their decreasing
population in India, particularly in the Ganga basin could have increased the population
of facultative scavengers like feral dogs, which have a negative impact on predation on
other wildlife (Pain er al. 2003, DeVault et al. 2016) and also serve as reservoirs and
vectors of several zoonotic diseases (Pain et al. 2003). This near extirpation of vultures
also disrupted the sky burial tradition of the Parsi and Tibetan Buddhists in which human
corpses are exposed to open area to be consumed by sacred vultures, which are symbolized
for purification and resurrection (DeVault et al. 2016, Bhusal et al. 2020). Another predatory
bird, the Peregrine Falcon (Falco peregrinus) has religious importance for being present in
the history of Ancient Egypt (Wilkinson 2003).

The decline in Eurasian Coot (Fulica atra) population indicates the decreasing
abundance of submerged macrophytes caused by eutrophication (Mitchell & Perrow
1998, Green & Elmberg 2014). Hence, they serve the role of bioindicator of the presence
of macrophyte and regime shift of wetland. This species also aids in dispersing viable
diaspores of several aquatic plants and is reported to consume more seeds than one of
the Anatids, Gadwall (Green et al. 2016). The Common Moorhen (Gallinula chloropus),
another species within the Rallidae family, serves as vectors of seeds of birdcatcher tree
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(Pisonia grandis) which has a wide distribution in India (Green et al. 2016). All the
members of the family Scolopacidae are winter visitors to the Gangetic basin. Owing
to their long-distance migration, their role in seed and invertebrate propagule dispersal
is globally important (Green et al. 2002, 2005), and they help to maintain the biotic
connectivity between the world’s wetlands (Amezaga et al. 2002). Some of them like
Common Snipe (Gallinago gallinago) and Common Redshank (7ringa totanus) also serve
the function of indicator species of the presence of wet grassland habitat (Fisher et al.
2011). By grazing on epibenthic biofilm, sandpipers are estimated to be turning over tons
of sediments. Thus, biofilm grazing by large flocks of scolopacids results in bioturbation,
which can potentially alter the physical structure of mudfiat ecosystem (Mathot et al.
2018, Beninger & Elner 2020). The presence of another Scolopacid, Black-tailed Godwit
(Limosa limosa), in paddy fields, aids in nutrient recycling (Navedo et al. 2015).

Black-winged Stilt (Himantopus himantopus) helps to control malaria by preying upon
mosquito larvae (Ueng et al. 2009). It also feeds on chironomid midges, and thus, may have
a role in preventing the allergic response in humans caused by chironomid larvae (Ueng
et al. 2009, Nandi et al. 2014). Besides, stilts act as indicators of the presence of polluted
water and can easily be seen foraging in the water just beside the source of pollution (Singh
et al. 2016). They have a globally increasing population trend and are also well distributed
throughout the Gangetic basin, which may be due to their tolerance to contaminated water.

Represented by three species in the Ganga River area, members of the Burhinidae and
Glareolidae families help in the dispersal of seeds (Green et al. 2002); ecosystem functions
of these families at species level still have not been quantified.

Gulls (Laridae) are one of the prominent bioindicators of plastic pollution (Mansfield et
al. 2024). Being predatory, they facilitate the secondary dispersal of propagules either inside
or attached to their prey (Green et al. 2023). Additionally, gulls play a role in regulating
intertidal food webs by consuming highly mobile predators and augmenting the population
of other mesopredators during low tide (Ellis et al. 2007).

Kingfishers and martins are primary tunnel nesters. These ‘ready-made nesting tunnels’
are often used by secondary nesters (Goodfellow 2011, Smalley et al. 2013, Belaustegui
et al. 2018), and thus, these species shape the microenvironment for other species (Ali et
al. 2010, Smalley et al. 2013). Such tunnel nests also help in bioturbation (Belaustegui et
al. 2018). Being largely piscivorous, all the representatives of the family Alcedinidae have
an important role in nutrient influx from terrestrial to aquatic ecosystem (Whelan et al.
2015). Among them, Common Kingfisher (4/cedo atthis) and White-throated Kingfisher
(Halcyon smyrnensis) also act as a bioindicator of plastic pollution (Winkler et al. 2020,
Qaiser ef al. 2023) by feeding on plastic-bioaccumulating prey (Mansfield et al. 2024).
Furthermore, swallows (Hirundinidae) transport sediment and play role in biodeposition
while building their nests with sediment and saliva (Belatstegui et al. 2018, McLendon
2019). Barn Swallows (Hirundo rustica) function as bioindicators of air-borne microplastic
pollution (Tokunaga et al. 2023). The members of these families are widely distributed
along the Ganga River.

The literature suggests that waterbirds are extremely valuable from the perspective of
ecosystem functions they provide, yet the roles of many families are still not clear and require



S. Das, S. Barthwal, R. Badola & S. A. Hussain 183

further studies. As Asia represents only 11.43% of studies on avian ecosystem services,
there is an urgent need to qualitatively study the ecosystem services of the waterbirds in
India, particularly in the context of the Ganga River.

The sheer diversity of waterbirds in India is primarily due to the diversity of aquatic
habitats, hence understanding the linkage between aquatic habitat and waterbirds is crucial.
Any threats to the aquatic ecosystem will affect waterbirds that are dependent on these.
The population trend of many of these waterbirds is decreasing due to the decline in their
habitat and other threats they face in their foraging and breeding grounds and stopover
sites. The expansion of human habitation and consequent land use changes along the
river bank, river bed, and the associated wetlands, use of mechanized boats, commercial
exploitation of the birds, disturbances in the nesting and foraging ground of birds in the
floodplains due to extensive loss of vegetation cover, and use of chemical pesticides have
resulted in the population decline of migratory as well as resident birds of the Ganga
River (Sinha et al. 2009). About 10% of waterbirds of Ganga are threatened and have been
placed under several threatened categories by IUCN (WII-GACMC 2018).

Conclusion

Understanding the functional role of waterbirds, through natural history research,
can aid in informed decision-making by the policymakers as well as the public. It has
been documented that biodiversity has a pivotal role in all the levels of the ecosystem
service hierarchy, hence combining biodiversity with the ecosystem services implies that
managing one will enhance the other (Mace ef al. 2012). Higher biodiversity stabilizes
and diversifies the ecosystem functions which in turn ensures the delivery of ecosystem
services (Jacobs et al. 2013). Hence for effective ecosystem management, it is required
to identify and analyze the roles of biodiversity in optimization of ecosystem service
delivery and conservation of species and their habitat.

Ecosystem service co-benefits are a lens through which the conservation of birds, and
the habitat they rely on, can illuminate potential options for maintaining a larger suite of
services derived to people now and into the future. Globally, over 60% of the ecosystem
services are already degenerating or overused (Millennium Ecosystem Assessment 2005).
An understanding of the functional roles of waterbirds and the resultant ecosystem
services will aid in informed decision making, particularly in the wake of United Nations’
call for decade of Ecological Restoration and the “nature-based solution” to achieve the
restoration. Avian ecologists can demonstrate that maintaining diversity can be useful
for building resilience of the ecosystem and adaptive capacity of the communities. The
findings of this study would increase public support for the conservation of biodiversity
in a holistic manner. National Mission for Clean Ganga’s objective of intensifying and
augmenting the conservation efforts at Ganga and its tributaries, for aquatic biodiversity
conservation and maintenance of ecosystem services for a clean Ganga, also provides a
gateway for research on ecosystem services delivered by waterbirds.
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