On the Conservation of Bird Sanctuaries, Importance and Challenges: A Review 

Abstract
Bird sanctuaries play a key role in conserving bird diversity, as they provide important habitat for migratory and endemic birds, but they face many challenges that threaten ecosystem stability. Pollution caused by industrial waste, agricultural runoff and plastic waste reduces habitat quality and negatively impacts bird populations. Furthermore, habitat encroachment and agricultural expansion often lead to human-wildlife conflicts, resulting in bird displacement and deliberate damage. In particular, thanks to unstable sightseeing and hunting, it violates super control, other sanctuary ecosystems, bird population and its habitat. The invasion of the external species constitutes these problems, transcends local species, and constitutes changes in food networks and humiliated quality in the environment. Addressing these multifaceted challenges requires comprehensive conservation efforts that include not only active management of invasive species but also stricter pollution controls, conflict mitigation strategies, and regulations on human activities. A collaborative approach between conservationists, local communities, and policy makers is essential to ensure the long-term sustainability of bird sanctuaries.
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Introduction
Birds are a medallion of the royalty and diverse natural wealth of our beautiful nation, which is blessed  with a rich diversity of flora and fauna(Vaithianathan, 2007) According to significant studies there are about eight flyways around the world which are used by Migratory birds(Amiry et al., 2009)  Some of these migratory pathway leads to the Indian Subcontinent and thus these sanctuaries offer a safe haven for them(Villazor, 2008)  Along with wildlife sanctuaries these bird sanctuaries offer a home away from home to so many bird species and ornithophiles from around the country can come here to watch these birds(Kumar et al., 2013)
Saskatchwen, which is reported to be situated near the shores of the last Mountain Lake is considered to be the first bird sanctuary that was setup(Murray, 1966). Although the amount of bird sanctuaries present in the world are not easily available due to the sheer data available and also due to the fact that there are more and more sanctuaries which are being established every other year. Although they are hard to quantify, it is safe to assume that there are more that 13000 bird sanctuaries which are present across the world. Study also shows that most of the bird sanctuaries are under protected(Harihar et al., 2019)  As these sanctuaries, whether they be normal ones or bird sanctuary they provide a lot of increments and benefits for the surrounding ecosystem and also for biodiversity, yet they are increasingly being vulnerable to degradation and the threat to them are on the rise due to the mismanagement of human beings(Rawat & Agarwal, 2015).
Although they are always presented as a life saver and an asylum, they do only protect around 12% of the surface and 2% of the biodiversity(Karanth, 2007). This review paper will help the scientific community as it focuses on the cross regional ecological data from southern, northern and western parts of india. It also focuses on the importance of habitat structure for the prospering of bird sanctuaries and the continued support for the different avian species present in the sanctuary. It also highlight the importance of non invasive monitoring techniques regarding conservation efforts




Study area

RANGANATHITTU
The region under study was Ranganathittu Bird Sanctuary, commonly known as the Pakshi Kashi of Karnataka (12° 24′ 0″ N, 76° 39′ 0″ E) positioned in the Mandya district of Karnataka (Figure 1), this sanctuary is the largest bird sanctuary in the state.   Covering an area of 40 acres, it was officially designated as a protected Ramsar site in 2022. Ranganathittu is situated 3km away from the town of Srirangapattana and 16km from Mysuru. 
Periodically, heavy flooding affects the Sanctuary and its islets during certain rainy seasons, caused by the release of water from the Krishna Raja Sagara (KRS) due to excessive rainfall.  Consequently, activities such as boating are halted for tourists, who are only allowed to observe the nesting birds from a distance (Figure 2).   The primary plant species in the avian sanctuary include Terminalia arjuna, bamboo groves, and Pandanus trees.   Additionally, the indigenous and endangered lily, Iphigenia mysorensis from the Colchicaceae family, flourishes within the sanctuary. 
Ranganathittu boasts a recorded total of approximately 170 bird species.   Noteworthy species include painted storks, Asian Openbill storks, common spoonbills, woolly necked storks, black-headed ibises, lesser whistling ducks, Indian shags, stork-billed kingfishers, egrets, cormorants, Oriental darters, spot-billed pelicans, and herons, all of which regularly breed in Ranganathittu. The sanctuary is also a natural habitat for small mammals like bonnet macaques, smooth-coated otters, and flying foxes.   Reptiles such as monitor lizards and mugger crocodiles, also known as marsh crocodiles, are common inhabitants of the sanctuary.

BAKHIRA
The Bakhira bird sanctuary is one that is situated in Uttar Pradesh (N 26°54’ E 83°06’) and is a shallow water wetland. This particular wetland is situated near the Rapti river and was officially declared a bird sanctuary in 1990. It has a 29 km² and the landscape is a flat terai with a diverse vegetation. This sanctuary acts as a crucial site for migrant and resident birds for wintering and breeding purposes(Emrose et al., 2024)
According to a study conducted from October of 2017 to march 2018, it has been identified to have 5 different habitat types namely upland vegetation, lowland vegetation, emergent vegetation, open water and agricultural fields(Guadagnin & Maltchik, 2007)The main season for migratory birds to come here is during winter and the winter season can be mainly divided into 3 phases. The first phase announces the arrival of winter and lasts from October to December. This is usually marked by the gradual decrease in the water levels(Mondal & Pal, 2018). It is then followed by the middle phase from in January and February, during which the wetland shores are exposed due to very low water levels. The last phase is during march in which the shores are very dry and the water levels are low(Mondal & Pal, 2018).
The population structure of the Bakhira bird sanctuary indicates that there is an increase in the amount of migratory birds during the early winter period that coincides with the start of January(Mishra et al., 2020)The red crested Pochard, common coot and Gadwall were the most abundant species found in this bird sanctuary. From the different habitats that were present in the wetland, the most commonly used one is lowland vegetation. This habitat is used by migratory birds during both the early winter phase and the middle winter phase, which together range from October to the start of February(Jourdan et al., 2021). While emergent vegetation is the habitat that is most commonly occupied by these birds during the later parts of the middle winter phase and late winter phase which together extends from the middle of February to march end(Jourdan et al., 2021). There is an increase in the number of migratory birds appearing in the bakhira bird sanctuary this can be equated to the increase in the food sources that is relied upon by these birds. This is also aligning with the fact that migratory birds choose their wintering site based on the availability of food and shelter(BB, 2006). Bakhira wetland and bird sanctuary is very much desired by migratory birds due to its size, water quality, food availability and roosting site(Terborgh, 1985) Bakhira acts as a refueling station for these migratory birds during their migration. As Bakhira acts as an important site for supporting migratory birds during their migration, it is important to employ targeted conservative strategies(Mishra et al., 2020). Many methods are proposed to help the prevention of habitat degradation such as by restricting human interference and by decreasing agricultural runoff. By controlling aquatic vegetation  and the invasive species which can affect resident fauna and flora and also helps in the de-obstruction  of waterways. Fencing off sanctuary boundaries and the implementation of strong anti-poaching measures helps in ensuring the bird population’s safety and also the stability of the population(Salahuddin et al., 2021)

OKHLA
Okhla Barrage is a bird sanctuary situated along the Yamuna river in the National Capital Region (between 280 32’43.5”N to 280 32’56.3”N latitudes and 770 18’41.7”E to 770 18’56.6”E longitudes). Unlike most of the popular bird sanctuaries present across the country Okhla differs because it is a man modified floodplain(Mazumdar, 2019) Hence it acts as a crucial stopover site for migratory birds mainly waterfowls. Okhla bird sanctuary has an area of 4 km² and has mainly 3 types of habitat types and they are shallow marsh and open waters habitat which is the main habitat type in okhla which is covering 2.73 km² while the other two covers almost 1.5 km² and are reed and sand beds habitat and the other one is the roads and bunds in the bird sanctuary(Shan et al., 2021). The study conducted by Subhendu Mazumdar on okhla has also shed light into the need for wetland management for controlling the invasive species present there, mainly water hyacinth or Eichhornia crassipes(Mazumdar, 2019).
Okhla Bird Sanctaury (OBS) has a total recorded species accounting to 126 from 18 orders and 44 families(Mazumdar, 2019). The species count varied according to the seasons with January being the time of the year with the highest species count with 83 species while July has recorded lowest species count with 37 species(Mazumdar, 2019).The spike in the bird population and the increase in number of species during te January-february period is due to the incoming migratory birds(Krajewski et al., 2023).Out of the 126 species in OBS, 95 of these are either wetland dependent or wetland associated species and only 31 of the species accounting for 24.6% of the total species and there is reported to be no significant seasonal change(Mazumdar, 2019). OBS’s importance is highlighted again as there are species that are abundant and thriving in OBS while their global population is on a steady decline(Mazumdar, 2019) More than 75% of the bird population is dependent on the wetland, it is important for maintaining a good wetland ecosystem and implement good conservative strategies(Ma et al., 2010).
The major issues faced by the Okhla bird sanctuary is its deteriorating wetland ecosystem due to the pollution present in the Yamuna river(Shan et al., 2021) Delhi is considered one of the most polluted cities in the world and the Yamuna passes through delhi to reach OBS(Sharma & Kansal, 2011) Floodplain loss from urbanisation surrounding the areas has affected the bird sanctuary negatively(Kekkonen, 2017). The bird population is low during the summer due to pollution levels spiking at the same(Kekkonen, 2017) The major reasons for these pollution spikes are mainly due to untreated wastewater disposal, religious offerings, encroachment and overharvesting. This pollution coupling with the presence of invasive species such as Leucaena leucocephala has adversely affected the bird population at okhla. Community participation, awareness programmes and long term monitoring process are required  for implementing effective conservation strategies and maintaining habitat heterogeneity at Okhla(Mukherjee et al., 2017)

SANDI
Spanning a total of 3.09 km² and situated in the Hardoi district is the sandi bird sanctuary (27°25′N 80°07′E to 27.42°N 80.12°E), also known as the Dahar Jheel(Kumar Jha, 2013)It is situated 19km away from Hardoi. It is supplemented by the Garra River and is part of the Indo Gangetic wetland that has been under the protection of the wildlife protection act 1972. Sandi bird sanctuary is mainly a shallow lake ecosystem. Bird observations was conducted during winters from 2009 to 2012 by dividing the sanctuary into sectors and the birds were counted by summing all the sectors(Grimmett et al., 2007; Saini et al., 2017). The main migratory bird population peaked during November to February while October and march were the months that recorded the least amount of birds(Farmer et al., 2004)
The presence of a variety of hydrophytes as food sources is a factor that helps in maintaining the diversity at Sandi Bird sanctuary. Some of the most common hydrophytes that were documented are Azolla pinnata, Eichhornia cracipes, Jussiaea repens, Lemna purpusilla, Pistia stratiotes among others. While other floating and submerged hydrophytes were also identified such as Spirodela polyrhiza, Trapa natans, wolffia arrhizal, Nelumbo nucifera, Ceratophyllum demersum, Hydrilla verticillate, Najas graminea, Potamogeton nodosus etc. The period in which most of the plants produced food were during the months October and November even though the peak residency period of the migratory birds were during December and January(Kumar Jha, 2013)
Due to the presence of a wide variety of vegetation in the sanctuary such as marshy swampy, floating and submerged ones, the sanctuary has been able to support different birds groups making it ideal for a range of avian species(Mardiastuti, 2022)Theres reported to be around 50,000 aquatic birds visit the wetland in a year especially during the winter and the most diversity is usually recorded in January.
Maintaining a diverse vegetation is important for promoting bird richness. By balancing a vegetative and open water ecosystem within the same sanctuary helps in the achieving this goal(Hagy et al., 2017)Since Sandi bird sanctuary is with a lot of hydrophytic plants it is essential not to remove them by locals and other human interventions. Failing to do so could result in aquatic birds invading nearby agricultural areas and exacerbating human-wildlife conflicts.
Problems associated with bird sanctuaries:
Sanctuaries are specialized area for the protection of wildlife and avian species(Kalpavriksh and Suri, 1995)  But as with any other aspect in the world in the current age, these safe havens also face a lot of problems that affect the flora and fauna within it as well as the overall well being of the designated area and the people that live within its confines. India, one of the most biologically diverse countries in the world also has a large number of wildlife sanctuaries and bird sanctuaries with many of them facing threats from different sources ranging from climate change and pollution to habitat fragmentation and the invasion of alien species(Singh and Sharma, 2017)
Conservation and protection of sanctuaries, both wildlife and bird sanctuaries, help in a lot of areas and also improves the overall quality of life of the flora and fauna in the area(Harihar et al., 2019). Some of the major problems that are plaguing the sanctuaries across the country are Habitat loss and fragmentation(Gonekar and Gonekar, 2024), Human-Wildlife conflict arising from the proximity of humans and wildlife in their living space(Adom and Boamah, 2020), pollution from different sources such as effluents and heavy metal contamination (Anbazhagan et al., 2021a), diseases to both avian species (Hoque et al., 2012) and wildlife species and  invasion of alien species that proves threating cascading effects on the native species (Reddy et al., 2009). Further inspection of these causes and their cascading effects on the species that inhabit these sanctuaries will help in preserving future generations from effects that may affect them negatively. 
Human-Wildlife Conflicts
The conflict between animals and the humans that live in near proximity to their habitat have existed for many centuries, but due to the exponential increase in the human population in the last 200 years, the conflict has also increased exponentially due to the constant encroachment of forest and wildlife’s habitat for human establishments(Conover and Conover, 2001; Mir et al., 2015; Woodroffe, 2000).We can understand on how conflicts and constant clash between human and animal population also affects the perception of the conservative efforts on the local communities through a study conducted by Mr. Zaffar Rais Mir and Team (2015) in Attitudes of Local People Toward Wildlife conservation: A Case Study From the Kashmir Valley. This Study focuses on the how the local people and local people react towards wildlife and also towards wildlife conservation. It is important to understand the dimensions of the conflict from an ecological as well as from a human community perspective to effectively mitigate the problems faced by both of the sides in the conflict and also help the policy makers and decision makers in making a effective regulations regarding the matter.(Mir et al., 2015). Studies of the local cultures and their role in wildlife conservation helps in furthering the argument that local people’s attitudes towards wildlife can either be successful or prove detrimental to the conservation schemes and programs(Mir et al., 2015). The integration of the interaction of humans and wildlife and other human related factors help in making robust policies and lead the way to better management of these arising conflicts(Anand & Radhakrishna, 2017). By studying the conflicts in a particular region where wildlife and humans co-exist as in Figure 3, especially in those situation where the crops and livestock of the people are prone to attacks by various wildlife gives insight to how these people value the lives of the wildlife and the efforts that are put into their conservation when they are faced with economic losses due to the constant clashes with the wildlife in the particular area(Dickman, 2010).
Mr.Mir and team conducted the study in the western landscape near Dachigam National Park in the Kashmir Valley, in Jammu and Kashmir. The study was conducted approximately for 2 years from June of 2011 to august of 2013. Around 384 houses were surveyed from across 19 villages. They were able to extract information on mainly 3 data inference points-namely a) the socio-economic and demographic charcteristics of the respondents b) their experience in dealing with crop damage or loss of livestock pertaining to conflicts with livestock and c) how and what their opinion on wildlife conservation . According to the results obtained by the team, about 65.48% of the respondants were men and the average family size was estimated to be around 7.16 ± 0.16. Out of the houses that were surveyed 165 were from dachigam, 157 in khrew and 62 from Ganderbal.(Mir et al., 2015).
The local residents expressed their concerns regarding the damage of crops by wildlife especially by the big predators such as black bears and leapords. Langurs and porcupines were also attributed to the destruction of crops by the local residents. The residents were traditionally grazing their livestock outside during summer and it is during this time period that they were expressed to be having predated upon and be more prone to attack by the snow leapords, hence is the time recorded to be of most conflictive with big cats. Due to availability of crops and livestock in sufficient amount of livestock and the advent of hibernation, black bears are reported to be most predatory in the autumn season. This loss of livestock and crop has cultivated a sense of dissent towards wildlife(Wang and Macdonald, 2006) across the villages. The study surprisingly pointed out that formal education pertaining to literacy didn’t play a role in how these respondants view wildlife conservation. However it is important to stress that the education given specifically towards conservation and its efforts have led to increase in rationalized attitudes towards the whole process(Kellert, 1994; Kellert et al., 1996; Mir et al., 2015).Out of the survey 84.18% supported the idea of conservation efforts and 15.82% opposed it with most of them citing economic loss as a major reason. Out of the supportive group 57.65% support the cause due to ecological reasons while 18.51% support it for aesthetic, 8.19% for social and 6.05% for economic reasons related to tourism. It is rather interesting that 9.61% supported the cause for no particular reason(Mir et al., 2015).
Overexploitation
Overexploitation in the context of what it means when it comes to sanctuaries maybe of hunting and is also applicable to the extensive use of resources that are available to the residents near to the sanctuaries(Doyle, 2017) The issue of overexploitation and human-wildlife conflict are not mutually exclusive of each other, rather each of these issues further makes the other one more severe. Over exploitation is further exacerbated by the total incompetence and corruption that persists within the framework that is supposed to be safeguarding these areas and the authorities that are meant to be guardians of these frameworks and rules(Awofeso and Odeyemi, 2014) Tourism also impacts and contributes to the ever increasing issue of exploitation. In many sanctuaries around the world, hunting is partially allowed within the confines of the sanctuary as it helps in supporting local communities(Raina, 2005). In a study conducted by Dickson Adom and Daniel Asante Boamah (2020) in the Bomfobiri Wildlife Sanctuary in Ghana, where hunting is a part of the local community, a seasonal hunting ban was being introduced and this was done in understanding the local culture of the people that are present there and also their overall attitude towards wildlife conservation. Upon further delving into the overall zeitgeist of the sanctuary and the populated area that depends on the forest areas, they were able to interpret how cognitive and motivational drivers affect people’s perception conservation efforts(Adom and Boamah, 2020). Cognitive needs were termed as the needs that are stemming from the values that have been shaped by the experiences and social norms one have been conformed to since childhood(Albarracin, 2018), while motivational needs are derived from the economic or personal needs of an individual or the collective gain of a particular community(García et al., 2019). 
Some solutions can readily be developed with respect to the problems that are prevalent in a particular sanctuary or area. One of the major but overlooked solution is the awareness that is to be inculcated within the public civilians as well as to the officials on why these efforts matter and why they are being implemented. The involvement of the major NGO’s in drafting framework and also for including the interests of the various stakeholders that are affected by these laws(Gonekar and Gonekar, 2024). Some of the major NGO’s working for the betterment of wildlife and sanctuaries in India are WWF-India, Wildlife SOS and Bombay Natural History Soceity. Increasing resilience of the natural reserves in the sanctuaries and the creation of buffer zones along with minimization of roads and thus in turn transportation and fragmentation also helps in furthering the cause(Gonekar and Gonekar, 2024). Tourism as a whole cannot be excluded from any part of the world especially in the contexts of wildlife as these are major income generators in a large part of the world, hence the inception of Sustainable tourism. Sustainable tourism aims to resolve the negative impacts of normal tourism while also aimed at a holistic approach that will gradually eclipse mass tourism(Reza et al., 2015). Increased vigilance and restrictive measures are to be taken under sustainable tourism that may result in reduction in the tourism inflow but prevents it from being detrimental to the environment in the long run(Gonekar and Gonekar, 2024). By helping in giving ample exposure to resources and putting them to optimal use while having importance financially helps in resolving a lot of problems.  This along with the integration of management activities by considering both cognitive and motivational needs of the communities helps in forming a better framework(Adom & Boamah, 2020). This understanding helps in the better grasp of motives which will help in generating environmentally feasible alternatives(Adom & Boamah, 2020)
Pollution
Pollution is another critical problem that is affecting sanctuaries. This becomes even more chronic when you factor in river pollution, Rivers are a major source of food and hydration for a lot of avian species and bird sanctuaries such as Ranganathittu are mostly centered around a river ecosystem, namely river Cauvery(Manral and Khudsar, 2013) The major sources of pollution are solid wastes, sediments, chemical pollutants and biological contaminants. 
The primary factors that contribute towards this can be a) Agricultural run-off from agricultural fields which may carry with them fertilizer and pesticide residues which can eventually lead to eutrophication and toxicity respectively. This will particularly affect birds as they are higher up the food chain and thus be subjected to higher levels due to biomagnification. b) Industrial effluents which are released from industries and factories will affect the river ecosystem especially if they are untreated(Joshua et al., 2021). These can lead to increased toxicity levels and sometimes are also the leading reason for heavy metal poisoning. c) Sewage disposal in waterways that eventually lead to rivers or its tributaries can also lead to the accumulation of pollution in river systems(Ujianti & Androva, 2020). d) flooding is also a reason but due to its infrequent (although ever increasing frequency) nature it is often quite overlooked. Flooding can bring in wastes and substances into water bodies or to river flow path(Bara & Segura, 2019).
These pollutants and the pollution they cause can have cascading effects on 3 fundamental areas of a society. They can lead to the destruction of biodiversity and contamination of food chains, the treatment processes that are to be maintained to be cleaning and keeping them clean are expensive hence they put a financial burden on the individuals(Manisalidis et al., 2020). There is also a possibility of creation of various diseases that may originate from these pollutants which can affect different demographic groups and cause severe mortality in vulnerable groups such as children and senior citizens(Makri and Stilianakis, 2008)
Pollution in bird sanctuaries may go unnoticed if routine checkups are not done and it is even harder to estimate how and if these pollutants have affected the avian population inhabiting these areas of asylum. The internal tissue and organs of birds that are present in the sanctuaries provide an accurate estimate into how these pollutants have crept into the bird population.(Lorey, 2003) Feathers, a unique feature of birds which helps them fly in the air, in this case also helps in determining how these pollutants may or may not have affected the bird population(Anbazhagan et al., 2021a). Although other parts especially internal organs help in identifying them better, feathers are a much better option as they non-invasive and non-destructive by nature(Anbazhagan et al., 2021; Frantz et al., 2012; Kim and Koo, 2007; Veerle et al., 2004). Feathers are more prominent indicators of metals that are getting accumulated due to metal toxicity in the marine species and in the river ecosystem(Lodenius and Solonen, 2013). Feathers are also considered more ethical as there is no need for sacrificing birds and hence repeated samples can be taken and the study can be focused on the effect and strength of these pollutants(Anbazhagan et al., 2021a). Metals can get accumulated in feathers in feathers mainly through 3 ways a) uptake of these metals by food and further assimilation by blood circulation during growth b) contaminating feathers while birds are preening or by secretion and c) direct contact with polluted environment such as water and soil(Goede & De Bruin, 1986).
Since wetlands, especially coastal wetlands are important hub for avian activities, the study of how feathers can be used as a biomonitoring and detection tool can be performed much more frequently, which is precisely what Anbazhagan and team (2021) did  when they decided to study the properties of bird feathers in the bird sanctuary above Palk Strait near the Coromandel Coast – Point Calimere Wildlife and Bird Sanctuary(Anbazhagan et al., 2021b). They watched the birds in the area throughout the day and only went to collect bird feathers once the birds have been confirmed to have left the place where they had been flocking in order not to disturb them(Anbazhagan et al., 2021a). The collection period was from January 2019 to March 2019. They checked for the presence of 2 essential metals and 2 non-essential ones, Copper(Cu) and Zinc(Zn) and Cadmium(Cd) and Lead (pb) respectively. The results indicated that the essential elements were present in almost all the birds whose feathers were studies while only 2 species out of the 11 had Cadmium in them and none of the species had lead above detection level(Anbazhagan et al., 2021a).
For Pollution and how it affects the inhabitants of a sanctuary, the only viable methods for early detection and remediation are Biomonitoring and environmental monitoring, as these can help prevent environmental degradation. However they will only be relevant if they can reliably provide evidence regarding the transfer and accumulation of metals in the environment(Anbazhagan et al., 2021a)
Invasive species
Invasion of species on non-native ecosystems have been becoming rampant in the last couple of decades. The introduction of these alien species have been the major cause of endangerment and extinction of freshwater system species(Harrison and Stiassny, n.d.; Moyle et al., 2000; Reddy et al., 2009; Sala et al., 2000). In a study conducted by Reddy and team in the Samaspur Bird Sanctuary in Uttar Pradesh, they were able to understand how these species have been detrimental to the native species. The survey was conducted from August to September 2007 in the six lakes known as Samaspur wetlands in Rae Bareli, UP (Figure 4). Almost all of the alien species found here are native to Tropical America and has caused great disturbance to the wetland ecosystem. They have also developed specialized growth habits, physiological characterists and reproductive strategies that allow for them to colonize the wetlands much faster(Reddy et al., 2009). This rapid growth then leads to shortage of food and thus they start becoming predatory to the native species which results in the alteration of the natural ecosystem that not only affects the flora but also the flora, especially the avian species which seek asylum in the sanctuary(Ibañez et al., 2023).
There are numerous methods to controlling or removal of these alien species, but these can be broadly classified under a) mechanical or physically removing of these species, b) use of chemical products to remove them and c) biological methods(Weidlich et al., 2020).
The protection of native species and the prevention of encroachment of their natural habitat by alien species has become a major predicament in the modern world and it has become integral in the process of preservation of numerous ecosystems around the world.
Path towards solution:
All of the bird sanctuaries mentioned are vital for the survival and well being of avian species and also for providing a better wintering home to migratory birds from around the world. These sanctuaries are present in locations that help these birds, who have travelled a lot of distance and is suffering from tiredness and other physiological ailments. These sanctuaries are not only acting as a place that provides nesting sites and breeding oppurtunities for these birds but is also helping in the maintaining of the ecological balance and biodiversity that these birds helps in providing(Ferretti et al., 2021) Migratory birds in these sanctuaries sometimes reaching almost 50 migratory species underscores their importance as important temporary homes for these avian fauna. Hence there must be implementation of important preventive measures for the prevention of habitat degradation which can affect these birds’ migratory patterns. By studying these migratory patterns and changes in bird populations can help in understanding ecological changes and pollution spread(La Sorte et al., 2014)
These sanctuaries have implemented many conservative strategies for improving the health of these avian homes, such as eco-tourism, community-involved conservative efforts and other government backed projects(Meldayanoor et al., 2022). These projects are required for tackling challenges such as human encroachment through urbanization and agricultural expansion on these protected areas to meet with the increasing demand that is growing with the population. These may also cause an increase in the human wildlife conflict. Another factor that is affecting these bird sanctuaries is the rising temperature across the globe which is affecting the food sources and the wetland health eventually affecting the nesting and breeding behaviours of the birds that are relying on these areas for their survival. It has come to such a situation that bird populations are decreasing in these areas(Crick, 2004)Although eco-tourism is helping in the conservative efforts, gross mismanagement that is present across sanctuaries, especially in a country like India has lead to problems with over-tourism which increases the stress to these habitats(Cabral & Dhar, 2020). Bird sanctuaries in India has been largely successful because of the involvement of local communities in conservative practices and decision-making process regarding policies relating to bird sanctuaries(Cabral & Dhar, 2020) The implementation of community-driven eco-tourism practices has also increased the income of the local residents. This also inculcates a sense of responsibility which fosters a better mindset when it comes to conservation efforts. Governments’ involvement in implementing conservation policies by collaborating with NGO’s and enforcing legal protective measures and incentives that promote a human wildlife balance. This is further enforced with the help of the Indian scientific community and research association, which has relied upon these sanctuaries to be areas of focal point that provides very valuable data regarding migration patterns, breeding behaviours and effects of avian species which can help in furthering conservative efforts.
The ecological importance of bird sanctuaries are always a major factor while underlying their value to the environment and the respective flora and fauna. They are essential for maintaining the genetic diversity in bird population and also helps in other ecological funtions such as seed dispersal, insectivorous birds for pest control and thus helps in the vegetation process in these sites(Whelan et al., 2008) The richness in species diversity in these bird sanctuaries during the studies conducted suggests that these sites are ecologically healthy even though there are concerns regarding stress on the environment. Wetlands are also important aspects of these bird sanctuaries are most of the birds in these sanctuaries are very much dependent of these wetlands overlying how conservation efforts should be aimed at improving the health of these wetlands(Ma et al., 2010)Despite their seemingly good ecological conditions and benefits many pressing issues are persisting in these sanctuaries such as invasive plants, water quality degradation and deforestation. These bird sanctuaries also have a much needed impact on the economic aspect of the local area in which these sanctuaries are present. Eco-tourism initiatives and other tourist friendly acts helps in attracting bird watchers, researchers and ecologists to these locations. This helps in providing job oppurtunities with souvenier shops, as guides and other hospitality services. Some bird sanctuaries across the country has well developed tourist infrastructure that is successful in balancing the human interference and ecological health, while others struggles in maintaining this balance which may lead to human interference that may negatively affect the bird population(Steven et al., 2015) These economic incentive along with the cultural significance of birds in local folklore and traditions has been helpful in advocating for conservative efforts, outreach programmes and localite involvement in protection strategies(Bezerra et al., 2013)
Even though conservation efforts are encouraged by the government and incentivized there are many challenges that are in the way of these strategies coming into fruition. The main challenge across all sectors regarding these efforts is the lack of funding or the difficulty in raising funds as its one of the main aspect for obtaining resources for furthering these conservation practices. Inadequate funding can lead to inefficient monitoring and protective measures. Climate change and pollution have also negatively affected conservation efforts as they affect migratory patterns of wetland avian species and also food availability(Ma et al., 2010) This can have chronic effects on bird populations and their diversity. Overtourism and excessive stress that comes with urbanization and over-farming. To overcome these challenges and the threat of pollution and climate change the government and NGO’s associated should work together to enforce the rules and regulations that are on land use around the sanctuaries. Encouraging more participation from local residents can help in education and other sustainable activities. Increasing investment in adaptive measures and in research and data science can help in promoting bird diversity and give insights into climate change which can help in restorative processes such that wetlands, forest and other food ensuring sources for these birds are maintained properly(Barik et al., 2022) This should be done in tandem with the creation of effective and cost efficient creation of tourism models that are helping in the balancing of the human intervention across these sanctuaries and also the ecological health that makes these sanctuaries thrive. Strict waste management and other policy implementation can help in the minimization of ecological footprint caused by over tourism(Voukkali et al., 2021)

Conclusion
Bird sanctuaries are an increadibly valuable asset that helps in research and maintaining the ecological health of a particular region and acting as wintering resting site for migratory birds. While there are efforts put into protecting these sites from climate change, pollution and habitat degradation, more efforts are required in the right direction to make the previous efforts effective. Policy implementation, community involvement and scientific temperament are important aspects that needs concentration and priority to ensure long term sustainability to a place that these birds call home. These conservative efforts that are going to be implemented in the future should be a multidimensional approach that integrates environmental, economic and social aspects to safeguard these places. There are certain methods that should be taken up in the near future inorder to ensure the proper maintainence and safeguarding of these wetlands.In the Okhla and Bakhira bird sanctuaries, one of the major problem is the rapid increase in the urbanisation of nearby areas that is proving to a threat to the natural border of these wetlands hence there should be a focus on the implementation of buffer zones in the nearby areas inorder to reduce the ever increasing anthropogenic pressures(Rastandeh et al., 2018). Another important aspect that needs to be strengthened and maintained is the water management in these wetlands, especially the ones such as Ranganathittu which is very much affected by the dam water and water fluctuations happening in the KRS. But the most important method that should be implemented is bio monitoring. Especially feather based biomonitoring. This method stands out as it is non disruptive and non invasive and can be collected without harming the birds. This is very much viable in sanctuaries that are also facing monetary issues due to its cost effective nature. It is also a much effective way of identifying heavy metal poisoning due to these metals accumulating in the feather more often. Bio monitoring through feathers combined with GIS technology helps in the mapping of pollution and intervention points with regards to spatial refereneces.
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Figure 1: Study Area of Ranganatittu Bird Sanctury
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Figure 2: Photographicla views of  Ranganathittu Bird Sanctuary and human interferance as tourism
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Figure 3: Impact of attitudinal factors on perception and consequences of conflict (Dickman, 2010).




Figure 4: Distribution of plant species in Samaspur bird sanctuary(Reddy et al., 2009).
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	Acciptri- formes
	Accipitridae
	Oriental honey buzzard
	Pernis ptilorhyncus
	25(0.81)
	26(1.29)
	24(0.84)
	24(0.75)
	22(1.71)
	19(2.8)
	23.3±2.50

	
	
	Black baza
	Aviceda leuphotes
	2(0.54)
	3(0.83)
	3 (0.74)
	2 (0.68)
	1 (0.32)
	0(0)
	1.8±1.16

	
	
	Egyptian vulture
	Neophron percnopterus
	0(0)
	2(0.58)
	3 (0.79)
	3 (0.35)
	2 (0.21)
	2(0.17)
	2±1.09

	
	
	Tawny eagle
	Aquila rapax
	5 (0.75)
	7(1.14)
	7(1.12)
	9(1.21)
	8(1.16)
	4(0.85)
	6.6±1.86

	
	
	Hen harrier
	Circus cyaneus
	8(1.25)
	12(2.63)
	14(1.67)
	14(1.25)
	12(0.59)
	9(0.78)
	11.5±2.50

	
	
	Black winged kite
	Elanus caeruleus	15(1.50) 18(2.24) 20(2.06)
	14(1.41)
	13(1.90)
	10(1.65)
	15±3.57

	
	
	Greater spotted eagle
	Clanga clanga	0 (0)	1(0.52)  1(0.63)
	2(0.32)
	2(0.47)
	1(0.41)
	1.16±0.75

	
	
	Lesser spotted eagle
	Clanga pomarina	2(0.73)  3(0.89)  2(0.53)
	2(0.58)
	1(0.35)
	1(0.42)
	1.8±0.75

	Anseri- formes
	Anatidae
	Common teal
	Anas crecca	20(3.01) 30(2.60) 34(2.15)
	36(2.65)
	36(2.17)
	30(1.53)
	30.66667

	
	
	Spot billed duck
	Anas poecilorhyncha 14(1.33) 18(1.28) 22(2.14)
	24(2.11)
	23(2.34)
	21(2.16)
	20.3±3.72

	
	
	Mallard
	Anas platyrhnchos	15(0.85) 25(2.16) 29(1.95)
	30(1.39)
	29(2.24)
	22(2.11)
	25±5.76

	
	
	Gadwall
	Mareca strepera	29(2.36) 32(2.17) 44(1.78)
	48(3.26)
	37(1.23)
	24(1.86)
	35.6±9.13

	
	
	Eurasian wigeon
	Mareca penelope	4(1.49)  8(1.59)  15(1.79)
	11(2.86)
	8(1.98)
	5(1.98)
	8.5±4.03

	
	
	Garganey
	Spatula querquedula  16(1.85) 34(2.68) 40(2.73)
	42(2.15)
	35(3.96)
	21(2.33)
	31.3±10.50

	
	
	Tufted pochard
	Aythya fuligula	12(1.22) 16(2.59) 22(1.19)
	17(3.36)
	13(1.65)
	8(0.75)
	14.6±4.80

	
	
	Ruddy shelduck
	Tadorna ferruginae	0(0)	2(0.52)  6(0.21)
	7(0.36)
	6(0.55)
	4(0.17)
	4.1±2.71

	
	
	Northern shoveler
	Spatula clypeata	0(0)	14(2.31) 15(0.89)
	16(1.38)
	15(1.88)
	12(1.22)
	12±6.03

	
	
	Cotton pygmy goose
	Nettapus	12(1.85) 17(2.31) 19(2.15)
coromandelianus
	24(2.11)
	22(2.55)
	18(2.67)
	18.6±4.18

	
	
	Graylag goose
	Anser anser	25(3.19) 38(3.98) 44(2.66)
	42(3.26)
	41(3.45)
	29(2.14)
	36.5±7.71

	
	
	Northern pintail
	Anas acuta	0(0)	12(1.55) 14(1.48)
	15(1.11)
	12(0.96)
	11(1.38)
	10.6±5.42

	
	
	Bar headed goose
	Anser indicus	14(1.62) 18(1.65) 28(2.46)
	30(2.28)
	25(2.46)
	21(1.97)
	22.6±6.12

	
	
	Red crested pochard
	Netta rufina	40(2.86) 45(2.15) 56(2.76)
	58(3.10)
	48(3.26)
	32(2.67)
	46.5±9.79

	Cuculi- formes
	Cuculidae
	Jacobin cuckoo
	Clamator jacobinus	5(0.56)  6(0.31)  6(0.12)
	8(0.98)
	5(0.34)
	4(0.19)
	5.7±1.36

	Columbi- formes
	Columbidae
	Oriental turtle dove
	Streptopelia orientalis 4(0.25)  8(0.68)  8(0.45)
	12(0.15)
	11(1.21)
	8 (0.49)
	8.5±2.81

	
	Scolopacidae
	Wood snipe
	Gallinago namoricola 0(0)	0(0)	5(0.46)
	4(0.13)
	4(0.16)
	2(0.01)
	2.5±2.16

	
	
	Common red- shank
	Tringa totanus	26(2.78) 29(2.96) 32(2.44)
	34(2.59)
	25(2.03)
	21(1.97)
	27.8±10.08

	
	
	Little stint
	Calidris minuta	24(2.02) 28(2.36) 30(3.14)
	28(3.26)
	23(2.19)
	19(2.05)
	25.3±4.0

	
	Laridae
	Common tern
	Sterna hirundo	16(2.14) 19(2.32) 28(3.25)
	27(2.99)
	24(2.13)
	22(2.56)
	22.6±4.63

	Ciconii- formes
	Ciconiidae
	European white stork
	Ciconia ciconia	18(1.53) 19(1.29) 25(2.12)
	24(2.39)
	22(1.37)
	21(1.04)
	21.5±2.73

	Gruiformes
	Rallidae
	Common coot
	Fulica atra	39(3.27) 41(3.39) 54(2.23)
	58(2.96)
	50 (3.92)
	35(2.91)
	45.1±8.42

	Passeri- formes
	Dicruridae
	Fork tailed drongo
	Dicrurus adsimilis	8(0.36)  8(0.25)  10(1.20)
	12(1.14)
	11(0.96)
	7(0.38)
	9.3±1.96

	Pelecani- formes
	Ardeidae
	Grey heron
	Ardea cinerea	12(0.96) 14(1.23) 21(1.26)
	20(1.49)
	18(1.53)
	12(1.11)
	16.1±4.02


	Order
	Family
	Species
	Scientific name
	Oct

	Nov

	Dec

	Jan
	Marc
	Mean±SD


 
Table 1. Population structure of migratory birds at Bakhira Bird Sanctuary, Uttar Pradesh during winter season in 2017-2018.(Mishra et al., 2020)



	S.No.
	Name of Bird
	Common name
	Estimated Numbers

	
	
	
	Last
	Present

	1
	Tadorna ferruginea
	Ruddy Shelduck
	-
	4

	2
	Anas acuta
	Pintail
	-
	680

	3
	Anas clypeata
	Shovellor
	-
	290

	4
	Anas poecilorhyncha
	Spot Billed Duck
	1294
	-

	5
	Anas strepera
	Gadwall
	-
	780

	6
	Anas americana
	Wigeon
	-
	360

	7
	Aythya fuligula
	Tufted Porchard
	-
	12

	8
	Anas querquedula
	Garganey Teal
	-
	390

	9
	Nettapus
coromandelianus
	Cotton Teal
	490
	460

	10
	Anas crecca
	Common Teal
	1460
	5500

	11
	Anser anser
	Greylag Goose
	-
	14

	13
	Fulica americana
	Coot
	172
	780

	14
	Sterna hirundo
	Common Tern
	-
	2

	15
	Copsychus saularis
	Magpie Robin
	194
	290

	17
	Motacilla alba
	White Wagtail
	-
	310

	19
	Motacilla maderaspatensis
	Large Pied Wagtail
	-
	112

	20
	Aythya nyroca
	White Eyed Porchard
	-
	870

	21
	Aythya ferina
	Common Porchard
	-
	26

	22
	Circus aeruginosus
	Marsh Harrier
	4
	4

	23
	Ixobrychus cinnamomeus
	Chestnut Bittern
	14
	12

	24
	Ixobrychus sinensis
	Yellow Bittern
	12
	12

	25
	Motacilla flava
	Yellow Wagtail
	-
	470

	Total
	3640
	11378



Table 2: List of  Migratory birds in Sandi bird Sanctuary, Hardoi, during October and November of 2012(Kumar et al., 2013).
NUMBER OF SPECIES	Australia	Brazil	China	Himalayas	Mexico	South Africa	Sri Lanka	Tropical America	Indigenous	3	3	2	1	1	1	1	55	82	Australia	Brazil	China	Himalayas	Mexico	South Africa	Sri Lanka	Tropical America	Indigenous	Australia	Brazil	China	Himalayas	Mexico	South Africa	Sri Lanka	Tropical America	Indigenous	NATIVITY


NUMBER OF SPECIES
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