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Abstract
This report documents a field observation of a partially leucistic Jungle Babbler in the Bandhavgarh Tiger Reserve, Madhya Pradesh, India, alongwith photographic evidence. This study tends to provide a comprehensive review of avian plumage pigmentation and classification of colour aberrations. On 22nd December 2023, a partial leucistic babbler was observed (Turdoides striata s) at Khitauli Zone (core zone) of Bandhavgarh Tiger Reserve, Umaria district, Madhya Pradesh, marking the unusual record in the region. The bird was identified based on atypical morphological features, was photographed and compared with typical morphological characteristics for confirmation. This sighting indicates certain genetic and/or environmental alterations in the bird/area respectively. The analysis will explore the ecological and evolutionary implications of leucism. By combining existing knowledge with new finding, this report demonstrates how citizen science contributions, when supported by expert analysis, can lead to meaningful scientific inquiry and a deeper understanding of biodiversity.
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1. Introduction
1.1. Significance of Documenting Plumage Anomalies
Plumage aberrations, such as albinism and leucism, are rare but biologically significant phenomena that provide a unique window into the genetic and environmental health of wild populations. While superficially appearing as a mere cosmetic variation, these conditions can offer profound insights into the underlying selective pressures that shape a species, as well as the presence of potential environmental stressors.1 Documenting these occurrences, particularly in well-studied and protected ecosystems like the Bandhavgarh Tiger Reserve, contributes invaluable data to the global ornithological record. Such observations, often made by citizen scientists, enrich the collective knowledge base and can serve as an early indicator of wider population health issues that may otherwise go unnoticed.

1.2. The Jungle Babbler (Turdoides striatus) as a Model Species
The Jungle Babbler (Turdoides striatus), a member of the family Leiothrichidae, is one of the most common and conspicuous passerines of the Indian subcontinent.1 Due to their cooperative behaviour they are also called as “Seven Sisters”. These are a non-migratory species found in flocks across a wide range of habitats.1 Their typical appearance is characterized by a uniform brownish-grey plumage, a yellow bill, and pale-yellow eyes.1 Because of its social nature the Jungle Babbler is an important subject for evaluating the ecological implications of plumage abnormalities. Contrary to solitary species, the societal structure of a babbler flock may help mitigate some of the disadvantages faced by an aberrant individual, such as increased predation risk or social rejection.1 Their widespread distribution makes them a perfect model species for documenting and monitoring uncommon phenomena e.g. plumage aberrations.


2. Study Site: Bandhavgarh Tiger Reserve

2.1. Geography, Habitat, and Climate
The Bandhavgarh Tiger Reserve is located in the Umaria district of Madhya Pradesh, between the Vindhyan and Satpura mountain ranges.5 The reserve's primary habitat is categorized as tropical moist deciduous forest of Sal (Shorea robusta), Arjun (Terminalia arjuna), Lendia (Lagerstroemia), and Mahua (Madhuca longifolia).5
Interspersed throughout this forested landscape are extensive grasslands.5 These open marshy grasslands, are a critical feature of the reserve and provide essential habitat for both herbivores and the carnivores.5 The diverse habitats also include small pockets of sensitive micro-habitats, that supports a remarkable variety of flora and fauna.6 This ecological complexity is a key factor in the reserve's status as a major biodiversity hotspot.

2.2. Avian Diversity
Bandhavgarh is recognized as an Important Bird Area (IBA) with a rich avifauna of approximately 240 species.5 The reserve is a crucial stronghold for several threatened species. It holds a significant population of the Critically Endangered Indian Vulture (Gyps indicus) and White-rumped Vulture (G. bengalensis).7 The documented presence of a high number of vulnerable and endangered species underscores the global conservation significance of the reserve and the importance of continued monitoring and protection efforts.


2.3. Conservation Challenges and Environmental Pressures
Although it’s a protected area, Bandhavgarh faces a number of conservation challenges that risk its long-term ecological integrity.7 Human-wildlife conflict is a major issue, indicated by close proximity of numerous villages to the reserve's surrounding.8 The buffer zones are subject to high pressure from excessive livestock grazing.7 Crop destruction by wild animals and occasional attacks on humans or livestock further strain relations between park authorities and local communities, occasionally leading to retaliation killings of tigers or leopards.9 While Bandhavgarh is a protected area, the documented anthropogenic pressures, including high human activity and potential environmental contaminants from surrounding areas, could have indirect effects on the resident wildlife.9 This is particularly relevant in the context of plumage aberrations. Research has indicated a higher frequency of leucistic birds in urban areas, a phenomenon potentially linked to increased exposure to mutagens and other contaminants.3 The recurring observations of leucistic Jungle Babblers in Bandhavgarh, rather than being a series of isolated, random events, may be a signal that a heritable genetic predisposition exists within this specific population. This connection elevates the observation from a simple anecdote to a data point in a broader ecological question about the relationship between localized environmental factors and population-level genetic anomalies.

3. The Science of Plumage Pigmentation in Birds
3.1. Role of Melanin and Carotenoids
Feather coloration in birds is primarily controlled by two main classes of pigments: melanin and carotenoids.10 These pigments lead to diverse coloration that are crucial for a bird's survival and reproduction. Melanin is endogenously synthesized by the bird. Melanin is of two types i.e., eumelanin, which produces black and dark grey colours, and phaeomelanin, which is responsible for browns and rufous tones.2 Melanin is a vital structural component of feathers, providing strength and durability, particularly to the flight and tail feathers that are subjected to significant mechanical stress and wear.4 

Carotenoids produce the vibrant colours i.e., yellows, oranges, and reds seen in many bird species.10 Unlike melanin, birds are not able to synthesize carotenoids endogenously and must acquire them from their diet.10 In some cases, the bird's metabolism can modify the ingested carotenoids into different colors before they are deposited in the feathers.10 For example, some species can convert yellow carotenoids from their diet into red ones for their plumage.12

3.2. Function of Pigmentation
Bird plumage serve multiple critical ecological and evolutionary functions.1 Pigmentation is a primary mechanism to hide, allowing birds to blend into their environment and evade predators.11 On the other hand, vibrant coloration can also serve as a form of communication, e.g., courtship displays and sexual selection.11 Usually carotenoid-based coloration is often considered as an indicator of good health, as the expression of these colours is directly dependent on the diet and physiological condition.12 Other roles of pigmentation include thermoregulation.11 The structural function of melanin also helps protect feathers from degradation by sunlight and mechanical wear.4 Any anomaly in this pigmentation process can therefore have significant consequences for a bird's fitness and survival.

4. Plumage Aberrations: A Definitive Classification

4.1. The Misnomer of "Partial Albinism"
In many of the field reports and observations, the term "partial albinism" is used to describe birds with patches of white feathers.2 Albinism is a specific, heritable genetic condition caused by a complete lack of the enzyme tyrosinase, which is essential for the production of melanin.2 Because the underlying mechanism involves a total inability to produce the pigment, a "partial" form is biologically impossible. The majority of cases featuring patchy white plumage are correctly identified as partial leucism, or in some instances, other non-heritable conditions like progressive greying.2 Adopting correct terminology is crucial for meaningful scientific discussion and analysis of these phenomena.


4.2. Definitive Types of Aberrations
To clarify the distinctions between various plumage aberrations, it is necessary to define them based on their underlying cause, not just their superficial appearance.2 The following classification provides a clear framework:
Albinism: This is a rare, heritable genetic condition that results in a total absence of melanin in all feathers, skin, and eyes.2 The lack of pigment in the iris means the eyes appear red or pink due to the visibility of underlying blood vessels.2 Albino birds are rarely seen in the wild because the lack of pigmentation leads to poor eyesight and increased vulnerability to predators, resulting in very low survival rates.2
Leucism: This is a heritable condition caused by a congenital absence of melanin-producing cells in the skin and feathers.2 Critically, the eyes and other bare parts of the body, which develop from different cell lineages, are unaffected and retain their normal color.2 Leucism can manifest in different forms:
· Full Leucism: A complete lack of melanin across the entire plumage, resulting in an all-white bird with normal eye color.2
· Partial Leucism: The most common form, characterized by irregular or bilaterally symmetrical patches of white feathers against an otherwise normally pigmented body.2 This is the condition observed in the Jungle Babbler of this report.
Other Aberrations: Beyond leucism and albinism, a number of other conditions affect plumage pigmentation 2:
· Progressive Greying: A non-heritable condition where pigment cells are progressively lost with age and subsequent molts.2 This often results in randomly distributed white feathers that increase in number over time, with the bird's plumage becoming whiter with each successive molt.2
· Melanism: An abnormal overproduction or abnormal deposit of melanin, which results in an increase in dark or black coloration, or an altered pattern.2
· Brown: A qualitative reduction in eumelanin, causing normally black parts of the plumage to appear brown.2
· Dilution: A quantitative reduction of both melanins or just eumelanin, resulting in a paler or "washed-out" appearance.2
5. The Case Report: Partial Leucism in a Jungle Babbler
5.1. Observation Details
On 22 December 2023, at approximately 09:30 h, a flock of Jungle Babblers was encountered in the core area of the Bandhavgarh Tiger Reserve, within the Khitauli Zone (23.72571°N, 80.95389°E) (Fig.1).1 Among the flock, one individual was immediately conspicuous due to its atypical plumage. The bird displayed distinct, irregular patches of white feathers distributed across its body.1 The rest of its plumage retained the typical brownish-grey coloration characteristic of the species. Photographic documentation was carried out to capture the bird's appearance, and the images were subsequently verified by experienced ornithologists and birders, who confirmed the condition as partial leucism.1 The eyes, bill, and legs of the individual appeared to be of normal color, which is a key diagnostic feature of leucism as opposed to albinism. Photographic documentation was carried out using a Canon R7 camera paired with a 100–400 mm telephoto zoom lens (Images 1–2).

5.2. Behavioural and Ecological Context
The observed Jungle Babbler exhibited normal behaviour consistent with its conspecifics.1 It was seen actively foraging with the group, and its vocalizations were indistinguishable from the other babblers.1 The bird was not excluded from the group and was functioning normally which suggests that its plumage anomaly did not impair its ecological role or social standing within the group. 

6. A Review of Plumage Aberrations in Indian Avifauna
6.1. Previous Records in Jungle Babblers
This observation from Bandhavgarh adds to the documented cases of leucism in Jungle Babblers from across the Indian subcontinent.1 Similar sightings from various states have been observed, underscoring that while the condition is rare, it is not an isolated phenomenon in this species. What makes the Bandhavgarh observation particularly compelling is the photographic confirmation of similar leucistic Jungle Babblers in the same reserve in 2020 and 2021. This recurrence of the condition within the same localized population raises the possibility of a heritable component, where a genetic predisposition for leucism may exist within the local gene pool.

6.2. Broader Records Across Indian Species
Leucism and other pigment aberrations have been documented in a variety of other Indian bird species, demonstrating the widespread, albeit rare, nature of these conditions.1 Documented cases include partial leucism in the Black Drongo (Dicrurus macrocercus) 1 and the Large Grey Babbler (Turdoides malcolmi).1 A leucistic Jungle Myna (Acridotheres fuscus) has also been recorded from West Bengal.15 Other notable sightings include leucism in the Red-whiskered Bulbul (Pycnonotus jocosus) and the House Crow (Corvus splendens), a species in which leucistic individuals have often been incorrectly labeled as "partial albinos".2
The overall rarity of these phenomena is supported by survey data. A study on plumage aberrations in birds estimated that leucism and albinism occur at a rate of only about 1 in 30,000 birds.3 The same data suggests that leucism is significantly more common than albinism, accounting for approximately 82% of reported aberrant plumage cases, while albinism accounts for only 3%.3 This quantitative context reinforces the value of each and every documented case, providing a solid foundation for understanding the prevalence of these conditions in wild populations.
6.3. Genetic vs. Environmental Causes

While plumage aberrations are often attributed to genetic mutations, they can also be caused by non-heritable factors such as injury, disease, or dietary deficiencies.2 For example, a shortage of dietary protein or other essential nutrients can lead to feather depigmentation, a condition that may resolve itself upon correction of the diet.14 In contrast, a genetic cause is congenital and will persist throughout the bird’s life.
The repeated documentation of leucistic Jungle Babblers in Bandhavgarh over a period of three years points more strongly towards a heritable, genetic cause rather than a series of sporadic environmental events. This finding warrants further investigation into the population genetics of Jungle Babblers within the reserve.

7. Ecological and Evolutionary Implications of Leucism

7.1. Potential Disadvantages
Leucism, despite its striking appearance, can impose significant ecological disadvantages on an individual bird. The most immediate is the increased predation risk due to compromised camouflage.4 A white or partly white bird stands out starkly against its natural habitat, making it an easy target for predators. Studies on racing pigeons have demonstrated this vulnerability, with peregrine falcons observed to preferentially single out and attack white or partly white birds from a flock.4

Furthermore, the absence of melanin can lead to feather deterioration. Melanin is a crucial structural protein that provides strength to feathers. Without it, feathers—particularly the mechanically stressed flight feathers—become weaker, more prone to wear and breakage, which can negatively impact flight efficiency and energy expenditure.4 Leucistic birds may also face
thermoregulation challenges; while dark feathers absorb heat, white feathers reflect it, which can be a disadvantage for species that rely on sunbathing to warm themselves.11 Lastly,
challenges in mate selection are a significant hurdle. In many species, plumage coloration plays a vital role in courtship and species recognition. An aberrant individual may be unable to attract a mate or be recognized by potential partners, thereby impacting its reproductive success.4

7.2. Social Behaviour as a Buffering Mechanism
Jungle Babbler's highly social and cooperative nature may act as a significant buffer against negative consequences. In a cooperative flock, multiple individuals share vigilance duties, reducing the individual's predation risk and compensating for its reduced camouflage. The group also forages and roosts together, providing a collective defence against threats. This particular case study provides a counterpoint to the classic theoretical disadvantages of leucism, highlighting the importance of species-specific social activities in reducing the effects of genetic anomalies.

8. Broader Conservation and Research Perspectives
8.1. The Value of Citizen Science and Photography
This report exemplifies the role of citizen science in advancing ornithological knowledge. A single, detailed observation can contribute to a larger body of data, providing insights into rare phenomena. The "State of India's Birds 2023" report provides a powerful example of how citizen science data, when paired with rigorous methodology, can overcome traditional research challenges. By using the data from platforms like eBird, researchers were able to assess the status of over 900 bird species.17 The study addressed the inherent biases of volunteer-generated data by standardizing analyses based on the number of species reported per checklist and using only "complete" checklists to ensure data integrity.17 This innovative approach serves as a blueprint for large-scale biodiversity monitoring in regions with limited resources for traditional surveys. 

8.2. Importance of Long-Term Monitoring in Biodiversity Hotspots
The recurring observations of leucism in Jungle Babblers in Bandhavgarh underscore the value of long-term monitoring in biodiversity hotspots. This type of systematic data collection can help determine the prevalence and persistence of these conditions within a specific population. The documentation of genetic anomalies within any protected area can also serve as an indicator of the population's genetic health. If the prevalence of leucism were to increase, it could be a warning sign of inbreeding or increased exposure to environmental contaminants, highlighting the need for proactive conservation measures.3



9. Conclusion
This report records a confirmed case of partial leucism in a Jungle Babbler from the Bandhavgarh Tiger Reserve. The observation's significance is amplified by its occurrence in a well-studied biodiversity hotspot with a history of similar sightings. This case provides a important opportunity to discuss the complex interplay of genetics, environment, and social behavior in wild populations. It highlights the importance of field observation, significance of citizen science platforms to contribute to large-scale data collection, and the need for long-term ecological monitoring to understand and protect biodiversity. 
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Fig.1 Co-ordinates of Khitauli Zone.
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Image 1 Jungle Babbler (Turdoides striatus) 
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Image 2 : Jungle Babbler (Turdoides striatus) from Bandhavgarh Tiger Reserve
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