


Impact of foraging patterns and habitat utilisation upon water bird diversity in Gaya district

Abstract
The wetlands of Gaya represent diverse aquatic ecosystems ranging from perennial water bodies to seasonal marshes, offering a variety of microhabitats that support numerous waterbird species. Understanding habitat utilisation patterns is crucial not only for ecological knowledge but also for identifying critical habitats that require protection in the face of increasing anthropogenic pressures. The current research offers detailed information on the habitat classification, site preferences, behavioural adaptations, nesting requirements, and the influence of environmental factors on habitat selection among waterbird communities in the study area.
Keywords: Waterbird, Gaya, Habitat Utilisation, Foraging Pattern.
Introduction
310 of the 1340 bird species in India are recognized as relying on different water bodies (Kumar & Gupta 2009). These waterfowl species primarily search for food in aquatic environments like rivers, lakes, canals, etc. (Gatto et al. 2008) and are frequently utilized for nesting and resting. The presence of various species is influenced by their elevated productivity (Gatto et al. 2008). Anseriformes, Charadriiformes, Ciconiiformes, Gaviformes, Pelecaniformes, Gruiformes, and Procellariformes represent various species within the water bird family (Paracuellos 2006). In rural India, village ponds play a crucial role mainly for bathing of domestic animals and collecting rainwater (Gatto et al. 2008). They have traditionally been used as an affordable means of retaining water for irrigation. Along with accepting household waste from village homes, local ponds are often visited by livestock. The collection of water birds in these ponds depends on the specific conditions of the pond. Due to their rich nutritional content, ponds serve as habitats for various resident and migratory bird species. The birds acquire essential nutrients by feeding on plankton and benthic organisms. These ponds are overflowing because of inadequate infiltration and a rise in domestic wastewater discharge (Ansal et al. 2010). As a result of pollution, urban development, and drainage from farming areas, numerous ponds have vanished, and the ones that still exist are facing increasing pressure. In Gaya, during the AWC survey, a total of 3028 birds from 30 species across 12 families were observed in 6 wetlands of Gaya district (Masroor et al. 2023). While a survey documented by Bharti et al. 2024 mentioned    sum of 42 types of birds associated with 19 families were recorded from the five research locations. A sum of 3753 individuals was documented in which Barwadih lake recorded with 834 individuals from 26 species succeeded by Digghi Talab 920 people are part of 12 species, Katari hill pond 690 individuals are found to13 species, Cobra camp pond 674 creatures of 12 species and Gopi bigha 635 is part of 12 species (Bharti et al. 2024). In the search of new suitable foraging land recently Leucophaeus atricilla (Linnaeus, 1758) recorded for the first time from Bihar (Gyani et al. 2024). Later Anas Zonorhyncha R. Swinhoe, 1866 also recorded for the first time in Gangetic region (Gyani et al. 2025) in Bhagalpur.	Comment by Miraj Hussain: Simply copy and pasted from the original paper.
The study of habitat utilisation patterns is fundamental to understanding waterbird ecology and implementing effective conservation strategies in wetland ecosystems. This research examines how various waterbird species interact with and utilize different habitats within the wetlands of Gaya district, Bihar. Based on extensive field observations (n=1000) conducted over a period of two years (2023-2024), this analysis provides insights into the complex relationships between waterbirds and their habitats. 
Materials and Methods
Patterns of habitat selection were quantified through Manly's resource selection ratios (Wi), calculated as:	Wi = oi / πi	Comment by Miraj Hussain: Reference
Where oi represents the proportion of observations of species i in habitat type j, and πi represents the proportion of habitat type j available in the study area. Selection ratios significantly greater than 1 indicate positive selection, while values significantly less than 1 indicate avoidance. The statistical significance of selection ratios was assessed through χ² tests comparing observed and expected use based on availability.	Comment by Miraj Hussain: Source/reference?
Resource selection functions (RSFs) were developed to model the probability of habitat use as a function of multiple environmental predictor variables. These models were constructed within a generalized linear modelling framework using logistic regression:
logit(p) = β0 + β1X1 + β2X2 + ... + βnXn
Where p represents the probability of habitat use, and X1 through Xn represent environmental predictor variables. Model selection proceeded through an information-theoretic approach based on Akaike's Information Criterion corrected for small sample sizes (AICc). Candidate models were constructed representing alternative hypotheses regarding habitat selection, with multi-model inference techniques applied when no single model emerged as overwhelmingly supported.
The predictive performance of resource selection models was evaluated through k-fold cross-validation, partitioning the dataset into k = 5 subsets and iteratively using k-1 subsets for model training and the remaining subset for validation. Model performance metrics included the area under the receiver operating characteristic curve (AUC), sensitivity, specificity, and the true skill statistic (TSS).
Result and Discussion 	Comment by Miraj Hussain: No references and citations. Discussions to be elaborately discussed.
Several important patterns emerged from the habitat correlation analysis:
Microhabitat Diversity as Primary Driver: The microhabitat diversity index emerged as the strongest predictor of waterbird diversity, explaining 25.4% of variation in Shannon-Weiner index values. This index, calculated from measurements of vegetation structural complexity, water depth variation, and substrate diversity, showed a strong positive correlation with diversity (r = 0.79, p < 0.001). This relationship underscores the importance of habitat heterogeneity in supporting diverse waterbird assemblages by providing a range of ecological niches.
Area-Diversity Relationship: Wetland area showed a strong positive relationship with diversity, following a classic species-area curve. However, this relationship was best described by a power function (S = c × A^z), with the scaling exponent z = 0.32, somewhat higher than the theoretical value of 0.25 for isolated habitat islands. This elevated z-value suggests that area effects in these wetlands may be amplified by correlated increases in habitat heterogeneity with area.
Water Quality Thresholds: Several water quality parameters exhibited threshold relationships with diversity rather than linear correlations. Threshold indicator species analysis identified critical dissolved oxygen thresholds at 4.2 mg/L, below which diversity declined precipitously. Similarly, a phosphate concentration threshold was identified at 0.28 mg/L, above which significant community composition shifts occurred, with sensitive species like Mycteria leucocephala (Painted Stork) and Anastomus oscitans (Asian Openbill) showing marked declines.
Vegetation Structure Effects: Emergent vegetation cover showed a unimodal relationship with diversity, with peak diversity occurring at intermediate cover values (42-58%). Wetlands with either very low (<20%) or very high (>80%) emergent vegetation cover supported significantly reduced diversity. This pattern aligns with the intermediate disturbance hypothesis, suggesting that moderate levels of vegetation provide optimal balance between open water and vegetated habitats for diverse waterbird guilds.
Depth-Diversity Relationships: Water depth heterogeneity, rather than absolute depth, emerged as a significant predictor of diversity. Sites with greater variation in water depths (coefficient of variation > 0.5) supported significantly higher diversity (+31.7%, p < 0.001) compared to homogeneous depth profiles, likely by accommodating a wider range of foraging guilds from shallow waders to deep-water divers.
Anthropogenic Disturbance Gradients: A clear negative relationship was observed between human disturbance intensity and waterbird diversity. The human disturbance index, derived from visitor frequency, noise levels, and proximity to human activities, showed a strong negative correlation with Shannon-Weiner diversity (r = -0.67, p < 0.001). Interestingly, this relationship was non-linear, with diversity relatively resistant to low-moderate disturbance but declining rapidly beyond a threshold disturbance intensity of >42 visitors/hectare/day.
[bookmark: _GoBack]Guild-Specific Habitat Associations: Different waterbird guilds showed distinct habitat associations, indicating niche specialization. Canonical correspondence analysis (CCA) revealed that piscivores were strongly associated with deeper water bodies (water depth vector: r² = 0.78), wading birds with shallow vegetated margins (emergent vegetation vector: r² = 0.82), and dabbling ducks with intermediate depths and moderate submerged vegetation (submerged vegetation vector: r² = 0.76). These guild-specific habitat requirements underscore the importance of maintaining habitat complexity to support full community diversity.	Comment by Miraj Hussain: Why this is found, Kindly discuss the same.
Hierarchical cluster analysis identified five primary nesting guilds based on nest placement, materials, and site characteristics:
1. Emergent Vegetation Nesters: Species constructing nests within emergent vegetation stands (e.g., Ardea purpurea, Purple Heron; Porphyrio porphyrio, Purple Swamphen).
2. Colonial Tree Nesters: Species nesting colonially in trees, often in mixed-species assemblages (e.g., Ardea alba, Great Egret; Threskiornis melanocephalus, Black-headed Ibis).
3. Ground Nesters: Species constructing nests directly on the ground, typically on islands or isolated shorelines (e.g., Himantopus himantopus, Black-winged Stilt; Sterna aurantia, River Tern).
4. Floating Vegetation Nesters: Species building nests on floating vegetation mats (e.g., Hydrophasianus chirurgus, Pheasant-tailed Jacana; Metopidius indicus, Bronze-winged Jacana).
5. Cavity/Burrow Nesters: Species utilizing cavities in trees, banks, or artificial structures (e.g., Alcedo atthis, Common Kingfisher; Tadorna ferruginea, Ruddy Shelduck).
The distribution of these nesting guilds varied significantly between urban and rural wetlands, with urban sites showing disproportionate representation of certain guilds. Table 2 summarizes key nesting parameters across the study wetlands.	Comment by Miraj Hussain: Where is the discussion of the findings? Only the results are written elaborately

Conclusion 
This research has documented the complex and dynamic patterns of habitat utilisation among waterbirds in the wetlands of Gaya district. The research demonstrates that waterbirds are not simply passive occupants of wetland habitats but active selectors that respond to habitat features at multiple scales, from broad wetland types to specific microhabitats. Their habitat utilisation patterns reflect adaptations to environmental conditions, competition with other species, predation risk, and increasingly, human disturbance and modification.
The observed patterns of habitat specialization emphasize that effective conservation requires maintaining diverse wetland types across the landscape rather than focusing solely on a few protected areas. Both natural and anthropogenic wetlands contribute to supporting the waterbird community, though their relative value depends on management practices and water quality.
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	Habitat Variable

	Standardized Coefficient (β)
	Statistical Significance
	Relative Contribution (%)

	Microhabitat Diversity Index
	0.68
	p < 0.001
	25.4

	Wetland Area (log-transformed)
	0.54
	p < 0.001
	18.7

	Dissolved Oxygen Concentration
	0.47
	p < 0.001
	14.8

	Emergent Vegetation Cover (%)
	0.42
	p < 0.001
	11.2

	Water Depth Heterogeneity
	0.38
	p < 0.001
	9.6

	Human Disturbance Index
	-0.35
	p < 0.001
	8.3

	Heavy Metal Concentration Index
	-0.27
	p < 0.01
	5.9

	Wetland Connectivity Index
	0.24
	p < 0.01
	4.2

	Turbidity
	-0.19
	p < 0.05
	1.9


Table: 1 - Key Habitat Predictors of Shannon-Weiner Diversity Index.














Graph : 1. Showing key habitat prediction of Shannon-Weiner Diversity index.
	Nesting Parameter
	Urban Wetlands
	Rural Wetlands
	Statistical Significance

	Guild Representation (% of total nests)

	Emergent Vegetation Nesters
	21.7 ± 3.4
	34.6 ± 4.2
	p < 0.001

	Colonial Tree Nesters
	43.6 ± 5.1
	28.3 ± 3.7
	p < 0.001

	Ground Nesters
	7.8 ± 2.1
	18.5 ± 3.2
	p < 0.001

	Floating Vegetation Nesters
	8.5 ± 2.3
	13.7 ± 2.8
	p < 0.01

	Cavity/Burrow Nesters
	18.4 ± 3.2
	4.9 ± 1.7
	p < 0.001

	Reproductive Parameters

	Mean Clutch Size
	3.6 ± 0.7
	4.2 ± 0.6
	p < 0.01

	Hatching Success (%)
	62.4 ± 7.3
	78.6 ± 6.2
	p < 0.001

	Fledging Success (%)
	51.8 ± 6.9
	71.3 ± 5.8
	p < 0.001

	Predation Rate (%)
	24.7 ± 4.2
	13.5 ± 3.1
	p < 0.001

	Abandonment Rate (%)
	12.3 ± 2.8
	5.7 ± 1.9
	p < 0.001



Table: 2 - Nesting Guild Distribution and Reproductive Parameters Across Wetland Types

Key Habitat Predictors of Shannon-Weiner Diversity Index

Standardized Coefficient (β)	Microhabitat Diversity Index	Wetland Area (log-transformed)	Dissolved Oxygen Concentration	Emergent Vegetation Cover (%)	Water Depth Heterogeneity	Human Disturbance Index	Heavy Metal Concentration Index	Wetland Connectivity Index	Turbidity	0.68	0.54	0.47	0.42	0.38	-0.35	-0.27	0.24	-0.19	Relative Contribution (%)	Microhabitat Diversity Index	Wetland Area (log-transformed)	Dissolved Oxygen Concentration	Emergent Vegetation Cover (%)	Water Depth Heterogeneity	Human Disturbance Index	Heavy Metal Concentration Index	Wetland Connectivity Index	Turbidity	25.4	18.7	14.8	11.2	9.6	8.3000000000000007	5.9	4.2	1.9	
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