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ABSTRACT:
Eggshells in birds are primarily composed of calcium carbonate (CaCO3), which provides mechanical strength and protection to the developing embryo. In this study, we compared the CaCO3 content in the eggshells of the Domestic Hen (Gallus gallus domesticus) as a control species, with three wild bird species — Baya Weaver (Ploceus philippinus), Spotted Munia (Lonchura punctulata), and Red-wattled Lapwing (Vanellus indicus) — collected from different districts of the Marathwada region of Maharashtra, India. Eggshells were collected from poultry farms and natural nesting sites, then cleaned, dried, powdered, and analysed using a simple acid-base back titration method involving hydrochloric acid (HCl) and sodium hydroxide (NaOH). Among the species, the Red-wattled Lapwing exhibited the highest average CaCO3 content (95.18% ± 1.95), followed by the Domestic Hen (94.93% ± 0.92), Baya Weaver (93.20% ± 2.53), and Spotted Munia (91.50% ± 2.43). Two-way analysis of variance (ANOVA) revealed statistically significant differences among species (F = 28.74, P < 0.001), districts (F = 4.79, P = 0.0118), and their interaction (F = 14.64, P < 0.001). These results suggest that both species-specific nesting strategies and local environmental factors influence eggshell calcium carbonate content. This study establishes a useful baseline using a domesticated control and provides a cost-effective analytical approach for understanding eggshell variation and adaptation in wild birds.
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1. INTRODUCTION
Bird eggshells are highly specialised biomineralized structures that play a vital role in avian reproduction. Their primary functions include providing mechanical protection to the developing embryo, facilitating gas exchange, and supplying essential minerals such as calcium for embryonic skeletal development (Gautron et al., 2021). Eggshell strength and composition are crucial for reproductive success, as insufficient shell quality can lead to breakage, increased predation risk, or impaired embryonic development. The principal inorganic component of avian eggshells is calcium carbonate (CaCO3), which generally constitutes more than 90% of the total shell mass, with the remaining fraction consisting of an organic matrix of proteins and polysaccharides (Athanasiadou, 2019). This organic matrix regulates mineral deposition and contributes to the mechanical properties of the shell. The proportion of CaCO3 and the microstructure of the eggshell vary across species, reflecting adaptations to ecological niches, nesting strategies, and developmental modes (McClelland, 2021).
Species-specific differences in eggshell composition are influenced by factors such as habitat, nesting type, clutch size, diet, and the developmental state of hatchlings. Ground-nesting birds often have thicker and more robust eggshells to withstand predation and environmental stresses (Attard and Portugal, 2024). In contrast, canopy- or cavity-nesting passerines typically lay thinner, lighter eggshells that facilitate gas exchange and reduce energetic costs. Domesticated species like the Domestic Hen (Gallus gallus domesticus) are raised under controlled dietary and environmental conditions, resulting in stable and relatively consistent eggshell composition (Hejdysz et al., 2024). As such, the domestic hen serves as a valuable baseline for comparative studies of eggshell mineral content.
The present study includes the Domestic Hen as a control species and compares it with three wild bird species commonly found in the Marathwada region of Maharashtra, India: Baya Weaver (Ploceus philippinus), Spotted Munia (Lonchura punctulata), and Red-wattled Lapwing (Vanellus indicus). The Baya Weaver and Spotted Munia are small passerines known for constructing elaborate, suspended nests in trees or shrubs. These species exhibit altricial development, in which chicks hatch in an underdeveloped state and require extensive parental care (Mock, 2022). Their eggshells are typically thinner and lighter, consistent with their relatively protected nesting sites. In contrast, the Red-wattled Lapwing is a ground-nesting bird that lays eggs in simple scrapes on open ground, exposing them to environmental hazards and predation. As a precocial species, Lapwing chicks hatch in a well-developed state, necessitating thicker eggshells with higher calcium reserves for skeletal development (Orłowski et al., 2025).
Despite the ecological and reproductive significance of eggshell composition, limited comparative data exist for avian species in the Marathwada region, which includes ecologically diverse districts such as Chhatrapati Sambhajinagar, Dharashiv, and Beed. Investigating the eggshell CaCO3 content across both domesticated and wild bird species within this region offers insight into species-specific adaptations and local environmental influences. The present study aims to estimate and compare the calcium carbonate content in the eggshells of the Domestic Hen, Baya Weaver, Spotted Munia, and Red-wattled Lapwing using an acid-base back titration method. By incorporating a domesticated control alongside wild birds from multiple districts, this study provides a more comprehensive understanding of interspecies variation in eggshell composition and its ecological and physiological significance.
2. MATERIALS AND METHODS
2.1 Selection of control species
In this study, the Domestic Hen (Gallus gallus domesticus) was selected as a control species to serve as a baseline for comparative analysis with wild birds. Commercial laying hens, typically bred for high egg production in industrial poultry farms, were deliberately excluded. This decision was made because commercial layers are often subjected to specialized breeding programs, intensive dietary supplementation, and controlled environmental conditions aimed at maximizing egg-laying efficiency, which can result in artificially elevated or standardized eggshell calcium content.
In contrast, domestic hens raised in local backyard or small-scale poultry farms experience relatively natural foraging behaviors and dietary calcium intake reflective of local environmental conditions. Their eggshell composition is less influenced by industrial management practices, making them a more ecologically relevant and realistic control for comparison with wild bird species inhabiting the same region. This choice ensures that the control group's eggshell CaCO3 content reflects natural variability and aligns more closely with the dietary and environmental contexts experienced by the wild bird populations studied.
2.2 Sample collection
Eggshell samples of Domestic Hen (Gallus gallus domesticus), Baya Weaver (Ploceus philippinus), Spotted Munia (Lonchura punctulata), and Red-wattled Lapwing (Vanellus indicus) were collected from three districts in the Marathwada region of Maharashtra, India: Chhatrapati Sambhajinagar, Dharashiv, and Beed (Fig. 1). For the Domestic Hen, a total of 18 eggshell samples were obtained from healthy hens at local poultry farms within these districts. Only clean, hatched, or unused eggshells were selected to ensure sample consistency and avoid ethical concerns related to active egg harvesting.
[image: ]For the three wild species, six eggshell samples per species were collected from each district during the breeding season (May to September), which coincides with the monsoon period. Only naturally broken, hatched, or abandoned shells were used to minimise disturbance to nesting birds and to comply with wildlife conservation ethics. Each sample was carefully labelled with species name, district, collection date, and nest location. All samples were stored in sterile containers and handled with care to avoid contamination before analysis.










Fig. 1: Sample Collection of Eggshells of Different Birds
2.3 Cleaning and preparation of eggshells
Collected eggshells were thoroughly washed with distilled water to remove any adhering membranes and organic matter. Air-drying of the samples was carried out at room temperature over the course of two to three days. Once dried, the shells were crushed using a mortar and pestle and further ground into a fine powder to ensure uniformity for analysis. The powdered samples were stored in clean, airtight containers until further use.
2.4 Reagents and solutions
2.4.1 Hydrochloric acid (HCl), 1 M: Prepared by diluting concentrated HCl with distilled water in a volumetric flask.
2.4.2 Sodium hydroxide (NaOH), 0.1 M: Prepared by dissolving analytical grade NaOH pellets in distilled water and standardised before use.
2.4.3 Phenolphthalein indicator.
2.5 Estimation of calcium carbonate content
0.5 g of eggshell powder from each sample was accurately weighed and transferred into a 250 mL conical flask. To this, 25 mL of 1 M HCl was added carefully to ensure a complete reaction, and the flask was gently swirled to dissolve the calcium carbonate present in the eggshell powder. The mixture was allowed to stand until effervescence ceased, indicating the completion of the reaction. To determine the CaCO3 in the eggshell, the acid-base back titration method was used (Abbas et al., 2022). After the reaction, the solution was transferred into a 250 mL volumetric flask and then diluted with distilled water up to the 250 mL mark. The excess unreacted HCl was then back-titrated with 0.1 M NaOH using phenolphthalein as an indicator. A separate blank titration (without eggshell sample) was performed simultaneously to determine the exact amount of HCl initially present.
2.6 Statistical analysis
All titrations were performed in triplicate for each eggshell sample to ensure the accuracy and reproducibility of the calcium carbonate (CaCO3) measurements. For each species in each district, the mean and standard deviation (SD) of CaCO3 content were calculated based on these replicate titrations. The Domestic Hen was included as a control, providing a baseline for comparison with the three wild bird species — Baya Weaver, Spotted Munia, and Red-wattled Lapwing.
A comparative analysis was conducted to evaluate variations in eggshell CaCO3 content among the four species across the three districts. A two-way analysis of variance (ANOVA) was performed to statistically test the main effects of species and district, as well as their interaction effect, on calcium carbonate content. A confidence level of 95% (α = 0.05) was used to assess statistical significance. The resulting F-values and P-values were used to interpret the influence of both biological and geographical factors on eggshell mineral composition.
3. RESULTS AND DISCUSSION
The calcium carbonate (CaCO3) content in eggshell samples was successfully estimated for all four bird species — including the Domestic Hen (control) and three wild species — across the three districts of the Marathwada region. Among these, the Red-wattled Lapwing exhibited the highest average CaCO3 content (95.18% ± 1.95), followed by the Domestic Hen (94.93% ± 0.92), Baya Weaver (93.20% ± 2.53), and Spotted Munia (91.50% ± 2.43). These values indicate both species-specific and location-specific differences in eggshell calcium composition (Table 1).
	Species
	Chhatrapati Sambhajinagar
(% ± SD)
	Dharashiv
(% ± SD)
	Beed
(% ± SD)
	Mean
(%± SD)

	Domestic Hen
	94.83 ± 0.63
	95.28 ± 1.28
	94.67 ± 0.79
	94.93 ± 0.92

	Baya Weaver 
	90.88 ± 1.92
	95.67 ± 1.19
	93.05 ± 1.71
	93.20 ± 2.53

	Spotted Munia
	89.38 ± 1.57
	91.07 ± 1.70
	94.05 ± 1.17
	91.50 ± 2.43

	Red-wattled Lapwing
	97.07 ± 1.07
	93.33 ± 1.48
	95.15 ± 1.14
	95.18 ± 1.95


Table 1: Comparative Analysis of Calcium Carbonate Content (% ± SD) in Eggshells of Different Bird Species from Three Districts in the Marathwada Region
District-wise variations revealed interesting patterns. For the Domestic Hen, the mean CaCO3 content was 94.83% ± 0.63 in Chhatrapati Sambhajinagar, 95.28% ± 1.28 in Dharashiv, and 94.67% ± 0.79 in Beed. Among wild species, the Baya Weaver showed means of 90.88% ± 1.92, 95.67% ± 1.19, and 93.05% ± 1.71 across the same districts. The Spotted Munia exhibited corresponding values of 89.38% ± 1.57, 91.07% ± 1.70, and 94.05% ± 1.17, while the Red-wattled Lapwing displayed consistently high values of 97.07% ± 1.07, 93.33% ± 1.48, and 95.15% ± 1.14 for Chhatrapati Sambhajinagar, Dharashiv, and Beed, respectively (Fig. 2).

Fig. 2: Comparative CaCO3 Content in Eggshells of Birds Across Districts
A two-way analysis of variance (ANOVA) revealed statistically significant effects of species (F = 28.74, P < 0.001), district (F = 4.79, P = 0.0118), and their interaction (F = 14.64, P < 0.001) on eggshell CaCO3 content (Table 2). These findings indicate that both intrinsic biological characteristics and extrinsic geographical factors significantly influence calcium carbonate composition. The significant interaction effect further suggests that the influence of district conditions is not uniform across species, highlighting a complex interplay between environmental and physiological determinants of eggshell structure.
	Source of Variation
	Sum of Squares (SS)
	Degree of Freedom (df)
	Mean Square (MS)
	F-value
	P-value
	F Critical*

	Species
	158.36
	3
	52.79
	28.74
	<0.001
	2.76

	District
	17.58
	2
	8.79
	4.79
	0.0118
	3.15

	Species × District
	161.34
	6
	26.89
	14.64
	<0.001
	2.25

	Residual
	110.19
	60
	1.84
	—
	—
	—

	Total
	447.46
	71
	—
	—
	—
	—


(*F Critical values are for α = 0.05)
Table 2: Two-Way ANOVA Summary Showing the Effects of Species, District, and Their Interaction on Eggshell Calcium Carbonate Content in Different Bird Species
The Red-wattled Lapwing, a ground-nesting species that lays eggs in open habitats, likely requires thicker and more robust eggshells to ensure mechanical protection against predators and environmental fluctuations. This pattern aligns with prior observations in other ground-nesting birds, where increased shell thickness and higher calcium content are considered adaptive responses to nesting challenges (Attard and Portugal, 2024).
The Domestic Hen, used as a control species, exhibited a stable and relatively high calcium carbonate content, which can be attributed to controlled dietary intake and managed housing (Sanmiguel et al., 2022). This stability supports its role as a reliable reference point for evaluating variation in wild bird eggshells under more variable ecological conditions.
In contrast, the Baya Weaver and Spotted Munia, both arboreal passerines with sheltered nests, exhibited lower CaCO3 levels. These birds experience fewer physical threats to their eggs due to protected nesting environments. Additionally, their altricial hatchlings, which emerge in a highly dependent state, may benefit from thinner eggshells that enable easier hatching (Ritchison, 2023).
The statistically significant district effect and interaction suggest that local environmental conditions, such as soil calcium content, food availability, and microhabitat variation, likely contribute to eggshell differences across regions (Gu et al., 2023). Moreover, the interaction term indicates that some species may be more sensitive to these environmental variations than others.
Overall, these findings demonstrate the influence of both intrinsic (species-level) and extrinsic (geographical/environmental) factors on avian eggshell composition. The study contributes valuable insights into ecological and evolutionary adaptations and highlights the utility of using both wild and domesticated birds in comparative eggshell studies.
4. CONCLUSION
The present study reveals clear differences in calcium carbonate (CaCO3) content in the eggshells of four bird species — Domestic Hen, Baya Weaver, Spotted Munia, and Red-wattled Lapwing — collected from three districts of the Marathwada region in Maharashtra. Among these, the Red-wattled Lapwing exhibited the highest CaCO3 content (95.18% ± 1.95), reflecting its ground-nesting strategy and the requirement for robust, protective shells. The Domestic Hen, used as a control species, showed a consistently high CaCO3 level (94.93% ± 0.92), likely due to controlled dietary calcium intake in managed environments. In contrast, the Baya Weaver (93.20% ± 2.53) and Spotted Munia (91.50% ± 2.43), both arboreal nesters, had lower calcium levels, consistent with the reduced mechanical pressures faced in their nesting environments.
Two-way ANOVA analysis confirmed that these differences are significantly associated with species identity (F = 28.74, P < 0.001), district (F = 4.79, P = 0.0118), and their interaction (F = 14.64, P < 0.001). This indicates that both intrinsic biological factors (such as nesting strategy and species-specific physiology) and extrinsic regional factors (including environmental calcium availability and habitat conditions) influence eggshell composition in birds. The use of domestic hens from local poultry farms, rather than commercial laying hens, provided a realistic baseline for ecological comparison with wild bird species. Overall, this study provides important baseline data on avian eggshell chemistry in Marathwada birds and highlights the usefulness of a simple, cost-effective acid-base back titration method for ecological and comparative studies of eggshell quality. These findings have potential applications in avian physiology, conservation biology, and habitat-based reproductive health assessments.
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