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Abstract

Different bird species exhibit significant differences in neck posture during flight: swans and mal-
lards, for example, typically keep their necks fully extended, whereas slow-gliding birds such as great
grey herons maintain an S-curved neck posture. In this paper, a mathematical model of avian neck
morphology is developed based on simplified geometric models and the principle of energy mini-
mization. The neck is modeled as a flexible rod, taking into account the effects of gravity, aerody-
namic drag, and inertial forces, and the total energy consumption under different postures is
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calculated. The model explains the relationship between neck morphology, flight stability, and en-
ergy efficiency. For slow-gliding birds, the S-curved neck presents mechanical advantages in reduc-
ing inertial oscillation, lowering aerodynamic drag, and improving visual convenience.
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Table 6. Total power comparison and advantageous ranges between swan and heron at different flight speeds
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Figure 1. Comparative analysis of metabolic power curves for different avian neck morphologies
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