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Plants respond to environmental stimuli through their structurally embedded functions. By harnessing hydraulic pressure, plants
can be considered multi-source programmable actuators, capable of regulating internal pressure across discrete units to generate
complex morphologies. Asymmetry is a prerequisite for movement, which can be achieved through complex cellulose alignment,
uneven cell distribution, localized lignification, and directional auxin transport. Meanwhile, mechanical strategies such as fracture
and buckling are employed to accelerate motion. Despite lacking muscles, the actuation mechanisms of plants offer valuable

insights for the design of soft robotics.

The Venus flytrap (Dionaea muscipula) is a representative example of such plants, demonstrating the ability to sense, decide, and
actuate. Upon sensing such stimulation, the plant initiates a fast closing movement that has been widely attributed to a
snap-through instability mechanism. While this snap-through behavior has been experimentally verified as a key contributor to
the rapid closure of the leaf lobes, it remains challenging to elucidate how the Venus flytrap leverages group behaviors at the

cellular level to form morphologies that are inherently mechanically unstable.

This thesis employs both invasive sectioning and noninvasive scanning techniques to investigate cellular distribution and tissue
morphology. At the cellular scale, a computational model and a hydrogel actuator mimicking the Venus flytrap’s cellular pattern
are utilized to verify the role of cellular topology in motion generation. The uneven distribution of cells is shown to drive the
bending of the lobes. At the tissue scale, both static geometry and the dynamic processes of closure and re-opening are recorded,
with a detailed analysis of the leaf’s doubly-curved shape. The curvature of the leaf varies along both the directions parallel and
perpendicular to the midrib, which is significant for the snap-through motion. Even though the extensive data analysis results
indicate that closure time is not significantly influenced by individual geometric parameters, the correlated proportional
relationships exist among these parameters, offering valuable insights into the design principles of artificial flytrap systems.
Finally, the displacement during the closing process is statistically evaluated through a mathematical model, and a model

incorporating an asymmetric bifurcation path is proposed to describe the snapping behavior of the Venus flytrap.

The study bridges cellular topology and macroscopic tissue morphology to elucidate how structural features enable motion. The
key contributions of this work include: (1) the integration of a multi-scale approach spanning from the cellular to the tissue level;
(2) the investigation of the role of cellular topology and the introduction of a biomimetic actuator inspired by the uneven
distribution of cells; (3) a detailed analysis of the doubly curved shape, accompanied by the development of a quantitative
framework that correlates geometric parameters with snapping speed and duration; and (4) the proposal of an asymmetric
bifurcation model to interpret the snapping behavior. These findings not only deepen our understanding of plant biomechanics but

also provide valuable insights for the design of soft and responsive robotic systems.
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