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flexibility in fruit fly walking MOTOR CONTROL ON THE MOVE: FROM

_ . L _ . _ _ INSIGHTS IN INSECTS TO GENERAL
Everything we do in our lives is achieved through movement: whether it is typing the first ~MECHANISMS

few sentences of a review paper on a keyboard, taking a deep breath to relax and refocus, —
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window. The human body is complex and capable of many different movements
supporting various physiological functions in different contexts. Accordingly, a large part
of our nervous system is dedicated to motor control. We are, of course, not the only
animals producing complex body movements, and the way the nervous system controls its
body is very similar in many species across the animal kingdom, including insects.
This review provides an overview of the current knowledge of motor control with a focus
on principles derived from research in insect model systems. It starts with a view on the
evolution of neurons and the nervous systems. Subsequently, we discuss the topology and
operation of neuronal circuits controlling different behaviors in the ventral nerve cord, the
insect analog to the spinal cord. We also cover the role of descending signals from the
brain in selecting, initiating, maintaining, and modifying the activity of motor control
networks. Finally, we delineate common features of motor control circuits between insects
and vertebrates to highlight fundamental principles of motor control.
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Abstract

This review discusses how the nervous system controls the complex body movements keeping animals up and
running. In particular, we revisit how research in insects has shed light on motor control principles that govern
movements across the animal kingdom. Starting with the organization and evolution of the insect nervous sys-
tem, we discuss insights into the neuronal control of behaviors varying in complexity, including escape, flight,
crawling, walking, grooming, and courtship. These behaviors share specific control features. For instance, central
pattern-generating circuits (CPG), which reside in proximity to the motor neurons and muscles, support the
generation of rhythmic motor activity. The number of CPGs involved depends on the complexity of the motor
apparatus controlled, such as wing pairs for flight or six pairs of multisegmented legs for walking. The differ-
ent control architectures are introduced with respect to their organization, topology, and operation. Sensory
feedback plays a pivotal role in shaping CPG activity into a functional, well-coordinated motor output. The ac-
tivity of motor circuits is orchestrated by descending neurons connecting the brain to the ventral nerve cord
or spinal cord, which initiate, maintain, modulate, and terminate different actions. We therefore discuss the
current understanding of descending control and the contributions of individual, command-like descending
neurons and population codes. To highlight how insights in insects help discover fundamental motor control
principles, we cross-reference findings from other animals, particularly vertebrates. In addition, we discuss
methodological advances that enabled breakthroughs in motor control research, including neurogenetics and
connectomics, and discuss key open questions.
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