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Sommario/riassunto The most fundamental function of the brain is the analysis and
integration of sensory information in order to generate motor
commands that result in directed, meaningful interactions with the
environment. This process can be viewed as an internal comparison
between the current state of the world and a desired state of the world,
with any mismatch leading to compensatory action. For an animal to
respond to external stimuli in a directed way in any given sensory
situation, it first has to assess the orientation of its body with reference
to the environment. The current body position computed in this way
then has to be matched against the desired position, and any resulting
discrepancy has to be compensated for by a change in limb position,
movement direction, or a transition to a new movement mode. The
desired body orientation depends on many different parameters, such
as the animal's nutritional state, its reproductive status, the time of
day, the current behavioral state, or previous experience. Vertebrate
brains process these parameters across diverse brain regions, involving
millions of neurons, a fact that makes pinpointing the underlying
circuitry a daunting endeavor. Across insects, a single brain area, the
central complex, is involved in many of the mentioned fundamental
processes: It contains an ordered array of head direction cells, its
neurons are targeted by multisensory input pathways, visual and spatial
memories reside in this region, and certain central-complex neurons
are active just before movements of the animal, predicting its future
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turning direction. Additionally, state-dependent changes of neural
response characteristics and a vast supply of neuromodulators
suggests a highly dynamic, context-dependent remodeling of local
circuitry. All of this places the central complex at the interface of
sensory processing and motor planning, providing a location at which
current and desired heading could be compared and adequate action
can be selected in response. The highly regular, almost crystalline
neuroarchitecture of this region has the advantage of enabling us to
immediately connect structure with function - at the level of identified,
individual neurons. The neural algorithms implemented in the circuitry
that mediate action selection are thus uniquely accessible in this brain
region. This research topic therefore aims at connecting the diverse
aspects of central-complex function and develop an open-source
framework in which to embed current knowledge (reviews) and novel
findings from biological, theoretical, and engineering perspectives
(original research articles, short communications). Four complementary
sub-topics provide the main focus: 1) The current state of the world -
Encoding and integration of sensory information; 2) Generating
behavior - Motor planning and neural correlates of behavior; 3)
Computing the desired state of the world - Integration of internal state,
memory, and behavioral state; 4) Neural hardware and algorithms - The
underlying circuits and computations of the central complex. By
illuminating structure-function relations on multiple levels in diverse
species, within a brain region that is omnipresent across insects, we
aim at exposing fundamental principles that enable animals to generate
adaptive behavior despite inhabiting a world of an infinite number of
possible sensory scenarios.


