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Abstract

We report the emergent dynamics of a community structured modular network of chaotic Hindmarsh-Rose (HR)
neurons with inhibitory synapses. We find the inhibitory coupling between the neuronal modules lead to complete
synchronization of neurons in a module, and also pushes modules into interesting sequences of travelling burst pat-
terns. When dynamical time-scales vary for neurons in different modules, hence breaking the symmetry among them,
we see specific sequences of travelling burst patterns that are characteristic of the time-scale mismatch and cou-
pling strengths. Thus for a modular network with two time-scales, the neuronal communities enter into synchronized
frequency locked clusters with the bursting sequences having recurring patterns. Our study provides a complete char-
acterization of the spatio-temporal regularity in terms of frequency locking for temporal order and burst sequence
patterns for spatial order in the collective dynamics of the neuronal clusters. Our results have significance in the pro-
cess of information coding in terms of frequency of firing dynamics among neurons and in selective communication
based on the sequences of bursts.
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1. Introduction

Studies related to the brain and its various structural and dynamical features have been a very interesting and
challenging area of research in recent times. This is mainly because the brain is highly complex with over 109 neurons
connected via complex networks perfected by evolution. Although reproducing the dynamics of the entire brain is
close to impossible, due to its intricate connectome and constituent levels of its complexity, there are several gener-
alizations in the neuronal architecture and dynamical features of the brain. These generalizations can be abstracted
to give very useful mathematical models of neuronal networks, which can be extended to model the real structures in
the brain. [1, 2, 3, 4]. Neuronal networks dynamically self-organize in various length and time-scales to give rise to a
wide repertoire of behaviours. While the dynamical state of an individual neuron depends on the type of ion channels,
their dendritic structure and the nature of coupling with other neurons, the complex behavioural aspects produced by
the brain are due to the collective dynamics of several ensembles of neurons [5, 6].

In this context, community structured networks are one of the most commonly found network topology in the
brain. Such networks consist of nodes that are grouped into communities based on some characteristics of the nodes
or based on their connections with other nodes [7, 8]. There has been a lot of connectomics study which has pointed to
the community structured or modular organization of the networks in the mammalian brain [9, 10, 11]. Some notable
examples of such architecture are the striatal networks, visual cortex and olfactory lobes in insects [12] and also the
layers of neurons in medial entorhinal cortex [13, 14]. Various studies have shown that this type of structure may have
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