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Abstract: 
Cohesive active matter, defined as collectives of self-propelled agents 
that remain physically bonded to their neighbors, spans an enormous 
range of biological systems, from tissues to insect societies. Yet all share 
a common challenge: how does local coordination among agents 
translate into large-scale motion and shape change of the collective as a 
whole? 
In this talk, I address this question by first considering the more 
familiar case of cohesive active matter that moves in contact with an 
external substrate. Using endothelial cell monolayers as an example, we 
will see how local, mechanosensitive cell-cell interactions drive a 
flocking transition due to a shift from disordered to coherent, aligned 
motion, and how the resulting flocks organize the tissue into 
coordinated migratory patterns. Similar flocking behavior is thought to 
underlie a range of morphogenetic events, including wound healing 
and angiogenesis. 
In some situations, however, agents do not have the luxury of a solid 
substrate to propel themselves. This is the case for fire-ant rafts, which 
float freely on water with no solid ground to push against. We will see 
that these rafts solve the problem by generating their own internal 
substrate: ants continuously cycle between a cohesive, bonded network 
layer and a free-moving surface layer, a process known as treadmilling, 
effectively regenerating solid ground from within the collective itself. 
Flocking, which emerges in the mobile surface layer, drives the growth 
of exploratory protrusions that let the raft extend and reshape itself in 
the absence of any external anchor 
Comparing these two systems reveals a general principle for cohesive 
active matter: coordinated flocking is the mechanism by which local 
interactions are converted into directed motion and shape change, but 
whether a collective relies on an external substrate or must construct its 
own determines the physical strategies available for morphing. I close 
by discussing how the strategies evolved by fire ants as decentralized, 
substrate-free shape control may offer design principles for synthetic 
active materials and swarm robotics. 
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