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 In a complex system, some patterns or orders only emerge when the objects interact with the environment 
or each other.  In a dynamical system, the description of how the environmental stress induces the new or-
der can often be described by a bifurcation.  In a many-body system, the interaction between individual ob-
jects often results in a phase transition or phase separation.  These are arguably the most universal descrip-
tions you can find in physics, covering phenomena from Higgs mechanism in high energy, superconductivity 
in condensed matter, to thermal convection in nonlinear dynamics.  Biology provides vast number of differ-
ent complex systems, which provide a fertile ground to explore universality through their emergent behav-
iors.  In this talk, I will focus on two emergent behaviors discovered by using microfluidics to model the physi-
cal environment of the mammalian female reproductive tract for sperm.  By modeling the outward going flu-
id flow in the female tract, we showed that sperm swimming against a flow can be described by a bifurcation 
theory, such that the upstream orientation order only emerges when the flow rate exceeds a critical level, 
and the emergence follows a ½ power law, which is known for a mean field theory.  By adding polymer into 
the sperm medium to model the viscoelasticity naturally found in the mucus, we found that sperm start to 
form dynamic clusters, so that the cells dynamically join or dissociate from the clusters, similar to a liquid/gas 
phase separation.  Further, by modeling the pulsatile flow generated by muscular contraction, we saw hun-
dreds of sperm forming a large flock after the flow dissipated.  Interestingly, the direction of the large flock 
can be either with or against the flow direction.  I will discuss the implications in both physics and biology. 


