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Fireflies in Nature
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Biological Clock Model

w: natural frequency of a firefly

a: distance-dependant
interaction constant

theta: phase for a firefly



Synchrony Visualization



Go to Animation...



Phase Difference over Time
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Firefly Geometries: Circle



Firefly Geometries: Groups
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Sync Success 
Dependent on Natural 
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Distribution Tightness



Further Applications of Syncing Models

SYNCHRONY IN NATURE: FIREFLY CASE STUDY

Background
There are several examples of 
spontaneous synchronization in nature:

! - Fireflies flashing in unison

! - Migratory birds flying in tight swarms 

- Schools of fish swimming in synchrony

- Heart and nervous system cell clusters

Why?
! Displaying group behaviors in 
synchrony can reduce predatorily risks [5], 
and increase mating success [6] -- two 
outcomes witch are naturally selected for.

How?
! This is a classic example of a network 
driven by three rules [1]:
 
1. Individuals respond to the behaviors of 

others close by
2. Individuals are attracted to each other
3. Individuals have an innate tendency to 

“line up”

This results in a very tight network where 
information (particularly about predator 
location) is passed in milliseconds through 
a huge group in “waves”

A Simple Firefly Model
- Biological Clock Model: 

- say when 180 > theta > 360, the 
firefly is producing light:

!

Simple ODE model for 2 Fireflies:

Where theta is the fireflyʼs position on the 
biological clock, w_n is itʼs natural 
frequency and a_n is related to how 
strongly the other firefly is influencing it (a 
function of distance)

This model [4] can be expanded for n 
fireflies by simply adding more difference 
terms to each equation and adding further 
dimensions

of synchronization in biological systems using nonlinear mathematical models started 
in earnest in the late seventies and has become an important subject of biomathemat 
ics. It is even the subject of a recent popular book [14], SYNC: The Emerging Science 
of Spontaneous Order, written by Steven Strogatz. 

In this article we give a model of how mathematics is used to analyze synchroniza 
tion. We will begin with the concept of a biological clock. Then we will introduce 
a simple model that represents two interacting fireflies, viewing each as a biological 
clock. Then we will use a stability analysis to conclude that the fireflies reach fre 
quency synchronization. Then we will further improve the model so that almost perfect 
synchronization occurs. 

So, let us begin with the concept of a biological clock. Like a mechanical clock 
where the big hand returns to the same position every hour, many biological and bio 
chemical systems have similar periodic natures, although with varying time scales. 

A mechanical clock's hand goes around and repeats the same pattern as time t con 
tinues. So the position of the hand is determined by the angle of the hand 0 = cot which 

we call the phase, shown in Figure 1. The constant co is the rate of change of 0; that 
is, dO/dt = co. Now imagine a clock that has someone pulling the big hand downward 
every time it gets to 10 minutes past the hour. The hand's movement will temporar 
ily accelerate under this external influence, called phase resetting, then resume at the 
constant rate co. The phase will be described by 

where f(0) models the pulling. This equation is called a biological clock [6], and is a 
differential equation or flow on the unit circle. Here f(0) is 2n -periodic. Note that a 

biological clock does not have to move at the same rate throughout its period. 

Figure 1. The angular phase ?ona circle. 

Let 0\ and 02 be the phases and co\ and co2 the innate flashing rates or natural fre 
quencies of two fireflies. A simplified model [10] describing the interaction between 
them is 
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Results
- The model built in MATLAB successfully displays the behavior of 
sychnronization in firefly flashing, expanding the published model 
to work for any n number of fireflies whose positions are randomly 
generated

 - Also built animation for visualization of phenomenon (Demo)

Conclusions and Discussion

- Spontaneous synchronization demonstrated 
in animals can be modeled and explained 
mathematically.

- Synchrony displayed in humans is often 
choreographed -- note that in these dynamic 
networks, there is NO LEADER OR 
REFERENCE. Essentially, this means these 
tiny bugs have developed a tendency toward 
spontaneous consensus.

- Further Reading: If interested in this topic, I 
highly suggest watching Steven Strogartzʼs 
TED Talk , “On Synch”

By Laurel Kroo, Modern Bio, 12/4/2012
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There are many other examples of really 
neat spontaneous synchronization in nature:

- Migratory birds flying in tight swarms
 

- Schools of fish swimming in synchrony 

- Heart and nervous system cell clusters

And in mechanics... 





Questions?


