Swimming Velocity:
We model the upward swimming speed (Vup) of a spherical algal colony of radius R following Solari et al. [1]. Table 1 shows the parameters and variables used in this model.  

Table 1. Model parameters and variables.
	Symbol
	Definition

	N
	Number of cells per colony

	R
	Radius of a colony

	r
	Average radius of cells in a colony

	M
	Mass of a colony

	a
	Vertical acceleration of a colony

	Vup
	Upward swimming velocity of a colony

	ΔM
	Difference between colony mass and mass of the water it displaces

	Δρc
	Density difference between cells and water (0.047g/cm3)

	f
	Average effective flagellar force per cell (2.4 × 10-7 g⋅cm/s2)

	Δρ
	Density difference between a colony and water

	ηw
	Water viscosity (0.01 g/cm⋅s)

	A
	Intercellular area



There are there are three forces acting on the collective. First, the Stokes drag force for a sphere moving in a fluid with viscosity ηw: 

 										(1)
				
 	This force is always opposite to the moving direction of the sphere. The second force is the buoyancy force, which is equal to gΔM where g is gravitational acceleration and ΔM is the mass difference between the collective and the water it displaces:
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where Δρc is the density difference between cells and water, r is the average cell radius and N is the total number of cells in the collective. Volvocine algae are denser than water, so buoyancy is always negative. The last force is the cells’ swimming force (Nf) where f is the average effective swimming force per cell. Therefore the equation of motion of a collective would be:
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[bookmark: _GoBack]where a is the acceleration of the collective in the vertical direction. Using simple geometric model developed by Solari et al. 2006 for the radius of the collective as a function of cells within that collective we have:
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where A is the intercellular area (which we assume is zero). When the collective is swimming with constant speed, its acceleration is zero and the upward swimming force is equal to the sum of drag and buoyancy forces:

									(5)

Solving equation 5 for Vup and using equations 2 and 4:

 								(6)

Using the numerical values of parameters in Solari et al. [1], Vup  for a collective as a function of radius of cells in a 32-celled colony is: 

=(0.02/π)r-1-(400/3)r2									(7)
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