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Multicellularity and Division of Labor

Paramecium
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How?



Steps of The Transition
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Method: Agent-Based Model

• Agent: autonomous computational individual with particular 

properties and actions. 

• A phenomenon is modeled in terms of agents and their interactions. 

• The global patterns spontaneously arise from the interaction of 

elements without a centralized coordinator. Structure (or rules) at 

the micro-level leads to ordered pattern at the macro-level.

An Introduction to Agent-Based Modeling, 

Uri Wilensky and William Rand (2015)  
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33×33= 1089 “cells”

←Play with the model!
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Simulation Results

Each cell has both functions (reproduce/metabolize) and follows the exact 

same behavioral patterns.

Many cells perform both activities throughout life. 

Two types of specialized cells occur:

● Reproducer: Cells that solely reproduce throughout their life.

● Metabolizer: Cells that solely metabolize throughout their life.
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Metabolizers

● As long as the organism can 

sustain itself, the proportion of 

metabolizers remains stable 

(around 0.35) across different 

energy parameters, regardless 

of whether energy is shared 

and the lifespan.

● The proportion of metabolizers 

is higher when the organism 

cannot sustain itself (when 

reproduction is too costly and 

cells die out).

Explanation

● The space for new cells is limited. 

Some cells cannot reproduce even if 

energy is sufficient.

● When reproduction is too costly, cells 

can never have enough energy to 

reproduce.
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Reproducers

• When energy is not shared, and 

reproduction has a non-zero energy 

cost, reproducers do not appear.

• When energy is shared, a small 

number of reproducers occur.

Explanation

● When energy is not shared, a 

newborn cell must metabolize at 

least once to reproduce.

● When energy is shared, some 

cells reproduce right after being 

born and then die after a few 

ticks.

● The probability of death is 

non-zero at the start of life 

and increases as age grows.

● Reproducers’ death age is 

very young (usually 1-2).
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Reproducers
Explanation

● The lower the reproduce 

energy threshold, the more 

likely a cell is to reproduce 

right after it is born.

● The lower the reproduce 

energy cost, the more likely a 

cell is to continue 

reproducing before it first 

metabolizes. 
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Age Costs
Explanation

When reproduction has an 

age cost:

● More cells die early, 

creating more space for 

reproduction, making 

fewer metabolizers.

● Cells are more likely to die 

after a few rounds of 

reproduction, making more 

reproducers.
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Assumptions and Justifications

1. Limited space for new cells

In yeast snowflakes, undifferentiated cells aggregate due to a failure 

in cell separation; thus, when a cell reproduces, the new cell must be 

located around the reproducing cell.

There are also trade-offs between size and fragility, limiting the size 

of multicellular organisms. (Ratcliff et al. 2012, 2015)

2. Shared energy among cells

Yeast cells share resources such as nutrients released by hydrolytic 

enzymes. (Koschwanez et al. 2011)
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Assumptions and Justifications

3. Non-zero probability of early cell death 

Studies on yeast have demonstrated that older cells are more prone to 

death due to accumulated damage. (Aguilaniu et al. 2003, Steinkraus et al. 

2008)

There can also be external factors that cause the early death of cells.

4. Reproduction has energy and possible age costs

 (Ratcliff et al. 2012)
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Upshot

• With the assumptions as mentioned, cell specialization can 

occur spontaneously without mutation.

• Some cells specialize in metabolism because of space limitations.

• Some cells specialize in reproduction because of short livespan.

• This mechanism is a possible origin of the division of labor in 

multicellular organisms.

• Some selective process may be needed for the division to 

stabilize.
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Thank you!!
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