
• “Frontier” means having the “right stuff” to keep 
living out there on the margins of the habitat. We 
seldom expect the frontier-capable to outbreed 
the core. (Stay tuned.)

• “Dynamics” is my euphuism for “Boom and Bust on 
the frontier.” It pumps up the central population 
to have a growing excess of frontier-capable
individuals. 

Prologue



Homo erectus 
expanded out of 
woodland into 
grassland, evidently 
able to do without a 
tree to sleep in at 
night. Best guess: 
about 1.9 million 
years ago in Africa. 

Woodland is 
mixed grass and 
trees, often on 
an edge of the 
forest.

It was the 
“growth 
habitat” for 
hominids from 
6 until 2 myr.

The bipedal woodland ape
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Homo erectus
at 1.8 myr in 
Asia at 42°N 

This grasslands 
success set up 
the first “Out 
of Africa” into 
Asia by 1.8 myr 
ago. Call it the 
Grass Road Out 
of Africa.



For a hominid hunter, that means less meat to eat. 

The other essential background:

With plant succession after a fire,
grass turns into brush.

Leopard, looking for an ambush hideaway in the tall brush.



The frontier-capable come from the 
continuous sorting process for having “the 
right stuff” for remaining on the margins of 
the habitat.

A drought, followed by a brush fire, suddenly 
creates a temporary grassland. Herd size 
doubles. This sets up a sudden hominid expansion 
opportunity, but only for the nearby frontier-
capable subpopulation. 

Frontier expands suddenly, but not for long.



Core
(hominids 
adapted to 
grasslands)

Stage

1. Brush out here, so no grazing 
animals to eat.

Stage 1,2
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Frontier-adapted hunters 
expand into the burned 
region, following herds.

Core

Stage 3

Burn scar soon grows grass.

2. Then a fire burns some brush, 
usually thanks to drought.

3. Grass is everywhere. The drought 
has restarted plant succession.

Soon, there is a boom time for 
grazing animals and their hunters.



When brush returns to the burn scar, the 
frontier-adapted are  pushed back into the 
core population as it downsizes, competing 
well. 

That’s the Basic Climate Pump that 
pumps up the genes of the frontier-capable 
in the core population.

Enhanced
Core

4a.  From boom to bust

Stage 4a



Usually, allele ratios are biased by selective 
survival. Here, natural selection also operates via 
a selective opportunity when expanding the 
population. 

This is also seen in the Fisher waves, where 
new alleles arising at the frontier of a wave of 
range expansion have an easier time achieving 
fixation than otherwise (“gene surfing”). 



The frontier-adapted are also isolated by brush 
into grassy pockets (geographic isolation).

Inbreeding within 
a pocket will 
cause some 
alleles to be 
randomly lost.

Enhanced
Core

Stage 4b

4b.  From boom to bust (detail)



Re-expansion of resources
ends geographic isolation…

Some subpopulations may have achieved 
reproductive isolation by the time the 

resources expand again. 

Enhanced
Core

Stage 5



Enhanced
Core

Stage 6 (Stage 1 of next time)

If the new species is pushed back 
into core population territory, 
interbreeding may fail, preserving 
the current genome of frontier-
capable from any future backsliding 
by the core.

The Climate Pump Augmented by a Ratchet



So the Drought-Fire-Grass-Brush sequence 
creates a selective opportunity for the 
frontier-capable, both
• For promoting greater numbers of 

frontier-capable in the core and, 
• should reproductive isolation also occur, 

for preserving them from subsequent 
dilution by a backsliding core population.



With successive droughts, this becomes 
an evolutionary cycle whose dynamics
depend on
• how frequently prolonged droughts occur 

to promote grass (a few every thousand 
years),

• the time course of plant succession (say, 
brush within a few decades after a fire),



With successive droughts, this becomes 
an evolutionary cycle whose dynamics
depend on
• the doubling time for grazing animal 

populations (several years),

• the doubling time for their traditional 
predators (a few more years), and

• the doubling time for boom-time hominid 
hunters (a few decades).



What 
happened 

when ice age 
climate 

fluctuations 
began,

2.7 myr ago?
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At 2.7 million 
years ago, a burst 
of speciation for 
grazing animals 
began (Vrba 1995) 
as African drying 
accelerated and 
the ice age climate 
oscillations began.
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About then, hominid 
brain size began its 
rapid rise, perhaps 
enabled by all of the 
fat in the frontier’s 
meat-heavy diet, 
but with the rate of 
ratcheting up 
controlled by some 
such cycle.
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Bonobo
(to scale)

Human
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The consequences.



The Climate Pump Cycle shows that, for the 
special case of predators of grazing animals,

• boom-and-bust cycles could pump up 
frontier-capable allele combinations in the 
central population almost “automatically” 
without any use of selective survival;

• selective opportunities are not the usual 
type of natural or sexual selection, yet 
they too drive shifts in allele ratios.



My books and talks
may be found at:

WilliamCalvin.org

The End

Bonobo
(to scale)

HumanPoster up until

I leave at 12:25pm. A ratchet is nice.
But what pushes 

the lever?

1958 car jack

4X


