
Environment, ecology and
extinction during formation of 
the Isthmus of Panama

Extinction
A massive extinction of 
both reef corals and 
molluscs occurred at the 
end of the Pliocene 
(2-1Ma).

Trophic composition of 
molluscs before and after 
the extinction strongly 
suggests that the cause 
was the environmental 
and ecological 
transformation of the 
Caribbean due to the 
closure of the isthmus.

Extinction was therefore 
delayed by 2 million years.
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Ecology
Today, upwelling along the 
Paci�c coast drives high 
planktonic productivity                         
which supports 
communities dominated by 
�lter feeding molluscs. No 
upwelling in the Caribbean 
means communities are 
dominated by autotrophic 
organisms such as corals 
and sea grass.

When upwelling ended and 
planktonic productivity 
collapsed in the Caribbean 
4-3 Ma, communities 
responded by shifting from 
a Paci�c-like to modern day 
Caribbean structure.

Environment
4-3 million years ago (Ma) the 
Caribbean experienced a�
rapid shift from an
environment with 
low carbonate 
and strong 
upwelling�
to one with
high �
carbonate�
and no �
upwelling.

This reveals 
a major 
environmental 
transformation of the 
Caribbean due to the 
closure of the Isthmus of Panama. 

The record of mean annual 
range of temperature

(MART), recorded in
the skeletons of fossil 

cupuladriid
bryozoans,

shows
that

upwelling
ceased
during

�nal
closure.

At the
�same time

carbonate
increased

dramatically
suggesting a collapse in 
planktonic productivity.

Changes in Caribbean environment and 
marine community composition were 
dramatically out of phase. Extinction 
occurred 2 million years after the 
environmental and ecological changes 
responsible.

Palaeontologists naturally search for 
tight temporal correlations between 
cause and e�ect to help explain 
macroevolutionary patterns, but 
biological thresholds may act to 
signi�cantly delay major evolutionary 
responses to environmental change.        
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Discovery of a two million year lag in Caribbean 
extinction after the environmental and 

ecological events responsible challenges the 
conventional wisdom that macroevolutionary 

cause and e�ect should necessarily coincide


