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The Neoproterozoic Era (1000-542 Ma) was a time of 

turbulent environmental change, including large fluctuations in 
the carbon cycle, severe ‘snowball Earth’ glaciations, and 
major changes in ocean redox state – including sporadic, 
eventual oxygenation of much of the deep oceans. Amidst this 
environmental change, increasingly complex eukaryote life 
forms evolved, including the first animals. 

The traditional view is that a rise in atmospheric oxygen 
increased ocean oxygen levels and enabled the evolution of 
animals [1] We suggest alternatively that the evolution of 
increasingly complex eukaryotes could have oxygenated the 
ocean, without requiring an increase in atmospheric oxygen 
[2,3]  

We propose that a sequence of eukaryotic evolutionary 
innovations, combined with feedback from redox-sensitive 
phosphorus burial and regeneration on shelves, may 
progressively oxygenate the water column without requiring an 
increase in atmospheric oxygen [2]. First, the advent of larger 
eukaryotic algal cells results in faster sinking rates, moving 
biological oxygen demand lower in the water-column and 
reducing the prevalence of euxinic conditions on shelves. A 
feedback via increased phosphorus removal under more 
oxidising conditions reduces nutrient levels, and hence 
productivity, further increasing oxygen availability. The 
evolution of benthic, filter-feeding sponges accelerates these 
processes via a combination of active carbon removal on the 
shelf floor, and a predation-driven shift to larger plankton size. 
The advent of benthic cnidarians and ctenophores enhances 
shelf-floor carbon removal, and planktonic forms increase the 
efficiency of the biological pump, leading to oxygenation of 
the deep ocean. Finally, the onset of swimming animals with 
guts further accelerates the sinking flux and reinforces the 
oxygenation of the deep ocean [4]. 

Here we explore these scenarios quantitatively using a 
model framework that links the biogeochemical cycles of 
phosphorus, carbon and oxygen, and represents ecosystem 
structure and the redox-sensitivity of phosphorus burial. 
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