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The fossil record is our only direct evidence of the evolutionary history of life on Earth, providing an 

archive in which we can observe the rise and fall of species through time and the causes and 

consequences of global biodiversity change. However, non-random variation in the preservation of 

sampling of fossils through space, time and across taxa lead to patterns that may reflect sampling 

variation rather than true biological signal, even when standard correction methods are applied.  

New software programmes, named DeepDive and DeepDiveR, were developed to use mechanistic 

simulations of biodiversity through space and time based on birth-death processes and a fossilisation 

and sampling filter to generate synthetic datasets and train deep learning models to estimate 

biodiversity patterns while accounting for the incompleteness of the fossil record. This approach 

outperforms state-of-the-art alternative methods to infer biodiversity trajectories, particularly when 

there are strong spatial taxonomic biases in the empirical fossil record.  

These models can be used to infer robust global biodiversity trajectories that pave the way for a re-

evaluation of the history of major clades in the tree of life. We find substantial hidden diversity in 

proboscideans and carnivorans, with both clades recently losing a large proportion of their diversity, 

and a potentially lower impact of the end Permian mass extinction event at the genus level in marine 

animals. 

These deep learning models were then used to re-evaluate a long-standing open question in 

evolutionary palaeobiology: was non-avian dinosaurs diversity in decline prior to the end Cretaceous 

mass extinction event? Of the three major dinosaur lineages, only ornithischians were found to be in 

decline in the latest Cretaceous, while sauropods and theropods were close to their highest diversity 

levels just before their sudden demise. Extension of the DeepDive model further revealed that 

dinosaur diversity included thousands of species that have not (yet) been found in the fossil record. 
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