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            Abstract
The latitudinal diversity gradient (LDG) is a prevalent feature of modern ecosystems across diverse clades1,2,3,4. Recognized for well over a century, the causal mechanisms for LDGs remain disputed, in part because numerous putative drivers simultaneously covary with latitude1,3,5. The past provides the opportunity to disentangle LDG mechanisms because the relationships among biodiversity, latitude and possible causal factors have varied over time6,7,8,9. Here we quantify the emergence of the LDG in planktonic foraminifera at high spatiotemporal resolution over the past 40 million years, finding that a modern-style gradient arose only 15 million years ago. Spatial and temporal models suggest that LDGs for planktonic foraminifera may be controlled by the physical structure of the water column. Steepening of the latitudinal temperature gradient over 15 million years ago, associated with anÂ increased vertical temperature gradient at low latitudes, may have enhanced niche partitioning and provided more opportunities for speciation at low latitudes. Supporting this hypothesis, we find that higher rates of low-latitude speciation steepened the diversity gradient, consistent with spatiotemporal patterns of depth partitioning by planktonic foraminifera. Extirpation of species from high latitudes also strengthened the LDG, but this effect tended to be weaker than speciation. Our results provide a step change in understanding the evolution of marine LDGs over long timescales.
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                    Fig. 1: The emergence of a modern-day LDG in planktonic foraminifera over the past 40 Myr.


Fig. 2: Spatial autoregressive model coefficients from analyses examining the relationship between richness and four environmental predictors within 2.5-Myr time bins.


Fig. 3: The dynamics of depth partitioning for planktonic foraminiferal assemblages across space and time.


Fig. 4: Macroevolutionary processes structuring LDGs over the past 40 Myr.
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                Data availability

              
              All data to reproduce our analyses are provided in https://doi.org/10.6084/m9.figshare.21355467. The spatiotemporal planktonic foraminiferal occurrence data were derived from Triton, an open-source database32.

            

Code availability

              
              All code to reproduce the analyses is provided in https://doi.org/10.6084/m9.figshare.21355467. Our custom code relied on the following R packages: HH R package v.3.1-47, spatialreg R package v.1.2-3, geosphere R package, vegan R package v.2.5-7 and mapast R package v.0.1.
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