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Body and brain size are essential biological parameters of hominins. While recent research has
clarified taxonomic and temporal trends within the human lineage, the causal mechanisms for
these changes remain contentious, including environmental change, but also demographic,
social, dietary and technological factors. Here we test the influence of environmental factors
on the evolution of body and brain size in the genus Homo over the last one million years by
formalized hypotheses in a quantitative statistical framework. To this end, we for the first time
combine a large fossil dataset (n=208) including spatial coordinates with a global climate
model emulator that provides environmental variables for each space-time combination of
individual fossils. Our results show different patterns of correspondence between modelled
environmental variables and body and brain size evolution in Homo. Temperature predicted
body size according to Bergmann’s rule across all studied Homo taxa, likely a direct effect of
climate on human physiology. On the other hand, net primary productivity and long-term
variability in mean annual precipitation were good predictors of brain size in archaic but not
modern humans. These environmental variables likely worked more indirectly in their effects,
affecting cognitive abilities and extinction probabilities. While environmental challenges faced
by hominins over their lifetime had some influence on body and brain size evolution in Middle
Pleistocene Homo, Neanderthals and Homo sapiens, they explain only a part of the observed
temporal patterns. Multiple interacting causal mechanisms at different time and on different
taxa likely underlie the evolution of these key biological characteristics of Homo in the
Pleistocene. Quantitative modelling with machine learning methods based on further
interdisciplinary combination of large databases, for example from archaeology, will be key to
further our understanding on brain and body size evolution within the genus Homo.

Will, M., Krapp, M., Stock, J. T., & Manica, A. (2022). Combining Paleoenvironmental and Paleoanthropological Datasets to
Understand Human Brain and Body Size Evolution. In A. W. Kandel, M. N. Haidle, & C. Sommer (Eds.), Human Origins —
Digital Future: An International Conference about the Future of Archaeological and Paleoanthropological Databases (pp. 54-
55). Propylaeum, Heidelberg. DOI: https://doi.org/10.11588/propylaeum.882.c13449

54


https://doi.org/10.11588/heidicon/1574104
https://orcid.org/0000-0001-8116-2543
https://orcid.org/0000-0002-2599-0683
https://orcid.org/0000-0003-0147-8631
https://orcid.org/0000-0003-1895-450X

ORCID®

Manuel Will https://orcid.org/0000-0001-8116-2543
Mario Krapp https://orcid.org/0000-0002-2599-0683
Jay T. Stock https://orcid.org/0000-0003-0147-8631
Andrea Manica https://orcid.org/0000-0003-1895-450X

REFERENCES

Du, A, Zipkin, A. M., Hatala, K. G., Renner, E., Baker, J. L., Bianchi, S., Bernal, K. S. & Wood, B. A. (2018). Pattern
and process in hominin brain size evolution are scale-dependent. Proceedings of the Royal Society B:
Biological Sciences, 285(1873), 20172738. https://doi.org/10.1098/rspbh.2017.2738

Dunbar, R. I. (1998). The social brain hypothesis. Evolutionary Anthropology, 6(5), 178—190.
https://doi.org/10.1002/(SIC1)1520-6505(1998)6:5%3C178::AID-EVAN5%3E3.0.CO;2-8

Grabowski, M., Hatala, K. G., Jungers, W. L., & Richmond, B. G. (2015). Body mass estimates of hominin fossils
and the evolution of human body size. Journal of Human Evolution, 85, 75-93.
https://doi.org/10.1016/j.jhevol.2015.05.005

Lewin, R., & Foley, R. A., (2006). Principles of Human Evolution. John Wiley & Sons.

Miller, I. F., Barton, R. A., & Nunn, C. L. (2019). Quantitative uniqueness of human brain evolution revealed
through phylogenetic comparative analysis. Elife, 8, e41250. https://elifesciences.org/articles/41250

Montgomery, S. (2018). Hominin brain evolution: The only way is up? Current Biology, 28(14), R788—R790.
https://doi.org/10.1016/j.cub.2018.06.021

Pan, S., Dangal, S. R., Tao, B., Yang, J., & Tian, H. (2015). Recent patterns of terrestrial net primary production in
Africa influenced by multiple environmental changes. Ecosystem Health and Sustainability, 1(5), 1-15.
https://doi.org/10.1890/EHS14-0027.1

Shultz, S., Nelson, E., & Dunbar, R. I. (2012). Hominin cognitive evolution: identifying patterns and processes in
the fossil and archaeological record. Philosophical Transactions of the Royal Society B: Biological
Sciences, 367(1599), 2130-2140. https://doi.org/10.1098/rstb.2012.0115

Will, M., & Stock, J. T. (2015). Spatial and temporal variation of body size among early Homo. Journal of Human
Evolution, 82, 15-33. https://doi.org/10.1016/j.jhevol.2015.02.009

Will, M., Pablos, A., & Stock, J. T. (2017). Long-term patterns of body mass and stature evolution within the
hominin lineage. Royal Society Open Science, 4(11), 171339. https://doi.org/10.1098/rs0s.171339

55


https://orcid.org/0000-0001-8116-2543
https://orcid.org/0000-0002-2599-0683
https://orcid.org/0000-0003-0147-8631
https://orcid.org/0000-0003-1895-450X
https://doi.org/10.1098/rspb.2017.2738
https://doi.org/10.1002/(SICI)1520-6505(1998)6:5%3C178::AID-EVAN5%3E3.0.CO;2-8
https://doi.org/10.1016/j.jhevol.2015.05.005
https://elifesciences.org/articles/41250
https://doi.org/10.1016/j.cub.2018.06.021
https://doi.org/10.1890/EHS14-0027.1
https://doi.org/10.1098/rstb.2012.0115
https://doi.org/10.1016/j.jhevol.2015.02.009
https://doi.org/10.1098/rsos.171339
https://orcid.org/0000-0001-8116-2543
https://orcid.org/0000-0002-2599-0683
https://orcid.org/0000-0003-0147-8631
https://orcid.org/0000-0003-1895-450X

