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            Abstract
The fossil record richly illustrates the origin of morphological adaptation through time. However, our understanding of the selective forces responsible in a given case, and the role of behaviour in the process, is hindered by assumptions of synchrony between environmental change, behavioural innovation and morphological response. Here I show, from independent proxy data through a 20-million-year sequence of fossil proboscideans in East Africa, that changes in environment, diet and morphology are often significantly offset chronologically, allowing dissection of the roles of behaviour and different selective drivers. These findings point the way to hypothesis-driven testing of the interplay between habitat change, behaviour and morphological adaptation with the use of independent proxies in the fossil record1.
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                    Figure 1: Phylogeny of proboscidean genera included in this study.[image: ]


Figure 2: Environmental, behavioural and morphological trends for East African proboscideans over the past 20â€‰Myr.[image: ]


Figure 3: Incremental evolution of hypsodonty index in the African Plio-Pleistocene Palaeoloxodon recki/iolensis lineage.[image: ]


Figure 4: Hypsodonty evolution in African Pliocene to Recent Loxodonta.[image: ]
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The interpretation of fossil morphology is fraught with problems. We usually make an easy equation between morphology and life habits. For example, the low-crowned teeth of archaic elephants, or mastodons, seem to be adapted for eating woody twigs and leaves â€” behaviour called browsing. The high-crowned teeth of modern elephants are more suited to grazing on grass and similar herbaceous plants. The same assumption can be made in a host of other ungulates. Phylogeny indicates that grazers evolved from browsers â€” but did the dietary switch occur before their new teeth evolved? Adrian Lister provides an answer, at least for elephants. Using proxies from stable isotopes in fossil soils â€” a marker of whether graze or browse vegetation was consumed â€” he shows that browsers were moving into open grassland millions of years before their teeth became high-crowned.
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