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Seasonal environments drive convergent evolution of a faster
pace-of-life in tropical butterflies
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Abstract
New ecological niches that may arise due to climate change can trigger diversification, but their
colonisation often requires adaptations in a suite of life-history traits. We test this hypothesis in
species-rich Mycalesina butterflies that have undergone parallel radiations in Africa, Asia, and
Madagascar. First, our ancestral state reconstruction of habitat preference, using c. 85% of extant
species, revealed that early forest-linked lineages began to invade seasonal savannahs during the
late Miocene-Pliocene. Second, rearing replicate pairs of forest and savannah species from the
African and Malagasy radiation in a common garden experiment, and utilising published data
from the Asian radiation, demonstrated that savannah species consistently develop faster, have
smaller bodies, higher fecundity with an earlier investment in reproduction, and reduced longevity,
compared to forest species across all three radiations. We argue that time-constraints for reproduction favoured the evolution of a faster pace-of-life in savannah species that facilitated their
persistence in seasonal habitats.
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INTRODUCTION

Signatures of historical climate change driving diversification
in plants and animals are ubiquitous (e.g. Davis et al. 2005;
Pe~
na & Wahlberg 2008; Near et al. 2012). Major climate-induced changes in ecosystem structure can result in the emergence of novel niches with subsequent colonisations
promoting adaptive diversification (e.g. MacFadden & Hulbert 1988; Couzens & Prideaux 2018). The origin of tropical
savannahs is a dramatic example of climate-driven biome evolution (Cerling et al. 1997; Osborne 2008; Edwards et al.
2010), and the global expansion of these grass-dominated
ecosystems during early-middle Miocene (24–11 Mya) had a
major impact on diversification and ecological speciation in
both invertebrates and vertebrates, especially in grazing taxa
(e.g. MacFadden & Hulbert 1988; Aduse-Poku et al. 2009;
Couzens & Prideaux 2018, Kergoat et al. 2018). In addition
to changes in vegetation structure, this large-scale forest-tograssland transition was also associated with dramatic changes
in habitat seasonality (Osborne 2008). Closed-canopy forests
can buffer extreme seasonal differences (for example in temperature or humidity; Montejo-Kovacevich et al. 2020) but
savannah biomes typically demonstrate strong temporal fluctuations in climatic conditions. Therefore, vital resources for
growth and reproduction, such as grasses for the larvae of
phytophagous insects, can be sustained in shaded forests
throughout the year (Moore 1986; Braby 1995; Halali et al.

2020). In contrast, the availability of these resources is typically limited to a single season (i.e. the wet season) in seasonal
savannahs (Knapp & Smith 2001).
Given these opposing habitat characteristics, the colonisation of newly formed open savannahs from ancestral dense
canopy forests is predicted to be difficult. Species with long
life cycles may overcome some of the challenges of living in
open savannahs by migrating with the seasonal rhythms and
synchronising the production of young with the peaks in
resource abundance (Sinclair et al., 2000; Wittemyer et al.
2007). Species with shorter life cycles, such as insects, are
often unable to track the favourable conditions and thus must
evolve strategies to cope with the environmental heterogeneity
of alternating seasons. An adaptive mechanism to avoid
extreme environmental conditions is to become physiologically
inactive during the dry season (seasonal dormancy; Tauber
et al. 1986). Adaptive changes in a suite of life-history traits
may also facilitate population persistence in environments
with a more sharply defined reproductive season (Varpe
2017). Theory predicts that habitats that are heterogeneous in
time and/or space, and thus more fluctuating in resource
abundance, favour the evolution of a faster pace-of-life
(Pianka 1970; Southwood 1977; Southwood 1988). Such ‘fast’
life-history strategies may include high growth rates and
fecundity with reduced longevity and allow organisms to
rapidly increase population size when opportunities for reproduction are available. In contrast, selection in less seasonal
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