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Closed nests have been described as an important factor in the evolution of developed societies in animals. However, in
some aphid species, sterile soldier castes have evolved in open colonies, where individuals congregate but do not develop
a nest structure. To investigate whether relatedness has promoted the evolution of eusociality and whether head-butting
between colony members, which appears to be competitive, may in fact be a cooperative behavior, I conducted field study
and genetic analysis.

By searching genomic information obtained by Illumina Miseq, I developed microsatellite markers in four species that can
identify genetic polymorphism in a population. Using these markers, I analyzed kin structure of two Cerataphidini species,
pre-eusocial Astegopteryx bambucifoliae and eusocial Pseudoregma alexanderi collected in Sun Moon Lake, Nantou
County, Taiwan. Clonal mixing occurred in both of the two species. However, average pairwise relatedness in a colony
did not vary greatly between the two species and their values were lower than those of non-social aphids studied in a
previous study, suggesting that relatedness was not an essential factor in the evolution of eusociality in this group.

To investigate the adaptive significance of the head-butting behavior, 1 observed the colony of 4. bambucifoliae in the
field and recorded the outcome and frequency of the head-butting, collected the head-butting aphids and estimated their
pairwise relatedness. Sixty percent of the head-butting pairs were genetically identical, and larger aphids tended to win the
fights. There was no significant relationship in pairwise relatedness between head-butting pairs and randomly selected
pairs from the same colony, suggesting that these aphids do not recognize kin. In addition, the results of manipulative
experiment in the field showed that the presence of young nymphs promote of the adult aphids settled down to the host
plant. These results suggest that young nymphs can increase their inclusive fitness through head-butting by yielding their
feeding sites to the older individuals with higher reproductive value.




