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ELECTRONIC APPENDIX A 

Description of the data set 
To test the effect of kinship on queen production we collated all available data on male parentage and 

female caste ratio in Melipona. A total of 32 studies and 4 reviews across 13 species were found. However, we 

only used studies where male parentage and caste ratio were known for the same population, and were meas-

ured under natural conditions. This left 12 studies on four species: Melipona beecheii (3 studies, all from Yuca-

tan, Mexico), M. favosa (Trinidad), M. quadrifasciata (various sites, Brazil) and M. subnitida (Rio Grande do 

Norte, Brazil) (Tables 1, 2).  

Worker reproduction, as inferred from either genetic or observational studies, ranges from high to low. 

In M. favosa, 95% of males are workers’ sons, in M. subnitida and M. quadrifasciata the workers and queen 

share in male production, and in M. beecheii all of the males are queen’s sons (Table 1). These differences are 

statistically significant (Table 1). In species where worker reproduction occurs, Rm>0.25, leading to the predic-

tion that fewer excess queens should be produced. In all four species colonies are headed by a single singly-

mated queen (Kerr et al. 1962; da Silva et al. 1972; Kerr 1975; Contel & Kerr 1976; Peters et al. 1999; Paxton 

et al. 2001), so that Rf=0.75. (Double mating by queens was erroneously reported for M. beecheii due to the 

accidental inclusion of workers that drifted between colonies, Paxton et al. 1999). 

Table 2 sumarizes caste ratios in the same four species. Caste ratios, too, vary considerably. M. 

beecheii produces most queens (16%), M. subnitida and M. quadrifasciata produce an intermediate amount 

(9%) and M. favosa produces the least queens (5%). The differences between species with high, intermediate 

and low queen production are highly significant (Table 2). To determine whether queen production correlated 

with male production by workers we used the gamma statistic (Siegel & Castellan 1988) to test predicted 

rankings. M. favosa and M. beecheii were coded as having high and low predicted and observed queen produc-

tion (the two studies on Melipona beecheii, Darchen & Delage-Darchen 1975 and Moo-Valle et al. 2001, were 

averaged into one data point). The predicted and observed ranks of M. subnitida and M. quadrifasciata were 

intermediate and considered to be tied, as both had nonsignificantly different caste ratios and levels of worker 

reproduction (Tables 1, 2).  

All data were considered phylogenetically independent. This can be defended given that both the level 

of worker reproduction and caste ratios are evolutionary labile. For example, cytochrome oxidase I sequencing 

has shown that M. favosa and M. beecheii are phylogenetically very closely related (J.C. Nieh, unpublished 



 

data), yet they are at two extremes in terms of both caste ratio and male parentage. Conversely, M. subnitida and 

M. quadrifasciata produce similar caste ratios and have similar levels of worker reproduction, but are not 

closely related phylogenetically, since they belong to two different subgenera, Melipona sensu strictu and Mich-

melia Moure, 1975 (Moure 1992).
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