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From an evolutionary perspective, culture can be defined as the 
part of phenotypic variance that is inherited through social learn-
ing.2 When defined in this way, cultural variation becomes part 
of inclusive heritability2 and is thus open to evolution through 
natural selection in ways similar to genetic variation. In this 
context, cultural transmission may thus be viewed as an impor-
tant process of evolution. The actual impact of culture, however, 
may be restricted by a limited prevalence across species with well 
developed cognitive abilities. Apart from humans, evidence of 
cultural variation has been reported in a restricted set of mam-
mals, such as chimpanzees,5-8 orangutans,9 whales10-12 and some 
songbirds.13-17

However, the paucity of evidence for cultural variance may 
result from the lack of methods to identify it. We have recently 
proposed four testable criteria on which to rely to demonstrate 
that a trait is at least partially culturally inherited.2,4 The expres-
sion of the trait must first result from social learning, which is 
learning from others18-22 (reviews in refs. 3 and 23–25). This is 
the essence of culture. Second, variation in the social informa-
tion possessed by individuals must be socially transmitted across 
generations or at least from older to younger individuals.7,26-29 
This criterion establishes that the inheritance of behavioral varia-
tion across generations results from social learning. Third, social 
learning must modify the phenotype of the learning individual 
for sufficient time to allow other individuals to observe and learn 
its behavior.30-32 The idea is that if a social influence only persists 
for a short period of time, it may be too labile to be transmit-
ted to younger individuals. We only transmit attitudes to which 
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we stick. Fourth, individuals should generalize socially learned 
information using it in new contexts.1,31,33,34 This is because only 
general rules (such as preferences for large over small mates, or 
deciduous over coniferous forests), not specific situations, can be 
transmitted across generations.

In our recent paper in Current Biology,1 we studied the role 
of social learning in female mating preferences in an inverte-
brate, Drosophila melanogaster. Our results showed surprisingly 
that in an invertebrate, tactics of female mate choice fulfill three 
of the four criteria that demonstrate that a trait is transmitted 
culturally.

Our first two-choice experiment showed that social infor-
mation can affect female preference for poor condition males. 
Females naturally tend to prefer good over poor condition males. 
However, that preference can be modified by manipulating the 
apparent mating success of the poor condition male. After hav-
ing had the opportunity to witness a poor condition male mat-
ing with a model female, while a good condition male remained 
alone, 24 hours later virgin prospector females increase the pro-
portion of time they spend near the poor condition male. Male 
mating success thus constitutes public information35 that can 
influence a young prospector female’s associative preference for 
a poor condition male. This social influence lasted for at least 
24 hours, which comprises a substantial proportion of a fruit 
fly’s life.

Our second experiment used artificial phenotypic variation 
whereby males were dusted with green or pink powder to study 
the role of social information on male mating success. We first 
presented green and pink males to a prospector virgin female 
and found no significant preference for copulating with males 
of either color. We then, through a glass partition, showed a 
prospector female a green male with a virgin female. Because 
virgin females rapidly copulate with the first male they encoun-
ter, this treatment provided positive public information about 
green males. Then in the next hour we showed a pink male 
with a recently mated female. Because recently mated females 
systematically reject males, this provided negative public infor-
mation about the pink male. These trials were repeated with 
males of reversed male colors. We repeated this sequence three 
times and then presented the prospector female with a dyad of 
new green and pink males and recorded the male with which 
she copulated. When, during the demonstration, the glass par-
tition was opaque so that the prospector female could not see 
the demonstration, the prospector female was equally likely 
to copulate with the green or pink male. However, when the 
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A recent paper in Current Biology1 showed for the first time that 
female invertebrates (Drosophila melanogaster) can perform 
mate choice copying. Here, we discuss how female mating 
preferences in this species may be transmitted culturally. If 
culture occurs in invertebrates, it may be a relatively ancient 
evolutionary process that may have contributed to the 
evolution of many different taxa. This would considerably 
broaden the taxonomic range of cultural processes, and 
suggest the need to include cultural inheritance in all animals 
into the general theory of evolution.2-4
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In conclusion, evidence for culture in invertebrates should 
encourage further research to test the generality of our results. 
Subsequently, a study of Drosophila serrata found no evidence for 
social learning in a mate choice context.49 However, that study 
differed from ours in many important ways that potentially may 
have hampered the detection of social learning. For instance, in 
that study, attractor females were of another species (D. birchii 
“of similar age”). It may well be that prospector females detected 
that these females were not conspecifics and they thus may have 
not considered the demonstration as providing useful informa-
tion about male attractiveness. We now need to test multiple spe-
cies with reliable designs. We also need to determine whether the 
second criterion of transmission across generations is fulfilled in 
Drosophila melanogaster. In case of a positive result, as suggested 
by Ellouise Leadbeater, it would introduce “a mainstream model 
species to the study of how animals use social information”50 and 
how such cultural transmission may affect evolution in general. 
This would also suggest that cultural evolution may be a rela-
tively ancient evolutionary process that may have contributed to 
the evolution of many different taxa. This would considerably 
broaden the taxonomic range of cultural processes, and beg for 
the inclusion of cultural inheritance into the general theory of 
evolution, and not only for human evolution.2-4
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glass partition was transparent, we found that the prospector 
female copulated significantly more often with the type of male 
she had seen copulating than with the type she had seen being 
rejected by other females.

Altogether our experiments provide the first evidence that 
female invertebrate can perform mate copying. More surprisingly, 
they also show that female mating preferences are at least partly 
socially learned (Criterion 1 of culture), that this influence lasts 
for a significant portion of a female’s lifespan (Criterion 3), and 
that Drosophila females are able to extract general rules from the 
observation of specific situations (e.g., green are better than pink 
males; Criterion 4). Hence female sexual preference in Drosophila 
fulfills three of the four criteria of cultural transmission.

Further experiments are needed to demonstrate that this form 
of social learning fulfills the second criterion, i.e., that it can lead 
to the transmission of sexual preferences from older to younger 
individuals. If this were the case, it would mean that female mat-
ing preferences in this invertebrate are at least partly transmit-
ted culturally. This seems surprising because Drosophila have a 
minute brain and are not usually considered to possess cognitive 
abilities compatible with cultural transmission (reviewed in refs. 
25 and 36). However, this may not be so surprising in view of the 
pervasive occurrence of social learning, social and sexual imprint-
ing, imitation, copying and teaching3,4,8 (review in refs. 23, 24, 
29 and 37–39) in many different contexts and in taxa as varied 
as birds,31,40-43 mammals,44 fish32,45,46 and insects.1,47 Even plants48 
show characteristics akin to social learning. These results suggest 
that more species may possess the cognitive abilities necessary to 
transmit social information across generations.
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