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REVIEW

Oxytocin, Vasopressin, and the
Neurogenetics of Sociality
Zoe R. Donaldson1 and Larry J. Young1,2*
There is growing evidence that the neuropeptides oxytocin and vasopressin modulate complex
social behavior and social cognition. These ancient neuropeptides display a marked conservation in
gene structure and expression, yet diversity in the genetic regulation of their receptors seems to
underlie natural variation in social behavior, both between and within species. Human studies are
beginning to explore the roles of these neuropeptides in social cognition and behavior and suggest
that variation in the genes encoding their receptors may contribute to variation in human social
behavior by altering brain function. Understanding the neurobiology and neurogenetics of social
cognition and behavior has important implications, both clinically and for society.
ocial interactions affect every aspect of
our lives, from wooing a mate and caring
for our children to determining our success in the workplace. Abnormal manifestations
of social behavior, such as the pathological
trusting associated with Williams-Beuren Syndrome (1), social withdrawal in depression, and
decreased social cognition in autism, profoundly
affect the lives of those who suffer from these
disorders. Neuroscientists once considered social
behavior to be too hopelessly complex to understand at a mechanistic level, but advances in animal models of social cognition and bonding, as
well as application of new technologies in human
research have demonstrated that the molecular
basis of social behavior is not beyond the realm
of our understanding. There appears to be marked
conservation in the molecular mechanisms regulat-
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ing social behavior across diverse species, including our own.
Interacting with other neurotransmitter systems
within specific neural circuits, neuropeptides have
emerged as central players in the regulation of social
cognition and behavior. Neuropeptides may act as
neurotransmitters, if released within synapses, or as
neurohormones, activating receptors distant from
the site of release, which provides evolutionary
flexibility to their actions (2). Within vertebrates, a
majority of work relating neuropeptides to social
behavior has focused on members of the oxytocin/
vasopressin family. Homologs of oxytocin and
vasopressin existed at least 700 million years ago
and have been identified in such diverse organisms
as hydra, worms, insects, and vertebrates. Among
these distant taxa, oxytocin- and vasopressin-related
peptides play a general role in the modulation of
social and reproductive behaviors. In contrast to
this apparent conservation in function, the specific behaviors affected by these neuropeptides
are notably species-specific.
Only recently have scientists begun to dissect
the roles of oxytocin, vasopressin, and their re-
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lated receptors in human social behavior. Whereas
human social behavior is more nuanced and complex than the behaviors typically assayed in other
animals, this complexity has created unique opportunities to design finely honed tasks that have
revealed a potential role for these peptides in personality, trust, altruism, social bonding, and our
ability to infer the emotional state of others. Here,
we review the evidence of evolutionary conservation within the vasopressin/oxytocin peptide family, briefly discuss the role of these peptides and
their respective receptors in modulating social
behavior and bonding, and provide a synthesis
of recent advances implicating the oxytocin and
vasopressin systems in human trust, cooperation,
and social behavior.
Conservation of Neuropeptide Systems
Regulating Social Behavior
The mammalian oxytocin and vasopressin nonapeptides, so called for their nine–amino acid
composition, differ from each other at only two
amino acid positions (Fig. 1). Oxytocin, vasopressin, and their respective nonmammalian vertebrate
lineages are thought to have arisen from a geneduplication event before vertebrate divergence.
Within these lineages, peptides vary by a single
amino acid, and their genes are found near each
other on the same chromosome. Invertebrates, with
few exceptions, have only one oxytocin/vasopressin
homolog, whereas vertebrates have two (3, 4).
In mammals, oxytocin and vasopressin are produced primarily within hypothalamic brain regions
and then shuttled to the pituitary for peripheral
release or projected to various brain regions. Notably,
just as oxytocin and vasopressin are expressed within
the hypothalamus of mammals, their homologs are
expressed within similar neurosecretory brain
regions of organisms as diverse as worms and fish.
A characterization of annepressin (the homolog of
oxytocin/vasopressin in segmented worms) and
vasotocin (vasopressin’s counterpart in bony fish)
revealed conserved neural expression of these genes
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within sensory-neurosecretory cells expressing common transcription factor combinations and tissuerestricted microRNAs (5). Furthering the idea that
vasopressin/oxytocin homologs have ancient gene
regulatory features that direct their expression in an
evolutionarily conserved neural architecture, transgenic rats with a genomically integrated blowfish
locus containing the isotocin gene, the teleost
homolog of oxytocin, express isotocin within oxytocinergic neurons of the hypothalamus (6). These
isotocin transgenic rats also show conserved physiological regulation of the transgene; osmotic challenge, a potent regulator of both oxytocin and
vasopressin release, is sufficient to induce a sixfold
increase in isotocin expression. This finding has been
replicated in transgenic mice carrying the blowfish
isotocin locus and the bovine oxytocin locus (7, 8).
These impressive results provide evidence that both
the cis- and trans-acting elements controlling
oxytocin/vasopressin neural expression, as well as
its physiological regulation, are highly conserved
across both vertebrates and invertebrates.
Oxytocin and vasopressin’s roles in facilitating
species-typical social and reproductive behaviors
are as evolutionarily conserved as their structure
and expression, although the specific behaviors that
they regulate are quite diverse (9). For instance,
conopressin, the snail homolog of oxytocin/vasopressin, modulates ejaculation in males and egglaying in females. Within vertebrates, the distinct
oxytocin and vasopressin peptide lineages often
show sexually dimorphic expression and behavioral effects (10). The oxytocin lineage of peptides influences female sociosexual behaviors
including sexual intercourse, parturition, lactation,
maternal attachment, and pair bonding. Conversely,
vasopressin typically influences male reproduction
and behavior. Vasopressin is involved in erection
and ejaculation in species including humans, rats,
and rabbits (11, 12), and it mediates a variety of
male-typical social behaviors including aggression,
territoriality, and pair bonding in various species.
This sexual dichotomy in function is not universal, however, as it is becoming increasingly clear
that both peptides have behavioral roles in males
and females.
Oxytocin, Nurturing, and Social Attachment
The reproductive actions of oxytocin have been
documented for over a century, and even in humans, studies identified the peripheral release of
oxytocin during parturition, lactation, and sexual
function as early as the 1950s. However, it was
not until the 1970s and 1980s that scientists discovered the extent of oxytocin’s involvement in
behavior. In rats, central infusion of oxytocin stimulates maternal behavior in virgin females who
would ordinarily ignore or attack pups. Conversely,
experimental manipulations that decrease oxytocin levels or block oxytocin receptor activation
within the brain reduce maternal behaviors (3).
In contrast to the induction of a generalized
maternal state in rodents, maternal bonding in

Vasopressin (mammals)
Cys •Tyr • Phe • Gln • Asn• Cys • Pro • Arg• Gly• NH2

Lysipressin (pigs, marsupials)
Cys •Tyr • Phe • Gln • Asn• Cys • Pro • Lys• Gly• NH2

Oxytocin
Cys •Tyr• IIe • Gln • Asn• Cys • Pro • Leu• Gly• NH2

Phenypressin (marsupials)
Cys •Phe• Phe • Gln • Asn• Cys • Pro • Arg• Gly• NH2

Mesotocin
Vasotocin

Cys •Tyr• IIe • Gln • Asn• Cys • Pro • IIe• Gly• NH2

Cys •Tyr• IIe • Gln • Asn• Cys • Pro • Arg• Gly• NH2

Isotocin
Cys •Tyr• IIe • Ser• Asn• Cys • Pro • Leu• Gly• NH2

Annepressin (annelid worms)
Cys • Phe • Val • Arg • Asn • Cys • Pro • Thr • Gly • NH2

Conopressin (snails, cones, sea hare, leeches)
Cys • Phe/IIe • IIe • Arg • Asn • Cys • Pro • Lys/Arg • Gly • NH2

Inotocin (some insects)
Cys • Leu • IIe • Thr • Asn • Cys • Pro • Arg • Gly • NH2

Fig. 1. Oxytocin and vasopressin homologs.
other species, including sheep and humans, consists of both a nurturing component and development of a selective attachment between the
mother and her offspring. In sheep, oxytocin release in response to vaginocervical stimulation
during parturition independently induces nurturing behaviors and facilitates the mother-infant
bond selectivity after birth. Although oxytocininduced maternal nurturing is mediated by some of
the same brain regions in rodents and sheep, oxytocin also modulates maternal-infant bond selectivity in sheep by altering neurotransmitter activity
within the olfactory bulb, essentially “priming” the
olfactory systems for selective learning of offspring
scent (13).
Humans display a great diversity of social attachments, one of which is selective preference
for a particular mate, known as a pair bond. Pair
bonding is exclusive to the 3 to 5% of mammalian species that are socially monogamous,
and traditional laboratory organisms, such as rats
and mice, do not display mate-based pair bonds.
Instead, studies of monogamous prairie voles have
yielded extensive insight into the molecular basis
of pair bonding (14). Similar to its role in maternal
bonding, central oxytocin administration facilitates partner-preference formation, a laboratory
proxy of pair bonding, whereas blockade of the
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oxytocin receptor inhibits partner-preference formation in female prairie voles. This suggests that
over evolutionary time within this species, a
system specialized for maternal bonding in females was co-opted to modulate mate-directed
bonds as well (15).
Selective bonding, including pair bonding and
some mother-infant bonding, is hypothesized to
result from concurrent neuropeptide modulation
of pathways regulating reward and reinforcement
and those involved in processing social information (16). Despite normal olfactory abilities, oxytocin knockout mice are unable to recognize
previously encountered conspecifics, suggesting
a specific role for this neuropeptide in the processing of social cues. In female prairie voles,
blockade of either oxytocinergic or dopaminergic
signaling within the reward- and reinforcementassociated nucleus accumbens prevents the development of a partner preference. Investigation
of human pair bonding is still in its infancy, and
there is no clear evidence that oxytocin contributes to pair-bond formation in humans.
Vasopressin and the Genetic Bases for
Variation in Social Behavior
Even though both oxytocin and vasopressin show
a conserved role in modulating social behavior in
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tor expression in the brain and social behavior
have begun to be explored. One potential candidate for generating diversity in V1a receptor
gene (avpr1a) expression is a highly polymorphic,
complex, repeat-containing DNA element known
as a microsatellite, located in the 5′ flanking region of the avpr1a gene (21) (Fig. 3A). There are
dramatic species differences and more subtle
individual variation in this microsatellite element
in voles, which are sufficient to drive in vitro expression differences in reporter gene assays (24).
In vivo, when prairie voles with the longest and

distribution in the brain and consequently social
behavior.

Neurogenetics of Variation in
Human Social Behavior
A number of recent findings suggest that variation in
the AVPR1A locus may also contribute to sociobehavioral diversity in humans. Four polymorphic
microsatellites, three within the 5′ flanking region
and one within the intron of the gene, have been
characterized and used in gene association studies.
Various AVPR1A alleles have been directly associated with differences in human
social behavior, personality traits
Prairie vole
relevant to social interaction, and
the onset of reproduction (27, 28).
One study of 203 individuals has
even found an association between
VP
the length of the most extensively
studied of these polymorphisms,
RS3, and altruism, a trait arguably
necessary for successful formation
of societies (27). Using an estabMeadow vole
lished economic game, researchers
found that participants with longer
V1a microsatellite alleles allocated
more funds to another individual,
VP
despite the participant receiving as
real money any unallocated funds
at the end of the game.
Most recently, investigators
80
asked the relevant question of
*
Partner
Meadow + AAV
whether AVPR1A genetic variaStranger
60
bility contributes to differences
*
in human pair bonding among a
40
cohort of 552 Swedish twin pairs,
VP
20
all of whom were living with a
partner (29). Eighteen questions
Prairie Meadow Meadow
were used to probe partner bond+ AAV
ing, perceived marital problems,
Fig. 2. Autoradiograms of vasopressin V1a receptor patterns in the and marital status. In particular,
ventral pallidum (VP) of socially monogamous prairie voles and one allelic variant of a micropolygamous meadow voles. When V1a receptor levels are artificially satellite in the 5′ flanking region
increased within the VP of meadow voles using adeno-associted of AVPR1A, allele RS3 334, was
viral vector (AAV) gene transfer (meadow + AAV), they display social associated with significantly lowbehavior that is reminiscent of that of monogamous prairie voles, er scores on the partner bonding
preferring social contact with their partner over a stranger (20). scale in males only. Males who
Error bars indicate SE; asterisks indicate P < 0.05. Time in contact is are homozygous for this allele
given in minutes.
were twice as likely to have experienced marital problems or
shortest microsatellite alleles are bred to homo- threat of divorce and half as likely to be married
zygosity, the resulting progeny show brain V1a if involved in a committed relationship. The presreceptor expression and social behavior that ence of this allele in the male partner also cordiffers according to avpr1a microsatellite length related with perceived relationship quality in their
(Fig. 3A) (22). However, it remains unclear wheth- female partner, suggesting the intriguing possier this region has effects on monogamous phe- bility that male AVPR1A genotype influences both
notypes in naturalistic settings (25). Although partners.
In another line of research, AVPR1A variation
variation in avpr1a microsatellite length alone
may not explain the evolution of the monoga- has been hypothesized to specifically influence
mous mating strategy in voles (26), these find- the sociobehavioral deficits characteristic of auings do suggest that polymorphisms in the tism spectrum disorders. Three independent studies
avpr1a locus may contribute to both species dif- have identified associations between variants of
ferences and individual variation in V1a receptor this gene and autism. The most recent of these
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general, the specific behaviors they influence show
extensive variation among different species (9, 17).
For instance, vasopressin administration stimulates behaviors associated with monogamy, such
as paternal care, mate guarding, and a selective
preference for one’s mate in male prairie voles;
similar treatment does not induce these behaviors
in nonmonogamous species. Likewise, in birds,
the vasopressin homolog, vasotocin, increases
vocalization and aggressive behavior in territorial
male field sparrows but has only weak effects
on aggression in colonial zebra finches. These
species-specific behavioral effects are thought to
be mediated, in part, by variation in brain receptor patterns rather than differences within the
peptides (18).
Both oxytocin and vasopressin receptors display marked diversity in brain expression patterns.
Oxytocin has a single identified receptor, whereas
vasopressin acts in the brain on its two centrally
expressed receptor subtypes, V1a and V1b. Of
these two receptors, V1a plays a more prominent
role in vasopressinergic modulation of social behavior and thus has been the focus of most research
examining vasopressin’s role in regulating social
behavior (15, 19). Male monogamous prairie voles,
unlike polygamous meadow and montane voles,
display selective mating-induced partner preferences, care for offspring, and selective aggression
toward conspecifics. The development of these
behaviors in male prairie voles is vasopressindependent. The brain distribution of vasopressin
V1a receptor between these species is as divergent as their social behavior, and two experiments highlight the importance of these receptor
patterns in mediating behavioral differences in
these species (Fig. 2). First, simply increasing
receptor expression within the reward and reinforcement circuitry in the meadow vole brain via
viral vector-mediated gene expression enables individuals in this nonmonogamous species to form
a selective preference for their mate, indicating
that V1a receptor patterns influence a species’
sociobehavioral repertoire (Fig. 2) (20). Along
these same lines, transgenic insertion of the prairie
vole V1a receptor gene and 2.7 kb of 5′ flanking
sequence into the mouse genome leads to a prairie
vole–like receptor pattern and altered social behavior (21). Together, this work highlights a potential evolutionary mechanism for creating behavioral
diversity by altering receptor gene expression patterns. This idea is supported by investigation of
individual differences in receptor patterns and behaviors within prairie voles. Individual voles, like
humans, show differences in behaviors associated
with monogamy, such as fidelity, space use, and
paternal care. These behavioral differences are associated with pronounced variation in brain V1a
receptor patterns, suggesting that receptor patterns modulate some aspects of both inter- and
intraspecies behavioral diversity (22, 23).
The genetic mechanisms underlying the phylogenetic and individual plasticity in V1a recep-
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Relative AVPR1A mRNA

Complementary studies also support a role for
studies more specifically identified an association interactions. None of these studies have measured
between AVPR1A polymorphisms and socializa- cerebrospinal levels of these peptides after intranasal oxytocin in modulating trust, thereby influencing
tion skills in high-functioning autistic participants infusion, but the reported behavioral effects of cooperative interactions. Intranasal oxytocin inin which language abilities were normal (27). It intranasal administration have been consistent, creases the amount of money that an “investor” is
should be noted that these studies do not suggest suggesting that whether acting peripherally or willing to offer to a “trustee” who, after the amount
that AVPR1A polymorphisms are a cause of au- centrally, intranasally administered peptides do is amplified by the experimenter, can then choose to
return a smaller or larger sum back to the initial
tism, but they are consistent with the hypothesis affect the brain and cognition.
Although the majority of these experiments investor (35). Oxytocin does not, however, increase
that variation in this locus may be one contributor, among many others, to the social behavioral have focused on oxytocin, limited studies with monetary allocations when the return on an
deficits associated with this spectrum of disorders. intranasal vasopressin have investigated its effects investment is determined by a random lottery. This
These studies should be viewed with caution, on social cognition. Human social inferences are important control indicates that the effects of
however, because the modest associations iden- derived largely from viewing facial expression, administration of this peptide are specific to the
tified were with different alleles and haplotypes. especially in the eye region. In human males, social interaction between the investor and trustee
However, one allele is of particular interest: vasopressin administration decreases the perceived and therefore represents a quantifiable indication
allele RS3 334. This allele, one of 16 different friendliness of faces and increases agonistic facial of interpersonal trust.
Two independent studies have now demonlength variants in this repetitive region, was motor patterns (32). In contrast, females rate faces as
nominally implicated in autism in one study (30) friendlier and show affiliative facial motor programs strated the potential for maladaptive affects of oxytoand correlates most strongly with lower-quality after vasopressin application. Intranasal oxytocin cin during social situations. In an extension of trust
partner bonding in males (29). A separate study has also been investigated in a similar paradigm, studies, researchers manipulated an investment
scenario to simulate a situation in
also reported that individuals who
which the investor is “betrayed”
carry this allele, as compared with
Microsatellite
A
by a trustee who returns less monall other alleles, have the highest
5'
Long
avpr1a
ey than the initial investment (36).
levels of amygdala activation when
5'
avpr1a
Short
After the discovery of a betrayal
performing an emotional faceof trust, the initial investment
matching task (31). When a difamounts decrease for placebo
ferent analysis on the same data
controls but not for oxytocinwas used, it revealed that longer
treated investors. Similarly, in a
microsatellites at this locus were
different paradigm, pairing a
associated with higher levels of
shock with a face presentation
amygdala activation during the
Long
Short
skews the viewer’s emotional
face-matching task (Fig. 3B).
rating of the face toward a more
Likewise, the only reported study
B Microsatellite
negative assessment, unless they
examining AVPR1A expression
5'
Long
AVPR1A
have been administered oxytoin the brain in relation to polycin. In that case, they are likely
morphisms has found that homo5'
Short
AVPR1A
to rate the shock-paired faces as
zygous long RS3 microsatellite
more forgiving and sympathetic
carriers have higher levels of V1a
3
(37).
receptor hippocampal mRNA postInsights into the neural mechmortem (27) (Fig. 3B).
2
anisms by which oxyotcin moduA degree of skepticism should
lates social cognition have come
be maintained when considering
1
from imaging studies that have
any individual association study,
consistently found that oxytocin
and these studies require addition0
decreases amygdala activity, real functional experiments examShort/short Short/long Long/long
Long vs short
gardless of the experimental sceining the link between AVPR1A
polymorphisms, gene expression, Fig. 3. Influence of genetic polymorphisms on gene expression levels, brain activation, nario (36–38). The amygdala has
neural activity, and behavior. and social behavior. (A) Within prairie voles, subtle microsatellite length variation been implicated in social inforHowever, the repeated associa- upstream of the avpr1a transcription start site is associated with differences in V1a mation processing in both humans
tion of the AVPR1A locus with receptor expression patterns and behavior. (B) Allele length in an analogous microsatellite and animals, and bilateral amygsociobehavioral traits and, in par- polymorphism upstream the human AVPR1A locus predicts V1a mRNA expression levels in dala lesions in humans impair their
ticular, the identification of allele the hippocampus (27), and longer alleles are also correlated with higher levels of ability to judge the trustworthiness
of others (39). As amygdala actiRS3 334 in two independent amygdala activation during a face-viewing task (31). Error bars indicate SE.
vation is also indicative of threatenstudies has heightened interest
in the hypothesis that variation in AVPR1A may albeit in males only. When asked to categorize faces ing or fearful stimuli, oxytocin mediated attenuation
contribute to variation in human sociobehavioral based on their expression, participants given in- of amygdala activation may facilitate social intertranasal oxytocin were better at classifying the actions by decreasing potentially negative, anxietytraits.
emotions displayed on these faces and presumably provoking associations.
Neuropeptides, Human
inferring the mental state of another individual (33).
Social Cognition, and Trust
Intranasal oxytocin infusion increases gaze to the Neuropeptides, Neurogenetics, and Society
Recent human studies have directly manipulated eye region of human faces, providing a relatively Intranasal peptide administration and functional
oxytocin and vasopressin systems by using intra- simple potential mechanism for increasing the brain imaging studies are driving a revolution in
nasal administration to investigate the potential role accuracy of mental state inference through in- our understanding of the roles of oxytocin and
vasopressin in humans. However, our underfor these peptides in modulating human social creased information availability (34).
www.sciencemag.org
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standing is still extremely incomplete and hampered by both technical and design limitations.
For instance, all oxytocin administration studies
to date have been performed in males, and oxytocin’s influence on bonding and social behavior
in women has not been investigated. Furthermore,
it is not known whether intranasal application of
vasopressin or oxytocin mimics physiologically
relevant events or represents pharmacological
artifacts.
Among genetic studies, convergent evidence
supports a role for the AVPR1A locus in modulating human social behavior, but the link between
genes, the brain, and behavior remains weak. For
instance, AVPR1A polymorphism is associated
with differences in amygdala activation and autism, but its correlation with gene expression has
only been investigated in the hippocampus. Finally, only one study has investigated the distribution of oxytocin and vasopressin receptors within
the human postmortem brain (40), and techniques
have improved since its publication. Development of selective positron emission tomography
ligands for both oxytocin and vasopressin receptors will allow for in vivo studies of receptor expression and shed new light on correlations
between genetic polymorphisms, brain receptor
variability, and social cognition in humans. Although these limitations hinder our understanding of these neuropeptide systems, they are largely
not insurmountable.
Many diseases, such as depression and social
phobia, display symptomatic altered or deficient
social behavior. In severe instances, such as autism
and schizophrenia, abnormal social behavior is
extremely debilitating. Identifying the molecular
underpinnings of these social deficits may yield
important clues into their treatment. For example,
peripheral infusion of oxytocin increased retention
of social cognition via enhanced emotional understanding of speech intonation and, unexpectedly,
decreased repetitive behaviors (41). As peptides do
not efficiently cross the blood/brain barrier, it is
unclear how peripheral infusion of oxytocin mediates these effects, but these results are nevertheless intriguing. Even within healthy populations,
social support enhances our ability to deal with
stress and recover from disease. Oxytocin administration enhances the stress-alleviating effects
of social support (42). The therapeutic potential of
manipulating the oxytocin system remains to be
explored in clinical trials, and the development of
potent, selective agonists that penetrate the blood/
brain barrier would be an important advancement
toward this goal.
An understanding of the neurobiology of social behavior raises important questions for society.
Should salesmen be allowed to use airborne oxytocin agonists to manipulate trust toward their own
benefit? Should marital therapists include oxytocin infusions along with behavioral therapies to
salvage relationships? Will genetic testing be used
to screen potential partners or prospective sons-
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in-law? These and other questions may become
the topics of discussion for bioethicists as we gain
more insights into the neurobiology and neurogenetics of oxytocin, vasopressin, and sociality.
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REVIEW

Wired for Sex: The Neurobiology of
Drosophila Mating Decisions
Barry J. Dickson
Decisions about whom to mate with can sometimes be difficult, but making the right choice is critical for
an animal’s reproductive success. The ubiquitous fruit fly, Drosophila, is clearly very good at making these
decisions. Upon encountering another fly, a male may or may not choose to court. He estimates his
chances of success primarily on the basis of pheromone signals and previous courtship experience. The
female decides whether to accept or reject the male, depending on her perception of his pheromone and
acoustic signals, as well as her own readiness to mate. This simple and genetically tractable system
provides an excellent model to explore the neurobiology of decision making.
ehavior unfolds as animals select specific
actions on the basis of sensory input,
internal physiological states, and individual
experience. A major goal for neuroscience is to
understand how information processing and storage
in neural circuits guides such action selection, and
thus behavior. Genetic approaches in model
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organisms greatly facilitate the identification,
characterization, and manipulation of individual
circuit elements and can thereby establish causal
relationships linking cellular biochemistry, circuit
function, and animal behavior.
The sex life of the fruit fly Drosophila melanogaster is an ideal subject for such a study. Males
decide whom to court, and females decide with
whom to mate. The world-wide distribution and
abundance of Drosophila, and its success as a
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