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Figure 1. Historical Evolution of Human Extra-
Pair Paternity (EPP) Rates. EPP rates in Western
high-income societies have risen significantly
(P = 0.0001) from �0.8% in historical EPP studies
(which measured the mean EPP rate per child over
the last �400 years [1]) to �2.5% for children born
between approximately 1945 and 1962, but then
significantly declined again (P = 0.002) to �1.2% fol-
lowing the introduction of the birth control pill (ca 1965)
[8]. Data are based on Anderson [12] and Voracek [8],
subsetted to data from high-income Western socie-
ties, with the addition of some recently published
studies and the exclusion of very small studies or
studies deriving from paternity testing labs (which both
show a strong upward bias [8]) (supplemental infor-
mation online for details; N = number of studies,
n = total number of children investigated, bars show
means plus 95% confidence intervals).
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In a recent article we showed that human
extra-pair paternity (EPP) rates did not
substantially decline in contemporary rel-
ative to historical Western societies over
the past few hundred years [1]. In both
cases, �1–2% of all children appeared to
be the product of cuckoldry. This came as
a great surprise, given the known steady
increase in the adoption rate and reliability
of contraception over the past century [2].
We proposed several hypotheses to
explain this paradox. One, which Harris
[3] focused on, was that women may have
become more sexually liberated, and now
engage in relatively more extramarital
affairs. Harris [3] counters our hypothesis
by arguing that the low historic EPP rate of
�1% would in fact be consistent with very
high rates of extra-pair copulation (EPC)
that exceed the estimates in contempo-
rary societies, and that the available data
therefore do not support the idea that
woman may have become less faithful.
We show here that the implicit assump-
tions by which EPC rates were estimated
by Harris [3] are erroneous. We then go on
to review two explanations for the
observed patterns: one being based on
increased infidelity, and the other based
on the idea that EPC could have rare
adaptive benefits for woman in specific
circumstances, such as when their hus-
band is infertile.
The way in which Harris [3] infers the EPC
rate from the EPP rate is based on a
calculation first presented by Simmons
et al. [4]. In this article the EPP rate was
defined as the probability of conceiving a
child derived from an EPC following a
single act of intercourse, and was calcu-
lated as the probability for woman to
engage in EPC multiplied by the probabil-
ity of conception (3% if timing was random
with respect to their menstrual cycle and if
the woman were not to use contraception
[5]). There are several issues with this cal-
culation. First, the EPP rate as defined and
used in this calculation does not corre-
spond to the EPP rates as inferred from
genetic studies, which are simply the pro-
portion of children that are derived from
EPC. Using the genetic EPP rate defini-
tion, it is clear that the EPC rate would in
fact equal the EPP rate if the likelihood of
conception following an EPC act was the
same as that following within-pair copula-
tion. Another issue was that the cited EPC
rates were not defined as the proportion of
copulations that were extra-pair, but were
merely inferred from questionnaires in
which it was asked if woman had had
sexual intercourse with a third party while
in a relationship with their partner. Harris
[3] then go on to cite very indirect esti-
mates of EPP rates based on matrilineal
versus patrilineal biases in kin investments
[6], which had earlier already been shown
to be unreliable [7], and which do not
directly relate to the question of whether
infidelity has increased or not.

Our rationale for inferring that infidelity
might have increased in recent times
was in fact very simple, and not reliant
on highly uncertain inferences about the
actual EPC rate. If EPP rates have
remained stable over the past few hun-
dred years, while the reliability and adop-
tion rate of contraception have greatly
increased over this period [2], the logical
consequence is that woman must now be
engaging in relatively more affairs, at least
if seeking EPCs is primarily motivated by
pleasure-seeking or acquiring possible
social or material benefits from the
extra-pair partner, and that rare pregnan-
cies resulting from EPCs would in effect all
Tre
be unplanned. We agree with Harris [3],
however, that it is likely that the greater
availability of more reliable contraception
was certainly not the sole driver in this
change in sexual attitudes. For example,
in an analysis of all available data on EPP
rates in high-income countries, we find
that our claim of increased sexual libera-
tion over the past few hundred years is
well supported because EPP rates in fact
have not merely remained stable but have
significantly increased among children
born between the 1940s and early
1960s (ca 2.5% [8]) compared to the
EPP rates inferred for children born over
the past 400 years in historical EPP stud-
ies (�0.8% [1]) (Figure 1). Nevertheless, as
we noted before [9], it is clear that many
factors could have contributed to this pat-
tern, including not only increased adoption
rates of contraception but also changing
social norms, increased urbanization,
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greater financial independence, and
increased secularization. In addition, as
first shown by Voracek et al. [8], it appears
that the introduction of the birth control pill
around 1965 has caused a significant
decline in EPP rates based on available
recent data, in line with the great increase
in reliability of this specific contraceptive
method [8]. Even so, EPP rates after the
introduction of the pill still do not show a
significant decrease compared to the his-
torical EPP data (Figure 1), which sug-
gests that over the time-span of several
hundred years increased sexual liberaliza-
tion is still obvious and well supported.

Another hypothesis, not discussed in our
original paper, could be that EPP is a rare,
adaptive strategy for women to achieve
reproductive benefits, for example if they
have an partner who is infertile, a condition
that affects an estimated 6% of all men
[10]. Supporting evidence for this adaptive
‘fertility assurance’ hypothesis comes
from a study on couples where the hus-
band suffered from male infertility, where
29% of the conceptions following a fertility
treatment were found to be derived from
extra-pair sexual interactions [11]. If
approximately one third of all women with
an infertile partner would pursue EPCs as
a specific strategy to become pregnant,
we would expect this to result in an EPP
rate of approximately 6%/3 = 2%, which is
2 Trends in Ecology & Evolution, Month Year, Vol. xx, No. y
in the ballpark of both contemporary and
historical EPP rate estimates (Figure 1).
Under this hypothesis, EPP rates would
be expected to remain approximately con-
stant, andwould be largely independent of
the reliability of available contraception
because the intention of woman in this
case would be to become pregnant of
an extra-pair mate.

Overall, it is clear that further research will
be necessary to conclusively decide
between these alternative hypotheses
for why EPCs occur in humans, and what
themotivation and possible adaptive value
could be behind their occurrence.
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