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male) removed one or two eggs from the host female’s nest.
Alternatively, the parasitic female may have laid her eggs early in
the laying sequence of the host female and the latter stopped laying
when the nest contained the normal number of eggs.

In all three species, the occurrence of extra-pair fertilizations
(EPP and QP combined) was related to genetic similarity between
social pair members, which was estimated as band-sharing from
multilocus DNA fingerprints (Fig. 1; logistic regression; Kentish
plover: x2(1) ¼ 7.99, P ¼ 0.0047; western sandpiper: x2(1) ¼ 13.9,
P ¼ 0.00019; common sandpiper: x 2(1) ¼ 5.98, P ¼ 0.014).
Because regression analysis is sensitive to outliers, we also tested
the relationship using ranked data. This confirmed that band-
sharing between the mates was significantly higher in pairs tending
broods with extra-pair offspring than in pairs with only within-pair
young (Fig. 1; Mann–Whitney U-test; Kentish plover: U ¼ 29.5,
P ¼ 0.046; western sandpiper: U ¼ 0, P ¼ 0.021; common sand-
piper: U ¼ 3, P ¼ 0.027). The combined probability, based on the
results of the Mann–Whitney U-tests, was P , 0.01 (x2(6) ¼ 21.1).
An independent scoring of band-sharing between mates, carried out

by a colleague who did not know whether broods contained extra-
pair young or not (Methods), yielded a qualitatively similar result
(combined Mann–Whitney tests; x2(6) ¼ 15.3, P , 0.02). Thus,
genetic similarity between mates significantly predicted the occur-
rence of extra-pair fertilizations.

Our data are insufficient to examine EPP and QP separately for
each species. But because the genetic analyses were carried out in the
same laboratory and by the same protocols (Methods), we can pool
the data after standardizing the band-sharing values for each species
(by subtracting the species-specific mean and dividing by the
species-specific standard deviation). The pooled data show that
the genetic similarity between mates explains the occurrence of EPP
and QP, independently (logistic regression, n ¼ 105 broods in total;
EPP (4 broods): x 2(1) ¼ 5.47, P ¼ 0.019; QP (4 broods):
x 2(1) ¼ 11.2, P ¼ 0.0016). We obtained similar results using
Mann–Whitney U-tests on ranked data (data not shown). Note
that we conservatively included the broods with QP in the group ‘no
EPP’ in the first logistic regression, and the broods with EPP in the
group ‘no QP’ in the second test (excluding these broods gives
x2(1) ¼ 17.0, P ¼ 0.00004 for EPP and x2(1) ¼ 11.2, P ¼ 0.00081
for QP).

We have shown that in three species of shorebirds, breeding in
North America, Europe and Asia, respectively, parents tending
broods with extra-pair young are genetically more similar than
those rearing exclusively within-pair chicks. This suggests that, in
these species, males and females are more likely to engage in extra-
pair matings when they are closely related to their social mate. This
behaviour should be adaptive if high genetic similarity between
parents has negative fitness consequences for their genetic offspring,
and if genetic similarity with the extra-pair mate is lower. We do not
have sufficient data to test this in our species, but the first assump-
tion has been verified repeatedly1–11 and several studies have
suggested that EPP may function to avoid the negative effects of
inbreeding4,17–19.

We know of only two other studies that have directly examined
the relationship between genetic similarity of social mates and the
occurrence of extra-pair fertilizations. In great reed warblers
Acrocephalus arundinaceus, four of five females shared fewer
bands with their extra-pair mate than with their social mate



arise through sperm competition if fertilization success is reduced
for sperm that are genetically similar to the egg13, but this mecha-
nism cannot explain the occurrence of QP. The cues used by birds to
assess genetic similarity are unknown, presenting a challenging
problem for future research.

In conclusion, we propose that EPP and QP in shorebirds and
other non-passerine birds may be adaptive responses to avoid
inbreeding depression or other negative effects of genetic similarity
between social mates. A

Methods
Species and study sites
We studied western sandpipers at Nome, Alaska (648 20

0
N, 1648 56

0
W), Kentish plovers

at Tuzla, Turkey (368 43 0 N, 358 03 0 E) and common sandpipers at Säveån, Sweden
(578 47

0
N, 128 19

0
E). All three species are waders or shorebirds (suborder Charadrii),

have small clutches (3–4 eggs) and precocial young25. Both sexes incubate the eggs, but
males usually provide most care for the young. Western and common sandpipers are
socially monogamous, whereas sequential polyandry is frequent in Kentish plovers25.
Breeding habitats consisted of tundra ponds and low ridges along the coast (western
sandpiper), inland salt marshes (Kentish plover) and forested riverbanks (common
sandpiper). We collected blood and tissue samples for fingerprinting from these
populations in 1996 (western sandpiper), 1998–1999 (Kentish plover) and 1998–2000
(common sandpiper), respectively. Parents were caught while incubating or tending newly
hatched chicks, whereas chicks usually were caught in or near the nest soon after hatching.
For most pairs, observations from the pre-laying period are lacking. Thus, rapid mate
replacement cannot be completely excluded as an alternative explanation for the
occurrence of EPP.

Genetic analyses
We determined genetic parentage by multilocus DNA fingerprinting26. Nuclear DNA was
extracted from blood or tissue samples (dead chicks) using proteinase K and phenol/
chloroform/isoamylalcohol. We separated 3–7 mg of HaeIII-digested DNA on 0.8%
agarose gels (20 £ 40 cm) by electrophoresis at 1.2 V cm21 for 40 h. The DNA was
transferred to nylon membranes using Southern blotting and hybridized with the
multilocus probe per27. The probe was radioactively labelled with [32P]dCTP by random
priming using the Prime-a-Gene labelling system (Promega).

Fingerprints were scored by standard methods28 by C.K. (Kentish plover) and D.B.
(common and western sandpiper). Scoring was done blind with respect to the tested
hypothesis. We also obtained an independent analysis by asking a colleague (J. T. Lifjeld,
Zoological Museum, University of Oslo, Norway) to score band-sharing26 between mates,
which he did without knowing whether their broods contained extra-pair young or not.
We excluded a tending parent as a genetic parent when chick fingerprints showed several
unattributable DNA fragments (novel bands) and low band-sharing with the parent in
question. Pooling the three species in our study, extra-pair chicks showed 4–17 novel
bands (6.9 ^ 1.0 (mean ^ s.e.m), n ¼ 11) and shared 14.0–27.8% of the bands with the
excluded parent (23.3 ^ 1.2, n ¼ 11). Band-sharing between non-excluded parents and
their offspring varied between 32.0 and 78.8% (mother-offspring, 51.5 ^ 0.6, n ¼ 271)
and between 31.3 and 74.5% (father-offspring, 52.0 ^ 0.6, n ¼ 271), respectively, with




