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Unusually high levels of extrapair paternity



Owens 2002; Griffith et al. 2002). The universally low levels
of extrapair paternity observed so far among monogamous
duetting species have led some authors to speculate that males



et al. 2001) but had high allelic diversity in California
towhees (9 + alleles). DNA was extracted from blood
samples using DNeasy tissue kits (Qiagen) and amplified
with fluorescently labeled primers using polymerase chain
reaction. Amplified DNA samples were processed on an
ABI 3730 DNA analyzer, and genotypes were assigned
based on peak location. Paternity exclusion analyses were
performed by hand. The chicks were considered extrapair if
they had allelic mismatches with a social parent at two or
more microsatellite loci. All loci yielded clear peaks, but
Mme 8 had single base pair shifts, and parents and
offspring sometimes showed peaks that differed by a single
base pair. As a result of this, I conservatively did not
consider single base pair shifts as mismatches for Mme 8.
The program CERVUS (Marshall et al. 1998) was used to
test for null alleles, to calculate heterozygosity, to calculate
exclusion probabilities, and to test that loci Mme 1, Mme 2,
and Mme 8 were in Hardy-Weinberg equilibrium for the
entire population. The same tests were run in CERVUS for
males only at locus Mme 7 because it is Z-linked.

Results

Social mating system

California towhees displayed strong social monogamy both
within and across breeding seasons. I identified 44 pairs of
California towhees that inhabited the study site between 2002
and 2006. All the pairs were observed to duet. Among the
pairs from which both individuals were known to be alive in
subsequent seasons (N=20), the index of monogamy was
1.0. All the pairs from which both individuals survived over
multiple breeding seasons remained paired for all of those
seasons. This sample includes two pairs that bred together
during 4 years, and two additional pairs that bred together for
3 years. Thus, pairs remained together, jointly defended a
territory and jointly cared for offspring each year. Partner
turnover did occur between breeding seasons if one partner
disappeared from the study population. When a bird

disappeared, the surviving partner generally stayed on the
original territory and was joined by a new mate.

Only once did I observe a confirmed case of divorce
where both partners were seen alive, but not breeding
together after they had done so previously. In this instance,
a breeding female (A) was usurped by a neighboring female
(B) who moved into female A’s territory while female A,
and her mate had chicks in the nest. The male continued to
feed his small chicks, but both he and female B would
chase female A from the territory when she tried to
approach. The male immediately began to perform pair
behaviors, including vocal duetting with female B. Soon
after re-pairing, his original nest failed, and female B laid a
new nest on the territory which also subsequently failed,
apparently due to predation. Interestingly, after this brief
period of divorce in one season, the male reunited with
female A to breed together in the following season, and
female B was not seen again. Therefore, this case of divorce
did not affect the index of monogamy as calculated above.

I observed no evidence of polygyny, polyandry, or
cooperative breeding. I also never observed an extrapair
copulation, despite observing 19 within-pair copulations
from six different pairs over the five seasons.

Genetic mating system

All four microsatellite loci were in Hardy-Weinberg
equilibrium and had an average heterozygosity of 0.86
(Table 1). Null allele probabilities were ≤0.01. The four
microsatellite loci had a mean of 14.25 alleles/locus. The
combined exclusionary power of all four loci when the
mother’s identity was known was 0.99. Leaving out locus
Mme 8 because some alleles sometimes appeared shifted by
a single base pair, the combined exclusionary power of the
other three loci when the mother’s identity was known was
0.95 (Table 1).

All putative offspring matched maternal alleles at every
locus, but 21 of 81 (26%) chicks showed allelic mismatches
to social fathers. All chicks that showed mismatches to
social fathers did so at two or more loci, with the average

Table 1 Population genetic statistics for four microsatellite loci in 31 social families of California towhees sampled in Carmel Valley, California,
USA, between 2002 and 2006

Locus Number of
individuals

Number
of alleles

Observed
heterozygosity

Expected
heterozygosity

Estimated frequency
of null alleles

Exclusionary power
with mother known

Mme 1 122 9 0.81 0.76 −0.031 0.560
Mme 2 122 12 0.91 0.85 −0.037 0.709
Mme 7 65 11 0.86 0.81 −0.039 0.619
Mme 8 122 23a 0.87 0.88a 0.011 0.791a

Summary statistics were calculated for all individuals at loci Mme 1, Mme 2 and Mme 8, but only for males at locus Mme 7 because it is Z-linked
a Mme 8 alleles sometimes exhibited single base pair shifts, so the number of alleles, expected heterozygosity and exclusionary power with a
known mother may be over-estimates
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that males remain socially committed. This might be the
case if males are unable to assess paternity, or if other
mechanisms, such as population demographic characters,
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