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High frequency of extra-pair copulation with low level of extra-pair
fertilization in the Lanyu scops owl Otus elegans botelensis
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The genetic mating system is known for only a few species of owls. Most of them are
genetically monogamous. The Lanyu scops owl Otus elegans botelensis breeds in high
density in the forests of Lanyu (Orchid Island), southeast of Taiwan. Because extra-pair
copulations (EPCs) have frequently been observed, we suspected a high degree of extra-
pair fertilizations (EPFs). Through intensive field observations we quantified both
within-pair and extra-pair copulations of this owl, and used a set of microsatellite loci
to assign the parentage of 200 offspring from 108 families collected between 1999 and
2004. Among copulations for which we could identify both participants, 19.77% were
EPC. However, no EPC was observed in the period just before egg laying. We found
only two cases of parentage mismatch among 108 broods. The first case was most likely
a case of brood usurpation, which would be the first case reported in the Strigidae. The
second case was an EPF resulting in one offspring. Our study found that parentage
mismatch in the Lanyu scops owls to be extremely low, therefore reproductive success
can be estimated accurately by simply counting chicks in nests.
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The application of molecular techniques to paternity
identification has shown extra-pair fertilization (EPF) to
be common (e.g., Hasselquist and Sherman 2001), even
though most birds are thought to be socially mono-
gamous (Lack 1968). Many hypotheses have been
proposed to explain the functions of EPF, including
the avoidance of inbreeding (Blomgqvist et al. 2002,
Hansson et al. 2004), the elevation of offspring fitness
(Jennions and Petrie 2000), and others (see review in
Griffith et al. 2002).

Although common among many species of birds, EPF
has previously been detected in only two of the six
species of owl studied genetically. In these studies
burrowing owls Athene cunicularia produced 5-10%
extra-pair young (Johnson 1993), and barn owls Tyto
alba 0.5% (Roulin et al. 2004); eastern screech owls Otus
asio (Lawless et al. 1997), long-eared owls Asio otus
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(Marks et al. 1999), little owls Athene noctua (Miiller
et al. 2001), and flammulated owls Otus flammeolus
(Arsenault et al. 2002) were genetically monogamous.
This could be a demonstration of the phylogenetic effect
(Arnold and Owens 2002), but it could also reflect the
poorly studied nature of owl genetic mating systems.
Lanyu scops owl Otus elegans botelensis is found in
subtropical evergreen broad-leaved forests on Lanyu
(Orchid Island, 22°N, 121°5" E). It breeds in natural
tree cavities (Severinghaus 1986), and its population
density in different parts of the island varies with the
number of cavities present (Severinghaus et al. 2000).
Each year, females begin laying eggs in late April,
however, copulations have been observed as early as
late November of the previous year (Severinghaus and
Philippart, unpublished data). Copulation is difficult to
quantify in most bird species. Lanyu scops owl males
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utter a special high-pitched call during copulation
(Severinghaus 1986), which makes it possible to record
the number of copulations each night. In this study, we
aim to quantify the frequency of EPC and EPF in the
population. We chose to study the genetic mating system
of the Lanyu scops owl for several reasons: (1) it is
socially monogamous but breeding densities are very
high in some locations. For example, in 1994, 16 owls
nested in an 1.2 ha area (calculated from Severinghaus
2000). (2) radio-tracking data have revealed that Lanyu
scops owls’ activity ranges overlap (Severinghaus 2000),
allowing females the opportunity to interact with males
other than their own mates. (3) extra-pair copulations
(EPC) have been observed (Severinghaus and Philippart
unpubl. data).

Materials and methods
Fieldwork

This study is part of an on-going research program that
was started in 1985 by the corresponding author. During
the past 20 years, a field team has conducted extensive
field surveys each year, attempting to trap and color-ring
as many adults and juveniles as possible. The field team
has monitored nest cavity use, supplemented by observa-
tions of pairing behavior such as food provisioning and
allopreening to identify breeding pairs. Lanyu scops owls
appear to be indifferent to the presence of field workers.
Because they are most active at 6—10 m above the
ground (Severinghaus et al. 2000), field workers are able
to read their color ring combinations through binoculars
with a moderately strong spotlight.

From 1999 to 2004, we collected blood samples from
each owl caught for DNA analysis, and quantified
copulation events. However, because of their nocturnal
habits, it was sometimes impossible to identify both
members of the copulating pair. In this report, we only
used records for which we saw both individuals clearly
and at least one of them was color marked. We
conducted paternity analyses only on those families for
which we collected DNA from both parents and at least
one offspring.

DNA extraction and microsatellite genotyping

From each bird captured, we collected about 20 pl of
blood by brachial venipuncture and preserved it in
Queen’s lysis buffer (Seutin et al. 1991). DNA was
extracted from blood using a method modified from
Gemmell and Akiyama (1996). In previous studies, we
identified 18 microsatellite loci for the Lanyu scops owl
(Hsu et al. 2003, 2005). All of these loci conform to
Hardy-Weinberg expectations, and no detectable linkage
disequilibrium was found among them. Herein, we used
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12 of them as genetic markers for parentage analysis and
heterozygosity estimation (locus names: Oe022, 0e029,
0e045, 0e053, 0e081, 0e085, Oel28, Oel29, Oel42,
0Oel49, Oel71, and Oe3-7). We used the polymerase
chain reaction (PCR) to amplify the microsatellites for
each individual. The forward primer of each locus was
labelled with HEX, FAM, or TAMRA fluorescent dye.
Detailed information about the primer sequences, repeat
motifs of the microsatellite loci, GenBank accession
numbers, and PCR protocols can be found in Hsu et al.
(2003, 2005). We conducted PCR using an iCycler
thermal cycler (Bio-Rad). The PCR products were
electrophoresed on a MegaBACE 1000 autosequencer
(Amersham Biosciences). We analyzed the sizes of the
alleles with Genetic Proflier 2.0 software (Amersham
Biosciences).

Parentage analysis

We assigned the parentage of an offspring to its social
parents when its microsatellite alleles matched those of
the breeding pair. For offspring whose genotype con-
tained at least two loci not matching the genotype of
their social parents, we used the CERVUS program
(Marshall et al. 1998) to identify the most-likely parents,
using all genotyped adults as potential candidates.

Results
Lanyu scops owl copulations

From 2000 to 2003, we counted 854 copulations between
January and June. More copulations took place in
March and April than the other months (on average
1.34 times and 1.45 times per hour of observation
respectively). Between 1999 and 2004, we observed 177
copulations for which we could identify both partici-
pants (95 females and 83 males). Among these, 35
(19.77%) were EPCs involving 25 females and 23 males
(Table 1). The general pattern of EPCs was for a male or
female to repeatedly copulate with the same extra-pair
partner in the same year, but often switch extra-pair
partners in different years. Sometimes both members of
a pair conducted EPCs in the same season. Yet when a
pair which had copulated with other owls switched mates
in a subsequent year, they often continue to copulate
with each other after each formed pairs with another
bird. For example, one female copulated with her ex-
mate while paired with a new male in 2001, she then
paired with a new male in 2002 while continuing to
copulate with her ex-mate of 2001. Only one female was
seen to copulate with two extra-pair males within the
same year.

All observed EPCs occurred early in the breeding
season, and the frequency of EPCs decreased with time
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Table 1. Number of copulations recorded in the Lanyu scops owl.

(A) By year

Year No. of copulations No. of WPCs* No. of EPCs**

1999 27 22 5

2000 50 39 11

2001 26 19 7

2002 26 24 2

2003 27 22 5

2004 21 16 5

Total 177 142 35

(B) By month

Month No. of copulations No. of WPCs No. of EPCs % of EPCs
December 2 0 2 100
January 14 4 10 71.43
February 35 20 15 42.86
March 42 35 7 16.67
April 38 38 0 0
May 29 29 0 0
June 16 16 0 0
July 1 0 1 100
August ~November 0 0 0 0
Total 177 142 35 19.77

* Within-pair copulations. ** Extra-pair copulations.

(Table 1). No EPCs were observed in April or May, the
period just before egg laying. Only one case was
observed in July. There was no difference in the
frequency of EPCs between study sites on Lanyu (o
test, P =0.83).

Paternity analysis

In total, we analyzed the microsatellite genotypes of 541
individual owls. These included the genotypes of both
parents and at least one offspring for 108 families (a
total of 308 individuals: 56 males, 52 females and 200
young). Twelve of the young (7 males and 5 females)
later bred as adults. Only five of the 108 families bred in
artificial nest boxes, the others bred in natural tree
cavities.

Forty-six of these families (42.59%) including 80
offspring came from the 2.15 ha high-breeding-density
study site described in Wu (2001). The average breeding
density in this region was 8.14+1.58 pair/ha/year
between 1999 and 2004. The remaining families were
collected from other study sites around the island.

We randomly selected 120 adults with unknown
relationships from the 541 owls, and using the CERVUS
program (Marshall et al. 1998) we calculated the power
to exclude a false parent when neither of the parents was
known. We found the exclusion power to be greater than
0.99.

Paternity analyses found that the genotypes of 179
offspring (89.5%) perfectly matched that of their social
parents across all loci. Eighteen offspring (9%) had
either one repeat unit longer or shorter than the allele of
their social parents in only one locus, and these 18 one-
locus mismatch events occurred in nine of the 12 loci. We
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found no adult whose genotypes perfectly matched those
of these 18 young. We thus regarded these mismatches as
caused by mutation and assigned the paternity of these
young to their social parents.

We identified three nestlings from two clutches as
being illegitimate. The first case involved two young
from a brood of four in cavity no. 24 in 1999. The
genotype profile of this family showed that only two of
the four juveniles were related to their social parents. The
female whose genotype matched those of the two
illegitimate offspring across all 12 microsatellite loci
was an owl that bred in a neighboring cavity (no. 25).
This potential genetic mother paired with a male and
successfully raised a young that year. We do not have any
DNA sample of her mate so we cannot be certain if he
sired the two illegitimate offspring. However, by com-
paring the genotype of this neighboring pair’s own
young with those of the two illegitimate offspring, we
cannot rule out the possibility that they were full
siblings. In fact, this neighboring pair had actually
bred in cavity no. 24 in 1998. At the date of banding,
the two illegitimate young in cavity no. 24 were heavier
than the two within-pair young (107 gand 103 gvs. 9 g
and 92 g). The young of cavity no. 25 fledged at least ten
days later than the two illegitimate young in cavity no.
24. This means that the two illegitimate young were the
oldest among the five owlets of cavity no. 24 and no. 25.

The second case occurred in 2001. The genotype
profile of the offspring matched that of its social mother,
but not that of its social father. Since our field crew
monitored this pair throughout the breeding season, we
are certain that the female did not change mates during
the breeding season. This indicated that this juvenile was
sired via EPF. After screening the genotypes of all birds
we collected, we found only one male whose genotype
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matched that of the juvenile across all 12 microsatellite
loci and could possibly be the genetic father of this
offspring. Although this male was not seen in 2001, it
had been seen near that nest cavity in 2000, and it had
bred in the same cavity with another female in 1999. It
seems possible that after losing its nest cavity, this male
extra-pair-copulated with the new female occupying this
cavity and produced an EPY.

Discussion

In this study, we discovered that Lanyu scops owls had a
high frequency of EPC (19.77%), but very low propor-
tion of EPF (0.5%), and are essentially genetically
monogamous. The situation of cavity no. 24 in 1999
suggests that two pairs of owls laid two eggs each in the
same cavity. Then one pair was either forced to leave or
left that cavity for unknown reasons, abandoning the
two eggs to the remaining pair, before producing another
brood in a neighboring cavity. The remaining pair
apparently adopted the two eggs and raised the sub-
sequent young to fledging, consequently this was not a
case of EPF.

The level of EPC in Lanyu scops owls is high
compared to the sole case reported for flammulated
owls (Reynolds 1990). The timing of EPCs in Lanyu
scops owls is quite different from the timing of EPCs in
most other bird species (Birkhead and Mpgller 1992).
Most Lanyu scops owls laid eggs in May (Severinghaus
unpubl. data) while none of the observed EPCs occurred
in the presumed female fertile period. It is possible that
we missed some EPCs because of the difficulties involved
in making observations at night, but it is highly unlikely
that we missed every one of them if they did occur in
April and May. Birds usually pursue EPCs for resource
and or genetic benefits (Birkhead and Meller 1992,
Ligon 1999), but these benefits do not seem to exist for
the Lanyu scops owl. These owls do not appear to
pursue EPC for genetic benefits, since no EPCs occurred
during the female’s fertile period. Male owls were not
observed to present food to females in exchange for
copulation. At present, we know of no other types of
resource benefits female owls could gain through EPC.
Given the fact that EPC did not occur just before egg-
laying period, the observed EPC behavior might serve a
different purpose other than pursuing EPF, such as
avoidance of aggression from other males (e.g. forced
EPC in Anas bahamensis, Sorenson 1994), or evaluation
of potential mates (e.g. in Haematopus ostralegus, Heg
et al. 1993).

The relationships between the occurrence of EPFs and
demographic factors in birds have been extensively
discussed (see Arnold and Owens 2002, Griffith et al.
2002, Westneat and Stewart 2003, Neudorf 2004).
Bennet and Owens (2002) claimed that a high rate of
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EPFs should be associated with little need for parental
care and low adult survivorship. Young Lanyu scops
owls rely entirely on parental provisioning even after
they fledge, and the survivorship of adult owls is as high
as 75% (Severinghaus and Rothery 2001). Our findings
are consistent with Bennet and Owens’ conclusions.

In the case of mixed parentage in one nest, we cannot
rule out the possibility of intraspecific brood parasitism
(ISBP). If it was a case of ISBP, it would be the first
record in owls. ISBPs are far less widespread than EPF
in birds. Bennet and Owens (2002) found no ISBP in
over 80% of bird species that were examined with
molecular techniques. Yom-Tov (2001) listed 234 species
of birds in which ISBP existed, but no owl was on that
list. We believe the mixed parentage we found was more
likely a case of usurpation, in which case the second pair
probably chased away the first pair and adopted the
eggs. Since 1985, we found four cases where two pairs of
owls nested in the same cavity (Severinghaus 1992,
unpubl. data). Unfortunately we do not have DNA
samples from these owls and their offspring to do genetic
analyses.

In conclusion, although the population had a high
frequency of EPCs, the low incidence of paternity
mismatches (1.5% of all offspring analyzed) suggested
that this owl was genetically monogamous. Thus field
monitoring alone is sufficient to provide a reliable
estimate of their individual breeding success.
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