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Most bird species are characterized as monogamous 
(Lack 1968, McKinney et al. 1984). However, recent 
research using genetic techniques has shown that so- 
cial monogamy does not necessarily imply genetic 
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monogamy. Although monogamous relationships in- 
volve social associations and often parental care shared 
by a male and female, they do not necessarily reflect 
the genetic contributions of attending adults to future 
generations (Davies 1991). Extrapair copulation (Mc- 
Kinney et al. 1984) and intraspecific brood parasitism 
(Yom-Tov 1980) cause discrepancies between appar- 
ent and realized reproductive success that are com- 
monly missed in field observations. 

Extrapair paternity is common in some species of 
socially monogamous birds (e.g.Westneat 1990, Ya- 
magishi et al. 1992, Lifjeld et al. 1993), but uncommon 
in others (e.g. Burke et al. 1989, 1990; Decker et al. 
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1993). Intraspecific brood parasitism (or egg-dump- 
ing) also is common in some socially monogamous 
species (e.g. Gowaty and Karlin 1984, Price et aL 1989). 
Detecting extrapair fertilization and intraspecific 
brood parasitism through parentage analyses is useful 
for characterizing the mating systems and for im- 
proving our knowledge of the biology of each species. 
This is not only of fundamental interest, but is im- 
portant in the conservation of rare species. This study 
used minisatellite DNA profiling (Jeffreys et al. 1985a, 
b) to assess parentage among nuclear families of two 
island populations of New Zealand Robins (North 
Island, Petroica australis longipes; South Island, P. a. 
australis). New Zealand Robins are regionally threat- 
ened (Bell 1986), and both populations have been 
established by translocation. 

New Zealand Robins are small insectivorous pas- 
serines considered to have a monogamous mating sys- 
tem (Oliver 1930; Fleming 1950a, b; Soper 1972; 
Powlesland 1983; Flack 1985). Despite strong terri- 
toriality, established adults are reported to move 
through other territories when foraging (Oliver 1930, 
Flack 1979). Therefore, the potential for extrapair cop- 
ulation or intraspecific brood parasitism exists. In ad- 
dition, occasional polygamous mating relationships 
have been recorded for the closely related Chatham 
Island Black Robin (Petroica traversi; Butler and Mer- 
ton 1992). In general, however, socially monogamous 
robin pairs tend to stay close together (particularly 
during the prelaying period), and aggression is high, 
suggesting that the likelihood of frequent extrapair 
copulation and intraspecific brood parasitism is low. 

Studies of different populations are a priority for 
research into avian mating systems (e.g. Westneat et 
al. 1990) because of the potential for identifying the 
factors influencing mating patterns under different 
circumstances. Both population density and sex ratios 
may affect the likelihood of extrapair copulations 
(Trivers et al. 1972, Westneat et al. 1990). If extrapair 
copulation typically occurs in a species, increased fre- 
quencies of this behavior might be expected in pop- 
ulations with higher densities, because paired indi- 
viduals are more likely to encounter other birds. A 
higher frequency of extrapair copulations and extra- 
pair fertilizations also may be expected if there is a 
male-biased sex ratio. 

Differences in population densities and sex ratios 
between newly established populations of North Is- 
land and South Island robins facilitated a test of the 

influence of these factors on the mating system of the 
species. Population density was higher in the South 
Island population. Although sex ratios were male bi- 
ased in both populations, the bias was considerably 
greater in the North Island population. 

Materials and methods.--Parentage was studied in 
families of South Island robins on Motuara Island, 

and North Island robins on Tiritiri Matangi Island. 
The Motuara Island population (currently ca. 150 pairs; 
Maloney 1991) was established from five birds trans- 
located from Nukuwaiata Island (also located at the 
northern tip of the South Island) in 1973 (Flack 1974). 

The Tiritiri Matangi Island population was newly es- 
tablished at the time of sampling and had 31 to 35 
birds at the start of the three breeding seasons during 
our study. The birds were translocated from a large 
population near Rotorua in the central North Island 
(Armstrong 1995), from which 44 birds were taken 
in April 1992 and 14 birds in June 1993. All samples 
came from these birds and their descendants. Robin 

densities during the seasons studied were about 1.5 
birds/ha on Tiritiri Matangi (Armstrong unpubl. data) 
and about 6 birds/ha on Motuara (Maloney 1991). 
Although the sex ratio was slightly male biased on 
Motuara (Maloney 1991), it was more heavily biased 
towards males in the North Island robin population 
(77% males in the 1992 breeding season, 63% males 
in 1993, and 60% males 1994). The strong initial male 
bias resulted from the composition of the 1992 trans- 
location (about two-thirds males), followed by higher 
mortality in females (Armstrong 1995). 

Blood was obtained from South Island robin fam- 

ilies in the 1992/93 breeding season (October 1992 to 
January 1993). North Island robins were sampled in 
the 1992/93, 1993/94, and 1994/95 breeding seasons. 
Twenty-one South Island and 16 North Island robin 
families were sampled, each comprising two putative 
parents and from one to three chicks (South Island, 
33 chicks; North Island, 29 chicks). Putative parentage 
was assigned on the basis of paired adults feeding 
and brooding nestlings and provisioning fledglings. 
All pairs observed were socially monogamous (al- 
though opportunities for extrapair copulations ap- 
peared to 'exist). 

Adults were caught using clap traps and hand nets, 
and chicks were either taken from the nest before 

fledging or caught with hand nets after fledging. Blood 
samples were collected as detailed in Ardern et al. 
(1994) and stored in liquid nitrogen for up to three 
weeks before being transported to the laboratory and 
subsequently held at -80øC. 

A pilot trial assessing different enzyme-probe com- 
binations is recommended for parentage analyses of 
each new species (Hanotte et al. 1992). Results of pre- 
liminary work (Ardern and Lambert unpubl. data) 
indicated that an optimal resolution of New Zealand 
Robin DNA fragments was achieved with HaeIII di- 
gests in combination with probes 33.15 and 33.6 (Jef- 
freys et al. 1985a). 

Total genomic DNA was extracted according to Ar- 
dern et al. (1997). DNA digestion, electrophoresis, 
Southern blotting, hybridization, and autoradiogra- 
phy were performed following the methods of Millar 
et al. (1992). Maternity and paternity was assigned by 
band matching, identification of unattributable frag- 
ments, and calculation of band-sharing coefficients 
between offspring and their putative parents (West- 
neat 1990, Decker et al. 1993, Graves et al. 1993). Band- 
sharing distributions were constructed for dyads of 
chicks with parental males and females, and chicks 
with unrelated males and females. Comparisons were 
restricted to individuals separated by six lanes or less 
on the same gel. 
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Fig. 1. Minisatellite DNA profiles of individuals from a North and a South Island robin family produced 
by hybridization of minisatellite probes 33.15 and 33.6 to HaeIII-digested DNA. 

The statistical significance of differences between 
numbers of fragments scored in males and females, 
and differences between expected and observed num- 
bers of fragments shared between chicks and parents 
were tested using unpaired t-tests. Paired t-tests were 
used to test for differences in band-sharing (propor- 
tion of bands shared) between chick-female parent 
and chick-male parent dyads. A significance level of 
P < 0.05 was used in all statistical tests. 

Results.--Complex and individual-specific minisat- 
ellite DNA profiles were produced by hybridization 
of both DNA probes (33.15, 33.6) to HaeIII-digested 
North and South Island robin DNA (Fig. 1). Fewer 
fragments were detected with 33.15 above 8kb. There- 
fore, the degree of overlap between the two probes 
was low in the regions scored (proportion of frag- 
ments scored that were detected with both probes: 
South Island, ß = 0.01 _+ SD of 0.02, n = 17; North 
Island, ß = 0.02 ñ 0.03, n = 15). 

Molecular weight range, number of fragments 
scored, and background band-sharing coefficients (see 
Table 1) generally were typical of measures reported 
for other species of birds (e.g. Burke and Bruford 1987, 
Lambert and Millar 1995). However, it should be not- 
ed that the background band-sharing was higher 
among South Island robins (0.43 ñ 0.09, n = 32; com- 
bined probe results) than among North Island robins 
(0.20 + 0.07, n = 27). 

For the North Island population, putative parent- 
age was confirmed in band-matching analyses for all 
16 families (29 chicks; lower confidence limit = 0.83). 
Taking each family as a replicate, this means that we 
are 95% confident that at least 83% of the broods in 

the population had no extrapair genetic contribution. 
The mean proportions of bands shared between chicks 
and male and female parents were 0.592 ñ 0.079, (n 
= 29) and 0.6 ñ 0.068 (n = 29), respectively. These 
proportions derived from an observed 19.8 ñ 3.1 frag- 
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T^SI, E 1. Molecular weight range scored (kb), number of bands (œ + SD), and band-sharing coefficients (• 
+ SD) among apparently unrelated adult New Zealand Robins (North Island and South Island) for DNA 
profiles produced by hybridization of HaelII-digested DNA with probes 33.15, 33.6, and both probes com- 
bined (numbers of individuals in parentheses). 

Probes 

33.15 33.6 33.15/33.6 

North Island (Tiritiri Matangi Island) 
Molecular weight range > 3 > 8 > 3 ! > 8 
No. of bands 24.5 + 3.3 (15) 10.4 + 2.2 (15) 34.9 + 4.38 (15) 
Proportion bands shared a 0.21 + 0.07 (27) 0.18 + 0.12 (27) 0.20 + 0.07 (27) 

South Island (Motuara Island) 

Molecular weight range > 3 > 8 > 3 / > 8 
No. of bands 26.9 + 3.3 (17) 9.9 + 2.3 (17) 37.0 + 4.6 (17) 
Proportion bands shared a 0.44 + 0.11 (32) 0.41 + 0.16 (32) 0.43 + 0.09 (32) 

ß Band-sharing calculated according to Wetton et al. (1987). Bands were considered shared if they differed no more than two-fold in intensity 
and if their centers were -<0.5 mm apart (Bruford et al. 1992). 

ments shared with males and 18.8 + 3.5 fragments 
shared with females, neither of which differed sig- 
nificantly from the expected 20.3 fragments (P < 0.1, 
male and female parents). 

For the South Island population, we found no ev- 
idence of extrapair genetic contribution in all 21 fam- 
ilies (corresponding to 95% confidence that at least 
87% of broods in the population had no extrapair 
contribution). However, our interpretation is more 
complex for this population due to DNA degradation 
and mutation (see below). For 28 of the 33 chicks 
(representing all 21 families), all fragments could be 
attributed to one or the other putative parent. For 
these 28 chicks, we produced band-sharing coeffi- 
cients between offspring-male and offspring-female 
dyads (Fig. 2; similar results for North Island robins 
were obtained, data not shown). The mean propor- 
tions of fragments shared between chicks with male 
and female parents were 0.68 + 0.07 (n = 28) and 0.72 
+ 0.06 (n = 28), respectively (the latter higher than 
the expected value of 0.69). The difference between 
band-sharing coefficients for chicks paired with each 
parent was small, but approached significance (0.04 
+ 0.05, P = 0.065). Observed numbers of fragments 
shared between offspring and parents were 25.9 + 
4.7 (male parents), and 28.3 + 4.9 (female parents). 
Only the number of fragments shared between chicks 
and female parents differed significantly from the 
expected 25.4 fragments (P < 0.1 males; P < 0.005 
females). These results suggested that some degree of 
sex-linkage is present in the form of Z-linked alleles 
in females (females being the heterogametic sex [Bloom 
1974]). The range of values was greater for chick-male 
parent dyads, also suggesting possible sex-linkage as 
seen in the likely instance of sex-linkage among House 
Sparrows (Passer domesticus; Wetton et al. 1992). On 
average, a larger number of fragments was scored in 
females, but the difference between the sexes was not 

significant (P = 0.194). 
Unattributable fragments were identified in five 

South Island robin chicks. The combined DNA profile 
(33.15/33.6) of one South Island chick contained five 
unattributable fragments, whereas the other four pro- 
files contained only a single mismatched band. Sev- 
eral possible explanations exist for the occurrence of 
these mismatching fragments. Unattributable bands 
could be artifacts resulting from laboratory error in 
sample processing, incomplete digestion or sample 
degradation, or real effects of a mutation or mis-as- 
signed putative parentage. To check for artifacts, a 
second DNA profile was produced from newly ex- 
tracted DNA for this individual. The second profile 
indicated DNA degradation that appeared to have 
increased since the original extraction. We therefore 
could not confirm parentage exclusion, and this chick 
was excluded in subsequent analyses. 

Because of the high mutation rates recorded for 
minisatellite regions in other avian species (typically 
ranging between 10 -2 [Westneat 1990] and 10 -4 [Burke 
et al. 1989]), a number of mutant bands could be ex- 
pected in any large study. To determine whether the 
single mismatching fragments in the remaining four 
robins were likely to be the result of mis-assigned 
parentage or of mutation, band-sharing coefficients 
between the offspring and each putative parent were 
examined. All band-sharing coefficients between pu- 
tative parents and chicks fell outside the range ob- 
served for chicks paired with non-relatives, and with- 
in the parent-offspring range (range 0.58-0.78 for 
males and 0.75-0.82 for females). Therefore, these 
fragments probably arose through mutation events. 
Actual mutation rates for North and South island rob- 

in populations, respectively, were calculated as 7.716 
x 10 -4 (1 / 1,296) and 3.273 x 10 -3 (4/1,222) mutations 
per locus per generation. 

After consideration of all the factors that can influ- 

ence the possibility of mis-assigning parentage, it is 
reasonable to conclude that these data provide genetic 
evidence to confirm putative parentage among all 
robin families. No instances of extrapair fertilization 
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Fig. 2. Band-sharing distributions of South Island 
robin chicks with related and unrelated adults (upper, 
chicks paired with females; lower, chicks paired with 
males). Ranges of band-sharing values for the two 
groups are indicated at the top of each figure. 

or intraspecific brood parasitism were identified, in- 
dicating social and sexual monogamy among all of 
the pairs we studied. 

Discussion.--The parentage analyses presented here 
indicate that extrapair fertilizations do not appear to 
be common in New Zealand Robins. That is, social 

monogamy appears to be concordant with sexual mo- 
nogamy. Intraspecific brood parasitism also appears 
to be uncommon. Field estimates of apparent repro- 
ductive success are therefore likely to reflect realized 
reproductive success accurately. This result was un- 
affected by differences between populations in den- 
sity and sex ratios and also was unaffected by differ- 
ences in the level of minisatellite DNA variation be- 

tween the two populations. 

Confirmation of putative maternity based on nest 
attendance suggests that egg dumping does not com- 
monly occur among New Zealand Robins and that 
extrapair copulations are rare or extrapair matings are 
unsuccessful at achieving fertilizations. Even in cases 
where extensive field data on copulatory behavior are 
available, the relationship between extrapair copu- 
lations and extrapair fertilizations is not necessarily 
predictable (e.g. Lambert et al. 1994). Extrapair fer- 
tilizations appear to be common in some species in 
which no extrapair copulations have been observed 
(e.g. Yamagishi et al. 1992, Lifjeld et al. 1993). In con- 
trast, observed extrapair copulations apparently have 
little or no genetic effect in other species (Gyllensten 
et al. 1990). 

Aggression is a possible factor contributing to the 
maintenance of sexual monogamy in New Zealand 
Robins. Adult robins are fiercely territorial and dis- 
play high levels of aggression towards intruders. Both 
sexes chase trespassing birds from their territories 
(Oliver 1930). They are rarely aggressive towards 
neighbors once territories are established (Armstrong 
1995), but resident males will attack neighboring males 
that exhibit courtship behavior to the resident female 
(Armstrong pers. obs.). Also, in the closely related 
Chatham Island Black Robin, adult males sometimes 

evict females rather than attempt extrapair copula- 
tions (Butler and Merton 1992). Female-female ag- 
gression also may be important in the maintenance 
of sexual monogamy among New Zealand Robins. 
However, aggression in others species does not pro- 
hibit extrapair paternity. 

The prevalence of sexual monogamy among New 
Zealand Robins has several implications for future 
research and conservation of this species. For exam- 
ple, biologists can now monitor levels of inbreeding 
in small populations based on nesting data alone, as 
is being done with the Tiritiri Matangi population. 
In addition, for future translocations, it will be pos- 
sible to select individuals either closely or distantly 
related according to field observations alone, and to 
assess genetic contributions of founding individuals 
with a high degree of confidence. 

In conclusion, sexual monogamy appears to pre- 
dominate among breeding pairs of the socially mo- 
nogamous New Zealand Robin. Aggression may be 
an important factor contributing to the occurrence of 
the socially and sexually monogamous breeding sys- 
tem in this species. 

Acknowledgments.--This research was supported by 
funding from Massey University; by an Auckland 
University Research Committee grant to D.M.L. and 
S.L.A.; and by a Lottery Science Research grant to 
D.P.A., John Craig, and S.L.A. We also thank the New 
Zealand Department of Conservation for permission 
to conduct field work in nature reserves with pro- 
tected wildlife. All animals were bled in accordance 

with Animal Ethics permit no. 270 issued to D. M. 
Lambert. 



January 1997] Short Communications and Commentaries 125 

LITERATURE CITED 

ARDERN, S. L., D. M. LAMBERT, A. G. RODRICO, AND I. 

G. McLEAN. 1997. The effects of population bot- 
tlenecks on multilocus DNA variation in robins. 

Journal of Heredity 88: in press. 
ARDERN, S. L., I. G. MCLEAN, S. ANDERSON, R. MALONEY, 

AND D. M. LAMBERT. 1994. The effects of blood 

sampling on the behavior and survival of the 
endangered Chatham Island Black Robin (Petroi- 
ca traversi). Conservation Biology 8:857-862. 

ARMSTRONG, D.P. 1995. Does familiarity affect be- 
havioral interactions following translocation? A 
test using New Zealand robins. Biological Con- 
servation 71:281-288. 

BELL, B. D. 1986. The conservation status of New 
Zealand wildlife. New Zealand Wildlife Service 

Occasional Publication No. 12:1-103. 

BIRKHEAD, T. R., T. BUmCE, R. ZANN, F. M. HUNTER, 

AND A. P. KRUPA. 1990. Extra-pair paternity and 
intraspecific brood parasitism in wild Zebra 
Finches Taeniopygia guttata, revealed by DNA fin- 
gerprinting. Behavioral Ecology and Sociobiol- 
ogy 27:315-324. 

BLOOM, S. E. 1974. Current knowledge about the 
avian W chromosome. BioScience 24:340-344. 

BRUFORD, M. W., O. HANOTTE, J. F. Y. BROOKFIELD, AND 
T. BURKE. 1992. Single-locus and multi-locus 
DNA fingerprinting. Pages 225-269 in Molecular 
genetic analysis of populations: A practical ap- 
proach.(A. R. Hoelzel, Ed.). IRL Press, Oxford. 

BURKE, T., AND M. W. BRUFORD. 1987. DNA finger- 
printing in birds. Nature 327:149-152. 

BURKE, T., N. B. DAVIES, M. W. BRUFORD, AND B. J. 
HATCHWELL. 1989. Parental care and mating be- 
havior of polyandrous Dunnocks Prunella modu- 
laris related to paternity by DNA fingerprinting. 
Nature 338:249-251. 

BUTLER, D., AND D. MERTON. 1992. The Black Robin: 

Saving the world's most endangered bird. Oxford 
University Press, Auckland, New Zealand. 

DAVIES, N. B. 1991. Mating systems. Pages 263-300 
in Behavioural ecology: An evolutionary ap- 
proach, 3rd ed. (J. R. Krebs and N. B. Davies, Eds.). ' 
Blackwell Scientific Publications, Oxford. 

DECKER, M. D., P. G. PARKER, D. J. MINCHELLA, AND K. 
N. RABENOLD. 1993. Monogamy in Black Vul- 
tures: Genetic evidence from DNA fingerprint- 
ing. Behavioral Ecology 4:29-35. 

FLACK, J. A.D. 1974. Chatham Island Black Robin. 
Wildlife-A Review New Zealand Wildlife Ser- 

vice 5:25-34. 

FLACK, J. A.D. 1979. Biology and ecology of the 
South Island Robin. Pages 22-26 in Ecology of 
Kowhai Bush, Kaikoura (D. M. Hunt and B. J. 
Gill, Eds.). Mauri Ora 2 (Special Publication), 
University of Canterbury Biological Society, 
Christchurch, New Zealand. 

FLACK, J. A.D. 1985. Robin. Pages 282-283 in Read- 
er's Digest complete book of New Zealand birds. 
Reed Methuen, Sydney. 

FLEMING, C. A. 1950a. New Zealand flycatchers of 
the genus Petroica Swainson. I. Transactions of 
the Royal Society of New Zealand 78:14-57. 

FLEMING, C. A. 1950b. New Zealand flycatchers of 
the genus Petroica Swainson. II. Transactions of 
the Royal Society of New Zealand 78:127-257. 

GOWATY, P. A., AND A. A. KARLIN. 1984. Multiple 
maternity and paternity in single broods of ap- 
parently monogamous Eastern Bluebirds (Sialia 
sialis). Behavioral Ecology and Sociobiology 15: 
91-95. 

GRAVES, J., J. ORTEGA-RUANO, AND P. J. B. SLATER. 1993. 
Extra-pair copulations and paternity in Shags: Do 
females choose better males? Proceedings of the 
Royal Society of London Series B 253:3-7. 

GYLLENSTEN, U. B., S. JAKOBSSON, AND H. TEMRIN. 1990. 
No evidence for illegitimate young in monoga- 
mous and polygynous warblers. Nature 343:168- 
170. 

HANOTTE, O., M. W. BRUFORD, AND T. BURKE. 1992. 

Multilocus DNA fingerprints in gallinaceous 
birds: General approach and problems. Heredity 
68:481-494 

J•FREYS, A. J., WILSON, V., AND TnEIN, S. L. 1985a. 
Hypervariable minisatellite regions in human 
DNA. Nature 314:67-73. 

JEFEREYS, A. J., V. WILSON, AND S. L. THE•N. 1985b. 
Individual-specific fingerprints of human DNA. 
Nature 316:76-79. 

LACK, D. 1968. Ecological adaptations for breeding 
in birds. Methuen, London. 

LAMBERT, D. M., AND C. D. MILLAR. 1995. DNA Sci- 
ence and Conservation. Pacific Conservation Bi- 

ology 2:21-38. 
LAMBERT, D. M, C. D. MILLAR, K. JACK, S. ANDERSON, 

AND J. L. CP, mG. 1994. Single- and multilocus 
DNA fingerprinting of communally breeding 
Pukeko: Do copulations or dominance ensure re- 
productive success? Proceedings of the National 
Academy of Sciences USA 91:9641-9645. 

LIFJELD, J. T., P.O. DUNN, R. J. ROBERTSON, AND P. T. 
BOAG. 1993. Extra-pair paternity in monoga- 
mous Tree Swallows. Animal Behaviour 45:213- 

229. 

MALONEY, R. F. 1991. Enemy recognition and re- 
sponse in New Zealand Robins. M.S. thesis, Uni- 
versity of Canterbury, Christchurch, New Zea- 
land. 

MCKINNEY, F., K. M. CHENG, AND D. J. BRUGGERS. 1984. 
Sperm competition in apparently monogamous 
birds. Pages 523-545 in Sperm competition and 
the evolution of animal mating systems (R. Smith, 
Ed.). Academic Press, New York. 

MILLAR, C. D., D. M. LAMBERT, A. R. BELLAMY, P.M. 

STAPLETON, AND E. C. YOUNG. 1992. Sex-specific 
restriction fragments and sex ratios revealed by 



126 Short Communications and Commentaries [Auk, Vol. 114 

DNA fingerpinting in the Brown Skua. Journal 
of Heredity. 83:350-355. 

OLIVœR, W. R.B. 1930. New Zealand birds. A.W. and 
A.H. Reed, Wellington, New Zealand. 

POWLESLAND, R.G. 1983. Breeding and mortality of 
the South Island Robin in Kowhai Bush, Kai- 
koura. Notornis 30:265-282. 

PRICE, D. K., G. E. COLLIER, AND C. F. THOMPSON. 1989. 

Multiple parentage in broods of House Wrens: 
Genetic evidence. Journal of Heredity 80:1-5. 

SOPER, M.F. 1972. New Zealand birds. Whitcombe 
and Tombs, Christchurch, New Zealand. 

TPaVEP, S, R. L. 1972. Parental investment and sexual 
selection. Pages 136-179 in Sexual selection and 
the descent of man (B. Campbell, Ed.). Heine- 
mann, London. 

WEStNFAT, D.F. 1990. Genetic parentage in the In- 
digo Bunting: A study using DNA fingerprint- 
ing. Behavioral Ecology and Sociobiology 27:67- 
76. 

WESTNEAT, D.F., P. W. SHERMAN, AND M. L. MORTON. 

1990. The ecology and evolution of extra-pair 
copulations in birds. Current Ornithology 7:331- 
369. 

WETTON J. H., R. E. CARTER, D. T. PAmaN, AND D. 
WALTER. 1987. Demographic study of a wild 
House Sparrow population using DNA finger- 
printing. Nature 327:147-149. 

WETTON, J. H., D. T. PARKIN, AND R. E. CARTER. 1992. 

The use of genetic markers for parentage analysis 
in Passer domesticus (House Sparrows). Heredity 
69:243-254. 

YAMAGISHI, S., I. J. NISHIUMI, AND C. SHIMODA. 1992. 
Extra-pair fertilization in monogamous Bull- 
headed Shrikes revealed by DNA fingerprinting. 
Auk 109:711-721. 

YoM-Tov, Y. 1980. Intraspecific nest parasitism in 
birds. Biological Reviews of the Cambridge 
Philosophical Society 55:93-108. 

Received 12 March 1996, accepted 12 September 1996. 
Associate Editor: T. E. Martin 

The Auk 114(1):126-129, 1997 

Skin From Feet of Museum Specimens as a Non-destructive 
Source of DNA for Avian Genotyping 
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The advent of the polymerase chain reaction (PCR) 
has revolutionized sampling possibilities in avian ge- 
netic studies. With PCR, many genetic markers of 
interest can be amplified from samples such as single 
feathers (Woodruff 1990, Taberlet and Bouvet 1991, 
Morin et al. 1994, Srikwan and Woodruff 1996) and 
museum bird specimens (Cooper et al. 1992), which 
contain minute quantities of DNA and/or highly de- 
graded DNA. The potential of using museum speci- 
mens in particular has opened up new avenues for 
phylogenetic and population genetic research in birds, 
which are only just beginning to be exploited (Smith 
et al. 1991, Cooper et al. 1992, Cooper 1994, Morin 
and Woodruff 1996). Museum collections are now seen 
as valuable repositories of genetic material (Graves 
and Braun 1992), and requests to curators for the use 
of museum specimens for genetic research are grow- 
ing. However, obtaining a sample for genetic analysis 
from a museum skin necessarily involves removing 

E-mail: mundy@jeeves.ucsd.edu 

part of the specimen, and there is great concern that 
damage to specimens be kept to a minimum. Previous 
authors have described the use of small pieces of skin 
from the body (Smith et al. 1991); single remiges or 
rectrices (Ellegren 1991, Leeton et al. 1993); or pieces 
of muscle, tendon, and bone (Cooper et al. 1992). 
Here, we report on the use of small pieces of skin 
from the soles of the feet of museum specimens used 
in the context of a population genetics study of the 
Loggerhead Shrike (Lanius ludovicianus). Because the 
sole of the foot has not to our knowledge been used 
as a taxonomic character in birds, the damage done 
to the specimens for future research is negligible. 
Furthermore, because we successfully analyzed sin- 
gle-locus nuclear markers (microsatellites) with these 
samples, few genetic questions exist that cannot be 
resolved with this tissue. 

Methods.--With a sterile scalpel blade, pieces of 
skin approximately 1.5 x 1.5 x 3 mm were cut from 
the ventral side of the proximal phalanx of the first 
digit of the feet from 19 specimens of the San Cle- 
mente Loggerhead Shrike (L. ludovicianus mearnsi) that 


