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also reports of dead or injured birds as results of
fights with other Bitterns (Percy 1932). L. Broberg
has studied Bitternsduring 50 years at Soderfjarden
and at this site aggressive behaviour has been very
rare. According to Broberg second year males are
tolerated within the territory of abreeding male.

My first observationwasmost likely afight between
two mal essince both birdswere of the samesizeand
the attacks very aggressive. The second observation
may have involved a male and a female since the
birds were much different in size. But if so, this
observationisnot inlinewith Percy’s statement that
only territorial malesfight each other. Sincethereis
considerable size variation among males, it ishence
likely that the second chase al soinvolved two males.

Thefact that | saw two fightsin 2000 but nonein
any previous year is probably explained by the
higher number of individuals at the locality in this
year. The locality is probably not very good for the
Bittern sinceonly onemalehasbeenrecordedinany
year before, and hence the competition for a good
territory may have been particularly strong. Thetwo
observations of Bitterns passing over also indicate
that the number of birds searching aterritory inthis
year may have been unusually large.

Svante Soderholm, Narvavagen4, 11523 Stockholm
e-mail: svante.soder holm@hem-pc.bip.net
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Inmany species, someindividualsmay singthesong
of other, often closely related, speciesin additionto
the speciestypical song. Thisphenomenonisknown
as mixed singing (Helb et al. 1985) and has been
observedin primarily oscinepasserines, thegroup of
birdsinwhichlearning constitutesanimportant part
of song development (Kroodsma 1982). When the
two songsthat aremixed comefrommorphologically
similar species, such as the treecreepers (Certhia
familiaris and C. brachydactyla) or Phylloscopus
warblers(e.g. P. collybitaand P. trochilus), itisoften
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not clear whether themixed singer isapuregenotype
of one of thetaxathat al so expresses the song of the
other species, or whether the mixed singer is a
genetic hybrid (Helb et a. 1985). Here we report a
Phylloscopus warbler singing the typical song of
both Chiffchaffs and Willow Warblers, and demon-
strate that the specimen was a pure Chiffchaff based
on both mitochondrial DNA (mtDNA) and nuclear
genesequencedata. Thisisthefirst timethe species
status of amixed singer has been genetically deter-
mined.

The specimen was observed singing on 8 and 9
July 2000 at L undssewagefarmat Vv épinge(13°10°
E, 55"40° N). During aone hour visit in the evening
of 8 July, it was singing intensively from a dense
shrubbery (privet Ligustrumsp., hawthorn Crataegus
sp.) with a few larger trees (elm Ulmus glabra,
chestnut Aescul ushippocastanum). M ost song bouts
consisted of varying number of chiffchaff-typeunits
followed by a willow warbler song followed by
another seriesof chiffchaff-typeunits. Sometimes, it
sang only willow warbler songsand whendoingthis,
the song strophes appeared to be interrupted
prematurely and werethenimmediately followed by
new song stropheswithout notabl epauses. For certain
periods it kept to Chiffchaff songs, and sometimes
gavelongseriesof the“tett tett” syllableswithwhich
Chiffchaffsnormally initiatetheir songbouts. During
theeveningof 9July, thebird sangahigher proportion
Chiffchaff song than the perviousevening, although
it had periodswhen it frequently mixed between the
song of the two species. The song was recorded
using aparabolic microphoneand aminidiscrecorder.
A selected sonogram of a song which started with
Chiffchaff types” tett-tett chiff-chaff”, followed by a
willow warbler song and then eight more " chiff-
chaff” syllables,isgiveninFigurel. Four recordings
(13-84 seconds long) from atotal recording of nine
minutescanbefoundat http://user.tninet.se/~mwe231t/
phcol/.

After recording the song of the bird, it was lured
into amist-net using song play-back of itsown song.
The bird appeared to be a typical Chiffchaff in
heavily worn plumage, with the following measure-
ments (following Svensson 1992): wing length 61
mm, tip of 2" P equal to 5" P, 4" P longest with 3
and 5" just slightly shorter, outer web of 39, 4, 50
and 6"Pemarginated, 1% P5 mmlonger than longest
PC. The short and rounded wing, and emarginated
6" primary are characters that are typical of
Chiffchaffsandfall outsidethe observed variationin
willow warblers (Svensson 1992). The breast and
belly had aclear yellowishtingeindicating subspecies
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Figure 1. Sonogram of six secondsof continuoussong of the mixed singing Chiffchaff. Theimagewasproduced with aresolution

of 195 Hz and 5.1 ms, filtering off sounds below 2.2 KHz.

Sonogram visande sex sekunders sang av den blandsjungande gransangaren.

collybita (Svensson 1992). The bird was apparently
oneyear old (2K) based onfresh central tail feathers
contrasting with worn outer ones (Svensson 1992).
The outermost tail feathers were collected for DNA
analysis.

Toextract DNA, about 5mm of the base of onetail
feather was placed in 100 pl Lysis buffer and 3 pl
proteinaseK at 55°Cfor threehours. Thesupernatant
was then precipitated in ethanol (Laird et a. 1991).
The fina pellet was dissolved in 50 pl ddH,O. We
amplifiedaportion of themitochondrial cytochrome
bgeneusinguniversal primers(L 14841 and H15149
Kocher et al. 1989) and an intron of the CHD-gene
on the Z-chromosome with primers P2 and P8
(Griffithsetal. 1998). Weempl oyed direct sequencing
(big dye sequencing kit) loaded on an ABI310
capillary sequencer.

The obtained fragment of the mitochondrial
cytochrome b gene (306 bp excluding the primers)
was tested against available DNA sequencesin the
GenBank databaseusingthe BLA ST searchroutine.
The fragment matched perfectly with that of
Phylloscopus c. collybita and showed four substitu-
tionscomparedtoP. c. abietinus(Helbigetal. 1996).
Compared to willow warbler sequences, there were
19 substitutions. Hence, weconcludethat themother
of the mixed singer was of the nominate subspecies
of the Chiffchaff, the subspeciesof Chiffchaff which
now breedsfrequently in southern Sweden (Hansson
et al. 2000).

Theintronof the CHD-geneontheZ-chromosome

(219 bp sequenced) had not previously been studied
inany Phylloscopuswarbler. Wethereforeexamined
two male willow warblers (GenBank AF355150)
and two male Chiffchaffs (GenBank AF355151).
The mixed singer differed from the willow warbler
by showingaG instead of aT at position number 53,
and was at all positions identical to the analysed
Chiffchaffs. Male birds have two Z-chromosomes,
oneinherited fromitsmother and onefromitsfather.
If the mixed singer was a hybrid, it would have
received one Z-chromosome from awillow warbl er
father and one Z-chromosome from its Chiffchaff
mother (the mtDNA analysis demonstrated that the
mother was a Chiffchaff). Thiswould have resulted
inadouble peak in the electropherogram at position
53. Therewasno sign of evenadlight T -peak in the
mixed singer, strongly suggestingthat it only carried
Chiffchaff Z-chromosomes. We therefore reject the
hypothesis that this mixed singer was a F1 hybrid
athoughwecannot excludethat it wasabackcrossed
individual (the result of a mating between a hybrid
and a Chiffchaff).

Birds mixing the song of willow warblers and
Chiffchaffs are widely reported in the literature
(Gwinner & Dorka1965; Schubert 1969; Haensel &
Lippert 1976; Helb et al. 1985; Frost 1986; Wilson
1986) and whereidentity hasbeen established, mixed
singers seem almost always to be willow warblers
(Cramp 1992). Themost convincing case of amixed
singer being ahybrid isabird from Scotland ringed
in a nest fed by a male Chiffchaff and a female
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willow warbler (Prato & Prato 1986). Given that the
songs of the Chiffchaff and the willow warbler are
clearly different and that the species appear to have
been separated for several million of years as based
ontheirmtDNA divergence(Richman & Price1992),
it is remarkable that some individuals have the
capacity to express the song of the other species to
such a perfection. Mixed singing, as a result of
misdirected learning, is likely to promote
hybridisation (Baker & Boylan 1999). However it
remainsto beestablishedtowhat extent hybridisation
between Chiffchaffs and willow warblersresultsin
gene flow, as this requires that hybrids themselves
reproducesuccessfully with puregenotypesof either
of the parental species.

Acknowledgements

We thank Anders Hedenstrom and Darren Irwin for
constructive comments on an earlier draft of the
manuscript. Financial support for the genetic work
was from the Swedish Natural Science Research
Council to SB.

References

Baker, M. C. & Boylan, J. T. 1999. Singing behaviour, mating
associations and reproductive success in a population of
hybridizing lazuli and indigo buntings. Condor 101: 493—
504.

Cramp, S. 1992. (ed.) Handbook of the Birds of Europe, the
Middle East and North Africa. Oxford University Press,
Oxford.

Frost, R.A. 1986. Phylloscopuswarbler with songsof chiffchaff
and willow warbler. British Birds 79: 340-341.

Griffiths, R., Double, M. C., Orr, K. & Dawson, R. J. G. 1998.
A DNA test to sex most birds. Molecular Ecology 7: 1071~
1075.

Gwinner, E. & Dorka, V. 1965. Beobachtungen an Zilpzal p-
Fitis-Mischsangern. Vogelwelt 86: 146-151.

Haensel, J. & Lippert, W. 1976. Wei denlaubsanger, Phyll osco-
puscollybita (Vieill.), mit Gesangsanteilen des Fitis, Phyl-
loscopus trochilus (L.). Beitr. Vogelkd. 22: 26-37.

Hansson, M., Bensch, S. & Brannstrom, O. 2000. Range
expansion and the possibility of an emerging contact zone
between two subspeciesof Chiffchaff Phylloscopuscollybi-
ta ssp. Journal of Avian Biology 31: 548-558.

Helb, H.-W., Dowsett-Lemaire, F., Bergmann, H.-H. & Con-
rads, K. 1985. Mixid singing in European songbirds — a
review. Zeischrift fur Tierpsychologie 69: 27—41.

Helbig,A. J., Martens, J., Seibold, |., Henning, F., Schottler, B.
& Wink, M. 1996. Phylogeny and species limits in the
Palaearctic chiffchaff Phylloscopus collybita complex:
mitochondrial genetic differentiation and bioacoustic evi-
dence. Ibis 138: 650-666.

Kocher, T. D., Thomas, W. K., Meyer, A., Edwards, S. V.,
P&abo, S., Villablanca, F. X., Wilson, A. C. 1989. Dynamics

110

of mitochondrial DNA evolution in animals: amplification
and sequencing with conserved primers. Proc. Nat. Acad.
Sci. USA 86: 6196-6200.

Kroodsma, D. E. 1982. Learning and the ontogeny of sound
signas in birds. In: Acoustic Communication in Birds,
\olume2, Songlear ninganditsconsequences(eds. Kroods-
maDE, Miller EH) p. 1-23. Academic Press, New York.

Laird, P W., Zijderveld, A., Linders, K., Rudnicki, M. A.,
Jaenisch, R. & Berns, A. 1991. Simplified mammalian
DNA isolation procedure. Nucl. Acids Res. 19: 4293-4293.

Richman, A. D. & Price, T. 1992. Evolution of ecological
differencesintheoldworldleaf warblers. Nature 355: 817—
821.

DaPrato, S. R. D. & DaPrato, E. S. 1986. Appearance and
song of possiblechiffchaff x willow warbler hybrid. British
Birds 79: 341-342.

Schubert, M. 1969. Untersuchung tber die akustischen para-
meter von Zilpzal p-Fitis-Mischgesingen. Beitr. Vogelkd.
14: 354-368.

Wilson, C. 1986. Chiffchaff with songs of chiffchaff and
willow warbler. British Birds 79: 342.

Sammanfattning

En gransangare med blandad gran- och |6vsangar-
sang

Hos manga fégelarter kan man stundom pétraffa
enstakaindivider somvéaxlar mellanden egnaartens
sdng och en narbes aktad arts séng. Hos artpar som
ar likatill utseende, t ex tradkrypare/tradgardstrad-
krypareochgransangare/l 6vsangarear det oftaomaj-
ligt att avgoraom en ”blandsangare” &r rena exem-
plar av den enaeller andra arten som lart sig ocksa
den andra artens sang, eller om det ror sig om en
hybrid mellan arterna. Vi rapporterar om en gran-
séngare som §6ng bade som gran- och |6vsangare.
Resultaten fran genetiska analyser av mitokondrie-
och karn-DNA utforda pa en stjéartpenna visar till-
sammans med biometriskamatt, att det rérdesigom
en ren gransangare.

Fageln observerades vid Lunds reningsverk 8-9
juli 2000. Sangeninleddes oftast med en serietypisk
gransdngar "silt-salt” varefter den inflikade mer
€ller mindre perfektal Gvsangarstrofer, oftaomedel -
bart &tf6ljdaav ennyeserie” silt-salt”. | Figur 1visas
ett sonogram péen utvald sdngsekvens. Efter inspel -
ning infangades f&geln med hjalp av sl6jnéd och
play-back. Allméant utseende och biometri pekade
entydigt pagransangare av rasen collybita, bl akort
vinge (61 mm) samt ytterfansinskarning pa sjétte
handpennan (réknat utifran). | samband med fang-
sten insamlades de yttre stjartpennorna for DNA
analyser.

Frén basen av en stjartfjader extraherades DNA.



Ett avsnitt av mitokondrienscytochrom-b- genamp-
lifierades med hjélp av PCR. Det framtagna DNA:t
sekvenseradesochjamfordesmedtillgangligaDNA-
sekvenseri deninternationellagendatabanken” Gen-
Bank”. Sekvensen dverensstamde perfekt med en
befintlig sekvens fran P. c. collybita, medan en sek-
vensfranP. c. abietinusskiljdesig pafyrapositioner.
Eftersom mitokondrien nedérvsviamddernet kan vi
altsdslutaosstill att modern till blandsangaren var
engransdngareav densydligarasen collybita, vilken
numer hackar allmant i regionen.

Vi ville ocksa forstka faststalla arttillhérigheten
hosblandsangarensfar. DNA sekvensenpaendel av
en gen som finns pa Z-kromosomen (CHD-Z) un-
dersoktesdarfor. Faglarskénskromosomer bendamns
Z och W. Hanar bér tva uppsattningar av Z-kromos-
omen och betecknas déarfoér ZZ, medan honor bér en
Z och en W-kromosom och dérfor betecknas ZW
(jamfor X Y-systemet hosdaggdjur). Det undersbkta
avsnittet pACHD-Z genen har tidigareinte studerats
hos Phylloscopus-sangare och darfor undersoktes
ocksa tva gransangare och tva lévsangare. En unik
skillnad pa position 53 hittades mellan arterna och
var blandsangare verensstamdehelt med gransang-
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arsekvensen. Om blandsangaren hade varit en hy-
brid, skulle den ha fatt en CHD-Z kopia fran en
|6vsangarfar ochen CHD-Z kopiafrénsingransang-
armor (mitokondrie-DNA analysen visade att mo-
dern var gransangare). Detta skulle ha uppenbarat
sig som en sammansatt signal pa den position i
sekvensenfor vilkengran- ochlévsangareskiljer sig
at. Men blandséngaren visade en entydig gransang-
arsignal for namndaposition. Vi kan darfor forkasta
hypotesen om att blandsangaren var en hybrid av
forsta generationen.
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