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ABSTRACT 
DNA was isolated from  several holarctic owl species belonging to the 

families  Tytonidae and Strigidae. The amplified  mitochondrial cytochrome b genes 
were partially sequenced and used to reconstruct the phylogenetic relationships in 
both families.  The phylogenetic trees are generally in a good agreement with the 
classical taxonomy of  owls (Sibley & Monroe, 1990; Burton, 1992; Hume, 1991) 
based mainly on morphological and anatomical characteristics. In nearly all 
instances the genetic data agree with the attribution of  species to a given genus 
with the exception of  Otus, where a paraphyletic origin must be assumed. Although 
the phylogenetic relationships between different  genera could not be elucidated 
with certainty in all instances (as indicated by low bootstrap values), members of 
the genera Glaucidium,  Athene, AegoUus  and Surnia  appear to have derived from 
a common ancestor; the same applies to Otus, Asio and Bubo, Strix  or Tyto  and 
Phodilus , respectively. Cytochrome b sequence data are more precise to elucidate 
relationships within genera and at the species level, and unequivocal conclusions 
(supported by high bootstrap values) could be drawn in most instances. Several 
species of  the Glaucidium  and Otus complex have been separated by their vocal 
differences  (their plumage patterns are very similar), and cytochrome b sequence 
data have corroborated that these vocally distinct species are also genetically distinct 
(König, 1991b, 1994a; Heidrich et al., 1995, 1996). Within Athene noctua two 
geneticaly distinct clusters were found:  birds from  Israel are significantly  different 
from  European birds. In conclusion, sequence data of  the mitochondrial cytochrome 
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b gene provide another powerful  tool (besides morphology, anatomy, behaviour 
and acoustics) to elucidate and reconstruct the evolutionary past and speciation in 
owls. 

INTRODUCTION 
Owls represent a group of  nocturnal predators sharing several morphological, 

anatomical, behavioural and acoustical characteristics (Burton, 1992) which are 
included in the order Strigiformes.  Sibley & Monroe (1990) add the nightjars to 
the Strigiformes  and subdivide this order into the suborders Strigi, Aegotheli and 
Caprimulgi. The first  suborder concerns the owls sensu strictu  whereas the latter 
one includes different  families  of  nightjars. Within the Strigi two parvorders 
Tytonida and Strigida with the families  Tytonidae and Strigidae are recognized. 

In order to occupy the ecological niche of  a nocturnal raptor, these birds 
had to evolve several adaptations. Besides specialized hunting strategies owls 
developed a sophisticated acoustical communication system. Morphology is often 
invariant in many owl species but the distinctive calls which are inherited and not 
learned are of  considerable taxonomic value (König, 1991 a,b, 1994a,b; Hekstra, 
1982). If  phylogenetic relationships are reconstructed on the basis of  these 
morphological and behavioural characteristics alone, wrong conclusions might be 
drawn since some of  these characteristics may be convergent traits that are unrelated 
to the underlying phylogeny. 

Methods based on DNA analysis have become more and more important 
during the last 10 years to study questions of  population genetics, speciation or 
phylogenetic relationships. These molecular methods -as opposed to morphology 
and anatomy- have the advantage that DNA is less prone to convergence and can 
reconstruct the evolutionary past in considerable detail (Pääbo et al., 1989; Avise, 
1994). Because marker genes now can be easily amplified  by PCR and sequenced 
(Hillis& Moritz, 1990; Edwards et ai, 1991 ; Cooper et al., 1992; Helm-Bychowsky 
& Cracraft, 1993; Kocher et al., 1989; Meyer, 1994; Taberlet et ai, 1992; Hedges 
& Sibley, 1994) nucleotide and derived amino acid sequences have been increasingly 
used for  a precise phylogenetic reconstruction of  relationships within and between 
genera, subfamilies  and families  of  birds during recent years (Avise, 1994; Sibley, 
1994) 

Since mitochondrial genes evolve much faster  than nuclear genes, mtDNA 
is a suitable molecular marker for  birds which have speciated during the last 30 
million years. Some recent examples for  the application of  the mitochondrial 
cytochrome b gene as a marker have been reported in Edwards et al., (1991), 
Richman & Price (1992), Helm-Bychowsky & Cracraft (1993), Kocher et al. 
( 1989), Taberlet et al. (1992), Friesen et al. ( 1993), Birt et al. ( 1992), Blechschmidt 
et al. (1993); Avise et al. (1994), Seibold et al. (1993, 1995, 1996), Heidrich & 
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Wink (1994), Heidrich etal,  (1995), Wink (1994), Wink etal.  (1993a,b), Wink & 
Seibold (1995) and Wittmann etal.  (1995). 

Since owls share so many similarities in life  style, the use of  molecular 
markers, especially of  nucleotide sequence data, should improve phylogenetic 
reconstructions, because convergence and adaptations are of  minor importance 
and many characters are available for  comparisons. We have chosen the 
mitochondrial cytochrome b gene to study speciation and phylogeny of  owls: 
Some results have already been published from  our laboratory on Tawny, Screech 
and Pygmy owls (Heidrich & Wink, 1994; Heidrich et al, 1995, 1996). This 
report is a short summary of  our data which is focussed  on phylogenetic 
relationships within holarctic owls of  the genera Tyto  and Phodilus  (family 
Tytonidae) and Bubo, Asio, Otus, Athene, Glaucidium,  Aegolius,  Surnia,  Strix, 
and  Nyctea  (family  Strigidae). Although not all holarctic genera could be analysed 
yet, the data provide a first  idea of  the underlying phylogeny. 

MATERIAL AND METHODS 
DNA-methods : Blood or tissues were stored in a modified  EDTA-buffer 

(Arctander, 1988) at ambient temperatures in the field. DNA was extracted after 
digestion with proteinase K (Boehringer) according to Swatschek et al. (1993, 
1994) and Heidrich etal (1995). 

Primer sequences used for  PCR and direct sequencing are given in Table 1. 
A 1026 bp portion of  the cytochrome b gene was amplified  using 1 pg of  total 
DNA as target, 25 pmol each of  primers A and F, 1.5 mM MgCl2 and 2 units Taq-
polymerase (Promega or AGS). After  initial denaturation (2 min at 94 °C), 30 
cycles of  30 sec at 94 °C, 30 sec at 50 0C and 60 sec at 72 0C were performed  on 
a Biometra thermocycler. After  30 cycles the reaction temperature was maintained 

L• Primers used for PCR and DNA sequencing 

S-mt A CAA CAT CTC AGC ATG ATG AAA CTT CG 

S-mt F TCA GTT TTT GGT TTA CAA GAC CAA TG 

S-mt B TCA AAA TGA TAT TTG TCC TC 

mt G CAT CCT TCT TCT TCA TCT GCA TCT AC 

S-mt C CTA CCA TGA GGA CAA ATA TCA TTC 

mt M CAA GAC AAT CCT A CIC TG/A ACC GC 

mt D ATC CCA TTC CAC CCC TAC TAC TCC 

mt Q CC/TA TTC TAC GCT CAA TCC CTC AAT CCC 

S-mt H CAA ACC AGA ATG ATA CTT 
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at 72 0C for 4 min and then lowered to 4 0C for  further  storage. PCR products 
were run on a 1 % agarose gel, excised and extracted using the Qiaex gel purification 
kit (Diagen). After  elution, the amplified DNA was precipitated with isopropanol 
and sodium acetate. The pellet was redissoled in 7.5 pi H2O. Direct sequencing of 
the double-stranded DNA was carried out by the chain termination method 
(Sambrook et ai, 1989) at 37 0C using OC-35S-dATP as a radioactive marker and 
Sequenase 2.0 (USB) orT7-polymerase (Pharmacia) according to the distributor's 
specifications.  Alternatively, PCR products were directly processed after  enzymatic 
denaturation of  non-incorporated primers and nucleotides. Primer B was used as a 
sequencing primer. Products of  the sequencing reactions were separated on a 6 % 
polyacrylamide/7 M urea gel by electrophoresis at 65 W. After  drying, the gel was 
exposed to an X-ray film  for 3-4 days. 

Sequence analysis 

Sequences were aligned with the cytochrome b gene of Gallus gallas 
doinesticus (Desjardin & Moráis, 1990). Phylogenetic trees were reconstructed 
using the maximum parsimony method (phylogeny programme PAUP 3.1.1.; 
Swofford, 1993) and the neighbour-joining method (programme package MEGA 
1.0; Kumar et al., 1993). In the neighbour-joining analyses genetic distances were 
calculated based on the Kimura 2-parameter model. With PAUP, heuristic algorithms 
were employed. A bootstrap analysis was performed  to obtain confidence  estimates 
for  each furcation (Felsenstein, 1985). 

RESULTS AND DISCUSSION 
DNA was isolated from  several taxa of  Tyto  and Phodilus  (family 

Tytonidae) and Bubo, Asio, Otus, Athene, Glaucidium,  Aegolius,  Surnia,  Strix, 
and Nyctea  (family  Strigidae). The cytochrome b gene was amplified  by 
PCR and a partial sequence of  300 base pairs was determined. In most instances 
more than 2 - 4 unrelated birds were studied per taxon to assess intraspecific 
variation. 

Relationships within the family  Tytonidae 

Two genera are recognized within the Tytonidae: Tyto  and Phodilus. 
Although several members of  the Tyto  complex have been recognized as distinct 
species (Sibley & Monroe, 1990), several others are considered to be subspecies 
of  T.  alba, T.  novaehollandiae  or T.  capensis. Since morphological variation is 
pronounced, some of  the subspecies may however constitute sibling species. We 
have analyzed the DNA of  more than 20 individuals of  T.  alba and found  a 
considerable degree of  sequence variation of 1 to 3% nucleotide substitutions 
between birds from  different  populations, indicating a strong degree of  philopatry 
and reduced gene flow  between them. In Figure 1 we have illustrated the 
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phylogenetic relationship between T.  alba and Phodilus badins  on one side 
and members of  the families  Strigidae and Caprimulgidae on the other side. 
The molecular data also cluster Tyto  and Phodilus  in a separate clade, however, 
the distances between both genera are large; i.e. they must have diverged 
from  a common ancestor many million years ago. The Tytonidae thus appear 
clearly separated from  the Strigidae and Caprimulgidae, but an unequivocal 
assessment of  the interrelationship between the three families  is not possible 
with the present data (see low bootstrap value of 50%). Since the time of 
divergence of  the 3 groups seems to be larger than 10 to 15 million years 
(assuming a molecular clock of 2% nucleotide substitutions in 1 million years, 
Shields & Wilson, 1987), a mutational saturation of  nucleotide positions will 
occur, thus producing a high degree of  homoplasy and a low resolution in 
consequence. Furthermore, it has been argued that most families  of  birds 
diverged from  common ancestors within a short time period of  approximately 
5 million years in the Eocene/Oligocene about 35 million years ago (Feduccia, 
1995). The branches levelling off  this point of  divergence will be difficult  to 
resolve with certainty and may resemble a polytomy rather than a dichotomy. 

Phylogenetic relationships between members of  the genera Strix, 
Surnia,  Glaucidium , Athene and Aegolius 

Pygmy Owls of  the genus Glaucidium  occur in the Old and New World. 
Whereas their plumage is very similar in most instances (a fact  which makes their 
taxonomy so difficult),  they can be distinguished by a unique repertoire of 
vocalizations (König, 1994). We could show recently that taxonomical 
classifications  based on differing  acoustic signals (König, 1994) could be 
coiToborated by DNA sequence data (Heidrich et ai, 1996). In Figure 2 we have 
concentrated on a comparison of  a few  Old and New World species: G. passerinum 
from  Europe, G. perlatum  from  Africa  as opposed to G. californicum  and G. 
gnoma from  North America. As can be seen, both groups cluster in separate clades 
(Fig. 2) which share common ancestry but have diverged approximate 7 to 8 million 
years ago (Table 1). Since the molecular clock has not been calibrated for  these 
birds, such an evaluation can only provide a very rough estimate. Nevertheless, 
we can rule out with some certainty that G. gnoma/californicum  and G. passerinum 
are conspecific  as has been assumed by some authors because of  similar plumage 
patterns (Sibley & Monroe, 1990). G. perlatum  has been considered to be a 
subspecies of  G. passerinum by Eck & Busse (1973). Since genetic distances are 
higher than 7 % both taxa can be regarded as distinct species. 

Two species have been recognized in the genus Athene, i.e. A. noctua and 
A. brama. As can be seen from  Figure 2, both species appear separated also at the 
sequence level. Within A. noctua, we encountered a surprising phenomenon: Two 
clusters are apparent which are supported by high bootstrap values; genetic 
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Figure 1. PhyIogram of  the genetic relationships between members of  theTytonidae, Strigidae 
and CaprimuIgidae 
Illustrated is a bootstrap analysis (100 replicates) employing the Maximum Parsimony method 
with heuristic search (TBR branch swapping; tree length 261 steps [sum of  minimal possible 
lengths 176, maximally 412 steps]; consistency index CI= 0.674; retention index RI= 0.640). 
Branch lengths are proportional to genetic distances; the number of  nucleotide substitutions (for 
a partial sequence of 300 bp) is given above each branch. Bootstrap values (above 50%) which 
indicate confidence  estimates for  each branch are given in italics below the branch length values. 
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Figure 2. Phylogram of  the genetic relationships within the complex of  Pygmy (Glaucidium ), 
Tengmalms (Aegolius)  and Tawny (Strix)  owls. 
Illustrated is a bootstrap analysis (100 replicates) employing the Maximum Parsimony method 
with heuristic search (TBR branch swapping; tree length 376 steps [sum of  minimal possible 
lengths 202, maximally 823 steps]; consistency index CI= 0.537; retention index RI= 0.720). 
Branch lengths are proportional to genetic distances; the number of  nucleotide substitutions (for 
a partial sequence of 1026 bp) is given above each branch. Bootstrap values (above 50%) are 
given in italics below the branch length values. 
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differences  between both groups account for 5-7% nucleotide substitutions. 
A genetic distance of 5-7% is typical for  species and highly unlikely for 
subspecies or populations. Birds from  cluster I derive from  Israel whereas 
those from  cluster II are from  Europe. How to explain the results? The following 
alternatives need to be discussed: 1) Both clusters represent distinct species 
which have not been recognized by taxonomy so far.  In this case, also 
morphological and acoustical differences  should exist between both forms. 
Or 2) Cluster I represents a hybrid with another (unknown) Athene species; 
since mitochondrial genes are inherited maternally, we must then assume that 
a hybridisation of  a male A. noctua with a female  of  an unknown Athene 
species must have occurred, but that the fertile  offspring  have introgressed 
into the original population. 3) Sibley & Monroe (1990) mention A. blewiti 
(Hume) from  India as a probably extinct species. It should be analyzed whether 
our "new" Athene haplotype is related to this species. 

In both MP and NJ trees, Athene usually clusters with Glaucidium,  indicating 
that both groups share common ancestry. Tengmalms Owls (genus Aegolius) can 
be found  as a third member in this clade (Fig. 2). Within A. funereus,  some 
geographical differentiation  becomes visible, in that birds from  the Swiss Alps 
differ  from  birds of  Bavaria by ca. 1 % nucleotide substitutions. The NorthAmerican 
A. aeadius  differ  by 12.6% nucleotide substitutions from  A. funereus,  implicating 
a divergence time of  more than 6 million years (Table 1). 

The Northern Hawk Owl (Surnia ulula ) of  northern Eurasia and North 
America appears related to the Glaucidium  complex (Fig. 2 and 3). A separation 
as a monotypic species seems to be justified  because of  morphological, behavioural 
and, last but not least, genetic differences. 

Tawny and Wood Owls (genus Strix  with ca. 17 species) are always in a 
monophyletic clade in both MP and NJ trees and are separated from  the Aegolius/ 
Athene/Glaucidium  complex. Our first  data show that S. butleri  is a distinct species 
and rather related to the African  S. woodforclii  than to S.  aluco (Heidrich & Wink, 
1994). S.  uralensis  appears to be related to S.  aluco, although distances imply that 
both taxa derived from  a common ancestor more than 4 million years ago. 

Phylogenetic relationships between "eared" owls of  the genera Bubo, 
Otus and Asio 

Morphologically several owls with ears have been grouped in the genera 
Bubo (Eagle owl), Otus (Scops and Screech owl) and  Asio. According to our genetic 
analysis (Fig. 3), members of  the genus Otus appear in at least 3 different  clades, 
indicating that the genus is paraphyletic. The Screech Owls of  the New World 
represent a distinct group which is separated from  OldWorld members of  Otus by 
genetic distances between 12 and 16% (Table 1 ). Within the Screech owl complex, 
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Figure 3. Phylogram of  the selected genetic relationships within the complex of  "eared 
owls" 
Illustrated is a bootstrap analysis (300 replicates) employing the Maximum Parsimony method 
with heuristic search (TBR branch swapping; tree length 345 steps [sum of  minimal possible 
lengths 194, maximally 679 steps]; consistency index CI= 0.562; retention index RI= 0.689). 
Branch lengths are proportional to genetic distances; the number of  nucleotide substitutions (for 
a partial sequence of  300 bp) is given above each branch. Bootstrap values (above 50%) are given 
in italics below the branch length values. 
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Figure 4. Phylograni of  the genetic relationships within the Eagle owl (Bubo)  complex 
Illustrated is a bootstrap analysis (800 replicates) employing the Maximum Parsimony method 
with heuristic search (TBR branch swapping; tree length 210 steps [sum of  minimal possible 
lengths 149, maximally 393 steps]; consistency index CI= 0.710; retention index RI= 0.750). 
Branch lengths are proportional to genetic distances; the number of  nucleotide substitutions (for 
a partial sequence of 1026 bp) is given above each branch. Bootstrap values (above 50%) are 
given in italics below the branch length values. 
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which has its radiation centre in South and Central America, several species 
have been recognized on account of  different  acoustic repertoires (König, 
1994a,b). Sequence data could corroborate these findings  (Heidrich et al., 
1995), stressing the importance of  vocalization for  speciation and taxonomy 
(as in the case of  Glaucidium,  see above). 

Several Old World Scops have been described (overview in Sibley & 
Monroe, 1990). 0. scops and 0. bakkamoena  have been included here as 
representatives for  this group. As can be seen from  Figure 3. these Scops 
owls fall  into a common clade which is distinct from  the New World Otus 
complex. The African 0. Ieucotis  differs  both morphologically and genetically 
from  the other Old World Otus species and has been placed in the genus 
Ptilopsis.  In the phylogram (Fig.3) 0. Ieucotis  is placed near the genus Asio 
(to which it has some superficial  resemblance), but this furcation  is not 
supported by a significant  bootstrap value. Concluding, it seems obvious that 
the different  clades of  Otus species should also be recognized taxonomically. 

Asio otus and A. flammeus  always fall  into the same clade (Fig.2) 
although the genetic distances imply a divergence time of  more than 5 million 
years. Within Long-eared Owls (A. otus) population-specific  sequence patterns 
emerged (data not shown), similar to the situation in Tyto  (see above). 

Eagle Owls of  the genus Bubo represent another prominent group of  "eared 
owls". The Snowy Owl (Nycteci  scandiaca)  seems to share ancestry with Bubo 
(Fig.l) but separation from  a common ancestor took place more than 7 million 
years ago. Within the Bubo complex, we could study up till now B. bubo, B. 
nipalensis, B. virginianus, B. africanus  and B. bengalensis.  They are distinct species 
(Fig. 4). B. b. ascalaphus which occurs in North and West Africa,  has been treated 
as a distinct species. In our analysis nucleotide substitutions differ  by 1 % between 
B. bubo and B.b. ascalaphus. Since a 1% value normally represents subspecies 
level in owls we treat this taxon as a subspecies of  B.bubo at present. 

We have analyzed the sequences of  ca 20 individuals of  B. bubo from  Western 
and Central Europe. Many samples derived from  birds found  dead under power 
lines or on roads. Most of  these birds are descendants from  birds which have been 
reintroduced in Germany and other countries during breeding programmes. A first 
analysis of  the sequence data shows a strong heterogeneity, indicating that birds 
from  various origins and subspecies have been multiplied and released in the 
breeding programmes. 

CONCLUSION 
As can be seen from  Figures 1 to 4, the phylogenetic trees inferred  from 

partial sequences of  the cytochrome b gene, are generally in a good agreement 
with the classical taxonomy (Sibley & Monroe, 1990; Burton, 1992; Hume, 1991). 
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Table 2. Genetic distances of  some Old World- New World disjunctions 

Divergence 
(mio years) 

7.6 
7.9 
2.8 

6.1 
7.7 
4.1 
4.2 

4.3 

6.3 

*01d-New World comparisons 
**01d-01d World or New-New World comparisons 

As can be seen from  Figures 1-4 the genetic data agree with the attribution of 
species to a given genus. Exceptions are evident in the genus Otus, where a 
paraphyletic origin is more likely than the present collection of  all these species in 
a single genus. 

The phylogenetic relationships between different  genera could not be 
resolved with certainty in all instances. However, it is likely that the genera 
Glaucidium,  Athene, Aegolius  and Surnia  derive from  a common ancestor; 
the same applies to Otus, Asio and Bubo, Strix  or Tyto  and Phodilus, 
respectively. 

Cytochrome b sequence data are even better suited to resolve phylogenetic 
relationships within genera and at the species level. As mentioned before,  several 
species of  the Glaucidium  and Otus complex have been mainly recognized and 
described by their vocal repertoires (their plumage patterns are very similar). Cyt 
b sequence data have shown that these vocally distinct species are also genetically 
distinct (König, 1994a; Heidrich et al., 1995, 1996). 

Comparisons Genetic distance 
% nucleotide 
substitutions 

Glaucidium 
G.passerinum - G. CaliforniCiun t'  15.2 
G. passerinum-G. glioma* 15.8 
G.gnoma-G. californicum ** 5.6 

Otus 
0. scops-O. kennicotti * 12.2 
0.scops -0.Iioyi t 15.4 
0. scops-O. baccamoena** 8.2 
O .kennicotti-O  .hoy/** 8.5 

Bubo 

B.bubo -B. Virginianus t 8.6 

Aegolius 
A.funereus -A.acadius * 12.6 
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In summary, sequence data of  the mitochondrial cytochrome b gene 
provide another powerful  tool (besides morphology, anatomy, behaviour and 
bioacoustics) to elucidate and reconstruct the evolutionary past and speciation 
in owls. Since the analysis of  a single gene only provides a window for  a 
particular evolutionary period, we need to include more progressive or more 
conservative genes (including both mtDNA and ncDNA) if  we intend to solve 
other problems of  microevolution or of  higher level classifications. 

ACKNOWLEDGEMENTS 
We thank W. Bednarek, G. Ehlers, O. Hatzofe, R. Krahe, D. Reynolds, A. 

Kemp, C. Fentzloff,  W. Grummt, C. König, J. Yom-Tov, D. Ristow, E. Thaler, B. 
Etheridge and U. Schneppat for  providing blood or tissues of  owls. The study of 
owl phylogenetics have been performed  in close collaboration with C. König 
(Stuttgart) whom we would like to thank for  reading the manuscript. 

REFERENCES 
ARCTANDER P. 1988, Comparative studies of  avian DNA by restriction fragment  length po-
lymorphism analysis. J. Orn. 129, 205-216. 
AVISE, J.C. 1994, Molecular markers, natural history & evolution. Chapman & Hall, New York, 
London. 
AVISE, J.C., NELSON, W.S. & SIBLEY, C.G. 1994, DNA sequences support for  a close 
phylogenetic relationship netween some storks and New World vultures. Proc. Natl. Acad. Sei, 
USA,"91, 5173-5177. 
BIRT, T.P., BIRT-FRIESEN, V.L., GREEN, J.M., MONTEVECCHI, W.A. & DAVIDSON, 
W.S. 1992, Cytochrome b sequence variation among parrots. Hcreditas 117, 67-72. 
BLECHSCHMIDT,K., PETER, H.U., DE KORTE, J., WINK, M., SEIBOLD, I. & HELBIG, 
A. 1993. Untersuchungen zur molekularen Systematik von Raubmöwen (Stercorariidae). Zool. 
Jahrb. Syst. 120:379-387. 
BURTON, J.A. 1992 Owls of  the world, their evolution, structure and ecology.Peter Lowe, London. 
COOPER, A., MOURER-CHAUVIRE, C., CHAMBERS, G.K., VON HAESELER, A., 
WILSON, A.C. & PÄÄBO, S. 1992, Independent origins of  New Zealand moas and kiwis. Proc. 
Natl. Acad. Sci., USA, 89, 8741-8744. 
DESJARDINS, P. & MORAIS, R. 1990. Sequence and gene organisation of  chicken mitochondrial 
genome. J. Mol. Biol. 212, 599-634. 
ECK, S. & BUSSE, H. 1973. Eulen.- Wittenberg-Lutherstadt. 
EDWARDS, S.V., ARCTANDER, P. & WILSON, A.C. 1991, Mitochondrial resolution of  a 
deep branch in the genealogical tree for  perching birds. Proc. Royal Soc. London B, 243, 99-107. 
FEDUCCIA, A. 1995, Explosive evolution in tertiary birds and mammals. Science 267, 637-638. 
FELSENSTEIN, J. 1985, Confidence  estimates on phylogenies: an approach using the bootstrap. 
Evolution 39, 783-791. 
FRIESEN, V.L., MONTEVECCHI, W.A. & DAVIDSON, W.S. 1993, Cytochrome b nucleotide 
sequence variation among the Atlantic Alcidae. Hereditas 119, 245-252. 
HEDGES, S.B. & SIBLEY, C.G. 1994, Molecules vs. morphology in avian evolution, The case 

- 8 5 -



of  the „pelecaniform" birds. Proc. Natl. Acad. Sei, USA, 91, 9861 -9865. 
HEIDRICH, P. & WINK, M. 1994, Tawny owl (Strix  aluco) and Hume's tawny owl (Strix 
butleri)  are distinct species, Evidence from  nucleotide sequences of  the cytochrome b gene. Z. 
Naturforsch., 49c,230-234. 
HEIDRICH, P., KÖNIG,C. & WINK, M. 1995, Molecular phylogeny of  the South American 
Screech Owls of  the Otus atricapillus  complex (Aves, Strigidae) inferred  from  nucleotide sequences 
of  the mitochondrial cytochrome b gene. Z.Naturforsch. 50c: 294-302. 
HEIDRICH, P., KÖNIG,C. & WINK, W, Bioakustik und molekulare Systematik amerikani-
scher Sperlingskäuze (Aves: Glaucidium  spp.) (Stgt.Beitr. Naturkd., in press). 
HEKSTRA, G.P. 1982 Description of  twenty-four  new subspecies ofAmerican  Otus (Aves, Strigidae). 
Bull. zool. Mus. Amsterdam 9:49-63. 
HELM-BYCHOWSKI, K. & CRACRAFT, J. 1993 Recovering a phylogenetic signal from 
DNA sequences, Relationships within the Corvine assemblage (Class Aves) as inferred  from 
complete sequence of  the mitochondrial DNA cytochrome-b-Gene. Molecular Biology and 
Evolution, 10,1196-1214. 

HILLIS, D.M. & MORITZ,C. 1990, Molecular systematics. Sinauer Publishers, Sunderland. 

HOELZEL, A.R., 1992, Molecular genetic analysis of  populations. IRL-Press, Oxford. 

HUME, R., 1991 Owls of  the World. Dragons World, Limpfield. 

KOCHER, T.D., THOMAS, W.K., MEYER, A., EDWARDS, S.V., PÄÄBO, S., 
VILLABLANCA, F.X. & WILSON, A.C. 1989, Dynamics of  mitochondrial DNA evolution in 
animals, Amplification  and sequencing with conserved primers. Proc. Natl. Acad. Sci., USA, 86, 
6196-6200. 
KÖNIG, C. 1991a, Taxonomische und ökologische Untersuchungen an Kreischeulen (Otus spp.) 
des südlichen Südamerika. J. Orn. 132: 209-214. 

KÖNIG, C. 1991b, Zur Taxonomie und Ökologie der Sperlingskäuze (Glaucidium  spp.) des 
Andenraumes. Ökol. Vögel 13: 15-76. 

KÖNIG, C. 1994a, Lautäußerungen als interspezifische  Isolationsmechanismen bei Eulen der 
Gattung Otus (Aves: Strigidae) aus dem südlichen Südamerika. Beitr. Naturkde. Ser. A. 

KÖNIG, C. 1994b:Biological patterns in owl taxonomy, with emphasis on bioacoustical studies 
on neotropical pygmy (Glaucidium ) and screech owls (Otus) . In Raptor conservation today (B,-
U.Meyburg & R.D. Chancellor, eds), pp 1-19, Pica press. 

KUMAR, S., TAMURA, K. & NEI, M. 1993, MEGA - Molecular Evolutionary Genetics Analy-
sis. Version 1.0. Pennsylvania State University. 

MEYER, A. 1994, Shortcomings of  the cytochrome b gene as a molecular marker. Trends Ecol. 
Evol. 9, 278-280. 

RICHMAN, A.D. & PRICE, T. 1992, Evolution of  ecological differences  in the Old World leaf 
warblers. Nature, 355, 817-821. 
SAMBROOK, J., FRITSCH, E.F. & MANIATIS, T. 1989, Molecular Cloning. A Laboratory 
Manual. 2nd ed. CSHL, Cold Spring Harbour, New York. 

SEIBOLD, I., FENTZLOFF, C., HEIDRICH, P., & WINK, M. 1995, Rekonstruktion der 
Phylogenie der Seeadler (Gattung Haliaee tus) anhand der Nucleotidsequenzen des mitochondrialen 
Cytochrom-b-Gens. Journal für  Ornithologie (submitted) 

SEIBOLD, I., HELBIG, A., MEYBURG, B.U., NEGRO, J.J. & WINK, M. 1996. Genetic 
differentiation  and molecular phylogeny of  EuropeanAquila eagles (Aves: Falconiformes)  according 

- 8 6 -



to cytochrome b nucleotide sequences. Eagle Studies (B. Meyburg & R. Chancellor,eds.)(in press). 
SEIBOLD, I., HELBIG, A.J. & WINK, M. 1993, Molecular systematics of  falcons  (family 
Falconidae). Naturwissenschaften  80, 87-90. 
SHIELDS, G.F. & WILSON, A.C. 1987, Calibration of  mitochondrial DNA evolution in geese. 
J. Mol. Evol. 24, 212-217. 
SIBLEY, C.G. 1994, On the phylogeny and classification  of  living birds. J. Avian Biol. 25, 87-92. 

SIBLEY, C.G. & MONROE, B.L. 1990, Distribution and Taxonomy of  Birds of  the World. Yale 
University Press, New Haven, London. 
SWATSCHEK, I., RISTOW, D., SCHARLAU, W., WINK, C. &WINK, M. 1993, Populationsge-
netik und Vaterschaftsanalyse  beim Eleonorenfalken  (Falco eleonorae).  J. Orn. 134, 137-143. 

SWATSCHEK, I., RISTOW, D. & WINK, M. 1994, Mate fidelity  and parentage in Cory's 
shearwater (Calonectris  dioniedea)  -Field studies and DNA-Fingerprinting. Mol. Ecol. 3, 259-
262. 

SWOFFORD, D.L. 1993, PAUP, Phylogenetic analysis using parsimony. Version 3.1.1 Illinois. 

TABERLET, P., MEYER, A. & BOUVET, J. 1992 Unusual mitochondrial polymorphism in 
two local populations of  blue tit Parus caeruleus. Mol. Ecology, 1, 27-36. 
WINK, M. 1994 PCR in der Evolutionsforschung. In „PCR im medizinischen und biologischen 
Labor" (M. Wink and H. Wehrle, eds.), pp 166-184, GIT-Verlag, Darmstadt. 

WINK, M. 1995: Phylogeny of  Old and New World vultures (Aves: Accipitridae and Cathardidae) 
inferred  from  nucleotide sequences of  the mitochondrial cytochrome b gene. Z. Naturforsch, (in 
press). 
WINK, M. & SEIBOLD, I. 1995, Molecular phylogeny of  Mediterranean raptors (families 
Accipitridae and Falconidae). (in press). 
WINK, M., HEIDRICH, P., & RISTOW, D. 1993b, Genetic evidence for  speciation of  the 
Manx shearwater (Puffinus  puffinus)  and the Mediterranean Shearwater (P yelkouan).  Vogelwelt 
114,226-232. 
WINK, M., HEIDRICH, P., KAHL, U., WITT, H.H. & RISTOW, D. 1993, Inter- and intraspeci-
fic  variation of  the nucleotide sequence for  cytochrome b in Cory's shearwater (Calonectris 
diomedea),  Manx Shearwater (Puffinus  puffinus)  and Fulmar (Fulmarus  glacialis).  Z. Naturforsch. 
48c, 504-508. 
WITTMANN, U., HEIDRICH, P., WINK, M. & GWINNER, E. 1995: Speciation of  the 
stonechat (Saxícola torquata)  inferred  from  nucleotide sequences of  the cytochrome b gene. J. 
Zool. Syst. & Evol. Res. (in press). 

P. Heidrich & Prof. Dr. M. Wink 
Universität Heidelberg 

Institut für  Pharmazeutische Biologie 
Im Neuenheimer Feld 364, D-69120 Heidelberg, Germany 

- 8 7 -


