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Abstract

Approximately 202 species of owls comprise the distinctive
cosmopolitan neoavian Order Strigiformes. All morpho-
logical and genetic studies agree that the order is a natural
group. Two families are recognized: Tytonidae (barn owls
and bay owls) and Strigidae (typical owls). The strigiform
timetree shows that these families are ancient, having
diverged in the late Cretaceous 71 million years ago (Ma).

Owls (Order Strigiformes) are grouped into two cosmo-
politan families: the species-rich Strigidae (typical owls,
~187 species; Fig. 1) and the relatively depauperate
Tytonidae (barn owls and bay owls, ~15 species). Owls
are broadly characterized by adaptations to predation
(strong zygodactyl feet, raptorial bill and talons, and
soft-fringed edges of some flight feathers enabling quiet
flight) and adaptations to a predominantly nocturnal or
crepuscular lifestyle (large eyes and highly developed
auditory system, facilitated by feathers arranged in a dis-
tinctive “facial disc”). Here, we review the relationships
and divergence times of the strigiform families.

Owls form a morphologically homogeneous group
that is easily distinguishable from other avian orders.
Since the earliest classifications there has been no ques-
tion that owls form a natural group (I). Recent studies
of DNA-DNA hybridization data (I), mitochondrial (mt)
(2), nuclear (2-4), and combined (2) DNA sequences, and
morphology (5-7) support the monophyletic status of
this large avian order. Equally supported is the division
of owls into two families, first identified ~160 years ago
(8). In addition to the character data establishing mono-
phyly of each family, karyological (9), allozyme (10), and
mtDNA restriction fragment (11) data reveal a deep split
between the two families. Bay owls (Genus Phodilus) are

in some respects intermediate between Strigidae and the
barn owls (Genus Tyto), which underlies early confusion
of their taxonomic placement (I). However, recent results
strongly support a close relationship between Phodilus
and Tyto (2, 5, 9) and thus their placement in the Family
Tytonidae.

Taxonomy below the family level is currently in a state
of flux, partly because the same morphological regular-
ity that clearly delineates groups at higher taxonomic lev-
els hinders phylogenetic classification within the group
itself. This is particularly problematic within the species-
rich Family Strigidae, where a comprehensive phylo-
genetic analysis is long overdue. This is evident from
the number of recognized strigid taxa, which increased
by 57 species over an 8-year period (12, 13), and which
is currently a matter of considerable speculation given
recent rediscoveries of taxa previously thought to be
extinct (14, 15). Furthermore, a seemingly steady stream
of newly described species (16-21), aided in large part by
vocalization data, have contributed to uncertainty in the
breadth and phylogenetic classification of Strigidae.

Relationships of the owls to other avian orders is pres-
ently unclear. Historically, Strigiformes has been linked
to either the nocturnal nightbirds (Order Caprimulg-
iformes) (I, 22, 23) or the diurnal raptors (Order
Falconiformes) (5). Owls share several morphological
characteristics that are separately mirrored in these two
orders: the adaptations to a raptorial lifestyle (strong
bill and feet) resemble those found in the falconiforms,
whereas apparent adaptations to a nocturnal existence

Fig. 1 A Great Grey Owl (Strix nebulosa), Family Strigidae, from
Coronado, Alberta. Credit: G. Court.
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Fig. 2 The timetree of owls (Strigiformes). Divergence times are shown in Table 1. Abbreviations: MZ (Mesozoic) and K (Cretaceous).

(large eyes, and soft cryptic plumage used as camou-
flage from hunting diurnal raptors) are present in the
caprimulgiforms. Although recent morphological stud-
ies tend to group owls with the diurnal raptors (5, 24-26)
(forming the proposed Superorder “Falconimorphae”),
molecular genetic studies fail to consistently group owls
with any specific order (1, 3, 4, 27, 28). Nevertheless,
recent nuclear DNA analyses decisively separate
Caprimulgiformes from the two traditional raptorial
orders with phylogenetically informative indels (3) and
strong statistical support (4, 29). In summary, the mor-
phological and molecular genetic data at hand prohibit
uniting all three avian orders. In light of this, some of
the defining characteristics of owls have clearly evolved
convergently in other lineages, almost certainly with
respect to Caprimulgiformes (29), and possibly with
Falconiformes (30).

Several molecular studies focused on divergence time
estimation in birds have included representatives from
both strigiform families (Table 1). Early estimates for the
timing of divergence between Tytonidae and Strigidae
based on allozyme (10) and mtDNA restriction frag-
ment (11) distances yielded similar early Oligocene esti-
mates, 34 Ma and 30-28 Ma, respectively. However, time
calibrations used in these two studies are suspect, and
subsequent studies with broad species sampling tend
to generate much older divergence time estimates. For
example, although the age of this divergence was not esti-
mated explicitly by Sibley and Ahlquist (I), the average
rate of change in genome-wide DNA-DNA hybridization
analyses was 4.5 million years per degree (centigrade) of
DNA-DNA melting temperature lowered (I) suggests a
much more ancient estimate of ~61 Ma.

Recent analyses of five nuclear genes for 87 taxa have
generated a range of divergence time estimates when
using alternative molecular clock methodologies (4, 31)
(Table 1). Original analyses (4) of this data matrix using
two different rate smoothing methods recovered dates
that ranged from the mid-Eocene (40 Ma) to the late
Cretaceous (66 Ma). A reanalysis of these data (31) using

a Bayesian modeling of rate evolution, together with
improved fossil constraints, supported the Cretaceous
(144-66 Ma) origin of the strigiform families, with the
split dated at about 73 Ma (Fig. 2). A variety of analyses
making different assumptions about how substitution
rate variation evolves in a matrix of ~5 kb of mtDNA for
135 avian taxa (27) generally yielded internally congru-
ent late Cretaceous average age estimates for this node:
ancestor-descendant rate smoothing, 95-88 Ma; closest-
relative rate smoothing, 89-79 Ma; Bayesian autocorre-
lated model of rate evolution, 87-82 Ma; overdispersed
clock, 92 Maj; Bayesian non-autocorrelated model of rate
evolution with unfixed topology, 84 Ma (Table 1).

Although the consensus across these most recent
studies supports a late Cretaceous divergence of the two
strigiform families, it is evident that the age of this node
cannot yet be estimated precisely (Table 1). In a family as
large as Strigidae, the sparse taxon sampling used in pub-
lished dating analyses may have biased subsequent age
estimates if the sampled taxa were not representative of
their respective families, or if a significant node-density
effect was present (32). In addition to the problem of sam-
pling dissimilar species, differences between mt (27) and
nuclear DNA (3I) estimates may be a result of nucleotide
substitution saturation in mtDNA sequences.

In contrast to dates inferred from DNA sequence data,
fossil gap analysis (33) supports a Cenozoic (<66 Ma) ori-
gin for strigiforms. However, the assumption of randomly
distributed fossils (uniformly recovered through time) is
likely to be inappropriate, and a plausible alternative fos-
sil recovery curve can be constructed that is more con-
sistent with the molecular genetic timelines summarized
here (34). Nevertheless, it remains to be seen how well
more thoroughly sampled strigiform timetrees agree
with the oldest known owl at ~58 Ma (35).

Acknowledgements

JW.B. thanks G. Hubley, I. Kaplan, and J. McNew for
assistance. Support was provided by the University of



Eukaryota; Metazoa; Vertebrata; Aves; Strigiformes | 453

Table 1. Divergence times (Ma) and their confidence/credibility intervals (Cl) among owls (Strigiformes).

Timetree Estimates
Node Time Ref. (4) Ref. (10) Ref. (17) Ref. (27) Ref. (37)
Time Time Time Time Cl Time Cl
1 71.1 52.9 34.3 29 874 104-70 73.1 92-59

Note: Node times in the timetree represent the mean of time estimates for three studies (4, 27, 37), because of the considerable uncertainty
in time calibrations in refs. (10) and (17). When multiple time estimates were available from the same study, then the mean of reported
times and Cls is used as the representative estimate. In ref. (10), allozyme data are used with a calibration that one unit of Nei's D is equal

to 23 Ma. The average result from ref. (17) is derived from mtDNA restriction enzyme data and assumes a sequence divergence rate of
2.0-2.2% per Ma. The estimate presented from ref. (4) is derived from an analysis of five nuclear genes using two different rate smoothing
dating methods: closest-relative smoothing and ancestor-descendant smoothing. In ref. (37), data from ref. (4) are reanalyzed using the
same tree topology, but with improved fossil calibrations and a Bayesian autocorrelated model of rate evolution. Ref. (27) constitutes an
average estimate from analyses of ~5 kb of mtDNA under eight combinations of different dating methods (n = 5: ancestor-descendent rate
smoothing, closest-relative rate smoothing, Bayesian autocorrelated model of rate evolution, overdispersed clock, and Bayesian non-
autocorrelated model of rate evolution) and tree topologies (n = 3).

Michigan to JW.B. and U.S. National Science Founda-  15. 'W. Widoho, J. H. Cox, P. C. Rasmussen, Forktail 15, 15
tion to D.P.M. (1999).

16. P.C. Rasmussen, Wilson Bull. 111, 457 (1999).
17. J. M. da Silva, G. Coelho, L. P. Gonzaga, Ararajuba 10,

123 (2002).
References 18. M. Indrawan, S. Somadikarta, Bull. Br. Ornithol. Club
1. C.G. Sibley, J. E. Ahlquist, Phylogeny and Classification 124, 160 (2004).
of Birds (Yale University Press, London, 1990). 19. M. B. Robbins, S. N. G. Howell, Wilson Bull. 107, 1
2. M. Wink, H. Sauer-Gurth, M. Fuchs, in Raptors (1995).
Worldwide, R. D. Chancellor, B.-U. Meyburg, Eds. 20. M. B. Robbins, F. G. Stiles, Auk 116, 305 (1999).
(WWGBP/MME, Berlin, 2004), pp. 517-526. 21. P. C. Rasmussen, T. S. Schulenberg, F. Hawkins,
3. M. G. Fain, P. Houde, Evolution 58, 2558 (2004). R. Voninavoko, Bull. Br. Ornithol. Club 120, 75 (2000).
4. P.G.P. Ericson et al., Biol. Lett. 4, 543 (2006). 22. M. Firbringer, Untersuchungen zur Morphologie und
5. B.C.Livezey, R. L. Zusi, Zool. ]. Linn. Soc. 149, 1 (2007). Systematik der Vogel (von Holkema, Amsterdam, 1888).
6. G.Mayr, A. Manegold, U. S. Johansson, J. Zool. Syst. Evol. 23. H. Gadow, in Klassen und Ordnungen des Thier-Reichs,
Res. 41, 233 (2003). H. G. Bronn, Ed. (C. E. Winter, Leipzig, 1893), pp.
7. N. L. Ford, A Systematic Study of the Owls based on 259-270.
Comparative Osteology, Ph.D. Dissertation (Universityof ~ 24. G. Mayr, J. Clarke, Cladistics 19, 527 (2003).
Michigan, Ann Arbor, 1967). 25. M. C. McKitrick, Misc. Publ., Mus. Zool., Univ. Mich.
8. C.L.Nitzsch, System der Pterylographie, nach dem hand- 179, 1 (1991).
schriftlichen Nachlass desselben verfasst und mit einem  26. J. Cracraft, Auk 98, 681 (1981).
wichtigen Zusatse iiber Entwickelung und microscopishen  27. ]J.W.Brown, J. S. Rest, J. Garcia-Moreno, M. D. Sorenson,
Bau der Federn versehen von H. Burmeister (Eduard D. P. Mindell, BMC Biol. 6 (2008).
Anton, Halle, 1840). 28. G. C. Gibb, O. Kardailsky, R. T. Kimball, E. L. Braun,
9. W. E. R. Rebholz, L. E. M. de Boer, M. Sasaki, R. H. R. D. Penny, Mol. Biol. Evol. 24, 269 (2007).
Belterman, C. Nishida-Umehara, Cytologica 58, 403 (1993). 29. A.E.Fidler, S. Kuhn, E. Gwinner, Mol. Phylogenet. Evol.
10. E. Randi, G. Fusco, R. Lorenzini, F. Spina, Condor 93, 33,908 (2004).
295 (1991). 30. J.J. Negro et al., ]. Raptor Res. 40, 222 (2006).
11.  Q.-W.LiJ. Lin, W. Wen, W.-Z. Li, Y.-Z. Zeng, Acta Zool. ~ 31. ]. W. Brown, R. B. Payne, D. P. Mindell, Biol. Lett. 3, 257
Sin. 44, 101 (1998). (2007).
12.  R. Hume, T. Boyer, Owls of the World (Dragon’s World, ~ 32. C. Venditti, A. Meade, M. Pagel, Syst. Biol. 55, 637
Limpsfield, 1991). (2006).
13. C. Kénig, F. Weick, J.-F. Becking, Owls: A Guide to the ~ 33. R. Bleiweiss, Geology 26, 323 (1998).
Owls of the World (Yale University Press, New Haven, 34, C.R.Marshall, Geology 27, 95 (1999).
1999). 35. P.V.Rich,D.]. Bohaska, Smithson. Contrib. Paleobiol. 27,
14. B.FE. King, P. C. Rasmussen, Forktail 14, 53 (1998). 87 (1976).





