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Abstract

:

The relatively extensive fossil record of owls (Aves, Strigiformes) in North America and Europe stands in stark contrast to the paucity of fossil strigiformes from Africa. The first occurrence of a fossil owl from the Paleogene of Africa extends the fossil record of this clade on that continent by as much as 25 million years, and confirms the presence of large-sized owls in Oligocene continental faunas. The new fossil is tentatively referred to the Selenornithinae, a clade of large owls previously restricted to Europe. This new fossil owl was likely similar in size to the extant Eagle Owls of the genus Bubo, and suggests that the niche of large, volant, terrestrial avian predator, although relatively rare throughout avian evolutionary history, may be an ecological role that was more common among extinct owls than previously recognized.
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1. Introduction


Owls (Strigiformes) are a morphologically distinctive, geographically widespread, and relatively diverse clade with a fossil record stretching back more than fifty-five million years [1,2,3]. Owls are terrestrial predators that occupy higher trophic categories and comprise >200 extant species around the globe, being absent today only in Antarctica and a few isolated islands [1]. The fossil record of owls is quite rich overall, including approximately 100 known extinct species with material representing the extant sister clades Strigidae (typical owls) and Tytonidae (barn owls), alongside material referred to several extinct groups of uncertain systematic affinities (i.e., Palaeoglaucidae, Necrobyinae, Selenornithinae, Sophiornithidae, Protostrigidae, and Ogygoptyngidae; reviewed by [2,3,4]). The relationships of these extinct groups to one another and to the crown clade members of Strigiformes has yet to be evaluated in a rigorous phylogenetic analysis. The absence of such a comprehensive systematic study of the group likely derives from the nature of the owl fossil record, with many named extinct species known only from isolated and otherwise fragmentary fossils. The oldest fossils attributed to the Strigiformes date from the late Paleocene of North America (Ogygoptynx) and Europe (Berruornis; reviewed by [3,4]). Owls evolved large body sizes early in their history, as indicated by the comparable size of specimens attributed to the presumably non-crown group owl Berruornis with that of extant Eagle Owls (Bubo spp.; [3]). The relatively high diversity of smaller sized Paleocene and Eocene fossils from North America, Europe, and Asia demonstrate that owls had diversified greatly in body-size during the Paleogene [2,3,4]. In contrast, pre-Quaternary strigiform fossils from Africa and the Southern Hemisphere are quite rare with a single record from the Miocene of Argentina [5] and a small number of strigiform fossils from South Africa [6]. These regionally differing fossil records currently obfuscate the reconstruction of strigiform historical biogeography and the origin of the clade’s current cosmopolitan geographic distribution.



The relatively sparse fossil record of African owls is entirely composed of Neogene and Quaternary specimens from the early Pliocene of South Africa, the late Pliocene of Morocco, the early Pleistocene of Tanzania, as well as several records from Pleistocene cave deposits, and Holocene deposits from islands to the east of Madagascar [2,7,8,9,10,11,12,13,14]. Previously, the oldest reported African specimen of Strigiformes was a distal humerus from the early Miocene (~18 Ma) of Kenya that was referred to the extant genus Otus [7]. However, the affinities of the Kenyan specimen are in need of reevaluation, as the taxonomic identification of Walker and Dyke [7] was not supported by the description of any strigiform apomorphies present in the fossil and the referral to Otus was subsequently questioned by Pavia et al. [6]. An isolated alar phalanx from the middle Miocene (~13 Ma) of Morocco was referred to the extant species Tyto alba by Brunet [15,16]. Naturally, the potential presence of an extant species in the middle Miocene raises issues related to species longevity (see discussion in [17,18]), and that particular taxonomic identification also was questioned by Pavia and Mourer-Chauviré [19]. Therefore, the earliest reliable records of African owls are from the richly fossiliferous, early Pliocene (~5.0 Ma) deposits at Langebaanweg, South Africa [6,20]. Thus, the discovery of a new strigiform fossil from the early Oligocene [~30 Ma] Jebel Qatrani Formation of Egypt (Figure 1) extends the African strigiform fossil record by approximately 25 million years. We refer to this specimen (and the species it represents) herein as the ‘Jebel Owl’.




2. Materials and Methods


2.1. Osteological and Geologic Conventions


In the osteological description, the English equivalents of the Latin nomenclature, summarized by Baumel and Witmer [21], are used. Osteological measurements of fossil specimens and extant strigiformes follow those outlined by von den Driesch [22], and were taken using digital calipers, rounding measurements to the nearest 0.1 mm (see Supplementary Data File S1). Ages of geologic time intervals are based on the International Geologic Time Scale [23]. A complete list of extant comparative skeletal material and measurements of those specimens are included in the Supplementary Materials section.




2.2. Institutional Abbreviations


CU, Campbell Museum of Natural History, Clemson University, Clemson, South Carolina, USA; DPC, Duke Lemur Center, Division of Fossil Primates, Duke University, Durham, North Carolina, USA; FMNH, Field Museum of Natural History, Chicago, Illinois, USA; MNHN, Muséum National d’Histoire Naturelle, Paris, France; NCSM, North Carolina Museum of Natural Sciences, Raleigh, North Carolina, USA; USNM, Smithsonian Institution, National Museum of Natural History, Division of Birds, Washington, District of Columbia, USA.





3. Systematic Paleontology


Aves Linnaeus, 1758 [24]



Strigiformes Wagler, 1830 [25]



cf. Selenornithinae Mourer-Chaviré, 1987 [26]



3.1. Referred Specimen


The specimen (DPC 24780; Figure 2) was originally included in a series of unrelated and unassociated fossil remains and was not initially assigned a unique specimen number (original specimen number for entire lot of fossils: DPC 5061, field number 84–27). The specimen is the distal end of a left tibiotarsus that was collected by P.S. Chatrath in 1984 during a joint expedition of Duke University and the Egyptian Geological Museum. Although DPC 24780 likely represents a species of owl that was previously unknown (see taxonomic comparisons below), in the interest of avoiding taxonomic confusion, DPC 24780 is not designated as the holotype specimen of a new species because of the limited amount of preserved morphology. Additional remains from this taxon will be required to allow for the resolution of its systematic position and its formal taxonomic recognition.



Measurements (mm): preserved proximodistal length of fragment 30.5; mediolateral width across distal condyles 13.6; preserved craniocaudal depth across condyles 14.7; least mediolateral breadth of shaft 9.7 (see Table 1 for comparisons with other taxa).




3.2. Locality


DPC 24780 was collected from Quarry I (sensu [27,28]) of the Jebel Qatrani Formation in the Fayum Depression of northern Egypt (Figure 1). Based on the geochronological data of the various quarries summarized by Seiffert [29], the estimated age of the fossil is ~30 Ma (i.e., early Oligocene: Rupelian). The Jebel Qatrani Formation conformably overlies the late Eocene fluviomarine Qasr el Sagha Formation and is composed of a mixed sequence of lithified siliciclastic and carbonaceous sediments. The Jebel Qatrani Formation has been interpreted as the result of primarily fluvial deposition and is characterized by abundant weathering horizons and root traces indicative of a tropical monsoon climate regime (see [28,30] for further geologic and paleoenvironmental details). Fossil records of birds, mammals (particularly primates), and flora are congruent with these geologic and climatic interpretations (reviewed by [27,29,30]).




3.3. Anatomical Description


The specimen is the distal end of a left tibiotarsus that is broken just proximal to the proximal margin of the extensor groove (Figure 2). The proximal end of the shaft on the caudal side is missing. Additionally, the distal and caudal faces of the distal end (including those faces of the condyles) are missing, including the articulation for the tibial cartilage. The specimen is interpreted as representing an adult individual, indicated by the completely fused astragalus and calcaneum and a smooth cortical surface [31,32]. The fragmentary and abraded preservation of DPC 24780 is consistent with other avian fossils from the Jebel Qatrani Formation and is not an indication of ontogenetic stage.



At the proximal preserved end, there is still a slight concavity extending from the extensor sulcus, which widens and deepens distally. The distal end of the extensor sulcus forms a relatively deep excavation with its long axis medial to the proximodistal midpoint of the bone. The most distal end of the sulcus has a very slight overhang cranially (i.e., a small fossa in the distal end of the sulcus). There is no ossified supratendinal bridge, nor any evidence that one was present and later broken away. On the medial side, at approximately one-half the proximodistal length of the specimen, is the medial attachment of the extensor retinaculum. It is ovoid in outline and proximodistally elongate. In contrast, the lateral extensor retinaculum attachment is mediolaterally wide and has an irregular outline. Located medial to that attachment scar is a medial widening of the tibial shaft (relative to the more proximal part of the shaft). The preserved portion of the lateral condyle extends slightly further proximally than the medial condyle. The condyles are subequal in mediolateral width, with the lateral condyle being slightly wider. The proximal end of the medial condyle at the junction with the shaft is more rounded than the somewhat pointed proximal end of the lateral condyle. The preserved part of the medial face of the shaft is relatively flat. The medial condyle is concave cranial to the epicondyle. The medial epicondyle is relatively distinct and located just cranial to the level of the cranial face of the tibial shaft. The proximal end of the medial condyle has a small concave notch in its outline where it meets the shaft. Adjacent to that notch is an oval shaped scar that is elevated relative to the rim of the medial condyle (see the pit adjacent to the extensor sulcus on Figure 2). The lateral surface of the lateral condyle is relatively flat with an irregular outline in lateral view. There does not appear to be a lateral epicondyle, but it may have been present on the missing portion of bone. The more proximal area of the lateral side of the bone is convex. The sulcus m. fibularis is less deeply excavated than the notch at the junction of the medial condyle and the shaft. There is a small pit on the lateral side adjacent to that junction. Caudal to that pit is a low ridge and groove, which are relatively short and proximodistally elongate.




3.4. Taxonomic Comparisons


Although the specimen (DPC 24780) is only a fragment of a limb bone, major postcranial skeletal elements (e.g., tibiotarsus, tarsometatarsus) of owls are quite distinct from those of other avian clades and are therefore, readily identifiable [4,33]. Furthermore, it is fortuitous that such a fragmentary specimen preserves apomorphies that allow for its tentative referral to Selenornithinae. The absence of an ossified supratendinal bridge on the tibiotarsus (Figure 2) is a characteristic with a very limited distribution among (adult) crown group birds. Within crown birds, the supratendinal bridge is not ossified in most ‘ratite’ paleognaths (likely not a monophyletic group), some Podicipedidae (grebes), some Psittaciformes (parrots), Opisthocomidae (hoatzin), Steatornithidae (oilbirds), Nyctibiidae (potoos), Bucerotidae (hornbills), and Strigiformes (owls; [34]). Ameghinornithidae (Cariamae putatively outside of core Gruiformes sensu [4]) also lack an ossified supratendinal bridge, and a fossil tentatively attributed to this taxon was reported from the Jebel Qatrani Formation in Egypt [35]. Based on the phylogenetic relationships among those groups, it is most parsimonious to reconstruct that absence (in adult individuals) as a convergent feature rather than retention of a plesiomorphy, or as a derived (reversed) character uniting any of those groups (possibly with the exception of some of the ratite paleognaths). The extensor sulcus has a deeply excavated pit on the cranial surface of the distal tibiotarsi in Strigiformes. Whereas, the extensor sulci are not deeply excavated in paleognathous birds lacking a bridge, Opisthocomidae, Podicipedidae, and Steatornithidae. The extensor sulci of Psittaciformes and Bucerotidae are less deeply excavated than in Strigiformes. The medial epicondyle is considerably more projected in Ameghinornithidae than in DPC 24780 (see [35], figure 2). These characters (i.e., lack of an ossified supratendinal bridge and a deeply excavated extensor sulcus) are primary characters indicating support for the referral of DPC 24780 to Strigiformes. In addition, the evenly rounded outline, distinct craniodistally projecting condyles of subequal mediolateral width with a very deep intercondylar incisure (broken, but the preserved distal ends of the condyles indicate a deep incisure) further agree with the allocation of this fossil to Strigiformes.



The specimen does not display the wide medial condyle characteristic of the Paleogene Protostrigidae [4]. The relatively narrow condyles, relatively wide tibiotarsal shaft, and the depression proximal to the lateral condyle of DPC 24780 agree with the morphology of Selenornis (Selenornithinae). These apomorphies of Selenornis were noted previously by Mourer-Chauviré [26] and Mayr [36]. However, it is unclear if DPC 24780 possessed the shallow tibiotarsal cartilage articulation present in Selenornis (mentioned by [36]) because the caudodistal region of the bone is missing. It appears that Selenornis steendorpensis (see [36], figure 2) shares the more distal location of the extensor retinaculum present in DPC 24780, and they differ from the more proximal location observed in Berruornis orbisantiqui and Tyto. That feature has not been described in the Selenornis (Sophiornithidae) material from Quercy. The extensor sulcus of DPC 24780 is relatively deeper than that of S. steendorpensis. The preserved portion of the lateral condyle extends slightly further proximally than the medial condyle; although the difference is very slight, as is that of S. steendorpensis, in which the opposite condition is reported [36]. The tubercular attachment of the medial side of the extensor retinaculum is located just distal to the preserved end of the bone in B. orbisantiqui [13], a position more proximal than that in DPC 24780 (and overall more similar to that in Tyto). Additionally, DPC 24780 also exhibits a flattened scar, not a tubercle for that attachment point adding another difference between these two taxa. The tibiotarsual shaft of DPC 24780 is also significantly more robust than B. orbisantiqui (width of shaft across retinacular tubercles in B. orbisantiqui = 8.6 mm; see [13], table 2; DPC 24780 = 13.1 mm). DPC 24780 is not directly comparable to the Paleocene Ogygoptynx wetmorei (Ogygoptyngidae), which is known only from a tarsometatarsus [37]. However, given that the proximal tarsometatarsus articulates with the distal tibiotarsus, the 9.0 mm proximal width of O. wetmorei suggests that this taxon was considerable smaller than the species represented by DPC 24780. Likewise, the width of proximal tarsometatarsus of Palaeobyas cracrafti (~16.5 mm, see [26], table 5) suggests that P. cracrafti was somewhat larger than DPC 24780. Based on width of the tibiotarsal shaft, DPC 24780 is significantly larger in size than Necrobyas edwardsi, N. harpax, and N. arvernensis (Necrobyinae; see [26], table 5; Table 1). DPC 24780 is not comparable to the large owl Palaeotyto cadurcensis reported from the Quercy fissure fillings by Mourer-Chauviré [26] because that taxon is known from an isolated coracoid. The minimum width of the tibiotarsal shaft of DPC 24780 (9.7 mm) is the same as that of Tyto gigantea. Based on measurements of the distal tibiotarsus, DPC 24780 was slightly smaller than Tyto robusta and T. mourerchauvirae (see table 2 in [38]). Although the shaft width of DPC 24780 is nearly double that of the largest extant owl Bubo bubo, the distal width and depth of DPC 24780 are somewhat smaller (Table 1), indicating a potentially diagnostic difference in relative proportions between these taxa.





4. Discussion


Much like that of the Jebel Qatrani avifauna, other predominantly freshwater aquatic African avifaunas from the Eocene and Miocene of Egypt [27,39,40] and the Miocene of Kenya [41] provide a limited means of comparison with extinct assemblages and extant African avifaunas. For example, fossil Ciconiiformes (storks, herons, and allies) are present in all of the deposits mentioned above and are widespread on the African continent today. Furthermore, compositional evaluation of the avifauna from the Fayum Depression of Egypt showed that the assemblage somewhat resembled that of the extant avifauna of Uganda in eastern Africa [42]. Thus, despite the relative antiquity of the remains described herein (i.e., early Oligocene), and as noted by Olson and Rasmussen [42], the avifaunal composition of the Jebel Qatrani Formation is not entirely dissimilar from modern African deltaic avian assemblages. The addition of an owl to the Jebel Qatrani avifaunal assemblage is entirely consistent with that interpretation.



Based on comparisons of tibiotarsal measurements, Jebel Owl would have likely been within the range of the largest extant owls, the Eagle Owls (Bubo spp.; body mass ~1.5–2.5 kg [43]). Although tibiotarsus measurements indicate differences in relative proportions among large extinct owls (Table 1), the Jebel Owl appears to be similar in size with many of the larger Paleogene owls, such as Minerva and Berruornis [4,13], and the Jebel Owl likely would have been one of the larger avian predators within the northern African deltaic paleoecosystem. The presence of a large owl in the Fayum ecosystem is not wholly unexpected and adds to the known diversity of presumably carnivorous birds during that time (e.g., osprey and a possible accipitrid; [27]). An evaluation of body size evolution in extant and extinct Strigiformes found evidence that there is no overall trend in insular body size evolution despite the increased occurrence of large bodied insular taxa (such as Tyto balearica) in the fossil record as compared to large extant owls, and that no overall trend in insular body size evolution is apparent in the clade [44]. The addition of the Jebel Owl to the list of large strigiformes does not challenge that interpretation. However, given the temporal duration of large owls (i.e., Oligocene-Pleistocene), it is likely that additional strigiformes of unusually large size remain to be discovered.



Fossil remains from the Jebel Qatrani Formation include those of early Oligocene primates, such as Propliopithecus (also known from Quarry I; [45]). Propliopithecus has been estimated as weighing between 3.6 and 7 kg [45,46] placing juveniles and potentially adults within the pool of prey hunted by an owl as large as Jebel Owl. Extant examples of this foraging specialization include the African Crowned Eagle, in which primates represent the majority (~80%) of the diet [47]. Additionally, large raptors are known to produce fossil accumulations with diagnostic characteristics [48]. The possibility that the accumulation of primate remains from the Jebel Qatrani Formation is due to the foraging activities of Jebel Owl or other large carnivorous birds should be considered, given that other primate fossil deposition has been attributed to large raptors (e.g., Australopithecus africanus; [49]). However, taphonomic and depositional interpretations of the Jebel Qatrani Formation suggest that the fossil assemblage was deposited in a deltaic or estuarine setting [28], and further study is necessary to determine if the Jebel Owl could have been a significant contributor to the known primate fossil record in the Fayum. The Jebel Qatrani Formation should be a target of future collection efforts to identify additional remains of this owl and to garner additional insights regarding the ecological interactions of this large extinct owl.



Most extant owls are nocturnal predators [1], and along with bats, they dominate terrestrial, volant, nocturnal, predatory niches. However, it is not known how and when in their long evolutionary history owls became nocturnal predators and rose to dominance. The phylogenetic relationships of owls to other neoavian birds is unclear, but some genomic analyses [50,51] suggest a relatively close relationship with the herbivorous extant mousebirds, who were frugivourous early in their history [52]. Carnivory likely is an apomorphy of the strigiform lineage given the omnivorous or herbivorous diets of other related landbirds (Telluraves). As with the Jebel Owl, most other Paleogene owl fossils are limited to postcranial elements. Cranial features that could indicate relative eye size and associated nocturnal versus diurnal habits (e.g., lacrimals fused to frontals and supraorbital processes absent or vestigial) are frequently not preserved in owl fossil specimens [3]. However, a privately held early Eocene owl fossil with a well-developed supraorbital process and suggesting that at least one lineage of stem owls may have had smaller eyes and been less nocturnal than modern owls was reported by Mayr [3]. Extant owls are unique in their role as large, avian, aerial, nocturnal predators, and it is tempting to speculate that invasion of this potentially unoccupied niche (along with the similar rise and dispersal of nocturnal mammals including rodents and primates) may explain the wide geographic distribution of the clade early in their evolutionary history.



The potential presence of a selenornithid owl in Africa presents interesting new biogeographic data for the evolution of birds along the Tethys Seaway because with a few exceptions, the bulk of research on dispersal to and from Africa in the Paleogene has focused on mammals and reptiles [53,54,55]. Despite the much richer record of mammals from the Eocene and Oligocene of Asia, Europe, and Africa, current data does not reveal a consistent biogeographic dispersal pattern among those continents [55,56]. However, the presence of related taxa on both sides of Tethys (i.e., in Europe and northern Africa) indicates that dispersal did occur, even though the timing and directionality of those events have not yet been constrained [55]. Indeed, if Jebel Owl is closely related to the known Selenornithinae species from Europe (see comparison section above), its presence in northern Africa would strengthen the trans-Tethyian biogeographic links among birds in the late Eocene and early Oligocene beyond the occurrence of osprey, ameghinornithids, and herons [4,35,57,58]. Many of the Eocene and Oligocene birds recently described including ameghinornithids, cuckoos, galliforms, and parrots comprise species without clear affinities to known taxa within their respective systematic groupings, or species within widely occurring groups such as Parortygidae and Ameghinornithidae (present in the Paleogene of Africa, Europe, and Asia; [35,59,60]. This mixture of endemicity (or lack of clear biogeographic affinities) with avian taxa distributed widely in the Old World means that determining the paleobiogeography of Africa, with respect to other regions (Europe and Asia), will require analysis of significant new data and fossils.



The Eocene-Oligocene Climatic Transition (EOCT) lasted from approximately 33–34 Ma, and that particular temporal interval has been correlated with global cooling and significant changes in sea level [61]. Furthermore, molecular divergence estimates and the fossil record suggest that the EOCT was a time of global avian radiation and faunal turnover [62,63]. Widespread climatic changes such as those associated with the EOCT may have affected both terrestrial species such as the Jebel Owl and marine taxa such as pelagornithids. However, the dynamics of those interactions between the physical environment and birds living in vastly different habitats likely differed. For example, the early Oligocene age of the Jebel Qatrani fauna is congruent with significant changes in the mammalian fauna of Europe (i.e., the Grande Coupure), and the biotic interchange and subsequent faunal turnover that resulted have been documented in the mammalian fossil record of adjacent areas of Europe and Asia [56]. Likewise, loss of the mammalian megafauna in North and South America has been implicated as a potential contributing factor in the extinction and reduction of giant scavengers, such as the teratorns and condors [64,65]. Additionally, new evidence suggests that the Nile River drainage system formed contemporaneously with the estimated age of Jebel Owl (~30 Ma; [66]) and the subsidence of northern Egypt and changing environment of that time period may have played a role in the creation of the niche occupied by this large owl. However, additional information regarding the geographic and temporal distribution of the Jebel Owl will be needed before paleoclimatic and faunal impacts can be assessed with any certainty.




5. Conclusions


Whereas many avian giants are known from insular or marine faunas (e.g., moas, elephant birds, Ornimegalonyx, and pelagornithids), the occurrence of the Jebel Owl in Egypt demonstrates that large sized avian predators interacted with continental Oligocene faunas as well, and likely were not restricted to scavenging. Questions regarding how this large flying predator interacted with its physical environment (e.g., flight dynamics), its prey, and other predators remain unresolved. Nevertheless, the discovery of the Jebel Owl further demonstrates that large body size in birds evolved in both terrestrial and marine environments and across different foraging niches.



This new Egyptian fossil represents the first record of an owl from the Paleogene of Africa and extends the fossil record of African owls by as much as 25 million years. Jebel Owl would likely have been similar in size to the extant Eagles Owls and potentially could have preyed upon a large cross section of the vertebrate fauna. As a potential apex predator, the Jebel Owl may have contributed to the structuring of the mammalian community of northern Africa during the Oligocene. In contrast with other avian giants that are frequently herbivorous or restricted to marine or insular habitats, the Jebel Owl demonstrates that volant, avian, terrestrial predators of large size were likely more geographically widespread and may have a more extensive evolutionary history than previously appreciated. The presence of owls in the Paleogene of Northern Africa is not surprising given the relatively extensive Paleogene fossil record of the clade in nearby Europe and contributes to an ever more complete picture of the deep history of this diverse group of birds.
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Figure 1. Maps depicting the location of the Fayum Depression fossil locality in Egypt (A), Quercy fissure fill fossil owl locality in France and previous African strigiform fossil localities (B): Quercy, France (1); Ahl al Oughlam Quarry, Casablanca, Morocco (2); Fayum Depression, Egypt (3); Olduvai Gorge, Tanzania (4); Mauritius and Reunion Island (5); Langebaanweg, South Africa (6). 
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Figure 2. Distal left tibiotarsi of: the Jebel Owl (DPC 24780); the holotype specimen of Selenornis henrici (MNHN QU-16222); and Tyto alba (CU 1827) in medial (A,E,I), cranial (B,F,J), lateral (C,G,K), and caudal (D,H,L) views. Anatomical abbreviations: es—extensor sulcus, g—groove and depression adjacent to lateral condylar notch, is—intercondylar sulcus, la—lateral attachment of the extensor retinaculum, lc—lateral condyle, ma—medial attachment of the extensor retinaculum, mc—medial condyle, me—medial epicondyle, p—pit adjacent to extensor sulcus. 
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Table 1. Tibiotarsal measurements of selected extant and large extinct species of owls (mm).
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	Species
	n
	tl
	tsw
	tdw





	Bubo bubo
	3
	138.0
	5.3
	17.5



	Bubo scandiaca
	5
	117.6
	5.1
	15.8



	Bubo virginianus
	10
	124.3
	5.2
	15.6



	Strix nebulosa
	5
	118.7
	4.9
	14.5



	Strix occidentalis
	4
	94.9
	3.7
	10.7



	Strix otus
	4
	77.2
	2.8
	8.5



	Strix varia
	10
	106.0
	3.8
	12.0



	Aegolius acadicus
	4
	46.9
	1.8
	5.5



	Asio flammeus
	4
	86.2
	3.0
	8.9



	Micrathene whitneyi
	3
	38.3
	1.8
	4.0



	Otus asio
	9
	54.1
	2.2
	6.5



	Tyto alba
	6
	106.4
	4.2
	10.6



	†Ornimegalonyx oteroi
	1
	250.0
	13.0
	-



	†Tyto gigantea
	1
	195.0
	9.7
	-



	†Tyto noeli
	1
	147.0
	6.4
	-



	†Necrobyas arvernensis
	1
	77.9
	4.3
	10.0



	†Grallistrix auceps
	1
	110.8
	4.9
	10.2



	†Grallistrix orion
	1
	101.9
	4.2
	9.6



	†Grallistrix erdmani
	1
	96.0
	4.6
	9.2



	†Eostrix mimica
	1
	-
	6.0
	11.4



	†cf Selenornithinae (Jebel Owl)
	1
	-
	9.7
	13.6







† denotes extinct species; - denotes missing data; tibiotarsal length (tl) is greatest length excluding the cnemial crests; shaft width (tsw) values are least width in the mediolateral plane; distal width (tdw) values are greatest mediolateral width (see [33]). All measurement values provided for extant species are averages. For a complete list of sampled species, specimens, and osteological measurements, see the supplementary data (Data File S1).
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