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Abstract
The Pseudasturidae, a new family of small Lower to Middle Eocene zygodactyl birds is described. In the
Middle Eocene of Grube Messel, near Darmstadt (Hessen, Germany), this taxon is represented by at least
two species (Pseudastur macrocephatus n. g., n. sp. and ah unnamed species). A third (unnzmed) species is
tentatively referred to lhe Pseudastaridae. The Lower Eocene species "Primobuceo '" olsoni FED~CCIA&
MARTIN 1976 from the Green River Formation (Wyoming) is also included in this family. Since ir has not
been possible to find de¡
characters which convincingly link the Pseudasturidae lo any of the known
Recent or fossil orders, the family is classified incertae sedis in this study. Most char•cte¡
for Pseudastur macrocephalus is the presence of large processus supraorbitales, which closely resemble the corresponding structures found in falconiform birds. The fact that the skull of Messelastur gratulator PETERS
1994 is difficult to distinguish from that of one of the unnamed species presented here raises the question,
whether Messelastur is correctly assigned to the Falconiformes or if this genus represents another taxon of
the Pseudasm¡
K e y w o r d s : Aves, zygodactyl birds, Pseudastu¡

taxonomy, Tertiary, Eocene, Messel, Germany.

Kurzfassung
[Eine neue Familie eozgner zygodactyler V6gel.] - - Die Pseudasturidae, eine neue Familie kleiner unterbis mitteleoz/iner zygodactyler V6gel wird beschrieben. Ira Mittel-Eozfin der Grube Messel bei Darmstadt
(Hessen, Deutschland) ist dieses l"axon mit mindestens zwei Arten vertreten (Pseudastur macrocephalus n.
g., n. sp. und eine unbenannte Art). Eine dritte (unbenannte) Art wird unter Vorbehalt zu den Pseudasturidae
gestellt. Ebenfalls dieser Familie zugeordnet wird die untereozS.ne Art ,,Primobucco '" olsoni FEDUCCIA&
MARTIN 1976 aus der Green River Formation (Wyoming). Nachdem keine abgeleiteten Merkmale gefunden
werden konnten, welche die Pseudasturidae ª
mit einer der bekannten rezenten oder fossilen
Ordnungen verbinden, wurde die Familie in der vorliegenden Arbeit incertae sedis klassifiziert. Kennzeichnendes Merkmal von Pseudastur macrocephalus sind lange Processus supraorbitales, die denen der
Falconiformes fihneln. Die Tatsache, daB der Sch~idel von Messelastur gratulator PETERS 1994 nur schwer
von dem einer der unbenannten Arten dieser Studie unterschieden werden kann, wirft die Frage auf, ob
Messelastur zu Recht den Greifv6geln zugeordnet wurde, oder ob diese Gattung ein weiteres Taxon der
Pseudasturidae ist.

*) Nr. 128: Courier Forschungsinstitut Senckenberg, 205 : 1-101.
Address of the author: Dr. GERALDMA•R, Forschungsinstimt Senckenberg, Sektion Ornithologie, Senckenberganlage 25; D-60325 Frankfurt aro
Main, Germany. E-mail: gmayr@sng.uni-frankfurt.de
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Introduction
Today only four avian taxa exhibit a fully zygodactyl foot, which
is characterized by a permanently backwards directed fourth
roe: the Cuculiformes (cuckoos), Psittaciformes (parrots), Pici
(woodpeckers and allies), and the Galbulae (Bucconidae [puffbirds] and Galbulidae [jacamars]). The Coliiformes (mousebirds) are facultatively zygodactyl; a few other birds (e.g. the
Strigiformes [owls] and the falconiform genus Pandion) can
spread the fourth toe laterally.
In the Early Tertiary zygodactyl birds made u p a considerable part of the small landbird avifauna. This was first stated
by FEDUCCIA& MARTIN(1976) who erected the Family Primobucconidae for several Eocene birds from North America. The
Primobucconidae were believed to be closely related to the
Bucconidae and to constitute the "dominant smaI1 perching
birds of the Eocene of North America" (FEDUCCIA& MARTIN
1976: 101). Only a few years later HOUDE & OLSON (1989)
showed, however, that this family was entirely polyphyletic
including both zygodactyl and anisodactyl birds. HOUDE &
OLSON confirmed an assignment to the Galbulae only for the
two Lower Eocene species "'Neanis" kistneri FEDUCCIA 1973
and "Primobucco" olsoni FEDUCCIA & MARTIN 1976 (the
generic names are cited in quotation marks since both species
are not closely related to the type species of their respective
genera, see HOUDE & OLSON 1989). Another "primobucconid"
species was referred to the new Family Sandcoleidae HOUDE&
OLSON 1992 which also occurs in Messel and is probably an
extinct sister taxon of the Recent mousebirds (MAYR & PETERS,
1998).
In addition to these taxa, numerous remains of primitive
psittaciform and piciform birds have been found in Eocene
deposits from Messel and the British London Clay (MAVR

1998a; MAYR 1998b; MAYR & DANIELS, 1998). MOURERCHAUVIR• (1992) described another zygodactyl family, the
Quercypsittidae from the Upper Eocene fissure fillings of the
Quercy (France), which she considered to be the sister taxon of
the Psittacidae.
In this study zygodactyl birds which show close
affinities to "Primobucco" olsoni are described from the
Middle Eocene of Grube Messel, near Darmstadt (Hessen,
Germany). In a more general paper dealing with their
"ecological role" HOCH (1988) has already presented ah
incomplete and rather poorly preserved skeleton of one of these
birds (for detailed information on the site see SCHAAk &
ZmGLER 1988).

Material and methods
The anatomical terminology follows BAUMEL & WITMER
(1993), ifnot indicated otherwise. The dimensions represent the
maximum length of the bone along its longitudinal axis, except
for the claws where the distance between the tuberculum
extensorium and the apex phalangis has been measured.
Abbreviations used to indicate collections in which specimens are deposited:
WDC
The Wyoming Dinosaur Center, Thermopolis, USA
(collection POHL);
SMNK Staatliches Museum f'ª Naturkunde, Karlsruhe,
Germany;
SMF
Forschungsinstitut Senckenberg, Frankfurt am Main,
Germany;
GSATC Geological Survey ofAlabama Type Collection, USA.

Systematics
Order incertae sedis
Pseudasturidae

(4)

n. fam.

Type gen us: Pseudasturn. g.
i n c I u d e d g e n e r a : The as yet unnamed genus to which the Lower
Eocene species "Primobucco" olsoni FEDUCr & MARTIN 1976
belongs, and possibly the genus Messelastur PETERS1994 (this has to be
confirmed or refuted with more complete specimens of the genus).
D i a g n o s i s : The Pseudasturidae n. fam. comprises small
zygo-dactyl ( o r a t least facultatively zygodactyl, see description) birds which are characterized by the following
features:
(1)* os lacrimale with long processus supraorbitales
(unknown in "PI:" olsoni);
(2)* mandible with small dorsally projecting processus retroarticularis (unknown in "PlŸ olsoni);
(3)* l lth-13th vertebrae with large depression or foramen
(this cannot be clearly distinguished in the specimens)
on the lateral side of the corpus vertebrae (unknown in
"P~" olsoni);

(5)
(6)
(7)
(8)

(9)
(10)
(11)
(12)

coracoid with foramen nervi supracoracoidei (this
feature is visible in the specimens of "P~" olsoni from
the London Clay);
scapula with short acromion;
furcula without apophysis furculae and with narrow
extremitas omalis;
slender humerus with small proximal end and sigmoidally bowed shaft;
ulna distinctly longer than humerus and with marked
depressio radialis (the latter feature is visible in the
specimens of "PlŸ olsoni from the London Clay; M.
DANIELSpers. comm.);
tarsometatarsus short;
foramen vasculare distale (tarsometatarsus) large;
trochlea metatarsi IV bearing a Sehnenhalter (terminology after STEINBACHER1935);
third toe very strong.

Since the occurrence of the asterisked characters is uncertain for
"Pr." olsoni, they might be autapomorphic for Pseudastur
macrocephalus. At least characters 1, 2, 4, 8, 11, and 12 are
derived within neognathous birds and support a monophyly of
the Pseudasturidae.

MAYR:A new family of Eocene zygodactyl birds

-

D i f f e r e n t i a 1 d i a g n o s i s : The Pseudasturidae n. fam.
differs from the
Quercypsittidae in: trochlea cartilaginis tibialis without
deep furrow; foramina vascularia proximalia of
tarsometatarsus on the same leve[ (in Quercypsitta the lateral foramen vasculare proximate is more proximal in
position); dorsal surface of tarsomelatarsus convex (flattened in Quercypsitta); trochlea metatarsi II smaller. The
coraeoid assigned to Que~vypsitta entirely differs from that
o f Pseudastur in its overall shape, the absence o f a foramen
nervi supracoracoidei and the cup-like cotyla scapularis.
Psittacidae in: presence of long processus supraorbitales;
coracoid with foramen nervi supracoracoidei; Sehnenhalter
smaller and not separated from the trochlea metatarsi IV by
a groove. In addition, the Pseudasturidae differ from the
Eocene parrots de scribed by MAYR& DANIELS(1998) in the
relatively shorter leg (see tab. 1).
Cuculidae in: presence of long processus supraorbitales;
coracoid with foramen nervi supracoracoidei; incisions in
the margo caudalis of the sternum deeper; ulna slender and
distinctly longer than humerus; tarsometatarsus shorter.
Sandcoleidae in: presence of long processus supraorbitales;
ulna distinctly longer than humerus and slender; fossa
metatarsi I not situated on medial side of tarsometatarsus;
proximal phalanges of the three anterior toes longer.
Galbulae in: interorbitat bridge narrower; presence of long
processus supraorbitales; absence of elongated processus
postorbitales; coracoid with foramen nervi supracoracoidei;
processus extensorius (carpometacarpus) shorter; absenee
of proeessus intermetacarpalis (carpometacarpus); os
metacarpale minus nol longer than os metacarpale majus;
crista deltopectoralis (humerus) more rounded; sulcus
humerotricipitalis (humerus) deeper; cranial part of pelvis
narrower; medial ridge along dorsal surface of tarsometatarsus absent; trochlea metatarsi II smaller.
Pici in: morphology of all major skeletal elements.

P s e u d a s t u r n. g.

Ty p e s p e c i e s : Pseudastur macrocephalus n. sp.
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Included species:
named species.

The genus Pseudastur includes no other

E t y m o I o g y : The generic name has been derived from pseudo (Gr.):
false and astur (Lat.): raptorial bird~ and refers to the similarity between
the genera Pseudastur and Messelastur PETERS1994.
D i a g n o s i s : Pseudastur n. g. exhibits all diagnostic features

of the Pseudasturidae mentioned above and is characterized by
the following probably autapomorphic features:
(1) distal end of tibiotarsus with short condyles and wide
incisura intercondylaris;
(2) trochlea metatarsi IV (tarsometatarsus) reaching less far
distally than the tr. tot. li.
D i f f e r e n t i a 1 d i a g n o s i s : The (as yet unnamed) genus
to which the Lower Eocene species "Primobucco" olsoni
belongs differs from Pseudastur n. g. in the absence of
characters (1) and (2) mentioned above (diagnosis of
Pseudastur), in the relatively shorter ulna and longer tibiotarsus
(tab. 1), and in the wider furcula.
R e m a r k s : Pseudastur n. g. resembles the genus Messelastur

PETERS 1994 (which is only known from the skull and parts of the
vertebral eolumn) in the presenee of large processus supraorbitales
and deep depressions or foramina in the caudal cervical and cranial
thoracie vertebrae respectively. Both genera are also similar in the
morphology of the temporal region, the relative proportions of the
beak, and the absolute size of the skull (the skull of the holotype of
M. gratulator is compressed along its longitudinal axis and
therefore its original length can only be estimated - according to
my measurements it veas approximately 40 mm Iong, not 47 mm as
assumed by PETERS 1994). However, Pseudastur differs from
MesseIastur in the following features: the processus supraorbitales
are narrower; the upper jaw is lower at its basis (11.5 mm in
Messelastur, 9 mm in SMNK.PAL.2372b); the mandible is longer
(total length approximately 26 mm in Messelastur gratulator, but
31 mm in Pseudastur); the rami mandibulae are more slender
(maximum height in M. gratulator ca. 4.9 mm, in SMNK.
PAL.2373 ca. 3.5 mm); the processus postorbitales are shorter
(SMNK. PAL.2373); the processus dorsalis of the third vertebra is
stouter (WDC-C-MG 94).

Table 1. Proportions of the limb bones ofpseudasturid birds and the Middle Eocene parrot Psittacopes lepidus MAYR& DANIELS(1998) (n - number
of individuals, value in parentheses = standard deviation).

Pseudasturidae

HU:UL

HU:CM

TT:TM

UL:TM

HU:TM

CM:TM

0.86 (0.01)
0.88
0.90

1.95 (0.04)
2.00
2.14

1.95 (0.02)
2.13
~2.13

2.26 (0.02)
2.72
1.97

1.94 (0.04)
2.38
1.78

1.00 (0.04)
1.19
0.83

0.86 (0.01)

1.77 (0.01)

1.91 (0.03)

1.64 (0.05)

1.41 (0.03)

0.80 (0.03)

n. fam.:

Pseudastur macrocephaIus (n = 2)
?Pseudastur sp. (SMF-ME 1283)
"Primobucco "' olsoni t

Psittacidae:
Psittacopes lepidus (n=2)

measurements taken from the holotype

202

MAYa: A new family of Eocene zygodactyl birds

Pseudastur macrocephalus n. sp.
Text-figs. 1-9

D i a g n o s i s : Only named species of the genus, therefore
diagnosis same as for genus. Pseudastur macrocephalus has
roughly the same size as "Primobucco '" olsoni (tab. 2).

E t y in o l o g y : The specific name has been derived froin makrocephalos (Gr.): large-headed.

R e m a r k s : The assignment o f the referred specimens to P.
macrocephalus is only tentative since all differ slightly either in
size or in morphological features from the holotype:
- the skulls of SMNK.PAL.2372, SMNK.PAL.2373, and
WDC-C-MG 107 appear to be larger than that of the
holotype
the height of the rami mandibulae just before the pars
symphysialis differs (2.3 m m in WDC-C-MG 94, 2.4 m m in
SMNK.PAL.2372, and 3.4 m m in SMNK.PAL.2373)
the rami mandibulae of SMNK.PAL.2372 become narrower
towards the tip of the bill, while those of SMNK.PAL.2373
are of equal height
- the tarsometatarsi of SMNK.PAL.2373 and WDC-C-MG
107 are stouter than that of the holotype
specimen WDC-C-MG 200 differs in its much longer hallux

Ii o 1o t y p e : WDC-C-MG 94 (complete articulated skeleton; textfig. 1).
Ty p e l o c a 1i t y : Messel (Hessen, Germany).
T y p e h o r i z o n : Geiseltalium, lower Middle Eocene.
Tentatively
referred
s p e c i m e n s : SMNK.PAL.2372a+b
(cranial half of articulated skeleton; text-figs. 2 and 9); SMNK.
PAL.2373a+b (complete articulated skeleton; text-figs. 3 and 4), WDCC-MG 107 (nearly complete articulated skeleton with a fractured right
tibiotarsus); WDC-C-MG 200 (incomplete articulated skeleton); the
specimen described by HOCH (1988) from the collection FEIST (not
investigated by me).
Dimensions:

see tabs. 2 and 3.

Table 2. Pseudasturidae. Comparison of the lengths of the limb bones (left/right, in mm):

humerus

Pseudastur macrocephalus:
WDC-C-MG 94 (holotype)
/~29.5
referred specimens:
SMNK.PAL.2372
27.6/
SMNK.PAL.2373
/~28.5
WDC-C-MG 107
/30.5
WDC-C-MG 200
"FElST"-specimen I
29
? P s e u d a s t u r sp.
SMF-ME 1283

-33.5/~34.5

Pseudasturidae inc. sed.:
SMNK.PAL. 1078
23.9/24.4

" P r i m o b u c c o " olsoni:
GSATC 217 (holotype)

ulna

carpometacarpus

tibiotarsus

tarsometatarsus

skull

-34.7/34.7

/14.9

30.5/30.6

15.5/15.5

38

/32.0
/-33.1
/35.1

14.5/
~14.9/
/15.7

~28/
/31.9
29

/-14.5
14.2/~14.2
/ - 15.5
13

/~31

/~14.5

35

-39.4/

~17.2/

-27.7/-28.0

~12/-12

-30.8

~13

-27.8

42
42
~40
~35

~42

-28.5

~33.2

-15.6

~measurements according to HOCH (1988)

Table 3. Pseudastur macrocephalus n. g., n. sp. Length of the pedal phalanges, in mm:

I 1

WDC-C-MG 94
WDC-C-MG 107
WDC-C-MG 200
SMNK.PAL.2373

~5.4
7.9
5.6

I2

4.9
4.9

II 1

II 2

4.2

5.3
5.2
4.2

II 3

3,7

III 1

III 2

III 3

4.2

4.4
4.2
4.2
3.7

6.9
6.1
7.5
5.3

4.1
3.9

III 4

IV 1

IV 2

IV 3

IV 4

3.2

3.2

3.2

5.1
5.2

3.1

3.0

3.0

4.5

IV 5

4.0
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Text-fig. 3. Pseudastur macrocephalus n. g., n. sp. Specimen
SMNK.PAL.2373a, covered with ammonium chloride to enhance
contrast. - Scate: 10 mm.

Text-fig. 1. Pseudastur macrocephalus n. g., n. sp. Holotype (WDC-CMG 94), covered with ammonium chloride to enhance contrast. - Scale:
10 mm.

from all other specimens except for the holotype, in which
the hallux is not visible (table 3 and text-fig. 8).
Since it is uncertain whether some ofthese differences are due to
diagenetic deformation, sexual dimorphism or different individual ages, and since none is diagnostic enough to allow a
reliable identification of Messel skeletons which are often
fragmentary or badly crushed, only one species has been named.

Description
-

Tcxt-fig. 2. Pseudasmr macrocephalus n. g., n. sp.- Specimen
SMNK.PAL.2372a, covered with ammonium chloride to enhance contrast. - Scale: 10 mm.

and

comparison

Skull: The skull (text-fig. 5) is large in comparison to the body
(especially in SMNK.PAL.2372, SMNK.PAL.2373, and WDCC-MG 107). The cranium appears to have been round, the fossae
temporales are shallow, and the processus zygomatici short
(SMNK.PAL.2373a, left side). The processus postorbitales are
distinct but also rather short. The interorbital bridge of the os
frontale is moderately wide, like that of Accipiter nisus
(Falconiformes) or Pharomachrus sp. (Trogoniformes). The os
lacrimale bears long processus supraorbitales (text-fig. 5, 1)
similar to those of many Accipitridae (e.g. Accipiter, Circus); an
os supraorbitale (text-fig. 6, 1) is absent. The processus oticus o f
the quadratum is broad medio-laterally and corresponds closely
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Text-fig. 5. Skull of Pseudastur macrocephalus n. g., n. sp.
(reconstructed after SMNK.PAL.2372 and SMNK.PAL.2373).- The
drawing is schematic and not to be relied on for details, since it is
difficult to interpret the crushed skulls of the specimens (the shape of
the cranium especially is hypothetical). Scale: 10 mm. - 1 = processus
supraorbitalis; 2 - caudal end of crista tomialis.

[
Text-fig. 4. Pseudastur macrocephalus n. g., n. sp.- Specimen
SMNK.PAL.2373b, covered wilh ammonium chloride to enhance
contrast. - Scale: 10 mm.

Texl-fig. 6. Comparison of right processus supraorbitales.- A)
Pseudastur macrocephalus n. g., n. sp. (WDC-C-MG 107); B)
Pseudasturidae g. et sp. indet (SMF-ME 1283); C) Messelastur
gratulator PEXERS 1994; D) Accipiter nisus (Falconifomaes). - Scale: 5
mm. 1 = os supraorbitale.

with that of some Musophagidae. The incisura intercapitularis is
shallow and the processus orbitalis is short (SMNK.
PAL.2372b). The pterygoid (SMNK.PAL.2373b) is straight,
neither slender nor stout, and resembles that o f Crinifer sp.
(Musophagidae) in its proportions; processus basipterygoidei
are absent. The os palatinum (WDC-C-MG 94) appears to have
been similar to that of Coracias sp. (Coraciidae).

sharp ridge along its ventral side, as in Monasa nigrifrons
(Bucconidae) or Coracias garrulus. The mandible exhibits a
small dorsally projecting processus retroarticularis (WDC-CM G 94), similar to that found in Galbula sp. and Momotus sp.

The beak is short and robust, measuring slightly more than
one third & t h e total length o f the skull. The upper jaw is mediolaterally wide at its base and high in lateral view; and the culmen
is only slightly curved. The nostrils are oval-shaped and
medium-sized; an ossified nasal septum seems to be absent
(SMNK.PAL.2372a, x-ray photograph). The processus maxillaris of the os nasale is broad and the caudal end of the crista
tomialis protrudes a s a short process in the direction of the j ugal
arch (text-fig. 5, 2), as in Pharomachrus sp. (Trogoniformes).
The mandible resembles that of "Pr.'"olsoni in its shape. The
rami mandibulae are robust like those of the Coraciidae, but
their height seems to differ in the studied specimens (see above),
fenestrae mandibulae are absent. The pars symphysialis is
neither very long nor very short and in its relative length is
similar to that of owls (in SMNK.PAL.2373b it measures 5.5
mm). The processus medialis mandibulae is long and bears a

Vertebrae: With a few exceptions (e.g. the Upupidae and
Phoeniculidae ["Coraciiformes"]), Recent birds usually possess
at least 19 praesacral vertebrae, whereas in WDC-C-MG 94 only
17 of 18 can be counted (one or two vertebrae - the 14th
respectively 15th - are covered by the carina sterni). Eighteen
praesacral vertebrae have also been recognized by HOr (1988)
in the specimen ofPseudastur macrocephalus she investigated.
The cervical vertebrae are short and similar overall to those of
some small parrots (e.g. Melopsittacus undulatus) of owls (e.g.
Otus scops) in their proportions. All cervical vertebrae lack an
accessory bridge connecting the processus transversus with the
processus articularis caudalis and the lacuna interzygapophysialis is broadly U-shaped. The axis (SMNK.PAL.2373b,
W D C - C - M G 200) is short and resembles that of owls (e.g.
Aegoliusfunereus), the cranial articular surface for the atlas is
distinct but small (the atlas itself is not visible in any of the
specimens). The third cervical vertebra bears a stout processus
dorsalis (WDC-C-MG 94), as in Monasa nigrifrons (Bucco-
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shallow. The crista bicipitalis ~s not enlarged and the tuberculum
dorsale moderately developed. The condylus vemralis is round
and small; a proeessus supracondylaris dorsalis absent. The
fossa musculi brachialis is shallow and runs oblique to the longitudinal axis &the shafl. The tuberculum supracondylare ventrale i~ small and the processus flexorius shert_ The most distinctive feamre of the distal end vf 1be humerus is the deeply
excavated sulcus humerotricilvi~a]is (similar to thal of many
Psittacifotmes and FaIconiformes).

nidae). The t tth-13th vertebrae exhibir a deep depres-sion or
foramen (this cannot be clearly distinguished in the specimens)
in the lateral side of the corpus vertebrae (WDC-C-MG 94).
Among Recent birds this feature (wbich is considered to be primitive within neogaathous birds by EmCSON 1997)occurs in the
Galbulae, some Falconiformes (e.g. Accipiter), some
Psillaciformes (eg_ Melopsittacus. Eos), and several other taxa.
Processus ventraIes aro visible on the 9~h-I3~h vertebrae, and
those of the l [ th- 13th vertebrae bear short lalera[ processes. The
three most caudal thoractc vertebrae ]ack processus ventrales
(WDC-C-MG 94). The caudal vertebrae and the pygostyle seem
to have been lost in all specimens (including that described by
HOCH 1988).
Coracoid: The coracoid is similar to that of the reference
specimens of "'Pr."olsoni from the kondon Clay (text-fig. 12). It
exhibits a slender extremitas omatis a n d a short processus
acrocoracoideus. The facies articularis scapularis is shallow
(SMNK.PAL.2373a), the fac. art. clavicularis overhangs the
suleus musculi supracoracoidei (SMNK.PAL.2373a). The
processus procoracoideus is not clearly visible in any of the
specimens. A fommen nervi supracoracoidei is present (WDCC-MG 107, SMNK.PAL.2373a) and situated in a similar
position to that of the Strigiformes (this foramen occurs in
various other Recent birds, e.g. in the Gruiformes, Musophagiformes, Opisthocomiformes, and many Falconiformes, but is
absent in most "higher" landbirds except the Leptosomatidae).
The short processus lateralis of the extremitas sternalis tapers
off to a pointed tip (SMNKPAL2372a), as does the angulus
medialis.

Ulna: The ulna is slender and decidedly longer than the
humerus. Its proximal end is simi[ar to that of Otus scops or
Coracias garrulus: The olecranon is well developed and
rounded (WDC-C-MG 94) and the impressio musculi brachialis
marked, but the tuberculum ligamenti collateralis ventralis is
weak. The cotyla ventralis is round. The papillae remigales aro
only faint impressions. The distal end of the ulna also resembles
that of Otus scops in its shape: The sulcus intercondylaris is
shallow and the tuberculum carpale blunt. However, it differs
from owls in the unusually deep depressio radialis (WDC-CMG 94, right side; text-fig. 7A, 1), a feature which only occurs
in a few Recent birds (e.g. the Falconiformes except the
Cathartidae, the Cuculidae, a few Buccomdae [Chelidoptera
tenebrosa], and in Coracias garrulus).
- Radius: The radius is slightly sigmoidally curved, the sulcus
tendineus on the extremitas distalis shallow (WDC-C-MG 107).
-

- Fu~eu]a: The furcula is U-shaped, bre riel as widely as that of
"Pp:'" olsoni. The scapus c]avicu]ae is c~f equal width, and an
apophysis furculae seems 10 be absent (WDC-C-MG 94); the
extremitas omalis (SMNK PAL2373a) is narrow.
Scapula: The corpus scapulae is slender and straight, and the
acromion (SMNK.PAL.2373a) very short like that of "Pr."
olsoni.
Ribs: Six or seven pairs of vertebral ribs can be counted in
WDC-C-MG 200 some of which bear slender processus uncinati; five sternal ribs aro visible in SMNK.PAL.2372b.
Sternum: In its shape the corpus sterni resembles that of Otus
scops (Strigiformes), but the exact configuration of the sternum,
which is short and approximately as long as wide, is not clearly
visible in any of the specimens. The processus craniolaterates
are /ong and pointed, and bear four processus costales for the
insertion of the sternaI vertebrae (SMNK.PAL.2372a). The
carina sterni (WDC-C-MG 94) is of moderate height (like that
of Coracias garrulus), its cranial margin is concave (similar to
that of the Cuculidae). The apex ea¡
(WDC-C-MG 94) is
pointed, butdoes not reaeh as lar crania[[y as tbat of "'PI:"olsoni.
Ir is not clear if a spina externa was absent of 9resent. The margo
cauda]is of the s~ernum bears four deep notches, and the
trabecula mediana is stender (SMNKPAL2372a).
Humerus: The humerus o f P macrocephalus corresponds well
with that of "Pr." olsoni in its shape, the shaft is sigmoidally
curved. The proximal end of the bone is small, the crista
deltopectoralis low and rounded. The sulcus transversus is
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Carpometacarpus: The carpometacarpus is smal[, the os
metacarpale minus as long as the os metacarpale majus and only
~Sghtly curved. The spa~ium i~~ermetacarpale is narrow, a
processus intermeIacarpalis absenl. The es metacarpale alulare
is broad proxim~-distally, bar ~he pzvcessus extensorius
moderately high. The processus pisifomlis is centrally
positioned (WDC-C-MG 200). The fovea carpalis caudalis is
distinct (WDC-C-MG 94), the sulcus tendmeus shallow.

Other elements of the wing: The dorsal sido of the phalanx
proximalis digiti majoris lacks any depression. The phalanx
distalis digiti majoris is long, and neither this phalanx nor the
phalanx digiti alulae bears a claw.
-

- Pelvis: The pelvis (WDC-C-MG 94) is narrow and smaU in
comparison to the remainder of the body. In its general shape it
is similar to the pelvis ofowls, falconiform birds or parrots. The
alae praeacetabulares ilii are also small, and do not meet the
crista spinosa synsacri (SMNK.PAL.2373a). The cristae iliacae
laterales ate concave.
Tibiotarsus: In WDC-C-MG 94 the proxima[ third of the shafi
is crushed, which might indicate that only this part of the
tibiotarsus wag pneumatic. The conformation of the cristae
cnemiales is not clearly visible in any of the specimens; the
crista fibularis is low. The distal end of the bono (WDC-C-MG
94) is symmetrical and characterized by its proximo-distally
short con@les (similar ~o some Trogoniformes, e.g. Harpactes
ardens). The condylus lateratis is only slighlly smaller lhan fl~e
eondylus medialis, the incisura in~ercvndylaris is wide. The
pons supratendineus is situated just above the condyles and runs
perpendicular to the longitudinal axis of the shaft. The distal
opening of the sulcus extensorius is positioned equidistant from
each of the condyles. The impressio ligamenti intercondylaris is
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well marked. The apophysis interna ligamenti obliqui (text-fig.
7B, 2; terminology after BALLMANN 1969) is situated far
proximally; an apophysis externa ligamenti obliqui is not
visible. The trochlea cartilaginis tibialis is shallow, whereas it is
a marked furrow in the Strigidae and Quercypsittidae. The
fibula is short and measures less then one third of the length of
the tibiotarsus.
Tarsometatarsus: The short and rather stout tarsometatarsus
(text-fig. 7C) is similar to that of Quercypsitta sp. in its
proportions, but differs distinctly from the tarsometatarsus of
any Recent bird. The shafi broadens towards the distal end of the
bone, its dorsal surface is convex as in "P~" olsoni and many
Recent Psittaciformes. The eminentia intercotylaris is wide, the
fossa infracotylaris dorsalis deep. The foramina vascularia proximales are on the same level (in the Quercypsittidae the lateral
foramen is more proximal in position than the medial foramen).
The tuberositas musculi tibialis cranialis is a distinct rough
surface situated near the medial side of the shaft. The crista
medialis hypotarsi protrudes (WDC-C-MG 200) and passes into
a crista mediano-plantaris, although the exact configuration of
the hypotarsus is not clearly visible in any of the specimens. The
fossa parahypotarsalis medialis is shallow. The foramen
vasculare distale is large and elongated. The dorsal surface of
the trochlea metatarsi III is flattened. Both the trochlea metatarsi
II and the tr. mt. IV are narrow and much shorter than the very
broad tr. mt. III. The tr. mt. IV, which is even more abbreviated
than the tr. mt. II, bears a Sehnenhalter. Although in
SMNK.PAL.2373a this trochlea appears to have been inclined
as far plantad as that of the Recent Bucconidae or Cuculidae,
this might be a result of the flattening o f the bone. In the
specimen described by HocH (1988), which I did not
investigate, and in WDC-C-MG 107 the tr. mt. IV seems to be
bent less far plantad (pl. 2 in HOCH 1988). Whether Pseudastur
macrocephalus was fully or only facultatively zygodactyl is
therefore difficult to assess on the basis of the skeletons from
Messel known so far. HOCH ( 1 9 8 8 : 2 5 5 f.) assumed that the
"quasi pulley-shaped trochlea for toe IV in the fossil bird would
not permit an efficient backwards orientation o f the toe. Since
the anterior part o f the trochlea is obscured, the possibility
cannot be excluded that some sliding o f the outer toe towards a
forward orientation could take place". "'Pr.'" olsoni exhibits a
Sehnenhalter similar to that of the Bucconidae (HOUDE &
OLSOY 1989).
Toes: All toes possess the usual number o f phalanges. The
third toe is the longest and strongest, and slightly longer than the
tarsometatarsus, whereas the second toe is not only shorter but
also much thinner. The fourth phalanx of the fourth toe is longer
than the three proximal phalanges. The fourth toe is opposed to
the second and third in WDC-C-MG 107 and WDC-C-MG 200,
in WDC-C-MG 94 it is seen from its plantar side, while the second and the third toe are exposed from their dorsal side. The
hallux is only moderately developed in all specimens except
WDC-C-MG 200 (table 3; text-fig. 8). The claws are curved and
pointed, their tuberculum flexorium is prominent. The claws of
the third and fourth toe ate the longest and strongest, and that of
the hallux is weaker (except for WDC-C-MG 200). The os
metatarsale ! (SMNK.PAL.2373a) bears a medium-sized
processus articularis tarsometatarsalis.
-

Feathers:

The

wing

feathers

are

well

preserved

in

2~
A

B

Text-fig. 7. Pseudastur macrocephalus n. g., n. sp. - A) distal end of
right ulna; B) distal end of left tibiotarsus; C) left tarsometatarsus. Al1
figures are reconstructed after WDC-C-MG 94. Scale: 5 mm. - 1 =
depressio radialis; 2 = apophysis interna ligamenti obliqui (terminology
after BALLMANN1969).

.91
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Text-fig. 8. Comparison of hallux of two specimens of Pseudastur
macrocephalus n. g., n. sp.- A) SMNK.PAL.2373; B) WDC-C-MG
200. - Scale: 5 mm.

Text-fig. 9. Pseudastur macrocephalus n. g., n. sp.
SMNK.PAL.2372b. - Scale: 10 mm.

Specimen

SMNK.PAL.2372b (text-fig. 9), and the wing obviously was rather short and rounded, its shape probably similar to that of larks
(Alaudidae, Passeriformes). The outermost (10th?) rectrix is
shorter (52 mm) than the adjacent (9th?) one, which measures
55 mm. In none of the specimens are remains of the tail feathers
preserved.
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PErERS (1994) are preserved in lateral view. A detailed
comparison is therefore not possible. The main difference between the skull of SMF-ME 1283 and that of Messelastur
gratulator, as far as I was able to observe, applies to the
mandible, which appears to be longer in SMF-ME 1283 (in M.
gratulator the mandible measures ~26 mm, in SMF-ME 1283
-32.5 mm). However, it should be note& that the lower jaws of
the type and the paratype ofM. gratulator are fractured and that
the rami mandibulae might have been telescoped (although this
has not been confirmed by PETERS 1994). While the rami
mandibulae ofP. macrocephalus are clearly lower than those of
M. gratulator, the mandible of SMF-ME 1283 is only visible
from its dorsal side and the original height of the rami
mandibulae cannot be determined exactly (maximum height
approximately 4.7 mm, compared to 4.9 mm in M. gratulator).
At present it is therefore not possible to exclude the possibility
that SMF-ME 1283 is conspecific with M. gratulator.

P s e u d a s t u r i d a e incertae sedis
U n n a m e d genus and species
Text-fig. 11
M a t e r i a 1: SMNK.PAL. 1078 (partial skeleton on a slab from the
type locality and type ho¡
consisting of skull with most of the
vertebral column and pectoral girdle with both wings).
Dimensions:

see tab. 2.

Remarks:

SMNK.PAL.1078 is much smaller than P
Due to its fragmentary preservation an
assignment of the specimen to the Pseudasturidae is tentative.
Most skeletal elements are poorly preserved, but the bones
which can be observed appear to be similar to those of P
macrocephalus. The head is large in comparison to the body, an
elongated flattened bone lies near the basis of the beak, which
seems to be the processus supraorbitalis. The maxilla is short but
high, the narial openings are oval-shaped and large, an ossified
nasal septum is absent. The processus maxillaris of the os nasale
is broad, as in P macrocephaIus, and the mandible also
corresponds well with this species in its shape. The ossified
rings of the cranial end of the trachea are preserved, together
with parts of the hyoid apparatus. Sixteen to seventeen vertebrae
can be cotmted in the specimen, some of which seem to bear
depressions in their corpus. The coracoid is slender and matches
well with that of P. macrocephalus, although foramina nervi
supracoracoidei are not visible (probably due to preservation).
The humerus resembles that of P. macrocephalus in its
proportions and bears a deeply excavated sulcus humerotricipitalis. Morphological details of the ulna, carpometacarpus
and the sternum cannot be recognized.

macrocephalus.

Text-fig. 10. ? Pseudastur sp. SMF-ME 1283, covered with ammonium chloride to enhance contrast. Scale: 10 mm.

? Pseudastur sp.
Text-fig. 10
M a t e r i a I : SMF-ME 1283 (nearly complete, articulated but poorly
preserved skeleton from the type locality and type horizon).
Dimensions:

see tab. 2.

Remarks:
SMF-ME 1283 has a considerably longer wing
than all specimens assigned to P. macrocephalus (tab. 2), and the
tarsometatarsus appears to be stouter than that of the holotype of
P. macrocephalus. The poorly preserved specimen is seen from
its dorsal side, the fourth toe of the right foot is opposed to the
two anterior toes. Remains of the wing feathers are preserved,
the longest rectrix measures approximately 59 mm.
It has been somewhat difficult to distinguish the skull of
Pseudastur macrocephalus from that of Messelastur gratulator,
but this is even much more true for the skull of SMF-ME 1283,
which not only corresponds closely with that ofM. gratulator in
its overall size and proportions (as does that of P. macrocephalus), but also bears a processus supraorbitalis of the same
shape and size (text-fig. 6). The mandible exhibits a small
processus retroarticularis like that in Pseudastur macrocephalus
and Messelastur gratulator. Unfortunately, the skull of SMFME 1283 is only poorly preserved and seen from its dorsal side,
while the skulls ofboth specimens ofM. gratulator described by

Discussion
The Pseudasmridae are known from two continents and appear
to have been quite common in the Lower and Middle Eocene
avifauna of the Northern Hemisphere. Apart from their
occurrence in Messel and the Green River Formation, several
remains of birds probably conspecific with "Primobucco"
olsoni have also been found in the Lower Eocene London Clay
of Walton-on-the-Naze (text-fig. 12) and are listed as "cuckoo/
owl mosaics" in FEDUCCIA(1996: 167). However, these birds
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have not been dealt with herein, since the holotype of "Pr.'"
olsoni is at present under study by R HOUDE.

Despite an extensive knowledge of the osteology of the
Pseudasturidae, many aspects of the ecology and the phylogenetic relationships of these birds remain obscure. Based on
the short tarsometatarsus and zygodactyl foot, this family
certainly had an arboreal way of living. HOCH (1988: 249) even
concluded that the specimen ofPseudastur macrocephalus she
investigated was "a specialized climber whose rather large wing
area permitted agile flight among obstacles in a forested
environment", but the zygodactyl foot ofthis species might well
representa perching or grasping adaptation only. In none of the
specimens are typical climbing adaptations visible, like those
found in the parrots, Pici or Dendrocolaptidae (e.g. a deeply
grooved trochlea metatarsi III, an elongated Sehnenhalter,
enlarged cristae cnemiales of a well developed crest opposite to
the crista fibularis). The bill-shape gives no unequivocal hint on
the diet of the Pseudasturidae and remains of the stomach
content are not preserved; P. macrocephaIus might have been a
generalist eating anything from fruits and berries to small
invertebrates.
A phylogenetic assignment of the Pseudasturidae is
complicated by the mosaic distribution of characters typical of
several Recent orders. Of course the zygodactyl foot first
suggests a comparison with those birds in which the fourth roe is
directed backwards, and indeed both FEDUCCIA & MARTIN
(1976) and HOUDE & OLSON (1989) classified "P~" olsoni
within the Galbulae. In order to support this assignment, the
latter authors listed several characters shared by the two taxa
(HOUDE & OLSON 1989:2031). However, some ofthese features
are likely to be plesiomorphic within neognathous birds ("thoracic
and caudolateral processes of sternum arising separately",
Text-fig. 11. Pseudasturidae, Unnamed genus and species.
"humerus
slender and curved with a small pectoral crest and
SMNK.PAL.1078, covered with ammonium chloride to enhance
small condyles"), others are typical for many zygodactyl birds
contrast. Scale: 10 mm.
in general ("tarsometatarsus with a very broad third trochlea",
"proximal phalanges of digit III extremely robust") or incorrect ("carpometacarpus with metacarpals of roughly
equal length and short distal symphysis"the os metacarpale minus is distinctly
longer than the os metacarpale majus in
the Recent Galbulae, the distal symphysis
is wide). Apart from the zygodactyl foot I
found no derived character which could
support a monophyly of the Galbulae
including "Pr." olsoni and the new genus
Pseudastur. A monophyly of the taxon
(Pseudasturidae + Galbulae) is therefore
as likely as a closer relationship of the
Pseudasturidae to the zygodactyl Cuculiformes or Psittaciformes, which equally
cannot be supported with additional
synapomorphies.
The similarities between Pseudastur
and Messelastur PETERS 1994 suggest a
e
h
comparison with falconiform birds. If
one follows LIGON (1967) and excludes
IIitl
II t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
I IIIIII
II I I I I I I I
the
cathartid vultures from the other
Text-fig. 12. ,,Primobucco" olsoni FEDUCCIA& MARTIN1976. Tentativelyidentified specimen
from the Lower Eocene London Clay (collection DANIELS:WN 85508).- Scale in mm. a) falconiform birds, a monophyly of the
scapula; b) right coracoid; c) proximal end ofright humerus; d) distaI end of right humerus; e) left Pseudasturidae and the remaining
ulna; • right carpometacarpus; g) lefi femur; h) right tibiotarsus; i) lefi tarsometatarsus.
families (Sagittariidae, Pandionidae,
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Falconidae, and Accipitridae) could be supported with the large
processus supraorbitales (which in this case must have been
reduced secondarily in Pandion), the marked depressio radialis
of the ulna, and the presence o f a foramen nervi supracoracoidei
in the coracoid (assuming that this foramen has been reduced
secondarily in some genera, e.g. Accipiter, Circus). However,
while the combination of these three characters seems to be
unique to the Pseudasturidae and the four above mentioned
falconiform families, each is found in other Recent avian taxa.
Elongated processus supraorbitales for example are present in
some Gruiformes, the Laridae and some Alcedinidae, a n d a
marked depressio radialis and a foramen nervi supracoracoidei
also occur in several extant orders (see description). Given the
strong resemblances between the Pseudasturidae and some
Recent owls, ir is especially interesting that CRACRAW (1981)
considered the Strigiformes to be the sister taxon of all Recent
falconiform birds excluding the Cathartidae. However, the
phylogeny of falconiform birds is only poorly resolved on both
the subordinal and the infraordinal level and neither the
classification of CRACRAFq"n o r a diphyletic origin of the Recent
falconiform birds (i.e. the removal of the Cathartidae to the
Ciconiiformes) has received general acceptance (see SmLEY &
AHLQUIST 1990 for a review of the history of classification).
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The higher-level phylogenetic affinities of the Pseudasturidae can hardly be solved without a better understanding of
the intraordinal relationship of neognathous birds in general.
Since no derived character convincingly indicates ah assignment ofthis family to any of the known Recent or fossil orders,
it has been classified incertae sedis in this study.
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