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Abstract
The monophyly of the Coliiformes (Sandcoleidae + Coliidae) is well corroborated with the recognition of
len osteologieal synapomorphies. So far, four species of coliiform birds are known from the Middle Eocene
of Grube Messel (Hessen, Germany). Members of both the Sandcoleidae and of the Cotiidae have been
identified. Eoglaucidium pallas FISCHER 1987, originally assigned to the Strigiformes (owls), is referred to
the Sandcoleidae and for the first time complete skeletons of this species are described. A second species of
the Sandcoleidae with excellently preserved feather remains, has also been tentatively assigned to the genus
Eoglaucidium. The monophyly of the four genera Eoglaucidium, Sandcoleus, Eobucco and Anneavis is
define& Masillacolius brevidactylus n. g., n. sp. is the earliest record of the Coliidae known so far. It was not
possible to assign the fourth species of coliiform bird (which is described elsewhere) to one of the two
families with certainty. The resemblances that exist between the Reeent mousebirds and the "higher" nonpasseriform and the passeriform birds respectively, most likely are due to convergenee.
K e y w o r d s : Aves, Coliiformes, Sandcoleidae, taxonomy, Tertiary, Middle Eocene, Messel, Germany.

Kurzfassung
[Die Mausv6gel (Aves: Coliiformes) vom mittleren EozS.n der Grube Messel (Hessen, Deutschland).] - Die Monophylie der Coliiformes (Sandcoleidae + Coliidae) ist mit zehn osteologischen Synapomorphien
gut begrª
Bis jetzt sind vier Arten eoliiformer V6gel aus dem mittleren Eoz/in der Grube Messel
(Hessen, Deutschland) bekannt, sowohl Vertreter der Sandcoleidae als auch der Coliidae konnten festgestellt werden. Eoglaucidium pallas FISCHER 1987, ursprª
als Vertreter der St¡
(Eulen)
beschrieben, wird zu den Sandcoleidae gestellt, und erstmalig liegen vollst~ndige Skelette dieser Art vor.
Eine zweite Art der Sandcoleidae mit vorzª
Federerhaltung wurde unter Vorbehalt ebenfalls zu der
Gattung Eoglaucidium gestellt. Die Monophylie der vier Gattungen Eoglaucidium, Sandcoleus, Eobucco
und Anneavis wird begrª
Als {iltester bisher bekannter Nachweis der Coliidae wird Masillacolius
brevidactylus n. g., n. sp. besch¡
Die vierte Art coliiformer V6gel lieB sich nicht sicher einer der
beiden Familien zuordnen und wird an anderer Stelle beschrieben. Wahrscheinlich beruht die Ahnlichkeiten
zwischen den Coliidae und den ,,h6heren" nicht-passeriformen bzw. den passeriformen V6gel auf Konvergenz.

*) Nr. 124: Senckenbergiana lethaea, 78: 157-177.
Addresses of the authors: Dr. GERALDMAYRand Prof. Dr. DIETER S1-EFANPETERS, Forschungsinstitut Senckenberg, Sektion Ornithologie,
Senckenberganlage 25; D-60325 Frankfurt aro Main, Germany. E-mail: gmayr@sng.uni-frankfurt.de
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Introduction
The Order Coliiformes comprises only a single Recent family,
the Coliidae (mousebirds or colies), which includes six species
in two genera (Urocolius and Colius). Today, colies occur in
Africa south of the Sahara, but fossil mousebirds have also been
found in European deposits: BALLMANN (1969a) identified
colies in the Miocene of France and MOURER-CHAUVIR• (1988)
described the genus Primocolius from the Upper Eocene of the
Quercy (France). However, these taxa closely resemble the modern species and do not give us much additional information on
the phylogeny of the Coliiformes.
Our knowledge on the evolutionary history of mousebirds
was thus considerably widened with the discovery of coly-like
birds in the Eocene of North America by HOUDE & OLSON
(1992). The Sandcoleidae HOUDE891OLSON 1992 are small to
medium-sized arboreal birds which "were coly-like (Coliidae)
in appearance, but (...) exhibited very different bill specializations". According to HOUDE & OLSON (1992: 155) they
represent ,,an archaic group with no close relationship among
modern birds" and consequently, these authors erected the Order Sandcoleiformes. HOUDE & OLSON (1992) especially
emphasized the differences between the Sandcoleidae and the
Coliidae, yet most of those can be explained as autapomorphic
features of either the Coliidae (e.g. process on condylus lateralis
of the quadratum, processus intermetacarpalis) or the Sandcoleidae (e.g. trabecula intermedia of sternum arising from trabecula lateralis). The monophyly of the taxon (Sandcoleidae +
Coliidae) is better supported than that ofmost other avian orders
(see below). Therefore we consider the "Sandcoleiformes" of
HOUDE891OLSON(1992) to be a paraphyletic group and include
the Sandcoleidae in the Coliiformes. The classification of the
Sandcoleidae into the Coliiformes was recently suggested by
PETERS(in press).
Until recently, the Sandcoleidae have exclusively been
recorded from North American sites. HOUDE& OLSON(1992)
recognized six genera within this family. The three Middle
Eocene genera Eobucco FEDUCCIA& MARTIN 1976, Uintornis
MARSH 1872 and Botauroides SHUFELDT1915 are known only
from more or less incomplete tarsometatarsi and had previously
been referred to the Primobucconidae by FEDUCClA& MARTIN
(1976). The record of the three Lower Eocene genera
Sandcoleus HOUDE& OLSON 1992, Anneavis HOUDE& OLSON
1992 and Chascacocolius HOUDE& OLSON 1992 is more exten-

sive and includes isolated bones of nearly all major skeletal
elements. All these genera are monotypic, except for the genus
Uintornis which comprises two species. In the following we
presenta survey of the coliiform birds of Grube Messel (for
description of the site see SCHAAL891ZIEGLER1988)

Material and methods
The anatomical terminology follows BAUMEL & WITMER
(1993). 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. X-ray photographs have been
taken of most specimens.
In order to determine if characters are derived or primitive
within neognathous birds (diagnosis of Coliiformes, Sandcoleidae and Coliidae), comparisons have been made with taxa
generally thought to be primitive within this group, e.g. the
Galliformes, Musophagiformes and Opisthocomiformes (see
OLSON 1985, SIBLEY& AHLQUIST1990).
Abbreviations used to indicate collections in which
specimens are deposited:
GMH
Geiseltalmuseum, Halle, Germarly;
SMF
Forschungsinstitut Senckenberg, Frankfurt am Main,
Germany;
SMNK Staatliches Museum fª Naturkunde, Karlsruhe,
Germany.
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Systematics
Coliiformes

MURIE1872

D i a g n o s i s : The Coliiformes (Coliidae + Sandcoleidae)
share the following synapomorphies:
(1) many cervical vertebrae with accessory bridge connecting
the processus transversus with the processus articularis
caudalis;
(2) pygostyle very large;
(3) sternum: spina externa elongated;
(4) ulna: cotyla dorsalis large;
(5) femur: distal end thickened, tuberculum musculi gastrocnemialis lateralis large;

(6) tibiotarsus: crista cnemialis cranialis protruding farther
proximad than crista cnemialis lateralis; both cristae cnemiales
and crista patellaris forming a continuous ridge circumscribing
a groove on the cranial side of the bone, crista cnemialis
cranialis continuos with a ridge opposite to the crista fibularis;
(7) tarsometatarsus: tuberositas musculi tibialis cranialis large
and positioned near the medial side of the shaft;
(8) tarsometatarsus: fossa metatarsi I situated on medial side
of shaft;
(9) tarsometatarsus: canalis interosseus distalis present;
(10) proximal phalanges of fourth toe very short (less than half
the length of distal phalanx).
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D i a g n o s i s : The following derived characters support a
monophyletic origin of the genera Sandcoleus, Anneavis,
Eoglaucidium and Eobucco (due to preservation only character
2 is visible in the latter genus):
(1) sternum: trabecula intermedia arises from trabecula
lateralis;
(2) tarsometatarsus: trochlea metatarsi IV with large Sehnenhalter (STEINBACHER1935);
(3) hypotarsus with two deep sulci which may be closed to one
of two foramina;
(4) proximal phalanges of second and third toe very short
(approximately half the length of distal phalanx or less);
(5) claws "owl-like", i.e. very long, eurved and pointed with
large tuberculum flexofium.
(Due to the preservation of the only known specimen of
Chascacocolius none of the above-mentioned characters can be
deteeted- eoncerning the systematic position of Chascacocolius, see discussion).

Uintornis in: shaft of tarsometatarsus becoming broader
towards its proximal end; trochlea metatarsi III
symmetrical;
Chascacoeolius in: mandible without long processus
retroarticularis; humerus more elongated with smaller crista
deltopectoralis; os metacarpale minus more bowed; extremitas distalis of radius with one groove only;
Botauroides in: trochlea metatarsi II shorter.

-

-

Eoglaucidium palias FISCHER 1987
P1. 1 figs. 1-2; pl. 2 figs. 3-5; pl. 3 fig. 6
R e f e r r e d s p e c i m e n s : SMF-ME 8A+B (complete articulated
skeleton, pl. I fig. 1), SMF-ME 1456a+b (articulated skeleton Iaeking
the skull; pl. 3 fig. 6), SMNK-Me 553a+b (nearly complete, slightly
disarticulated skeleton; pl. 1 fig. 2; pl. 2 fig. 3), SMNK-Me 314a+b
(incomplete skeleton), SMNK-Me 315 (fragmentary skeleton); GMH
4410 (fragmentary skeleton including both coracoids, both humeri,
ineomplete sternum, furcula).
Dimensions

Eoglaucidium FISCHER 1987
E m e n d e d d i a g n o s i s : Sandcoleid bird of approximately
the size of Sandcoleus eopiosus. In Eoglaucidium the
hypotarsus exhibits two open sulci, a condition that we eonsider
to be plesiomorphic for the Sandcoleidae. Possibly autapomorphic for the genus Eoglaucidium is a large sesamoid bone on the
plantar surface & t h e tarsometatarsus.
Differential
diagnosis:
EoglaucidiumFlSCnER1987
differs from:
- Sandcoleus in: tubereulum ventrale of humerus smaller;
processus procoracoideus of coracoid shorter;
Anneavis in: crista deltopectoralis less pronounced; lateral
margin of sternum slightly curved (straight in Anneavis);
trocBlea metatarsi IV more raised towards the anterior side
of the tarsometatarsus;
- Eobucco in: foramen vaseulare distale smalier; trochlea
metatarsi III symmetrical (in Eobueco the medial ridge is
smaller than the lateral ridge); incisura intertrochlearis
lateralis less deep;
-
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(in mm): see tabs. 1 and2.

R e m a r k s : The holotype of Eoglaucidium pailas is an
isolated humerus from the Middle Eocene deposits of the Geisel-tal near Halle (Germany), originally described as that of an
owl (however, MLi~OVSk~ 1992 and PETERS 1992 questioned
this assignment). Other bones ofthis speeies unknown. PETERS
(1989) also suggested, that the speeimens classified here as
Eoglaucidium could be related to Eobucco.

Description

and

comparison

- Skull (text-fig. 1): The cranium is crushed in all specimens,

and no details ate visible except for the short processus
postorbitalis (SMNK-Me 553a). The bill is approximately as
long as the cranium and appears to have been similar to that of
Sandcoteus. However, the processus praemaxillaris of the os
nasale is broad (SMNK-Me 553b), contrary to the reconstruction of this part in the skuI1 of Sandcoleus in HO~JDZ&
OLSON (1992). The nariaI openings are large, the rostrum
maxillae is short. The mandib[e is slightly curved ventrally and
resembles also that of Sandcoleus. A fenestra mandibulae

Tab. 1. Eoglaucidiumpallas FISCHER1987, length of the limb bones (left/right, in mm):

SMF-ME 8
SMF-ME 1456
SMNK-Me 553
SMNK-Me 314
SMNK-Me 315

humerus

ulna

carpometacarpus

femur

tibiotarsus

tarsometatarsus

46.3/43.9
47.9/44.1
46.6/46.6
/44.2

44.3/43.9
42.8/43.8
45.7/44.9
/44.5

23.5/21.8
~21.6/~23.6
25.0/24.7
~23.5/

?/35.9

45.7/46.5

~36.8/

49.5/49.6
~44.1/

22.2/22.2
22.3/
26.0/25.8

31.9/

24.2/

Tab. 2. Eoglaucidiumpailas FISCHER1987, length of the pedal phalanges (in mm):
I 1

SMNK-Me 553

12

7.3

II 1

II 2

II 3

III 1

III 2

III 3

IIl 4

IV 1

IV 2

IV 3

IV 4

IV 5

6.4

8.8

5.6

5.3

11.4

9.7

3.8

3.8

3.8

10.5

9.5
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- Sternum: The sternum is not cempletely preserved in any of
the specimens but in its general shape the corpus sterni (SMNKMe 315) resembles that of Anneavis and Sandcoleus. The
processus craniolaterales are short. The lateral margin of the
sternum is slightly curved as in Sandcoleus (in Anneavls it is
straight). As in Anneavis and Sandcoleus, the trabecula
intermedia originates from the trabecula lateralis. The trabecula
mediana (SMNK-Me 553a) is narrow. The carina sterni
(SMNK Me 553a) is shallow, the apex carinae tapers off to a
point and reaches far cranially as in Anneavis. The cranial
margin of the carina sterni is concave; due to the preservation
the spina externa is not visible.

I,

Text-fig. I. Eoglaucidium palias, skull (reconstruction after SMNKMe 553, shape of cranium after Sandcoleus copiosus). Scale = 5 mm.

- H u m e r u s (text-fig. 2): The humerus of Eoglaucidium pailas
has been described in detail by F~SCHER (1987). In its
proportions it resembles the humerus of Sandcoleus, but the
tuberculum ventrale is notas pronounced. The erista deltopeeloralis is long (1/3 of the total length of the humerus), but
narrower than that of Anneavis and Chascacocolius. The
condylus ventralis exhibits an extended shallow depression on
its cranial surface (SMNK-Me 553), the incisura intercondylaris
is deep. The processus flexo¡ is small (in contrast to that of
Chascacocolius and the Recent colies).

(which is present in the Recent colies) is not visible. Ossified
tracheal rings are preserved in SMF-ME 8 and SMNK-Me 553.
Vertebrae: It has not been possible to ascertain the number of
presacral vertebrae in any of the specimens, but probably their
number was 18-20 as in most Recent birds. 5-6 free caudal
vertebrae can be counted (SMF-ME 8A, SMNK-Me 315) whieh
bear long processus transversi (SMNK-Me 315). The pygostyle
(SMF-ME 8A, SMF-ME 1456a, SMNK-Me 315) is large and
similar to that of Sandcoleus. In contrast to Recent colies, the
pygostyle of the Sandcoleidae lacks transverse processes.
-

-

Coracoid: The extremitas omalis of the coracoid (SMNK-Me
553b) most closely resembles that of Anneavis. In concordance
with this species the processus procoracoideus is very short (in
Sandcoleus ir is longer). A foramen nervi supracoracoidei is not
visible in the specimens from Messel. The facies articularis
clavicularis is large and overhangs the suleus supracoracoideus.
The facies articularis humeralis is also well developed. The
facies articularis scapularis is large, but shallow. As in Anneavis
and Sandcoleus, the extremitas sternalis is wide.

- Furcula: The furcula is U-shaped, an apophysis furculae absent. The scapus claviculae becomes broader towards the
slender extremitas omalis (SMNK-Me 314a, SMNK-Me 315).

Ulna: The ulna is slightly shorter than the humerus and similar
to the corresponding bone ofSandcoleus. Papillae remigales are
not visible. As in Recent colies, the cotyla ventralis is large, the
tuberculum ligamenti collateralis ventralis very small (SMNKMe 553a). The distal end does not show any peculiarities
compared with that of the other sandcoleid birds,
-

- Radius: The radius [s a straight bone, its extremitas distalis is
large (SMNK-Me 553b, lefl side).
Carpometacarpus: In its shape the carpometacarpus of E~
pallas marches well with the corresponding bone of Sandcoleus
and Anneavis, but also with that of the Musophagidae. The os
metacarpale minus is distinctly bowed, therefore the spatium
intermetacarpale is wide. The processus extensorius is pronounced. The facies articularis digitalis minor protrudes &stally
from the synostosis metacarpalis distalis. The sulcus tendmosus
is shallow.
-

Scapula: The corpus scapulae is slightly narrower than in
Sandcoleus (SMF-ME 8), the acromion lacks processes for the
artieulation with the furcula_
-

J~

h,

Other elements of the wing: Both the phalanx digiti alulae (the
digitus alulae consists of one phalanx only) and the phalanx
distalis digiti majoris ate long and slender. The digitus rumor is

Text-fig. 2. Right humerus of: A) Eoglaucidium pailas (after specimen X1V of FISCHER
1987 and SMNK-Me 553); B) Sandcoleus
copiosus (after HOUDE& OLSON 1992); C)
Anneavis anneae (after HOUDg & OLSON
1992); D) Chascacocolius oscitans (after
HOUDE & OLSON 1992); E) Uroeolius macrourus; F) Colius castanotus. Scale = 5 mm.
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Text-fig. 3. Right tarsometatarsus of: A) Sandeoleus copiosus (after HOUDE& OLSON1992); B) Anneavis anneae (after HOUDE& OLSON1992); C)
Eobucco brodkorbi (after HouI~E& OI_SON1992); D) Eoglaucidiumpallas (after SMNK-Me 553); E) unnamed coliiform bird (after SMF-ME 2375
and SMF-ME 2787); F) Masillacolius brevidactylus n. g., n. sp. (after HLMD-Me 10472); G) Colius castanotus; H) Uroeolius macrourus. Scale =
5 mm.

small. The phalanx proximalis digiti majoris bears a distinct
fossa ventralis.
Pelvis: The alae praeacetabulares ilii are long (SMNK-Me
553b). The alae ischii are slender, the fenestra ischiopubica is
wide (SMNK-Me 315).
Femur: As in the other sandcoleid birds the tuberculum
musculi gastrocnemialis lateralis is very distinct (SMNK-Me
553b).

-

Tibiotarsus: The tibiotarsus is approximately twice as long as
the tarsomelatarsus. As in all coliiform birds the cristae
cnemiales ate enlarged and define a concavity on the cranial
side of the bone. The crista cnemialis cranialis is continuous
with a ridge opposite to the crista fibularis (SMNK-Me 553b,
right side). The crista fibularis resembles that o f Sandcoleus (in
Anneavis it is more pronounced distally). Condylus medialis
and condylus lateralis are of equal size and low, the incisura
intercondylaris is wide. The fibula (SMNK-Me 553b, right side)
is less than half as long as the tibiotarsus.
Tarsometatarsus (text-fig. 3): The tarsometatarsus is short
and flat and similar to the corresponding bone of Eobucco,
Anneavis and Sandcoleus. Its shaft is most narrow on the level of
the fossa metatarsi I and becomes gradually broader towards its
proximal end. The hypotarsus is low and exhibits two open sulci
(SMNK-Me 553a, right side), in contrast to the hypotarsus of
Sandcoleus and Anneavis which surrounds two of three closed
canals. In the only known specimen o f E o b u c c o brodkorbi the
hypotarsus is damaged (according to FEDUCCIA& MARTIN 1976:
109 "two closed canals ... could not have been present", yet
HOUDE & OLSON 1 9 9 2 : 1 5 2 believed that the hypotarsus
"possessed two or three closed canals as in the other members of
the family"). The crista lateralis hypotarsi is broad, the crista
medialis and the crista intermedia ate narrow. A very shallow
crista plantaris lateralis is present (SMNK-Me 553a, right side).
The fossa infracotylaris dorsalis is deep, the tuberositas musculi
tibialis cranialis large. The fossa metatarsi Iis a large concavity
situated on the medial side of the shaft (SMNK-Me 315). The
foramen vasculare distale appears to be smaller than in Sandcoleus and Eobucco. The sulcus musculi extensoris brevis digiti
IV (terminology after BALLMANN 1969b) is distinct. The
trochlea metatarsi IlI is symmetrical (contrary to Eobucco and
-

Text-fig. 4. Toes of coliiform birds. A-C: fourth toe, D-F: third toe. A)
Eoglaucidium pallas (after SMNK-Me 553); B) Masillacolius
brevidactylus n.g., n. sp. (after HLMD-Me 10472); C) Urocolius
macrourus; D) Eoglaucidium palias (after SMNK-Me 553); E)
Masillacolius brevidactylus n. g., n. sp. (after HLMD-Me 10472); F)
Urocolius macrourus. Scale = 5 mm.
sesamoid bone.
1

-

Uintornis). The trochlea metatarsi IV seems to be less bulbous
than that of Anneavis and Sandcoleus and the Sehnenhalter
(SMNK-Me 553a, left side) is apparently turned more towards
the plantar side of the tarsometatarsus than in these genera. A
large sesamoid bone lies on the plantar surface of the tarsometatarsus (SMNK-Me 315, SMNK-Me 553a, right side, SMFME 8A, right side); we ate not aware of any other fossil or
Recent bird exhibiting this feature.

Toes (text-fig. 4): The phalange formula is complete. The
third toe is the longest and exceeds the tarsometatarsus in length.
The proximal phalanges of the three anterior toes are very short.
The tuberculum extensorium of the proximal and intermediate
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phalanges is large. The hallux is moderately developed. The
ungual phalanges are very long, curved and pointed and
resemble those of owls; their tuberculum flexorium is prominent.

D i a g n o s i s : The following characters might support the
monophyly of the Coliidae:
(1) humerus short, with short and rounded crista deltopectoralis, distinct processus supracondylaris dorsalis and well
developed processus flexorius;
(2) carpometacarpus with processus intermetacarpalis;
(3) tarsometatarsus with small trochleae metatarsorum.
The monophyly of the Recent mousebirds (Colius + Urocolius)
can be based on the arcus extensorius of the tarsometatarsus (i.e.
the ossified retinaculum extensorium tarsometatarsi).

- Feathers: In SMF-ME 1456 feather remains are well preserved
(see pi. 3 fig. 6). Apparently the tail was long and very broad.
The rectrices measure approximately 90 mm (the distal part of
these feathers is not preserved, therefore the tail originally was
certainly longer), but their number cannot be ascertained.

E o g l a u c i d i u m ? sp.
P1. 3 fig. 7

Referred

specimen:

M a s i l l a c o l i u s n. g.

SMF-ME1233.

T y p e s p e c i e s : Masillacolius brevidactylusn, g., n. sp.

D i na e n s i o n s (in mm): see tabs. 3 and 4.

E t y m o 1o g y : The generic name has been derived from masilla (old
Latin name for Messel) and cotius.

Remarks:
SMF-ME 1233 (pl. 3 fig. 7) is slightly smaller
than Anneavis anneae. It differs from E. pailas and all other
sandcoleid birds in its shorter and stouter tibiotarsus (the ratio
tibiotarsus : tarsometatarsus is - 1.6, compared with - 2.0 for E.
pallas). Although there is no doubt that SMF-ME 1233
represents a new species of the Sandcoleidae, the bones of the
only known specimen are poorly preserved and it is difficult to
observe any details. It is therefore impossible to make a reliable
assignment to one of the existing genera. As SMF-ME 1233 is
very similar to Eoglaucidium palias in its osteology (apart from
the shorter tibiotarsus), we tentatively refer this bird to the genus
Eoglaucidium but do not name a new species. Future findings of
better preserved specimens may support or rente this
assignment.
In the specimen the feathers, especially those of the tail, are
excellently preserved. Unlike Recent Coliidae (and contrary to
the reconstruction of Sandcoleus copiosus given by HOUDE &
OLSON 1992) there is no feathered crest on the head. The
remiges seem to be short, but probably are not preserved in their
entire length. The rail is very long, the longest feather measures
approximately 100 mm. Only five feathers are visible (SMF-ME
1233b). The proximal end of the shaft is thickened (HOuBE &
OLSON 1992 state this for Anneavis anneae too). As one of the
tail feathers is just growing again, SMF-ME 1233 obviously has
been a molting individual.

D i a g n o s i s : Small, probably fully, but at least facultatively,
pamprodactyl bird, which exhibits all diagnostic features of the
Coliidae mentioned above. Autapomorphic for the genus Masillacolius are the slender tarsometatarsus, and the asymmetric and
extremely short trochlea metatarsi III.
Differential diagnosis: Masillacolius n. g. differs from:
- Sandcoleus, Anneavis, Eobucco and Eoglaucidium in:
humerus shorter and stouter; tarsometatarsus much more
elongated with narrower shaft and smaller trochleae; proximal phalanges of second and third digit relatively longer;
Chascacocolius in: crista deltopectoralis shorter; scapula
less flexed; tibiotarsus stouter;
Uintornis in: sulcus musculi extensoris brevis digiti IV
(terminology after BALLMANN 1969b) shallow; trochleae
metatarsorum smaller;
Primocolius in: processus intermetacarpalis smaller; tarsometatarsus more elongated and narrower; lateral foramen
vasculare proximale present; trochlea metatarsi III asymmetrical; trochlea metatarsi IV reaching farther distal;
Colius/Urocolius in: processus intermetacarpalis smaller;
tibiotarsus shorter; tarsometatarsus more elongated and
narrower; lateral foramen vasculare proximale present;
trochlea metatarsi III asymmetrical.
-

-

Tab. 3. Eoglaucidium (?) sp. (SMF-ME 1233), length of the limb bones (left/right, in mm):

SMF-ME 1233

humerus

ulna

carpometacarpus

femur

tibiotarsus

tarsometatarsus

~36.9/-37.2

36.4/-35.8

19.9/-20.2

25.0/27.2

35.7/-34.5

22.2/21.1

Tab. 4. Eoglaucidium (?) sp. (SMF-ME 1233), length of the pedal phalanges (in mm):

SMF-ME 1233

I 1

12

7.7

7.1

II 1

II 2

8.3

II 3

III 1

III 2

IlI 3

III 4

IV 1

~4.2

4.2

10.6

8.7

2.5

IV 2

IV 3

IV 4

IV 5
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R e m a r k s : Masillacolius brevidactylus n.g., n. sp. is the
earliest record of the Coliidae. The species exhibits autapomorphic characters, especially in the structure of its foot, which
exclude ir from being directly ancestral to the Coliidae (e.g. the
very small trochleae metatarsorum).

broader towards its proximal end, the extremitas sternatis is
slender, ah apophysis furculae is absent. (Within the Coliiformes a large apophysis furculae is only found in Urocolius, and
outgroup comparisons with M. brevidactylus and the Sandcoleidae make it likely that tbis is an autapomorphic feature for
Urocolius).

Masillacolius brevidactylus n. sp.
P1.4 fig. 8

Scapula: The scapula is straight and slender, the acromion
short.

E t y m o I o g y : The specific name is derived from brevis (Lat.) short; dactylus (Greek) = toe.

Humerus: As far as it can be compare& the humerus is similar
to that ofPrimocolius. Its shaft is only slightly curved. The crista
deltopectoralis is short and rounded but wide in dorsal direction.
The caput humeri is hardly inflected towards the caudal side of
the humerus. A small processus supracondylaris dorsalis is present, which is less pronounced than in Recent colies (HLMDMe 10472, right side). The processus flexorius is welldeveloped.
-

H o 1o t y p e : HLMD-Me 10472 (articulated skeleton lacking the skull
and the ¡
wing, pl. 4 fig. 8).
Ty p e 1o c a 1 i t y : Grube Messel (Hessen, Germany).
Ty p e h o r i z o n : Geiseltalium, lower Middle Eocene.
Referred
specimen:
SMNK-Me 313 (articulated skeleton
lacking the skull). This specimen has erroneously been referred to SMFME 2375 (see below) by PETERS(in press).

-

D i m e n s i o n s (in mm): see tabs. 5 and 6.
D i a g n o s i s : Only known species of the genus, therefore
diagnosis as for genus.

Description

and

comparison

Vertebrae: The pygostyle is large (HLMD-Me 10472), but
other details of the vertebrae are not visible in the two
specimens.
- Ribs: In HLMD-Me 10472 six vertebral ribs can be counted,
the most anterior of which is smaller than the others.
Corac,oid: The facies articularis scapularis is small and
shallow and fuses with the facies articularis humeralis. Neither a
processus procoracoideus n o r a foramen nervi supracoracoidei
are present. The extremitas omalis appears to have been small
(SMNK-Me 313).
-

- Furcula: The furcula (SMNK-Me 313) resembles that of
Chascacocolius. It is U-shaped, the scapus claviculae becomes

Ulna: As in all other coliiform taxa except the genus
Urocolius, the ulna is slightly shorter than the humerus (R~cH &
HAARHOFF (1985) assumed that the relatively longer ulna of
Urocolius might be related to its better flight abilities). The
olecranon is short.

- Carpometacarpus: The processus extensorius is less pronounced than that of E. pallas. The os metacarpale majus is very
broad, the os metacarpale minus only slightly bowed iSMNKMe 313); both are of equal length. As already discussed by PE~ERS (in press), the proximal end of the os metacarpale minus
seems to exhibit a small process projecting ventrally (as in the
coraciiform genera Coracias and Merops). The processus pisiformis is positioned centrally in the trochlea carpalis. A short
processus intermetacarpalis is visible (HLMD-Me 10472). The
sulcus tendinosus is very weak.

-

Pelvis: The pelvis is wide, the alae praeacetabulares ilii are
short as in Chascacocolius and the Recent colies, the cristae
iliaca dorsales do not meet the crista dorsalis of the synsacrum.
The antitrochanter is large.

- Tibiotarsus: The tibiotarsus is short and relatively stout, it is
only slightly longer than the tarsometatarsus. The condyli are
small, the trochlea cartilaginis tibialis broad and lower than that

Tab. 5. Masillacolius brevidactylus n. g., n. sp., length of the limb bones (left/right, in mm):
humerus
HLMD-Me 10472
19.7/
SMNK-Me 313
~19.5/~20.5

ulna

carpometacarpus

femur

tibiotarsus

tarsometatarsus

17.9/
~19.2/~19

12.6/
-12.3/

-19.7/
-19.8/

21.5/
~23.5

20.4/20.4
~21.4/

Tab. 6. Masillacolius brevidactylus n. g., n. sp., length of the pedal phalanges (in mm):

HLMD-Me 10472

I 1

12

II 1

II 2

II 3

III 1

III 2

III 3

III 4

IV 1

IV 2

IV 3

IV 4

IV 5

5.0

4.1

2.5

4.9

4.8

2.7

3.0

5.9

5.5

2.2

1.9

1.9

5.3

5.2
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of Recent mousebirds. The distal end is hardly wider than the
shafl. The fibula measures approximately 1/3 of the length of the
tibiotarsus. Details of the proximal end cannot be detected.
-Tarsometatarsus (text-fig. 3): The tarsometatarsus ofM. brevidactylus is long and slender (nearly as long as the tibiotarsus and
longer than the humerus). The shaft is most narrow at about one
third of the total length from the distal end. The tuberositas
musculi tibialis cranialis is pronounced and lies at the medial
border of the bone. The lateral foramen vasculare proximale is
situated farther proximal than the medial foramen vasculare
proximale and lies in the center of a sharp tongue-shaped projection (in Primocolius, Colius and Urocolius the lateral
foramen vasculare proximale is absent). The origin of the retinaculum extensorium tarsometatarsi also is a sharp bony edge (in
Colius and Urocolius, but not in Primocolius, the retinaculum
extensorium tarsometatarsi is ossified to an arcus extensorius).
The foramen vasculare distale is medium-sized, the sulcus
musculi extensoris brevis digiti IV shallow. The trochleae metatarsorum are extremely small, lie on the same level and reach
approximately equally far distal. Like in Uintornis, the trochlea
metatarsi III (which is broader than long) is markedly asymmetrical with the lateral ridge being larger than the medial ridge.
The incisura intertrochlearis lateralis is wide. The fossa metatarsi ! is a small and shallow roughness located on the medial
side of the shaft (HLMD-Me 10472, right side).
- T o e s (text-fig. 4): The proximal phalanges of the three anterior
toes ate shortened, but relatively longer than those of the
Sandcoleidae. The third toe is shorter than the tarsometatarsus,
third and fourth toe ate of nearly equal length. (In Colius and
Urocolius the third toe is distinctly longer than the fourth toe and
the tarsolnetatarsus). The hallux is less than hall as long as the
tarsometatarsus. A small sesamoid bone is found on the proximal surface of the distal end of the distal phalanx of each toe
(HLMD-Me 10472). The claws are much stouter and less
pointed than those of the Sandcoleidae and the Recent colies,
and their tuberculum flexorium is less pronounced. In contrast
to the Sandcoleidae there is no sulcus along the lateral side of the
claws. The os metatarsale Iis very small and resembles that of
Recent colies, its processus articularis tarsometatarsalis is short.
Interestingly in both specimens all four toes are directed
anteriorly, which might indicate tbat M. brevidactylus hada fully
pamprodactyl foot (Recent colies are only facultatively
pamprodactyl). In HLMD-Me 10472 the toes cluster close

together although they are detached from the tarsometatarsus.
Therefore they were possibly linked together at the bases oftheir
phalanges by connective tissue.

Coliiform bird with uncertain

affinities

C o 1 i i f o r m e s indet. ( s p e c i m e n S M F - M E 2375)
PI. 4 fig. 10
R e f e r r e d s p e c i m e n : SMF-ME2787a+b(rightfoot;pl.4fig. 9).
As the pedal phalanges differ in size (table 8), SMF-ME 2375 and SMFME 2787a+b probably do not belong to a single species.
Dimensions

(in mm): see tabs. 7 and 8.

R e m a r k s : SMF-ME 2375 is described elsewhere (PErERS, in
press, see also PETERS 1997), the bird has approximately the size
of Urocolius macrourus.
There are some striking similarities between SMF-ME 2375 and
Masillacolius brevidactylus n. g., n. sp., especially in the morphology of the feet:
(1) both taxa combine a rather long and slender tarsometatarsus with short toes;
(2) third and fourth toe ate ofapproximately equal length;
(3) both taxa might have been fully pamprodactyl;
(4) the basal phalanges of the toes seem to have been linked by
connective tissue as the roes cluster close together,
although tbey ate detached from the tarsometatarsus (this
is especially evident in SMF-ME 2375, as the toes of the
left foot are embedded far away from the tarsometatarsus
which even lies in a reversed position);
(5) the claws are more robust than those ofall other coliiform
birds.
Because there are also similarities in the remainder of the
skeleton, PETERS (in press) assigned the second, badly preserve& specimen of Masillacolius brevidactylus n.g., n. sp.
(SMNK-Me 313) to SMF-ME 2375. However, the new
specimens SMF-ME 2787a+b and HLMD-Me 10472 clearly
show, that this was incorrect. SMF-ME 2375 certainly belongs
to a new genus of coliiform birds which differs from:
Masillacolius in: the tarsometatarsus is less slender, its shafl
broader and approximately of equal width. The sulcus
musculi extensoris brevis digiti IV is distinct (SMF-ME

Tab. 7. SMF-ME 2735, length of the limb bones (left/right, in mm):

SMF-ME 2735

humerus

ulna

carpometacarpus

/~25.8

-24/~24.0

-14.6/~14.6

femur

tibiotarsus

tarsometatarsus

/-28.8

~20.4/-19.6

Tab. 8. SMF-ME 2735, length of the pedal phalanges (in mm):

SMF-ME 2735
SMF-ME 2787a

I 1

12

II 1

I1 2

II 3

III 1

III 2

III 3

III 4

IV 1

IV 2

IV 3

1V 4

IV 5

~5.6
-5.8

~4.9

~2.1
2.0

~6.0
6.7

-0.2
~6.0

~1.5
3.0

-6.4
8.4

~5.7

~1.5

-1.5
2.0

-1.5
2.0

-6.3

-6.4

2.0
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2787a). The trochlea metatarsi III is medio-laterally very
broad and reaches farther distally than the other two
trochleae (SMF-ME 2787a). The proximal phalanges of the
three anterior toes ate much shorter. There are also distinct
differences in the proportions: while in SMF-ME 2375 the
humerus is longer than the tarsometatarsus, in M. brevidactylus the tarsometatarsus is distinctly longer than the
humerus.
Sandcoleus, Anneavis, Eobucco and Eoglaucidium in: The
beak is dorso-ventrally broader and closer to that of recent
colies; the humerus is stouter, its crista deltopectoralis
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shorter. The os metacarpale minus runs nearly parallel to the
os metacarpale majus. The tarsometatarsus is more elongated, its shaft of equal width, the trochleae metatarsi II and
IV are narrower (SMF-ME 2787a). The feet show the
pamprodactyl position of the toes, third and fourth toe are
nearly of equal length.
Uintornis in: the trochlea metatarsi II is larger, the trochleae
metatarsi II and IV are smaller and reach less far distally.
Chascacocolius in: there seems to be no long processus
retroarticularis mandibulae, the ulna is only slightly curved,
the carpometacarpus lacks a processus intermetacarpalis.

Discussion
The fossiI record shows that the Coliiformes originated before
the Lower Eocene and underwent a considerable radiation in the
early Tertiary. They constitute an important part of the Lower
and Middle Eocene small landbird fauna known so far - san&
coleid birds have also been found in the Lower Eocene deposits
of the London Clay (M. DAN]ELS, pers. comm., own investigation ofG. MAYR). Sandcoleidae and Coliidae ate sister groups
which coexisted at least in the Middle Eocene; while the
Sandcoleidae became extinct, the Coliidae survived until the
present.
HOUDE & OLSON (1992) have already commented on some
aspects of the ecology of the Sandcoleidae. Although the claws
of Eoglaucidium, Anneavis and Sandcoleus resemble those of
rapto¡ birds, these authors supposed that the feet were used
for "climbing and creeping in trees" and not for predation. From
the shape of the bill of Sandcoleus copiosus they further
concluded that this species "could have been a generalist, eating
anything from berries, fruits, and seeds to hard- and soft-bodied
invertebra~es. (...) the bill ofSandcoleus was too weak to have
been used efficiently in predation'. Since the bill of
Eoglaucidium pallas is similar to that of S. copiosus, these
deductions can be transferred. Beyond that, the excellent
preservation of some specimens of E. pallas gives us a direct
hint to the birds last meal, as in several cases the former content
of the stomach itself is preserved. In specimen SMNK-Me 553
(pi. 1 fig. 2) at least four large seeds can be counted, which
obviously belong to the Annonaceae (WmDE, pers. comm.), a
family having large pulpous fruits. Presumably the bird
preferred the fruit pulp and only incidentally swallowed the
seeds. Although Annonaceae have not yet been described from
Messel, there are some leaves, complete fruits and even a flower
which most likely belong to this group (WmDE, pers. comm.). In
other specimens ofE. pallas (SMF-ME 8A and SMF-ME 1456)
only a layer of carbonized organic matter is visible, which has
not yet been closely investigated. A dense accumulation ofsmall
seeds is also preserved in either the crop or the stomach of the
coliiform bird SMF-ME 2375 (pi. 4 fig. 10).
Recent mousebirds only occasionally turn their hallux
forward. However, Masillacolius brevidactylus and SMF-ME
2375 might have been fully pamprodactyl, i.e. the first toe might
have been directed forwards permanently. Among Recent birds a
fully pamprodactyl foot occurs only in two apodiform genera
(Apus and Cypsiurus) and represents an adaptation for clinging

to more-or-less flat surfaces (see STEINBACHER1935). Although
the strong claws of M. brevidactylus and SMF-ME 2375
resemble those ofswifts, their tarsometatarsus is rather long and
narrow, in contrast to the very short one of the Apodiformes.
Obviously these birds occupied an ecologicaI niche which is not
exploited by Recent birds and their foot lacks any modern
counterpart. Therefore, it is so much the more astonishing, that a
very small bird has been recorded from Messel which in our
opinion is not closely related to coliiform birds but shows a
similar foot (MAYR, in press).
An exhaustive phylogenetic analysis of the Coliiformes is
beyond the scope of this paper and would require the inclusion
of a large number of Recent taxa. Our idea of the interrelationships within the Coliiformes is illustrated in text-figure 5:
Node 1 has been characterized in the diagnosis of the Coliiformes, nodes 2 and 3 in the diagnoses of the Sandcoleidae and
the Coliidae respectively. Within the Sandcoleidae a monophyly
of the taxon (Anneavis + Sandcoleus) (node 4) can be supported
with the hypotarsus bearing two closed canals, but the
systematic position of Eobucco and Eoglaucidium remains

"
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Text-fig. 5. Phylogenctic relationships among coliitbrm birds (set tcxt).

188

MAYR& PETERS:The mousebirds (Aves: Coliiformes) from the Middle Eocene ofGrube Messel
the Passeriformes" reflects very well the position of these birds
in most recent classifications. Yet, the difficulty of analyzing the
higher systematic affinities of the Coliiformes is aggravated by
the fact that some bones, especially the humerus and the
tarsometatarsus, show a considerable variation within this order
(see text-figs. 2, 3). While the humerus of the Coliidae indeed is
similar to that of the Passeriformes, the corresponding bone of
Eoglaucidium and Sandcoleus closely resembles the humerus of
the Coraciidae. Coliidae and Sandcoleidae also show distinct
differences in the proportions of their limb elements (table 9):
for example, the tarsometatarsus is relatively much longer and
narrower to the other limb bones within the Coliidae than within
the Sandcoleidae.
The Sandcoleidae are in many aspects of their osteology
more similar to taxa generally thought to be primitive within
neognathous birds (e.g. the Musophagidae) than the Coliidae
(e.g. in the forro of the humerus, the carpometacarpus and the
tarsometatarsus). Therefore, their inclusion within the Coliiformes necessarily leads to a revision of the systematic value of
some features of the Coliidae. In particular it seems to be likely
that the resemblances between the Coliidae and the passeriform
(respectively some "higher" non-passeriform) birds are due to
convergence (i.e. the humerus, the carpometacarpus and the
tarsometatarsus). It may even be questioned ir the inelusion of
the Coliiformes in the "anomalogonatous" birds of GARROD
(1874) (which lack the musculus ambiens) is justified. OLsoy
(1985: 123) has pointed out that "as the order [= Coliiformes]
consists of only two genera, ... the loss of the ambiens here may
carry less significance".
Based on their DNA-DNA hybridization studies, SJB1.Eu &
AHLQUIST (1990) assumed that the Coliiformes "have no close
living relatives, that they are the only survivors of an ancient
divergence". Due to the poorly resolved phylogeny of the higher
avŸ taxa it would be almost impossible to support this with
morphological characters. However, apart from features in the
proximal ulna (short olecranon, very small tuberculum ligamenti collateralis ventralis) and in the tarsometatarsus (low
hypotarsus), there is another character which suggests a very
basal position of the Coliiformes either within the anomalo-

uncertain. It might be possible, either that the three North American genera Sandcoleus, Anneavis and Eobucco are monophyletic of that the Middle Eocene genera Eobucco and Eoglaucidium are closer related. The monophyly of the taxon
(Primocolius + Colius/Urocolius) (node 5) can be supported
with the large processus intermetacarpalis, and the lack of the
lateral foramen vasculare proximale tarsometatarsi. Primocolius might be directly ancestral to the Recent colies [a fragmentary but articulated skeleton of this genus has also been
recorded from the Upper Eocene "Gypse du Montmartre" (Paris) (MAYR, in press)].
The affinities of Chascacocolius are still in need of further
investigation. It is not possible to assign this genus to either the
Coliidae of the Sandcoleidae with certainty. Although HOUDE&
OLSOY (1992) included Chascacocolius within the Sandcoleidae, they noted that the humerus of Chascacocolius is
much more similar to that of Primoeolius than to that of the
other sandcoleid birds and that Chascacocolius "is the most
coly-like of the Sandcoleiformes yet known". Since it is impossible to support a monophyly of the Sandcoleidae including this
genus and since the Coliidae had already branched off in the
Lower Eocene, it is near at hand to consider the possibility that
Chascacocolius is more closely related to the Coliidae than to
the Sandcoleidae. This might be indicated by the enlarged
processus flexorius as well as the (yet very small) processus
intermetacarpalis.
Due to poor preservation, the phylogenetic affinities of
SMF-ME 2375 also have to remain unresolved, but the abovementioned similarities to Masillacolius, especially the peculiar
structure of the foot, might indicate a close relationship to this
genus.
The systematic position of the Coliiformes still is very
enigmatic and it has not been possible to unite them with any
other extant taxon (see SIBLEY891AHLQUIST1990 for a review).
Although BERMAN & RAIKOW (1982) mentioned a myological
character in order to support a monophyly of the taxon
(Coliiformes + Psittaciformes), the statement of RICH & HAARHOVV(1985), that the colies "should be placed somewhere within
the 'higher' non-passeriforms ... and perhaps not too far from

Tab. 9. Comparative proportions of the limb bones of sandcoleid birds (n = number of individuals, value in brackets = standard deviation):
HU:UL

HU:CM

UL:TM

HU:TM

CM:TM

1.04
1.02
1.01
0.99

1.87
1.81
1.77
1.84

1.73
1.69
1.61
1.76

1.80
1.72
1.64
1.73

0.96
0.95
0.92
0.94

~ 1.10
1.11 [0.02]
1.06
0.98 [0.02]
0.97

~ 1.56
1.79 [0.06]
1.68
1.61 [0.05]
1.59

~0.83
0.93 [0.02]
0.95
1.21 [0.02]
1.18

~0.97
1.04 [0.03]
1.01
1.18 [0.01]
1.14

-0.62
0.59 [0.02]
0.60
0.72 [0.02]
0.72

~1.08

~1.77

~1.20

~1.29

~0.73

Sandcoleidae:

Eoglaucicliumpallas FISCHER 1987 (n=l)
SMF-ME 1233 (Eoglaucidium? sp.) (n=l)
Sandcoleus copiosus HOUOE& Ot.SON 1992" (n=l)
Anneavis anneae HOUDE& OLSOY 1992" (n=l)
Coliidae:

Masillacolius brevidactylus n. g., n. sp. (n = 1)
Colius striatus (n=4)
Colius castanotus (n= 1)
Urocolius indicus (n=4)
Urocolius macrourus (n = 1)
Coliiformes ine. sed.:
SMF-ME 2375 (n=l)

* calculation based on measurements in HOUDE & OLSOY (1992)
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gonatous birds or even within the neognathous birds. In all
coliiform birds (except Urocolius) the ulna is shorter or is as
long as the humerus. We consider this feature to be plesiomorphic for neognathous birds, since it occurs within primitive
M e s o z o i c birds (see MARrlN 1995, PETERS 1996) as well as in
(putatively) basal neognathous birds (e.g. most Gruiformes,
Galliformes, Anseriformes, Cuculiformes, Musophagiformes).
In contrast therewith, except for a few passeriform birds, the
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ulna is always distinctly longer than the humerus in the
"anomalogonatous" birds.
Perhaps future investigations based on molecular data will
help cla¡
the systematic position o f the Coliiformes. Yet, it
should be kept in mind, that the Recent mousebirds are merely
the (probably highly specialized) remnants o f ah once very diverse order.
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Figs. 1-2

1

Eoglaucidiumpailas FISCHER 1987
Covered with a m m o n i u m chloride to enhance contrast. - Scale bar = 2 cm.
1.
2.

SMF-ME 8A.
SMNK-Me 553a
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Figs. 3-5.

2

Eogtaucidiumpailas FrSCHER 1987
3.
4.
5.

SMNK-Me 553b, covered with ammonium chloride to enhance contrast. Scale bar = 2 cm.
Cranial side of the left humerus of SMNK-Me 553b in comparison with the right humerus
of the paratype (specimen XIV of FlSCnER 1987). - Scale bar = 2 cm.
Caudal side of the right humerus of SMNK-Me 553b in comparison with the right humerus
of the paratype (specimen XIV of FISCHER 1987).

Senckenbergiana lethaca, 78 (I/2): 1998
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Fig. 6.

Eoglaucidiumpallas FISCHER 1987
S M F - M E 1456a.

Fig. 7.

Scale bar = 2 cm.

Eoglaucidium? sp.
S M F - M E 1233a. - Scale bar - 2 cm.

3
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Figs. 8-10,

4

Specimens covered with a m m o n i u m chloride to e n h a n c e contrast.

8. Masillacolius brevidactylus n. g., n. sp.
H o 1 o t y p e H L M D - M e 10472. - Scale bar - 2 cm.
9. Coliiformes indet., specimen S M F - M E 2787a. Scale in m m ,
10. Coliiformes indet., specimen S M F - M E 2375. Scale b a r - 2 cm,

Senckenbergiana lethaea, 78 (1/2); 1998
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