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Since i he family Presbyornithidae was first described from the Eocene Green River Fm. of Utah, fossils referred to 
this genus have been collected from many Paleogene localities around the world. Fossils of this family are 
extraordinarily abundant and permit detailed studies of all parts of the skeleton. This paper describes the osteology 
of I he Presbyornithidae based upon virtually all the prepared material known from the New World. The family is 
revised and found to comprise four species placed in the two genera Presbyomis(three species) and Telmabates(one 
species). Presbyomis pervctus is by far the most common and widespread member of the family. The large size 
variation in the skeleton of P. pervetus is attributed to sexual dimorphism. Phylogenetic analyses of the 
Presbyornithidae have shown it to be a member of the order Anseriformes (ducks, geese, swans, and their allies). In 
addition to derived anseriform characters, the presbyornithid skeleton has many features in common with other late 
Cretaceous and early Tertiary birds. Nearly all presbyornithids have been collected from lacustrine environments. 
Avian egg shells associated with the fossils at certain localities suggest /'. pervetus was a gregarious breeder along the 
shores of freshwater lakes. At several localities large numbers of presbyornithid fossils form mass-mortality layers in 
which the skeletons arc disarticulated. Although the cause of death is unknown, avian botulism or catastrophic 
volcanism mav have contributed to the mass death of the birds. 

I N T R O D U C T I O N 

Alexander Wetmore in 1926 described three new fossil 
species of charadriiform birds from the Early Eocene Green 
River Fm. of Utah. Two were regarded congeneric, 
Nautilomis avus and N. proavitus, and placed in the family 
Alcidae, whereas the third species, Presbyomis pervetus, was 
made the type of the new family Presbyornithidae. This 
bird was supposed to be "typical of an ancestral stock, from 
which existing Avocets and Stilts have descended" 
(Wetmore 1926). 

Nearly thirty years later, Hildegarde Howard (1955) 
published a description of Telmabates antiquus, an early 
Eocene bird collected in Argentina by George Gaylord 
Simpson in 1930-1931. Howard regarded T. antiquus as a 
primitive flamingo and placed it in the new family 
Telmabatidac. A second, smaller species, Telmabates 
howardae Qracnft was later described from the same collec
tion (Cracraft 1970). 

In 1970, a field party led by Paul McGrew (University of 
Wyoming) collected vertebrate fossils at the University of 
Wyoming Bird Quarry in Wyoming, a large number of 
which were identified as Presbyomis. Description of this 
new material by Feduccia and McGrew (1974) added con
siderable knowledge about the anatomy of Presbyomis. 
Feduccia and McGrew (1974) also were the first to draw 
at tent ion to the similarity between Presbyomis and 
Telmabates, leading them to synonymize the two genera. 
Furthermore, Telmabates howardae was regarded conspe-
cific with P. pervetus, while it was suggested that Nautilomis 
(the second genus described by Wetmore from the type 
locality of P. pervetus) be synonymized with Presbyomis. 

A l t h o u g h t h e p o s t c r a n i a l ske l e ton of the 
Presbyornithidae was fairly well known in the early 1970s, 
the cranium was not. A few skull fragments of Telmabates 
were found but given little attention (Howard 1955). 
Therefore, it was surprising when Feduccia and McGrew 
(1974) associated the long-legged postcranial skeleton with 
the duck-like braincases and bills recovered from the Uni
versity of Wyoming Bird Quarry. However, preservation of 
the Bird Quarry skulls was poor, and well preserved cranial 
material was not available until 1977 when Storrs L. Olson 
and Robert J. Emry (Smithsonian Institution) began col
lecting Presbyomis at Canyon Creek Butte, another Eocene 
locality in Wyoming. Slabs containing thousands of bones 
in a thin stratum were collected by Olson, Emry and 
Arnold Lewis on field trips in 1977 and 1979 (Fig. 1). 
Subsequently, large quantities of fossils tentatively referred 
to the Presbyornithidae have been collected at several lo
calities in Utah, Wyoming and Colorado (Fig. 2), as well as 
in Argentina and Mongolia. 

In this study a revision of the Presbyornithidae sensu 
Feduccia and McGrew 1974 is presented, along with a 
detailed description of presbyornithid skeletal anatomy, 
which includes several previously undescribed elements of 
the skeleton, the hyoid apparatus, and syrinx. Comparisons 
are also made with fossils assigned to the somewhat older 
"form-family" Graculavidac to which the presbyornithids 
may be related (Olson and Parris 1987), as well as with 
other Paleogene birds. Ericson (1997) and Livezey (1997), 
who independently analyzed the systematic relationships of 
the Presbyornithidae, both concluded it is the sister to the 
Anatidac within the order Anseriformes. 

mailto:per.ericson@nrm.se


2 PALEOBIOS, VOL 20, NUMBER 2, SEPTEMBER 2000 

Fig. 1. Mass mortality layer of Presbyornispervetuscollected at the Canyon Creek Butte, Sweetwater Co., Wyoming. Photo of"slab on 
exhibit at the National Museum of Natural History, Smithsonian Institution. Photo: Chip Clark, Smithsonian Institution. 

MATERIAL AND M E T I I O D S 

This revision is based on all known New World fossils of 
the Presbyomithidae, including North American material 
from Wyoming, Utah, and Colorado, and Patagonia in 
Argentina. They all date from Paleocene to Early Eocene. 

I t was not possible t o include the Old World fossils 
assigned to the Presbyomithidae in this study. Important, 
but undescribed fossils have been collected from Late Cre
taceous and Paleocene deposits in Mongolia that are 
thought to be referable to the Presbyomithidae (Kurochkin 
1988, Evgeny N . Kurochkin, personal communication). 
O t h e r fossils de sc r i bed as new g e n e r a o f t h e 
Presbyomithidae includes Proherodiits oweni Harrison and 
Walker 1978 from the Early Eocene London Clay 
(Ypresian), and Zbvljjaia aestiflua Nessov 1988 from the 
Late Paleocene of Kazakhstan in the USSR. Undescribed 
presbyornithid material has also been recovered from 
Eocene deposits in Khirgizia (Olga Potapova, personal com
munication). Also, putative presbyornithid remains have 

been described from Late Cretaceous deposits in Antarctica 
(Noriega and Tambussi 1995). 

Comparisons were made with a wide spectrum of fossil 
taxa most of which are referred to the "form-family" 
Graculavidae sensu Olson and Parris (1987). Dakotornis 
cooperi Erickson 1975 and Juncitarsus j/racillimus Olson 
and Feduccia 1980b were also studied. 

The acronyms used herein are AMNH—American Mu
seum of Natural History, New York, New York; BYU— 
Brigham Young University M u s e u m , Provo, Utah; 
CM—Carnegie Museum of Natural History, Pittsburgh, 
Pennsylvania; KUVP—Museum of Natural History, Verte
brate Paleontology, University of Kansas, Lawrence, Kan
sas; LLU—Loma Linda University, Loma Linda, California; 
SMM—Science Museum of Minneso ta , Minnesota ; 
UCMP—Museum of Paleontology, University of Califor
nia, Berkeley, California; USNM—National Museum of 
Natural History, Smithsonian Institution, Washington, 
D.C.; UW—Geological Museum, University of Wyoming, 
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Fig. 2. Localities in the western United States where I'resbyornis 
pervetusisolid circles) and /'. ra:»ri>»w£««(opencircle)have been 
collected. The distribution of the fossil lakes system in middle or 
late Early Eocene (Grande 1989) is indicated in grey. A. Utah, 
Uinta Co., White River (type locality). B. and M. Utah, Sanpete 
Co., Ephraim Canyon. C. Wyoming, Sweetwater Co., University 
ofWyoming Bird Quarry (UWV58006, USNM 41805). D. Wyo., 
Sweetwater Co., Flamingo Flat (UCMP V78032, USNM 41804). 

E. Wyo., Sweetwater Co., Canyon Creek Butte (USNM 41803). 
F. Wyo., Sweetwater Co., Point Location and Gully Location (UW 
V75009). G. Wyo., Sweetwater Co., Boar's Tusk Bird Locality 
(UW V75008). H. Wyo., Lincoln Co., Powerline Quarry (LLU 
1525). I. Wyo., Lincoln Co., Warfield Springs Site (USNM 
41806). J. Colorado, Mesa Co. De Beque Oil Field. K. Col., 
Garfield Co., Grand Valley (Thomas H. Rich Iocs.), L. Col., 
Garfield Co., Grand Valley (Herman Wilson loc). N. Wyo., 
Lincoln Co., Bear Divide Quarry (LLU 1530). 

Laramie, Wyoming; YPM—Peabody Museum of Natural 
History, Yale University, New Haven, Connecticut. 

The anatomical terminology follows Baumel et al. (1993) 
unless otherwise stated. Descriptive statistics in Tables 1 
and 2 refer to measurements defined in Appendix A. 

SYSTEMATIC PALEONTOLOGY 

Class: AVES 

Order: AWSKRIFORMKS 

Family: PRESBYORNITHIDAE 

Type genus— Presbyornis Wetmorc 1926 
I n c l u d e d genera— Presbyornis W e t m o r c 1 9 2 6 ; 

Telmabates Howard 1955. 
Diagnosis—The Presbyornithidae arc long-legged, wad

ing birds that differ from all other known birds in having 
heads of a filter-feeding duck. 

Comparisons—Although very well preserved specimens 
exist for almost all skeletal elements, no complete, articu

lated specimen of Presbyornithidae has been found. The 
anatomy of genus Telmabates is less well known than that 
of Presbyornis but the following characteristics of the skel
eton seem to be shared by both genera included in the 
family Presbyornithidae: size and body proportions similar 
to that of a very large representative of the extant family of 
thick-knees (Burhinidae: Charadriiformes), although the 
wings of the Presbyornithidae are relatively longer; head of 
a filter-feeding duck placed on a long neck; trunk probably 
small in relation to skull and extremities as indicated by the 
short sternum, coracoids, and pelvis; notarium absent in 
the vertebral column; humerus relatively longer than in 
modern anatids although not extremely long; ulna and 
radius probably longer than humerus; carpometacarpus 
about half as long as the humerus; femur slender and 
relatively longer than in most modem anatids; very long 
tibiotarsus and tarsometatarsus in relation to the size of the 
trunk; foot with well developed hind toe. 

Cranium: In general appearance and in many details, 
the presbyornithid skull, which is known primarily from the 
type genus Presbyornis and fragments of the braincase and 
frontal region of Telmabates, strongly resembles that of a 
modern anatid. It is characterized by having two fonticuli 
occipitalis (Olson and Feduccia 1980a); short distance 
between orbita and apertura nasi ossea (naris) (Olson and 
Feduccia 1980a); fossa temporalis aborally deep (Olson and 
Feduccia 1980a); processus postorbitalis short and blunt 
(Olson and Feduccia 1980a); processus basipterygoideus 
well developed; ventral margin of septum interorbitale 
angled, i.e. the posterior part of the margin is almost 
parallel to the jugal bar, while the anterior part slopes 
upward toward the nasal-frontal hinge at an angle of ap
proximately 45 degrees (contra Feduccia [1976] who de
scribed it as continuously sloping upward toward the 
nasal-frontal hinge); condylus occipitalis heart-shaped 
(Feducc ia 1 9 7 6 ) ; fossa su b co n d y l a r i s very d e e p ; 
anteriormost part of os frontale is concave and has a deep 
V-shaped appearance (Feduccia and McGrew 1974, 
Feduccia 1976); supraorbital part of the frontals narrow; 
sulcus glandulae nasalis supraorbitalis (Feduccia and 
McGrew 1974, Feduccia 1977) shallow, or lacking; apertura 
nasi ossea relatively small; septum intcrorbitalis almost im
perforate except for an upper distal opening towards the 
frontals (Feduccia 1976) and a small hole just below; in 
lateral view, os palatinum is ventral to jugal bar (Olson and 
Feduccia 1980a); bill spatulatc and upturned (Olson and 
Feduccia 1980a) with small rostral nail (Olson and Feduccia 
1980a); processi maxillopalarinus fused leaving small ante
rior opening for apertura nasi ossea interna (Olson and 
Feduccia 1980a). 

Os lacrimale: The lacrimals in the Presbyornithidae are 
not fused to the cranium (Olson and Feduccia 1980a); 
articulate mainly with os frontale; have processus orbitalis 
long and pointed, and processus supraorbitalis short and 
blunt. 
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Quadratum: The Presbyornithidae has a quadratum 
with the posterior region of the processus mandibularis 
quadrati not inflated (Olson and Feduecia 1980a); dorsal 
margin of processus orbitalis slightly concave; processus 
orbitalis long and narrow; a simple cotyla quadratojugalis; 
condylus caudalis on processus mandibularis lacking; large 
pneumatic foramina on posterior surface of corpus quad
rati . 

Apparatus byobranchialis (known only from type genus 
Prcsbyomis): The hyoid apparatus is known from only one 
specimen (USKM 299846) which has os basihyalc rela
tively short and triangular in ventral view, with its 
ventrorostral part pointed; urohyale is a pointed process, 
twice as long as the basihyale; paraglossum narrow and 
more than three times as long as basihyale; cerarobranchiale 
circular in cross-section. 

Syrinx (known only from type genus Prcsbyomis): Only 
one specimen is known. The tympanum consists of seven 
clearly d i s t i n g u i s h a b l e , bu t obv ious ly fused 
tracheosyringeales. Only the lateral side of the syrinx is 
exposed in the matrix, but it appears to be laterally com
pressed as in extant anseriform birds. 

Mandibnla: The mandible of the presbyornithids has a 
large processus retroarticularis (Olson and Feduecia 1980a); 
p r o m i n e n t cr is ta i n t e r co ty l a r i s d i r e c t e d a lmos t 
anteroposteriorly dividing the articular fossa into two dis
tinct parts; processus coronoideus well developed and posi
t ioned at the lateral side of pars caudalis. O t h e r 
characteristics of the presbyornithid mandible include slen
der processus mandibiilac medialis projecting from shaft at 
right angle; caudal margin of processus mandibiilac media
lis only moderately curved caudally making recessus conicalis 
very shallow; ramus mandibiilac mediolaterally thin, and 
dorsally curved; deep groove in the ventrolateral surface of 
the anterior portion of the ramus mandibiilac (Olson and 
Feduecia 1980a). 

Vertebrae tboracicae: A total of 45 vertebrae thoracicae 
are known of Prcsbyomis pervetus and 1'clmabates antiquus. 
The last five vertebrae thoracicae, as well as the synsacrum, 
are known from one individual of T. antiquus (Howard 
1955). Because no articulated spine of Presbyomis has been 
found, and the morphology in this region varies consider
ably between the two genera, it may sometimes be hard to 
know if elements are comparable. Shared features of the 
vertebrae thoracicae in the Presbyornithidae include: the 
last three free vertebrae thoracicae mildly amphicoelous 
(contra Howard 1955 who claimed two of them to be 
opisthocoelous); relatively massive, slightly hour-glass 
shaped corpora vertebrae in the caudal thoracic region, 
with bilateral, deep depressions or pneumatic holes on the 
dorsolateral part; the most cranial vertebra thoracicae have 
the processus ventralis well-developed and projecting from 
the cranial part of the vertebrae. 

Synsacrum: The presbyornithids have no fusion of the 
synsacrum t o the ossa coxae; corpus of the first synsacro-
thoracic vertebra more laterally compressed in ventral view 

than in the following vertebrae; synsacrum probably not 
very well pneumatized, although the synsaero-thoracic ver
tebra has a pneumatic foramen in the area between the 
zygapophysis cranialis and processus transversus vertebrae; 
facies articularis cranialis of the synsaero-thoracic vertebra 
convex and round or slightly heart-shaped; svnsacral struts 
well developed; crista dorsalis well developed (Feduecia and 
McGrew 1974); sulcus ventralis synsacri deep. 

Os coxae: The presbyornithid os coxae is not fused to the 
synsacrum. Furthermore, it is relatively short and shallow 
(Olson and Feduecia 1980a); crista iliaca dorsalis (and 
crista iliaca dorsolaterals) well developed (Feduecia and 
McGrew 1974); antitrochantcr well developed (Feduecia 
and McGrew 1974); craniocaudal length of foramen 
ilioischiadicum approximately three times greater than the 
dorsoventral height (Feduecia and McGrew 1974); proces 
sus dorso la te ra l and processus terminalis ischii pointed 
with processus terminalis ischii reaching more caudally; has 
a recessus iliacus in both the cranial and caudal end of fossa 
renalis, of which the caudal is very deep; pubis straight and 
narrow; protruding far more caudally than processus 
terminalis ischii; cranial margin of ala preacetabulis ilii 
smoothly rounded with medial part protruding slightly 
more cranially; fenestra ischiopubica broad and more or less 
continuous with foramen obturatum; caudal margin of 
foramen ilioischiadicum equals caudal end of synsacrum. 

Sternum: The presbyornithid sternum is deep and broad 
(the breadth corresponds approximately to two-thirds of its 
length) with carina sterni well developed, and having right 
sulcus articularis coracoideus crossing below left sulcus just 
past midpoint of rostrum sterni, with a small diagonal ridge 
dividing the two (Howard 1955); dorsal surface of pila 
coracoidea flat and shelf-like (Howard 1955); sharp slope 
caudal of pila coracoidea (Howard 1955), with area below 
pila coracoidea with, or without, a few, large ridges running 
down from the pars cardiaca (this area is highly variable), 
surrounding a large pneumatic foramen placed medially in 
the cranial part of pars cardiaca (Howard 1955); prominent 
tuberculum labri ventrale; cranial margin of carina slightly 
curved anteriorly (Howard 1955, Feduecia and McGrew 
1974, Feduecia 1976), with crista laterales well developed; 
spina externa well developed and blade-like (Howard 1955, 
Feduecia and McGrew 1974, Feduecia 1976, Olson and 
Feduecia 1980a); caudal end with four notches (Olson and 
Feduecia 1980a), of which the incisura lateralis is deeper 
and slightly narrower than the incisura medialis. 

Eurcula: The furcula has a very small (lacking in some-
individuals) apophysis furculae; shaft slightly excavated dor
sal of apophysis furculae (Feduecia and McGrew 1974); 
lateral part of shaft ovoid (not round as described by 
Feduecia and McGrew 1974); extremitas omalis clavicula 
narrow and pointed with shaft slightly thicker at facies 
articularis acrocoracoidea. 

Scapula: The presbyornithid scapula has acromion very 
elongate and pointed, with outermost part formed as a 
separate process due to the distinct hollow-shaped facies 
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articularis clavicularis; glenoid facet ovoid and slightly con
cave; tuhereulum coracoideum large and round; shaft nar
row and deflected vcntrally (Olson and Fcduccia 1980b). 

Coracoid: The coracoid in Presbyornithidae is typically 
short and broad, with the sternal end slightly bowed; 
processus lateralis well developed (Howard 1955); dorsal 
side of" fades articularis sternalis very broad from medial tip 
laterally to a point at approximately two-thirds of the 
breadth of the sternal end where the fades ends; fades 
articularis sternalis curls onto ventral side near medial tip 
(Howard 1955); linea intermuscularis ventralis extending 
from neck almost down to sternal margin where it forms a 
distinct tuberculum situated immediately cranial to the 
articulation with tuberculum labri ventralc on sternum; 
small foramen procoracoidei situated just below cotyla 
scapularis and emerging on medial side of processus 
procoracoidei (VVetmore 1926, Howard 1955); cotyla 
scapularis round and very deep (Howard 1955); processus 
p rocoraco ide i very long and de l i ca te , p r o t r u d i n g 
mediocranially. This delicate process is easily broken and 
therefore lacking in most of the fossils studied. Howard 
(1955) claimed that the processus procoracoideus was short 
and blunt in Telmabates, but in these specimens it was 
actually broken in a way that closely resembles the condi
tion found in most specimens of Presbyornis. Therefore, it is 
most likely that the processus procoracoidei of Telmabates 
resembles that of Presbyornis; neck medially excavated be
low head; cranial margin of neck slightly dorsally curved 
immediately caudal of fades articularis clavicularis; ventral 
part of fades articularis clavicularis extends slightly beyond 
neck. 

Humerus: The presbyornithid humerus is long in rela
tion to the width of its proximal and distal ends, although 
not very slender. The proximal end is characterized by 
having head undercut; dorsal tricipital fossa lacking, while 
ventral tricipital fossa is deeply excavated but non-pneu
matic with a distinct tumescence in the proximoventral 
portion (Olson and Parris 1987); a large median crest 
nearly continuous with the central crest of shaft (Howard 
1955); large scars for m. scapulohumera l cranialis and m. 
scapulohumeral caudalis, of which the latter is especially 
long and well pronounced, situated just distal of the me
dian crest immediately medial of the central crest of shaft; 
distinct imprcssio m. latissimus dorsi cranialis on the lateral 
side of the bone, immediately proximal of long scar for m. 
latissimus dorsi caudalis ending at point of junction of crista 
deltopectoralis and corpus (Howard 1955); distinct lan
ceolate scar for in. coracobrachialis cranialis lacking (Olson 
and Parris 1987); tuberculum dorsale well defined (Olson 
and Parris 1987), with a large but not depressed, ovoid or 
triangular attachment for m. supracoracoideus; tuberculum 
ventralc large and blunt, positioned halfway between margo 
caudalis and the most medial point of crista bicipitalis; a 
long, very well developed crista deltopectoralis with a con
cave surface between margo caudalis and lateral edge of 
crista deltopectoralis. 

The distal end of the humerus has the fossa brachialis 
deep and a distinct, diagonally-oriented ovoid scar for m. 
brachialis; processus flexorius pronounced and slightly el
evated; sulcus scapulotricipitalis almost obsolete due to a 
poorly developed epicondyl is dorsal is ; t u b e r c u l u m 
supracondylare ventralc with imprcssio m. pronator 
superficialis subdivided into two depressions of equal size; 
no distinct processus supracondylaris dorsalis (Olson and 
Fcduccia 1980b); imprcssio m. pronator superficialis pro
nounced and positioned immediately medial, or somewhat 
medioproximal, to the at tachment of lig. collaterale 
ventralc; attachment of lig. collaterale ventralc large and 
ovoid. 

Radius: The proximal end of the presbyornithid radius is 
distinctly deflected vcntrally in relation to shaft; further
more, it has fades articularis ulnaris well developed, flat and 
triangular in shape, with a pronounced tuberculum in the 
dorsodistal part of fades articularis ulnaris; pronounced 
ventral tuberculum where lig. collaterale dorsale and menis
cus radioulnaris inserts, indicating that these were well 
developed; imprcssio lig. craniale cubiti near tuberculum 
bicipitale very deep (Howard 1955). 

The distal end of the radius is moderately flared (Howard 
1955); with imprcssio retinaculum flexorium large and 
round. 

Ulna: The ulna in the Presbyornithidae has olecranon 
moderately developed (Howard 1955), and vcntrally 
curved; depressio m. brachialis very deep; cotyla ventralis 
ovoid and obliquely placed with respect to olecranon 
(Howard 1955); large and almost circular depressio m. 
scapulotricipitis on caudal side of processus cotylaris dorsa
lis and situated well distal of the cotylar edge; dorsal half of 
cotyla dorsalis bent distally at its cranial edge, forming a 
long lip almost at right angles to the cotyla proper (Howard 
1955), and ending in a ridge that runs diagonally towards 
middle of shaft from turned-down lip (Howard 1955); 
incisura radialis triangular with the above-mentioned ridge 
making up its dorsal side. 

The distal end of the ulna is characterized by having the 
tuberculum carpale well developed; very deep tendinal pit, 
but lacks sulcus tendineus with bony ridges. 

Os carpi radiate (known only from the type genus 
Presbyornis): The radiale has the caudal end mediolaterally 
compressed, and a deep sulcus on its proximal side, with a 
pronounced, centrally placed tuberculum immediately cra
nial of this sulcus. Furthermore, it has a deep and narrow, 
mediolaterally oriented depression on the distal side, and 
the incisure at the cranial side is wide and shallow. 

Os carpi ulnare: The ulnare has a distinct, although not 
very deep sulcus on the laterodistal side; and a wide incisura 
mctacarpalis. 

Carpometacarpus: The presbyornithid carpometacarpus 
is straight with ossa metacarpale majus and minus parallel. 
In the proximal end, caudal part of dorsal trochlea well 
developed and connects with dorsal edge of os metacarpale 
majus (Howard 1955); distal edge of ventral crest approxi-
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mately on a line with ventral border of os metacarpale 
minus (Howard 1955); trochlea well excavated posteriorly 
(Howard 1955); large scars for insertions of lig. ulnocarpo-
metacarpale dorsale and lig. radiocarpo-metacarpale dorsale; 
small vascular foramen in fossa infratrochlcaris. 

The distal end of the presbyomithid carpometacarpus 
has well marked sulcus tendineus on dorsal side of 
metacarpale majus; sulcus interosseus deep, sometimes with 
an ossified bridge. 

Alar phalanx proximalis dijjiti majoris: In the 
Presbyornithidae the phalanx proximalis digiti majoris is 
long and slender, with two deep depressions on dorsal side. 
It is also characterized by having in proximal view, a blunt, 
cranioventrally protruding tuberculum; no dorsal tendinal 
sulcus on pila cranialis and tendinal sulcus along caudal 
margin present only a short distance at mid-corpus (except 
for a shallow depression in the proximal end); distal projec
tion of caudal margin lacking (Howard 1955). 

Alar phalanx distalis digiti majoris: The presbyornithids 
have proximal fades articularis phalangeals with a promi
nent cranioventrally protruding process that constitutes the 
proximoventral part of a canal in which the sulcus tendineus 
runs; dorsal side of phalanx distalis digiti majoris deeply 
excavated. 

Femur. The femur is relatively long and slender. The 
proximal end has trochanter femoris well developed and 
non-pneumatic (Howard 1955, Feduccia 1976, Olson and 
Feduccia 1980a); fades articularis antitrochanter protrud
ing caudally slightly beyond shaft (Howard 1955); a pro
nounced ridge where cranial margin of fades articularis 
antitrochanter meets shaft nearly at right angle; depressio 
m. iliothrochantericus caudalis long and curved, positioned 
at a point about one-third of the breadth of trochanter 
measured from the cranial marg in ; area be tween 
impressiones m. ischiofemoralis and m. iliofemoralis nar
row and elevated from shaft; impressio mm. obturatorius 
medialis and lateralis rounded (sometimes heart-shaped) 
and situated on caudoproximal area of lateral side of tro
chanter. 

The distal end of the presbyomithid femur has impressio 
m. gas t rocnemius (probably pars intermedia) large and 
p r o n o u n c e d , wi th impress io pars medial is o f m . 
gastrocnemicus small and situated immediately medial; linea 
intermuscularis caudalis marked and reaching from outer 
edge of condylus medialis to middle of shaft (Howard 
1955); cranioproximal end of condylus medialis slightly 
elevated from shaft; and caudoproximal part of condylus 
medialis steep although fossa poplitea is not very deep. 

Tibiotarsur. The proximal end of the tibiotarsus in the 
Presbyornithidae (known only from Presbyomis pervetus) 
has crista cnemialis cranialis protruding far ventrally, with 
distal margin smoothly angled and lacking distally projected 
hook; distal margin of crista cnemialis cranialis meets shaft 
at an angle of about 150 degrees (not 90 degrees as stated 
by Feduccia 1976); proximal margin of crista cnemialis 

cranialis projecting strongly upward; crista cnemialis lateralis 
has almost no ventral thrust (contra Feduccia and McGrew 
1974); proximal margins of crista patellaris and crista 
cnemialis lateralis almost straight, slightly latcrodistallv di
rected; almost no hook in lateral end of crista cnemialis 
lateralis (Feduccia 1976); fades articularis fibularis some
what triangular with a small hook projecting distally; fossae 
retrocristales moderately deep and divided into two sepa
rate parts by a distinctly elevated, broad ridge; fossa flexoria 
deep, with several pronounced tuberculi immediately below 
serving as origins of flexor muscles; two large, clearly 
separated impressio lig. collaterals medialis of which the 
proximal is smaller and more rounded than the distal. 

The distal end is characterized by being thrust medially; 
having condylus lateralis rounded and high; condylus me
dialis long but considerably lower than condylus lateralis 
(Howard 1955); sulcus extensorius very deep; supratendinal 
bridge broad and steep in proximodistal direction; well 
marked sulcus m. fibularis; presence of a foramen in sulcus 
m. fibularis just proximolateral to condylus lateralis (contra 
Olson and Parris 1987); epicondylii medialis and lateralis 
poorly developed; pronounced tuberositas retinaculum 
extensorium tibiotarsi medialis; very large lateral insertion 
of retinaculum extensorium tibiotarsi immediately proximal 
to condylus lateralis; impressio lig. collaterale mediate long 
and prominent, which reaches from the distal part of 
epicondylus medialis proximally well up the shaft. 

Eibnla: The caput fibulae has proximal surface slightly-
concave; no excavation of the lateroproximal margin; large 
impressio lig. collateralis lateralis near the proximal end. 

Tarsometatarsus: T h e t a r s o m e t a t a r s u s in the 
Presbyornithidae is long and slender (Olson and Feduccia 
1980a). The proximal end of tarsometatarsus has four-
ridged hypotarsus with no closed canals, where crista me
dialis is large and long, with a hook-shaped distal margin; 
cristae intermediae and crista lateralis hypotarsi of similar 
small size and reaching equally, or almost equally as far 
distally as the medial crest; eminentia intercondylaris pro
nounced (Wetmorc 1926) but not extreme; coryla lateralis 
"lower" than cotyla medialis in ventral view; ventral border 
of cotyla medialis well defined while the corresponding part 
of the cotyla lateralis curls onto ventral surface of shaft; 
insertion of lig. collaterale medialis a distinct ridge situated 
well below mediodorsal margin of cotyla medialis; fossa 
infracondylaris dorsalis deep with two pronounced parallel 
scars for m. tibialis cranialis, with the medial scar somewhat 
larger and located slightly more proximal; ridges for inser
tions of retinaculum extensorium tarsometatarsi well devel
oped and situated well above scars for m. tibialis amicus; 
shaft rectangular with longitudinal groove on ventral side. 

The distal end of the presbyomithid tarsometatarsus is 
characterized by having fossa metatarsi I long and not very 
well developed; foramen vasculare distale large and ovoid 
(Olson and Parris 1987); pronounced scar for an unknown 
muscle or ligament situated immediately medioproximal of 
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foramen vasculare distale; trochlcac for digits II and IV 
shorter than for digit III (trochlea II the shortest) and both 
are elevated posteriorly and have distinct wings (contra 
Olson and Feduccia 1980b who believed that trochlea digit 
II lacks wing); trochlea digit III elevated anteriorly from 
shaft. 

Hallux (known only from type genus Presbyornis): The 
hallux is long and strongly deflected; articulation with 
phalanx 1 mediolaterallv broad with two distinct condyles. 

Pedal phalanges (fully known only from type genus 
Presbyornis): The presbyornithid foot has all four digits well 
developed with a phalangeal formula of 2-3-4-5; phalanx 1 
ol digits I, II, and III long and slender and all about the 
same size, whereas phalanx 1 of digit IV is about one-third 
shorter; proximal end of phalanges 1 with deep sulcus 
bordered by prominent ligamental insertions on the palmar 
side; phalanx 1 of the hind toe slightly dorsoventrally 
curved; phalanx 3 of digit IV slightly larger than phalanx 4; 
phalanx distalis of all digits approximately the same size, 
mediolaterallv compressed, and slightlv curved. 

Genus: Presbyo rn is 

Nautilornis Wctmore 1926:392 
Presbyornis Wctmore 1926:396 
Coltonia Hardy 1959:106 

Type species Presbyornis pervetus Wctmore 1926 
Included species—Presbyornis pervetus Wctmore 1926, 

Presbyornis recurvirostrus (Hardy 1959), Presbyornis isoni 
Olson 1994 

Diagnosis—Within the Presbyornithidae, the genus 
Presbyornis is diagnosed by the following morphologies (sec 
below for a full comparison with Telmabates): Presbyornis 
lacks an impressio frontalis immediately caudal to the su
praorbital region of the cranium (present in Telmabates); 
has most caudal vertebra thoracicae weakly amphicoclous 
(hcterocoelous in Telmabates); possesses a synsacrum in
corporating three lumbar vertebrae (four in Telmabates); 
has the insertion for m. stemocoracoidei on fades dorsalis 
of coracoid shallow (deeply excavated in Telmabates); has 
the impressio m. pronator superficialis on distal humerus 
reaching farther proximally than that for the lig. collateralc 
ventrale (in Telmabates the scars reach about equally far 
proximally); lacks a distinct, large papilla centrally placed on 
cranial surface immediately proximal to fades articularis 
radiocarpal of radius (present in Telmabates); has a femur 
with linea intermuscularis hardly distinguishable from crista 
trochanteris (linea intermuscularis cranialis very prominent 
and clearly separated from lateral margin of crista 
trochanteris in Telmabates). 

Species: Presbyornis pervetus Wctmore 1926 
Nautilornis avus Wctmore 1926:392 
Nautilomis proavitus Wetmore 1926:394 
Presbyornis pervetus Wctmore 1926:396 

Holotype—CM 11360, left tarsometatarsus collected by 
E. Douglass and I.. R. Kay in 1923. 

Type locality—Utah, Uinta Co. , Bird Hollow, 2 mi. 
east of Powder Springs, formation unknown, age unknown. 

Distribution—late early (Lostcabinian) to early middle 
Eocene (Gardnerbuttean to Bridgerian), Sweetwater Co . , 
Wyoming; ?Paleocene, Sanpete Co. , Utah; Eocene, Uinta 
Co. , Utah; late early to middle Eocene, Lincoln Co. , 
Wyoming; ?early Eocene, Mesa Co. And Garfield Co. , 
Colorado. 

Previously referred specimens—CM 1135<S, 11359, 
11360a, 12032, 12033, 12035-12038 (White River, "2 
miles from Colorado state line," formation unknown, age 
unknown, Uinta Co . , Utah); UW 20593-20600, 20651-
20653, 20655-20666 (UW V58006, Sweetwater Co . , Wyo
ming); USNM 299845-299847,492550-492551 (Canyon 
Creek B u t t e , fo rmat ion u n k n o w n , age u n k n o w n , 
Sweetwater Co. , Wyoming). 

Newly referred specimens—CM 12038; almost com
plete bill, complete vertebrae thoracale, two complete 
synsacra, manubrial and costal parts of two sterna, incom
plete furcula, caudal left coracoid, incomplete left coracoid, 
cranial left scapula, proximal right radius, incomplete left 
tarsometatarsus (White River, "2 miles from Colorado state 
line," formation unknown, age unknown, Uinta Co . , 
Utah). U C M P 119394-11940f, 126173-126257, USNM 
492552, USNM 498771 ; ( U C M P V78032 = USNM loc. 
41804, Cathedral Bluffs Tongue of Wasatch EM., late early 
or middle Eocene, Sweetwater Co . , Wyo.) . USNM 8551 ; a 
slab containing partly articulated cranial and postcranial 
elements from one individual (near old tunnel, 3 miles 
southeast of Ephraim, Sanpete Co . , Utah) . USNM 
498770, 510082; many slabs and many disarticulated ele
ments (USNM loc. 41803. Canyon Creek Butte, formation 
unknown, age unknown, Sweetwater Co. , Wyoming). U W 
7833, 27463, 27487-27489; slabs with disarticulated ele
ments (UW loc. V75009, Wilkins Peak Mbr. of Green 
River Fm., early middle Eocene, Sweetwater Co . , Wyo
ming). UW 6946, 7834; slabs containing disarticulated 
postcranial elements (UW loc. V75008, New Fork Mbr. of 
Wasatch Em., late early Eocene or middle Eocene, 
Sweetwater Co. , Wyoming). USNM 7629 ("De Bequc 
Oilfield," formation unknown, ? Eocene, Mesa Co . , Colo
rado). 

Addit ional material examined—many postcranial and 
cranial elements from: U C M P V78032, (Cathedral Bluffs 
Tongue of Wasatch Fm., late early or middle Eocene, 
Sweetwater Co . , Wyo. ) ; U S N M loc. 41805 (=UW 
V58006, Sweetwater Co . , Wyoming); LLU 1525 (LLU 
Powerline Quarry, Angelo Mbr. of Green River Fm., ?early 
middle Eocene); USNM loc. 41806 (12 miles SW of 
Kcmmcrer, Fossil Butte Mbr., Green River Em., late early 
Eocene, Lincoln Co. , Wyoming); USNM uncatalogcd 
specimens from Thomas H . Rich localities ( T H R 2, T H R 
3 , T H R 1975-57, 1975-58, Grand Valley, Shire Mbr . , 
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Table 1. Descriptive statistics for the New World species included in Presbyornis and Tclmabata . M e a s u r e m e n t s in m m 

Prt 

P' 

•sbyornis 

•rntns 

Presbyornis 

n'curvirostra 

Presbyornis 

isoni 

Telmabates 

antiquui 

n mean min max n mean min max i i mean min max 

Cranium 
1. greatest length 18 87.99 81.0 101.5 

2. length of incisivum 35 51.69 45 .0 68.0 

M a n d i b u l a 

1. greatest length 4 9 79.22 6 4 . 0 88.0 

Synsaccrum 

1. length ot vertebral column 56 48 .93 38.0 63 .0 ! 73.0 

2. breadth of vertebral column 5 7.02 6.6 7.6 I 7.4 

Coxae 

1. greatest length (. 71.25 6 4 . 5 75.6 

S t e r n u m 

1. greatest length 31 59.80 45.0 65 .0 

2 . apex earinae caudal end 2 2 3 . 0 24 .7 

Coraco id 

1. greatest length 4 6 37.84 35.0 48 .0 

2. medial length 2 4 33 .08 28.9 38.4 2 43 .0 44 .5 

3. breadth ot proc. 142 7.06 6.0 8.5 5 10.20 9.3 11.6 

acrocoracoidcus 

4. depth o f neck 186 6.68 5.9 8.0 3 9 .27 9.0 9.8 

5. breadth o f fades art . hum. 252 5.16 4.1 7.1 5 6.98 6 . 6 7.5 

6. breadth o f fades dorsalis 164 4.81 3.9 5.6 4 6.00 5.8 6.3 

7. breadth of sternal end 22 17.59 14.2 19.6 1 27.3 

8. length of proc. lateralis 20 7.38 5.9 9 .7 1 8.1 

Scapula 

1. greatest length 19 59.10 45 .0 66.0 

2. length of acromion IDS 7.87 6.9 9.1 3 9.50 9.1 9 8 

3 . breadth ol shaft 2 0 8 6 .93 5.9 8.3 5 8.96 8.6 9.4 

H u m e r u s 

1. greatest length 87 95 .64 56.0 104.0 195.0 I 141.0 

2. proximal breadth 17 20.56 17.5 22.1 2 26 .7 27.0 

3 . depth of caput humeri 80 5.73 5.0 6.4 10 7.60 6.6 8.0 
4. smallest breadth ol shaft 13 6 .26 5.9 6.9 8.2 3 8.10 7.6 8.5 

5. greatest breadth ot distal end NO 13.43 11.2 15.0 2 23 .3 ca 27 7 16.97 15.8 18.4 

Radius 

1. greatest length "I) 95.51 85.0 105.0 131.5 

2 . proximal breadth 83 4.10 3.6 4 .6 4 5.88 5.7 0 . 0 

3. proximal depth 83 5.00 4 . 0 5.6 3 6.43 6.3 6.5 

4. distal breadth <)(> 6.66 5.5 7.8 7.3 5 9.36 9.0 9.7 

Ulna 

1. greatest length 5 4 100.70 90 .4 112.0 136.5 

2. proximal breadth 19 9 .00 8 .3 10.0 10.9 

3. length of cond. dorsalis 4 2 7.59 6.7 8.4 2 9.5 10.2 

Radialc 

1. length fades artie. cran. 2 7.50 7.3 7.7 9.0 2 7.7 8.0 

2. length of caudal end 2 5.3 5.9 d.O 1 5.8 

U lna re 

1. width of incisura 14 6.58 0 . 0 7.8 
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Tabic 1 (cont.). Descriptive statistics for the New World species included in Presbyornis and Telmabates. Measurements in nun. 

Presbyornis 

pervetus 

Presbyornis 

rccurvivostva 

Presbyornis Telmabates 

antiquus 

Carpomctacarpus 

1. greatest length 

2. proximal breadth 

3. depth of trochlea carpalis 

4. length ol proc. extensorius 

5. smallest bre.ult h 

6. depth of shaft 

7. diagonal depth of distal end 

Phalanx I, digit 2 

1. greatest length 

2. breadth ot faeies art. metacarp. 

3. greatest height 

Femur 

1. greatest length 

2. medial length 

3. proximal depth 

4. diameter of caput femoris 

5. breadth of shaft 

6. distal breadth 

7. depth of cond. medialis 

8. depth of cond. lateralis 

Tibiotarsus 

1. greatest length 

2. length from area intertroehl. 

5. breadth ot shaft 

6. length of pons supmtendinetis 

7. breadth of distal K:\-H\ 

8. depth ot distal ismA 

9. depth ine.intertr.suk.cart.lib. 

10. length ot cond. medialis 

Ta rsometatarsus 

1. greatest length 

2. proximal breadth 

3. breadth of trochlea mt III 

Hallux 

1. greatest length 

82 45.67 40.0 54.0 
49 10.67 9.7 11.9 13.0 
88 4.90 4.1 5.3 

53 6.45 5.4 7.5 7.8 

46 5.31 4.6 6.2 

40 3.88 3.4 4 .4 

52 6.14 5.1 7.1 

18 22.92 19.8 27.6 

35 4.97 4.3 5.8 

12 6.28 5.9 6.8 

60 50.49 45.0 58.5 
7 49.31 45.2 54.5 

ID 7.12 4.6 7.9 

41 4.93 4.3 5.9 

14 5.19 4.5 7.6 

20 8.73 7.6 9.7 

22 10.60 9.3 11.2 

33 11.81 11.0 13.3 

77 124.46 107.0 139.0 

7 124.49 114.4 134.7 

4 4.98 4.8 5,3 

64 2.25 2.1 4.4 

30 10.68 9.1 12.1 
20 10.33 9.5 11.1 

31 7.11 5.7 8.0 

20 10.54 9.7 11.4 

94 102.40 85.0 120.0 

45 11.34 8.4 13.6 

136 4.45 3.4 5.3 

1 63.0 

2 15.8 16.6 

6 6.28 5.3 6.8 

3 9.50 9.4 9.7 

3 7.37 7.0 -.-
3 5.53 5.4 5.7 

2 7.1 7.4 

40.6 2 29.7 30.7 

9.5 

1 8.5 

1 9.6 

2 5.7 5.8 

1 6.1 

2 8.7 9.3 

1 10.8 

1 12.8 

I 5.9 

4 3.78 3.1 4.2 

3 12.43 11.4 13.5 
2 10.9 11.0 

3 6.67 5.8 7.2 

1 11.0 

15.7 
4.5 

3 12.27 11.5 12.7 

Wasatch Fin., Hocenc, Garfield Co . , Colorado); and 
USNM uncataloged, a complete right radius (Grand Val
ley, Wasatch Fm., Eocene, Garfield Co . , Colorado). The 
I.LU locality is probably identical with that from which one 
slab containing an uncataloged right tarsometatarsus at the 
USNM has been collected. 

Diagnosis— Presbyornis pervetus differs from all other 
known members of the genus by its smaller size (Table 1). 
Although a considerable variation in both morphology and 
size occurs in the material referred to P. pervetus, its 
magnitude is not larger than that found within extant 

species of Phoenicopteridac, Anhimidac, or Anatidae, for 
example (Ericson, personal observation). Thus, since the 
variation may be due to individual a n d / o r sexual variability, 
all specimens are assumed to belong to only one species, 
albeit highly variable. 

Measurements—sec Table 1. 

Species: Presbyornis recurvirostrus (Hardy 1959), 

new combination Ericson 

Coltonia recurvirostra Hardy 1959:106 
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Holotype—KUVP 10105, distal humerus, radius, ulna, 
radialc, ulnare and proximal carpometacarpus collected by 
K.E. Boker. 

Type locality—Utah, Sanpete Co. , mouth of Ephraim 
Canyon, Wasatch Plateau. 

Distribution—late Paleocene to early Eocene (Colton 
Fm.), Sanpete Co. , Utah. 

Diagnosis—Morphologically, Presbyornis recurvirostrus 
n. comb, fully agrees with P. pervetus, but the larger size of 
KUVP 10105 (Table 1) precludes it from being incorpo
rated in that species. Due to the lack of corresponding 
elements no direct comparison of morphology has been 
possible with P. isoni, but P. recurvirostrus is distinctly 
smaller than that species. 

Comparisons—The only remains known of Presbyornis 
recurvirostrus are a few partially articulated wing elements 
belonging to a single individual. Although the bones are 
poorly preserved, the characters observed agree with the 
family Presbyornithidac: 

Humerus: The distal end of the humerus lias the proces
sus flexorius pronounced and slightly elevated; impressio 
m. pronator superfkialis pronounced and positioned im
mediately medial, or somewhat medioproximal, to the at
tachment of the lig. collatcralc ventrale; the attachment of 
the lig. collatcralc ventrale is large and ovoid. 

Radius: The distal end is moderately flared. 
Ulna: Proximally, the depressio m. brachialis is very 

deep; cotyla ventralis is ovoid and the dorsal half of cotyla 
dorsalis is bent distally at its cranial edge, forming a long lip 
almost at right angles to the cotyla proper. This lip ends in 
a ridge that runs diagonally towards the middle of the shaft; 
incisure radialis is triangular with the above-mentioned 
ridge making up its dorsal side. In the distal end, the 
tuberculum carpale is well developed. 

Os carpi radiale: Radialc is mediolaterally compressed 
with a deep sulcus on its proximal side, and a pronounced, 
centrally-placed tuberculum immediately cranial of this sul
cus, and the incisure at the proximal side is wide and not 
very deep. 

Os carpi ulnare: Ulnare has a wide incisura metacarpals. 
Carpometacarpus. The proximal carpometacarpus has a 

small vascular foramen in fossa infratrochlearis. 
In the following characters, KUVP 10105 agrees with 

the genus Presbyornis but differs from Telmabates. 
Humerus: Distal humerus has impressio the m. pronator 

superfkialis reaching farther proximally than the scar for the 
lig. collateral ventrale (Telmabates: the scars reach about 
equally far proximally). 

Radius: In distal radius, shaft is only slightly convex 
immediately proximal to the distal end (Telmabates: shaft 
sharply convex). Furthermore, the cranial surface immedi
ately proximal to fades articularis radiocarpalis is flat 
(Telmabates. a distinct and large, centrally-placed papilla). 

Ulna: Distally, the tuberculum carpale is proximodistally 
short and has ventral margin straight ('Telmabates: tubercu

lum carpale is very long with a slightly convex ventral 
margin). 

Carpometacarpus: In the p rox imal end of 
carpometacarpus os mctacarpale alulare is relatively short 
and projects slightly proximocranial ly (Telmabates: 
metacarpale alulare long and directed almost straight crani-
ally); the area immediately cranial of processus pisiformis is 
deeply excavated (Telmabates: area shal low); fossa 
infratrochlearis has several pronounced muscle scars and 
excavations ('Telmabates. fossa infratrochlearis nearly flat 
and shallow). 

Given the generic allocation of this individual, its large-
size precludes an assignment to /'. pervetus, although being 
distinctly smaller than P. isoni (Table 1). 

Measurements—see Table 1. 

Species: Presbyornis isoni Olson 1994 

Holotype—USNM 294116, left humerus, distal two-
thirds, collected in March 1993 by Ronald M.A. Ison. 

Type locality—Maryland, Charles Co. , east bank of the 
Potomac River, from the area designated as Bluebanks, 
south of Liverpool Point and north of Douglas Point, 
Aquia Fm., Piscataway Mbr., upper Paleocene (Landenian). 

Distr ibution—upper Paleocene (Landenian), Charles 
Co. , Maryland; late Paleocene, Billings Co. , North Dakota. 

Paratype—USNM 294117; left phalanx proximalisdigiti 
majoris, collected in June 1984 by Eugene I lartstein at the 
same locality as the holotype. 

Referred specimen—SMM P96.9.2, complete right hu
merus, (Wannagan Creek Quarry, Tiffanian 4, Bullion 
Creek (Tounge River) Fm., late Paleocene, ca 16 km NW 
of Meodora, Billings Co. , North Dakota). 

Diagnosis—Although no morphological characters sepa
rate USNM 294116 from humeri of other members of the 
genus, the very large size of Presbyornis isoni justifies its 
recognition as a separate species (Table 1). 

Comparisons—The humerus USNM 294117 agrees 
with the Prcsyornithidae in having the fossa brachialis deep 
and a distinct, diagonally oriented ovoid impressio m. 
brachialis; processus flexorius pronounced and slightly el
evated; sulcus scapulotricipitalis almost non-existant due to 
a poorly developed epicondylis dorsalis; tuberculum 
supracondylare ventrale with impressio in. pronator 
superfkialis subdivided into two depressions of equal size; 
no distinct processus supracondylaris dorsalis (Olson and 
Feduccia 1980b); impressio in. pronator superfkialis pro
nounced and positioned immediately medial, or somewhat 
medioproximal to the attachment of the lig. collatcralc 
ventrale; attachment of lig. collatcralc ventrale large and 
ovoid. 

The specimen further agrees with Presbyornis, and differs 
from 'Telmabates, in having imprcssio m. p rona to r 
superfkialis reaching farther proximally than that for the 
lig. collateral ventrale ('Telmabates: the scars reach about 
equally far proximally). 
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Fig. 3. Comparison of skeletal proportions in Presbyornis pervetus and Telmabates antiquus. The individual measurements are expressed 
as percentage oft he humerus length. The overall resemblance between the curves shows the similarity of the two genera. The only notable 
differences are in the measurements of the hindlimb where T. antiquus is relatively larger than P. pervetus. 

Measurements—sec Table 1. 

Genus: Telmabates 

Type species— 7elmabates antiquus Howard 1955, the 
only known species of the genus. 

Included species—Type species only. 
Diagnosis—A differential diagnosis between Telmabates 

and Presbyornis was given above. Some of the skeletal 
variation found between the genera Telmabates and 
Presbyornis is related to the large difference in size between 
the only two representatives for each genus that can effec
tively be compared, 7'. antiquus and P. pervetus. Unfortu
nately, too few elements are known of /'. rccurvirostrus, 
which equals T. antiquus in size, to make meaningful 
comparisons. The morphology of the two genera consis
tently differ in many aspects (see Comparisons below), 
which justifies the recognition of two genera within the 
l'rcsbyornithidac. Furthermore, the material of Presbyornis 
and Telmabates exhibits different body proportions, with 
the hind limb bones of Telmabates being relatively longer 
and more robust than in Presbyornis (big. 3). 

Comparisons—In details of morphology, Telmabates 
compares with Presbyornis as follows. 

Cranium: The only skull element known for Telmabates 
are the occipital condyle, a part of the temporal region 
including the quadratal articulation, and the frontals. These 
skull bones were included among the associated elements 
referred to T. antiquus by Howard (1955). Telmabates 
differs from Presbyornis in having a small condylus occipi

talis as compared with the estimated overall size of the 
cranium (Presbyornis: condylus occipitalis relatively large); 
supraorbital region of the frontals long and narrow relative 
to the size of orbita {Presbyornis: supraorbital region shorter 
and broader); and impressio frontalis present immediately 
caudal to the supraorbital region (Presbyornis: lacks 
impressio frontalis). 

Os lacrimals, quadratum and apparatus hyoidcus: None 
of these elements are known for Telmabates. 

Mandibula: The mandible of 'Telmabates is known only 
from a few fragments and differs from Presbyornis in having 
the cotyla lateralis of the fossa articularis quadratica longer 
and relatively broader; and the processus lateralis with 
relatively less lateral protrusion. 

Vertebrae thoracicae: Telmabates most caudal vertebra 
thoracicae with a well-developed processus ventralis, clearly 
heterocoelous (Presbyornis: weakly amphicoelous); corpus 
vertebrae with distinct bilateral, pneumatic foramen on the 
dorsolateral part (Presbyornis-. very deep, but non-pneu
matic, depression in this part of corpus); dorsolateral de
pression (pneumatic foramen) largest in the middle of the 
series of vertebrae thoracicae (number four counted from 
the synsacrum), decreasing in size cranially and caudally 
(Presbyornis: although no complete series of thoracic verte
brae are available for comparison, and there is no sign of 
variation in size of the dorsolateral depression among the 
vertebrae present); area between processus transversus and 
facics articularis caudalis broad and flat (Presbyornis: this 
area narrow and bridge-like); area between fovea costalis 
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and processus transversus broad and flat (Presbyornis: large 
round or slightly ovoid foramen in this area); fovea costalis 
for capitulum costae relatively large, not situated very close 
to cranial margin of arcus vertebrae (Presbyornis: fovea 
costalis relatively small and very close to cranial margin of 
the arcus vertebrae). 

Synsacrum: TelmabaUs has one synsacro-thoracic, four 
lumbar, four sacral and at least four synsacro-caudal verte
brae (Presbyornis: one synsacro-thoracic, three lumbar, four 
sacral and five synsacro-caudal vertebrae); 'Eclmabates has 
evenly deep sulcus ventralis synsacri that reaches cranially to 
the first lumbar vertebra (Presbyornis: sulcus reaches crani
ally only to the third lumbar vertebra). 

Sternum: The sternum of 'Eclmabates is poorly known, 
especially the caudal part. In 'Eclmabates the cranial margin 
of the carina is less curved than in Presbyornis. 

Furcula: Furcula of Telmabatesare not sufficiently known 
to permit comparison with Presbyornis. 

Scapula: Although still elongate, the acromion is shorter 
and blunter [Presbyornis: acromion longer and pointed); 
Telmabates has a round, moderately deep depression on the 
lateral side between tuberculum coracoideum and acro
mion (Presbyornis: depression is shallow or lacking). 

Coracoid: Processus lateralis not very deep craniocaudally 
in relation to the total length (Presbyornis: processus lateralis 
deep); insertion for m. stemocoracoidei on facies dorsalis 
deep ly excava ted (Presbyornis: i n se r t i on for m. 
stemocoracoidei is shallow); and the bicipital attachment is 
pronounced forming a deep scar (Feduccia and McGrcw 
1974) (Prcslryomis: bicipital attachment is less pronounced). 

Humerus: Median crest much more delicate (Presbyornis: 
median crest more robust); incisura capitis undercuts not 
only caput humeri but also tuberculum ventrale (Presbyornis: 
only the caput humeri is undercut by the incisura capitis); 
size of rfl. pronator superficialis attachment only slightly 
smaller than that of the lig. collaterale ventrale (Presbyornis: 
attachment of the m. pronator superficialis significantly 
smaller than that for the lig. collaterale ventrale). 

With additional material of Presbyornis available, the 
observation of a relatively less excavated olecranal fossa in 
Telmabates antiquus (Feduccia and McGrew 1974) is not 
sustained. 

Radius: Ventral tuberculum not distinctly bipartite 
(Presbyornis: bipartite); shaft sharply convex immediately 
above distal end (Howard 1955) (Presbyornis: shaft weakly 
convex); distinct, large papilla centrally placed on cranial 
surface immedia te ly proximal t o facies ar t icularis 
radiocarpalis (Howard 1955) (Presbyornis: the cranial sur
face flat); distinct ridge at the cranial end of facies articularis 
radiocarpalis (Presbyornis: no ridge present). 

Ulna: Impressio lig. collaterale ventrale long and some
what triangular (Presbyornis: typically long and kidney-
shaped); condylus dorsalis sloping gradually to join shaft on 
caudal side of shaft (Howard 1955) with its dorsal contour 
somewhat ovoid (contra Howard who described the con
tour as rounded) (Presbyornis: trochlea is set off from shaft 

abruptly and has contour rounded); no distinct scar for a 
muscle where condvlis dorsalis is set off from caudal side of 
shaft (Presbyornis: depression circular); tuberculum carpale 
very long in proximodistal direction (Howard 1955) and 
slightly convex in cranial view (Presbyornis: tuberculum 
short in proximodistal direction with ventral margin 
straight). 

Carpometacarpal Dorsal trochlea extending as far or 
slightly farther caudally as ventral trochlea (Presbyornis: 
dorsal trochlea extends well caudally of ventral trochlea); os 
metacarpal alulare projecting almost straight cranially 
(Howard 1955) (Presbyornis: processus extensorius rela
tively shorter and directed more proximocranially); area 
cranial of processus pisiformis shallow (Presbyornis: deeply 
excava ted) ; fossa infratrochlcaris flat and shallow 
(Presbyornis: with several pronounced muscle scars and 
excavations); facies articularis digitalis minor considerably 
smaller than ventral part of facies articularis digitalis major 
in distal view (Presbyornis: slightly smaller than ventral part 
of facies articularis digitalis major); area distal of sulcus 
tendineus on dorsal side of os metacarpale majus only a 
shallow depression (Presbyornis: deeply excavated); 
dorsocranial contour of facies articularis digitalis major 
angled in distal view (Presbyornis: a smooth curve); distal 
end of cranial side flat or with a shallow depression immedi
ately proximal to margin of facies articularis digitalis major 
(Presbyornis: round, deep excavation in this area). 

Howard (1955) mentions the presence of a wide, defi
nite groove that marks the junction of ossa metacarpale 
majus and minus on internal side of proximal symphysis in 
'Eclmabates. Although this groove is deep in most speci
mens of Telmabates (shallow in A M N H 3169 and 3171) 
and is absent or very shallow in most Presbyornis, it seems 
to be too variable to be characteristic of the genus. 

Alar phalanx proximalis dijjiti alulae: This element is 
not known for 'Telmabates. 

Alar phalanx proximalis diijiti majorir. No morphologi
cal differences have been found between the elements 
compared. 

Os coxae: Five fragments of os coxae are known for 
Eclmabates. These fragments, mainly parts of the acetabular 
region, are morphologically identical to Presbyornis, al
though much larger. 

Femur. The trochanter femoris is significant I v elevated 
(Presbyornis: less elevated); impressio m. obturatorius me-
dialis very deep (Presbyornis: less deep); impressio m. 
obturatorius lateralis a distinct, round and shallow depres
sion (Presbyornis: a rough ovoid surface with almost no 
depression); linea intermuscularis cranialis very prominent 
and clearly separated from lateral margin of crista 
trochanteris but connects with trochanter before junction 
of trochanter with iliac facet (Howard 1955) (Presbyornis: 
linea intermuscularis hardly distinguishable from crista 
trochanteris); impressio m. iliofibularis is a round and 
relatively small papilla with a distinct pit in it (Howard 
1955) (Presbyornis: large and kidney-shaped, but no pa-
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pilla); trochlea fibularis large in relation to the size of the 
crista tibiofibularis (Presbyornis: trochlea fibularis relatively 
smaller). 

libiotarsus: Only the distal end is known for 'Iclmabatcs. 
Sulcus m. fibularis continues distally toward the most distal 
part the of tuberositas retinaculum extensorium tibiotarsi 
lateralis (Presbyornis: distal end of sulcus m. fibularis be
comes obsolete proximal to , or at level with, the proximal 
pan of the tuberositas); epicondylis medialis pronounced 
with a proximodistally oriented, ridge-shaped impressio lig. 
collaterale medialis (Presbyornis: epicondylis medialis less 
pronounced and lacks ridge-shaped scar). 

Fibula: N o morphological differences have been found 
between the elements compared. 

Tarsometatarsur. Only a few, poorly preserved remains 
ot the tarsometatarsus in Telmabatesare available for study. 
The only morphological characteristic of Telmabates ob
served is a moderately deep fossa metatarsi I (Presbyornis: 
fossa metatarsi I shallow). 

Hallux: This element is not known for Telmabates al
though the large size of fossa metatarsalis I on the tar
sometatarsus indicates it is well developed. 

Pedal phalanges: No morphological differences have been 
found between Presbyornis and Telmabates although it has 
not been possible to locate the pedal phalanges of the 
holotype of T. antiquus (AMNH 3170). 

Species: Telmabates antiquus Howard 1955 
Telmabates antiquus Howard 1955:3 
Holotype—AMNH 3170, associated remains of a single 

individual collected by G. G. Simpson in 1930-1931. 
Type locality—Argentina, southern Chubut Territory, 

south of Rio Chico del Chubut in Canadon Hondo near 
Paso Niemann, 

Distribution—lower Eocene, Chubut Territory, Argen
tina. 

Previously referred specimens—Elements belonging to 
catalogue numbers A M N H 3166-3169, 3171-3187^ as 
listed by Howard (1955:3, 4) , (south of Rio Chico del 
Chubut in Canadon Hondo near Paso Niemann, Casamayor 
Fm., lower Eocene, southern Chubut Territory, Argen
tina). 

Newly referred specimens—AMNH 3169; phalanx pe
dis (distal part), A M N H 3170; fragments of left and right 
ossa ilii (postacetabular region), left os ischium (including 
acetabulum), four fragments of costae vertebralis and cos-
tae sternalis, two right first phalanges of digit II mantis 
(proximal ends), A M N H 3171; right femur (distal end), 
AMNH 3175; right radius (distal end), A M N H 3180; 
cervical vertebrae (complete), A M N H 3181; os frontale, 
condylus occipitalis, left os squamosum (including facics 
anicularis quadratica), left os pterygoideum, left tibiotarsus 
(proximal shaft), AMNH 3183; right humerus (distal end), 
A M N H 3185; sternum (costal margin), right fibula, 
A M N H 3186; left os carpi ulnare (complete), left tar
sometatarsus (condvlus lateralis), pedal claw phalanx (com

plete), A M N H 3225; left coracoid (proximal part); A M N H 
3226; rib fragment, right os coxae (acetabular part) , 
synsacrum (midpait) , A M N H 3227; left scapula (almost 
complete). All from south of Rio Chico del Chubut in 
Canadon Hondo near Paso Niemann, Casamayor Fm., 
lower Eocene, southern Chubut Territory, Argentina. 

Diagnosis—As for the genus. 
Measuremen t s - see fable 1. 

CHARACTERIZATION O E T H E 
PRESBYORNITHI DAE 

Species delimitat ions 

flic family Presbyornithidae, as defined here, consists of 
four species in two genera. T w o species, Telmabates 
antiquus and Presbyornis rccurvirostrus are each known 
from a single collecting locality, while P. isoni is known 
from two localities. The species constitute the only 
presbyornithid represented at each of these sites. In con
trast, the fourth species, P. pcrvetus, is known from several 
localities in Colorado, Utah, and Wyoming (Fig. 2), span
ning a considerable amount of geological time, and exhibit
ing significant morphometric variation. Although the size 
variation in the material from these sites is considerable 
(Tabic 1), it does not exceed that found in extant anscriform 
species (e.g., Woelfle 1967, Ericson 1987). Nevertheless, it 
is possible that the material assigned here to P. pervetusmay 
well include more than one species. The extant anscriform 
genus Anas (dabbling-ducks) consists of many closely re
lated species that differ mainly in plumage characters and 
size. These species seldom can be separated based solely on 
skeletal morphology (Woelfle 1967). They are sexually 
dimorphic in size and often sympatric, either at breeding 
grounds or during migration. In winter, several species of 
Anas forage together. If these birds were to die and subse
quently become fossilized, it would be almost impossible to 
assign individual bones to the correct species. Only the 
smallest and largest bones could be singled out as repre
senting different ta.xa. 

The aggregations of numerous individuals of Presbyornis 
that obviously fed in limited areas, might be an early 
Tertiary analog to the modern example for dabbling-ducks. 
The difference between the smallest and the largest indi
viduals of Presbyornis in the sample from the Flamingo Flat 
locality, for example, is very large (Fig. 4) and more than 
one species could be involved. It would be pointless to 
assign them to different species, however, because that 
would result in thousands of Presbyornis-specimens unas
signable to either species. Furthermore, in the case of the 
humeri the two bones constitute the extremes in a series of 
specimens (Fig. 5) among which no morphological traits 
co-vary with size. The smallest specimen in Figure 5 is 
mensurally an outlier, but not morphologically. The de
scriptive statistics also show that the variation in the distal 
breadth of the humerus (coefficient of variation=4.5, n=53) 
is only slightly larger than in a sexually dimorphic modern 
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Fig. 4 . Maximum si/.c difference between distal humeri of Presbyomis 
pervetus (UCMP 119394, left, and UCMP 119348, right) col
lected at the Flamingo Flat locality (UCMP V78032), Sweetwater 
Co., Wyoming. The large difference is only slightly larger than in 
A sexually dimorphic modern anatid, e.g., Somateria mollissima 
(personal observation). 

anatid, tor example Somateria mollissima (CV=3.5, n= l58 , 
Ericson personal observation). 

An important observation suggesting that the fossils 
represent a single species is the similar mean values tor 
various skeletal elements between sites that are comparable, 
e.g., the Canyon Creek Butte and the Loma Linda Univer
sity Bird Quarry (Fig. 6, Table 2). This would not be 
expected if more than one species of Presbyomis were 
present, because the cwcrall mean value depends on the 
relative abundance of the different species at each site. It is 
difficult to comprehend that the proportion of different 
species actually were identical at the two localities. More 
likely, the abundance of small presbyornithids recovered 
from various places in the Wasatch and Green River Fms., 
should be assigned to the species P. pervetus. The slight 

bimodality that can be observed in the size distributions in 
several (but not all) samples (Figs. 7, 8), might then be best 
intepreted as resulting from sexual size dimorphism in /'. 
pervetus. 

In just one case, the fossils of Presbyomis collected at the 
Loma Linda University Bird Quarry suggest that they 
include more than one Presbyomis species. At this site, one 
of the 29 bills measured, and one coracoid out of the 35 , 
are significantly larger than the others, exceeding the next 
largest specimens by 21% and 17%, respectively. Because 
these two specimens were probably identified from radio
graphs, their assignment to Presbyomis remain equivocal. 
However, this assignment seems highly likely since the bill 
should be readily identifiable even from a radiograph. If 
they prove to be congeneric with the other fossils at the 
Loma Linda University Bird Quarry, they definitely belong 
to a different species, one larger than P. pervetus. Interest
ingly, their sizes seem to correspond to what can be ex
pected for P. recurvirostrus (with which they unfortunately 
cannot be directly compared since the bill and coracoid arc-
unknown for that t axon) : the wing bones of P. 
recurvirostrus are between 17% and 25% larger than the 
largest corresponding measurement in P. pervetus (Table 
1). If both P. pervetus and P. recurvirostrus are represented 
at the Loma Linda University Bird Quarry, it can be 
assumed the latter is less common. Such a conclusion is in 
line with the Paleogene record of the two species, where 
only one specimen of P. recurvirostrus have been collected 
from the very same geological formations that have yielded 
numerous P. pervetus fossils. 

Systematic relationships 

The phylogenetic position of the Presbyornithidae is 
undoubtedly within the order Anseriformes. This was 
shown simultaneously by F>icson (1997) and Livezey 
(1997) utilizing different sets of data. Based on the cranium 
and several postcranial characters, the Presbyornithidae was 
shown to be the sister group to Anatidae. The families 
Anhimidac and Anseranatidae diverged from the main 
anseriform stem earlier than the Presbyornithidae and 
Anatidae. 

12.4 12.8 13.2 13.6 

Distal breadth of humerus (mm) 

Fig.5. Histogram of the distal breadth of humeri collected at the Flamingo Flat locality (UCMP V78032), Sweetwater Co., Wyoming. 
The two bones depicted in Fig. 4 constitute the extreme ends ot the size range. 
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Bird Quarry (n = 42) 

6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2 

Flamingo Flat (n = 149) 

5.8 6.0 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2 

Breadth of shaft (mm) 

Fig. 8. Size distribution of the breadth of trochlea metatarsi III of 
Presbyornis pervePus collected at A. University of Wyoming Bird 
Quarry (UW V58006), Sweetwater Co., Wyoming, and B. Fla
mingo Flat (UCMP V78032), Sweetwater Co., Wyoming. The 
bimodal distributions may indicate the presence of sexual size 
dimorphism in the species. 

In several aspects the Presbyornithidac differ from other 
anseriforms. For example, the long and slender legs of the 
Presbyornithidac arc strikingly different from the short and 
stubby legs of the closely related Anatidae (an obvious 
adaptation to swimming). However, long legs seem to be 
the plcsiomorphic condition within the groups to which 
the Aiiscriformcs are most closely affiliated, i.e. the families 
traditionally placed in the orders Ciconiiformes and 
Charadriiformes (Kricson 1997). Among these taxa, the 
Aiiscriformcs is the only group of short-legged species. 
However, based on the phylogeny proposed by Livczcy 

(1986) the most long-legged members of the order di
verged earliest from the main anseriform stem (Fig. 9) . The 
shortest legs are found in members of the most recent 
branches, suggesting that long-leggedness is primitive 
within the Anseriformes, and in the Presbyoniithidae as 
well. However, it seems probable that the Presbyornithidac 
had longer legs than would be expected for an early 
anseriform bird and which would constitute a derived 
autapomorphy of the family relative to the Anatidae. 

The closest outgroup to the Anseriformes has long been 
controversial. Based on cranial characters a sister group 
relationship with the Galliformcs has been suggested (Bock 
1970, Cracraft 1988, Cracraft and Mindcll 1989, Weber 
1993, Dzcrzhinsky 1982, 1995). The inclusion of postcra-
nial characters also resulted in two drastically different 
hypotheses of the closest affinities of the Anseriformes 
(Ericson 1997, Livezey 1997). Livczcy's analysis confirmed 
the previously supposed galliform relationship, while 
Kricson suggested the Anseriformes be included in a cladc 
of ciconiiform, phoenicopterid and charadriifbrm taxa. The 
two data sets are largely complementary and an analysis of 
the combined morphological data set has recently been 
undertaken (Kricson ct al., in press). The results agree with 
the tree presented by Kricson (1997) and the cladc consist
ing of anseriforms, ciconiiforms and charadriiforms re
ceived a bootstrap support of 76%. The support for this 
cladc increased to 88% after the addition of a data set 
consisting of nucleotide sequences obtained from the 
nuclear c-myc gene for the same set of taxa (Kricson ct al., 
in press). 

The results conflict with recently published analyses of 
DNA sequence data that support a sister group relation 
b e t w e e n anse r i fo rms and ga l l i forms ( G r o t h and 
Barrowclough 1999, van Tuinen 2000). As these reports 
are based on large amounts of data suitable to address this 
particular phylogenetic problem, the existence of a mono-
phylctic galliform-anseriform clade (Galloanscrac) seems 
convincing. Until these publications, molecular data sug
gesting a close affinity of the Anseriformes with the Galli
formcs have been compromised either by a limited taxon 
sampling, or have employed inadequate analytical methods, 
including the study of genes unable to resolve branching 
patterns this old. As a monophyletic Galloanscrac precludes 
the possibility of a close c o m m o n ancestry of the 
Aiiscriformcs and birds like storks, ibises, flamingos and 
shorcbirds, as postulated based on osteology, it remains to 
be investigated why certain morphological characters mis
lead us. It is likely that characters and character states may 
mistaken!)' have been considered as homologous, and cur
rently few, if any, cmbryological studies of a wide range of 
taxa exist in ornithology. Mapping, e.g., ostcological and 
myological characters on to phylogenies derived from mo
lecular data is likely to yield a much improved understand
ing of character evolution and patterns of homoplasy in 
avian morphology. 
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Table 2. Descriptive statistics for Prtsbyorttispervetusat the Loma Linda University Bird Quarry, Lincoln Co., Wyoming, compared to 
that for all other Nearctic localities. Measurements in mm. 

Loma Linda University site 
n mean s.d. min max CV 

All other Nearctic sites 
n mean s.d. min max CV 

Cranium 
1. greatest length 
2. length of incisivum 

Mandibula 

I. greatest length 
Synsaccrum 

I. length of vertebral column 
Coxae 

1. greatest length 
Sternum 

1. greatest length 
2. apex carinae - caudal end 

Coracoid 

1. greatest length 

2. medial length 
Scapula 

1. greatest length 
Humerus 

1. greatest length 
Radius 

I. greatest length 
Ulna 

I. greatest length 
Radiale 

1. length facies artic. cran. 
Ulnarc 

1. width of incisura 
Carpometacarpus 

I. greatest length 
Phalanx I, digit 2 

1. greatest length 
Femur 

1. greatest length 
2. medial length 

Tibiotarsus 
1. greatest length 
2. length from area intertrochl. 

Tarsomctatarsus 
1. greatest length 

Hallux 
1. greatest length 

6 84.8 3.9 81.0 91.0 4.6 

29 51.6 4.1 45.0 68.0 7.9 

45 78.8 4.9 64.0 88.0 6.2 

45 48.5 5.1 38.0 63.0 10.5 

31 59.8 4.4 45.0 65.0 7.4 

35 37.9 2.2 35.0 48.0 5.8 

19 59.1 2.7 45.0 66.0 4.6 

71 95.4 6.2 56.0 104.0 6.5 

50 95.4 3.6 85.0 105.0 3.8 

51 101.1 4.2 91.0 112.0 4.2 

58 45.5 2.4 40.0 54.0 5.3 

56 50.3 2.4 45.0 54.0 4.8 

72 124.3 6.7 107.0 139.0 5.4 

72 101.7 6.1 85.0 117.0 6.0 

12 89.6 5.6 81.5 101.5 6.3 

6 52.1 3.4 47.7 56.2 6.5 

4 84.0 2.3 82.3 87.3 2.7 

11 50.7 7.1 42.2 62.4 14.1 

6 71.3 4.4 64.5 75.6 6.2 

2 23.0 24.7 

11 37.6 1.7 35.2 40.0 4.6 
2-1 33.1 2.5 28.9 38.4 7.5 

16 96.7 6.0 88.5 107.6 6.2 

2(1 95.8 5.3 85.5 103.8 5.5 

3 93.9 3.5 90.4 96.8 3.7 

2 7.5 0.3 7.3 7.7 3.8 

14 6.6 0.5 6.0 7.8 7.5 

24 46.1 3.4 40.0 53.3 7.5 

IS 22.9 2.1 19.8 27.6 9.0 

4 53.1 6.2 47.4 58.5 11.8 
7 49.3 3.3 45.2 54.5 6.7 

5 126.8 3.0 123.0 131.0 2.4 
7 124.5 6.5 114.4 134.7 5.2 

22 104.7 8.4 86.9 120.0 8.0 

3 12.3 0.7 11.5 12.7 5.4 

It is interesting to note that skeletal characters present in 
the Presbvornirhidae, but not in any modern anseriform 
representative, often occur in other, roughly contemporary 
fossil birds. The taxa most similar to the Presbvornirhidae 
in the postcranial skeleton are the Graculavidae (sensn 
Olson and Parris 1987) and Juncitarsus. Although prob

ably representing several adaptative radiations, they share a 
number of anatomical features particularly in the pectoral 
girdle and wing (distal to the humeral head). The shared 
anatomical features include a sternum with the coracoidal 
sulci crossed, and the spina interna lacking (although the 
spina cxtera is well-developed); a furcula that lacks a promi-
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Synsacrum length (n = 45) 

Cran Mand Synsac Corac Hum Rad Ulna Cmc Fern Tibiot Tmt 
6-12 45-4 4S-11 35-11 71-16 50-20 51-'3 58-24 56-4 72-5 72-22 

Fig. 6. Skeletal proportions of Presbyornis pervetus at the Loma 
Linda University Bird Quarry, Lincoln Co., Wyoming (dashed 
line) compared 10 the summary statistics for all other Ncarctic 
localities (solid line). The means and the standard deviations of the 
greatest lengths of the elements are indicated. Sample sizes arc-
given below the abbreviations of the skeletal element names. The 
skeletal proportions of the two samples are very similar, and the 
largest observed differences (mandibula and ulna) are most likely 
due to the small sample sizes. 

nent hypocleidum, and has processus acromialis pointed; a 
short and broad coracoid with a long, recurved processus 
procoracoideus, a deep and round cotyla scapularis, and a 
deeply undercut processus acrocoracoidcus; a long and 
slender scapula; a distal humerus that lacks a prominent 
processus supracondylaris dorsalis; and outer wing ele
ments (radius, ulna, carpometacarpus, and phalanges) that 
bear a close resemblance to those in certain charadriiform 
birds, e.g., the Burhinidae. Given the monophyly of the 
Galloanserae, these characters may be symplesiomorphic 
and possibly also occur in the earliest galliforms. The only 
we l l -p rese rved T e r t i a r y ga l l i fo rm, Gallinuloidcs 
wyomingensis, however seems to be an osteologically de
rived galliform bird bearing a close resemblance to its 
modern relatives. 

A comment on "Presbyornis" howardae 

Among the finds from the same collection as Telmabatcs 
antiquusis a distal tibiotarsus (AMNII 3189) that differs in 
size from T. antiquus in being considerably smaller. This 
specimen was originally described as T. howardae (Cracraft 
1970), and later synonymized with Presbyornis pervetus 

38 40 42 44 46 48 50 52 54 56 58 60 62 64 

Humerus length (n = 71) 

90 92 94 96 98 100 102 104 

Tarsometatarsus length (n = 72) 

86 88 90 92 94 96 98 100 102 104 106 108 110 112 114 116 118 

Greatest length (mm) 

Fig. 7. Size distributions of the greatest lengths of synsacri, humeri 
and tarsometaiarsi of Presbyornis pervetus collected at the Loma 
Linda University Bird Quarry, Lincoln Co., Wyoming (data from 
Ixggitt 1996). 

(Feduccia and McGrew 1974). The distal margin of the 
lateral condyle of this specimen is nearly round, while in the 
Prcsbyornithidae it is invariably ovoid. It thus cannot be 
included in this family and is here regarded as incertac sedis. 

T A P H O N O M Y A N D PALKOECOLOGY 
O F T H E PRESBYORNITHIDAE 

The Prcsbyornithidae have been collected at several sires 
in the United States (big. 2) , but detailed geologic and 
taphonomic information was seldom recorded for many of 
these. All seem to be from lacustrine environments, except 
for Presbyornis isoni, which was collected from a marine 
deposit in Maryland. The occurrence suggests that the 
prcsbyornithids, like many modern anscriforms, may have 
bred inland and wintered in coastal regions. This hypoth
esis would be significantly strengthened if the specimen 
from North Dakota (Benson 1999) is correctly referred to 
P. isoni. This would be the first presbyornithid species to be 
documented in both continental and marine deposits. 
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Anhimidae 

Anseranas 

Presbyornis 

Dendrocygna 

Geese, swans 

Sticlonetta 

Plectropterus 

"Shelducks" 

Aix, Cairina 

Nettapus 

"Higher" dabblers 
and divers 

Fig. 9. Selected anscriform clades ordered according to their 
branching-sequence (following I.ivc/ey 1986), with Presbyornis 
positioned after Anseranas but before the Anatidae, as evident 
from Ericson (1997) and l.ive/.ey (1997). The scale indicates the 
relative leg length, calculated as the sum of the lengths of the 
tibiotarsus and tarsometatarsus divided by the pelvis length (mensural 
data from Verheyen 1953). 

The occurrences of P. pervetus seem to share certain 
characteristics. First, at most localities, P. pervetus either is 
the only bird, or by far most common. Second, large 
numbers of individuals are often collected at these locali
ties, sometimes forming mass mortality layers. Third, al
most all are found as disarticulated skeletons. 

The taphonomic history of the Loma Linda University 
Bird Quarry has been studied in great detail (Leggitt and 
Buchhcim 1993, 1996; Leggitt 1996). This site, situated 
on what once was the shore of Fossil Lake in southwestern 
Wyoming, has yielded numerous Presbyornis remains. The 
fossil bearing horizon has been described as a mass-mortal 
ity layer, and parallels that previously reported from the 
Canyon Creek Butte in Wyoming (Olson and Feduccia 
1980a). As Leggitt (1996) showed, a large group of 
presbyornithids died near shore within a very short period 
of time and the carcasses dismembered before the bones 
were covered with sand during a trangrcssivc phase of the 
lake. Apparently the carcasses and body parts underwent 
little transportation and were buried very rapidly. A similar 
burial can be inferred for Canyon Creek Butte, a site 
covered by volcanic tuff rather than sand (V. Leroy Leggitt, 
personal communication to Storrs L. Olson, June 1996). At 
both localities, the simultaneous deaths of numerous birds 
is particularly striking. Based on a long line of arguments, 
Leggitt (1996) concluded most birds at the Loma Linda 
University Bird Quarry were probably poisoned by avian 
botulism, a result of decaying invertebrates that had died 
earlier during a rapid lake regression. The mass-mortality of 
aquatic invertebrates immediately pre-dating the death of 
the presbyornithids is stratigraphically documented (Ix'ggitt 
1996). 

However, at Canyon Creek Butte there are no large 
assemblages of invertebrates associated with the bird fossils. 
Although avian botulism may be a possible cause of death, 
an alternative explanation rests on the fact that the bones 
are embedded in volcanic tuff, suggesting their death maybe 
related to volcanic activity in the area. It has been pointed 
out that violent weather (e.g., hail) can be associated with 
volcanic activity and cause mass-mortality in birds (Storrs 
I.. Olson, personal communication'). 

Both the Ix>ma Linda University Bird Quarry and Can
yon Creek Butte represent the shorelines of ancient Fossil 
Lake and I.ake Gosiute, respectively (Fig. 2) . The fossils 
were found in thin strata and at very high densities. For 
example, at the Loma Linda University Bird Quarry, almost 
4000 bones, representing at least 66 individuals were found 
in an area of 11.5 m2 (Ixggit t 1996). All parts of the 
skeleton arc represented, and the bones arc well-preserved 
and unbroken. Although no articulated elements were 
found, several bones lying close and oriented as they would 
be in life, undoubtedly belong to the same body part, and 
even the same side. Furthermore, it seems likely that the 
carcasses had decomposed enough to disarticulate the bod 
ies, but the bones had not yet mixed at the time of burial. 
All the carcasses appear to be disarticulated to the same 
degree, i.e., the birds all died at approximately the same 
time. 

The Paleogenc climate and environment of Wyoming 
has been compared with that of present-day Florida 
(McGrew and Casilliano 1976), and there is evidence for a 
tremendous variation in precipitation. At times, the land
scape was dominated by swamps and large fresh-water 
lakes, while at other times it was very arid. During the arid 
periods, the lakes dried forming shallow salinas (McGrew 
and Casilliano 1976). Although the shorelines of these 
lakes and salinas shifted position over time in a manner not 
yet known, each presbyornithid locality was situated at, or 
near, the shoreline. It has been suggested that the 
Presbyornithidac inhabited the lakes during their saline 
stages analogous t o modern flamingos (Feduccia 1977). 
However, at the Loma Linda University Bird Quarry the 
most fossiliferous layer was deposited during a transgres
sion phase of the lake (Leggitt 1996), suggesting the lake-
was deeper and less saline. 

The question of which environment presbyornithids pre
ferred is tightly linked to what they might have been doing 
in the area. It has been suggested that some localities, like 
the University of Wyoming and the Ixima Linda University 
Bird Quarries, represent the breeding grounds of the sup
posedly gregarious Presbyornis (McGrew and Feduccia 
1973, Feduccia 1978, Leggitt 1996). Regardless of whether 
the numerous bones were the result of mass-mortality, or a 
natural accumulation of dead birds over a long period of 
time, one would expect to find remnants of egg-shells, 
chicks, and young birds had these been breeding sites. 
Among the thousands of presbyornithid fossils from Can 
yon Creek Butte, it is clear that only a few are subadults and 
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egg shells have been found. Also, no bones of young birds 
have been reported from the Loma Linda University Bird 
Quarry, even ihough some egg-shells attributed t o the 
prcsbyornithids have been recovered. 

Egg-shells associated with presbyornithid remains were 
first reported from the University of Wyoming Bird Quarry, 
a Green River Em. locality situated along the northern 
shoreline ot Lake Gosiute. This site soon became regarded 
as a Presbyornisbreeding site (McGrew and Eeduccia 1973). 
11 might be logical to assume that the numerous egg-shells 
collected at a site would be attributed to the most abundant 
egg-laying taxon, especially if the presence of young indi
viduals of this taxon has been documented. On the other 
hand, if only a few egg-shells are present these could 
equally belong to any other egg-laying taxon at the site. At 
the University of Wyoming Bird Quarry, several remains of 
turtles and crocodiles co-occur with the presbyornithid 
remains. N o chicks or young Presbyornis individuals have 
been reported, and it is impossible t o determine from the 
publication of this locality (McGrew and Eeduccia 1973) 
precisely how many egg-shells were recovered. 

Collecting at the University of Wyoming Bird Quarry in 
1990 yielded several hundred Presbyornis bones, but only a 
few fragments of egg-shell. However, egg-shells collected 
by a group from Loma Linda University at this site in 1997 
were identified as avian based on the microstructure (Ix'ggitt 
and Buchheim 1998a). Because few bird taxa arc known 
from the University of Wyoming Bird Quarry, it is highly 
likely [hat the egg-shells are from Presbyornis. 

Additional avian egg-shells have been identified from 
three Fossil Lake localities with Presbyornis mass-mortality 
bonebeds (Leggitt and Buchheim 1997, 1998b) further 
suggesting that Presbyornis bred along the shores of the 
Fossil Lake system. However, the most puzzling observa
tion is the virtual absence of remains of juveniles in the 
bonebeds. Certainly no juveniles could have escaped what
ever disaster affected the Presbyornis population. The only 
plausible explanation to the pattern observed is that most 
mass-mortality events occurred early in the breeding sea
son, before eggs had hatched. 

From the large aggregations of prcsbyornithids it is 
evident that the Fossil Lake system provided excellent 
foraging possibilities. But how did they feed? What did they 
eat? Many tracks of long-legged, web-footed birds of the 
size of Presbyornis have been collected from the Green 
River Em. (Erickson 1967, Yang et al. 1995). One slab 
from the Uinta Basin in Utah (BYU B20), contains six 
steps and approximately 120 dabbling marks of a single 
individual. It is imperative for the discussion below that 
these, and other similar tracks collected in the Green River 
Fm. be correctly assigned t o the Presbyornithidae. This 
assignment rests on several arguments. First, based on 
anatomy of the Presbyornithidae it is logical to predict the 
presence of a webbed foot. In both general size and struc
ture, the tracks agree with those of Presbyornis, which is 
also the most abundant bird in the Green River Em. The 

individual lengths (excluding hallux) of all tracks recovered 
range from ca. 50 to 65 mm (Yang et al. 1995). The single 
available estimate of the track length o f P. pcrvetus is 6 4 
mm, based on an articulated foot collected from the 
Wasatch Em. in Colorado ( T H R 1975-78). Although P. 
pcn'etns varied considerably in size, the tracks could well 
have been made by a representative of that species. 

The tracks also agree with the anatomy o f the 
Presbyornithidae in having the hallux elevated. Further
more, the dabbling marks observed in BYU B20 were made 
by a bill with an oval rather than pointed end, with a 
relatively flat underside similar to bills of Presbyornis. 

The preserved mud tracks and dabbling marks provide 
clues to the foraging behavior of Presbyornis. One set of 
tracks was presumably made by a bird walking slowly over a 
mud flat, while searching for food by moving its head from 
side-to-side and frequently dabbling in the mud (Erickson 
1967, Yang et al. 1995). The marks apparently were not 
made by a bill that accidentally hit the bottom while, e.g., 
filtering water. The most probable food items were likely 
small crustaceans that live in the uppermost part of the 
mud. These crustaceans are easily disturbed and captured 
when they temporarily leave the mud (Anders Waren per
sonal communication). Today, crustaceans constitute an 
important food source for many extant groups of wading 
birds such Tringa and Calidris. 

An alternative foraging strategy was suggested by 
Eeduccia (1977, 1996), who views Presbyornis AS an algal 
filter-feeder similar to modern flamingos. The general 
anseriform design of the bill is, in itself, probably the best 
evidence that P. pen'etns WAS a filter-feeder. The traces of 
lamellae visible in the maxillar bone in one specimen of /'. 
perretus (L'SNM 510082), and the presence of dendrites 
along the rim of the maxilla where one would expect the 
lamellae to occur, further supports this. Although filtering 
may have played an important role in foraging, Presbyornis, 
like other anseriforms, was likely capable of feeding on a 
great variety of organisms (Eeduccia 1977). The suggestion 
that Presbyornis wan an algal feeder rests partly on analogy 
with the extant Australian anseriform Stictonctta (Olson 
and Eeduccia 1980a), partly on the assumption that it, like 
modern flamingos, occupied the lakes during their saline 
stages. However, the stratigraphy of the Loma Linda Uni
versity Bird Quarry, shows that the presbyornithid mass-
morta l i ty layer coincides with a period of s t rong 
transgressions (Leggitt 1996) and the abundance of 
presbyornithid fossils suggests these birds lived along the 
shorelines during fresher stages of the lakes. 
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APPENDIX A 

Definition of measurements. 
Cranium 

1 —greatest length 
2—length of upper bill 

Mandibula 
1—greatest length 

Synsacrum 
1—length along the vertebrae measured between the 
centra of the first and last vertebrae 
2—greatest breadth of the vertebral column 

Os coxae 
1 —greatest length from the most cranial border of ala 
preacetabularis ilii t o processus terminalis ischii 

.Sternum 
1—length from spina externa to the caudal end 
2—length from apex carinac to the caudal end 

Coracoid 
1 —length from processus acrocoracoideus to caudal end 
of processus lateralis 
2—length from processus acrocoracoideus to angulus 
medialis 
3—medial breadth of processus acrocoracoideus 
4—depth of neck immediately cranial to cotyla scapularis 
from the dorsal margin of fades articularis humeralis to 
medial rim 
5—greatest lateral breadth of fades articularis humeralis 
6—smallest breadth of fades dorsalis caudal of cotyla 
scapularis 
7—greatest breadth of sternal end 
8—lateral length of processus lateralis (from the most 
cranio-lateral point to caudal end 

Scapula 
1—greatest length 
2—length of acromion measured from the caudal border 
of tuberculum coracoideum to the cranial end of acro
mion 
3—breadth of shaft immediately caudal to fades articularis 
humeralis 

Humerus 
1—greatest length 
2—proximal breadth measured from tuberculum dorsale 
to the ventral rim of crista bicipitalis 
3—depth of caput humeri 
4—smallest breadth of shaft 
5—greatest breadth of distal end 

Radius 
1—greatest length 
2—proximal breadth 
3—proximal depth 
4—distal breadth 

Ulna 
1—greatest length 

2—proximal breadth measured with olecranon and medial 
rim of cotyla medialis fixed 
3—diagonal length of condylus dorsalis 

Os carpi radiate 
1—length of fades articularis cranialis 

2—proximodistal length of caudal end 

Os carpi ulnare 
1—width ofinsicura 

Carpometacarpus 
1—greatest length 
2—proximal breadth 
3—depth of trochlea carpalis measured at its most proxi
mal part 
4—(diagonal) length of processus extensorius measured 
from the most distal point of the proximal rim to 
processus alularis 

5—smallest breadth immediately distal of proximal ex
tremity 
6—depth of shaft 
7—(diagonal) depth of distal end measured parallel with 
fades articularis digitalis minor 

Phalanx proximalis digiti major 
1—length measured from fades articularis metacarpals to 
fades articularis phalangeals 
2—greatest (diagonal) breadth of fades articualis 
metacarpals 
3—greatest height of phalanx 

Femur 
1—greatest length from trochanter femoris to condylus 
lateralis 
2—medial length from caput femoris to condylus medialis 
3—proximal depth measured with caput femoris and crista 
trochanteris fixed 
4—transverse diameter of caput femoris 
5—breadth of shaft 
6—greatest distal breadth measured parallel to shaft 
7—depth of condylus medialis orthogonal to shaft 
8—depth of condylus lateralis orthogonal to shaft 

Tibiotarsus 
1—greatest length 
2—length from area intertrochlearis to distal border of the 
condyles 
5—smallest breadth of shaft 
6—proximo-distal length of pons supratendineus 
7—greatest breadth of distal end 
8—greatest depth of distal end with condyles in same 
plane 
9—depth from incisura intertrochlearis to sulcus cartilaginis 
tibialis 
10—proximo-distal length of condylus medialis 

Tarsometatarsus 
1—greatest length from eminentia intcrcondylaris to tro
chlea metatarsi III 
2—greatest proximal breadth 
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3—breadth of trochlea metatarsi III 

Hallux 
1—greatest length measured to the medial trochlea 




