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ABSTRACT

Olson, Storrs L., and Alan Feduccia. Presbyornis and the Origin of the Anseri-
formes (Aves: Charadriomorphae). Smithsonian Contributions to Zoology, number
323, 24 pages, 15 figures, 1980.—Evidence purportedly allying the Anseri-
formes with the Galliformes is discredited. The discovery of vestigial lamellae
in the Anhimidae, in addition to the characters these birds share with the
anomalous Australian Magpie Goose (Anseranas), proves their anseriform
relationship; within the order Anseriformes, the Anhimidae are highly derived
and not representative of the ancestral condition in the order. The abundant
Eocene fossil Presbyornis combines the body of a shorebird with a duck-like
head and shows the Anseriformes to have evolved from the Charadriiformes.
The unique filter-feeding apparatus of Presbyornis and the Anatidae was the
key adaptation that led to the radiation of the order Anseriformes. The skull
of Presbyornis has its greatest similarity to that of the living Australian duck
Stictonetta, which on other grounds has been considered primitive. This suggests
that a rearrangement of the subgroups of Anatidae may be needed. The fossil
record shows that no certain Anseriformes are known before the early Oligo-
cene, indicating a probable mid-Tertiary date for the major radiation of
Anatidae. The ancestors of ducks were Charadriiformes that adapted origi-
nally for life in shallow saline lakes, where selection pressure for filter-feeding
would have been strong. The Anseriformes should be maintained as a separate
order following the Charadriiformes. Presbyornis is considered still to have had
a charadriiform grade of morphology and for the present is retained in the
Charadriiformes.
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Presbyornis and the Origin
of the Anseriformes
(Aves: Charadriomorphae)

Storrs L. Olson
and Alan Feduccia

Introduction

The waterfowl (Anseriformes) are among the
best known of all groups of birds. The order
traditionally consists of two distinctive families,
the nearly cosmopolitan Anatidae (ducks, geese,
and swans), and the South American Anhimidae
(screamers). Members of the Anatidae generally
may be recognized by their broad, straight, spa-
tulate bill equipped with lamellae or some mod-
ification thereof. Most have short legs and fully
webbed toes. The three species and two genera of
Anhimidae are large birds with short, somewhat
fowl-like bills and rather long legs, with long toes
having vestigial webs; considerable morphologi-
cal differences exist between the two genera, An-
hima and Chauna (Beddard and Mitchell, 1894).

Although much has been written on the rela-
tionships among the genera of Anatidae, there is
a great deficiency of information on the origin of
the Anseriformes and their possible relationships
to other orders of birds. A review of the literature
(Sibley and Ahlquist, 1972) shows that no conclu-
sive evidence has ever been set forth on the sub-

Storrs L. Olson, Department of Vertebrate Zoology, National Museum
of NMNatural History, Smithsoman Institution, Washington,
D.C. 20560. Alan Feduccia, Department of Zoology, University of
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ject. Speculations on the affinities of the Anseri-
formes have almost always been made with ref-
erence to the attributes of the Anhimidae, which
are invariably regarded as primitive within the
order, rather than addressing the characteristics
and adaptations of the Anatidae. Yet at the same
time, it is usually admitted that the Anhimidae
are referred to the Anseriformes only for lack of
“evidence linking them to some other order”
(Sibley and Ahlquist, 1972:87).

At times it has been suggested that the Anser-
iformes may be related to the flamingos (Phoen-
icopteridae), but until recently the affinities of
this family were equally uncertain. Resemblances
between flamingos and ducks are superficial and
flamingos have been shown conclusively to belong
in the order Charadriiformes, near the Recurvi-
rostridae (Olson and Feduccia, in press). The only
other hypothesis with any currency proposes a
relationship between the Anseriformes and the
chicken-like birds of the order Galliformes. In
view of the manifest dissimilarity of these two
orders, such an alliance must seem strange to
those not acquainted with the antiquated tradi-
tions of ornithological systematics. The anseri-
form-galliform theory of relationships is founded
almost entirely on a single morphological char-
acter—the supposed similarity in the pterygoid-



parasphenoid articulation. Yet for lack of an
alternative, this peculiar idea has been perpetu-
ated and even today has tenacious adherents.

Excellent fossil material of the Eocene bird
Presbyornis provides strong evidence for a deriva-
tion of the Anseriformes from the Charadri-
iformes (Feduccia, 1978). This mosaic is a true
“missing link” without which the origins of the
Anseriformes might have remained obscure in-
definitely. We intend to undertake detailed stud-
ies of the osteology and origins of Presbyornis itself
in a future paper. For the present we shall review
and dispose of the evidence hitherto cited in
connection with the extraordinal relationships of
the Anseriformes, show the anseriform affinities
of the Anhimidae and their proper place in the
classification of the order, and discuss the overall
morphology of Presbyornis with regard to its sig-
nificance in the evolution of the Anatidae.

AcCKNOWLEDGMENTS.—We are grateful to A. R.
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John Farrand, Jr., American Museum of Natural
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ance of Paul O. McGrew.

Illustrations are by Jaquin B. Schulz and pho-
tographs are by Victor E. Krantz. We gratefully
acknowledge David W. Steadman, Glen E. Wool-
fenden, and George R. Zug for their criticisms of
the manuscript.

Review of Previous Ideas
of Anseriform Relationships

The history of classification of the Anseriformes
was summarized by Sibley and Ahlquist (1972).
As mentioned above, most of the literature on
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this subject has to do with generic relationships
within the Anatidae and very little has been
written on the origins of the order as a whole.

Huxley (1867) noted that in the large, rounded
parasphenoid articulations for the pterygoids and
the strong, upcurved retroarticular processes of
the mandible, screamers appear to resemble both
the Anatidae and the Galliformes. He remarked
on features of the skull in Galliformes that set
them apart from either screamers or ducks and
placed the last two together in his order Cheno-
morphae. Despite his conclusion, Huxley’s refer-
ence to Galliformes in his discussion of the An-
himidae was probably a major factor influencing
subsequent taxonomists.

The early work of Garrod (1873, 1874) on thigh
muscles of birds produced a classification so com-
pletely artificial that it never merited any serious
consideration. He placed the Anhimidae in an
order Galliformes, but his concept of this order
also encompassed the Psittacidae, Cuculiformes,
the so-called ratites, the Tinamidae, Rallidae,
and Otididae, as well as the true gallinaceous
birds. His order Anseriformes included penguins,
loons, and grebes as well as ducks. “Common
sense revolts at the acceptance of any scheme
which involves so many manifest incongruities”
(Newton, 1896: 93 [intro.]). Later, Garrod (1876)
examined the Anhimidae in more detail and
adopted the view that they could not be placed
among the Anseriformes. However, most of the
features he cited as being unlike ducks are also
those, such as the pterylosis, that are unique to
screamers and hence also unlike any other birds.
Garrod noted similarities in the digestive tract of
the Anhimidae to Struthio and Rhea, while admit-
ting that the trachea and the retroarticular pro-
cesses of the mandible were duck-like. Garrod
also perceived in screamers what he believed to
be similarities to Galliformes, all of these being in
the skull; nevertheless, in his summary paragraph
(1876:199) he stated that “their osteology points
in no special direction.”

Seebohm (1889) regarded the Anhimidae, al-
though closest to the Anatidae, as forming a
connecting link with the Galliformes, this conclu-
sion being based entirely on the same skull char-
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acters noticed by Huxley (1867). Shufeldt (1901)
in a very general way compared the osteology of
screamers with that of anseriforms and galliforms;
he considered most features to be anseriform ex-
cept for several aspects of the skull in which he
perceived galliform characteristics. This notwith-
standing, he concluded (p. 461) that the
screamers were an ‘“independent group standing
between the [Anseres] and the ostrich types of
birds.” No reason was proffered for this last state-
ment. Simonetta (1963), also on the basis of the
pterygoid-parasphenoid articulation, postulated
a common origin for Anseriformes and Galli-
formes. Bock (1969; 1970:67) considered “water-
fowl and gallinaceous birds ... to be closely re-
lated.” Although he stated that “all aspects of
their cranial morphology support this conclu-
sion,” he cited only “the common possession of a
peculiar and unique basipterygoid articulation”
as evidence for this assertion. He also regarded
the Anhimidae as being intermediate between
the two orders.

The electrophoretic patterns of egg-white pro-
teins of Anseriformes indicated a close relation-
ship among members of the Anatidae but were
not conclusive in showing extraordinal affinities
(Sibley and Ahlquist, 1972). Nevertheless, these
authors still favored the old idea that the Anser-
iformes might be related to the Ciconiiformes
through the flamingos.

The most current hypothesis is that the Anser-
iformes are related to the Galliformes. As we have
seen, the morphological basis for this rests on the
alleged similarities in the pterygoid-parasphenoid
articulation and the retroarticular processes of
the mandible in the two groups. Were it not for
this and the superficially fowl-like appearance of
the bill of screamers, it is extremely doubtful that
a relationship between ducks and galliforms
would ever have been entertained, for all other
aspects of their morphology are so utterly differ-
ent.

Galliformes are archetypal fissipedal land birds
that scratch and peck for their food. Not one
shows the slightest approach towards an aquatic
or filter-feeding existence. On the other hand, all
members of the Anseriformes are web-footed

swimming and diving birds that are filter feeders
or are derived from aquatic filter feeders. Anser-
iformes differ from Galliformes in almost every
anatomical feature imaginable and there is not
the slightest resemblance between the two groups
in their postcranial osteology. The following tab-
ulation compares a few aspects of the morphology
of Galliformes and Anseriformes. In it we have
outlined some of the characters that were often
used by nineteenth-century anatomists to define
higher taxa of birds, though the utility of many
of these characters is nil. To these we have added
a few of the major postcranial osteological differ-
ences. This list could be extended almost indefi-
nitely, but even in this brief form it should indi-
cate that there never has been sufficient reason to

regard these two orders as being in any way

related.

GALLIFORMES

Lamellae absent
Feet unwebbed
Schizognathous
Aftershaft present

Syrinx tracheal

Crop present

Eutaxic

Deep flexors type 1

Intestine type 5

Nostrils imperforate

Supraorbital glands absent

Sternum 4-notched

Furcula Y-shaped, hypoclei-
deum large

Coracoid long, narrow, ster-
nal end arched

Humerus short, stout,
curved

Ulna bowed, internal side
flat

Carpometacarpus short,
bowed, usually with an
intermetacarpal tubercle

Femur long and narrow

Inner cnemial crest of tibia

poorly developed

ANSERIFORMES

Lamellae present

Feet webbed

Desmognathous

Aftershaft rudimentary or
absent

Syrinx bronchial

Crop absent

Diastataxic

Deep flexors type 2 or 4

Intestine type 3

Nostrils perforate

Supraorbital glands present

Sternum 2-notched

Furcula U-shaped, hypoclei-
deum absent

Coracoid short, wide, sternal
end flat

Humerus long, slender,
straight

Ulna straight, terete

Carpometacarpus long,
straight, never with a
tubercle

Femur short and stout

Inner cnemial crest large

Bock’s (1970:70) statement that “all aspects of
. cranial morphology” support a relationship
between Anseriformes and Galliformes is abso-
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Ficure 1.—Left lateral view of the cranium and associated
fused bones in a duck, Anas luzonica (a), and a galliform,
Gallus gallus (b). Note presence of distinctively forked nasals
(n) in Gallus; presence of a large, fused lacrimal (l) in Anas;
fusion of postorbital (p) and zygomatic (z) processes in Gallus
(zygomatic absent in Anas); presence of occipital fontanelles
(o) in Anas; and the completely different structure of the ear
region (e) in these two birds.

lutely false. In Galliformes, unlike most other
birds, including Anseriformes, there is typically
little or no fusion of the rostral elements. The
premaxilla is free because the joints with the
nasals, jugals, and palatines do not ossify. The
nasals are only lightly fused to the frontals pos-
teriorly, and anteriorly they form characteristic
bipronged forks that are particularly apparent in
macerated specimens because the premaxilla falls
away (Figures 1, 3). The lacrimals are fused in all
Anseriformes except Anseranas, but are unfused in
all Galliformes. The tip of the postorbital process
fuses with that of the zygomatic process in Galli-
formes, leaving a foramen, whereas in the Anser-
iformes the zygomatic process is absent (Figure
1). Occipital fontanelles are present in almost all
Anseriformes but invariably are absent in Galli-

Ficure 2.—Medial views of right quadrate (top row) and
right pterygoid (bottom row) of Anas luzonica (a) and Gallus
gallus (b) to show the total lack of similarity between Anser-
iformes and in Galliformes in these elements.

formes (Figure 1). There are no similarities be-
tween the Galliformes and Anseriformes in the
palatines, quadrates (Figure 2), pterygoids (Fig-
ure 2), or in the auditory region (Figure 1), and
the differences in the bill are too obvious to merit
discussion. .

Even the supposed similarities of the pterygoid-
parasphenoid articulation in Anseriformes and
Galliformes are nowhere near as great as implied
in the literature. In the Anseriformes the articu-
lating facets on the parasphenoid are very dis-
tinct, almost pedicellate, elliptical surfaces with
a projecting lip all around (Figure 3). A like facet
occurs on the medial surface of the pterygoid
(Figure 2). In Galliformes these facets are best
developed in the Cracidae and those on the
parasphenoid are much more elongate, less dis-
tinctly set off from the rostrum, and situated
farther posteriorly than in Anseriformes. Those in
the Phasiani are, in fact, rather indistinct and
cannot in any way be likened to the condition in
ducks and screamers (Figure 3). Furthermore, the
facet on the pterygoid is located at the anterior
end of the bone in Galliformes, rather than on
the medial surface, and is not shaped at all like
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Ficure 3.—Ventral view of the cranium of a duck, Anas
luzonica (a), and a galliform, Gallus gallus (b), to show the
differences in the structure and placement of the so-called
basipterygoid processes (arrows).

that of Anseriformes, in which the pterygoid has
a large anterior spine, a structure absent in Gal-
liformes (Figure 2).

Although the articular facets on the parasphe-
notd of Anseriformes and Galliformes are almost
always referred to as the “basipterygoid pro-
cesses,” McDowell (1978) has shown that the so-
called basipterygoid processes in birds are not
homologous to the structures of the same name
in reptiles. He suggested that the avian structures
may be neomorphous and that they may have
arisen several times within the class.

We dissected an embryo of a duck (Aythya sp.)
and a young galliform (Gallus gallus) to ascertain
the nature of these processes in the early stages of
development. In the duck, the parasphenoid ar-
ticulations were oval cartilaginous pads that were
entirely free from each other and were only lightly
attached to the ossified parasphenoid rostrum.
When these pads were removed, the parasphen-
oid rostrum appeared completely normal and
bore no sign of any bony processes or articulations
with the pterygoid. Thus, these processes appear

5

to have arisen completely independently of the
rest of the bony structure of the skull, and they
become ossified only late in development. In the
galliform, the parasphenoid articulations were
also cartilaginous but, as in adults, were of a
different shape and in a different position from
those of Anseriformes. The cartilages were joined
at the midline anteriorly and were not as easily
removed, leaving distinct, bordered impressions
on the parasphenoid rostrum, quite unlike the
condition in the duck. There can be little doubt
that these structures are not homologous between
Anseriformes and Galliformes. They are simply
de novo surfaces that evolved independently to
facilitate the sliding of the pterygoid during cra-
nial kinesis. They are probably not homologous
even with the “basipterygoid processes” of other
birds.

Nor are the retroarticular processes of the man-
dible of Galliformes really comparable to those of
Anseriformes. Although long and upcurved, these
processes in Galliformes are rather slender and
rounded and not like the laterally compressed
bladelike hooks characteristic of Anseriformes
(Figure 4).

The idea that the anseriform skull is similar to
that of Galliformes can have arisen and been
perpetuated only as a result of extremely per-
functory examination of specimens. In the skull,
as in the rest of their anatomy, the Anseriformes
differ altogether from the Galliformes. Although
aberrant within the Anseriformes, the Anhimidae
are in no way intermediate between ducks and
galliforms and share none of the peculiarities of
the latter.

Recently, certain biochemical information has
been cited as confirming a relationship between
Anseriformes and Galliformes. Jolles et al. (1976:
59) determined the amino acid sequence of lyso-
zyme c in eight species of birds, all of which were
either Galliformes or Anseriformes. From this
they concluded that lysozyme c in the chachalaca
Ortalis vetula, (Cracidae) “differs from other avian
lysozymes ¢ by 27 to 31 amino acid substitutions”
and that “the lineage leading to chachalaca ly-
sozyme c separated from that leading to other
galliform lysozymes c before the duck lysozyme c



Ficure 4.—Dorsal (top) and medial (bottom) views of the right
mandibular articulation of a duck, Anas luzonica (a), and a
galliform, Gallus gallus (b), showing the very different struc-
ture of the retroarticular processes and the articulation in
general.

lineage did.” The other taxa included in their
study were ‘“‘chicken, bobwhite quail, Japanese
quail, turkey, and guinea fowl” (presumably Gal-
lus gallus, Colinus virginianus, Coturnix coturnix, Me-
leagris gallopavo, and Numida meleagris, respectively,
although this is not stated), also “Duck II and
Duck III,” no indication being given even as to
whether these represent different species or not.
Outgroup comparisons were made with humans
and baboons. Now this may be good biochemis-
try, but it is not systematics; many more taxa of
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birds would have to be studied in order to put
this information in its proper phylogenetic con-
text. Nevertheless, Mayr and Cottrell (1979:v)
state that the work of Jolles et al. (1976) “has
already demonstrated conclusively that the An-
seriformes are a side branch of the galliform
birds.” It seems to us that this optimistic assess-
ment goes well beyond the biochemical data or
the conclusions that Jolles et al. themselves drew
from it. We doubt that Mayr and Cottrell would
have received this paper so enthusiastically had
it not been for the long, but unsubstantiated,
tradition of a galliform-anseriform relationship
found in the earlier literature, or if the paper had
been based on a morphological study restricted
to the same taxa.

If biochemical studies should suggest a rela-
tionship between the Anseriformes and Galli-
formes, they shall also have to account for the
fact that there is not a single bit of evidence from
morphology or paleontology that supports such a
hypothesis. We cannot imagine any reasonable
hypothetical sequence of evolutionary events that
could produce a duck from a galliform.

The Anseriform Affinities of the Anhimidae

Because the anseriform affinities of the Anhim-
idae have at times in the past been doubted, we
intend to show that the Anhimidae are indeed
related to the Anatidae, but within the Anseri-
formes they are among the most derived rather
than the most primitive members.

In their overall appearance the screamers do
not look much like ducks and they possess a
number of structural peculiarities that set them
apart, not only from the Anatidae, but from other
birds as well. These include a thick layer of
subcutaneous air-cells, nearly continuous feath-
ering on the body with the apteria vestigial or
absent, paired spurs on the carpometacarpus, the
absence of uncinate processes on the ribs and the
apparently correlated presence of a unique mus-
cle, the M. costisternalis externus, running diag-
onally across the rib cage (Beddard and Mitchell,
1894:540). It should be noted that wing spurs also
occur in certain Anatidae, whereas when spurs
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are present in the Galliformes, they are always on
the tarsometatarsus.

According to Parker (1863), the Anhimidae
had once been thought to be gruiform. He re-
marked on the similarity of the skull and sternum
of screamers to the Anatidae and he also sug-
gested that there were similarities to the Galli-
formes. There is little specific detail in Parker’s
paper, in which he also finds screamers to “come
nearer, in certain important points, to the Liz-
ard,” and suggests they might be “one of the
nearest living relatives of the marvellous Archaeo-
pteryx” (page 518), along with other useless obser-
vations.

Aside from the anseriform characters noted by
the early anatomists (see above), additional evi-
dence linking the screamers to the Anatidae exists
in morphological and behavioral similarities to
the Australian Magpie Goose, Anseranas semipal-
mata. The singularity of Anseranas has long been
recognized by many taxonomists. It has usually
been placed either in a monotypic subfamily of
the Anatidae or in a family of its own. Of the
external features discussed by Delacour (1954),
those that are most distinctive and tend toward
an anhimid-like condition are: bill with rostral
nail large, strong, and overhanging the mandible;
lamellae much reduced; much of lower part of
tibia unfeathered; toes very long and slender with
the webbing greatly reduced; hallux long and not
elevated. The trachea is coiled in part externally,
lying superficial to the breast muscles, a condition
in waterfowl otherwise found only in Stictonetta.
Additionally, the wing molt is gradual, unlike the
Anatidae, in which the remiges are molted si-
multaneously. Delacour (1954) cites S. Mac-
Dowall [sic = McDowell] as providing six distin-
guishing osteological features of Anseranas, five of
which are stated to approach conditions met with
in the Anhimidae. Woolfenden (1961) enumer-
ated many salient osteological features in vir-
tually all of the skeletal elements of Anseranas and
vigorously advocated its elevation to full family
rank. He, too, noted similarities between Anseranas
and the Anhimidae, particularly in the humerus,
carpometacarpus, sternum, coracoid, and skull,
as well as in external features. To these we would

add that the tarsometatarsus in Anseranas is quite
different from that of other Anatidae and bears
a close resemblance, particularly in the distal end,
to the Anhimidae.

According to Beddard (1898), in all Anatidae
there is a muscular slip from M. biceps femoris
(= M. iliofibularis) attaching to M. gastrocne-
mius pars lateralis, whereas this is absent in the
Anhimidae, in which the insertion of M. ilio-
fibularis is typical. We dissected a specimen of
Anseranas semipalmata and found no connection
between M. iliofibularis and M. gastrocnemius.
Thus, in this respect it differs from other Anatidae
and agrees with the Anhimidae, although there
can be little doubt that this is the primitive
condition.

Sibley (1960) found that the electrophoretic
pattern of egg-white proteins of Anseranas was
readily distinguished from those of other Anati-
dae, all of which were quite similar to one an-
other. Boetticher and Eichler (1952) discovered
Anseranas to be uniquely parasitized by the mal-
lophagan genus Heteroproctus. Johnsgard (1961a,
1961b) has remarked on behavioral peculiarities
of Anseranas, such as parental feeding of young
and the building of brood nests for the young
after hatching. He also noted that the downy
plumage was unlike that in any of the Anatidae,
as is the fact that Anseranas assumes a juvenal and
an immature plumage before acquiring the defin-
itive adult plumage. Certain aspects of behavior,
such as mutual preening at the nest, are shared
with the Anhimidae and Johnsgard considered
Anseranas as intermediate between the screamers
and typical waterfowl.

Despite the overwhelming body of evidence
pointing to the anomalousness of Anseranas, Dav-
ies and Frith (1964:265) maintained that the
outstanding features of the genus are all probably
“adaptive,” its distinctiveness being a ‘“conse-
quence of becoming a resident bird in a tropical
swamp.” We reject such a simplistic interpreta-
tion and consider Anseranas to stand significantly
apart from the remainder of the Anatidae. Al-
though differing from the Anhimidae in many
respects, Anseranas certainly represents a morpho-
logical stage similar to that through which the






