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ABSTRACT

Olson, Storrs L., and Alan Feduccia. Relationships and Evolution of Fla-
mingos (Aves: Phoenicopteridae). Smithsonian Contributions to Zoology, number
316, 73 pages, 40 figures, 2 tables, 1980.—Previous evidence supposedly
showing a relationship between flamingos and either storks (Ciconiiformes) or
ducks (Anseriformes) is re-examined in light of the recent hypothesis deriving
flamingos from shorebirds of the order Charadriiformes. Anatomical charac-
ters used to indicate relationship between flamingos and storks are shown to
consist entirely of primitive "non-anseriform" traits found in several other
orders, including Charadriiformes. Most of the presumed anseriform charac-
ters of flamingos also occur in the Charadriiformes, as do all of the characters
of flamingos that do not occur in either Ciconiiformes or Anseriformes. The
distinctive life history and behavior of flamingos is demonstrated as being very
similar to that of the Recurvirostridae (Charadriiformes), particularly the
Australian Banded Stilt {Cladorhynchus leucocephalus), but is unlike that of storks
or ducks. The appendicular myology of Cladorhynchus is described and is found
to be quite similar to that of flamingos, whereas neither is close to storks. The
thigh muscle M. iliotibialis medialis, heretofore considered unique to flamin-
gos, was discovered in Cladorhynchus but not in other Recurvirostridae. Evi-
dence from osteology, natal down, oology, and internal parasites strongly
supports a charadriiform derivation of flamingos; pterylosis does not contra-
dict such a relationship; and knowledge of the early evolution of flamingos
and Anseriformes offers a logical explanation for their sharing similar mallo-
phagan parasites. The earliest certain flamingo, from the early Middle Eocene
of Wyoming, is described herein as a new monotypic genus and species that
was intermediate in size and morphology between the Recurvirostridae and
modern flamingos. Other aspects of paleontology of flamingos are discussed.
Evolutionary steps in the development of filter feeding in birds are outlined.
The structure of the feeding apparatus of flamingos is shown to be entirely
different from that of the Anseriformes, but is strikingly convergent towards
that of baleen whales. Morphological and behavioral precursors for filter
feeding are shown to occur in the Charadriiformes but not in the Ciconi-
iformes. Flamingos (Phoenicopteridae) clearly belong in the order Charadri-
iformes, suborder Charadrii, immediately following the Recurvirostridae.
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Relationships and Evolution
of Flamingos

(Aves: Phoenicopteridae)

Storrs L. Olson
and Alan Feduccia

Introduction

The living flamingos (Phoenicopteridae) con-
stitute a small and easily recognized group of four
to six species of large, brightly colored waterbirds
with extremely long legs and neck and a uniquely
shaped bill adapted for filter-feeding. They are
colonial and characteristically inhabit highly sa-
line bodies of shallow water. The existing species
are placed in three genera that are separable into
two groups on bill morphology: (1) Phoenicopterus,
which has a more primitive filtering apparatus,
and (2) Phoenicoparrus and Phoeniconaias, which are
more specialized (Jenkin, 1957). The last two
genera are separated from each other only by the
presence or absence of the hind toe, which is very
reduced in flamingos in any case, so that contin-
ued recognition of the genus Phoeniconaias is prob-
ably unwarrented. We have not detected char-
acters of generic value in the postcranial skeleton
that will separate the two groups differing in
feeding adaptations. For purposes of extrafamilial
comparisons, modern flamingos can be regarded
as essentially monogeneric, although we have

Storrs L. Olson, Department of Vertebrate Zoology, National Museum
of Natural History, Smithsonian Institution, Washington,
DC. 20560. Alan Feduccia, Department of Zoology, University
of North Carolina, Chapel Hill, North Carolina 27514.

made no innovations in generic usage in the
present paper.

The proper phylogenetic position of the Phoen-
icopteridae has long been a perplexing problem
in avian systematics. Because of the conflicting
nature of the taxonomic evidence presented so
far, the relationships of these birds have never
been satisfactorily resolved. Flamingos are most
often placed with storks, herons, and ibises in the
order Ciconiiformes. This assemblage consists of
large, long-legged waterbirds having a long neck,
"desmognathous" palate, and usually altricial
young. Olson (1979) has recently suggested that
the order may be an entirely artificial collection
of unrelated families. The association of flamin-
gos with storks and their supposed allies was
probably made originally solely on the basis of
their large size and general proportions. This
allocation was later "supported" by a body of
evidence that we shall show to be altogether
fallacious.

Other workers noted that the lamellate bill,
webbed feet, mallophagan parasites, and some
general aspects of the behavior of flamingos
seemed to point toward a relationship with ducks
and geese (Anseriformes). Controversy has sub-
sequently centered on whether flamingos are
more closely related to the storks or to the ducks.

1
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Continual equivocation has resulted in some au-
thors elevating the flamingos to an order of their
own (Phoenicopteriformes), an action that merely
avoids the question of relationships.

All comparisons of flamingos have traditionally
been made with Ciconiiformes on one hand and
Anseriformes on the other, but as we shall see,
most of the characters cited as showing relation-
ship also occur outside those two groups. Many
of the supposed ciconiiform characters of fla-
mingos are really only negative characters that
are simply "non-anseriform" in nature and not
really indicative of relationship to storks. Char-
acters of flamingos that are shared with both
Anseriformes and Ciconiiformes have even been
cited by some authors as evidence of a common
origin of all three groups, despite the fact that
these characters are likewise found in birds of
several other orders.

The first alternative to the ciconiiform-anseri-
form hypothesis of flamingo relationships was
advanced by Feduccia (1976), who proposed that
flamingos are related to shorebirds (Charadri-
iformes) and have no affinity with the Ciconi-
iformes. This idea came about through studies of
the fossil bird Presbyornis (McGrew and Feduccia,
1973; Feduccia and McGrew, 1974; Feduccia,
1976, 1977a, 1977b, 1978, in press). Bones of
Presbyornis occur in great concentrations in early
Eocene deposits of the western United States and
the birds were evidently highly colonial, as are
modern flamingos. For this reason and because
Presbyornis had originally been described by Wet-
more (1926) as a new family of Charadriiformes
related to the Recurvirostridae, Feduccia (1976)
made comparisons with shorebirds. He found
both Presbyornis and the Phoenicopteridae to be
most similar in their postcranial osteology to the
Charadriiformes and very different from storks
and herons. We now know, however, that the
skull of Presbyornis is duck-like (Feduccia, 1978;
Olson and Feduccia, in press) and, apart from a
rather close similarity in the naso-frontal area, is
quite different from that of flamingos. Presbyornis
provides evidence for a charadriiform origin of
the Anseriformes (Olson and Feduccia, in press),
but similarities between Presbyornis and flamingos

may be attributable to both having been derived
from the Charadriiformes, rather than indicating
that they are closely related to each other. Nev-
ertheless, Presbyornis coincidentally pointed the
way towards the proper association of flamingos
with the Charadriiformes.

In the course of our investigations we found
that all the evidence relating to the systematics of
flamingos could be best explained by their having
a charadriiform origin. Furthermore, it soon be-
came apparent not just that flamingos were de-
rived from the Charadriiformes but that they
were derived from a particular family, the Re-
curvirostridae. In this connection we have made
repeated comparisons with the Australian
Banded Stilt, Cladorhynchus leucocephalus, an ex-
traordinary bird that shares a number of unique
traits with flamingos and which can in many
respects be regarded as forming an intermediate
between the Recurvirostridae and the Phoenicop-
teridae.

In view of our findings, we take satisfaction in
noting that in Willughby's Ornithology (Ray,
1678), which is regarded as the foundation of the
scientific study of birds, the flamingo appears in
Book III, Part II, with "birds of a middle nature
between swimmers and waders, or that do both
swim and wade" (page 312), in a separate section,
the "whole-footed [webbed] long-legged birds"
(page 320), that otherwise includes only the avo-
cet (Recurvirostra, Charadriiformes). These two
were far removed from the "cloven-footed water-
fowl" in which were placed the storks and herons.

In his Systema Naturae, Linnaeus (1758) gener-
ally followed the classification of Willughby and
Ray for birds, "and where he departed from his
model he seldom improved upon it" (Newton,
1896:8 [intro.]). Linnaeus led off his order Grallae
with the flamingos, followed immediately by
spoonbills (Threskiornithidae), certain storks (Ci-
coniidae), and the species he included in Ardea,
which was composed mainly of herons, storks,
and cranes. These were succeeded by shorebirds
and various gruiforms. The association of flamin-
gos with storks and herons, thus begun, has con-
tinued up to the present and has quite successfully
obscured the true relationships of flamingos.
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Sibley, Corbin, and Haavie (1969:176) pro-
vided a comprehensive review of the classification
and relationships of flamingos, citing previous
evidence from paleontology, anatomy, parasites,
behavior, and new evidence from biochemistry,
from which they concluded that the flamingos
should be "treated as a suborder, Phoenicopteri,
in the Order Ciconiiformes and that, in a linear
list, the Anseriformes and Ciconiiformes be
placed adjacent to one another." Because their
study has come to be regarded as a standard
reference on the systematics of flamingos and has
been cited as showing proof of ciconiiform affin-
ities (e.g., Parkes, 1978), we have analyzed the
evidence they presented in critical detail, aug-
menting this with new data and evaluating the
whole in light of the charadriiform affinities first
proposed by Feduccia (1976).
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Review of Previous Anatomical Information

Sibley et al. (1969) have most recently been
cited by Parkes (1978:9) in connection with the
supposed "substantial amount of evidence . . .
gathered by earlier workers that indicates rela-
tionship of the flamingos to the Ciconiiformes"
that "would have to be disposed of satisfactorily
before serious consideration can be given to Fed-
uccia's proposed phylogeny for flamingos that
involves no relationship at all to Ciconiiformes."
In their discussion of anatomical evidence, Sibley
et al. (1969:159, table 3) present a summary of
most of the characters cited in the earlier litera-
ture on flamingo systematics (reproduced here as
Table 1). In accordance with Parkes' admoni-
tions, we have analyzed each of these.

"Characters Shared with the Ciconiiformes"

1. "(partly) nidifugous": The intention is
not clear, particularly since "nidifugous" is given
later as a character (19) shared with Anseriformes.
According to the terminology of Nice (1962), all
Ciconiiformes except flamingos are semi-altricial
(unable to leave nest, down covered, fed by par-
ents); Anseriformes are type 2 precocials (leave
nest first day or two, down covered, follow parents
but feed themselves); flamingos are semi-preco-
cial (stay at nest though able to walk, down
covered, fed by parents). Charadriiformes may be
either precocial (e.g., shorebirds) or semi-preco-
cial (e.g., gulls). Downy flamingo chicks leave the
nest within three or four days and so seem much
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TABLE 1.—Summary of anatomical characters of flamingos reproduced exactly as in Sibley et
al. (1969, table 3) except with characters numbered to facilitate reference to the text

Characters shared with

Ciconiiformes

Characters shared with

Anseriformes

Characters shared with
both orders

Characters shared with
neither order

Developmental:
1 (partly) nidifugous
2 two coats of down

Integumental:
3 down structure
4 pterylosis
5 aftershaft present

Skeletal:
6 basipterygoid process

present
7 palatine and vomer
8 rostrum
9 pelvis

10 number ribs

Muscular:
11 flight muscle

attachment
12 gastrocnemius

Others:
13 carotid artery

arrangement
14 cervical air sacs divided
15 intestinal convolutions
16 penis rudimentary
17 abdominal air sacs large

Developmental:
18 thick down on young
19 nidifugous

Integumental:
20 feather structure
21 waterproof plumage
22 webbed feet
23 lamellate bill

Skeletal:
24 nasal aperture
25 supraorbital depression
26 lachrymals
27 quadrate
28 mandibular angle
29 pectoral girdle

Others:
30 caeca
31 tongue shape

Integumental:
32 tufted oil gland present
33 11 primaries
34 diastataxic

Skeletal:
35 carinate
36 desmognathous
37 holorhinal
38 pervious nares
39 no ectocondylar process
40 16-25 cervical vertebrae

Muscular:
41 ambiens present

Integumental:
42 reduced hallux
43 inverted bill
44 filter apparatus

Muscular:
45 flexor tendons type IV
46 1 pair syrinx muscles
47 small femoral-caudal
48 BXY + muscle formula

Other:
49 type of air cells in lung

more like the young of shorebirds or ducks than
the helpless young of Ciconiiformes. Among the
Charadrii, the young of Cladorhynchus do not leave
the nest immediately after hatching, as do those
of all other Recurvirostridae, but the degree of
parental attendance is not yet known.

2. "two coats of down": Sibley et al. (1969)
stress the fact that in young flamingos there are
two successive coats of natal down, a condition
they represent as characteristic of the Ciconi-
iformes but absent in the Anseriformes. The sit-
uation is more complicated than they indicate,
and is discussed beyond (page 34), where we
show that the condition of the natal down in
Cladorhynchus is unique in the Charadrii formes in
being like that of flamingos.

3. "down structure": Sibley et al. (1969)
cite Reichenow (1877) as noting that flamingos

have simple, unbranched down like that of Ci-
coniiformes and unlike the branched rhachidial
down of Anseriformes. The down of flamingos,
however, does not differ in this respect from the
non-rhachidial down of the Charadriiformes or
that of most other precocial birds.

4. "pterylosis": This comes ultimately from
Nitzsch's (1867:132) statement that the pterylosis
of Phoenicopterus is "perfectly Stork-like." This
came about through contrasting the pterylosis of
flamingos and storks with the highly divergent
pterylosis of herons. There is actually little simi-
larity between the pterylosis of flamingos and
storks (see page 31).

5. "aftershaft present": The aftershaft is ab-
sent or rudimentary in the Anseriformes and it is
present in flamingos and Ciconiiformes. It is also
present in the Charadriiformes and many other
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orders of birds (Beddard, 1898).
6. "basipterygoid process present [sic]": This

would be interpreted as a lapsus calami if Sibley
et al. (1969:161) had not repeated that the "pres-
ence of a basi-pterygoid process" is a shared
character uniting flamingos with Ciconiiformes.
This statement may derive from Beddard's (1898:
441) erroneous assertion that the skull in Phoeni-
copterus has "basipterygoid processes, to which the
anterior ends of the pterygoids are attached." In
fact, the basipterygoid processes are invariably
absent in the Ciconiiformes and are absent or
only very rudimentary in flamingos, whereas in
the Anseriformes the so-called basipterygoid pro-
cesses are particularly large and well developed.
These processes may well not be homologous from
one group of birds to another. The basipterygoid
processes are quite variable in the Charadri-
iformes, being absent in some groups and present
in others. This character is certainly not useful for
determining the relationships of flamingos.

7. "palatine and vomer": See character 8
below.

8. "rostrum": The supposed similarity of
the palatine, vomer, and rostrum of flamingos to
those of storks seems to have been taken by Sibley
et al. from uncritical comments of Reichenow
(1877) and Gadow (1877) and may also stem in
part from Huxley's (1867:461) erroneous and un-
substantiated statement that in flamingos "the
general structure of the rostrum is quite similar
to that found in the Storks and Herons." Quite
to the contrary, the general structure of the ros-
trum of adult flamingos is not like that of any
other bird. Reichenow's (1877) paper concerns
only the Ciconiiformes, to which he had already
assumed the flamingos belonged, and he saw
similarities where none existed. Although distinc-
tive, the palate in flamingos is actually more
similar to that of shorebirds (as exemplified by
the Recurvirostridae) than that of storks (pages
39-40.

9. "pelvis": This seems to stem from a single
sentence in Gadow (1877:386), stating that the
pelvis in flamingos is purely stork-like and hardly
similar to that of ducks at all, particularly in the
features of the pubis. This is partly true, although

further comparison shows the pelvis of flamingos
to be even more similar to that in the Recurvi-
rostridae than to storks (page 41).

10. "number ribs": We have not located a
prior reference to this character but it may derive
from some of the statements of Gadow (1877),
who later stated that "from a taxonomic point of
view Ribs are valueless" (Gadow, in Newton,
1896:789). We found that flamingos may have
either 5 or 6 ribs attached to the sternum. The
same number may be found in the Charadri-
iformes, in some Ciconiiformes and Anseriformes,
and in many other orders as well (Fiirbringer,
1888).

11. "flight muscle attachment": This comes
from the observations of Weldon (1883:647).

In Storks it is well known that the pectoralis major is divided
into two or more layers, easily separable from one another,
and that its attachment to the humerus forms a tendinous
arch beneath which the brachial muscles pass from the
coracoid to the arm. In Phoenicopterus, Gadow has shown that
these features are exactly repeated; . . . I need hardly point
out that this condition is absolutely unknown among La-
mellirostres [= Anseriformes].

The "pectoralis major" (= M. pectoralis) is
known to be divided into two or three layers in
the Gruidae, Cathartidae, Procellariiformes, Pel-
ecaniformes, and Scopidae, in addition to storks
(George and Berger, 1966:307-308). Hudson et al.
(1969) describe this muscle as being divided in
the Laridae and Alcidae. We dissected specimens
of Cladorhynchus Uucocephalus and Himantopus mexi-
canus (Recurvirostridae) and found this muscle to
be distinctly divided into two sections, which are
partially coalesced along the dorsolateral margin
(page 19). The general configuration is as de-
scribed and illustrated by Weldon (1883) for
Phoenicopterus and is indeed quite distinct from the
condition we observed in a specimen of duck,
Anas poecilorhynchus. The division of this muscle in
certain storks (Leptotilos) is actually quite differ-
ent from that of flamingos (Vanden Berge, 1970).
This appears to be another character that sepa-
rates flamingos from the Anseriformes but that is
shared with numerous other orders, including the
Charadriiformes.

12. "gastrocnemius": Weldon (1883) is again
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cited for noting that flamingos supposedly differ
from the Anatidae in having the gastrocnemius
arising by three heads instead of two and in
having the accessory semitendinosus muscle (=
M. flexor cruris lateralis pars accessoria) present.
He did not mention that in the last character
flamingos differ just as much from storks, in
which the accessory semitendinosus is also absent.
Furthermore, the gastrocnemius in at least some
Anatidae arises by three heads (Raikow, 1970:
34). The three-headed gastrocnemius and the
accessory semitendinosus occur in many birds,
including the Charadrii (George and Berger,
1966). Actually, the gastrocnemius in flamingos
has four heads (Vanden Berge, 1970), as does that
of Cladorhynchus (Figure la).

13. "carotid artery arrangement": Sibley et
al. regard Glenny's (1955) findings on the carotid
arteries as only questionably indicating a rela-
tionship between flamingos and the Ciconi-
iformes. Flamingos have type B-2-s carotid arter-
ies. Anseriformes, Charadriiformes, all Ciconiidae
and Threskiornithidae, and most Ardeidae have
type A-l carotids. A few of the Ardeidae have
type B-l carotids, Ardeola speciosa has type B-2-s,
and Botaurus lentiginosus may have either type B-1
or B-2-s. The B-2-s condition was evidently de-
rived independently from the A-l condition at
least twice within the Ardeidae. The B-2-s con-
dition in flamingos had to have been derived
independently of that in Botaurus lentiginosus and
Ardeola speciosa and it could as easily have come
from the A-l condition in shorebirds or ducks as
from the A-l condition in Ciconiiformes, a point
later specifically admitted by Sibley and Ahlquist
(1972).

14. "cervical air sacs divided": This charac-
ter, along with character 17 ("abdominal air sacs
large"), stems from Weldon's (1883) observations
that the air sacs in flamingos are in these respects
more like those of storks than ducks. In a modern
account of the air sac system of birds (Duncker,
1971), no mention is made of any peculiarities of
flamingos. The cervical air sacs are paired in most
birds and are unusually large in the Sphenisc-
idae, Anatidae, Falconidae, and Accipitridae
(Duncker, 1971:49), so it would appear that this

is but another character in which flamingos differ
from ducks but resemble many other birds. The
same is true of the large abdominal air sacs, which
are typical of most birds. According to Duncker
(1971:62) storks differ from all other birds in
having the posterior thoracic air sac divided into
medial and posterior sacs. If any conclusion can
be drawn from this it is that the air sacs of
flamingos do not seem to agree with those of
either storks or ducks.

15. "intestinal convolutions": Beddard (1898:
441) stated only that in flamingos "the intestines
are not duck-like," which carries no information
about affinities with other groups. We note from
the table in Gadow (1889) that the general intes-
tinal pattern in flamingos is found in the Cha-
radrii as well as in storks, although Gadow's
attempts to use the varying patterns of intestinal
convolutions in birds as taxonomic characters
have been largely discredited (see Sibley and
Ahlquist, 1972:21-22).

16. "penis rudimentary": This feature is of
importance only in contrast to ducks, which have
a well-developed penis. The penis is rudimentary
or lacking in most birds, including flamingos and
shorebirds, although it might be noted that Bed-
dard (1898:37) states that a penis exists in the
Ciconiiformes (he does not say in which forms)
and in Burhinus (Charadriiformes), in addition to
ratites, tinamous, cracids, and ducks.

17. "abdominal air sacs large": See character
14 above.

"Characters Shared with Anseriformes"

18. "thick down on young": Thick down is
also present in the young of Charadriiformes and
other precocial birds.

19. "nidifugous": See character 1 above.
20. "feather structure": See character 21 be-

low.
21. "waterproof plumage": To Chandler

(1916) the feather structure of flamingos was
much more similar to that of Anseriformes than
Ciconiiformes, but he did not specifically com-
pare flamingos with Charadriiformes. Sibley et
al. (1969:160) felt that the "close, hard, water-
proof nature of the plumage as a whole, shared
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by flamingos and geese, could easily be the result
of convergence." They cite Rutschke (1960) as
showing that "water birds in different orders are
more alike in feather structure than non-aquatic
birds even within the same order." Nonetheless,
it is worth observing that the feathers in the
Recurvirostridae are notably close, hard, and
dense; photographs of Recurvirostra americana en-
gaged in feeding show the plumage to be quite
waterproof as well (Tremaine, 1975:75).

22. "webbed feet": Species of birds with
webbed feet occur in a variety of orders other
than Anseriformes, including the Charadri-
iformes. Within the Recurvirostridae, Recurvirostra
and Cladorhynchus have webbed feet, while Himan-
topus has only vestigial webs.

23. "lamellate bill": As detailed later (pages
59-60), the structure of the bill and lamellae in
flamingos and ducks is fundamentally different
and is not indicative of relationship.

24. "nasal aperture": This character and the
following three appear to have been based mainly
on the authority of Shufeldt (1901:305), who
stated that

in its external narial apertures; in the possession of supraor-
bital glandular depressions; to a small degree in its lachrymal
bones; . . . in its quadrates; in the possession of large recurved
processes at the mandibular angles—the skull of the Fla-
mingo is more or less anserine in character.

The nasal region in flamingos actually differs
considerably from that of ducks, particularly in
lacking the large internal narial opening in the
rostrum characteristic of the Anseriformes.

25. "supraorbital depression": These depres-
sions accomodate salt glands and are found in a
supraorbital position in the Charadriiformes and
most other water birds, including even Hesperornis.
In the Pelecaniformes the salt glands are located
within the orbit, as they are in storks and herons,
but not in the Threskiornithidae. The condition
of this character in flamingos is as much like that
of shorebirds as that of ducks.

26. "lachrymals": In addition to Shufeldt's
comment above, Beddard (1898:441) also made
the misleading statement that the "lachrymals
are large and rather duck-like." The lachrymals
in ducks are thin, antero-posteriorly elongated

bones that are broadly fused with the skull (ex-
cept in Anseranas) and that do not nearly reach
the jugal bar. In flamingos the lachrymals are
entirely different, being unfused, thickened,
pneumatized bones that reach to the jugal bar
but have a much narrower contact with the skull.

27. "quadrate": Despite the remarks of Shu-
feldt (1901), the quadrates of flamingos are very
different from those of ducks in every aspect,
particularly in the nature of the articulation with
the lower jaw.

28. "mandibular angle": This refers to the
long, recurved, bladelike retroarticular processes
of the mandible, which are superficially very
similar in ducks and flamingos. Nevertheless there
are differences in the development of these struc-
tures between the two groups and the similarities
probably are the result of similar needs for in-
creased attachment for M. depressor mandibulae
(page 64).

29. "pectoral girdle": Evidently Shufeldt's
(1901:313) observations have been used by Sibley
et al. for this character. Sibley and Ahlquist
(1972:7) have remarked that Shufeldt "worked in
a rather haphazard fashion, simply describing
and comparing what he happened to have before
him," and it is widely recognized that his writings
on osteology and paleontology are unreliable. We
find little similarity between flamingos and ducks
in the bones of the shoulder girdle.

30. "caeca": The caeca are well-developed in
both flamingos and Anseriformes but are rudi-
mentary in Ciconiiformes. Beddard (1898:336)
states that in the Charadrii the caeca are "nearly
always large." Large caeca are also present in
other orders of birds, such as Gruiformes.

31. "tongue shape": Although flamingos and
ducks have large fleshy tongues used in filter-
feeding, the morphology and placement is en-
tirely different in the two groups, as is the struc-
ture of the bony hyoid apparatus (page 60).

"Characters Shared with Both Orders"

32. "tufted oil gland present": A tufted oil
gland occurs in the Charadriiformes and in the
majority of other orders of birds.

33. "11 primaries": This character is mis-


