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ABSTRACT

McKitrick, M. C. Phylogenetic analysis of avian hindlimb musculature. Misc. Publ.
Mus. Zool., Univ. Michigan 179:1-87, 3 figs. Data from the literature on hindlimb
muscle variation in birds were gathered with the following goals: 1) to attempt
a phylogenetic analysis for all birds, and to tabulate the available data on hind-
limb musculature and evaluate the limits of its resolution and its usefulness
toward that phylogenetic end; 2) to create a data base that can serve as a guide
to other anatomists wishing to use or generate myological data for phylogenetic
or other comparative studies; 3) to assess the extent of information available on
avian hindlimb musculature, review the work published since a compilation
done more than two decades ago, and thereby identify which avian groups are
most in need of study; 4) to make hindlimb muscle data available towards the
formulation of phylogenetic hypotheses based on a large body of data from a
variety of character systems, not just limb musculature. The data were evaluated
for their utility in estimating phylogenetic relationships; interpretable variations
were coded as character states and analyzed cladistically. Analysis of a 103-taxon
by 68-character matrix yielded over 6,000 trees of 340 steps (ci= .300). The
data reflect homoplasy in these hindlimb muscle characters, but no more so than
expected for a data set of this size. The characters are informative and corrobo-
rate numerous traditional groupings. The so-called “formula muscles” are no
more informative phylogenetically than other muscle characters. Hypotheses of
convergence have been proposed to explain the similarity of numerous avian
taxa; some of these taxa, such as loons and grebes, and hawks and owls, are
clustered in the present analyses. Such hypotheses of relationship must be tested
by additional data from anatomical systems not directly associated with the hind-
limb.

Key words: Hindlimb musculature, birds, phylogeny, cladistics, homoplasy.
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INTRODUCTION

The higher level classifications of birds in widest use today (e.g., The
Peters’ Check-list; Wetmore, 1960) are still largely the legacy of two Ger-
man anatomists, Maximilian Farbringer (1888) and Hans Gadow (1892).
In the last two decades, attempts have been made to bring more rigor to
these classifications by testing the legitimacy of the characters on which
they are based, and by seeking additional data with which old hypotheses
of relationship may be tested or new hypotheses generated. In 1981, Cra-
craft published a phylogenetic taxonomy of birds that served to evaluate
the data on which knowledge of avian relationships is based. This data base
was surprisingly scanty. An increasing number of phylogenetic analyses
have been performed during the last decade, using a variety of types of
data (see Cracraft, 1988 for a review). Osteological data are available for
some pelecaniforms (Cracraft, 1985), Phalacrocoracidae (Siegel-Causey,
1988), Piciformes (Simpson and Cracraft, 1981), and some of the major
groupings of Aves (Cracraft, 1988; Cracraft and Mindell, 1989); data on
hindlimb musculature are available for hummingbirds (Zusi and Bentz,
1984), Coraciiformes (Maurer and Raikow, 1981), Piciformes
(Swierczewski and Raikow, 1981), Old World suboscines (Raikow, 1987),
Tyrannidae (McKitrick, 1985b), corvines (Borecky, 1977), and New World
nine-primaried oscines (Raikow, 1978); data on forelimb musculature are
available for some nonpasserines (McKitrick, 1991), some Tyrannidae
(McKitrick, 1985a), and New World nine-primaried oscines (Raikow,
1978). Siegel-Causey’s (1988) study is probably the most in-depth phylo-
genetic analysis of any group of birds (36 taxa, 137 characters). Such exten-
sive data are not the norm: McKitrick (1991) reviewed the literature on
wing musculature of non-passerine birds and found that relatively com-
plete data were available for fewer than two dozen species. To date, the
most taxonomically comprehensive classification of birds available is based
on a single type of data, DNA hybridization (Sibley et al., 1988). Ideally,
phylogenetic analyses should include as many data as possible from as
many sources as possible; there is still much work to be done to achieve
such a goal for any group of birds.

The following review of the hindlimb musculature of birds was under-
taken for several reasons. One reason was to attempt a phylogenetic analy-
sis for all birds, and to tabulate the available data on hindlimb musculature
and evaluate the limits of its resolution and its usefulness toward that
phylogenetic end. This effort was attempted specifically to test whether
Charadriiformes is monophyletic, as a preliminary step in a planned, in-
depth analysis of hindlimb musculature and syrinx morphology of mem-
bers of that group. The second reason was to create a data base that could
serve as a guide to other anatomists wishing to use or generate myological
data for phylogenetic or other comparative studies. The character data
summarized here should encourage other workers to evaluate the same
characters in the avian groups they are studying; thus the data base can
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2 MCKITRICK

increase in size and in its value for comparative analyses. The third reason
was to assess the extent of information available on avian hindlimb muscu-
lature, review the work done since George and Berger’s (1966) compila-
tion, and thereby identify which avian groups are most in need of study.
The final reason was to make hindlimb muscle data available towards the
formulation of phylogenetic hypotheses based on a large body of data from
a variety of character systems, not just limb musculature. It is hoped that
other workers will use this data base as a taxonomic guide, and plan their
studies of other character systems to complement this one.

The first part of this study consists of descriptive summaries of pub-
lished reports on variation in avian hindlimb musculature, supplemented
by data on Merops (Meropidae) and Eurystomus (Coraciidae) (McKitrick,
ms.), and an evaluation of the utility of this variation for phylogenetic
analysis. The resulting matrix of taxa and characters forms the basis for
the phylogenetic analyses that constitute the second part of the study.

MATERIALS AND METHODS
MuscLE AND CHARACTER DESCRIPTIONS

I gathered data on hindlimb muscle variation by studying all published
reports on hindlimb musculature of birds. I included only a few studies of
passerines because their monophyly has been well corroborated (Raikow,
1982) and I did not feel it necessary to slow the analysis with the addition
of more than a few token groups. I restricted the survey by including only
studies with complete descriptions, and to those that appeared thorough
and accurate; this limited the scope of the project primarily to Hudson
(1937), who set the standard for studies of limb musculature in birds, and
to papers published since Hudson. Descriptions of each of the 46 muscles
of the hindlimb were assessed, and from one to eight characters were
extracted for each muscle; these are discussed below. Some of these char-
acters could not be evaluated for all taxa or were difficult to interpret and
thus to code, and were not included in the final matrix although they are
described in the text. Therefore, there are many more characters de-
scribed than are actually numbered and incorporated into the final matrix.
It is hoped that additional study of these characters will elucidate patterns
of variation so that they may be incorporated into future analyses.

In addition, where information was lacking for Coraciiformes (Maurer
and Raikow, 1981), I added information from my own observations of
muscle variation in Merops and Eurystomus (McKitrick, ms.).

The resulting matrix included over 200 taxa and 66 characters, to which
I added one character (67: presence of feathers) to reflect monophyly of
birds, and another (68: “neognath monophyly”) to reflect monophyly of
the ingroup. Neognath monophyly is supported by eight osteological char-
acters (Cracraft, 1986); numerous molecular characters support this clade
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as well (Cracraft and Mindell, 1989). I reduced this to 103 taxa by eliminat-
ing redundant taxa or those differing from others only by autapomor-
phies. A list of the characters used is given in Appendix 1. The complete
matrix of taxa and characters is given in Appendix 2, with the 103 taxa
used in the analysis in boldface type.

PHYLOGENETIC ANALYSIS

Selecting an appropriate outgroup for this analysis is problematical. The
closest living relatives of birds are the crocodilians (Gauthier, 1986); if one
were to use crocodilians as the outgroup, and even if homologous struc-
tures in the hindlimb musculature could be consistently identified, such
an analysis might not be meaningful because crocodilians are rather dis-
tantly related to birds compared with non-avian dinosaurs (Gauthier,
1986). At present, however, the primary reason for not using a crocodilian
outgroup is the lack of comparative data on the limb muscles of crocodili-
ans; very little has been published other than the studies of Romer (1923)
and Rowe (1986) which dealt only with thigh muscles. Some work has been
done by Miiller as well (pers. comm.; see also Miiller, 1989). Despite these
difficulties, I use an outgroup based on crocodilians (see below).

In 1979, Baumel et al. published a comprehensive atlas of avian anatomi-
cal nomenclature. The nomenclature was updated to reflect uniquely avian
features; e.g. the name M. iliofibularis replaced M. biceps femoris because
the muscle in birds does not attach on the femur nor is it bicipital. This
effort skirted the issue of homology with anatomical features of other
tetrapods, and it would be difficult for someone using this nomenclature
to compare bird muscles with muscles of crocodilians. What is needed is a
thorough comparative study of the morphology and development of limb
muscles of crocodilians and birds. For the present, I use the nomenclature
from Baumel et al. (1979) and in the Results section (below) I also present
in parentheses the name in use prior to that publication if different from
that of Baumel et al. Where anything is known about homology with croco-
dilian muscles, I note this.

For the moment it is appropriate to seek an avian outgroup, but this is
also problematical due to the paucity of phylogenetic hypotheses that in-
clude all birds. Sibley et al. (1988) showed a group including paleognaths
(ostriches, rheas, cassowaries, emus, tinamous), gallinaceous birds (guans,
pheasants, quail), and anseriforms (geese, swans, ducks) as the sister group
to the remainder of birds. Cracraft’s (1981) classification differs from that
of Sibley et al. (1988); however, the information content of his classification
is limited because the largest subgroupings of Recent birds are Divisions,
of which there are nine. In the first Division of Recent birds Cracraft
includes loons, grebes, pelecaniforms, and procellariiforms (albatrosses,
shearwaters, petrels); paleognaths are included in a different Division and
anseriforms and gallinaceous birds in another. In the Peters’ Check-list
(Mayr and Cottrell, 1979), the first subdivision of Recent birds includes the



4 MCKITRICK

paleognaths. The first taxon of Recent birds in Wetmore’s (1960) classifica-
tion is the Superorder Impennes (penguins), followed by the Superorder
Neognathae. In the latter, the first taxa are the “paleognath” orders, fol-
lowed by loons, grebes, procellariiforms, and pelecaniforms. The first taxa
in Storer’s (1971) classification of Recent birds are also paleognaths.

The majority of these classifications concur in the placement of ratites
and tinamous at the beginning; therefore for purposes of this analysis I
will use paleognaths as the sister group to the remainder of birds. Mono-
phyly of paleognaths is supported by DNA hybridization (Sibley and
Ahlquist, 1985; Sibley et al., 1988), as well as osteological characters (Cra-
craft, 1986; Cracraft and Mindell, 1989).

Generally, it is not enough simply to have an ingroup and an outgroup.
Usually one selects a monophyletic ingroup and an outgroup that is closely
related to the ingroup (preferably the sister group). Within the ingroup is
a less inclusive group whose monophyly one wishes to test. The ingroup is
the smallest monophyletic group that includes this hypothesized mono-
phyletic group. For polarity determinations one therefore has two levels
at which to compare character states with those of the hypothesized mono-
phyletic group (i.e., two “outgroups”). In the present case, however, I wish
to assume as little phylogenetic structure as possible, because there is little
evidence on which to base such assumptions—i.e., few detailed phylo-
genetic hypotheses have been presented for birds that also include the
evidence on which the hypotheses are based. Therefore I am maintaining
one large ingroup (neognaths), whose monophyly is fairly well corrobo-
rated (character 67), and within which I assume no structure; one small
sister group (paleognaths); and a crocodilian outgroup (see below).

Characters in the ingroup were polarized with reference to the pale-
ognaths. The one paleognath taxon used in the analysis presented here is
Tinamus, which emerged as a primitive paleognath in preliminary analy-
ses. I also included in the analysis a semi-hypothetical, non-avian “ances-
tor” (listed as Ancestor in the matrix and figures) with most characters
coded as zero; this was treated as the outgroup. There were eight charac-
ters that were non-zero for Tinamus; four of these are coded as zero for
the hypothetical ancestor and four as missing. The justification for this is
as follows: Character state 1 for character 6 occurs only in tinamous (7i-
namus, Tinamotis, Crypturellus, Eudromia, Nothoprocta), and 0 is likely to be
the primitive condition. For Character 8 state 0 is the presence of a distal
head in M. femorotibialis externus; this seems to be the condition present
in crocodilians (Romer, 1923) and is therefore probably primitive for
birds. Characters 52, 53, 54, and 66 are coded as missing (?) for the hypo-
thetical ancestor because there are numerous states in birds and no par-
ticular justification is presently available for polarizing the states. Charac-
ter 67 represents avian monophyly, and is coded as 0 for the hypothetical
ancestor.

Some authors, principally Hudson et al. (1969), noted variation in a
number of hindlimb muscles. Usually I coded characters showing such
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variation based on the most common condition found; if no choice could
be made, I coded the character as polymorphic.

I coded all multi-state characters as unordered (characters 2, 3, 11, 15,
16, 21, 24, 30, 38, 40, 41, 43, 46, 52, 53, 55, 58, 63—66). In other words,
character transformations can take any sequence; for example with a 4-
state character the transformation to state 3 can be achieved by any of
several pathways, such as 0—1—-2—3, 0—3, etc. The other characters were
treated as ordered. All characters were given a weight of one. I analyzed
the data using the computer program PAUP 3.0q (Swofford, 1991), em-
ploying the heuristic branch-swapping routine with random addition and
tree bisection branch-swapping options. I enforced topological constraints
to ensure that the ingroup remained monophyletic, that Tinamus was the
sister group to the ingroup, and that Ancestor was the outgroup. The data
were analyzed on a Macintosh IIfx. Initially, I performed 10 replications
allowing 50 trees per replication in order to find the shortest tree; I then
used one of these shortest trees as a “seed” and allowed 6,000 trees to be
sought.

I also analyzed the data using Hennig86 (Farris, 1988), with the “Hen-
nig” and branch-breaking routines.

RESULTS
MuscLE AND CHARACTER DESCRIPTIONS

M. iliotibialis cranialis (ICR), origin (sartorius; evidently not differenti-
ated in crocodilians [see Romer, 1923:551]). The origin is from the syn-
sacrum and ilium in tinamous (Hudson et al., 1972); from the trunk verte-
brae and from the cranial half of the ventrolateral margin of the ilium in
Gavia immer (Wilcox, 1952); from the vertebrae and the ilium in cico-
niiforms (Vanden Berge, 1970), Grus americana (Fisher and Goodman,
1955), Corvus (Hudson, 1937), and Tyrannus (McKitrick, 1985b); and from
the last two trunk vertebrae in Old World suboscines (Raikow, 1987). It is
from the dorsal ridge of the synsacrum in Sula brewsteri (Hudson, 1937)
and in Colius (Berman and Raikow, 1982); from the cranial edge of the
ilium only, in Oxyurini and Anas (Raikow, 1970), Fregata magnificens, Pedio-
cetes phasianellus, Colinus virginianus and some Buteo and Falco; ventral edge
of ilium in Bubo virginianus and Otus asio; iliac crest in anhingas and cormo-
rants (Owre, 1967); ilium in cathartids (Fisher, 1946); by an aponeurosis
shared with M. latissimus dorsi caudalis from the last trunk vertebra and
the cranial 5 cm of the dorsal ridge of the synsacrum in Grus canadensis
(Berger, 1956b); from the synsacrum and the tendons of the M. spinalis
thoracis in Coua (Berger, 1953) and many other cuckoos; from the
craniodorsal end of the ilium in Tauraco leucotis (Berger, 1960); from the
thoracic vertebrae and the craniodorsal tip of the preacetabular ilium in
some but not all specimens of Diomedea immutabilis observed (origin is only




6 MCKITRICK

from thoracic vertebrae in D. nigripes), and in eight species of Puffinus, the
occurrence of this type of origin in procellariiforms is unclear from
Klemm'’s (1969) descriptions. The origin is from the thoracic vertebrae, the
cranial margin of the ilium, and the cranial part of the synsacrum in
hummingbirds (Zusi and Bentz, 1984), and from the thoracic vertebrae
and the synsacrum in Amazona albifrons (Berman, 1984).

M. iliotibialis cranialis, number of parts. Colius has no deep head (Ber-
man and Raikow, 1982). Old World suboscines have only one origin, from
the dorsal vertebrae, none from the ilium (Raikow, 1987). This character
is not explicitly discussed by most authors.

M. iliotibialis cranialis, insertion. Hudson (1937) noted that in Gavia
and Podiceps nigricollis the insertion is fleshy directly onto the tibiotarsus.

M. iliotibialis medialis (IM), presence (Character 1). This is present
only in Phoenicopterus, Phoenicoparrus (Vanden Berge, 1970; 1976), and
Cladorhynchus (Olson and Feduccia, 1980).

M. iliotibialis lateralis (IL) (Character 2: presence of pars preacetabu-
laris; Character 3: presence of pars acetabularis; Character 4: presence
of pars postacetabularis) (iliotibialis). Pars postacetabularis is absent in
penguins, but the acetabular and evidently the preacetabular portions are
present (Schreiweis, 1982). The postacetabular part is absent in Saguttarius,
Accipitridae, Pandion, and Falco (Hudson, 1948); Polihierax (Berger,
1956a); Podargus, Chaetura pelagica, Sula, Uria, Buteo, Bubo, Otus, Buceros
(see Gadow and Selenka, 1891:154; Hudson, 1937; Berger, 1956a; Hoff,
1966), and Tyrannus (McKitrick, 1985b); it is apparently absent in Anhinga
and Phalacrocorax (Owre, 1967 and fig. 28), in Lari and Alcae (Hudson et
al., 1969 and fig. 5), Diomedea immutabilis (Klemm, 1969, figs. 29 and 49),
and in all other procellariiforms except Oceanites (Klemm, 1969, fig. 49B).
Both the acetabular and the postacetabular parts are absent in Eugenes and
other hummingbirds (Zusi and Bentz, 1984), Pharomachrus mocino and Chlo-
roceryle americana (George and Berger, 1966), Colius (Berman and Raikow,
1982), and Amazona albifrons (Berman, 1984). The preacetabular and ace-
tabular parts are absent in Chordeiles minor (Hudson, 1937). The acetabular
part is absent in Podiceps (Hudson, 1937) and Old World suboscines except
Acanthisittidae (Raikow, 1987). The muscle is vestigial in Fregata magnifi-
cens, with fibers from only the acetabular part remaining (Hudson, 1937).
Among coraciiforms, the acetabular and postacetabular parts are absent
in Trogonidae, Todidae, Momotidae, Meropidae, Alcedinidae, and Eu-
rystomus, all others possess all three parts. In all Coracii except Eurystomus
the acetabular part is aponeurotic (Maurer and Raikow, 1981). In Ca-
primulgidae the preacetabular part is vestigial, the acetabular part present,
and the postacetabular part well developed (Hoff, 1966). The pre- and
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postacetabular parts are present in Colaptes and Picoides but the acetabular
part is aponeurotic (Hudson, 1937).

All parts are present in Apteryx australis mantelli (McGowan, 1979), tina-
mous (Hudson, 1972), Gavia immer (Hudson, 1937; Wilcox, 1952), Oxyur-
ini and Anas (Raikow, 1970), cathartids (Fisher, 1946), galliforms (Hudson
et al., 1959), Cladorhynchus (Olson and Feduccia, 1980), Fulica americana
(Rosser et al., 1982), Grus americana (Fisher and Goodman, 1955), G. ca-
nadensis (Berger, 1956b), Caprimulgidae (Hoff, 1966), Columba (George
and Berger, 1966), Totanus, Zenaida, and Corvus (Hudson, 1937). In most
ciconiiforms all three parts are present, except in Ciconiidae in which only
the preacetabular portion is present; the pre- and postacetabular parts are
present in flamingos, but the acetabular part is absent (Vanden Berge,

1970).

M. iliotibialis lateralis, number of heads. Hudson (1948) reported two
bellies in Sagittarius.

M. iliotrochantericus caudalis (ITCA), extent (Character 5) (homolo-
gous to crocodilian iliofemoralis, part [see Rowe, 1986]). In Daption capensis,
Fulmarus glacialis, Pachyptila forsteri, P. desolata, Adamastor cinereus, Procel-
laria aequinoctialis, and Puffinus, the origin on the ilium is considerably
reduced in extent; in the rest of procellariiforms the muscle appears typi-
cal of most other birds (Klemm, 1969, fig. 4).

M. iliotrochantericus cranialis (ITCR), presence (homologous to croco-
dilian pubo-ischio-femoralis internus pars dorsalis [see Rowe, 1986]). The mus-
cle has been found in all birds except Sula (Hudson, 1937).

M. iliotrochantericus cranialis, relationship to M. iliotrochantericus
caudalis (Character 6). The muscle is partially fused with M. ITCA (or
has failed to separate from it) in Pterodroma leucoptera, strongly so in tina-
mous (Hudson et al., 1972).

M. iliotrochantericus cranialis, miscellaneous. Klemm (1969) describes
other variations within procellariiforms, but from these and the illustra-
tions it does not appear that the variation is significant. McGowan (1979)
reported the muscle absent in one of two specimens of Apteryx australis
mantelli.

M. iliotrochantericus medius (ITM), presence (homologous to crocodil-
ian pubo-ischio-femoralis internus pars dorsalis [see Rowe, 1986; see M. iliotro-
chantericus cranialis, above]). The muscle is present in Apteryx (McGowan,
1979), tinamous (Hudson et al., 1972), procellariiforms (Klemm, 1969),
penguins (Schreiweis, 1982), Gavia immer (Wilcox, 1952), Struthio, Rhea,
Casuarius, and Podiceps (George and Berger, 1966); procellariiforms
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(Klemm, 1969), anhingas and cormorants (Owre, 1967), ciconiiforms (Van-
den Berge, 1970), cathartids (Fisher, 1946), falconiforms (Hudson, 1948),
Chauna, Galliformes (except Opisthocomus), Pediocetes, Colinus, Larus,
Zenaida, and Colaptes (Hudson, 1937); the three scolopacid species studied
by Fleming (1966), Fulica americana (Rosser et al., 1982) (although George
and Berger [1966] reported it absent in that species), Grus americana (Fisher
and Goodman, 1955), G. canadensis (Berger, 1956b), Amazona albifrons (Ber-
man, 1984), Colius (Berman and Raikow, 1982), Columba, Goura, Gallico-
lumba, Eugenes (but see below), Pharomachrus, Chloroceryle, Coracias, Upupa,
Aceros (Bucerotinae), and Indicator (George and Berger, 1966); and Corvus
(Hudson, 1937), and vestigial in Philepitia and Neodrepanis (Raikow, 1987).
The muscle was reported by Hudson (1937) to be absent in a number of
species, but Hudson contradicted himself in later publications. These er-
rors were perpetuated by George and Berger (1966), who listed some of
the same species as lacking the muscle, but without citing their source.
George and Berger also reported the muscle absent in Tauraco and Cuculi-
dae. The muscle is absent in Eulampis and other hummingbirds (Zusi and
Bentz, 1984) and in Eugenes (Cohn, 1968), contra George and Berger
(1966).

M. iliotrochantericus medius accessorius. This was present in some
specimens of Diomedea nigripes (Klemm, 1969).

Mm. iliotrochantericus cranialis and iliotrochantericus medius, fu-
sion. The two muscles are fused distally in Grus canadensis (Berger, 1956b),
and either closely associated or fused in Fulica americana (Rosser et al.,
1982). They are fused in anhingas and cormorants (Owre, 1967), Colius
(Berman and Raikow, 1982), and Oxyurini and Anas, except for some
specimens of Oxyura (Raikow, 1970). There is no fusion in Gavia immer
(Wilcox, 1952), cathartids (Fisher, 1946), Grus americana (Fisher and
Goodman, 1955), Amazona albifrons (Berman, 1984), or Corvus (Hudson,
1937). In hummingbirds M. ITM is absent (Zusi and Bentz, 1984), so
fusion of ITCR and ITM is moot. In Tinamus and Crypturellus the two are
completely fused, but they are distinct in Eudromia, Nothura, Nothoprocta,
and on one side of the one specimen of Tinamotis examined (Hudson et
al., 1972). The two are only partially separable in ciconiiforms (Vanden
Berge, 1970). In penguins the two muscles insert in common, except in
Eudyptula in which the insertions are separate (Schreiweis, 1982). Among
galliforms, the two muscles are independent in all forms examined by
Hudson et al. (1959) except Opisthocomus, in which they are fused.

The two muscles are separate, or fused only at insertion, in Sterco-
rariidae, Rissa, Sterna, some Uria, and Cepphus, and fused in Chlidonias,
Gelochelidon, Thalasseus, and most Alcae (Hudson et al., 1969).

The condition is not specified for Apteryx australis mantelli (McGowan,
1979).

In eurylaimids except Pseudocalyptomena the two muscles are separate
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with a common tendon of insertion; in Pseudocalyptomena the muscles are
separate to the point of insertion, where they fuse (Raikow, 1987). The
muscles are entirely separate in Acanthisitta, Xenicus, Pitta versicolor, and P.
brachyura, but the tendons are fused in P. erythrogaster. In Philepitia and
Neodrepanis M. I'TM is vestigial and fuses with the distal end of M. ITCR.

M. iliofemoralis externus (IFE), presence (Character 7) (gluteus medius
et minimus; homologous to crocodilian iliofemoralis [see Rowe, 1986; see
M. iliotrochantericus caudalis, above]). This is absent in Podiceps, Zenaida,
Coccyzus, Geococcyx, Chordeiles, Chaetura, Colaptes, and Picoides (Hudson,
1937); Columba, Goura, Gallicolumba, Didunculus, Cuculidae, Apus, Eugenes,
Pharomachrus, Chloroceryle, Momotus, Coracias, Eurystomus, Upupa, Aceros, and
Indicator (George and Berger, 1966); all caprimulgiforms (Hoff, 1966),
Eulampis and other hummingbirds (Zusi and Bentz, 1984; Cohn, 1968), all
Coraciiformes (including Trogoniformes) (Maurer and Raikow, 1981),
Corvus (Hudson, 1937), Tyrannus (Hudson, 1937; McKitrick, 1985b), and
Old World suboscines (Raikow, 1987). It is present in Apteryx australis man-
telli (McGowan, 1979), tinamous (Hudson et al., 1972), Gavia immer
(Wilcox, 1952) in which it is fused with M. ITCA (Hudson, 1937), anhingas
and cormorants (Owre, 1967), ciconiiforms (Vanden Berge, 1970), Oxyur-
ini and Anas (Raikow, 1970), Polikierax (Berger, 1956a), falconiforms
(Fisher, 1946; Hudson, 1948), galliforms (Hudson et al., 1959), Grus ameri-
cana and G. canadensis (Fisher and Goodman, 1955; Berger 1956b), Fulica
americana (Rosser et al., 1982), Sula, Fregata, Ardea, Chen, Butorides, Buiteo,
Falco, Pediocetes, Colinus, Fulica, Totanus, Larus, Uria, Otus, and Bubo
(Hudson, 1937); Lari and Alcae (Hudson et al., 1969), Tauraco (George
and Berger, 1966), Tryngites subruficollis, Limnodromus griseus and Gallinago
gallinago (Fleming, 1966, figs. 1-3); Colius (Berman and Raikow, 1982),
and Amazona albifrons (Berman, 1984). It is present, but small and weak,
in cathartids (Fisher, 1946).

This muscle was noted by George and Berger (1966) to be absent in
Spheniscus, but Schreiweis (1982) reported it to be present in penguins
(including Spheniscus) although weakly developed. The belly was separate
from ITCA in only one specimen (Megadyptes antipodes), but the insertions
were separate in all.

Klemm (1969) does not report the muscle as absent in any procel-
lariiform, but rather as fused with I'TCA in most taxa, with variation in
some taxa in the degree of fusion. In Diomedea and Pelecanoides the muscle
is partly fused with ITCA. It is present and reduced in Hydrobates. In most
other taxa the muscle is completely fused: Pterodroma, Halobaena, Pachyp-
tila, Adamastor, Procellaria, Puffinus, Oceanodroma.

The muscle is unusually large in Colius (Berman and Raikow, 1982).

M. femorotibialis externus (FTE), distal head (Character 8). This is
present in Apteryx australis mantelli (McGowan, 1979), ciconiiforms (Vanden
Berge, 1970), Lari and Alcae (Hudson et al., 1969), the three scolopacids
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studied by Fleming (1966), numerous gruiforms including Fulica americana
(Rosser et al., 1982), Grus americana and G. canadensis (Berger, 1956b; the
proximal head was described by Fisher and Goodman [1955] as M. vastus
lateralis, the distal head as M. femorotibialis externus); Columba, Goura
victoria, Gallicolumba luzonica, Coua caerulea, and Indicator variegatus (George
and Berger, 1966); Amazona albifrons (Berman, 1984), strigiforms and ca-
primulgiforms (Hoff, 1966), Colius (Berman and Raikow, 1982), wood-
peckers (Swierczewski and Raikow, 1981), Tyrannus (McKitrick, 1985b),
and Old World suboscines (Raikow, 1987). It is evidently present in procel-
lariiforms, in which Klemm (1969) referred to it as a “deep” part. It is not
mentioned for Gavia immer (Wilcox, 1952), cathartids (Fisher, 1946), cuck-
oos (Berger, 1952), nor hummingbirds (Zusi and Bentz, 1984), and is pre-
sumed absent. It is presumed absent in tinamous (Hudson et al., 1972),
anhingas and cormorants (Owre, 1967), and Oxyurini and Anas (Raikow,
1970). It is not mentioned by Maurer and Raikow (1981) for coraciiforms
and no inference can be made about its occurrence in that group; however
it is present in Eurystomus (McKitrick, ms.).

Schreiweis (1982) reported that in penguins the M. femorotibialis exter-
nus is very small, limited to the distal one-third of the femur; in Eudyptula
it is not evident, and it is absent or amorphous in Aptenodytes and Pygoscelis.
This is a non-standard interpretation. According to the illustrations, this
small FTE is actually the distal head of FTE, and what Schreiweis is calling
M. femorotibialis medialis is in fact the complex formed by the FTE proxi-
mal head and FTM. Hudson et al. (1959) made the same error; pars distalis
is present in all galliforms examined by them. Pars distalis is present (al-
though not so named) in Ardea, Fulica, Larus, Totanus, and Zenaida, and
absent in the other species examined by Hudson (1937).

In Sagittarius the FTE is a separate head; in cathartids and some other
falconiforms the muscle is fused with FTM (i.e., pars distalis is absent)
(Hudson, 1948).

Romer (1923:538) notes that in the Crocodylia, “an additional external
head is found.” It is not illustrated, but this could be homologous with the
distal head of FTE in birds.

M. femorotibialis medius (FTM). In tinamous FTM has a lateral and a
medial head (Hudson et al., 1972).

M. femorotibialis internus (FTI), longitudinal division (Character 9).
The muscle has a longitudinal division in Buteo (Hudson, 1937). In Fregata
the tendon of insertion bifurcates, with one part inserting with the patellar
tendon, the other on the tibia (Hudson, 1937).

Klemm (1969) described this muscle as having two parts in procel-
lariiforms, a main head and an accessory head, with the main head being
divided into proximal and distal parts. He reported the accessory head to
be absent in Hydrobates and in the Oceanitinae (see Klemm, 1969), and
perhaps in Pterodroma cooki. Hudson et al. (1972) reported that distally, the
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cranial and caudal edges of the belly were “more or less separate” in tina-
mous. The muscle has two heads, caput cranialis and caput caudalis, in
Fulica americana (Rosser et al., 1982). The two heads insert together. This
is also true of Aramus guarauna (Allen, 1962).

Raikow (1987) noted that whereas the muscle is not divisible in Old
World suboscines, the tendon is separable into superficial and deep layers.

M. iliofibularis (IF) (biceps femoris). There are two heads of origin in
Metallura, Thalurania, Calliphlox, and possibly Eulampis (Zusi and Bentz,
1984), and in Aceros undulatus and Ceratogymna elata (George and Berger,
1966). Beddard (1898) reported a separate slip of the tendon inserting on
the surface of M. gastrocnemius in Struthio, Anatidae, some Rallidae, and
Alcidae. He also reported three points of insertion in Podica. In some
Caprimulgiformes (Podargus and Batrachostomus) a small, fleshy slip arises
on the femoral shaft (Hoff, 1966 and fig. 8). Raikow (1987) noted two
heads present in Eurylaimus, Pseudocalyptomena, and “faintly” so in Cym-
birhynchus, but not in other Old World suboscines.

The IF is limited to the acetabular and postacetabular ilium in Gavia,
Podiceps nigricollis, Chen, Buteo, Falco, Coccyzus, Bubo, Otus, Colaptes, and
Picoides (Hudson, 1937).

M. iliofibularis, ansa iliofibularis. This has three arms in Gavia immer
(Wilcox, 1952), Fulica americana (Rosser et al., 1982), Colius (Berman and
Raikow, 1982), Amazona albifrons (Berman, 1984), hummingbirds (Zusi and
Bentz, 1984), all the species examined by Hudson (1937), and Old World
suboscines (Raikow, 1987). Beddard (1898) reported it to be absent in
Phaethon and some swifts. In Oceanitinae (Klemm, 1969:10) and Hydrobates
the biceps loop is formed of a single ligament open at the distal end (Char-
acter 10), rather than two arms (Klemm, 1969). There are two arms in Grus
americana, with the third being reduced to a vinculum passing to several
shank flexors (Fisher and Goodman, 1955). There appear to be three arms
in cathartids (Fisher, 1946), although this is not stated. The condition is
not noted for tinamous by Hudson et al. (1972).

M. iliofibularis, length of ansa iliofibularis (Character 11). In Gavia
tmmer and Podiceps nigricollis the arms are very long, because the muscle
inserts at about mid-shank. The arms are moderately long in penguins,
fide illustrations in Schreiweis (1982).

M. flexor cruris lateralis (FCRL) pars pelvica, origin (semitendinosus).
The origin is from the ischium as well as the ilium in Gavia, Podiceps
nigricollis, Sula, Chen, Uria, and Picoides (Hudson, 1937), and from the pubis
as well as the ilium in Grus americana (Fisher and Goodman, 1955), Chauna
(George and Berger, 1966), and cathartids (Fisher, 1946). It is from the
ilium and the first free caudal vertebrae in penguins (Schreiweis, 1982),
tinamous (Hudson et al., 1972), anhingas and cormorants (Owre, 1967),
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Oxyurini and Anas (Raikow, 1970), Colius (Berman and Raikow, 1982), and
Old World suboscines (Raikow, 1987). The origin is from the ilium alone
in ciconiiforms (Vanden Berge, 1970), Gavia, Podiceps, Opisthocomus, Grus,
Fulica, Goura, Tauraco, Geococcyx, Coua, and Aceros (George and Berger,
1966); and in Amazona albifrons (Berman, 1984), among others. It is from
the ilium and by fascia from the vertebrae in Corvus (Hudson, 1937).

M. flexor cruris lateralis pars accessoria, presence (Character 12). The
accessory part is present in Apteryx australis mantelli (McGowan, 1979), tina-
mous (Hudson et al., 1972), Struthionidae, Rheidae, Casuariidae, Dro-
miceiidae, Phaethon, Ardea, Butorides, Phoenicopterus, and Anhima cornuta
(George and Berger, 1966); cathartids (Fisher, 1946; Hudson, 1948), Sagit-
tarius (Hudson, 1948), galliforms (in which it is well developed; Hudson
et al., 1959), Turnicidae (George and Berger, 1966), Fulica americana (Ros-
ser et al., 1982), Grus americana (Fisher and Goodman, 1955), G. canadensis
(Berger, 1956b), Fulica, Otididae, Totanus, Larus, Columbidae, Psittacidae
(except see Beddard, 1898:261), and Cuculidae (Berger, 1952); Tauraco,
Steatornis, Chordeiles, Coliidae, Momotidae, Meropidae, Coracias, Upupa, Ac-
eros, Galbula, Indicator, Colaptes, Dryocopus, and Melanerpes (George and Ber-
ger, 1966); Amazona albifrons (Berman, 1966), Colius (Berman and Raikow,
1982), Corvus (Hudson, 1937), Tyrannus (Hudson, 1937; McKitrick, 1985b),
and Old World suboscines (Raikow, 1987). Among procellariiforms, it is
present in Oceanites oceanicus, Pelagodroma marina, Fregetta grallaria, Nesofre-
getta, and Garrodia and absent in all the others (Klemm, 1969). It is present
in the three scolopacid species studied by Fleming (1966).

The accessory part is absent in penguins (Schreiweis, 1982), Gavia immer
(Wilcox, 1952), Pelecanus and Chauna torquata (George and Berger, 1966),
anhingas and cormorants (Owre, 1967), accipitrids and falconids (Hudson,
1948), Oxyurini and Anas (Raikow, 1970), owls (Hoff, 1966), and in Podica,
Heliornis, Alca, Trogonidae, Chloroceryle, and Sphyrapicus (George and Ber-
ger, 1966). Hudson (1937) reported pars accessoria absent in Gavia, Po-
diceps nigricollis, Fregata, Sula, Chen, Uria, and Picoides. He reported both
parts present in Ardea, Butorides, Cathartes, Pediocetes, Colinus, Grus, Fulica,
and Zenaida. Maurer and Raikow (1981) reported pars accessoria present
in all coraciiforms except Trogonidae and Alcedinoidea (includes Merops);
however McKitrick (ms.) found FCRLA to be variably present in Merops.

The accessory part is present in all ciconiiforms examined by Vanden
Berge (1970), with the possible exception of Ciconiidae in which it is only
“suggested by a small bundle of fleshy fibers, closely grown together with
the P. med. M. gas., which fuse with the lateral surface of the distal end
of the Add. long. [= M. pubo-ischio-femoralis]. There is no insertion on
the femur in any [ciconiid] specimen I have examined” (p. 338).

Pars accessoria is present in all Lari but “greatly reduced” in most: “It is
best developed in Larus, terns and Rynchops;, apparently absent in some
Stercorariidae and Rissa” (Hudson et al., 1969:472). Pars accessoria is ab-
sent in all Alcae (Hudson et al., 1969). The latter authors note that in Lari
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there is a strong connection between FCRL and M. gastrocnemius pars
medialis; no such connection exists in Alcae. I therefore code this character
as 0 for all Lari but character 14 (see below) is coded as 1 (FCRL pars
accessoria reduced) for this group. FCRL pars accessoria is not completely
absent unless this connection is gone (pers. obs.).

M. flexor cruris lateralis pars pelvica, presence (Character 13). Both
parts of the muscle are reported absent in most procellariiforms (Klemm,
1969), Fregata, Buteo, Falco, Chaetura, Bubo, and Otus (Hudson, 1937); in all
falconiforms studied by Hudson (1948) except Sagittarius and cathartids,
and in hummingbirds (Zusi and Bentz, 1984). My own observations
(McKitrick, ms.) indicate that pars pelvica is present in Chaetura but is fused
with M. flexor cruris medialis. The combined muscle is very broad, and the
caudal fiber mass inserts on the tendon of origin about 4 mm distal to the
cranial mass. It is possible that the two muscles failed to divide in hum-
mingbirds as well: Zusi and Bentz (1984) report that the tendon of inser-
tion of FCRM is divided. Character 13 is coded as ? for hummingbirds.

M. flexor cruris lateralis pars accessoria, number of heads. According
to George and Berger (1966), Fisher and Goodman (1955) report that the
accessory part has two heads in Grus americana. From the description by
Fisher and Goodman (1955) it is not clear that they are not simply refer-
ring to the two points of insertion, i.e., in the popliteal region of the femur
and on M. gastrocnemius, as occurs in most other birds. They refer to
distal and proximal accessory heads (p. 83), but they do not illustrate them.
Berger (1956b) states that Grus canadensis has two distinct parts as well.
Fisher (1946) reports “two fairly distinct parts” in cathartids. In Amazona
albifrons, pars accessoria has one head and appears to be reduced distally
(Berman, 1984, fig. 3). In Colius it has one head and has an extensive
insertion on the femoral shaft (Berman and Raikow, 1982). It has one head
in Corvus (Hudson, 1937) and Old World suboscines (Raikow, 1987); the
condition is variable in Tyrannus (McKitrick, 1985b).

M. flexor cruris lateralis pars accessoria, development (Character 14).
In tinamous the muscle is very strongly developed, inserting on 46% of the
femur in Nothoprocta (Hudson et al., 1972). Pars accessoria is moderately
well developed in the three scolopacid species studied by Fleming (1966)
and in Old World suboscines (Raikow, 1987). It is reduced in Apteryx austra-
lis mantelli (McGowan, 1979), and greatly reduced in Ciconiidae so that no
fibers insert on the femoral shaft (Vanden Berge, 1970).

Pars accessoria is reduced in Alcae and in some Lari (Hudson et al.,
1969), Amazona (Berman, 1984, fig. 4), Steatornis and possibly other ca-
primulgiforms (Hoff, 1966), Eurystomus (McKitrick, ms.), and in some
specimens of Tyrannus (McKitrick, 1985b).
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Insertion of M. flexor cruris lateralis pars accessoria on M. gastrocne-
mius. In Cathartes and Gymnogyps FCRL pars accessoria (FCRLA) does not
insert on pars intermedia of M. gastrocnemius but rather on the common
tendon of pars medialis and pars lateralis. In Vultur there is no connection
between FCRLA and gastrocnemius (Fisher, 1946). In Grus americana the
insertion is on the common tendon of insertion of M. gastrocnemius
(Fisher and Goodman, 1955), but FCRLA does not insert on gastrocnemius
in G. canadensis (Berger, 1956b). In Fulica americana it inserts on M. gas-
trocnemius pars intermedia, as well as in the popliteal region of the femur
(Rosser et al., 1982). In tinamous (Hudson et al., 1972), Corvus (Hudson,
1937), and Tyrannus (McKitrick, 1985b) it has a strong connection with M.
gastrocnemius pars intermedia. Hudson (1937) noted that there was no
connection between FCRL and gastrocnemius in Gavia, Podiceps nigricollis,
Sula, Uria, Chen, and Picoides. In Old World suboscines there is partial
fusion in some species and in others only the tendon from FCRL attaches
to M. gastrocnemius (Raikow, 1987).

Insertion of M. flexor cruris lateralis on the tibiotarsus. In ciconiiforms
the tendon from the raphe to the tibiotarsus, when present, inserts with
the tendon of M. flexor cruris medialis. The raphe is present but weak in
Leucophoyx, Nycticorax, Mycteria, Leptoptilos, Phoenicopterus, and Phoenicopar-
rus, and somewhat stronger in Balaeniceps, Ciconia, Eudocimus, and Ajaia.
It is absent in Ardea, Butorides, Florida, Dichromanassa, Leucophoyx, Hy-
dranassa, Agamia, Nycticorax, Nyctanassa, Heterocnus, Ixobrychus, Botaurus,
Cochlearius, and Plegadis (Vanden Berge, 1970).

The insertion of M. flexor cruris lateralis pars pelvica is “very long and
slender” in Gavia immer and “somewhat similar” in Podiceps nigricollis, both
of which lack pars accessoria. In most birds this tendon is wider (Hudson,

1987).

M. caudofemoralis (CF), presence (Character 15) (piriformis pars
caudofemoralis). The muscle is reportedly absent in Sagittarius but present
in other falconiforms (Hudson, 1948), absent in Meleagris but present in
all other galliforms examined by Hudson et al. (1959), absent in Rhea,
Dromiceius, Cariama cristata, Chunga burmeisteri, Psophia, Otis, and Burhinus
(George and Berger, 1966); absent in Balearica (Beddard, 1898:367), and
absent in Steatornis (Hoff, 1966). It is present in Apteryx australis mantell:
(McGowan, 1979). It is present in most cathartids, but absent in Gymnogyps,
Sarcoramphus, and Vultur (Fisher, 1946). It is present in procellariiforms
(Klemm, 1969), penguins (Schreiweis, 1982), tinamous except Eudromia
(Hudson et al., 1972), Gavia immer (Wilcox, 1952), anhingas and cormo-
rants (Owre, 1967), Polihierax (Berger, 1956a), Oxyurini and Anas (Raikow,
1970), Fulica americana (Rosser et al., 1982), two out of three specimens of
Grus americana (Fisher and Goodman, 1955), three specimens of G. ca-
nadensis (Berger, 1956b), all Lari and Alcae (Hudson et al., 1969), the
three scolopacids studied by Fleming (1966), Columba (George and Berger,
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1966), owls and caprimulgiforms (except Steatornis, Hoff 1966), Amazona
albifrons (Berman, 1984), Colius (Berman and Raikow, 1982), Eurystomus
(McKitrick, ms.), hummingbirds (Zusi and Bentz, 1984), Corvus (Hudson,
1937), Tyrannus (Hudson, 1937; McKitrick, 1985b), and Old World subos-
cines (Raikow, 1987).

Hudson (1937) reported that caudofemoralis is present in all the forms
he examined except for Podiceps nigricollis. It was therefore present in
Gavia, Chen, Pediocetes, Colinus, Grus, Fulica, Uria, Zenaida, Fregata, Sula,
Ardea, Cathartes, Buteo, Falco, Totanus, Larus, Bubo, Otus, Coccyzus, Chordeiles,
Chaetura, Colaptes, and Picoides. He noted that the muscle was very weakly
developed in Fregata, Ardea, Grus, Larus (not so noted by Hudson et al.,
1969, and not so coded here), Bubo and Otus. It is present in the cuckoos
studied by Berger (1952), weakly so in Geococcyx.

Within ciconiiforms, caudofemoralis is absent in Nyctanassa, Heterocnus,
Cochlearius, Leptoptilos, Phoenicopterus, Phoenicoparrus, and one of two legs
of Agamia, it i1s present in Mycteria, Ciconia, Butorides, Dichromanassa, Hy-
dranassa, and one leg of Agamia (Vanden Berge, 1970). Vanden Berge
(1970) did not give a complete list of the species in which the muscle was
present or absent, but in his Table 4 (p. 357) he noted the muscle was
present in nine genera of Ardeidae and absent in three genera; it was
present in Balaenicipitidae, present in two genera of Ciconiidae and absent
in one genus, present in Threskiornithidae and absent in Phoenicopteri-
dae. He noted that when present the muscle was fairly weak.

M. caudofemoralis, width. The muscle is fairly broad in Tryngites
subruficollis and Limnodromus griseus, and considerably narrower in Capella
(= Gallinago), 2 mm at the widest; the origin is also weak in Gallinago (see
figs. 1 and 2 in Fleming, 1966).

M. caudofemoralis, insertion. In Fregata, Sula, and Chaetura the inser-
tion is long and slender.

M. caudofemoralis, relationship to M. ischiofemoralis. Owre (1967)
noted that Wilcox (1952) described a fusion of the tendons of insertion of
M. caudofemoralis and M. flexor ischiofemoralis (= M. ischiofemoralis).
This is erroneous; Wilcox (1952) reported fusion of M. caudofemoralis
and M. iliofemoralis, not ischiofemoralis.

M. iliofemoralis (ILF), presence (Character 16) (piriformis pars ilio-
femoralis). The muscle is present in Apteryx australis mantelli (McGowan,
1979). It is present in penguins (Schreiweis, 1982), and well developed in
tinamous (Hudson et al., 1972) and in Gavia immer (Wilcox, 1952). It is
present in Sagittarius but absent in other falconiforms (Hudson, 1948). The
muscle is reportedly present in Struthionidae, Rheidae, Casuariidae, Dro-
miceiidae, Tinamidae, Gaviidae, Podicipedidae (but see Hudson, 1937)
(George and Berger, 1966); most procellariiforms (Klemm, 1969); variably




16 MCKITRICK

present in Phalacrocorax and present in some Anhimidae (George and Ber-
ger, 1966), in Oxyurini and Anas (Raikow, 1970), Chen and Zenaida
(Hudson, 1937), galliforms (Hudson et al., 1959), Fulica americana (Rosser
et al., 1982), Grus americana (Fisher and Goodman, 1955), G. canadensis
(Berger, 1956b), some Charadriiformes (Jacanidae, Haematopodidae, Re-
curvirostridae, Dromadidae, Glareolidae, Thinocoridae, Chionididae,
some terns, Rynchopidae, Uria), Pteroclidae, Columbidae (not Lopho-
laemus—Beddard, 1898:310), Tauraco leucotis, (George and Berger, 1966);
and in Geococcyx and Crotophaga (Berger, 1952). It was present in one of
four specimens of Anhinga but not in cormorants (Owre, 1967). Among the
ciconiiforms examined by Vanden Berge (1970), the muscle is present only
in Threskiornithidae and Phoenicopteridae; it is absent in Ardeidae, Cico-
niidae, and Balaenicipitidae. Hudson (1937) reported it absent in Fregata,
Sula, Ardea, Cathartes, Buteo, Falco, Totanus, Larus, Bubo, Otus, Coccyzus, Chor-
deiles, Chaetura, Colaptes, and Picoides.

It is absent in Phaethon and Pelecanus (George and Berger, 1966), cathar-
tids (Fisher, 1946), Polihierax (Berger, 1956a), Turnix and Grus leucogeranus
(George and Berger, 1966), Balearica regulorum (Beddard, 1898:367), the
three scolopacids studied by Fleming (1966), owls and caprimulgiforms
(Hoff, 1966), Eurystomus (McKitrick, ms.), and in Totanus, Stercorarius,
Larus, parrots, Chordeiles minor, Chaetura pelagica, Eugenes fulgens, Colius
striatus, Pharomachrus mocino, Chloroceryle americana, Coracias abyssinica,
Upupa epops, Aceros undulatus, Indicator variegatus, and woodpeckers
(George and Berger, 1966). It is absent in Amazona albifrons (Berman,
1984), Colius (Berman and Raikow, 1982), Corvus (Hudson, 1937), Tyrannus
(Hudson, 1937; McKitrick, 1985b), and Old World suboscines (Raikow,
1987). It was not mentioned for hummingbirds by Zusi and Bentz (1984),
and is presumed absent.

Among Lari and Alcae, iliofemoralis is present in all Sterninae, Ura,
Cepphus, Brachyramphus, and Synthliboramphus, it is variable in Stercorarius,
Larus, Rynchops, and Alca and very weak or vestigial in those individuals
possessing it; it is absent in Catharacta, Rissa, Ptychoramphus, Cerorhinca,
Fratercula, and Lunda (Hudson et al., 1969).

Presence and absence of Mm. caudofemoralis and iliofemoralis is variable
in cuckoos, with some genera having formula AB and some A (Berger, 1960).

M. iliofemoralis, origin. The origin is from the ilium in most birds in
which the muscle is present, including Apteryx australis mantelli (McGowan,
1979), tinamous (Hudson et al., 1972), Gavia immer (Wilcox, 1952), thres-
kiornithids and phoenicopterids (Vanden Berge, 1970), Grus americana
(Fisher and Goodman, 1955), and G. canadensis (Berger, 1956b), but is
limited to the ischium in Uria. It arises from the pelvis where the ilium and
ischium fuse in Oxyurini and Anas (Raikow, 1970).

The origin varies in penguins in being fleshy in Spheniscus, mostly so in
Aptenodytes, primarily tendinous in Eudyptes, and entirely so in Pygoscelis,
Eudyptula, and Megadyptes (Schreiweis, 1982).
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M. iliofemoralis, size relative to M. caudofemoralis. The muscle is bulk-
ier than M. caudofemoralis in most birds (George and Berger, 1966), but
is a thin sheet in Crax, Grus, and Goura. Fisher and Goodman (1955) re-
ported that it is “by far the larger” of the two in Grus americana, however

(p. 85).

M. iliofemoralis, insertion relative to M. caudofemoralis. M. ilio-
femoralis is separate from M. caudofemoralis for most of its length in
Pachyptila (both species) and in Halobaena, but the two muscles insert to-
gether. In Puffinus carneipes M. iliofemoralis is completely separate from
M. caudofemoralis. The insertions are separate in Grus americana (Fisher
and Goodman, 1955) and G. canadensis (Berger, 1956b). The two are fused
in Gavia immer (Wilcox, 1952). In threskiornithids and phoenicopterids the
two insert together (Vanden Berge, 1970).

M. iliofemoralis, number of heads. In tinamous there is a small cranial
head in addition to the main belly (Hudson et al., 1972).

M. ischiofemoralis (ISF). It arises by two heads in Colius (Berman and
Raikow, 1982), but only one in Amazona albifrons (Berman, 1984) and prob-
ably most birds.

M. flexor cruris medialis (FCRM), number of parts (Character 17)
(semimembranosus). This muscle has “two distinct parts which originate
and insert together” in Falco (Hudson, 1937). There are two such parts in
Polihierax semitorquatus also, but they originate and insert independently
(Berger, 1956a).

The muscle is very wide in Phoenicopteridae; in Ardeidae it is narrow
and arises primarily from the ischium rather than the pubis (Vanden
Berge, 1970).

FCRM is absent in Podiceps nigricollis, and weakly developed in Sula and
Colinus (Hudson, 1937).

M. flexor cruris medialis tendon, fusion with tendon of M. flexor cru-
ris lateralis (Character 18). In most birds the tendons of insertion of these
two muscles are connected distally and may insert together, as in tinamous
(Hudson et al.. 1972), penguins (Schreiweis, 1982), Gavia immer (Wilcox,
1952), ciconiiforms (Vanden Berge, 1970), cathartids (Fisher, 1946), falcon-
iforms (Hudson, 1937; 1948), Oxyurini and Anas (Raikow, 1970), galli-
forms (Hudson et al., 1959), Grus americana (Fisher and Goodman, 1955),
G. canadensis (Berger, 1956b), Fulica americana (Rosser et al., 1982), Lari
and Alcae (Hudson et al., 1969), Columba (George and Berger, 1966),
Corvus (Hudson, 1937), and Old World suboscines except some species of
Pitta (Raikow, 1987). They are independent in Aegotheles insignis and Chor-
detles (Hoff, 1966), in Tauraco leucotis and Coccyzus erythrophthalmus (George
and Berger, 1966), and in Geococcyx and Crotophaga (Berger, 1952). The
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tendons of Mm. flexor cruris lateralis and flexor cruris medialis are fused
distally for a common insertion in most procellariiforms; in all Puffinus
except griseus the two tendons are separate (Klemm, 1969). In anhingas the
two insertions are separate; in cormorants the two muscles insert in com-
mon (Owre, 1967). Within caprimulgiforms the tendons insert together in
Steatornis, Nyctidromus, Phalaenoptilus, and Caprimulgus; they are separate
in Aegotheles and Chordeiles (Hoff, 1966). They are separate in Colius (Ber-
man and Raikow, 1982). In Amazona albifrons FCRM has its own tendon of
insertion; FCRL pars pelvica inserts by tendinous fibers on the surface of
FCRM (Berman, 1984). The tendons are independent in Podiceps nigricollis
and Picoides; in the other species examined by Hudson (1937) they insert
together. The condition was not mentioned for Apteryx australis mantell:
(McGowan, 1979), nor for coraciiforms (Maurer and Raikow, 1981), but
the tendons insert together in Eurystomus (McKitrick, ms.).

M. pubo-ischio-femoralis (PIF) (adductor longus et brevis; probably
homologous with adductor femoris in crocodilians; see Romer [1923]). This
is apparently a single muscle mass in Gavia immer (Hudson, 1937; Wilcox,
1952), falconiforms (Hudson, 1948), Larus, Uria, Zenaida, Chaetura, Co-
laptes, and Picoides (Hudson, 1937); and Goura, Gallicolumba, Eugenes, and
Chloroceryle (George and Berger, 1966). The descriptions of hummingbirds
by Zusi and Bentz (1984) agree with those of George and Berger (1966),
except that the former authors note that there are two insertions. In most
other birds the muscle is divided into a superficial and a deep part or, in
passerines, a cranial and a caudal portion. Pars externa generally inserts
on a fraction of the femoral shaft (e.g., distal one-fifth in Anas, distal
one-half in Goura, distal two-thirds in Crotophaga, distal two-thirds to three-
fourths in Grus), but it inserts on almost the entire length in Uria. Usually
pars externa is larger than interna, but it is smaller in Fregata, Pediocetes,
and Tympanuchus, among others. In Oxyura and Biziura, but not Heteronetta
and Anas, pars interna is considerably expanded as well, with its origin
extending far caudad on the pubis (Raikow, 1970). In Aceros pars interna
has two to three points of insertion.

This muscle is partially separable into deep and superficial layers in
Apteryx australis mantelli (McGowan, 1979) and in Diomedea immutabilis, and
mostly or completely so in D. nigripes; in Puffinus it is slightly separable; it
is not separable in Pterodroma and Bulweria (Klemm, 1969). This varies in
tinamous as well; the division is “slight to none” in Nothura and Nothoprocta,
limited to the distal portion in Tinamotis, and limited to the proximal por-
tion in others (Hudson et al., 1972).

Both parts are present and separable in the three scolopacid species
studied by Fleming (1966), and in anhingas and cormorants (Owre, 1967)
and Fulica americana (Rosser et al., 1982).

In Amazona albifrons (Berman, 1984) the two parts (lateral and medial)
are fused at the origin but otherwise separable and distinct.
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In Colius, this muscle has three bellies including a pars accessoria (Ber-
man and Raikow, 1982); this is not known to occur in other birds.

In Ardeidae and Balaeniceps and evidently Phoenicopteridae the two
parts are mostly separate (Vanden Berge, 1970). In ciconiids and thres-
kiornithids the parts are mostly fused proximally. In penguins the muscle
is separable into a lateral and medial part (Schreiweis, 1982).

Among Lari and Alcae (Hudson et al., 1969), the muscle is separable
into two parts cranially but fused caudally in Stercorarius, Larinae, Thalas-
seus, Rynchops, Alca (one of six legs), Uria, and Cepphus columba (two of four
legs); it is divided all the way in Cepphus columba (one of four legs) and
Synthliboramphus (two of three legs), and undivided in the remainder of the
group, except possibly terns in which a vague cranial division is suggested.

M. pubo-ischio-femoralis, division into pars cranialis and pars
caudalis (Character 19). A cranio-caudal division, rather than a latero-
medial division, is present in Corvus (Hudson, 1937), Tyrannus (Hudson,
1937; McKitrick, 1985b), and Old World suboscines (Raikow, 1987).

M. pubo-ischio-femoralis, muscular slip (Character 20). A small muscu-
lar slip arising from one or both parts and attaching to the femur is present
in Diomedea, Pterodroma, and all Oceanitinae.

M. pubo-ischio-femoralis, origin of pars superficialis. Among the Hy-
drobatidae, the origin of pars superficialis is considerably reduced in
Oceanites, Pelagodroma, Fregetta, Nesofregetta, and Oceanodroma, but not in
Hydrobates or Halocyptena. It arises on the ischium in ciconiiforms, and
there is no origin from the pubis (Vanden Berge, 1970). It arises from the
pubis in the three scolopacid species studied by Fleming (1966).

M. pubo-ischio-femoralis pars profundus, aponeurosis. In Grus ameri-
cana and G. canadensis pars profundus is covered on its medial surface with
a dense aponeurosis (Fisher and Goodman, 1955). Berger (1956b) did not
find such an aponeurosis in his three specimens of G. canadensis. An apo-
neurosis is present also in ciconiiforms (Vanden Berge, 1970).

M. pubo-ischio-femoralis pars profundus, division (Character 21). In
some cathartids this is divided proximally into two parts (Fisher, 1946). A
partial division occurs in Nycticorax and most other Ciconiiformes; the divi-
sion is strong in Ardeidae and Balaeniceps (Vanden Berge, 1970). A division
occurs in Bucorvinae and Bucerotinae (Maurer and Raikow, 1981).

M. pubo-ischio-femoralis, insertion. In Uria the insertion is on the cau-
dal surface of nearly the whole length of the femoral shaft. In Gavia immer
the insertion is by a narrow tendon and is limited to the medial condyle.
It is one-half to three-fifths the length of the femur in Fulica americana
(Rosser et al., 1982).
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M. pubo-ischio-femoralis, relation to gastrocnemius. In the forms ex-
amined by Hudson (1937), pars interna was fused with M. gastrocnemius
pars intermedia in all except Coccyzus and Chordeiles, in which there was
“little or no connection” (p. 29). In passerines, it is pars caudalis that
connects with M. gastrocnemius (Hudson, 1937; McKitrick, 1985b;
Raikow, 1987).

M. pubo-ischio-femoralis, passage of femoral vein. The femoral vein
passes through the insertion of the muscle in auks except Alca and possibly
Synthliboramphus, but not in Lari except for Gelochelidon and Rynchops (one
of seven legs) (Hudson et al., 1969).

M. obturatorius lateralis (OL), number of heads (obturator externus).
The muscle has one head of origin in Apteryx australis mantelli (McGowan,
1979), tinamous (Hudson et al., 1972), Gavia immer (Wilcox, 1952), Anat-
idae, Columba, Goura, Gallicolumba, Tauraco, Eugenes, Upupa, Aceros, and
Indicator (George and Berger, 1966); Lari and Alcae (Hudson et al., 1969—
a contradiction of Hudson, 1937), and, apparently, Pandion (Hudson,
1948). In galliforms there is one head except in Gennaeus, Pavo, and Mele-
agris; in these there are two slips each inserting separately (Hudson, 1959).
Zusi and Bentz (1984) found only the ventral head in Eulampis (they evi-
dently did not study it in other species), as did Berman (1984) in Amazona
albifrons and Berman and Raikow (1982) in Colius. It appears to have one
head in penguins (see fig. 12 in Schreiweis, 1982). It has two independent
(dorsal and ventral) heads in Fulica americana (Rosser et al., 1982), and in
Pharomachrus, Chloroceryle, and Coracias (George and Berger, 1966).
Hudson (1937) reported two heads for Grus canadensis, but Fisher and
Goodman (1955) stated (p. 90) that this was only a superficial separation
in G. canadensis as well as G. americana; this was confirmed by Berger
(1956b) for G. canadensis. Fisher and Goodman (1955) noted that the de-
scription was the same as for vultures described by Fisher (1946); however
the latter author does report two distinct parts externally. Two distinct
parts were reported for Fulica, Larus, Uria, Corvus, and Tyrannus (Hudson,
1937) and Old World suboscines except Cymbirhynchus, Serilophus, Philepitta,
Neodrepanis and Pitta, in which pars dorsalis is absent (Raikow, 1987) (Char-
acter 22). Variation in this muscle in procellariiforms was not interpretable
by Klemm (1969).

In anhingas and cormorants the tendon of M. obturatorius medialis
separates this muscle into ventral and dorsal bellies (Owre, 1967).

M. obturatorius medialis (OM), number of heads (Character 23) (obtu-
rator internus). In most birds this muscle has one head; there are two
heads in Fulica, Porzana, and Colinus (Hudson, 1937) and in galliforms
except Opisthocomus (Hudson et al., 1959:13—14 and fig. 6); there are two
heads in Tauraco, Coua, Geococcyx, Coccyzus, and Coccyx (George and Berger,
1966; Berger, 1952). Hudson (1937) noted that Fulica and Porzana differ
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from Colinus in that the two parts are more or less separate muscles with
separate tendons of insertion.

M. obturatorius medialis, number of tendons of insertion (Character
24). Hudson (1937) reported two tendons of insertion in Fulica and Porzana,
but Rosser et al. (1982) reported three tendons of insertion for Fulica
americana. There are two tendons of insertion in some cathartids (Fisher,
1946), and three tendons in Coua, Geococcyx, Crotophaga, Coccyzus, and Coccyx
(Berger, 1952; 1953). These fuse to form a single point of insertion. The
muscle is unremarkable in Apteryx australis mantelli (McGowan, 1979), pro-
cellariiforms (Klemm, 1969), Amazona albifrons (Berman, 1984), Oxyurini
and Anas (Raikow, 1970), hummingbirds (Zusi and Bentz, 1984), and pas-
serines (Hudson, 1937; McKitrick, 1985b; Raikow, 1987).

M. obturatorius medialis enlarged in width (Character 25). In Colius
(Berman and Raikow, 1982) and in ardeids including Nycticorax the muscle
is enlarged in width; in Balaeniceps, Ciconiidae, Threskiornithidae, and
Phoenicopteridae it is confined to the interosseal space (Vanden Berge,
1970).

Mm. obturatorius medialis and obturatorius lateralis, independence
(Character 26). Whereas in most birds the insertion of obturatorius me-
dialis is connected with M. obturatorius lateralis, the two are independent
in cathartids (Fisher, 1946) and apparently so in falconiforms (Hudson,
1948) and Oxyurini and Anas (Raikow, 1970), independent in Totanus
(Hudson, 1937), Fulica (Rosser et al., 1982), Amazona (Berman, 1984),
Colius (Berman and Raikow, 1982), hummingbirds (Zusi and Bentz, 1984),
Old World suboscines (Raikow, 1987), Tyrannus (McKitrick, 1985b), and
Corvus (Hudson, 1937). They are independent in Lari, but somewhat fused
in some Alcae, particularly Uria and Brachyramphus. In ciconiiforms this
muscle is evidently fused with M. obturatorius medialis, except in Ardeidae
(Vanden Berge, 1970).

M. iliofemoralis internus (IFI), presence (Character 27) (iliacus). This
muscle is present in Apteryx australis mantelli (McGowan, 1979), tinamous
(Hudson et al, 1972), procellariiforms (Klemm, 1969), penguins
(Schreiweis, 1982), Gavia immer (Wilcox, 1952), Oxyurini and Anas (Raikow,
1970), galliforms (Hudson et al., 1959), ciconiiforms (Vanden Berge,
1970), vultures (Fisher, 1946), falconiforms (Hudson, 1948), Fulica ameri-
cana (Rosser et al., 1982), Grus americana (Fisher and Goodman, 1955), G.
canadensis (Berger, 1956b), Lari and Alcae (Hudson et al., 1969), Amazona
albifrons (Berman, 1984), and Colius (Berman and Raikow, 1982). It is very
small in anhingas and cormorants (Owre, 1967). Hudson (1937:14) re-
ported that this muscle is present in “all the forms examined,” and that it
was particularly weak in Dryobates (= Picoides). It is present in Old World
suboscines (Raikow, 1987) and Tyrannus (McKitrick, 1985b).
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The muscle is absent in Tauraco leucotis, Coua, Carpococcyx, Centropus,
Chrysococeyx, Cuculus, Upupa epops, Indicator variegatus, and Eugenes fulgens
(George and Berger, 1966). Zusi and Bentz (1984) reported it absent in
hummingbirds.

M. iliofemoralis internus, development (Character 28). Hudson (1937)
noted that iliofemoralis internus was unusually short and broad in Podiceps
nigricollis and Gavia immer, and strongly developed in Fulica and Chordeiles.
Hoff (1966) reported it to be “short and stout” in Nyctibius and Cap-
rimulgidae.

M. ambiens (AM), presence (Character 29). The muscle is present in
Apteryx australis mantelli (McGowan, 1979), tinamous (Hudson et al., 1972),
procellariiforms (except Fregetta, Nesofregetta, and Pelecanoides; Klemm,
1969), Gavia immer (Hudson, 1937; Wilcox, 1952), Struthio, Rhea, Casuarius,
Apteryx, Sula, Phalacrocorax, Anhinga, Fregata, and Anhimidae (George and
Berger, 1966); Oxyurini and Anas (Raikow, 1970), galliforms (Hudson et
al., 1959), cathartids (Fisher, 1946), falconiforms (Hudson, 1948), Polih:-
erax (Berger, 1956a), Buteo, Falco, Chen, Pediocetes, Colinus, Totanus, Larus,
Uria, and Zenaida (Hudson, 1937); Fulica americana (Hudson, 1937; Rosser
et al., 1982), Grus americana and G. canadensis (Fisher and Goodman, 1955;
Berger, 1956b), Charadriiformes (except Rynchops and Cerorhinca), Ptero-
clidae, most columbids, some psittacids, Musophagidae, and Cuculidae
(George and Berger, 1966). It is present in the three scolopacid species
studied by Fleming (1966) and in anhingas and cormorants (Owre, 1967).
It is present and large in penguins (Schreiweis, 1982). It is absent in Dro-
micetus, Podiceps, Pelecanidae, Rynchops, most alcids, some columbids
(Goura, Treron, Geopelia), most psittacids, Coliiformes, Trogoniformes, Co-
raciiformes, Piciformes, and Passeriformes, and questionable in Phaethon
and Scopidae (George and Berger, 1966); absent in Podiceps nigricollis,
Ardea, Butorides, Bubo, Otus, Chordeiles, Chaetura, Colaptes, Picoides, and
Corvus (Hudson, 1937); absent in Tyrannus (Hudson, 1937; McKitrick,
1985b) and Old World suboscines (Raikow, 1987). Maurer and Raikow
(1981) confirmed that it is absent in all Coraciiformes they examined (in-
cluding Trogoniformes). It is absent in Amazona albifrons (Berman, 1984),
owls and caprimulgiforms (Hoff, 1966). Zusi and Bentz (1984) do not
mention it for hummingbirds nor Berman and Raikow (1982) for Colius;
it is presumed absent in these species.

In Ciconiiformes, M. ambiens is present in Mycteria, Ciconia, Leptoptilos,
Eudocimus, Plegadis, Ajaia, and Phoenicopterus, it is absent in Ardea, Butorides,
Leucophoyx, Nycticorax, Ixobrychus, Botaurus, Agamia, Heterocnus, Cochlearius,
and Balaeniceps (Vanden Berge, 1970). The muscle is present in Lari except
Chlidonias (1 specimen), Sterna albifrons, and Rynchops. It is well developed
in Stercorariidae and Larinae, less so in Sterninae. It is absent in Alcae
except Cerorhinca, Fratercula, and Lunda (Hudson et al., 1969). Hudson et
al. (1969) note that they found no trace of the muscle in any specimen of
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Uria, although Hudson (1937) had found a minute ambiens in one speci-
men of Uria aalge.

M. ambiens, origin (Character 30). This muscle arises from the pectineal
process in many birds, e.g., in Apleryx australis mantelli (McGowan, 1979),
and anhingas and cormorants (Owre, 1967). In penguins (Schreiweis,
1982), procellariiforms (Klemm, 1969), Chen (Hudson, 1937), and Gavia
immer (Wilcox, 1952) the origin extends to the pubis. In Oxyurini and
Anas, the origin is by two heads, one from the pectineal process and one
from the pubis (Raikow, 1970). There are two heads in Fulica americana as
well, a cranial and a caudal one that fuse distally (Rosser et al., 1982).

M. ambiens, tendon of insertion. In most birds in which the ambiens is
present, the tendon gives rise to one or more of the digital flexors, e.g., in
Apteryx australis mantelli (McGowan, 1979), Gavia immer (Wilcox, 1952),
anhingas and cormorants (Owre, 1967), Oxyurini and Anas (Raikow, 1970),
cathartids (Fisher, 1946), Grus americana (Fisher and Goodman, 1955), and
G. canadensis (Berger, 1956b); this is not the case in Opisthocomus (Hudson
et al., 1959), Rhea (variable), Casuarius, Uria, Strigops, Burhinus, Phaethon,
and some procellariiforms (George and Berger, 1966).

M. ambiens, insertion. In most procellariiforms, the tendon of insertion
passes down the lateral surface of the tibiotarsus, but in Oceanites and
Pelagodroma the tendon ends on the tibial crest (Klemm, 1969). In one Grus
americana the tendon gave off a branch to the tibiotarsus (Fisher and
Goodman, 1955).

M. ambiens, relation to M. iliofibularis. In Polihierax the tendon passes
medial to the insertion of M. IF (Berger, 1956a); Hudson (1937) noted
that in Falco the tendon passes lateral to the insertion of IF. He remarked
(1948) that this was apparently unique among birds.

M. ambiens, relation to M. iliotibialis lateralis. Hudson (1937) noted
that the ambiens passes lateral to the insertion of M. IL in Gavia.

M. ambiens, longitudinal division (Character 31). The muscle is divided
into two parts longitudinally in Anas and Oxyurini (Raikow, 1970), and in
Fulica and Porzana carolina (Hudson, 1937).

M. ambiens, length. Hudson (1937) noted that the muscle is very short
and broad in Colinus, and passes only halfway down the thigh.

M. gastrocnemius pars lateralis (G), origin (pars externa). In most
birds, pars lateralis arises from a tubercle at the distal end of the femur;
in Gavia it arises from the femoral shaft (Hudson, 1937; Wilcox, 1952).
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M. gastrocnemius pars lateralis, number of heads (Character 32). Pars
lateralis has a medial head in Halobaena, Pachyptila forsteri, P. desolata, all
Hydrobatidae, Pterodroma, Bulweria (variable), Diomedea immutabilis and D.
nigripes (variable and vestigial in both), and Oceanitinae (Klemm, 1969).

Pars lateralis has an extra head arising tendinously in the intercondylar
region in Larus (19 legs, six species), Chlidonias (one leg), Gelochelidon, Sterna
(12 legs), Thalasseus, and Rynchops (two legs?); this is absent in the Sterco-
rariidae, Larus (five legs), Rissa (two legs, and possibly a third), Chlidonias
(five legs), Sterna (three legs), Rynchops (six legs), and Alcae (Hudson et al.,
1969). Pars lateralis is double in cuckoos.

M. gastrocnemius pars intermedia, accessory head (pars media) An
accessory head is present in Grus canadensis (Berger, 1956b) and Aceros
undulatus (George and Berger, 1966). Pars intermedia is present in Dap-
tion, Fulmarus, Adamastor, Procellaria, and Puffinus griseus. Possible vestiges
of pars intermedia are present in Pelecanoides garnoti (uncertain in P. exsul
and in non-griseus Puffinus) and some specimens of Bulweria and Diomedea.
Rosser et al. (1982) questioned whether pars intermedia was really absent
in some procellariiforms or whether the supposed distal head of FCRLA
might not be M. G pars intermedia. Heteronetta lacked pars intermedia
(Raikow, 1970). The muscle is present in cathartids (Fisher, 1946), and
Hudson (1948) noted that it was double in Cathartes. The muscle is present
in Amazona albifrons (Berman, 1984). It is present in all the forms examined
by Hudson (1937). In Gavia immer the origin is from the distal half of the
femur (Hudson, 1937).

M. gastrocnemius pars medialis, patellar band (Character 33) (pars
interna). A patellar band of fibers occurs as part of pars medialis in Apteryx
australis mantelli (McGowan, 1979), tinamous (Hudson et al., 1972), procel-
lariiforms (Klemm, 1969), anhingas and cormorants evidently (see Owre,
1967), ciconiiforms (Vanden Berge, 1970); Oxyura and Biziura (but not
Heteroneita or Anas) (Raikow, 1970), cathartids (Fisher, 1946; Hudson,
1948), Sagittarius (Hudson, 1948), Fulica americana (Rosser et al., 1982),
Grus americana (Fisher and Goodman, 1955), G. canadensis (Berger, 1956b),
Chen, Pediocetes, Colinus, Fulica, Totanus, Larus, and Uria (but not the others
examined by Hudson, 1937); and Coua (Berger, 1953). A patellar band is
present in all galliforms examined by Hudson et al. (1959) except Opis-
thocomus. Among Lari and Alcae (Hudson et al., 1969), a patellar band is
present in Stercorariidae, Larinae, Chlidonias, Sterna paradisaea, Geloche-
lidon, Thalasseus (one specimen), Rynchops (three legs), Cerorhinca, Frater-
cula, and Lunda; there is a small slip in Rynchops (five legs), Uria (four legs),
and Cepphus (one leg), and no band at all in Sterna albifrons, S. forsteri,
Thalasseus (one specimen), Alca, Uria (12 legs), Cepphus (nine legs), Brachy-
ramphus, Synthliboramphus, and Ptychoramphus. A patellar band was present
in Batrachostomus, Aegotheles, and Caprimulgidae (Chordeiles, Nyctidromus,
Phalaenoptilus, Caprimulgus) (Hoff, 1966). A poorly developed patellar band
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was present in some specimens of Glaucis but otherwise absent in hum-
mingbirds (Zusi and Bentz, 1984).

Penguins appear to lack the patellar band (see figures in Schreiweis,
1982). In Gavia the medial head arises on the femur (Wilcox, 1952), but it
is not known whether this implies a patellar band as such. There is no
patellar band in accipitrids, Pandion, or Falco (Hudson, 1948), Amazona
albifrons or Colius (Berman and Raikow, 1982), nor in the species exam-
ined by Hudson (1937) except as noted above. Corvus (Hudson, 1937) and
Tyrannus (Hudson, 1937; McKitrick, 1985b) lack a patellar band. There is
apparently none in Columba (George and Berger, 1966), cuckoos (Berger,
1952), and owls (Hoff, 1966). Among Old World suboscines, a patellar
band is present in Pitta, Acanthisitta and Xenicus, and absent in the other
forms examined by Raikow (1987).

M. gastrocnemius pars medialis, number of heads (Character 34).
There is a cranial and a caudal head in Oxyurini and Anas (Raikow, 1970).
Pars medialis is double in Gavia, Podiceps nigricollis, Uria, and Chaetura
(Hudson, 1937).

Among Lari and Alcae (Hudson et al., 1969), pars medialis has an extra
head in Alca, Uria (10 legs), Cepphus, Synthliboramphus, and Lunda (minute
in one specimen). There is no extra head in Lari, Uria (one leg), Brachyram-
phus, Ptychoramphus, Cerorhinca, Fratercula, and Lunda (two specimens).

In Fulica americana there is a superficial longitudinal division in pars
medialis (Rosser et al., 1982).

Pars medialis is divided into superficial and deep heads in Pitta, Acan-
thisitta, and Xenicus, but not in the eurylaimids and philepittids examined
by Raikow (1987).

M. gastrocnemius pars medialis, origin. In Gavia immer and Podiceps
nigricollis this muscle arises from the proximal half of the tibiotarsus
(Hudson, 1937).

M. gastrocnemius, fourth head (Character 35). This is present in Cico-
niidae, Threskiornithidae, and Phoenicopteridae (Vanden Berge, 1970).

M. gastrocnemius pars supramedialis. This was described by Raikow
(1987) in Eurylaimus, Psarisomus, Cymbirhynchus, and Philepitta; it was absent
in the other Old World suboscines examined. The description indicates
that the muscle is not comparable to the fourth head described by Vanden
Berge (1970) in some ciconiiforms nor to the extra head of M. gastrocne-
mius pars medialis of some Alcae (Hudson et al., 1969).

M. gastrocnemius, insertion. The insertion is by two tendons, one from
pars lateralis and the other from pars medialis and pars intermedia, in
Gavia, Podiceps migricollis, Chen, Fulica, Totanus, Larus, Uria, and Chaetura
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(Hudson, 1937). In Fregata, the tendon divides after passing over the tibial-
tarsometatarsal (ankle) joint (Hudson, 1937).

M. gastrocnemius, insertion and hypotarsus (Character 36). In
Ardeidae and Balaeniceps the tendon of insertion of M. gastrocnemius con-
tributes to the ossification of the hypotarsus (Vanden Berge, 1970).

M. tibialis cranialis (TCR), relative size of heads. The muscle has a
tibial and a femoral head, and in most birds the femoral head is the smaller
one (e.g., tinamous, Hudson et al., 1972; hummingbirds, Zusi and Bentz,
1984; Amazona albifrons, Berman, 1984; ciconiiforms, Vanden Berge, 1970;
anhingas and cormorants, Owre, 1967; Corvus, Hudson, 1937; Tyrannus,
McKitrick, 1985b; Old World suboscines, Raikow, 1987). The two heads
are nearly equal in Uria (Hudson, 1937) and in Grus canadensis (Berger,
1956b). Fisher and Goodman (1955:93) note that the femoral head is “un-
usually well developed proximally” in G. americana. In ciconiiforms the
(main) tendon is perforated by a nerve in all but Ardeidae and Cochlearius
(Vanden Berge, 1970). The origin of the tibial head is extensive in Buteo
and Falco (Hudson, 1937).

In Apteryx australis mantelli (McGowan, 1979) there is a cranial and a
caudal slip which remain separate for most of the length of the belly.

M. tibialis cranialis, accessory tendon. This is present in all Ardeidae
except Ixobrychus, it is present in Nycticorax. It is absent in Balaeniceps,
Phoenicopterus chilensis, and Phoenicoparrus jamesi (Vanden Berge, 1970).
The accipitrid species examined by Hudson (1948) had a small accessory
tendon of insertion; Falco had two accessory tendons and Sagittarius, Pan-
dion, and cathartids had none. An accessory tendon of insertion was noted
by Hudson et al. (1969) as being comparable to that noted by Hudson
(1937). This was found in Rissa, some Sterna and Thalasseus, Cepphus, some
Ptychoramphus, Cerorhinca, Fratercula, and Lunda (Hudson et al., 1969).

An accessory tendon is present in Fulica americana; it widens and inserts
on the tarsometatarsus (Rosser et al., 1982).

M. tibialis cranialis, number of tendons of insertion (Character 37). In
most birds the insertion is single, but in Bubo and Otus there are two distinct
tendons that may correspond to the two heads of origin (Hudson, 1937).
The tendon bifurcates in procellariiforms (Klemm, 1969).

M. tibialis cranialis, small tendon in addition to main branch. This
occurs in Gavia, Podiceps, Fregata, Chen, Ardea, Buteo, Falco, Fulica, Totanus,
Coccyzus, and Chordeiles (Hudson, 1937) and in most Caprimulgiformes
examined by Hoff (1966).
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M. tibialis cranialis, relation to M. extensor brevis digiti IV. In Fregata
the tendon of insertion gives rise to a strong lateral branch that gives rise
to part of M. extensor brevis digiti IV.

M. tibialis cranialis, perforation by M. extensor proprius digiti III.
This occurs in Apteryx australis mantelli (McGowan, 1979).

M. extensor digitorum longus (EDL), miscellaneous. Within Procel-
lariiformes (Klemm, 1969), there is usually a medial branch of the tendon
to digit IV; this is absent in all Hydrobatidae. The muscle is “typical” in
Oxyurini and Anas (Raikow, 1970). In hummingbirds the branch to digit
I11 bifurcates for a multiple insertion on that digit (Zusi and Bentz, 1984).
Cormorants have a patellar origin, anhingas do not (Owre, 1967).

M. extensor digitorum longus, loops through which tendon passes.
The tendon of insertion passes through two loops. The first is bony in all
forms examined by Hudson (1937) except for Bubo and Otus, in which it is
fibrous; the second is fibrous in all except Fulica, Zenaida, Chaetura, Bubo,
Otus, Colaptes, Picoides, Tyrannus, and Corvus. Raikow (1987) noted that the
tendon passes through a fibrous loop, the Retinaculum extensorium tar-
sometatarsi, in Old World suboscines.

M. extensor digitorum longus, origin (Character 38). In most birds the
origin is from the tibia; in Bubo and Otus there is a fibular origin as well
(Hudson, 1937). A fibular origin occurs in Steatornis, Nyctibius, and Aegothe-
les but not Podargidae or Caprimulgidae (Hoff, 1966). A femoral origin
is present in hummingbirds (Zusi and Bentz, 1984).

M. extensor digitorum longus, hallucal tendon (Character 39). In Ama-
zona albifrons (Berman, 1984) and Colius (Berman and Raikow, 1982) M.
EDL sends a branch to the hallux.

M. extensor digitorum longus, accessory tendons. In Amazona albifrons
three accessory tendons arise from a tendinous sheath “formed by an
extension from digit IV” (Berman, 1984). Two of these fuse with the main
tendon to digit III to insert on the distal phalanx of that digit; the third
attaches on the third phalanx. There are evidently two accessory tendons
to digit IV as well, but the description is unclear. In Colius there are two
tendons to digit IV, one from the main tendon and one from the union of
part of the branch to digit III and an extension of the main tendon on the
distal end of the tarsometatarsus (Berman and Raikow, 1982). The tendon
so constructed forms a sheath around the other, evidently.

M. extensor digitorum longus, insertions. Hudson (1937) summarized
the insertion of this muscle according to the forms in which the insertion
was clearly by one tendon to each of toes 2-4, and those in which it was
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clearly by two to each. Those with one tendon are Sula, Ardea, Pediocetes,
Colinus, Uria, and Chordeiles. Those with two are Gavia, Fregata, Cathartes,
Fulica, Zenaida, Coccyzus, Tyrannus, and Corvus. The insertions are not
clearly assignable to either category in Podiceps nigricollis, Grus, Larus, and
Totanus. Among most galliforms examined by Hudson et al. (1959), the
tendon bifurcates halfway down the tarsometatarsus; in Opisthocomus the
tendon does not bifurcate, but rather sends a branch to each foretoe at the
distal end of the tarsometatarsus. Raikow (1987) noted one branch to each
of the three forward toes in Old World suboscines, and secondary branches
that he did not describe.

M. fibularis longus (FL), presence (Character 40) (peroneus longus).
This is present in most birds, including Apteryx australis mantelli McGowan,
1979), procellariiforms except Pterodroma leucoptera, P. cooki, Bulweria (ab-
sent in one of three specimens), Hydrobatinae, and Pelecanoides (Klemm,
1969); penguins (Schreiweis, 1982), tinamous (Hudson et al., 1972), Gavia
immer (Wilcox, 1952), anhingas and cormorants (Owre, 1967), Camptorhyn-
chus (Zusi and Bentz, 1978), Oxyurini and Anas (Raikow, 1970), cathartids
(Fisher, 1946), falconiforms (Hudson, 1948), Fulica americana (Rosser et
al., 1982), Grus americana (Fisher and Goodman, 1955), G. canadensis (Ber-
ger, 1956b), Colius (Berman and Raikow, 1982), Corvus (Hudson, 1937),
Tyrannus (McKitrick, 1985b), and Old World suboscines (Raikow, 1987). It
is absent in Pandion (Hudson, 1948), owls, Steatornis, Aegotheles (Hoff,
1966); Chaetura (Hudson, 1937), Bucorvinae, Bucerotinae, Phoeniculidae,
Upupidae, and Meropidae (Maurer and Raikow, 1981); and humming-
birds (Zusi and Bentz, 1984). It is extremely reduced in Nesofregetta and is
aponeurotic in Puffinus assimilis (Klemm, 1969). It is poorly developed in
Polihierax (Berger, 1956a), Amazona (Berman, 1984), and Columba (George
and Berger, 1966). It is present in ciconiiforms, but fairly weakly devel-
oped in Ardeidae (Vanden Berge, 1970).

M. fibularis longus, origin (Character 41). In Falco the origin is limited
to the fibula; in Gavia it is “from the underlying muscles only” (Hudson,
1937). Wilcox (1952) reported a more typical origin for Gavia, from the
tibia. The origin is from the tibia and underlying muscles in galliforms
(Hudson et al., 1948), Grus americana (Fisher and Goodman, 1955), Ama-
zona (Berman, 1984), Columba (George and Berger, 1966), and Colius (Ber-
man and Raikow, 1982).

M. fibularis longus, branch to M. flexor perforatus digiti IIT (Character
42). Typically there is a branch to M. flexor perforatus digiti 111, e.g. in
Fulica americana (Rosser et al., 1982), penguins (Schreiweis, 1982), Oxyur-
ini and Anas (Raikow, 1970), ciconiiforms (Vanden Berge, 1970), anhingas
and cormorants (Owre, 1967), cathartids (Fisher, 1946), Corvus and Tyran-
nus (Hudson, 1937), and Old World suboscines (Raikow, 1987). This
branch is absent in Podiceps nigricollis, Indicator, Colaptes, Picoides, Melanerpes
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erythrocephalus, and Sphyrapicus varius (Hudson, 1937); Amazona albifrons
(Berman, 1984), Coraciidae, Todidae, and Alcedinidae (Maurer and
Raikow, 1981); and Colius (Berman and Raikow, 1982). Hudson (1937)
noted that in Gavia immer the branch is present but leads nowhere; Wilcox
(1952) reported no such branch for Gavia.

The branch to M. flexor perforatus digiti III is present in tinamous
(Hudson et al., 1972), Camptorhynchus (Zusi and Bentz, 1978), and Grus
americana (Fisher and Goodman, 1955) and said to be similar in G. ca-
nadensis (Berger, 1956b). Apparently there is only one tendon in Polthierax
(Berger, 1956a), viz., to M. flexor perforatus digiti III.

The tendon of insertion bifurcates in one specimen of Apteryx australis
mantelli and trifurcates in the other, with the third branch attaching to the
tibiotarsus (McGowan, 1979).

M. fibularis brevis (FB), presence (Character 43) (peroneus brevis).
This is reportedly absent in ratites (except Apteryx;, McGowan, 1979), in
Scopus, Aramus, Otididae, Burhinus, Pterocles, Nyctidromus, and Caprimulgus
(George and Berger, 1966); and in Podiceps nigricollis, Sula, and Chordeiles
(Hudson, 1937). It is reduced or absent in Recurvirostra, Haematopus, and
Vanellus, it is absent in Tinamotis but present in other tinamous (Hudson
et al., 1972). It is absent in Ciconiidae and Phoenicopteridae, vestigial in
Balaeniceps and threskiornithids, well developed in Ardeidae (Vanden
Berge, 1970) and Fulica americana (Rosser et al., 1982). It is absent in
caprimulgiforms (Hoff, 1966). It is present in procellariiforms (Klemm,
1969), in anhingas and cormorants (Owre, 1967), Gavia (Wilcox, 1952),
Camptorhynchus (Zusi and Bentz, 1978), Corvus (Hudson, 1937), owls (Hoff,
1966), Tyrannus (Hudson, 1937; McKitrick, 1985b), and Old World subos-
cines (Raikow, 1987). It is weak in penguins (Schreiweis, 1982) and in
Totanus, Larus, and Uria (Hudson, 1937).

Among Lari and Alcae (Hudson et al., 1969) the muscle is present in
Stercorariidae, Larinae, and Alcae; the muscle is absent in most Sterninae
and in most specimens of Rynchops. It is weak in Chlidonias (one leg), Gel-
ochelidon (one specimen), Sterna albifrons (four legs), Sterna forsteri (two
legs); vestigial in Chlidonias (two legs?), Sterna albifrons (one leg), Thalasseus
(three legs), and Rynchops (one leg). It was not reported to be weak in Larus
and Uria by Hudson et al. (1969) and is not so coded.

M. fibularis brevis, size relative to M. fibularis longus. In most birds it
is smaller than M. fibularis longus, but it is the larger of the two in Ptero-
droma heraldica and Puffinus creatopus (Klemm, 1969), falconids and vul-
turids (Mitchell, 1913), some psittacids, Podargus, and some coraciiforms
and piciforms (George and Berger, 1966); and Amazona albifrons (Berman,
1984). The two are about equal in size Halobaena, Pachyptila desolata, Ptero-
droma phaeopygia, and P. mollis; in the other procellariiforms M. fibularis
longus is the larger of the two (Klemm, 1969). M. fibularis longus is also
larger in cathartids (Fisher, 1946), Grus americana (Fisher and Goodman,
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1955), G. canadensis (Berger, 1956b), and Colius (Berman and Raikow,
1982).

M. fibularis brevis, number of heads of origin. There are two heads of
origin in Amazona albifrons (Berman, 1984), but one in Colius (Berman and
Raikow, 1982). There is one head in tinamous (Hudson et al., 1972), Gavia
immer (Wilcox, 1952), cathartids (Fisher, 1946), Fulica americana (Rosser et
al., 1982), Grus americana (Fisher and Goodman, 1955), and G. canadensis
(Berger, 1956b). In Apteryx australis mantelli (McGowan, 1979) and in anhin-
gas and cormorants (Owre, 1967) there is a tibial and a fibular origin. Old
World suboscines have a fibular head only (Raikow, 1987).

M. flexor perforans et perforatus digiti III (FPPD3), vinculum (Char-
acter 44). A vinculum has been found between the tendons of Mm. flexor
perforans et perforatus digiti III and flexor perforatus digiti III in tina-
mous (Hudson et al., 1972), cathartids (Fisher, 1946), Galliformes (except
Opisthocomus) (Hudson et al., 1959), Fulica americana (Rosser et al., 1982),
Grus canadensis (Berger, 1956b), Gavia, Sula, Chen, Cathartes, Pediocetes,
Colinus, Grus, Fulica, Totanus, Larus, and Zenaida (Hudson, 1937); Sagittarius
and cathartids (Hudson, 1948), Pterocles, Columba, Goura, Gallicolumba, and
Tauraco (George and Berger, 1966). It is absent in Apteryx australis mantelli
(McGowan, 1979), procellariiforms (Klemm, 1969, fig. 7a), penguins
(Schreiweis, 1982), Pandion and accipitrids (Hudson, 1948), Podiceps nigri-
collis, Fregata, Ardea, Buteo, Falco, Uria, Chordeiles, Chaetura, Bubo, Otus, Co-
laptes, Picoides, Tyrannus, and Corvus (Hudson, 1937); Crotophaga, Geococcyx,
and Coccyzus (Berger, 1952); and, evidently, Old World suboscines
(Raikow, 1987). Hoff (1966) reported it present in Steatornis, Nyctidromus,
Phalaenoptilus, and Caprimulgus but absent in all other Caprimulgiformes
(and Strigiformes) examined. Vanden Berge (1970) reported it absent in
ardeids but present in all other ciconiiforms examined. A vinculum may
have been present in the extinct Camptorhynchus; Zusi and Bentz (1978:414)
referred to it as a “tendinous branch” but were uncertain of its homology
to the vinculum described by Hudson (1937). It has not been found in
Polihierax, Cuculidae, Pharomachrus, Chloroceryle, Coracias, Upupa, Aceros, or
Indicator. No vinculum was mentioned for Oxyurini or Anas (Raikow,
1970), Amazona albifrons (Berman, 1984), or hummingbirds (Zusi and
Bentz, 1984), and I code these taxa as lacking the vinculum. Fleming
(1966) did not note the condition in the three scolopacid species he studied,
nor did Owre (1967) for anhingas and cormorants, and I code these taxa
as 7.

A vinculum is present in all Lari except: one abnormal leg of Catharacta,
in Sterna albifrons, Thalasseus (one leg), and Rynchops (two legs) in which the
two tendons were fused. In Alcae the vinculum is usually absent, except
that in Alca it was present in three legs and absent in three (Hudson et al.,
1969).
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M. flexor perforans et perforatus digiti III, vinculum to M. flexor
perforatus digiti I'V. Fisher (1946) reported a vinculum between these two
muscles in Vultur.

M. flexor perforans et perforatus digiti III, length. It is very short in
Pelagodroma, Fregetta, and Nesofregeita (Klemm, 1969).

M. flexor perforans et perforatus digiti III, fiber architecture. The
muscle is bipinnate in Grus americana (Fisher and Goodman, 1955), anhin-
gas and cormorants (Owre, 1967), and procellariiforms other than Pele-
canoides exsul and Oceanitinae (except Oceanites, in which it is bipinnate). It
is bipinnate in Oxyurini and Anas (Raikow, 1970) and Old World subos-
cines (Raikow, 1987).

M. flexor perforans et perforatus digiti III, number of heads. The
muscle has two heads in Oceanodroma tethys (Klemm, 1969), and in Amazona
albifrons in which the two fuse 4 mm distal to their insertion (Berman,
1984). It arises by two tendons in Colius (Berman and Raikow, 1982). Evi-
dently there is only one head in penguins (Schreiweis, 1982) and Gavia
immer (Wilcox, 1952). In Apteryx australis mantelli (McGowan, 1979), one
specimen evidently had one head, and the other had two origins, proximal
to the lateral condyle of the femur. In most ciconiiforms there is one head,
which arises from the tibial crest and the fibula; in flamingos, however,
there are two heads but no fibular attachment (Vanden Berge, 1970).
There is evidently one head in anhingas and cormorants (Owre, 1967).

Hudson (1948) reported the origin as partly from the fibular shaft in
cathartids and Falco, but not in Sagittarius, Pandion, or accipitrids. Itis from
the lateral condyle of the femur, the lateral side of the tibial crest, the
fibular head, and the lateral surface of the fibula in Corvus (Hudson, 1937).
The muscle has two heads in Old World suboscines (Raikow, 1987).

M. flexor perforans et perforatus digiti II (FPPD2), relationship to M.
flexor perforans et perforatus digiti III (Character 45). FPPD2 overlaps
and completely conceals the proximal part of FPPD3 in Larus, which is an
unusual pattern (Hudson, 1937). This is apparently true of all Lari and
Alcae (Hudson et al., 1969). This is also true of Ardeidae and Balaeniceps
but not Ciconiidae, Phoenicopteridae, or Threskiornithidae (Vanden
Berge, 1970). The condition occurs in Anas and Oxyurini (Raikow, 1970,
fig. 15), Fulica americana (Rosser, 1982), Grus canadensis (Berger, 1956b),
and G. americana (Fisher and Goodman, 1955; Berger, 1956b).

M. flexor perforans et perforatus digiti II, number of heads (Character
46). Many birds have a single head, e.g., tinamous (Hudson et al., 1972),
penguins (Schreiweis, 1982), hummingbirds (Zusi and Bentz, 1984), Old
World suboscines (Raikow, 1987), Tyrannus (McKitrick, 1985b), and all the
forms examined by Hudson (1937) except Gavia. Some galliforms have




32 MCKITRICK

two: Megapodius (questionable), Alectoris, Perdix, Gennaeus, Gallus, Phasianus,
Pavo, Numida, and Meleagris; other galliforms have one: Leipoa, Crax, Penel-
ope, Ortalis, Pipile, Dendragapus, Bonasa, Tympanuchus, and Opisthocomus, and
others are intermediate: Lagopus, Canachites, Pediocetes, Centrocercus, Ore-
ortyx, Lophortyx, and Colinus (Hudson et al., 1959). In ciconiiforms there is
one head only, from the lateral condyle of the femur, except in flamingos
in which there are two heads, one from the lateral condyle and one from
the head of the fibula and the tibial crest (Vanden Berge, 1970). Anas has
two heads, as do Oxyurini (except Oxyura which lacks the lateral head)
(Raikow, 1970). Gavia immer has three (Hudson, 1937; Wilcox, 1952), as
do Procellariiformes (Klemm, 1969), but it is not clear whether these are
homologous.

The origin of FPPD2 is typically from the lateral condyle of the femur
and from the patellar ligament; it has a tibial origin as well in Ardea, Falco,
Fulica, and Larus. In Fregata the origin is primarily fibular (Hudson, 1937);
in anhingas and cormorants it is femoral (Owre, 1967). The muscle is
relatively large in Gavia, Podiceps nigricollis, Pediocetes, Fulica, Bubo, and
Otus (Hudson, 1937). George and Berger (1966) noted that this is true of
many galliforms as well.

M. flexor perforans et perforatus digiti II, origin from ansa iliofibu-
laris (Character 47). The muscle arises from the ansa iliofibularis as well
as the femur and fibula in Casuarius and Rhea (Gadow, 1880 in McGowan,
1979), penguins (Schreiweis, 1982), Gavia (Wilcox, 1952), ardeids and
Balaeniceps (Vanden Berge, 1970), vultures (Fisher, 1946), galliforms, in-
cluding Opisthocomus (Hudson et al., 1959), Amazona albifrons (Berman,
1984), Coccyzus, Geococeyx, and Crotophaga (Berger, 1952).

M. flexor perforans et perforatus digiti II, perforation. In Vultur the
tendon of this muscle is not perforated by the deep flexor tendons (Fisher,
1946). It is perforated in Apteryx australis mantelli (McGowan, 1979), Gavia
immer (Wilcox, 1952), Fulica americana (Rosser et al., 1982), and Tyrannus
and Corvus (Hudson, 1937), among others. Schreiweis (1982) does not
mention the condition for penguins. The description for anhingas and
cormorants by Owre (1967) is confused: the tendon is said to be perforated
by M. flexor hallucis longus in anhingas and therefore divided; not perfo-
rated by M. flexor digitorum longus in cormorants and therefore not di-
vided. Hudson (1937) noted that a slender branch of the tendon of inser-
tion is attached to phalanx 2 and is unperforated by FDL in Colaptes,
Picoides villosus, Melanerpes erythrocephalus, and Sphyrapicus varius; the inser-
tion is similar in Chaetura. The condition is not mentioned for Old World
suboscines by Raikow (1987).

M. flexor perforans et perforatus digiti II, fusion with M. flexor perfo-
ratus digiti II. The tendon of insertion is completely fused with that of
FPD2 in Pandion (Hudson, 1948).
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M. flexor perforatus digiti IV (FPD4) origin. The literature descrip-
tions of this origin are difficult to interpret. Typically this muscle has two
heads of origin, e.g. in tinamous (Hudson et al., 1972), Ardea, Chen, Buteo,
Pediocetes, Colinus, Grus, Totanus, Larus, Bubo, Otus, Zenaida, Coccyzus, Chor-
deiles, Colaptes, Picoides, and Tyrannus (Hudson, 1937); Sagittarius and ac-
cipitrids (Hudson, 1948), Oxyurini and Anas (Raikow, 1970), Lari and Al-
cae (Hudson et al., 1969), Fulica americana (Hudson, 1937; Rosser et al.,
1982), Grus americana (Fisher and Goodman, 1955), G. canadensis (Berger,
1956b), Amazona albifrons (Berman, 1984), and Colius (Berman and Raikow,
1982). There is a single head in Gavia, Podiceps nigricollis, Fregata, Sula, and
Corvus, arising either from the lateral condyle or from the intercondylar
region, in Falco (lateral condyle and head of fibula), and in Uria and
Chaetura (lateral condyle) (Hudson, 1937). Hudson (1948) reported it to
be single headed in cathartids, Pandion, and Falco; in cathartids the single
head arises from the lateral condyle and intercondylar region. In Polihierax
the single head arises from the lateral condyle of the femur and from the
head of the fibula (George and Berger, 1966). The single head arises from
the intercondylar region, lateral condyle, and head of the fibula in pen-
guins (Schreiweis, 1982). The muscle has a single origin in hummingbirds,
from the lateral femoral condyle (Zusi and Bentz, 1984). In ciconiiforms
only the Ardeidae have a fibular attachment, all the rest lack it; in Leptopti-
los there is a double fibrous attachment like that for FPD3 (see p. 35)
(Vanden Berge, 1970).

The muscle is divided into three parts in procellariiforms (Klemm,
1969).

In one specimen of Apteryx australis mantelli (McGowan, 1979) the muscle
has two heads of origin, one from the common aponeurotic origin of Mm.
FDL, FPD2, and FPD3 (=intercondylar region), the other from the ambi-
ens tendon. In the other specimen there was only one head of origin (from
the intercondylar region).

In tyrannids the muscle has a proximal head arising from the inter-
condylar region of the femur, and a distal head arising by an aponeurosis
from the surface of Mm. flexor perforatus digiti II, flexor perforans et
perforatus digiti 11, flexor perforans et perforatus digiti III, and flexor
hallucis longus, all of which arise from the lateral condyle of the femur
(McKitrick, 1985b). Raikow (1987) described a similar origin for Old World
suboscines, but did not mention the involvement of Mm. FPPD2 or FPPD3.

In galliforms, there are three heads, one arising from the intercondylar
region, one from the head of the fibula, the lateral condyle of the femur,
and the lateral arm of the biceps loop; and one from the common tendon
of origin of Mm. FPD2 and FPD3 (Hudson et al., 1959).

M. flexor perforatus digiti IV, relationship to M. iliofibularis. The
tendon of M. iliofibularis passes between the two heads of FPD4 in Fulica
americana (Hudson, 1937; Rosser et al., 1982), Ardea, Buteo, Pediocetes,
Colinus, Grus, Totanus, Larus, Bubo, Otus, and Tyrannus; lateral to the two
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heads in Chen, Zenaida, Coccyzus, Chordeiles, Colaptes, and Picoides (Hudson,
1937).

M. flexor perforatus digiti IV, relationship to M. flexor perforatus
digiti III. In Grus americana the tendon of FPD3 encloses the tendon of
FPD4 craniolaterally and the two pass through the same hypotarsal canal;
FPD4 is fleshily connected proximally with FPD3 (Fisher and Goodman,
1955). This is not mentioned for G. canadensis by Berger (1956b) nor for
Fulica americana by Rosser et al. (1982). The tendon of FPD3 encases the
tendon of FPD4 in tinamous (Hudson et al., 1972), anhingas and cormo-
rants (Owre, 1967), cathartids (Fisher, 1946), Corvus (Hudson, 1937), and
Old World suboscines (Raikow, 1987) as well. In penguins the tendon of
FPD3 ensheathes that of FPD4 and attaches to the FPD4 belly. The two are
intimately connected in ciconiiforms (Vanden Berge, 1970). In Apteryx aus-
tralis mantelli (McGowan, 1979) the two are ensheathed by the tibial carti-
lage.

M. flexor perforatus digiti IV, insertion. In tinamous the tendon splits
into four branches to insert on the four phalanges of digit IV (Hudson et
al., 1972). In ciconiiforms there are three branches, one to phalanges 1 and
2, one to phalanges 2 and 3, and one to phalanges 3 and 4. In penguins
there are four branches; branches 1 and 4 fuse and insert on phalanx 2,
branches 2 and 3 fuse and insert on phalanx 3 (Schreiweis, 1982).

M. flexor perforatus digiti IV, perforation. M. flexor digitorum longus
perforates the two branches of the FPD4 tendon separately in Zenaida; in
woodpeckers (Picoides villosus, Melanerpes erythrocephalus, Sphyrapicus varius)
neither branch is perforated and the two branches pass lateral to the deep
flexor tendon (Hudson, 1937).

M. flexor perforatus digiti III (FPD3), origin. The origin of this muscle
is variable. It has a single head arising in the intercondylar region in Old
World suboscines (Raikow, 1987), Fregata, Sula, Cathartes (but see below),
and Tyrannus, Ardea has a second, distal head arising on the lateral condyle
(Hudson, 1937; but see below). In the other forms studied by Hudson
(1937) there are two heads. Falco and accipitrids have two heads, Sagittarius
and Pandion have one, and Cathartes and Coragyps have a division by the
vagus nerve into two heads (Hudson, 1948). Wilcox (1952) noted that the
muscle arises in the intercondylar region of the femur in Gavia immer, but
not the fibula, although Hudson (1937) noted a distal head arising from
the ambiens tendon and the Caput fibulae in this species. In Fulica ameri-
cana there is a femoral head from the intercondylar region and a distal
head arising fleshy from the ambiens tendon and by a long tendon from
the head of the fibula (Rosser et al., 1982). The distal head arises from the
lateral condyle in Chaetura, Colaptes, and Picoides villosus (Hudson, 1937);
from the lateral condyle and fibula in anhingas and cormorants (Owre,
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1967); from the ambiens tendon and M. FPD4 in Columba, and from the
ambiens tendon and fibula in Colinus, Fulica, Totanus, Larus, Zenaida, and
Coccyzus (George and Berger, 1966); from the head of the fibula in Chor-
deiles, from the shaft of the fibula in Podiceps and Uria, and from other
flexor muscles in Chen, Buteo, Falco, Pediocetes, Bubo, and Otus (Hudson,
1937). The origin of FPD3 is from the lateral condyle of the femur in
hummingbirds, and there is only one head (Zusi and Bentz, 1984). In
Amazona albifrons a large proximal head arises from the intercondylar re-
gion of the femur and the fibula, and a smaller distal head from the fibula.
The large proximal head in Colius arises in the intercondylar region and
the small, distal belly in common with the distal head of M. FPD4 on the
fibula (Berman and Raikow, 1982); the condition is similar in Corvus
(Hudson, 1937). In Grus americana and G. canadensis the lateral head arises
with M. ambiens and tendinously from the fibular head; the posterior
(caudal) head arises from the popliteal region of the femur (Fisher and
Goodman, 1955; Berger, 1956b). In cathartids the main head arises from
the popliteal region of the femur while the accessory head arises from the
surface of Mm. FHL and FPD4 half way down the tibiotarsus (Fisher,
1946); in Cathartes the accessory head arises with the main head and from
the tendon of M. ambiens. In Gymnogyps the accessory head arises from
FDL, while in Sarcoramphus it arises with the main head and is fused to it.
In tinamous a large medial head arises in the intercondylar region and a
small lateral head arises “from a common tendon of the three perforated
flexors” (Hudson et al., 1972:243).

In ciconiiforms there is one head only, contra Hudson (1937), arising in
the intercondylar region and, in the Ardeidae only, from the fibula (Van-
den Berge, 1970). Leptoptilos has a “double fibrous connection,” presum-
ably on the fibula or tibiotarsus, “lateral and medial to the biceps tendon”
(Vanden Berge, 1970:348).

Schreiweis (1982) noted that in penguins FPD3 arises from the inter-
condylar region by a broad, flat tendon, and in common with FPD2 and
FPD4 on the head of the fibula and lateral condyle of the femur by a short
tendon. He did not refer to these as separate heads, but it seems clear that
they are.

In Falco the femoral head arises as a long tendon rather than being
fleshy and attached to the underlying muscles; the condition is similar in
Coccyzus and in Chaetura (Hudson, 1937).

M. flexor perforatus digiti III, accessory head. An accessory head (aris-
ing from the tendon of M. ambiens) occurs in Procellariiformes except
that it is indistinct in Halobaena (Klemm, 1969). An accessory head occurs
in cathartids (Fisher, 1946); this may be simply one of the two heads of
origin that many birds have.

M. flexor perforatus digiti III, small fan-shaped branch. This is present
in all tinamous (Hudson et al., 1972).
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M. flexor perforatus digiti III, insertion. When two heads are present,
they unite to form a single tendon in Gavia, Podiceps nigricollis, Chen, Buteo,
Falco, Grus, Totanus, Larus, Zenaida, Coccyzus, Chordeiles, Bubo, Otus, Picoides,
and Corvus (Hudson, 1937); and in Megapodius, Leipoa, Crax, Ortalis, Pipile,
Alectoris, Gallus, Pavo, Numida, Meleagris, and Opisthocomus (one specimen)
(Hudson et al., 1959). There are two separate tendons in Pediocetes, Colinus,
Fulica, Uria, and Colaptes (Hudson, 1937) and in Penelope, Dendragapus,
Canachites, Centrocercus, Perdix, Gennaeus, Phasianus, Opisthocomus (two speci-
mens), Lagopus, Bonasa, Tympanuchus, Oreortyx, and Lophortyx (Hudson et
al., 1959). Rosser et al. (1982:1248—-1249) reported that the two tendons
unite to form a single tendon, which bifurcates to allow passage of the
tendons of Mm. FPPD3 and FDL. The two resulting branches insert sepa-
rately.

Among Lari and Alcae (Hudson et al., 1969), the two heads form one
tendon in Catharacta (one leg), Gelochelidon (one leg), Sterna (two legs),
Rynchops (three legs), Cepphus (three legs), Synthliboramphus (one specimen).
There are two tendons that fuse in Catharacta (one leg), Stercorarius (three
legs), Larus (10 legs), Rissa, Chlidonias (three legs), Sterna (five legs), Thalas-
seus, Uria, Cepphus (four legs), Brachyramphus (three legs), Synthliboramphus
(one specimen), Ptychoramphus, Cerorhinca, Fratercula, and Lunda. There is
one tendon, but with a division evident, in Catharacta (four legs), Stercorar-
ius (two legs), Larus (two legs), Chlidonias (three legs), Sterna (six legs),
Rynchops (four legs), Cepphus (two legs), and Brachyramphus (one leg).

M. flexor perforatus digiti II (FPD2), origin. This muscle typically
arises in the intercondylar region of the femur (as in penguins, Schreiweis,
1982; anhingas and cormorants, Owre, 1967; cathartids, Fisher, 1946;
Corvus, Hudson, 1937) but in Uria and Ardea it has a fibular origin as well
(Hudson, 1937). It arises from the FPD3 femoral tendon of origin and
from the patellar tendon, rather than from the intercondylar region, in
Grus americana (Fisher and Goodman, 1955) and G. canadensis (Berger,
1956b). It has two heads in Fulica americana, the proximal head arises on
the lateral condyle of the femur, the distal head from the ambiens tendon
and the tendon of origin of the distal belly of M. FPD3 (Rosser et al.,
1982). In Bubo and Otus there are two heads of origin, one from the inter-
condylar region and one from the lateral condyle, with the insertion of M.
iliofibularis passing in between (Hudson, 1937). A strong branch of the
muscle arises below the hypotarsus and inserts on the hallux in Fregata
(Hudson, 1937). There is no femoral origin in Amazona albifrons; the mus-
cle is poorly developed in this species (Berman, 1984). In Ardeidae and
Balaeniceps there is a strong fibular origin as well; in Ciconiidae, Threskior-
nithidae, and Phoenicopteridae there is no fibular origin (Vanden Berge,
1970).

Hudson (1937) noted that in many birds the tendon of M. ambiens ends
on M. FPD2 or is the point of origin for the lateral head of FPD2. This is
true of Gavia immer (Wilcox, 1952), Ciconiidae, Threskiornithidae, and
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Phoenicopteridae (Vanden Berge, 1970); Oxyurini and Anas (Raikow,
1970), and cathartids (Fisher, 1946), but not true of most procellariiforms
(Klemm, 1969). In Old World suboscines the origin is by a tendon from
the lateral condyle, and by a branch tendon from the fibula (Raikow, 1987).

M. flexor perforatus digiti II, position (Character 48). In most birds
this muscle is deeply situated on the shank, above FDL; Hudson (1937 and
fig. 1) reported it to be primarily superficial in Tyrannus and Corvus. It
appears to be similar in Old World suboscines (Raikow, 1987: fig. 27).

M. flexor perforatus digiti II, perforation. The tendon of insertion is
not perforated by the two deep flexor tendons (FHL and FDL) in Camp-
torhynchus (Zusi and Bentz, 1978), Oxyurini or Anas (Raikow, 1970), Po-
lihierax, Aceros, or Paradisaea (George and Berger, 1966); or in Amazona
albifrons (Berman, 1984). It is perforated by FPPD2 in penguins
(Schreiweis, 1982), anhingas and cormorants (Owre, 1967), and in hum-
mingbirds (Zusi and Bentz, 1984), and by FPPD2 or FDL in cathartids
(Fisher, 1946). It is not perforated by Mm. FPPD2 or FDL in Colius (Berman
and Raikow, 1982). It is barely perforated by Mm. FDL and FPPD3 in Grus
americana and G. canadensis in that the medial branch thus formed is very
small (Fisher and Goodman, 1955; Berger, 1956b). In Fulica americana it
is perforated by FPPD2 and FDL (Rosser et al., 1982). Vanden Berge (1970)
makes no mention of perforation by the deep flexor tendons in Ciconi-
iformes, nor does Owre (1967) mention this for anhingas and cormorants.
It is perforated in Sagittarius, not so clearly in Cathartes and Coragyps, and
not perforated in Pandion, Falco, or accipitrids (Hudson, 1948).

Hudson (1937) reported that FPD2 is not perforated at all (whether he
meant by FPD3 and FPD4 or by any other tendon is not clear) in Chen,
Cathartes, Buteo, Falco, or Uria. It is not perforated by FDL or FPPD2 in Old
World suboscines (Raikow, 1987).

M. flexor perforatus digiti II, accessory head. An accessory head occurs
in Daption (Klemm, 1969). A distal head occurs in Colius, arising from the
fibular arm of ansa iliofibularis (Berman and Raikow, 1982). A small, deep
head arises from the tendon of origin of the lateral head of M. FPD3 in
Grus americana (Fisher and Goodman, 1955) and G. canadensis (Berger,
1956b), but not in cathartids (Fisher, 1946). Vanden Berge (1970) men-
tions a tendon in Cochlearius and Balaeniceps arising from the head of the
fibula and from the ansa iliofibularis.

Intermediate muscle complex. In Apteryx australis mantelli (McGowan,
1979), the Mm. FPD4, FPD3, FPD2, and FDL form a complex of intimately
related muscles.

M. plantaris (PL), presence (Character 49). The muscle is present in
most birds. It is absent in the Hydrobatidae except for Oceanites oceanicus
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and Hydrobates pelagicus (Klemm, 1969). It is absent in Accipitridae, Sagittar-
tus, and Pandion (Hudson, 1948); Pteroclidae and Psittacidae (including
Amazona albifrons; Berman, 1984), Eugenes and Aceros (George and Berger,
1966); and in Buteo, Bubo, Otus, and Chaetura (Hudson, 1937); but it is
present in all the other species examined by Hudson (1937). Zusi and
Bentz (1984) report it absent in hummingbirds. It is not mentioned for
Colius (Berman and Raikow, 1982) and is presumed absent. It is present
in tinamous (Hudson et al., 1972), penguins (Schreiweis, 1982), Gavia im-
mer (Wilcox, 1952), anhingas and cormorants (Owre, 1967), ciconiiforms
(Vanden Berge, 1970), cathartids (Fisher, 1946), Polihierax (Berger,
1956a), Oxyurini and Anas (Raikow, 1970), galliforms (Hudson et al,,
1959), Grus americana (Fisher and Goodman, 1955), Fulica americana (Ros-
ser et al., 1982), Lari and Alcae (except Brachyramphus) (Hudson et al.,
1969), caprimulgiforms (Hoff, 1966), and coraciiforms (Maurer and
Raikow, 1981). The muscle was absent in one specimen of Apteryx australis
mantelli but well developed in the other (McGowan, 1979).

M. plantaris, development (Character 50). It is very powerfully devel-
oped in Polihierax (Berger, 1956a), Falco peregrinus anatum, F. mexicanus and
F. sparverius (Hudson, 1948).

M. flexor hallucis longus (FHL), branch to hallux (Character 51). In
Uria and Picoides (George and Berger, 1966), and in birds lacking a hallux,
such as Eudromia and Tinamotus (Hudson et al., 1972), the tendon of this
muscle fuses with that of M. flexor digitorum longus. This fusion also
occurs in Casuarius, Dromiceius, Rhea, Podiceps, some anhimids, Phoenicop-
terus, Turnicidae, Hydrophasianus, Cariama, and Larus (George and Berger,
1966); some Procellariiformes (Klemm, 1969), and Gavia immer (Wilcox,
1952), all of which possess a hallux. Fusion occurs in Oxyurini and Anas
as well, but there is also a fine tendinous connection with the hallux
(Raikow, 1970). A branch to the hallux was not found in Camptorhynchus
(Zusi and Bentz, 1978).

Some specimens of Diomedea immutabilis and D. nigripes have a weak
hallux, but it receives no tendon from M. FHL or other muscle (Klemm,
1969). The belly of FHL is bipartite in all procellariiforms except Diomedea.
Klemm (1969) does not indicate which procellariiforms have a well devel-
oped hallux and whether the hallux in those forms receives a tendon from
FHL. He does mention that the hallux is well developed in most Fulmari-
nae and Puffininae, and weak in Hydrobatidae.

Vanden Berge (1970:350) notes that there is no branch to the hallux in
Phoenicopterus and Phoenicoparrus jamesi. This notation is made under the
description for FDL and is worded in a confusing manner. It actually
sounds as if he might be referring to FDL, except that there is never a
hallucal branch of FDL. Phoenicoparrus has no hallux, so there cannot be a
branch of FHL to it.

In penguins, in which the hallux is weak, the FHL belly is large for the
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size of the hallux. The three branches to digits II-IV fuse with the branches
of M. FDL; there is a fourth, weak branch to the hallux (Schreiweis, 1982).

Among Lari and Alcae, most species of terns (unspecified) possess a
branch to the hallux (Hudson et al., 1969); in the other Lari and Alcae this
branch is absent.

The muscle is absent in Apieryx ausiralis mantelli (McGowan, 1979), al-
though the hallux is present.

FHL does not supply the hallux in Alcedinidea except in Trogonidae
(Maurer and Raikow, 1981).

Arrangement of the deep plantar tendons, Mm. flexor digitorum
longus (FDL) and flexor hallucis longus (Character 52). See George and
Berger (1966:447 ff.) for description of the eight types of arrangements
of the deep plantar tendons. See Raikow (1985:113—116) for a summary
of the distribution of arrangement types.

Typically the deep plantar tendons (FHL and FDL) are connected by a
vinculum (e.g., galliforms, Hudson et al., 1959). George and Berger (1966)
indicate that Apteryx has the Type II arrangement in which most of the
FHL tendon becomes a vinculum; however McGowan (1979) reported that
the FHL was lacking in Apteryx. Procellariiforms have the Type IV arrange-
ment (Klemm, 1969), as do Podiceps (Hudson, 1937) and Phoenicopteridae
(Vanden Berge, 1970). Penguins have the Type II arrangement (see
Schreiweis, 1982); so evidently do anhingas and cormorants (see George
and Berger, 1966 and Owre, 1967). Fregata has Type V (Hudson, 1937).
Gavia immer has the Type IV arrangement; Wilcox (1952) does not men-
tion a vinculum for this species. In ciconiiforms there is a weak vinculum
in Ardeidae, Balaeniceps, Ciconiidae, and Threskiornithidae; they have the
Type I arrangement. Polihierax (Berger, 1956a) has Type III (fusion, with
vinculum). Sagittarius, accipitrids, and Falco have the Type III arrange-
ment while cathartids and Pandion have Type V (Hudson, 1948). Raikow
(1970) does not mention a vinculum in Oxyurini and Anas, but these birds
seem to have the Type II arrangement (George and Berger, 1966) as do
Chen (Hudson, 1937), Nothoprocta, and Nothura with a strong vinculum,;
other tinamous have the Type I arrangement except for Eudromia and
Tinamotus, which lack a hallux (Hudson et al., 1972). Galliforms have the
Type I arrangement (Hudson et al., 1959) as does Grus americana;, some
specimens of the latter have a vinculum (Fisher and Goodman, 1955).
Fulica americana has a vinculum and the Type I arrangement (Rosser et
al., 1982).

In the Lari and Alcae there is no vinculum (Hudson et al., 1969). The
tendinal arrangement appears generally to be Type IV (see George and
Berger, 1966:447), but a branch to the hallux is found variably in some
terns (Hudson et al., 1969); however I code them as Type IV for present
purposes. Totanus has the Type I arrangement (Hudson, 1937). Amazona
albifrons has a Type X arrangement (described in Berman, 1984 and
coded as 9 in Appendix 2) and a vinculum between Mm. FHL and FDL.
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Owls have Type I, caprimulgiforms Type V (Hoff, 1966). In humming-
birds FHL supplies digits I-IV and FDL supplies digits II-IV. Humming-
birds are coded as 0 in Appendix 2. Colius has the Type V arrangement
(Berman and Raikow, 1982).

Woodpeckers and their allies (Piciformes) have the Type VI arrange-
ment, in which FHL sends tendinous branches to digits I, II, and IV, and
FDL supplies digit III only (Swierczewski and Raikow, 1981). Maurer and
Raikow (1981) report the Type V arrangement in coraciiforms; Tro-
gonidae has Type VIII (George and Berger, 1966). Most Passeriformes
have the Type VII arrangement, e.g. Procnias (George and Berger, 1966),
Tyrannus (McKitrick, 1985b), and Corvus (Hudson, 1937). Eurylaimids and
Philepitta have the “Type I” arrangement, but the vinculum is not homolo-
gous to that found in nonpasserines (Raikow, 1987), and I code them as
Type VII to ensure that Old World suboscines emerge with the rest of
passerines as indicated by characters 19 and 48.

Hudson (1937) reported a vinculum in Sula (Type 1), Ardea, Buteo, Falco,
Pediocetes, Colinus, Grus, Fulica, Totanus, Zenaida, Coccyzus, Bubo, Otus, Co-
laptes, and Picoides; and in Sagittarius, accipitrids, and Falco (Hudson,
1948).

M. flexor hallucis longus, number of heads (Character 53). There may
be some error in the characterizations below, as not all authors have pre-
sented clear statements about the number of heads of this muscle.

There appears to be only one head in Apteryx (McGowan, 1979), tina-
mous (Hudson et al. 1972), procellariiforms (except Pterodroma leucoptera
and Diomedea immutabilis, which have two; Klemm, 1969:104), penguins
(Schreiweis, 1982), Gavia immer (Wilcox, 1952), Podiceps, Fregata, Sula, Chen,
Fulica, Totanus, Zenaida, Chordeiles, Chaetura, Picoides, and Colaptes (Hudson,
1937); ciconiiforms (Vanden Berge, 1970), Oxyurini and Anas (Raikow,
1970), galliforms (Hudson et al., 1959), Lari and Alcae (Hudson et al.,
1969), Fulica (Rosser et al., 1982), Grus americana (Fisher and Goodman,
1955), G. canadensis (Berger, 1956b), Columba (George and Berger, 1966),
Amazona (Berman, 1984), Coccyzus, Geococcyx, and Crotophaga (Berger,
1952), caprimulgiforms (Hoff, 1966), hummingbirds (Zusi and Bentz,
1984), and Merops (McKitrick, ms.).

There are two heads in Phalacrocorax and Anhinga (Owre, 1967), vultures
(Fisher, 1946) and other falconiforms (Hudson, 1948), Bubo and Otus
(Hudson, 1937), Colius (Berman and Raikow, 1982), and Eurystomus
(McKitrick, ms.).

Many species of tyrannids have three to four heads (McKitrick, 1985b),
as do Old World suboscines except Philepitta, which has two (Raikow,
1987). Hudson (1937) reports two heads of origin for Corvus.

M. flexor hallucis longus, size of proximal [or only] head. This is very
large in Colius (Berman and Raikow, 1982). Within ciconiiforms, FHL is
most strongly developed in Ardeidae and Balaeniceps, less so in Threskior-
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nithidae, and weak and short in Ciconiidae and Phoenicopteridae (Vanden
Berge, 1970). FHL is very powerful in Bubo and Otus (Hudson, 1937) and
in Sagittarius, accipitrids, Pandion, and Falco; it is “weak and typical” in
cathartids (Hudson, 1948:107). The lateral head is small in most galli-
forms, but much larger in Leipoa, it is tiny in Ortalis canicollis and Crax
(Hudson et al., 1959).

M. flexor digitorum longus, number of heads (Character 54). FDL has
two heads of origin in most birds, although there is some confusion in the
literature about this. Hudson (1937) reported one head for all the birds
he examined except for Corvus and Tyrannus; however it is clear from other
studies of these same taxa that the usual condition is two heads. Further-
more, McKitrick (1985b) reported three heads for Tyrannus. I have coded
all taxa as having two heads, with a few exceptions: Gavia (Wilcox, 1952),
Columba (George and Berger, 1966), and passerines (Eurylaimus through
Corvus, except Philepitta) are coded as having a third, femoral head.

M. flexor digitorum longus, fusion with M. fibularis brevis. McGowan
(1979:65—66) states that the tendon of insertion of FDL is fused with that
of M. fibularis brevis in Apteryx and other paleognaths; this remains to be
substantiated (Vanden Berge, 1982). It was not mentioned by Hudson et
al. (1972).

M. flexor digitorum longus, size (Character 55). The muscle is “ex-
tremely large and powerful” in Bubo and Otus (Hudson, 1937:47) and in
Chaetura pelagica (McKitrick, ms.). In hummingbirds (Zusi and Bentz,
1984) and Tyrannus (McKitrick, 1985b), the muscle is of intermediate size.

M. flexor digitorum longus, position (Character 56). In Pandion and
accipitrids the muscle is visible superficially on the lateral side of the shank,
whereas in most birds it is deeply situated (Hudson, 1948).

M. popliteus (POP), presence (Character 57). The muscle is present in
most nonpasserines, including penguins (Schreiweis, 1982), tinamous
(Hudson et al., 1972), Gavia immer (Wilcox, 1952), Procellariiformes
(Klemm, 1969), anhingas and cormorants, in which it is very small (Owre,
1967); Oxyurini and Anas (Raikow, 1970), galliforms (Hudson et al., 1959),
ciconiiforms (Vanden Berge, 1970), cathartids (Fisher, 1946), falconiforms
(Hudson, 1948), Fulica americana (Rosser et al., 1982), Grus americana
(Fisher and Goodman, 1955), and G. canadensis (Berger, 1956b).

It was not mentioned for Apteryx australis mantelli by McGowan (1979)
and is presumed absent in that species. It is absent in Chaetura, Picoides, and
Colaptes (Hudson, 1937); Amazona albifrons (Berman, 1984), Colius (Berman
and Raikow, 1982), Psittacus, Eugenes fulgens, Pharomachrus mocino, Chloro-
ceryle americana, Upupa epops, Aceros undulatus, and Indicator variegatus
(George and Berger, 1966); Aegotheles (Hoff, 1966), hummingbirds (Zusi
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and Bentz, 1984), Coraciiformes except Coraciidae, Brachypteraciidae,
and Leptosomidae (Maurer and Raikow, 1981); it is absent in Piciformes
except Galbulidae (Swierczewski and Raikow, 1981). It is absent in Corvus
(Hudson, 1937), Tyrannus (Hudson, 1937; McKitrick, 1985b), and Old
World suboscines (Raikow, 1987).

M. flexor hallucis brevis (FHB), presence (Character 58). The muscle
is present in tinamous, except for Tinamotis and Eudromia, which lack a
hallux. FHB is absent in Phoebetria, Pterodroma phaeopygia, Pelagodroma,
Fregeita, Oceanodroma melania, Halocyptena, Pelecanoides garnoti, and vestigial
in Oceanodroma tethys. It is present in Diomedea and Procellaria; the condition
could not be determined for Daption, Pachyptila forsteri, P. desolata, Ptero-
droma mollis, P. cooki, Nesofregetta, or Oceanodroma leucorhoa (Klemm, 1969).
It is present in anhingas and cormorants and is considerably bigger in the
former (Owre, 1967); it is present in ciconiiforms (but vestigial in Phoeni-
copteridae) (Vanden Berge, 1970), falconiformes (Hudson, 1948), Poli-
hierax (Berger, 1956a), cathartids (Fisher, 1946), Fulica americana (Rosser
et al., 1982), Grus americana (Fisher and Goodman, 1955), G. canadensis
(Berger, 1956b), Amazona albifrons (Berman, 1984), Colius (Berman and
Raikow, 1982), hummingbirds (Zusi and Bentz, 1984), Corvus (Hudson,
1937), tyrannids (McKitrick, 1985b), and Old World suboscines except
Acanthisitta and Xenicus (Raikow, 1987). It is present in galliforms—weak
in Lagopus, powerful in Opisthocomus (Hudson et al., 1959).

In the Alcae, which lack a hallux, the muscle is present in Alca (two legs),
Uria (four legs), Cepphus (one leg), Brachyramphus (one leg), Ptychoramphus
(two legs), Fratercula (four legs), and Lunda (four legs). The muscle is
absent in Alca (four legs), Uria (14 legs), Cepphus (six legs), Brachyramphus
(three legs), Synthliboramphus (four legs), Ptychoramphus (four legs), Ce-
rorhinca (six legs), Fratercula (two legs), and Lunda (two legs) (Hudson et
al., 1969).

The muscle was not mentioned for Apteryx australis mantelli by McGowan
(1979) and is presumed absent in that species. It was reported absent in
Uria and Gavia by Hudson (1937), although Wilcox (1952) found it to be
present tendinously in Gavia. It is absent in some penguins (Schreiweis,
1982) and in Cygnus (George and Berger, 1966).

M. flexor hallucis brevis, number of tendons (Character 59). The mus-
cle has two independent tendons in Fulica americana (Hudson, 1937; Rosser
etal., 1982), Totanus, Larus, Bubo, and Otus, and in addition Ardea and Buteo
show some division of the tendon (Hudson, 1937). All the accipitrids exam-
ined by Hudson (1948) have a double tendon of insertion that fuses to a
single tendon distally; the other falconiforms had one tendon. Vanden
Berge (1970) reports that the tendon is divided in Ardeidae, but single in
Balaeniceps, Ciconiidae, and Threskiornithidae. In Caprimulgidae
(Nyctidromus, Caprimulgus, Chordeiles), the distal end of the tendon is double;
in all other Caprimulgiformes the tendon is single (Hoff, 1966). Two ten-
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dons occur in Eurystomus and Merops (McKitrick, ms.). The muscle is single
throughout in Oxyurini and Anas (Raikow, 1970), cathartids (Fisher, 1946),
Grus americana (Fisher and Goodman, 1955), G. canadensis (Berger, 1956b),
Corvus (Hudson, 1937), Tyrannus (McKitrick, 1985b), and Old World
suboscines (Raikow, 1987).

Among Lari (Hudson et al., 1969), the belly and tendon are single in
Stercorarius, Sterna albifrons, Rynchops, and Catharacta. They are double in
Chlidonias, Sterna forsteri, Thalasseus, and Rissa; in Larus they are variable,
with the belly divided (nine legs) or single (three legs), and the tendon
double (five legs) or single (six legs). The belly may be either double or
single in Sterna paradisaea. It is single in the Alcae that possess the muscle.

M. flexor hallucis brevis, ensheathement of M. flexor hallucis longus.
The tendon of insertion typically ensheathes that of M. flexor hallucis
longus, as in Fregata, Sula, Ardea, Cathartes, Pediocetes, Colinus, Zenaida, Coc-
cyzus, Colaptes, Picoides villosus, and Corvus (Hudson, 1937), and evidently
in all Old World suboscines that possess the muscle (Raikow, 1987). This
is not the case in Polihierax (Berger, 1956a), Buteo, Falco, Grus, Fulica, Tota-
nus, Larus, Bubo, Otus, Chordeiles, or Chaetura (Hudson, 1937); Amazona
albifrons (Berman, 1984), nor Colius (Berman and Raikow, 1982). Klemm
(1969) makes no mention of ensheathement of M. FHL in procellariiforms,
nor does Raikow (1970) for Oxyurini and Anas, nor Zusi and Bentz (1984)
for hummingbirds, nor Schreiweis (1982) for penguins. Fisher (1946) does
not mention this for cathartids, except that in Gymnogyps the tendon to digit
I from FHL is ensheathed by the FHB tendon; Fisher and Goodman
(1955) report that the condition for Grus is the same as that reported by
Fisher (1946) for cathartids. Wilcox (1952) notes that FHB is not in contact
with any other muscle in Gavia immer.

M. flexor hallucis brevis, perforation by M. flexor digitorum longus.
In most birds, M. FHB is perforated by M. FDL. This perforation does not
occur in any of the falconiform birds examined by Hudson (1948) except
cathartids.

M. extensor hallucis longus (EHL), presence (Character 60). The mus-
cle is absent in Podiceps nigricollis and Uria (Hudson, 1937); Hudson (1937)
also reported it absent in Gavia immer but Wilcox (1952) found it in that
species although it was very small. It is vestigial or absent in procel-
lariiforms (Klemm, 1969). It is very small in penguins (Schreiweis, 1982)
and short and weak in Chen and Totanus (Hudson, 1937). It is present in
Apteryx australis mantelli (McGowan, 1979), although small, and in tinamous
except for Eudromia and Tinamotis, which lack a hallux (Hudson et al.,
1972). It is present in Polihierax (Berger, 1956a), Oxyurini and Anas
(Raikow, 1970), cathartids (Fisher, 1946), Fulica americana (Rosser et al.,
1982), Grus americana (Fisher and Goodman, 1955), G. canadensis (Berger,
1956b), Amazona albifrons (Berman, 1984), Colius (Berman and Raikow,
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1982), and hummingbirds (Zusi and Bentz, 1984). It was present in Camp-
torhynchus (Zusi and Bentz, 1978). It is present in ciconiiforms except
Phoenicoparrus, it is vestigial in Phoenicopterus (Vanden Berge, 1970). It is
very powerful in Buteo and presumably in Falco as well (see Hudson, 1937).

The muscle is present in Lari, absent in most Alcae, except for Cerorhinca
(three legs) and Lunda (five legs) in which it is minute, and possibly Cepphus
in which there may be a trace of the muscle (Hudson et al., 1969). It is
present in Corvus (Hudson, 1937), tyrannids (McKitrick, 1985b), and Old
World suboscines but is vestigial in Acanthisitta and Xenicus (Raikow, 1987).

M. extensor hallucis longus, number of heads (Character 61). There is
one head in Apteryx (McGowan, 1979). Two heads occur in tinamous except
for Crypturellus and those lacking the muscle (Hudson et al., 1972), in
Pandion, Falco, and accipitrids (Hudson, 1948); Polihierax (Berger, 1956a),
Buteo, Larus, Sterna antillarum, Zenaida, Columba, Bubo, and Otus (Hudson,
1937); Fulica americana (Rosser et al., 1982), and Aceros, (George and Ber-
ger, 1966). EHL has one head in Gavia immer (Wilcox, 1952), Phalacrocorax
and Anhinga (Owre, 1967), Oxyurini and Anas (Raikow, 1970), Chen, Fre-
gata, Sula, Totanus, Chordeiles, Chaetura, Colaptes, and Picoides (Hudson
(1937); and in Coccyzus, Geococcyx, and Crotophaga (Berger, 1952). Within
ciconiiforms, the muscle consists of one well developed head in Ardeidae,
Ciconia, and threskiornithids. There are two distinct heads in Mycteria and
Leptoptilos, and a very well developed proximal head and small distal head
in Balaeniceps. The muscle is vestigial in Phoenicopterus and absent in Phoeni-
coparrus (Vanden Berge, 1970). It is single in Sagittarius (Hudson, 1948)
and cathartids (Fisher, 1946; Hudson, 1948), and variable in galliforms
(Hudson et al., 1959). There is evidently only one head in Grus americana
(Fisher and Goodman, 1955), G. canadensis (Berger, 1956b), and penguins
(Schreiweis, 1982). There are two parts in Amazona albifrons but Berman
(1984) questioned their homology with pars proximalis and distalis. Hoff
(1966) reported two heads in owls and in Steatornis, one in other cap-
rimulgiforms. Hummingbirds have two heads, a proximal and a much
smaller distal one; in Glaucis the distal head is “barely discernible” (Zusi
and Bentz, 1984:40). Pars distalis is present in Colius, pars proximalis hav-
ing been lost (Berman and Raikow, 1982); it is coded in Appendix 2 as
having two parts.

In the Lari (Hudson et al., 1969) there are usually two widely separated
bellies; the proximal head was absent in Larus (four legs), Gelochelidon (one
leg), Sterna albifrons (?), and Thalasseus (two legs). The proximal belly was
absent in Rynchops also but the distal belly was well developed. In Alcae
(Hudson et al., 1969) there is one head, except in Lunda and Cerorhinca,
which are variable. The muscle is single in Eurystomus (McKitrick, ms.),
Corvus and Tyrannus (Hudson, 1937), and in Old World suboscines
(Raikow, 1987).
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M. extensor hallucis longus, accessory (Character 62). This is present
in Amazona albifrons; it is very small and consists of a few fibers (Berman,
1984). It is present in Colius (Berman and Raikow, 1982), Columba (George
and Berger, 1966), and Zenaida (Hudson, 1937). It may also be present in
Tyto (see Hoff, 1966).

M. extensor hallucis longus, condition of medial head. This is very
powerful and forms a fleshy sheath around the tendon of M. EDL in
accipitrids; in Pandion and Falco this head is not so well developed and
does not form a sheath (Hudson, 1948).

M. abductor digiti II (ABD2), presence (Character 63). The muscle is
absent in the Alcedinomorphae (Phoeniculidae through Cerylini in Appen-
dix 2) (Maurer and Raikow, 1981), Colaptes, Picoides villosus, and Corvus
(Hudson, 1937); Tyrannus (Hudson, 1937; McKitrick, 1985b), and in Old
World suboscines (Raikow, 1987). The muscle is present in penguins
(Schreiweis, 1982), anhingas and cormorants (Owre, 1967), Gavia immer
(Wilcox, 1952), Oxyurini and Anas (Raikow, 1970), Camptorhynchus (Zusi
and Bentz, 1978), galliforms (Hudson et al., 1959), and in procellariiforms
except for Puffinus assimilis; the condition could not be determined in seven
species (Klemm, 1969). It is present in Polihierax (Berger, 1956a), Lari and
Alcae (Hudson et al., 1969), Fulica americana (Rosser et al., 1982), Grus
americana (Fisher and Goodman, 1955), G. canadensis (Berger, 1956b),
ciconiiforms (Vanden Berge, 1970), and cathartids (Fisher, 1946). It is
absent in Amazona albifrons (Berman, 1984), and was not mentioned for
Colius (Berman and Raikow, 1982) or hummingbirds (Zusi and Bentz,
1984) and is presumed absent. Hudson (1937) reported that the muscle is
“reduced to a tendinous sheet and is probably incapable of contraction” in
Gavia immer and Podiceps nigricollis. It is short and stout in Sagittarius, short
in cathartids and Pandion, weak in Falco, and extends the length of the
tarsometatarsus in accipitrids (Hudson, 1948).

In Apteryx australis mantelli (McGowan, 1979:70) a “poorly differentiated
and thin strip of muscle tissue” is situated on the tarsometatarsus and
divides to send vague tendons to digits II-IV. These were identified by
McGowan as Mm. abductor digiti II, extensor brevis digiti 111, and exten-
sor brevis digiti IV.

M. adductor digiti II (ADD2), presence (Character 64). The muscle is
very weak in Sagittarius, Falco, and accipitrids, stronger in cathartids, and
stronger still in Pandion (Hudson, 1948). The muscle is absent in Tinamotis
(but present in other tinamous; Hudson et al., 1972), penguins (Schreiweis,
1982), Amazona albifrons (Berman, 1984), presumably in Colius (Berman
and Raikow, 1982), absent in Pediocetes, Colaptes, Picoides villosus, Tyrannus,
and Corvus but present in the other species examined by Hudson (1937),
absent in Upupidae, Momotidae, Trogonidae, Alcedinidae (Maurer and
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Raikow, 1981), and Old World suboscines (Raikow, 1987). Among procel-
lariiforms, the muscle is separate in Phoebetria, weakly developed in Puf-
finus pacificus and Oceanodroma tethys, and absent in Pterodroma phaeopygia,
Pelagodroma, Fregetta, Hydrobates, Oceanodroma melania, Halocyptena, and Pel-
ecanoides garnoti; the condition could not be determined for seven species
(Klemm, 1969). It is present in anhingas and cormorants, larger in the
former (Owre, 1967). The muscle is present in Gavia immer (Wilcox, 1952),
Polihierax (Berger, 1956a), Oxyurini and Anas (Raikow, 1970), Camptorhyn-
chus (Zusi and Bentz, 1978), ciconiiforms (Vanden Berge, 1970), Lari and
Alcae (Hudson et al., 1969), Fulica americana (Rosser et al., 1982), Grus
americana (Fisher and Goodman, 1955), G. canadensis (Berger, 1956b),
cuckoos (Berger, 1952), caprimulgiforms (Hoff, 1966), and hummingbirds
(Zusi and Bentz, 1984). The muscle is present in galliforms except
tetraonids (Dendragapus, Lagopus, Canachites, Bonasa, Pediocetes, Tympanu-
chus, Centrocercus). In Gennaeus and Pavo there was no connection to the
second toe (Hudson et al., 1959).

This muscle was not mentioned for Apteryx australis mantelli by McGowan
(1979) and is presumed absent in that species.

M. adductor digiti II, length. The belly extends almost the length of the
tarsometatarsus in Fulica americana (Rosser et al., 1982), Fregata, Sula,
Zenaida, Chordeiles, and Chaetura (Hudson, 1937); and in Columba (George
and Berger, 1966). The belly is restricted to the distal half or less in Oxy-
urini and Anas (Raikow, 1970), and in Ardea, Chen, and various galliforms
(George and Berger, 1966). In Podiceps, Opisthocomus, Bubo, and some cuck-
00s the belly is limited to the proximal half of the bone and the tendon of
insertion is long (George and Berger, 1966). The belly extends the length
of the tarsometatarsus in hummingbirds except for Heliodoxa, in which it
extends only half the length of that bone (Zusi and Bentz, 1984). The
muscle is almost entirely tendinous in Gavia immer (Wilcox, 1952).

M. extensor proprius digiti III (EPD3), presence. The muscle is “very
short and weak” in Sula, Chen, Falco, Pediocetes, Colinus, Fulica, Totanus, and
Uria (Hudson, 1937); Rosser et al. (1982) did not find the muscle in Fulica
americana. It is vestigial in Polihierax (Berger, 1956a), cathartids (Fisher,
1946), Grus americana (Fisher and Goodman, 1955), G. canadensis (Berger,
1956b), and Chaetura (George and Berger, 1966). It is present in galli-
forms, very powerful in Opisthocomus, but almost vestigial in Alectoris
(Hudson et al., 1959). It is vestigial in most procellariiforms; it is distinct
only in Phoebetria, Puffinus pacificus, and P. assimilis (Klemm, 1969). It was
present in Camptorhynchus (Zusi and Bentz, 1978) and is present in Oxy-
urini and Anas (Raikow, 1970). Schreiweis (1982) does not mention the
muscle for penguins, nor do Zusi and Bentz (1984) for hummingbirds. It
is conspicuous in Amazona albifrons (Berman, 1984). It is present in tina-
mous (Hudson et al., 1972) and Colius (Berman and Raikow, 1982). It is
very small in Gavia immer (Wilcox, 1952). It is absent in anhingas and
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cormorants (Owre, 1967); Hudson (1937) reported it absent in Fregata,
Grus, Tyrannus, and Corvus and well developed in Ardea, Butorides, Zenaida,
Coccyzus, Bubo, Otus, Colaptes, and Picoides villosus. It is absent in Old World
suboscines (Raikow, 1987).

Hudson (1948) reported that Sagittarius lacks any short extensor to the
third toe. A rudimentary extensor occurs in Cathartes, Coragyps, and Falco.
A single flexor was found in accipitrids, well developed in Aquila and Buteo,
weaker in Circus and Accipiter. Pandion has two well developed extensors,
of which this is one; the other is probably M. extensor brevis digiti I1I.

For Lari and Alcae see description for M. extensor brevis digiti III,
below.

The muscle is very small in Apteryx australis mantelli (McGowan, 1979); it
was reported to insert on the terminal phalanx of digit IV, which is pre-
sumably a misprint.

M. extensor proprius digiti III, length. The belly of this muscle is weak
and limited to the distal end of the tarsometatarsus in some galliforms
(Hudson et al., 1959), in Oxyurini and Anas (Raikow, 1970), in Sula, Chen,
Falco, Pediocetes, Colinus, Fulica, Totanus, Uria (Hudson, 1937), and in Geo-
coccyx (Berger, 1952). It extends half the length of the tarsometatarsus in
Amazona albifrons (Berman, 1984) and the entire length of that bone in
Colius (Berman and Raikow, 1982). It is represented by a tendon in cathar-
tids, when present (Fisher, 1946). The length is variable in tinamous
(Hudson et al., 1972). The muscle is mostly tendinous in Gavia immer and
arises at the distal end of the tarsometatarsus (Wilcox, 1952).

M. extensor proprius digiti III, accessory. This was described by Ber-
man (1984) in Amazona albifrons. It is not present in Colius (Berman and
Raikow, 1982).

M. extensor brevis digiti III (EBD3), presence. See description under
M. abductor digiti II for Apteryx australis mantelli (p. 45). This muscle is
absent in many birds including anhingas and cormorants (Owre, 1967),
Amazona albifrons (Berman, 1984), and Colius (Berman and Raikow, 1982);
it is present in penguins (Schreiweis, 1982), tinamous (Hudson et al., 1972),
and Pandion (Hudson, 1948). It is present in procellariiforms, although
absent in some specimens of Diomedea (Klemm, 1969). It was not men-
tioned for Oxyurini and Anas (Raikow, 1970), nor Gavia immer (Wilcox,
1952), nor hummingbirds (Zusi and Bentz, 1984), and is presumed absent.
It is tiny in Fulica americana (Rosser et al., 1982). It is present but very small
in cathartids (Fisher, 1946) and in Grus americana (Fisher and Goodman,
1955). It is not mentioned by Berger (1956b) for G. canadensis. Vanden
Berge (1970:352) states that he is referring to M. extensor proprius digiti
I1I and M. extensor brevis digiti I1I as the same muscle, and notes that the
muscle is present in all ciconiiforms.

Hudson (1937) found only one extensor to the third toe in the species
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he studied, and referred to it as M. extensor proprius digiti III. By 1969
he was referring to the muscle as M. extensor brevis digiti III and noted
(Hudson et al.) that it was present in Lari and Alcae, but poorly developed
to vestigial.

M. extensor brevis digiti IV (EBD4), presence (Character 65). See de-
scription for Apteryx australis mantelli (p. 45) under M. abductor digiti II. It
is coded as vestigial (1) for Apteryx.

Among procellariiforms, the muscle was absent or vestigial in half the
specimens of Diomedea examined by Klemm (1969), and present in the
others. It was present in the remainder of the group, except for six species
(see Klemm, 1969) in which the condition could not be determined. The
muscle is reduced to connective tissue in Podiceps nigricollis (Hudson, 1937).
It is present in penguins (Schreiweis, 1982), Sagittarius (short and stout)
(Hudson, 1948), galliforms (Hudson et al., 1959), cathartids and Pandion
(well developed) and accipitrids and Falco (short belly) (Hudson, 1948);
present and stout in anhingas, less stout in cormorants (Owre, 1967); and
present but mostly tendinous in Gavia immer (Wilcox, 1952). It is present
in tinamous (Hudson et al., 1972), Camptorhynchus (Zusi and Bentz, 1978),
Oxyurini and Anas (Raikow, 1970), Lari and Alcae (Hudson et al., 1969),
Fulica americana (Rosser et al., 1982), Grus americana (Fisher and Goodman,
1955), G. canadensis (although rudimentary; Berger, 1956b), cuckoos (Ber-
ger, 1952), caprimulgiforms (Hoff, 1966), and Colius (Berman and Raikow,
1982); it is very small in Amazona albifrons (Berman, 1984). It is absent in
Todidae, Momotidae, and Meropidae (Maurer and Raikow, 1981); Co-
laptes, Picoides villosus, and Corvus (but present in the other species exam-
ined) (Hudson, 1937); Tyrannus (Hudson, 1937; McKitrick, 1985b), and
Old World suboscines (Raikow, 1987). Zusi and Bentz (1984) do not men-
tion it for hummingbirds, and it is presumed absent. It is poorly developed
in Polihierax (Berger, 1956a). In ciconiiforms it is well developed (Vanden
Berge, 1970).

M. extensor brevis digiti IV, number of heads. In Fregata it has two
heads of origin (Hudson, 1937).

M. extensor proprius digiti IV (EPD4). This was described and named
by Berman and Raikow (1982) for Colius.

M. abductor digiti IV (ABD4), presence and development. The muscle
is present in Apteryx australis mantelli (present in one of two specimens;
McGowan, 1979), penguins (Schreiweis, 1982), and galliforms (Hudson et
al., 1959). It is weakly developed in Polihierax (Berger, 1956a), Podiceps,
woodpeckers, and passerines, and relatively weakly developed in Columba
(George and Berger, 1966). It is present in all falconiforms examined by
Hudson (1948), although variably developed. It is present in tinamous
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(Hudson et al., 1972), cormorants and anhingas (larger in anhingas than
cormorants; Owre, 1967), Gavia immer (Wilcox, 1952), procellariiforms
(Klemm, 1969), Camptorhynchus (Zusi and Bentz, 1978), and Oxyurini and
Anas (Raikow, 1970), and is well developed in Amazona albifrons (Berman,
1984). It is present in Colius (Berman and Raikow, 1982). Hudson (1937)
found it to be very stout in Fregata and Sula, and very weakly developed
in Gavia, Podiceps nigricollis, Colaptes, Picoides villosus, Tyrannus, and Corvus.
Among Old World suboscines it is very small in Eurylaimus, vestigial in
Xenicus, and absent or vestigial in Acanthisitta; it was not found in Pitta
(Raikow, 1987). Zusi and Bentz (1984) do not mention it for humming-
birds. It has an upper and a distal belly in cathartids, on the same tendon
(Fisher, 1946); Fisher and Goodman (1955) note that the condition in Grus
americana is the same as that described in Fisher’s (1946) paper on cathar-
tids. It is minute in G. canadensis (Berger, 1956b). It extends about half the
length of the tarsometatarsus in Fulica americana (Rosser et al., 1982). It is
present in ciconiiforms, and in Ixobrychus and Botaurus the muscle has two
heads (Vanden Berge, 1970). It is well developed in Lari and Alcae
(Hudson et al., 1969).

M. adductor digiti IV (ADD4), presence. Little information is available.
The muscle is absent in penguins (Schreiweis, 1982), and in all falconi-
forms examined by Hudson (1948). Wilcox (1952) found the muscle in
Gavia immer; Hudson (1937) found it well developed only in Phasianus
colchicus, and absent in the other forms he studied. Hudson et al. (1959)
did not find it in any of the galliforms they studied. It was not mentioned
for procellariiforms (Klemm, 1969), Oxyurini and Anas (Raikow, 1970),
Amazona albifrons (Berman, 1984), Colius (Berman and Raikow, 1982), nor
hummingbirds (Zusi and Bentz, 1984) and it is presumed absent. It is
absent in tinamous (Hudson et al., 1972), cathartids (Fisher, 1946), and
Grus americana and G. canadensis (Fisher and Goodman, 1955; Berger,
1956b). It was reported to be reduced to a ligament in Chen hyperborea,
Grus canadensis, and Fulica americana (Rosser et al., 1982). It was present
and well developed in the gruiform species studied by Allen (1962). It is
not mentioned by Vanden Berge (1970) for ciconiiforms nor Owre (1967)
for anhingas and cormorants and is presumed absent. It is absent in Lari
and Alcae (Hudson et al., 1969).

M. lumbricalis (L), presence (Character 66). The muscle is well devel-
oped in Pandion (Hudson, 1948), Ardea, Butorides, Zenaida, Coccyzus, Chor-
deiles, and Chaetura (but not in the other species examined) (Hudson,
1937); Gallicolumba, many cuckoos, Goura, Opisthocomus, Columba, and Ac-
eros (George and Berger, 1966). It is very weak in all falconiforms exam-
ined by Hudson (1948) except for Pandion (see above). It is weak in most
galliforms, evidently absent in Pavo, but strongly developed in Opisthocomus
(Hudson et al., 1959). It is present, although vestigial, in procellariiforms
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except Pelagodroma in which it is apparently absent (Klemm, 1969). It is
vestigial in penguins (Schreiweis, 1982). It is present and with two bellies
in Oxyurini and Anas (Raikow, 1970), although very small indeed. It is
present with two bellies in tinamous (Hudson et al., 1972); in Nothoprocta
and Nothura the lateral head arises out of the tendon of insertion of FHL.
It is present though poorly developed in Amazona albifrons (Berman, 1984),
but well developed in Colius (Berman and Raikow, 1982). Fisher and
Goodman (1955) do not mention it for Grus nor Wilcox (1952) for Gavia
immer nor Zusi and Bentz (1984) for hummingbirds, and it is presumed
absent. It is almost entirely tendinous in cathartids (Fisher, 1946). Berger
(1956b) found it in some specimens of G. canadensis but termed it poorly
developed. It is “extremely tiny” in Fulica americana (Rosser et al., 1982).
Hoff (1966) found it to be weak in owls, indistinct in Nyctibius, and present
in all other Caprimulgiformes. It is present in Coccyzus, Geococcyx, and
Crotophaga (Berger, 1952). It is very small in Old World suboscines
(Raikow, 1987).

The muscle is very weak to vestigial in ibises, storks, flamingos, Ajaia,
and Balaeniceps; it is better developed and has two heads in Ardeidae
(Vanden Berge, 1970). Owre (1967) was unable to find fleshy fibers of the
muscle in anhingas and cormorants; the muscle could be vestigial in these
forms. It is weak to vestigial in Lari, stronger in Alcae (Hudson et al.,
1969).

The muscle is present in Apteryx australis mantelli but appears to be weak
(McGowan, 1979). It is absent in Tyrannus (McKitrick, 1985b), and appar-
ently in Corvus (Hudson, 1937).

PHYLOGENETIC ANALYSIS

The analysis performed using Hennig86 (Farris, 1988) was unable to
find more than 884 trees due to memory constraints of the program. The
PAUP analysis was terminated at 6,000 trees. The trees obtained using
PAUP were 340 steps (consistency index [ci] = .300 excluding uninforma-
tive characters). The 75% majority-rule consensus tree is shown in Figure
1. This tree shows all groups occurring in at least 75% of all 6,000 trees.
This kind of consensus tree is presented because it is more informative
about the results of the analysis than the strict consensus. The strict con-
sensus tree can be inferred from the groups occurring 100% of the time;
all groups collapse that occur in less than 100% of the trees. Figure 2 shows
the same tree but with node numbers instead of group percentages. Figure
3 shows Tree #1 of 6,000. Character changes for Tree #1, based on
ACCTRAN optimization, are listed in Appendix 3. An apomorphy list
based on that tree is presented in Appendix 4.
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DISCUSSION
CoMmPARISON WITH PrEVIOUS HYPOTHESIS

The trees support a number of traditional groupings but fail to corrobo-
rate others. Monophyly of Procellariiformes (node 115: Diomedea through
Pelecanoides) is supported in 100% of all trees, and penguins (node 118:
Aptenodytes through Pygoscelis) are the sister group to the procellariiform
clade in all trees. Loons and grebes (node 120: Gavia and Podiceps) are
always a clade and ducks (node 121: Anas and Oxyura) are their sister
group. The loon-grebe-duck clade are the sister group to the procel-
lariiform-penguin group in all trees. The goose (Chen) emerges not with
ducks but rather as the sister group to all the preceding taxa.

Passeriformes (node 131: Eurylaimus through Philepitta) are mono-
phyletic in all trees. Old World suboscines do not emerge monophyletic
because of an artifact of character coding (see description for Character
52, above); the arrangement of the deep flexor tendons in Old World
suboscines is derived (Raikow, 1987), but because PAUP can accomodate
only 10 states per character I coded Old World suboscines the same as the
other passerines. Woodpeckers (node 126: Colaptes and Picoides) are the
sister group to passeriforms. Parrots and mousebirds (node 125: Amazona
and Colius) are always a clade and are the sister group to the woodpecker-
passeriform group. Hummingbirds (Glaucis) are the sister group to the
preceding three groups (node 133), and swifts (Chaetura) are the sister
group to that large clade in all trees.

Monophyly of Pelecaniformes is not supported in this analysis, whereas
it was highly supported by Cracraft (1985). Fregata and Sula float
unresolved outside of the passerine-swift clade. The other two pelecani-
form taxa, Phalacrocorax and Anhinga, emerge unresolved outside of all the
preceding taxa (Diomedea through Chaetura). The whale-headed stork
(Balaeniceps) is sister to the herons and there is no link between herons and
any pelecaniforms (compare Cracraft [1985] and Sibley et al. [1988]).

Falconiformes is also broken apart in this analysis. Accipitrids (node
189: Accipiter and Buteo) are always monophyletic; owls (node 140: Bubo
and Otus) are always a clade; and acciptrids, owls, and osprey (Pandion)
emerge as a trichotomy in 90% of all trees. Their sister group is the falcons
(node 142: Polihierax and Falco) in 96% of all trees. This hawk-owl clade is
the sister group of all the preceding taxa (Diomedea through Anhinga) in
90% of all trees. The sister group to this large group is the vultures (node
146: Cathartes through Gymnogyps) in 99% of all trees, with the secretary-
bird (Sagittarius) outside that group in all trees.

Charadriiformes is not monophyletic in this analysis, in that the one
sandpiper (Totanus) never emerges with the auks, gulls, and terns. The
latter group, however, (node 158: Rynchops through Thalasseus) is a clade
in 100% of all trees, but there is little resolution within that group other
than within the auk clade (node 153: Alca through Cerorhinca). Coots
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(Fulica) are the sister group to this restricted charadriiform clade, and
sandhill crane (Grus) is the sister to the coot-auk-gull clade. That entire
group (node 160) is the sister group to all the preceding taxa in 99% of all
trees. Contra the suggestion by Feduccia (1976) and Olson and Feduccia
(1980) that flamingos are shorebirds (Charadriiformes), flamingos emerge
with ibises and storks as in traditional groupings.

Ciconiiformes is not monophyletic here. Storks, flamingos, and ibis
(node 165: Mycteria through Plegadis) are always a fully resolved clade, and
they emerge as a polytomy with all the preceding taxa (node 161) and with
Galliformes (node 168: Crax through Meleagris), which are also mono-
phyletic in all trees. The sister group to all of the preceding groups in 99%
of all trees is a clade comprising the following: herons (node 171: Ardea
through Heterocnus) and the whale-headed stork (Balaeniceps), their sister
group the nighthawk-coraciid clade (Chordeiles and Coraciidae); the sandpi-
per (Totanus) is the sister group to the heron-coraciid clade. The sister
group to all the preceding (node 169: Diomedea through Totanus) is the
hoatzin-dove clade (node 181). The hoatzin (Opisthocomus) is the sister
group to cuckoos in all trees, and their sister group is doves (node 180:
Zenaida and Columba).

The tree topologies within some of the major groups of this analysis may
differ from traditional and in some cases from more recent proposals, as
well. For example, gulls have been regarded as monophyletic, as have
terns, based on osteological characters (e.g. Strauch, 1978; Mickevich and
Parenti, 1980) as well as general appearance. In the present analysis there
is little if any resolution among gulls and terns in most trees.

The alliance of loons and grebes (Gavia, Podiceps) was not accepted by
Storer (1971) on the grounds that the similarities are due to convergence,
although Cracraft (1982) argued in favor of the grouping on the basis of
skeletal characters. In the present analysis they are linked in 100% of all
trees.

Chordeiles (Caprimulgiformes) does not emerge with swifts or humming-
birds (Apodiformes) in this analysis, whereas in Cracraft (1981, 1988) they
are sister groups; in Wetmore (1960), Storer (1971), and Peters (1940,
1945) these taxa are also classified together. In Sibley et al. (1988), cap-
rimulgiforms and owls are sister groups (as implied also by traditional
arrangements), with Musophagidae being their sister group and swifts and
hummingbirds the sister group to the entire assemblage. In the present
analysis, owls are related to hawks as suggested by Cracraft (1981). The
alliance indicated here among herons, caprimulgiforms, and coraciiforms
is completely non-traditional and has not been suggested by any other
analyses. With additional data it will most likely disappear.

Galliformes and Anseriformes do not come out together in this analysis
contra Cracraft (1981, 1988) and Sibley et al. (1988). Monophyly of subos-
cines is supported by a derived morphology of the stapes (Feduccia, 1979),
but not by the hindlimb muscle characters presented herein (Tyrannus and
Corvus are closer than Tyrannus and Old World suboscines).
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The results of this analysis differ from the phylograms presented in
Sibley et al. (1988) in numerous other ways. Parrots and mousebirds are
sister groups in my analysis, whereas in Sibley et al., mousebirds are the
sister group to a large group containing cuckoos, parrots, swifts, humming-
birds, owls, doves, gruiforms, ciconiiforms, and passeriforms. Gruiformes
(Grus and Fulica) are not monophyletic here; in Sibley et al. they are.

In Sibley et al., New World vultures form a clade with ciconiiforms, a
surprising hypothesis that was first suggested by Ligon (1967) on the basis
of morphology. In the present analysis, however, vultures are the sister
group to a large clade including Diomedea through Falco (node 144), an
arrangement that differs from traditional ones in which vultures are falco-
niforms.

Sibley et al. do not depict the grebes as closely related to loons, whereas
they are sister groups in the present analysis. Furthermore, loons and
ducks are not close, either in Sibley et al. or in Cracraft’s (1981) classifica-
tion. In both these classification schemes, ducks and geese are the sister
group to galliforms. Sibley et al. place loons and procellariiforms together
as sister groups, with penguins as their closest relatives. The present analy-
sis does not exactly corroborate this finding. Procellariiforms and penguins
are a clade, with the loon-duck clade being their sister group. In an analysis
based on wing musculature (McKitrick, 1991), procellariiforms (repre-
sented only by Pelecanoides) are grouped with penguins, but loons do not
emerge as particularly closely related to them.

The hoatzin (Opisthocomus) is placed with galliforms in traditional classifi-
cations; here it emerges with cuckoos, far from galliforms. This corrobo-
rates the findings of Sibley et al. (1988), who place the hoatzin with cuckoos
which are also not closely related to galliforms in their analyses.

Such comparisons are useful only insofar as they draw attention to areas
where DNA hybridization data, hindlimb muscle data and other character
data lead to different phylogenetic interpretations. The task at hand is not
to choose among phylogenies, but to continue to generate data that will
contribute to our understanding of these hypotheses and of the characters
on which they are based. Ideally, phylogenies founded on morphological
data should be based on as much evidence as possible (see, e.g., Kluge,
1989). My hope in offering the data herein is that other avian anatomists
will contribute data for the same taxa from their own area of expertise; as
the matrix grows so will our confidence in the resulting phylogenetic hy-
potheses.

EvoruTtioN oF HiINDLIMB MUSCLES

I used Tree #1 (see Fig. 3) as a reflection of the degree of homoplasy
in the muscle characters used herein. Of the 42 informative muscle charac-
ters (i.e., those that are not autapomorphies for terminal taxa) that do not
show multiple states, nine had no homoplasy (characters 5, 17, 19, 35, 36,
39, 48, 50, 57).
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The ten muscles used in traditional classifications, the so-called “formula
muscles,” are the following: (A) caudofemoralis, character 15; (B) ilio-
femoralis, character 16; (C) iliotrochantericus medius (not used in this
analysis); (D) iliofemoralis externus, character 7; (E) iliofemoralis internus,
character 27; (F) plantaris, character 49; (G) popliteus, character 57; (X)
flexor cruris lateralis pars pelvica, character 13; (Y) flexor cruris lateralis
pars accessoria, character 12; (Am) ambiens, character 38; and (V) vincu-
lum (between Mm. FPD3 and FPPD3), character 44. Table 1 shows the
consistency index for each of these characters. This value ranges from
0.111 to 1.000 (mean = 0.365, SD = 0.363) (mean and standard deviation
are based on nine of the 10 formula muscles, as character 27 was not
informative for this data set); for all 63 informative muscle characters ci
ranges from 0.111 to 1.000 (mean = 0.46, SD = 0.32). Clearly, the for-
mula muscle characters are no more informative than other hindlimb mus-
cle characters.

A complete list of character changes using ACCTRAN (Accelerated
Transformation), based on Tree #1, is given in Appendix 3. The
ACCTRAN algorithm assumes that reversals (0 — 1 — 0) are more com-
mon than independent origins of a character state (1 <~ 0 —1). Arrows
with double lines represent unambiguous changes and are the large major-
ity of all changes; these changes are the same for all three optimization
routines offered by PAUP (ACCTRAN, DELTRAN, and MIN-F). It is of
interest to examine the characters that group some of the clades repre-
sented in Figure 3, in particular those clades that are controversial. The
characters supporting each node are listed in Appendix 4.

The link between Gavia and Podiceps (node 122) is interesting in light of
Storer’s (1971) argument that similarities between loons and grebes are
due to convergence. That grouping is supported by 7 characters: 11 (state
1), the ansa iliofibularis (biceps loop) of M. iliofibularis is elongated (occurs
once); 28 (1), M. iliofemoralis internus is unusually broad and short (occurs
three times); 42 (1) absence of a tendinous branch between Mm. fibularis
longus and flexor perforatus digiti III (occurs three times); 54 (1), three
heads of origin of M. flexor digitorum longus (occurs three times); 65 (2),
M. abductor digiti II is vestigial (occurs once); 65 (1), M. extensor brevis
digit IV is vestigial (occurs five times). Again, the phylogeny presented
here obviously supports the hypothesis that these characters reflect com-
mon ancestry of loons and grebes, and with seven characters supporting
this node, this is one of the three best supported nodes in the phylogeny.
If the characters really are convergent, this can only be demonstrated with
additional data.

The grouping of ducks with loons and grebes (node 124) is non-tradi-
tional. It is based on two character states: 4 (0), M. iliotibialis lateralis,
postacetabular part present (occurs four times); and 34 (1), M. gastrocne-
mius medialis, presence of two heads (occurs three times). The grouping
of owls and accipitrids (node 144) is also of interest. It is based on one
character state: 59 (1), M. flexor hallucis brevis, two tendons of insertion
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TABLE 1
CONSISTENCY OF CHARACTERS BASED ON FORMULA MUSCLES.

Formula Code Muscle Name Character CI
A caudofemoralis 15 .182
B iliofemoralis 16 231
C iliotrochantericus medius N/A N/A
D iliofemoralis externus 7 .167
E iliofemoralis internus 27 1.000

(uninformative)
F plantaris 49 .143
G popliteus 57 1.000
X flexor cruris lateralis 13 .250
pars pelvica
Y flexor cruris lateralis 12 .200
pars accessoria
Am ambiens 38 1.000
\Y vinculum 44 11

(occurs four times). The entire grouping of owls with all hawks (node 147)
is based on three character states: 13 (1), absence of M. flexor cruris later-
alis pars pelvica (occurs three times); 33 (1), M. gastrocnemius pars me-
dialis, patellar band absent (occurs six times); and 61 (0), M. extensor
hallucis longus, two heads present (occurs six times).

The grouping of charadriiforms (except Totanus) (node 164), which this
study initially sought to examine, is based on four characters: 4 (1), M.
iliotibialis pars postacetabularis absent (occurs four times); 32 (1), M. gas-
trocnemius pars lateralis is double (occurs three times); 43 (1), M. fibularis
brevis absent (occurs five times); and 52 (4), arrangement of the deep
flexor tendons is Type IV (occurs four times).

Sanderson and Donoghue (1989) compared consistency indices (ci) for
morphological and molecular data sets and found that ci is strongly corre-
lated with number of taxa, but not with number of characters. They pre-
sented a formula for calculating expected ci for a given number of taxa
below about 60; the present data set started with 103 taxa and is therefore
above the limit of resolution possible for the formula. For 60 taxa the
expected ci is .30. One may therefore conclude that the ci of .300 in the
present analysis is at least as high as would be expected for 103 taxa and
that the hindlimb muscle data presented here are at least as statistically
consistent as would be expected for a data set of this size.

The hindlimb muscle data reported here demonstrate the phylogenetic
information content of one set of characters, and as such they offer the
basis both for a suite of phylogenetic hypotheses and for hypotheses about
the evolution of hindlimb muscle characters. No single data set should be
the exclusive basis for a phylogenetic analysis, however. All character sys-
tems are important and contain some degree of phylogenetic evidence,
including those with a high degree of homoplasy at some taxonomic levels.
Furthermore, the utility of any one kind of data cannot be predicted a
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priori. Future phylogenetic studies of birds based on character data should
attempt to integrate the evidence from many different systems in order to
maximize the utility of each data set.
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APPENDIX 1.—Characters used in the analysis.

M. iliotibialis medialis. Present = 1, absence = 0

M. iliotibialis lateralis, pars preacetabularis. Presence = 0, absence = 1, vestigial = 2
M. iliotibialis lateralis, pars acetabularis. Presence = 0, absence = 1, aponeurotic = 2,
A =01

M. iliotibialis lateralis, pars postacetabularis. Presence = 0, absence = 1, A = 01

M. iliotrochantericus caudalis reduced. Reduced = 1, unreduced = 0

M. iliotrochantericus cranialis, strongly fused with M. iliotrochantericus caudalis. Fused
= 1, unfused = 0

M. iliofemoralis externus. Presence = 0, absence = 1

M. femorotibialis externus, distal head. Presence = 0, absence = 1

M. femorotibialis internus, longitudinal division. Presence = 1, absence = 0

M. iliofibularis, ansa iliofibularis forms a single ligament. Presence = 1, absence = 0

M. iliofibularis, ansa iliofibularis arms elongated. Presence = 1, absence = 0, moderately

elongate = 2

M. flexor cruris lateralis, pars accessoria. Presence = 0, absence = 1, A = 01

M. flexor cruris lateralis, pars pelvica. Presence = 0, absence = 1

M. flexor cruris lateralis, pars accessoria reduced. Reduced = 1, not reduced
absence = ?

M. caudofemoralis. Presence = 0, absence = 1, poorly developed = 2

M. iliofemoralis. Presence = 0, absence = 1, poorly developed = 2, A = 01

M. flexor cruris medialis, two distinct parts. Presence = 1, absence = 0

M. flexor cruris medialis and M. flexor cruris lateralis, tendons fused. Fused = 0,
unfused = 1

M. pubo-ischio-femoralis, division into pars cranialis and pars caudalis. Thus divided =
1, not thus divided = 0

M. pubo-ischio-femoralis, muscular slip. Presence = 1, absence = 0

M. pubo-ischio-femoralis, pars profundus divided into two parts. Undivided = 0, di-
vided = 1, intermediate = 2

M. obturatorius lateralis, pars dorsalis. Present = 0, absent = 1

M. obturatorius medialis, two heads of origin. Presence = 1, absence = 0

M. obturatorius medialis, number of tendons of insertion. One tendon = 0, two tendons
= 1, three tendons = 2

M. obturatorius medialis, enlarged in width. Presence = 1, absence = 0

Mm. obturatorius medialis and obturatorius lateralis, distal fusion. Fusion = 0, inde-
pendence = 1

M. iliofemoralis internus. Presence = 0, absence = 1

M. iliofemoralis internus. “Unusually short and broad” = 1, “typical” = 0

I
L
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29.
30.

31.
32.
33.
34.

35.
36.

37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.

52.

MCKITRICK

M. ambiens. Presence = 0, absence = 1

M. ambiens, extent of origin. Limited to pectineal process = 0, extending from pectineal
process to pubis = 1, one origin from pectineal process and one from pubis = 2

M. ambiens, longitudinal division. Undivided = 0, divided = 1

M. gastrocnemius pars lateralis, single = 0, double = 1, A = 01

M. gastrocnemius pars medialis, patellar band. Present = 0, 1 = absent, A = 01

M. gastrocnemius pars medialis, number of heads. One head = 0, two heads = 1, A =
01

M. gastrocnemius, fourth head. Presence = 1, absence = 0

M. gastrocnemius, tendon of insertion contributes to ossification of the hypotarsus. No
=0,yes = 1

M. tibialis cranialis, number of tendons of insertion. Bifurcated tendon = 0, one tendon
=1

M. extensor digitorum longus, number of heads of origin. One head (from tibia) = 0,
two heads (from tibia and fibula) = 1, two heads (from tibia and femur) = 2

M. extensor digitorum longus, hallucal tendon. Presence = 1, absence = 0

M. fibularis longus, presence = 0, poorly developed = 1, absent = 2, B = 02

M. fibularis longus, tibial head. Presence = 0, fibular head only = 1, arising from
underlying muscles and from tibia = 2

M. fibularis longus, branch to FPD3. Presence = 0, absence = 1

M. fibularis brevis. Presence = 0, weak = 1, absence = 2

M. flexor perforans et perforatus digiti I11, vinculum. Presence = 0, absence = 1

M. flexor perforans et perforatus digiti 11, relationship to M. flexor perforans et perfora-
tus digiti I11. Overlaps and conceals FPPD3 = 1, does not overlap = 0

M. flexor perforans et perforatus digiti 11, number of heads. One head = 0, intermedi-
ate = 1, two = 2, three = 3

M. flexor perforans et perforatus digiti 11, origin from ansa iliofibularis. Presence = 1,
absence = 0

M. flexor perforatus digiti 11, position. Deeply situated = 0, superficial = 1

M. plantaris. Presence = 0, absence = 1, A = 01

M. plantaris. “Typical” = 0, very powerfully developed = 1

M. flexor hallucis longus, tendon to hallux. Branch to hallux lacking or weak = 1, branch
to hallux present = 0

M. flexor hallucis longus and M. flexor digitorum longus, type of flexor arrangement.
See George and Berger (1966: 447) for description of Types I-VIII, and Berman (1984)
for a description of Type X (coded 9 herein). The modification found in hummingbirds
is designated Type 0.

M. flexor hallucis longus, number of heads. One head = 0, two heads = 1, three heads
2

. flexor digitorum longus, number of heads. Two heads = 0, three heads = 1

flexor digitorum longus, size. “Typical” = 0, very powerful = 1, intermediate = 2
flexor digitorum longus, location. Superficially situated = 1, deeply situated = 0

. popliteus. Presence = 0, absence = 1

flexor hallucis brevis. Presence = 0, vestigial = 1, absence = 2, B = 02

flexor hallucis brevis, number of tendons of insertion. One = 0, two = 1

. extensor hallucis longus. Presence = 0, absent or vestigial = 1

. extensor hallucis longus, number of heads. Two heads = 0, one head = 1, A = 01

. extensor hallucis longus, accessory. Presence = 1, absence = 0

. abductor digiti II. Presence = 0, absence = 1, vestigial = 2

. adductor digiti II. Presence = 0, weak = 1, absence = 2

. extensor brevis digiti IV. Presence = 0, vestigial = 1, absence = 2, C = 12

. lumbricalis. Presence = 1, absence = 0, weak or vestigial = 2

Feathers. Presence = 1, absence = 0 (for analytical purposes).

Neognath monophyly. Reflects monophyly of the ingroup (see Cracraft 1986; Cracraft
and Mindell 1989).
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APPENDIX 2.—Matrix of taxa and characters. The 103 taxa used in the
analysis are in boldface. Character numbers are at top and bottom of each
page. Multi-state characters (unordered) are marked with an asterisk.

CHARACTERS
*% * *k * * * * kk kK *k kK *kkk
00000000011111111112222222222333333333344444444445555555555666666666
12345678901234567890123456789012345678301234567890123456789012345678 TAXA
000000000000000000000000000000000000000000000000000???00000000000?00ANcestor

00000000000001000?7000000000000000000700000010000a?12000012?010221210Apteryx
00000101000000000000000000000000000000000000000000010000000000000110Tinamus
000001010000000000000000000000000000000000100000001?000002?1??020110Tinamotis
00000101000000000000000000000000000000000000000000010000000010000110Crypturel
000001010000001000000000000000000000000000000000001?0000027 1000001 10Eudromia
0000010100000000000000000000000000000000000000000002000000007?000110Nothura
00000101000000000000000000000000000000000000000000020000000000000110Nothoproc
0001000010011?00000100000000010a0000100000010300001410000001??00c211Diomedea1
0001000010011?00000100000000010a0000100000010300001400000001??00c211Diomedea2
0001000010011?00000000000000010000001000000103000074000002?1??000211Phoebetri

0001100010011?0000000000000001000000100000010300000400000001??000211Fulmarus
0001000010011?0000000000000001010000100000010300000400000001??000211Halobaena
0001100010011?00000000000000010100001000000103000004000007017???0211Pachypt1

0001100010011?0000000000000001000000100000010300000400000001??000211Procella1
0001?10010011?0000000000000001000000100000010300000400000001??000211Procella2
0001100010011?0001000000000001000000100000010300000400000001??000211Puffinus1
0001100010011?0001000000000001000000100000010300000400000001??00021 1P uffinus2
0001100010011?0001000000000001000000100000010300000400000001??010211Puffinus3
0001100010011?0000000000000001000000100000010300000400000001??000211Puffinus4
0001100010011?0001000000000001000000100000010300000400000001??000211Puffinuss
0001100010011?0001000000000001001000100000010300000400000001??00021 1Puffinus6
0001100010011?0001000000000001000000100100010300000400000001??100211Puffinus?
0001000010011?0100010000000001010000100000010300000400000001?7000211Pterodro1
0001000010011?00000100000000010100001000000103000004000007?1?????211Pterodro2
0001000010011?01000100000000010100001000000103000004000002?1??020211Pterodro3
0001000010011?00000100000000010100001002??010300000400000??1?7????211Pterodro4
0001010010011?00000100000000010100001002??010300000410000001??000211Pterodro5
0001000070011?01000000000000010a0000100b??010300000400000001??000211Bulweria
000000001100000000010000000001010000100000010300001400000001??0002110ceanites
0001000011000000000100000000010100001000000103001?14000002?71??020011Pelagodro
00010000110000000001000000001??100001000000103001?14000002?1??020211Fregetta

0001000011000000000100000000010100001000000103001?1400000001??000211Garrodia
0001000011011?00000000000000010100001002??010300001400000001??020211Hydrobate
0001000010011?00000000000000010100001002??0103001?1400000101??0102110ceanodr1

0000000001 1111111112222222222333333333344444444445555555555666666666
12345678901234567890123456789012345678901234567890123456789012345678
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0000000001 1111111112222222222333333333344444444445555555555666666666
12345678901234567890123456789012345678301234567890123456789012345678
0001000010011?00000000000000010100001002??0103001?14000002?1??0202110ceanodr3
0001000010011?00000000000000010100001002??0103001?14000002?1??020211Halocypte
0001000000011?010000000000001??000001002??0103000014000002?1??020211Pelecanot
0001000000011?010000000000001??000001002??010300001400000001??000211Pelecano2
0001000100210?00000000000000010010000000001100100012000002?1?0020211Aptenody1
0001000100210?00000000000000010010000000001100100012000002?1?20020211Aptenody2
0001000100210?0000000000000001001000000000110010001200000001?0020211Pygoscel1
0001000100210?0000000000000001001000000000110010001200000001??020211Pygoscel2
0001000100210?0000000000000001001000000000110010001200000001??020211Pygoscel3
0001000000210?00000000000000010010000000001100100012000002?1??020211Eudyptes1
0001000000210?00000000000000010010000000001100100012000002?1??020211Eudyptes2
0001000000210?00000000000000010010000000001100100012000002?1?7?020211Eudyptes3
0001000000210?00000000000000010010000000001100100012000002?1??020211Megadypte
0001000100210?00000000000000010010000000001100100012000002?1??020211Eudyptula
0001000000210?00000000000000010010000000001100100012000002?1??020211Sphenisc1
0001000000210?00000000000000010010000000001100100012000002?1??020211Sphenisc2
0001000000210?00000000000000010010000000001100100012000002?1??020211Sphenisc3
0001000000210?00000000000000010010000000001100100012000002?1??020211Sphenisc4
0000000100110?000000000000010100?1000000010003100014012001011?201011Gavia
0010001100110?10?100000000011??00100000001210000001407000001??201011Podiceps

0101000100011?210000000000000000100000000001000000050700000010000011Fregata
0001000100010?01000000000?700000000000000000?7000000021000000010000211Phalacro
0001000100010?0a010000000?00000000000000000?000000021000000010000211Anhinga
0001000100010?010000000000000000100000000020000000010?00000010000011Sula

00000000000000210000100011001??0000100010001101000010000001010000111Ardea me
00000000000000210000100011001??0000100010001101000010000001010000111Ardea he
00000000000000210000100011001??0000100010001101000010000001010000111Butoride
00000000000000210000100011001??0000100010001101000010000001010000111Florida
00000000000000210000100011001??0000100010001101000010000001010000111Dichroma
00000000000000210000100011001??0000100010001101000010000001010000111Leucopho
00000000000000210000100011001??0000100010001101000010000001010000111Hydranas
00000000000000210000200011001??0000100010001101000010000001010000111Agamia
00000000000000210000200011001??0000100010001101000010000001010000111Nycticor
00000000000000110000200011001??0000100010001101000010000001010000111Nyctanas
00000000000000110000200011001?7?0000100010001101000010000001010000111Heterocn
00000000000000210000200011001??0000100000001101000010000001010000111Ixobrych
00000000000000210000200011001??0000100010001101000010000001010000111Botaurus
00000000000000210000100000001??0000100000010101000010000000000000211Balaenic
0011000000000121000020000000000000100000002000000001000000000000021 1 Mycteria
00110000000001210000200000000000001000000020000000010000000010000211Ciconia
00110000000001110000200000000000001000000020000000010000000000000211Leptoptil
0000000000000020000020000000000000100000001000000001000000001000021 1 Eudocimu1
0000000000000020000020000000000000100000001000000001000000001000021 1Eudocimu2
0000000000000020000020000000000000100000001000000001000000001000021 1Plegadis
00000000000000200000200000000000001000000010000000010000000010000211Ajaia
101000000000001000002000000000000010?00000200200001400000101?0000211Phoenico1
101000000000001000002000000000000010000000200200001400000101?0000211Phoenico2
00000000011111111112222222222333333333344444444445555555555666666666
12345678901234567890123456789012345678901234567890123456789012345678
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0000000001 1111111112222222222333333333344444444445555555555666666666
12345678901234567890123456783012345678901234567890123456783012345678
101000000000001000002000000000000010000000200200001400000101?0000211Phoenicop
0000000100000001000000000100000000000000000000100005100000001000021 1Cathartes
00000001000000010000100001000000000000000000001000051000000010000211Coragyps
00000001000000110000100001000000000000000000001000051000000010000211Gymnogyps
00000001000000110000?00001000000000000000000001000051000000010000211Sarcoramp
000000010000001100000000010000000000000000000010000?100000001000021 1Vultur
00010000000000100000000001000000000000000000000010031000000010010211Sagittari
0001000100011?010000000001000000100000000001000010031001001000010211lctinia
0001000100011?010000000001000000100000000001000010031001001000010211Accipit
0001000110011?010000000001000000100000000001000010031001001000010211Buteo1
0001000110011?010000000001000000100000000001000010031001001000010211Buteo2
0001000100011?010000000001000000100000000001000010031001001000010211Aquila
0001000100011?010000000001000000100000000001000010031001001000010211Circus
0001000100011?01000000000100000010000002??01000010051001000000000111Pandion
000100010001 1?0110000000010000001000?0010001000001031000000000001211Polihier
0001000100011?011000000001000000100000001001000001031000000000010211Falcospa
0001000100011?011000000001000000100000001001000001031000000000010211Falcocol
0001000100011?011000000001000000100000001001000001031000000000010211Falcoper
0001000100010?0000000000000001?0000000000000000000020?00000010000011Chen hyp
0000000100010?000000000001000210110000000001120000120000000010000111Anasplat
0000000100010?000000000001000210110000000001120000120000000010000111Heterone
0000000100010?0000000000010002100100000000011000001200000000100001110xyura
0000000100010?000000000001000210010000000001120000120000000010000111Biziura

000000000000000000000010000000000000000020000?1000010000000000000211Megapodi
000000000000000000000010000000000000000020000?1000010000000070000211Eulipoa
000000000000000000000010000000000000000020000010000100000000a0000211Leipoa
00000000000000000000001000000000000000002000001000010000000000000211Crax
00000000000000000000001000000000000000002000001000010000000000000211Penelope
000000000000000000000010000000000000000020000010000100000000000002110Ortalis1
000000000000000000000010000000000000000020000010000100000000000002110Ortalis2?10000100000000?7000021 1Callipep
00000000000000000000001000000000000000002000011000010000000010000211Colinus
000000000000000000000010000000000000000020000? 10000100000000700002110dontoph
0000000000000000000000100000000000000000200002100001000000001000021 1Alectori
00000000000000000000001000000000000000002000021000010000000000000211Perdix
00000000000000000000001000000000000000002000021000010000000010000211Gennaeus
00000000000000000000001000000000000000002000021000010000000010000211Gallus
00000000011111111112222222222333333333344444444445555555555666666666
12345678901234567890123456789012345678901234567830123456789012345678
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00000000011111111112222222222333333333344444444445555555555666666666
12345678901234567830123456789012345678901234567890123456789012345678
00000000000000000000001000000000000000002000021000010000000010000211Phasianu
000000000000000000000010000000000000000020000? 1000010000000070000211Hydropha
00000000000000000000001000000000000000002000021000010000000010000011Pavo
00000000000000000000001000000000000000002000021000010000000000000211Numida
000000000000001000000010000000000000000020000210000100000000a0000211Meleagris
000000000000000000000000000000001000000020010010000100000000000001 110pisthoco
0000000000000000000000000?70000000000?00020?0100000010000000010000011Grusamer
000000000000000000000000070000000000000070?0100000010000000010001211Gruscan

00000000000000010000000001000000000000000010000000010?00001010000011Totanus1
00000000000000010000000001000000000000000010000000010?00001010000011Totanus2

00010000000001010000000001001???0000?0000010100000140?00000010000211Rynchops
000100000000010100000000010000000000?0000000100000140?00000000000211Catharact
000100000000010100000000010000000000?0000000100000140?00000000000211Stercora1
000100000000010100000000010000000000?0000000100000140?00000000000211Stercora2
000100000000010100000000010000010000?0000000100000140?00000000000211Larus
00010000000001010000000001000001000000000000100000140?00001000000211Rissa
00010000000001000000000001000?710000?0000010100000040?700001000000211Chlidonia
000100000000010000000000010000010000?0000010100000040?0000?000000211Gelocheli
00010000000001000000000001001??11000?70000011100000040?700000000000211Sternat
000100000000010000000000010000011000?70000010100000040?700001000000211Sterna2
000100000000000000000001010000010000?70000010100000040?00001000000211Sterna3
00010000000000000000000101000001?000?00000101000000?0?00007000000211Sterna4
00010000000000000000000101000001a00000000010100000040?000010a0000211Thalasseu
0001000000010?020000000001001??01100?0000001100000140?000201?70000111Alca
0001000000010?000000000000001??01100?0000001100000140?000201?0000111Uria
0001000000010?000000000001001??0110000000001100000140?000201?0000111Cepphus1
0001000000010?000000000001001??0110000000001100000140?000201?0000111Cepphus2
0001000000010?000000000000001??01000?0000001100010140?000201?0000111Brachyra
0001000000010?000000000001001??01100?0000001100000140?200201?0000111Synthlib
0001000000010?010000000001001??0100000000001100000140?000201?0000111Ptychora
00000000011111111112222222222333333333344444444445555555555666666666
12345678901234567890123456789012345678901234567830123456789012345678
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00000000011111111112222222222333333333344444444445555555555666666666
12345678901234567890123456789012345678901234567890123456789012345678
0001000000010?010000000001000000000000000001100000140?000201?0000111Cerorhin
0001000000010?010000000001000000000000000001100000140?000201?0000111Fratercut
0001000000010?010000000001000000000000000001100000140?000b01?0000111Fratercu2
0001000000010?0100000000010000000a0000000001100000140?000b01?0000111Lunda
00000010000000000000000000000000100000000000000000010?00000001000111Zenaida
00000010000000000000000000000000120000012000000000010100000001000111Columba

0020001100000001010000120000000110000000000?001000010000000010000111Coccyzus
00000011000000220100001200000001100000000001001000010000000010000111Geococcyx
0000001100000000010000?200000001100000000001001000010000000010000111Crotophag
0001000000011?010?707000000001??010001102??0100001?0110100010000002110tus asio
0001000000011?010?70?7000000001??010001102???100001?011010001000000211Bubo virg

001100110001??010?7000000011?1??010000202?701000010000020100000102011Eulampis
001100110001??010?7000000011?1??010000202??01000010000020100000102011Metallura
001100110001??010?000000011?1?2010000202??01000010000020100000102011Thalurani
001100110001??010?000000011?1??010000202??01000010000020100000102011Calliphlo
001100110001??010?000000011?1??0a0000202??01000010000020100000102011Glaucis
00110000000000010100010011001??0100000102101000010051000100001120111Colius1
00110000000000010100010011001??0100000102101000010051000100001120111Colius2
00200010000000010000010000001??7100000000101000000060000100010122011Colaptes
0020001000010?7010100010000001??0100000000101000000160000100010122011Picoides
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00100010000000010010?700001001??01?0000000001000100072100100010122211Eurylaim
00100010000000010010?700001001??01?0000000001000100072100100010122211Smithorn
00100010000000010010?00001001??01?0000000001000100072100100010122211Pseudoca
00100010000000010010?10001001??01?0000000001000100072100100010122211Cymbirhy
00100010000000010010?10001001??01?0000000001000100072100100010122211Serilophu
00100010000000010010?10001001??01?0000000001000100072100100010122211Calyptom
00100010000000010010?10001001??01?0000000001000100071000100010122211Philepit
00100010000000010010710001001??01?0000000001000100072100100010122211Neodrepa
00100010000000010110710001001??0070000000001000100072100100010122211Pitta
00000010000000010010?700001001??00?0000000001000100072100120110122211Acanthis
00000010000000010010?700001001??00?0000000001000100072100120110122211Xenicus
00010010000001010010?00001001??01?0000000001000100072120100010122011Tyrannus
0000001?000000010010700001001??01?0000000001000100071100100010122011Corvus
00000000011111111112222222222333333333344444444445555555555666666666
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APPENDIX 3.—Character changes for tree #1 of 6000 (Fig. 3) based on
ACCTRAN optimization. Each change is one step. Arrows with double
lines indicate unambiguous changes, i.e., those occurring in all optimiza-
tions. Arrows with single lines indicate changes that do not occur in all
optimizations.

Character Cl Changes
1 1.000 node 170 0 = 1 Phoenicopterus
1.000 node 138 0 =3 1 Fregata
node 181 0 = 2 Chordeiles
3 0.429 node 122 0 =3 1 Podiceps

node 137 0 =3 1 node 136
node 134 1 =3 2 node 128
node 131 1 = 0 node 130
node 171 0 =3 1 node 170
Coraciidae 0 — 01 = A (within terminal)
node 185 0 = 2 Coccyzus
4 0.222 node 167 0 — 1 node 152
node 107 1 =3 0 Oceanites
node 125 1 = 0 node 124
node 135 1 =3 0 node 134
node 129 0 =3 1 Tyrannus
node 151 1 — 0 node 150
node 165 0 =3 1 node 164
node 170 0 =3 1 node 169
Coraciidae 0 — 01 = A (within terminal)

5 1.000 node 112 0 3 1 node 110
6 1.000 node 191 0 =3 1 Tinamus
7 0.167 node 122 0 =3 1 Podiceps

node 138 0 =3 1 node 137
node 135 1 =3 0 node 127
node 182 0 3 1 node 181
node 190 0 — 1 node 189
node 187 1 — 0 Opisthocomus

8 0.143 node 191 0 =3 1 Tinamus
node 152 0 3 1 node 151
node 121 1 =3 0 node 117
node 119 1 3 0 node 118
node 136 1 =2 0 node 135
node 144 1 =3 0 node 143
node 187 0 =3 1 node 186

9 0.333 node 121 0 =3 1 node 117
node 114 1 =3 0 Pelecanoides
node 142 0 = 1 Buteo

10 0.500 node 108 0 =3 1 node 107
node 115 0 =3 1 Hydrobates

11 1.000 node 121 0 = 2 node 120
node 124 0 =3 1 node 122

12 0.200 node 151 0 =3 1 node 148

node 108 1 = 0 node 107
node 136 1 =3 0 node 135
node 128 0 =3 1 Picoides

node 158 0 =3 1 node 157
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APPENDIX 3.—Continued

Character

13

15

17
18

19
20

21

CI

0.250

0.200

0.182

0.231

1.000
0.125

1.000
0.500

0.500

Changes

node 121 0 =3 1 node 117
node 108 1 = 0 node 107
node 138 0 =3 | Fregata
node 148 0 = 1 node 147
node 127 0 =3 1 Amazona
node 129 0 =3 1 Tyrannus
node 164 0 =3 1 node 163
node 170 0 = 1 node 169
node 182 0 — 1 node 181
node 122 0 3 1 Podiceps
node 138 0 =3 2 Fregata
node 149 0 = 1 Gymnogyps
node 152 0 =3 1 Sagittarius
node 177 0 =3 2 node 171
node 168 2 =3 1 Leptoptilos
node 170 2 =3 1 Phoenicopterus
node 175 0 = | Meleagris
node 182 0 =3 2 node 180
node 178 2 =3 1 Heterocnus
node 185 0 = 2 Geococcyx
node 152 0 3 1 node 151
node 140 1 =3 0 node 126
node 104 0 = 1 Nesofregetta
node 1120 = 1 node 111
node 114 0 =3 1 Pelecanoides
Anhinga 1 = 01 = A (within terminal)
node 161 0 = 1 node 160
node 155 1 =3 2 Alca

node 155 1 =3 0 node 154
node 170 0 3 1 node 169
node 184 0 =3 1 node 183
node 186 0 = 1 node 185
node 185 1 =3 2 Geococcyx
node 147 0 =3 1 node 146
node 109 0 3 1 Puffinus
node 122 0 =3 1 Podiceps
node 135 0 — 1 node 127
node 128 0 =3 1 Picoides
node 132 0 =3 1 Pitta

node 141 0 = 1 Anhinga
node 181 0 =3 1 Chordeiles
node 187 0 =3 1 node 186
node 134 0 =3 1 node 133
node 116 0 = 1 node 108
node 111 0 =3 1 Pterodroma
node 150 0 =3 1 node 149
node 177 0 =3 2 node 171
node 182 0 =3 1 node 180
node 179 1 =3 2 node 178
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APPENDIX 3.—Continued

Character CI Changes

29 0.333 node 136 0 — 1 node 135
node 127 1 — 0 Amazona
node 132 1 =3 0 node 131

23 0.333 node 165 0 =3 1 Fulica
node 177 0 3 | node 176
node 187 0 — I node 186

24 0.667 node 165 0 = 2 Fulica
node 164 0 =3 1 Thalasseus
node 187 0 =3 2 node 186

25 0.500 node 127 0 =3 1 Colius
node 180 0 =3 1 node 179
26 0.111 node 177 0 =3 1 node 167

node 148 1 — 0 node 141
node 124 0 =3 1 node 123
node 137 0 =3 1 node 136
node 134 1 = 0 node 128
node 144 1 =3 0 node 143
node 154 1 = 0 node 153
node 180 0 =2 1 node 179
node 183 0 =2 1 Totanus
27 1.000 node 136 0 = 1 Glaucis
28 0.333 node 124 0 =3 1 node 122
node 165 0 =3 1 Fulica
node 181 0 = 1 Chordeiles
29 0.111 node 105 0 = 1 node 104
node 114 0 =3 1 Pelecanoides
node 122 0 =3 1 Podiceps
node 138 0 =3 1 node 137
node 144 0 =2 1 node 143
node 162 0 — 1 node 161
node 160 1 — 0 node 159
node 157 0 =3 1 node 156
node 183 0 =3 1 node 182
30 1.000 node 140 0 =2 1 node 126
node 124 1 =3 2 node 123
node 165 0 =3 2 Fulica

31 0.500 node 124 0 =3 1 node 123
node 165 0 =2 1 Fulica
32 0.375 node 117 0 3 1 node 116

Diomedea 1 — 01 = A (within terminal)
node 110 1 3 0 node 109
Bulweria 1 —» 01 = A (within terminal)
node 114 1 =2 0 Pelecanoides
node 165 0 =3 1 node 164
node 159 1 =3 0 node 158
node 187 0 3 1 node 186
33 0.273 node 121 0 =3 1 node 120
node 123 0 3 1 Anas
node 140 0 = 1 node 139
node 130 1 = 0 Acanthisitta
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Character

34

35

37

38

39
40

41

42

43

44

CI

0.250

1.000
1.000
0.500

1.000

1.000
0.273

0.400

0.250

0.200

0.111
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APPENDIX 3.—Continued

Changes

node 132 1 =3 0 Pitta

Glaucis 1 = 01 = A (within terminal)
node 148 0 =3 1 node 147
node 157 0 =2 1 node 156
node 161 0 =3 1 Sterna
Thalasseus 0 — 01 = A (within terminal)
node 190 0 =3 1 node 189
node 125 0 =3 1 node 124
node 137 0 =3 1 Chaetura
node 156 0 =3 1 node 155
node 153 1 = 0 Brachyramphus
node 177 0 = 1 node 171
node 182 0 =3 1 node 180
node 121 0 =3 1 node 117
node 144 0 =3 | node 143
node 136 0 =3 2 Glaucis

node 144 0 =3 1 node 143
node 135 0 =3 1 node 127
node 104 0 =2 2 Nesofregetta
Bulweria 0 — 02 =B (within terminal)
node 116 0 = 2 node 115
node 138 0 — 2 node 137
node 136 2 — 0 node 135
node 127 0 =3 1 Amazona
node 147 0 — 2 node 145
node 144 2 — 0 node 142
node 146 0 =3 1 Polihierax
node 180 0 = 1 node 179
node 188 0 = 1 Columba
node 135 0 =3 2 node 127
node 146 0 =3 1 Falco

node 177 0 = 2 node 176
node 187 0 = 2 Opisthocomus
node 188 0 =2 2 Columba
node 124 0 =3 1 node 122
node 138 0 — 1 node 137
node 134 1 — 0 node 133
node 181 0 =3 1 Coraciidae
node 121 0 =3 1 node 120
node 122 0 = 2 Podiceps
node 139 0 =3 2 Sula

node 165 0 = 1 node 164
node 160 1 =2 0 node 159
node 177 0 — 1 node 171
node 171 1 = 2 node 170
node 180 0 = 1 Balaeniceps
node 181 0 = 2 Chordeiles
node 183 0 =2 1 Totanus

node 151 0 — 1 node 148
node 122 1 =2 0 Gavia
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APPENDIX 3.—Continued

Character CI Changes

node 126 1 — 0 Chen
node 139 1 — 0 Sula
node 158 0 = 1 node 157
node 161 0 =3 1 Sterna
node 183 0 — 1 node 182
node 180 1 — 0 Balaeniceps
node 189 0 = 1 node 187
45 0.333 node 124 0 =3 1 node 123
node 167 0 =3 1 node 166
node 182 0 = 1 node 180
46 0.429 node 121 0 =2 3 node 117
node 122 0 =2 3 Gavia
node 123 0 =2 2 Anas
node 170 0 = 2 Phoenicopterus
node 174 0 = 1 node 173
node 176 0 = 2 node 175
node 181 0 =3 1 Coraciidae
47 0.143 node 121 0 =3 1 node 120
node 122 0 =3 1 Gavia
node 127 0 =3 1 Amazona
node 151 0 =2 1 node 150
node 177 0 =2 1 node 176
node 182 0 = 1 node 180
node 189 0 =2 1 node 187
48 1.000 node 134 0 = 1 node 133
49 0.143 node 107 0 = 1 node 106
node 114 0 = 1 node 113
node 138 0 = 1 node 137
node 135 1 = 0 node 134
node 147 0 = 1 node 145
node 152 0 =3 1 Sagittarius
node 153 0 = 1 Brachyramphus
50 1.000 node 147 0 =3 1 node 146
51 0.200 node 126 0 =2 1 node 125
node 116 1 =3 0 node 112
node 128 0 = 1 Picoides
node 161 0 = 1 node 160
node 170 0 =3 1 Phoenicopterus
52 0.500 node 167 1 =2 3 node 152
node 148 3 = 2 node 141
node 121 2 =2 4 node 117
node 124 2 3 4 node 122
node 140 2 — 1 node 139
node 139 1 — 5 node 138
node 127 5 =3 9 Amazona
node 135 5 — 6 node 134
node 134 6 — 7 node 133
node 136 5 = 0 Glaucis
node 144 3 =3 1 node 143
node 145 3 =3 5 Pandion
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Character

53

54

55

56

57
58

59

60

61

CI

0.250

0.333

0.400

0.500

1.000
0.222

0.167

0.200

0.357

Changes

node 151 3 = 5 node 150
node 165 1 = 4 node 164
node 170 1 = 4 Phoenicopterus
node 182 1 =3 5 node 181
node 167 0 =3 1 node 152
node 141 1 =3 0 node 140
node 108 0 =3 | Diomedea
node 127 0 =3 1 Colius

node 134 0 — | node 133
node 133 1 — 2 node 132
node 129 2 =3 1 Corvus

node 181 0 = 1 Coraciidae
node 124 0 — | node 122
node 133 0 =3 | node 132
node 189 0 — 1 node 188
node 122 0 =3 2 Gavia

node 129 0 =3 2 Tyrannus
node 136 0 =3 2 Glaucis

node 137 0 =3 | Chaetura
node 144 0 =3 1 node 143
node 147 0 — 1 node 145
node 144 1 — 0 node 143
node 138 0 =3 1 node 137
node 106 0 = 2 node 105
node 115 0 =3 2 node 114
node 113 2 =3 1 Oceanodroma
node 117 0 =3 2 Phoebetria
node 120 0 3 2 node 119
node 122 0 =3 1 Gavia

node 130 0 = 2 Acanthisitta
node 158 0 = 2 node 157
node 170 0 = 1 Phoenicopterus
node 145 0 =3 1 node 144
node 166 0 = 1 node 165
node 163 1 — 0 node 162
node 159 0 =3 1 Rissa

node 184 0 3 | node 183
node 180 1 = 0 Balaeniceps
node 126 0 — | node 125
node 124 1 — 0 node 123
node 130 0 =3 1 Acanthisitta
node 158 0 =3 1 node 157
node 170 0 =3 1 Phoenicopterus
node 190 0 =3 | node 184
node 137 1 — 0 node 136
node 135 0 — 1 node 134
node 148 1 =3 0 node 147
node 166 1 = 0 node 165
node 160 0 = 1 Rynchops
Thalasseus 0 — 01 = A (within terminal)
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APPENDIX 3.—Continued

Character

62

63

64

65

66

67
68

CI Changes

node 169 1 = 0 node 168

node 176 1 = 0 node 172

Dendragapus 1 — 01 = A (within terminal)
Lagopus 1 — 01 =A (within terminal)
Meleagris 1 — 01 = A (within terminal)
node 180 1 = 0 Balaeniceps

node 187 0 = 1 node 186

0.500 node 135 0 = 1 node 127
node 189 0 = 1 node 188
1.000 node 124 0 = 2 node 122
node 137 0 3 1 node 136
0.200 node 106 0 = 2 node 105

node 116 0 3 2 node 115
node 113 2 =3 1 Oceanodroma
node 121 0 =3 2 node 120
node 136 0 =3 2 node 135
node 144 0 = 1 node 142
node 146 0 =3 1 Falco
node 152 0 =3 1 Sagittarius
node 176 0 — 2 node 174
node 173 2 — 0 Colinus
0.375 node 108 0 =3 1 Diomedea
Diomedea 1 — 12=C (within terminal)
node 124 0 =3 1 node 122
node 137 0 — 2 node 136
node 135 2 — 0 node 127
node 127 0 — 1 Amazona
node 146 0 =3 1 Polihierax
node 166 0 =3 1 Grus
0.214 node 184 1 3 2 node 177
node 141 2 =3 0 node 140
node 125 0 = 2 node 121
node 105 2 = 0 Pelagodroma
node 124 0 =3 1 node 123
node 136 0 — 2 node 135
node 127 2 — 1 Colius
node 134 2 — 0 node 128
node 130 2 3 0 node 129
Chaetura 0 — 01 = A (within terminal)
node 145 2 =3 1 Pandion
node 158 2 3 1 node 157
node 180 1 =3 2 Balaeniceps
node 183 1 =3 0 Totanus
1.000 node 191 1 & 0 Ancestor
1.000 node 191 0 3 1 node 190

77
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APPENDIX 4.—Apomorphy list for each branch in tree #1 of 6000 (Fig.
3). Each change is one step. Arrows with double lines indicate unambi-
guous changes, i.e., those occurring in all optimizations. Arrows with single
lines indicate changes that do not occur in all optimizations.

Branch Character Change
Ancestor < node 191 67 0&1
node 191 — Tinamus 6 031

8 031

node 191 — node 190 68 031

node 190 — node 184 61 031

node 184 — node 177 66 132

node 177 — node 167 26 031

node 167 — node 152 4 0—1

52 133

53 031

node 152 — node 151 8 =31

16 =31

node 151 — node 148 12 031

44 0—1

node 148 — node 141 26 1-0

52 332

node 141 — node 140 53 130

66 230

node 140 — node 126 16 130

30 031

node 126 — node 125 51 031

60 0—-1

node 125 — node 121 66 0332

node 121 — node 117 8 =30

9 031

13 031

37 031

46 033

52 234

node 117 — node 116 32 0=31

node 116 — node 108 20 031

node 108 — Diomedea 53 031
65 03 12=C

node 108 — node 107 10 =31

12 130

13 130

node 107 — Oceanites 4 130

node 107 — node 106 49 031

node 106 — node 105 58 032

64 032

node 105 — Pelagodroma 66 230

node 105 — node 104 29 031

node 104 — Nesofregetta 16 031

40 032

node 116 — node 112 51 1320

node 112 — node 110 5 031
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Branch

node 110 — node 109
node 109 — Puffinus
node 112 — node 111
node 111 — Pterodroma
node 116 — node 115

node 115 — Hydrobates
node 115 — node 114
node 114 — node 113
node 113 — Oceanodroma

node 114 — Pelecanoides

node 117 — Phoebetria
node 121 — node 120

node 120 — node 119
node 119 — node 118
node 125 — node 124

node 124 — node 122

node 122 — Gavia

node 122 — Podiceps

node 124 — node 123

MCKITRICK

Character

32
18
16
20
40
64
10
58
49
58
64

9
16
29
32
58
11
33
43
47
64
58

8

4
34
11
28
42
52
54
63
65
44
46
47
55
58

3

7
15
18
29
43
26
30
31
45
60
66

Change

130
031
031
031
032
032
031
032
031
2331
231
130
031
031
130
032
032
031
031
031
032
032
130
130
031
031
031
031
234
0—1
032
031
1=30
033
031
032
031
031
031
031
031
031
0332
031
132
031
0=1
1-0
031
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APPENDIX 4.—Continued

Branch Character Change

node 123 — Anas 33 031
46 032

node 126 — Chen 44 1-0
node 140 — node 139 33 031
52 2—1

node 139 — node 138 52 1-5
node 138 — Fregata 2 031
13 031

15 032

node 138 — node 137 7 =1
29 031

40 0—2

42 0—1

49 031

57 031

node 137 — node 136 3 031
26 031

61 1—-0

63 031

65 0—2

node 136 — node 135 8 130
12 130

22 0—1

40 2—0

64 032

66 0—2

node 135 — node 127 7 130
18 0—1

39 031

41 0=32

62 031

65 2—-0

node 127 — Amazona 14 031
22 1-0

40 031

47 031

52 5=9

65 0—1

node 127 — Colius 25 031
53 021

66 2—1

node 135 — node 134 4 130
49 120

52 5—6

61 0—1

node 134 — node 128 3 132
26 =30

66 2—0
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APPENDIX 4.—Continued

Branch Character Change
node 128 — Picoides 12 031
18 031
51 031
node 134 — node 133 19 031
42 1—-0
48 0=1
52 6—7
53 0—>1
node 133 — node 132 53 1—2
54 031
node 132 — node 131 22 =30
node 131 — node 130 3 130
node 130 — Acanthisitta 33 130
58 =32
60 0==31
node 130 — node 129 66 230
node 129 — Tyrannus 4 =1
14 031
55 =32
node 129 — Corvus 53 2331
node 132 — Pitta 18 031
33 130
node 136 — Glaucis 27 031
38 032
52 530
55 =32
node 137 — Chaetura 34 031
55 =1
node 139 — Sula 43 032
44 1-0
node 141 — Anhinga 18 031
node 148 — node 147 13 031
33 031
61 130
node 147 — node 145 40 0—>2
49 0=1
56 0—1
node 145 — node 144 59 031
node 144 — node 142 40 2—-0
64 031
node 142 — Buteo 9 031
node 144 — node 143 8 130
26 130
29 031
37 031
38 0=1
52 3331
55 31

56 1—-0
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APPENDIX 4.—Continued

Branch Character Change
node 145 — Pandion 52 335
66 231
node 147 — node 146 17 031
50 031
node 146 — Polihierax 40 =1
65 0=1
node 146 — Falco 41 031
64 031
node 151 — node 150 4 1—-0
47 =1
52 35
node 150 — node 149 21 031
node 149 — Gymnogyps 15 =1
node 152 — Sagittarius 15 031
49 031
64 031
node 167 — node 166 45 031
node 166 — Grus 65 031
node 166 — node 165 59 =31
61 130
node 165 — Fulica 23 031
24 =32
28 =1
30 02
31 01
node 165 — node 164 4 031
32 031
43 031
52 134
node 164 — node 163 14 031
node 163 — node 162 59 1-0
node 162 — node 161 29 0—1
node 161 — node 160 16 =31
51 031
node 160 — Rynchops 61 =31
node 160 — node 159 29 1-0
43 130
node 159 — node 158 32 =30
node 158 — node 157 12 =31
44 =31
58 032
60 =1
66 2331
node 157 — node 156 29 031
33 =31
node 156 — node 155 34 =1
node 155 — Alca 16 132
node 155 — node 154 16 130

node 154 — node 153 26 130
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Branch

node 153 — Brachyramphus

node 159 — Rissa
node 161 — Sterna

node 164 — Thalasseus
node 177 — node 171

node 171 — node 170

node 170 — node 169

node 169 — node 168
node 168 — Leptoptilus
node 170 — Phoenicopterus

node 177 — node 176

node 176 — node 172
node 176 — node 174
node 174 — node 173
node 173 — Colinus

node 176 — node 175
node 175 — Meleagris
node 184 — node 183

node 183 — node 182

node 182 — node 180

node 180 — node 179

node 179 — node 178
node 178 — Heterocnus

MCKITRICK

Character

34
49
59
33
44
24
15
21
35
43

3
43

4
14
16
61
15

1
15
46
51
52
58
60
23
41
47
61
64
46
64
46
15
16
59
29
44
15
21
36
45
47
25
26
40
21
15

Change

130
031
031
031
031
031
032
032
031
0—1
031
1—2
031
031
031
130
2331
031
2331
032
031
134
031
031
031
032
031
130
0—>2
031
2—0
032
031
031
031
031
0—1
032
031
031
031
031
031
031
031
132
231
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Branch

node 180 — Balaeniceps

node 182 — node 181

node 181 — Chordeiles

node 181 — Coraciidae

node 183 — Totanus

node 190 — node 189
node 189 — node 187
node 187 — Opisthocomus

node 187 — node 186

node 186 — node 185
node 185 — Coccyzus
node 185 — Geococcyx

node 189 — node 188

node 188 — Columba

Character

43
44
59
61
66

7
14
52

2
18
28
43
42
46
53
26
43
66

7
33
44
47

7
41

8
18
23
24
32
61
16

3
15
16
54
62
40
41

Change

031
1—-0
130
130

=2
031
0—1

35
032
031
031
032
031
031
031
031
031
130
0—1
031
031
031
1—-0
032
031
031
0—1
032

31
031
031
032

=2
132
0—1
031
031

032






























