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ABSTRACT.—Cladistic analysis of 157 characters of definitive plumages and soft parts, natal
plumages, tracheae, and nontracheal skeletons of 59 Anatini (sensu Livezey 1986) provided
a phylogenetic hypothesis of high consistency (CI = 0.71, excluding unique autapomorphies)
and resolution (tree completely resolved except for two nested trichotomies, a trichotomy
within the northern-hemisphere mallards, and the tentative placements of two poorly known
species of Anas). Major phylogenetic inferences (lists of three or more taxa are in order of
increasing relatedness) include the following: (1) monophyly of the tribe is weakly dem-
onstrated; (2) the tribe comprises three subtribes—Cairineae (Cairina, Pteronetta, Aix), Netta-
podeae (Chenonetta, Nettapus), and Anateae (all other genera); (3) subtribe Anateae comprises
three “supergenera” (each comprising two genera)—Amazonetta (A. brasiliensis and Callonetta
leucophrys), Lophonetta (L. specularioides and Speculanas specularis), and Anas (genera Mareca and
Anas); (4) the genus Mareca or wigeons includes six species—capensis, strepera, falcata, sibilatrix,
penelope, and americana; and (5) the large genus Anas comprises two weakly supported sub-
groups or cohorts, the first of which includes two subgenera (mallards [Anas] and blue-winged
ducks [Spatula]) and the second includes four subgenera (Australasian teal [Nesonetta], pintails
[Dafila], Holarctic teal [Querquedula], and spotted teal [Punanetta]). Other findings include that
a sister-relationship exists between Anas sparsa and other mallards, that subgroups of the
“true” mallards are largely congruent with biogeographic subdivisions (northern-hemi-
spheric, African, and South Pacific), that the four species of shoveler are monophyletic, that
a sister-relationship between the speckled teals (flavirostris and andium) and brown pintails
(georgica, acuta, and eatoni) exists, and that A. querquedula is the sister-group to the green-
winged teals (formosa, crecca, and carolinensis) and not closely related to the blue-winged
ducks. Supplementary data and related theory indicated that (1) interspecific interfertility is
a poor indicator of relationship, (2) the phylogenetic species concept provided the most
practical definition of terminal taxa, (3) a majority of groups within the Anatini originated
in the southern hemisphere, (4) body size, sexual size dimorphism, and egg size are strongly
constrained phylogenetically, whereas sexual dichromatism and clutch size are less predict-
able, (5) biparental attendance of broods is primitive within Anatini, and (6) characters of
definitive plumages, natal plumages, tracheae, and skeletons had similar consistencies but
attained maximal utility at different levels within the phylogeny, which indicates different
rates of character evolution within the tribe. Received 19 July 1990, accepted 4 December 1990.

TrIBE Anatini (dabbling ducks; sensu Livezey
1986) comprises all typical surface-feeding ducks
and the smaller “perching ducks,” which were
formerly grouped under the tribal name “Cairi-
nini” (Delacour and Mayr 1945) or included in
the subfamily Plectropterinae (Phillips 1922).
These are perhaps the most familiar waterfowl
and together include roughly one third of the
extant species of Anseriformes. Bock and Far-
rand (1980) listed Anas as one of the largest
avian genera, yet they conservatively recog-
nized only 36 species. Current taxonomic
groupings within the Anatini, like other sub-
groups of waterfowl, derive principally from
the classic work by Delacour and Mayr (1945)
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and, to a lesser extent, earlier investigations
(Salvadori 1895; Phillips 1922, 1923, 1925, 1926;
Peters 1931; Kuroda 1939; and Boetticher 1942).
The taxonomy and inferred evolutionary “af-
finities” of dabbling and perching ducks pro-
posed by Delacour and Mayr (1945), based on
comparisons of behavioral and external simi-
larities, were expanded by Delacour (1954, 1956,
1959, 1964). Subsequent research on the system-
atics of dabbling ducks used comparisons of be-
havior and morphology (e.g. Boetticher 1952;
Lorenz 1941, 1951-1953; Johnsgard 1960a, b,
1961a,b, 1962, 1965; Kaltenhauser 1971; Scherer
and Hilsberg 1982) and largely confirmed the
phenetic groupings defined by Delacour and
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Mayr (1945). Important changes proposed at two
major taxonomic levels included the relation-
ships of several problematic species to the tribe,
and relationships among the species within the
Anatini.

Most of the taxonomic revisions recommend-
ed subsequent to Delacour and Mayr’s (1945)
proposal pertained to generic or tribal mem-
bership. Johnsgard (1960c) determined that the
Ringed Teal (“Anas” leucophrys) differed suffi-
ciently from typical Anas to be returned to the
monotypic genus Callonetta. In a comprehen-
sive study of waterfowl osteology, Woolfenden
(1961) recommended that the “perching ducks”
(Tribe Cairinini, sensu Delacour and Mayr 1945,
but exclusive of Plectropterus) be merged into
the “dabbling ducks” (Tribe Anatini). Johns-
gard proposed to re-assign the Pink-headed
Duck (Rhodonessa caryophyllacea; 196la) and
Marbled Teal (Marmaronetta [Anas] angustiros-
tris; 1961c) to the pochards (Tribe Aythyini).
Johnsgard (1961a) also advocated the inclusion
of the Crested Duck (Lophonetta specularioides)
within the Anatini rather than among the shel-
ducks (Tribe Tadornini) as proposed by Dela-
cour and Mayr (1945). Salvadori’s Duck (Sal-
vadorina [Anas] waigiuensis) was included in Anas
by Delacour and Mayr (1945), but earlier au-
thors placed it in a separate subfamily Merga-
nettinae with Merganetta (Salvadori 1895, Phil-
lips 1926), and others retained it as a monotypic
genus of problematic relationships (Mayr 1931,
Peters 1931, Kear 1975). Several other species
included as aberrant members of the Anatini
by Delacour and Mayr (1945) subsequently have
had varied taxonomic treatments. These include
the Blue Duck (Hymenolaimus malacorhynchos),
Pink-eared Duck (Malacorhynchus membrana-
ceus), and Freckled Duck (Stictonetta naevosa).
Hymenolaimus was studied in detail (Kear 1972),
and Stictonetta was later removed from the Anat-
inae on the basis of morphological and behav-
ioral comparisons (see Johnsgard 1960a, 1961a,
1962). The unique Torrent Duck (Merganetta ar-
mata) was placed in the monospecific tribe Mer-
ganettini (Delacour and Mayr 1945) but consid-
ered to be closely related to Anas (Niethammer
1952). Merganetta was included by Delacour
(1956) and Johnsgard (1961a, 1965) within the
Anatini, although Johnsgard (1978) later re-
turned it to its own tribe. Eldridge (1979) con-
cluded that Merganetta is most similar ethol-
ogically to Tadorninae.

These taxonomic revisions were adopted in
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large part by Johnsgard (1979) in the latest edi-
tion of the “Checklist of Birds of the World,”
although tribes within the Anatinae were omit-
ted. In a recent phylogenetic analysis of Recent
genera of Anseriformes, Livezey (1986) con-
cluded that (1) Stictonetta and Plectropterus are
representatives of monotypic, pre-anatine
branches of subfamilial rank, (2) Sarkidiornis,
Malacorhynchus, Hymenolaimus, and Merganetta
are unusual members of the Tadorninae, (3)
Marmaronetta and Rhodonessa are members of
the Aythyini, and (4) the relationships among
the remaining members of Cairinini and Ana-
tini could not be determined from osteology
and therefore were merged into the single, pos-
sibly paraphyletic tribe Anatini. Livezey (1986)
omitted Salvadorina from this analysis, but Mli-
kovsky (1989) reexamined the partial skeletons
of S. waigiuensis described by Mayr (1931) and
concluded that the species may be more closely
related to Hymenolaimus and Malacorhynchus than
to Anas.

Relationships among dabbling ducks, partic-
ularly within the genus Anas, have received
comparatively little study. Special attention was
given relationships within Anas (Delacour and
Mayr 1945; Lorenz 1951-1953; Johnsgard 1961a,
1965). These studies were based largely on com-
parisons of behavior (and to a lesser extent,
plumage) and none attempted to compile com-
parative data for even a majority of species. All
(except perhaps Lorenz 1951-1953) were phe-
netic in nature (i.e. groupings of species were
based on assessments of overall similarity ir-
respective of possible polarities of characters).
A pronounced “tradition” of taxonomic se-
quences of dabbling ducks developed (bench-
mark works include Salvadori 1895; Phillips
1922-1926; Peters 1931; Delacour and Mayr 1945;
Johnsgard 1961a, 1979), which reflected a con-
sensus of roughly “primitive-to-advanced” in-
tratribal relationships. These classifications pri-
marily reflect changing taxonomic conventions
and secondarily indicate differences in percep-
tions of relationships among Anatini. Varia-
tions in species names aside, important trends
include a reduction in numbers of species of
Anatini (sensu Livezey 1986, excluding Salva-
dorina) recognized (65 by Salvadori 1895, 64 by
Phillips 1922-1926, 60 by Peters 1931, 46 by
Delacour and Mayr 1945 and by Johnsgard
1961a); a reduction in number of genera rec-
ognized (17 by Salvadori 1895, 10 by Phillips
1922-1926, 13 by Peters 1931, 7 by Delacour and
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Mayr 1945, and 8 by Johnsgard 1961a); and an
increase in the numbers of presumed “natural”
groups within Anas, a change that largely re-
flected the “Groups 1-14" of Delacour and Mayr
(1945) and the clusters depicted by Johnsgard
(1961a) or considered “superspecies” by Johns-
gard (1979).

Molecular studies of Anseriformes have con-
tributed significant, largely confirmational in-
formation on probable relationships (Scherer
and Sontag 1986). A number of biochemical
studies have included more than one species of
Anatini. Among these are compositional com-
parisons of uropygial secretions (Jacob and Gla-
ser 1975, Jacob 1982); electrophoretic studies of
proteins from a diversity of tissues (Sibley and
Ahlquist 1972, Brush 1976, Numachi et al. 1983,
Oates et al. 1983, Patton and Avise 1985); im-
munological comparisons of blood plasma
(Bottjer 1983); restriction endonuclease analysis
of mitochondrial DNA (Kessler and Avise 1984,
Avise et al. 1990); and DNA hybridization
(Madsen et al. 1988). None of these studies,
however, included samples from >14 species
of Anas or >19 species of Anatini {sensu Livezey
1986), few considered problematic species, and
none employed cladistic methodologies.
Branching diagrams in these studies usually
were based on simple UPGMA clustering of
taxa based on pairwise distances. For the resul-
tant branching diagrams to represent phylo-
genetic relationships, such clustering algo-
rithms require the additional assumption of
equal rates of molecular evolution in all lin-
eages (Wiley 1981, Hillis 1987). Moreover, some
of the studies were hampered by (1) small num-
bers of loci compared (e.g. 10 loci in Numachi
et al. [1983] and 26 in Patton and Avise [1985]),
(2) data matrices that lack substantial propor-
tions of pairwise distances and have undesira-
ble metric properties (Madsen et al. 1988), (3) a
substantial dependence on traditional classifi-
cations in investigational design and inferences
(Bottjer 1983, Patton and Avise 1985), or (4) a
reliance on traditional, phenetic classifications
of fossil species for estimates of divergence times
and evolutionary rates (Patton and Avise 1985,
Madsen et al. 1988).

I present a phylogenetic (cladistic) analysis
of the Anatini from 157 polarized characters of
the skulls, syringeal bullae, natal plumages, de-
finitive plumages, and soft parts of 59 taxa. I
discuss relative consistencies and evolutionary
rates of character groups, ecological and bio-
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geographical correlates, and relationships of
traditionally problematic taxa and closely re-
lated tribes, and 1 propose an annotated Lin-
nean classification of the Anatini.

MATERIALS AND METHODS

Taxa included.— All 88 specific and subspecific taxa
of Recent Anatini were included for analysis as mem-
bers of the ingroup, although skin specimens of downy
young, tracheae, and (especially) skeletons were not
available for all taxa. For the derivation of trees, I
combined taxa with identical character-states, which
reduced the number of analytical units to 59. These
analytical combinations merged taxa typically con-
sidered to be subspecies. I defined subspecies for prac-
tical purposes as lineages that differed only quanti-
tatively (often in intensity of plumage colors or size)
from conspecific taxa. These differences probably re-
flect spatially separated samples of clinal variation.
This practice produced the nontraditional combina-
tion of Anas fulvigula and A. diazi (while maintaining
the gualitatively distinguishable A. platyrhynchos and
A. rubripes), and the elevation to species rank of a
number of taxa commonly treated as subspecies (A.
wyvilliana, A. laysanensis, A. oustaleti, A. zonorhyncha,
A. albogularis, A. chlorotis, A. eatoni, A. andium, A. car-
olinensis, and A. puna). Several other taxa are either of
problematic tribal assignment (e.g. Salvadorina, Mer-
ganetta) or are “basal,” Anatini-like members of other
tribes of Anatinae (e.g. Polysticta, Marmaronetta, Het-
eronetta) and were included for ancillary comparisons.
These latter genera and several others (Sarkidiornis,
Tadorna, Somateria) were included as members of the
outgroup for determination of polarities.

Specimens examined.—I examined study skins of
downy young (mostly age-class Ia, brightly patterned
with no plumaceous feathers) and adults, skeletal ma-
terial (particularly skulls), and syringeal bullae (most
mounted with tracheae) of all species of Anatini ex-
cept for the following: Anas oustaleti (downy young
not examined, but described by Phillips [1923]), A. chlo-
rotis and A. aucklandica (downy young not examined,
but described and illustrated in Delacour [1956, 1964));
A. melleri (skeleton and syrinx not available), A. al-
bogularis (skeleton and syrinx not available), and A.
bernieri (skeleton, syrinx, and downy young not
known). I included a series of study skins of adults
of all species, and for a majority of species, samples
of three or more were studied for characters of the
skull, trachea, and natal plumage. The collections of
study skins of adults and downy young at the Na-
tional Museum of Natural History (NMNH) and
American Museum of Natural History (AMNH), and
the skeletal collections at the NMNH and the Uni-
versity of Kansas Museum of Natural History
(KUMNH), were especially important. I received a
generous loan of skins of downy young and mounted
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tracheae from the Wildfowl Trust (WT), Slimbridge,
England.

Analysis of some characters was facilitated by study
of several published references: Phillips (1922-1926),
Delacour and Mayr (1945), Delacour (1956, 1964), Rip-
ley (1957a, b), Huey (1961), Woolfenden (1961),
Johnsgard (1965, 1978), Oring (1968), Palmer (1976),
Soothill and Whitehead (1978), Todd (1979), Weller
(1980), Hosking and Kear (1985), Madge and Burn
(1988). Data on body mass, sexual dimorphism, dis-
tributions, and reproductive parameters were com-
piled from these references and others listed by Live-
zey (1990).

Definition and analysis of characters.—A total of 157
characters that had two or more discrete states were
included in the analysis (Appendix 1). Based on out-
group comparisons, I divided characters into a single
primitive state (for the Anatini) and one or more de-
rived states. To confirm the monophyly of terminal
taxa, representative autapomorphies were compiled
(but not included in the analysis; a list is available
from the author on request). Key references for char-
acter descriptions were as follows: Humphrey and
Parkes (1959) for definitive plumages, Humphrey and
Clark (1964) and Warner (1971) for the syrinx, and
Butendieck and Wissdorf (1982) for the skull. Several
skeletal characters given by Woolfenden (1961) for
subgroups of the Anatini (especially Amazonetta and
Callonetta) were excluded because of intraspecific
variation and problematic definition of states. Behav-
ioral characters of Anatini have been studied intense-
ly (Delacour and Mayr 1945; Lorenz 1951-1953; Mc-
Kinney 1953, 1965; Delacour 1956; Johnsgard 1961a,
1962, 1965), but they were excluded because of dif-
ficulties in definition of character states and numer-
ous missing data.

Derivation of phylogenetic trees.—Searches for most-
parsimonious topologies (trees requiring the fewest
character changes) were made with “global” branch-
swapping algorithms with “MULPARS” (MAXTREE
= 250) in the PAUP program (Swofford 1985). Both
procedures search for the “shortest” tree(s) possible
and permit the storage of a number of equally par-
simonious topologies, but neither guarantees the de-
termination of the shortest possible tree(s). Exhaus-
tive search algorithms (e.g. branch-and-bound) were
not employed because of the prohibitively great com-
putational expenditure necessitated by data sets of
this size. The 16 multistate characters (those with two
or more derived states) were analyzed as unordered,
with the exception of the meristic, ordinal counts of
rectrices (character 27). To find preliminary topolo-
gies within reasonably short computing times, I re-
placed several unknown syringeal character states in
A. bernieri with those shared by other Australian teal
(A. gibberifrons, A. castanea, A. chlorotis, and A. aucklan-
dica); similarly, several natal character states of A.
bernieri were hypothesized to be those shared by A.
gibberifrons and A. albogularis. 1 also described the to-
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pological differences of subsequent analysis with
missing-data codes replaced. All characters were as-
signed unit weight. Trees were rooted using an “hy-
pothetical ancestor” (vector of plesiomorphous char-
acter states), which was prepared from polarities
inferred from outgroup comparisons. (See Appendix
3 for an annotated data matrix.) Theory and meth-
odological rationales for phylogenetic analysis are
given by Wiley (1981) and Swofford (1985). All com-
putations were made on the IBM mainframe com-
puter at the University of Kansas.

Phylogenetic classification.—The hierarchical group-
ings within phylogenetic trees can be summarized in
Linnean classifications (Wiley 1981). Parageneric
taxa—supergenera, subgenera, and infragenera—were
erected as needed to conserve phylogenetic infor-
mation and based on synonomies presented by Phil-
lips (1923), Brodkorb (1964), and Wolters (1976).

RESULTS

Trees found.—Under the constraint of char-
acter states hypothesized (as detailed above) in
the Madagascan Teal (A. bernieri), inferred trees
had consistency indices of 0.71 and lengths of
250 (inclusion of representative autapomor-
phies inflated the consistency index by 0.05).
Only three unresolved sections of the phylog-
eny were indicated (Fig. 1). The first poorly
resolved segment involved the relationships
among three subgenus-groups in the genus Anas
(sensu stricto). Three topological variants were
found: (1) the groups (Nesonetta, Dafila, and Pun-
anetta-Querquedula) as a trichotomy; (2) Dafila as
the sister-group to a clade that comprises Dafila
and Punanetta-Querquedula; and (3) Punanetta-
Querquedula as the sister-group to a clade com-
posed of Dafila and Nesonetta. The second poorly
resolved section involved the relationships
among four entities: the poorly known A. ber-
nieri; the relatively similar A. gibberifrons and A.
albogularis; and a resolved clade that includes A.
castanea, A. chlorotis, and A. aucklandica (Fig. 1).
Four equally parsimonious topological variants
were found for these four groups: (1) A. bernieri,
A. albogularis, and A. gibberifrons composing a
grade paraphyletic to the “reddish teal” (A. cas-
tanea, A. chlorotis, and A. auklandica); (2) A. ber-
nieri as the sister-group to a trichotomy involv-
ing A. albogularis, A. gibberifrons, and the clade
of “reddish teal”; (3) a trichotomy involving A.
bernieri, a clade of A. albogularis and A. gibberi-
frons, and the clade of “reddish teal”; and (4) A.
bernieri as the sister-group to A. gibberifrons + A.
albogularis, and together these three as the sister-
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group to the “reddish teal.” Given the poor res-
olution of these two segments of the tree, the
included relationships are considered indeter-
minate and depicted as trichotomies (Fig. 1).
The third poorly resolved segment involved two
nested trichotomies including A. diazi, A. ful-
vigula, and the clade composed of A. platyrhyn-
chos and its Pacific relatives (Fig. 1). All other
parts of the phylogeny in the constrained anal-
ysis were invariant.

Replacement of the hypothesized character
states in A. bernieri with missing-data codes re-
sulted in 81 trees (CI = 0.715), in which A. ber-
nieri is associated with the “first cohort,” either
as a monotypic branch of a trichotomy with or
as the sister-group to the other two member
clades. This placement was based entirely on
the questionably homologous reddish foot-col-
or of A. bernieri. If this character is coded as not
homologous to the orange feet of mallards and
shovelers, then A. bernieri was placed with equal
parsimony in a diversity of “basal” positions
among the subgenera throughout the genus
Anas. Exclusive of A. bernieri and the two tri-
chotomies described above, the tree based on
the unconstrained analysis (Fig. 1) was invari-
ant.

Tribal monophyly and "'perching ducks.” —
Monophyly of the Anatini is only weakly sup-
ported by three character changes of which two
were lost by reversal in subsequent groups. The
“perching ducks” comprises two clades para-
phyletic to the remainder of the Anatini, hence-
forth referred to as Anateae (Fig. 2). The first
and more primitive of these was the clade com-
posed of two species of Cairina and its mono-
typic sister-genus Pteronetta, and two species of
Aix. The two species of Aix have been consid-
ered sister-species by most authorities in recent
decades (e.g. Delacour and Mayr 1945, Delacour
1959, Johnsgard 1965, Numachi et al. 1983).

The second clade of “perching ducks,” a group
more closely related to the true dabbling ducks
(Fig. 2), comprises two genera—Chenonetta (one
species) and Nettapus (three species). The close
relationship of these two genera, and the para-
phyly of the smaller ““perching ducks” differs
from earlier reviews (e.g. Delacour and Mayr
1945; Delacour 1959; Johnsgard 1961a, 1965,
1978). Particularly divergent previous treat-
ments include the placement of Chenonetta in
the monotypic subfamily Chenonettinae (Sal-
vadori 1895, Phillips 1922) or inclusion of Che-
nonetta within the true geese, subfamily Anser-
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inae (Peters 1931). In contrast, Chenonetta and
Aix were depicted as sister-genera by Johnsgard
(1961a, 1978).

Basal Anateae.—Two monotypic genera of
small, uniquely patterned waterfowl of South
America—Amazonetta and Callonetta—were
found to be sister-genera and together formed
the sister-group to the rest of the subtribe An-
ateae (Fig. 2). Boetticher (1952) and Johnsgard
(1960c, 1961a, 1965, 1978) included both genera
among the “Cairinini,” but Delacour (1964) re-
tained them within the Anatini as formerly as-
signed (Delacour and Mayr 1945, Delacour 1959).
Delacour (1964) also resisted the hypothesis of
close relationship between Amazonetta and Cal-
lonetta supported by Derscheid (1938), Verhey-
en (1955), Johnsgard (1960b), and Woolfenden
(1961).

Ifound another couplet of taxonomically con-
troversial, relatively primitive, Neotropical
dabbling ducks—Lophonetta specularioides and
“Anas” specularis—to be sister-species, and these
composed the sister-group to the true dabbling
ducks (Fig. 2). With the exceptions of Delacour
and Mayr (1945), Delacour (1954, 1964), Boet-
ticher (1958), and Woolfenden (1961), who
placed Lophonetta within the shelducks (Tador-
ninae), systematists have considered both forms
to be somewhat aberrant members of the An-
atini (e.g. Johnsgard 1961a, 1965; Brush 1976;
Livezey 1986). The proposal of close relation-
ship between specularioides and specularis has re-
ceived less support by previous studies (e.g. De-
lacour and Mayr 1945). Although the two species
were listed next to one another by Salvadori
(1895), Phillips (1923), and Peters (1931), a sis-
ter-relationship was depicted by Johnsgard
(1961a). Morphological evidence that indicates
a close relationship was cited by Johnsgard
(1965).

Wigeons and allies. —The remaining members
of the tribe make up two major clades. Ranked
as genera, they are the wigeons and close rel-
atives (Mareca, 6 species) and the typical dab-
bling ducks (Anas, 40 species). The wigeons are
typified by a combination of primitive syringeal
bullae and uniquely derived natal and defini-
tive plumages. In addition to the typical wi-
geons (M. siilatrix and the sister-species M.
americana and M. penelope), the unique Cape Teal
(M. capensis) and two transitional forms (M.
strepera and M. falcata) were included within
this clade (Fig. 2). The Cape Teal (or Cape Wi-
geon, locally; Delacour 1956) formerly was in-
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Fig. 2. Detailed topology of phylogeny of Anatini exclusive of genus Anas; taxonomy follows Appendix
2. Characters are explained in Appendix 1; autapomorphies are given in parentheses following corresponding

taxa.

cluded with either the “spotted teal” (e.g. A.
versicolor; Delacour 1956) or the “green-winged
teal” (e.g. A. crecca; Johnsgard 1961a, 1965, 1979).
Mareca capensis combines a natal plumage and
several features of definitive plumages shared
uniquely with typical wigeons with a moder-
ately derived syringeal bulla and a diversity of
autapomorphies of definitive plumage and soft
parts.

The Gadwall (M. strepera), long known for a
number of wigeon-like characters of behavior,
plumage, and biochemistry (Delacour and Mayr
1945; Boetticher 1952; Delacour 1956; Johnsgard
1961a, 1965, 1978; Kessler and Avise 1984),
proved to be a mosaic of a mallard-like natal
plumage, several wigeon-like characters of de-
finitive plumages, and a syrinx and soft parts
that combine features of both groups with an
assortment of unique autapomorphies. The close
relationship of the Falcated Duck (M. falcata) to
the typical wigeons was corroborated (four

characters of adult plumage, two natal charac-
ters). Delacour and Mayr (1945) allied falcata
most closely with the Baikal Teal (A. formosa),
but most previous workers noted some “affin-
ity” between falcata and the wigeons or strepera
(e.g. Delacour and Mayr 1945, Delacour 1956,
Boetticher 1958, Johnsgard 1978). Johnsgard
(1961a) depicted a sister-relationship between
falcata and the typical wigeons, a topology at
variance with subsequent commentary (Johns-
gard 1965). The terminal clade of typical wi-
geons—wherein the Chiloé Wigeon (M. sibila-
trix) is the sister-species to the northern-
hemisphere “superspecies” that comprises M.
penelope and M. americana (Johnsgard 1979)—is
especially well supported here (Fig. 2). A sister-
relationship between these two species was in-
tuited earlier by Johnsgard (1961a).

Typical dabbling ducks (Anas).—Approximate-
ly two thirds of the tribe Anatini are members
of the large, comparatively derived clade of

—

Fig. 1. Phylogeny of dabbling ducks (Anatini). Poorly resolved relationships within the lower clade of
Anas and among austral teal shown as trichotomies; position of A. bernieri is tentative. Taxonomy follows

Appendix 2.
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“typical” dabbling ducks. The group includes
several of the most widespread, numerous, and
familiar species of waterfowl in the world. My
analysis defines two weakly supported sub-
clades within the group, which I informally
refer to as “cohorts” (Fig. 3). The first cohort
comprises two major subgroups, the mallards
(subgenus Anas; 14 species) and the blue-winged
ducks (subgenus Spatula; 6 species). The sec-
ond cohort comprises three primary clades,
which are shown as a trichotomy because of the
poor resolution of this segment of the tree. It
includes the Australasian Teal (subgenus Neso-
netta; 6 species), the pintails (subgenus Dafila;
7 species), and a two-parted clade that com-
prises the Holarctic teal (subgenus Querquedula;
4 species) and the spotted teal (subgenus Puna-
netta; 3 species).

Mallards.—Monophyly of the mallard com-
plex is supported by six characters of definitive
and natal plumages, colors of soft parts, and
syrinx (Fig. 3). The first dichotomy within the
complex separated the African Black Duck (Anas
sparsa), a species that combines primitive ana-
tomical characters with atypical (evidently aut-
apomorphic) behavioral attributes, from a spe-
ciose clade of more-typical mallards. Other
investigators recognized the “distinctness” of
A. sparsa (e.g. Delacour and Mayr 1945, Boet-
ticher 1952, McKinney et al. 1978), and several
even considered the species to be among the
most primitive members of the Anatini (Dela-
cour 1956; Johnsgard 1961a, 1965, 1978), al-
though Johnsgard (1979) listed A. sparsa with
the more typical mallards.

The sister-group of A. sparsa includes a sub-
clade of the (largely) northern-hemisphere mal-
lards and another, southern-hemisphere group
that includes South Pacific mallards and two
remaining African members (Fig. 3). Relation-
ships among the northern mallards are incom-
pletely resolved. The American Black Duck (A.
rubripes) is the sister-group to a trichotomy that
includes the Mottled Duck (A. fulvigula), Mex-
ican Duck (A. diazi), and a reasonably well sup-
ported clade that includes the Mallard (A. platy-
rhynchos) and three closely related insular
forms—the Marianas Duck (A. oustaleti) and the
Hawaiian sister-species A. wyvilliana and A. lay-
sanensis. The northern mallards have been con-
sidered closely related for decades, an hypoth-
esis supported by biochemical comparisons
(Kessler and Avise 1984, Patton and Avise 1985).
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Several authorities believe that most or all of
the continental forms are conspecific and most
also include the Pacific forms within an en-
larged, polytypic A. platyrhynchos (e.g. Delacour
and Mayr 1945; Boetticher 1952; Delacour 1956;
Johnsgard 1960e, 1961a, 1961d, 1965, 1967,1978,
1979). Others retained species rank for some
members (e.g. Phillips 1923, Moulton and Wel-
ler 1984, Hepp et al. 1988).

The African mallards, Yellow-billed Duck (A.
undulata) and Meller’s Duck (A. melleri), consi-
tute one of two clades included in the sister-
group of the northern-hemisphere mallards (Fig.
3). Delacour and Mayr (1945: 21) stated that each
A. undulata and A. melleri “stands alone” within
the mallard complex but listed them next to one
another within their “Group 9.” There is a rel-
atively long tradition of listing A. undulata next
to A. sparsa (Salvadori 1895, Phillips 1923, Peters
1931, Johnsgard 1979). Johnsgard (1961a, 1965)
concluded that A. melleri was very closely re-
lated to A. platyrhynchos, but later he (1978) con-
cluded that available information did not per-
mit a precise assessment of the relationships of
A. melleri. Johnsgard (1978, 1979) listed A. un-
dulata