Syst. Biol. 45(4):473-495, 1996

A RECONSIDERATION OF SONGBIRD PHYLOGENY, WITH
EMPHASIS ON THE EVOLUTION OF TITMICE AND
THEIR SYLVIOID RELATIVES

FrREDERICK H. SHELDON! AND FRANK B. GILL?3

Museum of Natural Science, Louisiana State University, Baton Rouge, Louisiana 70803, USA;
E-mail: fsheld@Isuvm.sncc.lsu.edu
2The Academy of Natural Sciences, 1900 Benjamin Franklin Parkway,
Philadelphia, Pennsylvania 19103, USA

Abstract—The phylogeny of oscine passerines was estimated by comparing 27 species using
DNA-DNA hybridization. In the process, the finer structure of the “sylvioids” was examined (1)
to assess the phylogenetic proposals of Sibley and Ahlquist (1990, Phylogeny and classification of
birds, Yale Univ. Press, New Haven, Connecticut) and (2) to develop a framework for studies of
sylvioid historical ecology. Many of Sibley and Ahlquist’s phylogenetic proposals were supported,
including their division of the oscines into two clades: corvids and passerids. However, their
division of the passerids into three clades, Muscicapoidea, Sylvioidea, and Passeroidea, was not
supported; neither their Sylvioidea nor their Passeroidea is monophyletic. The improved picture
of oscine phylogeny presented here permits a more rigorous historical analysis of convergence,
adaptation, phylogenetic constraint, and other evolutionary phenomena. For example, the sister
group of the seed-caching Paridae is the Remizidae (including the verdin, Auriparus), not the
nuthatches (Sittidae), which also cache seeds. Thus, seed caching arose separately in the Paridae
and Sittidae and is likely to be a key innovation for these groups, i.e., an adaptation responsible
for their diversification. Similar cases of convergence and thus potential opportunities for eco-
phylogenetic study are common throughout the passerines. Unfortunately, such study is hampered
by the difficulty of resolving passerine phylogeny, which is characterized by many short inter-
nodes. [Character mapping; DNA hybridization; historical ecology; Passeriformes; phylogeny; Syl-

vioidea.]

The Passeriformes is a monophyletic
group that contains more than half of the
world’s species of birds. The reasons for
the relative abundance and diversity of
this enormous taxon have been the subject
of recent debate (e.g., Raikow, 1986, 1988;
Fitzpatrick, 1988; Slowinski and Guyer,
1989; Baptista and Trail, 1992). At issue is
whether passerines have diversified as a
result of key innovations, i.e., whether the
increase in the size of the group is causally
linked to a specific character or characters
(Liem, 1973; Heard and Hauser, 1995). At
face value, the key innovation hypothesis
seems unlikely because this group is de-
fined by just a few synapomorphies, which
involve features of the palate, spermato-
zoa, forelimb and hind limb muscles, and
feet (Raikow, 1982), and none of these is
remarkable. But passerines also differ in
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certain continuous traits. They have a met-
abolic rate that tends to be higher than oth-
er birds of comparable size, and they have
relatively large brains and superior learn-
ing abilities, especially with respect to vo-
calizations.

Unfortunately, it is impossible to deter-
mine if key innovation is responsible for
passerine radiation. To do so requires that
passerines be contrasted via the compara-
tive method with other groups having the
same putative innovations (e.g., Raikow,
1986; Sheldon and Whittingham, 1997).
But the Passeriformes is unique; no other
bird group of similar diversity or habits
exists with which to compare it. As a re-
sult, we can only speculate that the pas-
serine radiation is a result of a combination
of characteristics acting in novel environ-
ments (Fitzpatrick, 1988, Kochmer and
Wagner, 1988; Vermeij, 1988; Baptista and
Trail, 1992). The combined characteristics
include small size, short generation time,
high metabolism, insectivory, diurnal hab-
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its, and especially profound behavioral
plasticity and experimental learning abili-
ties. The novel environments in which
these characters acted are thought to have
evolved in concert with the diversification
of flowering plants and associated insects
(Beecher, 1953; Regal, 1975; Fitzpatrick,
1988) during the Oligocene and Miocene,
when passerine radiation was most dra-
matic (Feduccia, 1995).

Although the application of the compar-
ative method to passerines as a group may
be impossible, the potential opportunities
for use of the comparative method within
the passerines to test hypotheses of histor-
ical ecology are remarkable (Brooks and
McLennan, 1994; Sheldon and Whitting-
ham, 1997). Not only are the ecology and
behavior of passerines unusually well
known, but preliminary assessments of the
phylogeny suggest a high level of conver-
gent evolution, which is grist for the mill of
comparative methodology (Pagel, 1994).
Recent phylogenetic estimates suggest that
passerines have repeatedly and indepen-
dently evolved into such ecological forms as
seedeaters, salliers, thrashers, leaf gleaners,
and creepers (e.g., Bledsoe, 1988; Sibley and
Ahlquist, 1990). However, these prelimi-
nary estimates of relationships also indicate
that it will be difficult to reconstruct the
phylogeny of passerines completely, be-
cause the passerine tree is characterized by
short internodes separating most major
groups. Although fundamental differences
in anatomy (e.g., Ames, 1971; Raikow, 1987)
and molecules (Sibley and Ahlquist, 1990;
Edwards et al.,, 1991) distinguish two main
" clades of passerines, the suboscines and the
oscines, the identification of monophyletic
groups within these two clades has been
frustrated by the large number of seeming-
ly intermediate forms. This problem was
recognized over 100 years ago by Wallace
(1856; see O’'Hara, 1987) and has plagued
avian taxonomists and phylogeneticists ever
since (e.g., Mayr and Amadon, 1951; Bee-
cher, 1953; Wetmore, 1960; Storer, 1971; Mo-
rony et al,, 1975; Voous, 1985; Sibley and
Ahlquist, 1990; Edwards et al,, 1991; Helm-
Bychowski and Cracraft, 1993).
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FIGURE 1. Summary of the phylogenetic relation-
ships among Parus subgenera, as determined by DNA
hybridization (Sheldon et al., 1992; Slikas et al., 1996).
Asterisks mark seed-caching taxa. Poecile includes
chickadees, Lophophanes includes Old World crested
tits, Baeolophus includes New World titmice, Periparus
includes coal tits, Cyanistes includes blue tits, and Par-
us includes great tits.

Background and Objectives

Previously, we studied two passerine
families that are unusually well character-
ized in terms of ecology and behavior: tit-
mice (Paridae) and swallows (Hirundini-
dae). These projects were intended to
resolve some of the uncertainties of pas-
serine phylogeny, while taking advantage
of the opportunities for the analysis of the
historical ecology of these groups. Our
parid phylogeny (Gill et al.,, 1989; Sheldon
et al., 1992; Slikas et al., 1996) revealed that
the ability to cache and retrieve seeds and
the specific brain physiology and behav-
iors associated with seed caching are re-
stricted to one of the two main parid
clades (Fig. 1). We hypothesized that seed
caching is an adaptation that helped parids
diversify in temperate deciduous and co-
niferous forests. In the swallow work
(Sheldon and Winkler, 1993; Winkler and
Sheldon, 1993, 1994), we found that nest
structure is highly correlated with phylog-
eny and hypothesized that species com-
prising the two main clades may be phy-
logenetically constrained to build specific
nest types.

Both of these studies, however, suf-
fered from a poor understanding of pas-
serine phylogeny. Without knowledge of
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the close outgroups of the parids and
swallows and consequently the character
states at the root of the ingroup, we could
not tell by parsimonious optimization
which ecological, behavioral, or physio-
logical characters had been gained or lost
in the study groups. Thus, we lacked the
basic phylogenetic information needed to
assess whether seed caching or nest-
building methods are adaptations (sensu
Coddington, 1988; Baum and Larson,
1991) or key innovations (Heard and
Hauser, 1995). For example, if seed cach-
ing exists in the parid sister taxon as well
as some parids (Fig. 1), then caching
would not be an adaptation of parids; it
would simply have been lost in one parid
group (assuming loss of a complicated
character is easier than gain). Such a sce-
nario is plausible because the nuthatches
(Sittidae) also cache seeds and have been
considered closely related to parids (Bee-
cher, 1953; Mayr and Amadon, 1951; Wet-
more, 1960). In addition, to test the hy-
pothesis that seed caching is a key
innovation in the Paridae (i.e., responsi-
ble for diversification of the caching
clade) requires the comparative demon-
stration that seed caching is associated
with diversification in other groups liv-
ing in similar habitats and that it arose
independently in those groups (Sheldon
and Whittingham, 1997). Thus, knowl-
edge of the phylogenetic position of par-
ids relative to sittids and other cachers,
such. as crows, jays, and nutcrackers
(Corvidae), is vital to our understanding
of the evolution of seed caching within
the Paridae. It is also vital to the inves-
tigations of other historical ecologists
who are using these parid and swallow
phylogenies to study morphological and
ecological evolution (e.g., Moreno and
Carrascal, 1993b; Carrascal et al.,, 1994;
Suhonen et al., 1994; Cézilly and Nager,
1995).

Given this need for a broader phylo-
genetic perspective, we estimated in this
study the phylogeny of the Sylvioidea
(sensu Sibley and Ahlquist, 1990; see Fig.
2), which purportedly contains the tit-
mice and swallows and other groups of

particular interest to historical ecologists
(e.g., Richman and Price, 1992; Brandl et
al., 1994; Cézilly and Nager, 1995). This
reconstruction required that we compare
members of likely sylvioid groups and
establish the monophyly of the sylvioids
as a whole. To this end, we had to assess
the overall phylogenetic structure of the
passerines before concentrating on the
sylvioids in particular.

This task would have been daunting
were it not for the phylogenetic propos-
als of Sibley and Ahlquist (1990; herein-
after called S&A). S&A provided a
framework of passerine phylogeny that
we attempted simply to replicate. Al-
though replication in itself is a valid sci-
entific pursuit, in this case it has greater
importance because of the controversy
surrounding the accuracy of S&A’s phy-
logenetic proposals (summarized by
Sheldon and Bledsoe, 1993) and the com-
mon use of S&A’s phylogeny in studies
of avian historical ecology (e.g., Moreno
and Carrascal, 1993a; Harvey and Nee,
1994; Mpller and Birkhead, 1994). S&A
compared over 60 ““sylvioid” genera and
clustered them via “modified” UPGMA
into a large tree known as the Tapestry
(S&A: figs. 380, 381). Although many of
S&A's proposals make good biological
sense, their empirical and analytical un-
derpinnings are often shaky. S&A did
not design most of their DNA hybridiza-
tion comparisons to (1) account for vari-
able rates of evolution, (2) piece together
various parts of the Tapestry, or (3) test
branch robustness. For example, S&A of-
ten radiolabeled one species and hybrid-
ized it to a series of other species with
which it was presumably monophyletic
(e.g., Pycnonotus barbatus to other bulbuls,
S&A.: fig. 380). Then they drew a branch-
ing pattern based on genetic distance
from the reference (radiolabeled) species.
By doing so, they assumed that the taxa
were monophyletic and that short genetic
distance equaled close phylogenetic re-
lationship (and vice versa). But a short
genetic distance may also result from a
slow evolutionary rate. To control for this
possibility requires that all of the in-



