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ABSTRACT.—Within the New World blackbirds, the lineage of grackles and their allies con-
tains several species that have been extremely well studied by avian biologists. Using mi-
tochondrial DNA (mtDNA) sequences, we present a phylogeny for the grackles and allies
that serves as a basis for comparative studies in this group. We compare two gene regions
and determine that ND2 is evolving more rapidly than cytochrome b. However, this differ-
ence in evolutionary rate does not result in significant incongruence between phylogenies
derived from the two gene regions independently. A combined weighted analysis provides
a completely resolved phylogeny for this group. In general, this phylogeny has higher sup-
port than the phylogenies derived from the two genes independently. Two major clades are
identified in this combined phylogeny (1) a completely South American clade, and (2) a
largely North American/Caribbean/Central American clade. This phylogeny has important
implications for the study of behaviors and morphology. Received 16 April 1998, accepted 8

January 1999.

The Red-winged Blackbird (Agelaius phoeni-
ceus) and other North American blackbird rel-
atives (e.g. Quiscalus quiscula and Molothrus
ater) are among the most intensively studied
avian species in North America (e.g. Fried-
mann and Kiff 1985, Orians 1985, Searcy and
Yasukawa 1995, Beletsky and Beadle 1996).
However, the lack of explicit knowledge of the
phylogenetic relationships of these species and
their close relatives hampers attempts to place
the behavior, morphology, and physiology of
these species in an evolutionary context. Sev-
eral comparative studies of blackbirds have
been conducted using poorly resolved and/or
supported phylogenies. These studies include
size dimorphism and mating systems (Bjork-
lund 1991, Webster 1992), brightness (Irwin
1994) and song repertoires (Gray and Hagelin
1996). Given the varied evolutionary questions
that are of interest in this group, it is important
to examine trait evolution in a historical context
based on a well-resolved and well-supported
phylogeny.

Lanyon and Omland (1999) present evidence
from cytochrome-b (cyt b) DNA sequences for
five main lineages within the traditionally rec-
ognized New World blackbirds (Icteridae): (1)
grackles and allies, (2) caciques and oropen-
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dolas, (3) orioles, (4) meadowlarks and allies,
and (5) the single cup-nesting cacique. Here, we
present a phylogeny based on mtDNA sequenc-
es for the lineage to which the Red-winged
Blackbird belongs: the grackles and allies.

The grackles and allies are distributed
throughout much of the New World. As cur-
rently described (Sibley and Monroe 1990), this
lineage consists of 40 species in 15 genera; 9 of
the genera are monotypic, suggesting a general
lack of understanding of relationships within
the group. The behaviors exhibited by this
group encompass much of the variation in
breeding biology found in birds (including ob-
ligate brood parasitism and polygyny). In ad-
dition, detailed studies of several species (e.g.
Red-winged Blackbird; Searcy and Yasukawa
1995, Beletsky and Beadle 1996) have greatly
advanced our understanding of several biolog-
ical phenomena including polygyny, territori-
ality, breeding physiology, and sexual selec-
tion. Systematic studies of this group have been
limited, but an initial analysis of partial cyt-b
gene sequences (Lanyon 1994) suggested that
some genera, as currently defined for this
group, are not monophyletic (e.g. Agelaius and
Molothrus). In addition, Lanyon’s (1992, 1994)
analyses provided an initial working hypoth-
esis of systematic relationships that can be used
as a guide for further study.

In addition to clarifying phylogenetic rela-
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tionships within the clade of grackles and their
allies, we use this study to explore issues that
have troubled molecular systematists. One
such issue concerns the strategies that may be
employed to increase support for weakly sup-
ported nodes. Two possibilities involve gath-
ering more data (1) sample additional taxa, or
(2) sequence additional gene regions. Although
sampling additional taxa may greatly improve
phylogenetic estimation by breaking up long
branches (Felsenstein 1978, Hillis 1996, Sander-
son 1996), in many systematic studies this is
not feasible (either because all extant taxa have
been sampled, or additional taxa are not avail-
able). Because we have sampled nearly all rep-
resentative species within the grackles-and-al-
lies clade, we explore the effects of the addition
of another gene (ND2) on the resolution and
support for the phylogeny of the grackles and
allies.

A second major issue is how to weight DNA
sequence characters in phylogenetic analyses.
We explore the effects of several different
weighting options. In addition, we compare the
two protein-coding gene regions (cyt b and
ND?2) in terms of their rate and mode of se-
quence evolution. Finally, we interpret the evo-
lutionary history of this group in light of phy-
logenetic hypothesis derived from these genes
and examine the implications of this phylogeny
for taxonomy, biogeography, and character evo-
lution.

METHODS

Samples.—We sampled 34 of 40 ingroup species of
grackles and their allies, including representatives of
all but one (Hypopyrrhus) of the 15 genera recognized
by Sibley and Monroe (1990). We used samples of the
species within this clade used by Lanyon and Om-
land (1999), which is eight more species than Lanyon
(1994) used in an earlier analysis of Agelaius. In ad-
dition, we included six outgroup taxa, with at least
one representative from each of the four other major
clades within Icteridae (Lanyon and Omland 1999).
Each species was represented in our study by a single
individual.

DNA sequencing.—We sequenced all samples for an
879 base-pair (bp) portion of the cyt-b gene (see Lan-
yon [1994] for primers). We also sequenced ND2 for
these samples using the primers L5215 (Hackett
1996), H6313 and L5758 (Johnson and Sorenson
1998), and H5776 (constructed for this study; 5'-TGG
GAR ATG GAG GAR AAG GC-3'). We amplified
both cyt b and ND2 from total genomic DNA ex-
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tracts. We performed PCR in 50-pL reaction volumes
using 0.5 pL of Thermo flavus polymerase (Epicentre
Technologies), 3 pL of 10 micromolar solution for
each primer, 3.9 pL of 25 micromolar MgCl,, 2.5 pL
of 20X reaction buffer, 35 nL of distilled water, and
between 1 and 5 pL of total genomic DNA extracts.

We used a Perkin Elmer DNA Thermal Cycler 480
to perform the reactions, with reaction conditions of
one cycle of 3 min at 93°C, 1 min at 50°C, and 2 min
at 72°C followed by 35 cycles of 1 min at 93°C, 1 min
at 52°C, and 1 min, 20 s at 72°C. A 10-min extension
at 72°C and a hold at 4°C followed these cycles. We
purified PCR products using a Qiagen PCR purifi-
cation kit with the manufacturer’s protocols. We
used an ABI Prism Dye Terminator Reaction kit FS
with manufacturer’s protocols for sequencing reac-
tions. We sequenced each PCR product for ND2 us-
ing all four of the primers given above and for cyt b
using the primers 114841, H15299, B3, B4, and B5
(see Lanyon 1994). We purified sequencing reactions
using Centrisep columns packed with 0.05 g Sephad-
ex (Sigma) in 0.8 mL water and followed manufac-
turer’s protocols. We dried products in a Centrivap
vacuum concentrator and ran them on an acrylamide
gel with an ABI 377 automated sequencing machine.

We aligned resulting chromatograms of comple-
mentary strands and reconciled them using Se-
quencher 3.1 (GeneCodes). We also aligned sequenc-
es between species using Sequencher 3.1. This pro-
duced sequences that included the entire ND2 gene
(1,035 bp) and a large portion (879 bp) of the cyt-b
gene for each taxon (Genbank accession numbers
AF089004 to AF089014, AF089016, AF089018,
AF089020 to AF089027, AF089037, AF089039 to
AF(89046, AF089051 to AF089052, AF(089054 to
AF089058, AF089060, AF089064, AF089066,
AF099278, AF099314, AF099354 to AF099360, and
AF109931 to AF109962).

Comparison of gene regions.—To explore the nature
of base substitutions in the two gene regions, we ex-
amined the proportion of base positions that were
variable and potentially phylogenetically informa-
tive for both gene regions analyzed separately. These
proportions were compared using a z-approxima-
tion statistic (Milton and Arnold 1990). We computed
the number of transitions and transversions over
each codon position for all pairwise comparisons for
both genes using MEGA (Kumar et al. 1993). To de-
termine the potential of various base positions for ex-
periencing multiple substitutions, we constructed
plots of the number of transitions and transversions
at each base position against total percent sequence
divergence. In addition, we constructed a plot of to-
tal percent divergence in ND2 against total percent
divergence in cyt b to further compare rates of sub-
stitutions in the two genes. We do not present statis-
tical analyses of these plots because of the non-in-
dependence of the many pairwise comparisons. We
estimated the “native’” transition-to-transversion ra-
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tio for both genes by plotting third-position transi-
tions against transversions from pairwise compari-
sons (Sturmbauer and Meyer 1992). We used this ra-
tio as a guide in constructing transversion weighting
schemes. We performed these analyses to determine
the initial suitability, in terms of sequence variation,
of these two genes for phylogenetic analysis.

Phylogeny and sensitivity to weighting scheme.—To
determine the sensitivity of the reconstructed phy-
logeny to weighting scheme, we conducted parsi-
mony searches using PAUP* (v. d60 to d62; Swofford
1997) on the 34 ingroup and 6 outgroup species using
several different weighting schemes of transversions
over transitions. We performed searches using 1:1, 2:
1, and 5:1 weighting of transversions over transitions
with both gene regions independently and com-
bined. We conducted a partition homogeneity test
(Farris et al. 1994, Swofford 1997) using the two
genes as partitions under equal weighting to deter-
mine if combining sequences from the two gene re-
gions in a combined analysis was justified (Bull et al.
1993).

To assess the degree to which results of the par-
simony analyses are robust to selection of characters
and taxa, we employed bootstrap (Felsenstein 1985)
and jackknife (Lanyon 1985) manipulations, respec-
tively. For bootstrapping, we independently ana-
lyzed the cyt-b data set, the ND2 data set, and then
the combined data with both 1:1 and 2:1 weighting
of transversions over transitions. In the jackknife
analysis (Lanyon 1985), we examined only the com-
bined data set with both 1:1 and 2:1 weighting of
transversions over transitions. We constructed 34
jackknife pseudoreplicate data sets with a single in-
group taxon deleted from each set.

REsuLTS

Comparison of gene regions.—For the regions
sequenced, ND2 was more variable than cyt b.
Of 1,035 bases for ND2, 473 (45.7%) were var-
iable and 380 (36.5%) were potentially phylo-
genetically informative; for cyt b, 331 of 878
(37.7%) base pairs were variable and 258
(29.4%) were potentially phylogenetically in-
formative. These differences were statistically
significant with the z-approximation statistic
(both P < 0.001). These differences also trans-
lated into a difference in the proportion of var-
iable amino-acid residues (30.1% for ND2 and
14.0% for cyt b; P < 0.001).

Overall percent sequence divergence be-
tween groups of interest ranged from around
4% within ingroup genera to 12% between the
ingroup and outgroup (Table 1). Plots of the
number of transitions and transversions at
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TaBLE 1. Pairwise divergence between selected
taxa of icterids.

Average
percent
diver-
Comparison gence
Agelaius cyanopus vs. Molothrus badius 7.9
Agelaius cyanopus vs. Agelaius tricolor 9.0
Other Molothrus vs. Molothrus badius 9.1
Other Molothrus vs. Scaphidura 4.9
Euphagus vs. Quiscalus 7.4
Dives vs. rest of ingroup 8.6
Nesopsar vs. rest of ingroup 8.8
Outgroup vs. ingroup 12.2
third positions in pairwise comparisons

against percent sequence divergence (Fig. 1)
showed clear differences between cyt b and
ND2. Transversions appear to accumulate
more rapidly in cyt b than in ND2, whereas
pairwise transitions appear to level off after an
initial increase in cyt b but show no leveling off
in ND2. Although the accumulation of trans-
versions at first and second positions are very
similar for cyt b and ND2, transitions at first
and second positions appear to accumulate
more rapidly in ND2 than in cyt b (not shown).

Transitions at first and second positions
could account for the increased number of ami-
no-acid differences in ND2. A plot of percent
sequence divergence in ND2 against that for
cyt b (Fig. 2) also suggests that ND2 is evolving
at a faster rate (or is less prone to multiple sub-
stitutions). Although at low divergences
(<5%), cyt b and ND2 are accumulating sub-
stitutions at similar rates, above this level of di-
vergence, ND2 accumulates substitutions more
rapidly. The “native” transition/transversion
ratio (Sturmbauer and Meyer 1992) is approxi-
mately 5:1 for both genes.

The unweighted (1:1) ND2 tree shows simi-
lar resolution (28 of 32 potential nodes) to the
unweighted (1:1) cyt-b tree (29 of 32 potential
nodes), and the ingroup topologies from cyt b
and the ND2 unweighted (1:1) analyses are
very similar, with 18 of 28 resolved nodes in the
ND2 topology also present in the cyt-b topol-
ogy. The 2:1 weighted topologies are also sim-
ilar, with 20 of 29 resolved ingroup nodes in the
2:1 ND2 topology present in the 2:1 cyt b to-
pology. Between the cyt-b and ND2 50% boot-
strap topologies, no nodes disagree above the
50% bootstrap level;, however, the 50% ND2
bootstrap topology shows more resolution. The
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FiG. 1. Plots of transitions (ts) and transversions
(tv) at third-codon positions against total percent se-
quence divergence in pairwise comparisons based
on cyt b (upper) and ND2 (lower).

similar phylogenetic signal in both genes is
also confirmed by the partition homogeneity
test. Using cyt b and ND2 as the two data par-
titions, the signal between these two partitions
does not differ significantly (P = 0.56).
Phylogeny and sensitivity to weighting
scheme.—The trees resulting from the different
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FiG. 2. Plot of percent sequence divergence in
ND2 against that of cyt b in pairwise comparisons of
all sequences. The line shows the expectation under
the assumption that the two genes evolve at equal
rates.

weighting schemes (1:1, Fig. 3; 2:1 and 5:1, Fig.
4) on the combined data set are completely
compatible; however, the weighted topology
(Fig. 4) is more fully resolved. This suggests
that tree topology is relatively insensitive to
weighting scheme. Weighting of 2:1 or 5:1 of
transversions over transitions resulted in the
same single fully dichotomous most-parsimo-
nious tree. The analysis of the combined data
set produced topologies containing nodes that
were not present in the separate analyses of
gene regions, suggesting that support in both
genes exists for nodes that do not appear in the
individual analyses.

Another way to assess the success of combin-
ing data sets (two different genes) is to examine
the change in bootstrap support from the sep-
arate analyses to the combined analysis. A total
of 12 nodes showed an increase in bootstrap
support from the independent analyses to the
combined analysis. Four nodes remained at
100% bootstrap support from the separate to
the combined analyses. Only four nodes
showed a slight decreases in bootstrap support
(none greater than 5% and all from relatively
high values greater than 90%). Two additional
nodes (not present in the separate analyses) at-
tained bootstrap support at the 50% level.
These results indicated that combining the data
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FIG. 3. Consensus of seven most-parsimonious trees (1 = 3,044, RC = 0.171) constructed from cyt-b and
ND2 sequences with no weighting of transversions over transitions. Numbers above branches are bootstrap
values, and numbers below branches are jackknife proportions.

sets increased resolution and support for the
topology.

We assessed the jackknife support for nodes
using the 1:1 and 2:1 weighting schemes. Jack-
knife topologies were well resolved (Figs. 3 and
4). Of 33 ingroup nodes with 2:1 weighting of
transversions, 27 received jackknife support at
the 90% or higher level. Because transitions at
third positions appear to have a strong poten-
tial for multiple substitutions in cyt b (Fig. 1),
and because transitions accumulate at a rate
five times higher than transversions, we prefer

weighting schemes that give higher weight to
transversions. In addition, most of the topology
was insensitive to weighting scheme and was
well supported by bootstrap and jackknife rep-
licates. Thus, we use the weighted (2:1 and 5:1)
topology (Fig. 4) as the best estimate of the
phylogenetic relationships among the grackles
and allies.

This tree shows two major clades in the
grackles and allies (groups 1 and 2 in Fig. 4).
One of these clades (group 1) is distributed ex-
clusively in South America. The other, group 2,
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is distributed mainly in North America, Cen-
tral America, and the Caribbean with the ex-
ception of Molothrus rufoaxillaris and Scaphidura
oryzivora. These two large clades are sister to
each other, and in turn are sister to Dives war-
szewiczi and Nesopsar nigerrimus (two taxa from
the Caribbean and Central America). Within
the North American clade, Agelaius is sister to
Molothrus, and Euphagus is sister to Quiscalus.
Within this topology, Agelaius and Molothrus
are not monophyletic, a conclusion supported
by bootstrap replicates (see below).

DisCuUssION

Comparison of gene regions.—The differences
in the rates and patterns of sequence substitu-
tion between cyt b and ND2 in the grackles and
their allies are striking. However, these differ-
ences are not dramatic enough to cause signif-
icant differences in phylogenetic signal (Bull et
al. 1993). The differences in substitution rates
between these genes are similar to those found
in tanagers (Hackett 1996) but are in stark con-
trast to results obtained for these two genes un-
der similar levels of divergence in dabbling
ducks (Johnson and Sorenson 1998). This sug-
gests that these two genes evolve differently in
different lineages. This could have important
implications for phylogeny reconstruction us-
ing these two genes across lineages. Specifical-
ly, cyt b appears to show a dramatic difference
in pattern of evolution between blackbirds and
waterfowl. Because few other studies have in-
cluded ND2, it is difficult to extrapolate these
patterns to other studies that have included
only cyt b. The reasons for differences in pat-
terns of sequence evolution in different taxa re-
quire additional investigation.

Phylogeny and  sensitivity to weighting
scheme.—The phylogenetic relationships indi-
cated by the combination of these two gene re-
gions are relatively insensitive to weighting of
transversions over transitions. In general, in-
creased resolution is attained with weighting,
and this resolution is completely consistent
with a consensus of topologies derived from
equal weighting. In addition, much of this to-
pology is well supported by both bootstrap
and jackknife replicates. In comparing the 50%
bootstrap topology derived from transversion
weighting and the cyt b and ND2 combined
analysis with topologies derived from mtDNA
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restriction fragments (Freeman and Zink 1995),
we note several differences. We use Freeman
and Zink’s (1995: figure 1b) well-supported to-
pology for comparison. First, the monophyly of
the grackles and allies is not demonstrated in
their study, but it is strongly supported in our
analysis and the analysis of Lanyon and Om-
land (1999). Second, the monophyly of a brood-
parasitic cowbird clade is present in our anal-
ysis but not supported by theirs. Finally, the
sister relationship between Euphagus and Quis-
calus is well supported in the sequence data but
is not evident in the restriction-site data. At
present, it is unclear why the dramatic differ-
ences between phylogenies derived from the
same linkage group (mtDNA) should occur.
Rate differences between data sets (Bull et al.
1993), errors in character scoring, or the inclu-
sion of poorly supported nodes could account
for these differences. It seems more likely, how-
ever, that differences in these data sets simply
are a consequence of the inability of nine six-
base enzymes to adequately sample the ge-
nome.

We also compared our weighted topology
(Fig. 4) with a phylogeny derived from 23 skel-
etal characters for the genus Quiscalus and out-
groups (Bjorklund 1991). Quiscalus is not
monophyletic in Bjorklund’s (1991) study,
whereas the monophyly of Quiscalus receives
strong support in the molecular data from our
study (Figs. 3 and 4). One node present in both
analyses (morphological and molecular) is a
clade including Q. major, Q. mexicanus, and Q.
niger. Other than this, little similarity exists be-
tween the trees from the two data sets. We
bootstrapped the skeletal data set to determine
the level of support for Bjérklund’s (1991) to-
pology and determined that only one node was
found in more than 50% of bootstrap replicates
(Q. major + Q. niger). This analysis suggests
that the topological incongruence between the
morphological and molecular data sets is due
to a small number of morphological characters
relative to the number of molecular characters
(i.e. ““sampling error” sensu Bull et al. 1993).

Because the topology generated from our
study is generally well resolved and well sup-
ported, we feel justified in suggesting the fol-
lowing taxonomic revisions. Molothrus badius
(Bay-winged Cowbird) is the sole member of
Molothrus that is not an obligate brood parasite.
Our current study indicates that its affinities lie
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FiG. 4. Single most-parsimonious tree (1 = 3,594, RC = 0.194) constructed from cyt-b and ND2 sequences

with 2:1 weighting of transversions over transitions.

Other weighting schemes higher than 2:1 produced an

identical topology for the ingroup. Numbers above branches are bootstrap values, and numbers below
branches are jackknife proportions. Two major clades discussed in the text are labeled group 1 and group 2.

with the monotypic Oreopsar bolivianus (Boli-
vian Blackbird). Although this sister-group re-
lationship has not been suggested previously, it
is supported by both gene regions and by the
combined analysis. Furthermore, this conclu-
sion is not sensitive to changes in character
weighting or to data-set resampling manipu-
lations. The unusual nesting characteristics of
these two species make their close affinity es-
pecially interesting. Oreopsar bolivianus is the
only hole-nesting icterid, and Molothrus badius
is the only nest parasite within the subfamily.
To make the genus Molothrus monophyletic,
and to recognize the phylogenetic affinity of
these two species, we transfer the Bay-winged

Cowbird to the genus Oreopsar, and it becomes
Oreopsar badius (Vieillot) 1819.

The monotypic genus Schaphidura clearly
falls within Molothrus in our analysis. Paraphy-
ly of Molothrus with respect to Schaphidura ory-
zivora (Giant Cowbird) is strongly supported
by our study. Neither changes in weighting
scheme nor the two resampling manipulations
alter this conclusion. Therefore, we recommend
merging these two genera to produce a single
genus that contains all five of the brood-para-
sitic icterids. Because Molothrus is the older of
these two names, the Giant Cowbird becomes
Molothrus oryzivorus (Gmelin) 1788.

Our study provides strong evidence that the
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South American Agelaius (i.e. cyanopus, xantho-
phthalmus, thilius, icterocephalus, and ruficapillus)
are not closely related to North American and
Caribbean Agelaius. However, we have no
strong evidence to suggest which of the other
South American taxa are these species’ closest
allies. Indeed, it is not clear that the South
American Agelaius are even their own closest
relatives (the weighted tree shows them as
paraphyletic). Although it is disconcerting to
allow this group of species to remain as a para-
phyletic taxon, we believe this to be the pru-
dent decision at this time. More character sets
are needed to identify and confirm phyloge-
netic relationships of these five South American
species.

The relatively distant relationship between
Agelaius and Nesopsar deserves comment. Bond
(1950) suggested that Nesopsar should be con-
sidered a subgenus of Agelaius, and Wiley and
Wiley (1980) designed a study of evolutionary
adaptation based on the explicit assumption
that the ““closest relatives [of Neospar] are black-
birds in the genus Agelaius.” The intent of Wi-
ley and Wiley was to study “two species that
share a relatively recent phylogenetic origin
but differ in their current environments.” Our
data suggest that these taxa are not closely re-
lated. The forest dwelling Nesopsar is identified
as the sister taxon of all other typical black-
birds, an assemblage that includes grassland,
marsh, and forest species. Nesopsar is the basal
member of the lineage of grackles and their al-
lies and therefore is not sister to any species of
Agelaius.

Implications.—It is often the case that phylo-
genetic relationships reflect biogeographic dis-
tributions (Wiley 1988). That is, species that in-
habit adjacent biogeographic zones often are
close relatives. This is clearly the case in the lin-
eage of grackles and allies. One major clade is
distributed exclusively in South America and
the other is distributed mainly in Central and
North America and the Caribbean. This pattern
suggests that certain components of biogeo-
graphic distribution are phylogenetically con-
served. It is interesting to note that the brood-
parasitic cowbirds are the exception to this pat-
tern. This clade (within the Central/North
American clade) has representatives through-
out the New World. This also suggests that a
pattern links brood parasitism with a lack of
phylogenetic conservation of biogeographic
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distribution. Recent range expansions by Mol-
othrus ater (Mayfield 1965) and Molothrus bon-
ariensis (Post et al. 1993) also suggest that cow-
bird species are prone to changes in biogeo-
graphic distribution. An examination of bio-
geographic patterns in other obligate brood
parasites would reveal whether repeatable pat-
terns exist in these characteristics.

The phylogenetic relationships of the brood-
parasitic cowbirds are identical to those pre-
sented by Lanyon (1992). In addition, our work
provides further evidence that obligate brood
parasitism within the blackbirds evolved only
once. Although Molothrus (Oreopsar) badius par-
asitizes nests, it incubates its eggs and provides
parental care. Our analysis also indicates that
the evolution of nest parasitism is not linked to
the evolution of brood parasitism in the other
cowbirds because these two groups are in sep-
arate parts of the tree. The reasons for the ori-
gins of brood parasitism are still heavily con-
tested (Rothstein 1990, Lanyon 1992), but this
phylogeny provides a framework for consider-
ing hypotheses concerning the origin of brood
parasitism.

The fact that several species of marsh-nesting
blackbirds were previously placed in Agelaius
suggests that several characters are convergent
with marsh nesting. Presumably, Agelaius spe-
cies were previously grouped because of these
similarities and their propensity to breed in
marshes. A phylogenetic reconstruction of
marsh nesting (Fig. 5) indicates that this be-
havior has evolved independently four to six
times within the grackles and their allies. Re-
peated, evolutionarily independent invasions
of similar habitats can pose problems for phy-
logenetic studies if suites of other characters
evolve as an adaptive complex in response to
the invasion of a novel habitat. Caution is re-
quired when selecting characters for use in
phylogenetic analyses such that these charac-
ters are independent.

Although convergence can obscure phylo-
genetic relationships, it provides a tremendous
opportunity for the evolutionary biologist to
study adaptation. Because presumably similar
habits and morphology have converged be-
tween the North American and South Ameri-
can Agelaius groups, this presents the oppor-
tunity to study the factors that have been re-
sponsible for this apparent convergence. Al-
though the Red-winged Blackbird has been
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o Nesopsar nigerrimus
o Dives warszewiczi
o Lampropsar tanagrinus
oMacroagelaius subalaris
m Gymnomystax mexicanus
o Curaeus curaeus
mAmblyramphus holosericeus
a Gnorimopsar chopi
mAgelaius thilius
mAgelaius cyanopus
mAgelaius xanthophthalmus
o Oreopsar bolivianus
oMolothrus badius
m Agelaius ruficapillus
mAgelaius icterocephalus
m Xanthopsar flavus
m Pseudoleistes virescens
wm Pseudoleistes guirahuro
o Euphagus cyanocephalus
o Euphagus carolinus
o Quiscalus quiscula
o Quiscalus lugubris
o Quiscalus niger
o Quiscalus mexicanus
o Quiscalus major
mAgelaius xanthomus

PN Agelaius humeralis
m Agelaius tricolor
mAgelaius phoeniceus
o Molothrus rufoaxillaris
o Scaphidura oryzivora
o Molothrus aeneus
oMolothrus bonariensis
o Molothrus ater

FiG. 5. Phylogenetic reconstruction of marsh nesting over the weighted phylogeny using unordered par-
simony. Black branches represent marsh nesting and white branches the absence of marsh nesting.

well studied, the behaviors of most of South
American species of Agelaius remain poorly
known. We suggest that the phylogeny for
grackles and  allies presented here, coupled
with the rich body of literature concerning the
group 2 clade and the range of behaviors ex-
hibited by the group, make the study of mem-
bers of the South American clade (group 1) a
priority for improving our understanding of
avian behavioral evolution.
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