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PATTERNS OF ALLOZYME, MITOCHONDRIAL DNA, AND
MORPHOMETRIC VARIATION IN FOUR SPARROW GENERA

ROBERT M. ZINK AND RACHELLE C. BLACKWELL
Bell Museum, University of Minnesota, St. Paul, Minnesota 55108, USA

ABSTRACT.—We sequenced 432 base pairs (bp) of the mitochondrial DNA (mtDNA) cyto-
chrome-b gene in all recognized biological species in the genera Zonotrichia, Passerella, and
Melospiza, as well as Junco hyemalis and Pipilo chlorurus. Our goals were: to estimate the
phylogenetic pattern within and among genera; to compare our estimate with previous
estimates based on allozymes and mtDNA restriction sites; to map morphometric distances
onto the phylogenetic hypothesis; and to determine the extent of geographic variation in
two polytypic species, the Fox Sparrow (Passerella iliaca) and Song Sparrow (Melospiza melodia).
There was no geographic pattern to cytochrome-b variation within the Song Sparrow, whereas
four mtDNA lineages of Fox Sparrows were found; these results corroborate those obtained
from mtDNA restriction-site data. Analysis of cytochrome b yielded 14 equally-parsimonious
trees. Although mtDNA and allozyme trees were statistically congruent, they differed some-
what, and the data were combined to estimate phylogeny; two equally-parsimonious trees
resulted. The consensus tree indicated the following relationships: within Melospiza, the
pattern is {Song Sparrow {Swamp Sparrow [M. georgiana], Lincoln’s Sparrow [M. lincolnii]}};
Junco and Zonotrichia are sister genera; within Zonotrichia, the pattern is {Rufous-collared
Sparrow [Z. capensis] {White-throated Sparrow [Z. albicollis] {Harris’ Sparrow [Z. querula] {White-
crowned Sparrow [Z. leucophrys], Golden-crowned Sparrow [Z. atricapilla]}}}}; the data could
not reliably resolve relationships among the other genera. In general, restriction sites and
cytochrome-b sequence data yielded congruent phylogenies. Morphometric distances mapped
onto the phylogenetic hypothesis revealed instances in which molecular and phenotypic
evolution proceeded at different rates, except within Melospiza, where the two data sets yielded
congruent patterns. Song dialects apparently evolved twice within Zonotrichia. Received 31

August 1994, accepted 6 February 1995.

KNOWLEDGE OF the evolutionary history of a
group of taxa usually increases with the accu-
mulation of diverse character sets. Some types
of characters provide evidence for estimating
phylogeny, whereas others reveal phenotypic
responses to differing environments. Cladistic
analysis of molecular characters is commonly
used for estimating genealogical relationships
(Hillis et al. 1990). Furthermore, comparison of
patterns of variation in different molecular
character sets can provide a check on the effi-
cacy of each for phylogeny reconstruction. Phe-
netic analyses of morphometric characters might
track phenotypic evolution and not necessarily
phylogeny (Zink and Avise 1990). Examination
of patterns of morphometric variation in a phy-
logenetic context can reveal different rates of
phenetic change. We undertook an investiga-
tion character evolution in a group of emberizid
sparrows for which morphometric, allozyme,
and mitochondrial-DNA (mtDNA) restriction-
site and sequence characters were available.

We sequenced a part of the cytochrome-b gene
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in all species of sparrows in the genera Zono-
trichia, Passerella, and Melospiza, as well as Junco
hyemalis. Previous allozyme (Zink 1982; Fig. 1)
and mtDNA restriction-site analyses of some or
all species (Zink et al. 1991; Fig. 2) provide phy-
logenetic hypotheses against which to test phy-
logenetic patterns derived from cytochrome-b
sequences. In addition, these data can be com-
bined to produce a phylogenetic tree based on
“total evidence” (Eernisse and Kluge 1993).
Questions addressed in our study are: (1) Is in-
traspecific sequence divergence in two species
consistent with mtDNA restriction-site data
(Zink and Dittmann 1993, Zink 1994)? (2) What
is the interspecific phylogenetic pattern in cy-
tochrome b? (3) Is this pattern congruent with
that obtained from restriction sites and allo-
zymes? (4) What phylogenetic hypothesis is
suggested by combining data sets? (5) Do ex-
isting classifications reflect phylogenetic rela-
tionships? (6) Does the phylogenetic hypothesis
provide insight into whether song dialects have
evolved multiple times? (7) Is phenetic varia-
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Fig. 1. Pattern of allozymic variation generated
by UPGMA phenogram (from Zink 1982). Numbers
on tree are branch lengths in units of Rogers’ (1972)
genetic distance.

tion in skeletal measurements (Zink 1982) con-
sistent with the phylogenetic hypothesis, or is
morphometric evolution decoupled from phy-
logeny?

METHODS

The following samples were used for sequencing:
Green-tailed Towhee (Pipilo chlorurus, n = 2); Fox Spar-
row (Passerella iliaca, 19); Dark-eyed Junco (Junco hye-
malis, 2); Rufous-collared Sparrow (Zonotrichia capen-
sis, 3); Harris” Sparrow (Z. querula, 3); White-throated
Sparrow (Z. albicollis, 2); White-crowned Sparrow (Z.
leucophrys, 2); Golden-crowned Sparrow (Z. atricapilla
2); Song Sparrow (Melospiza melodia, 11); Swamp Spar-
row (M. georgiana, 2); and Lincoln’s Sparrow (M. lin-
colnii, 2). Pipilo chlorurus was used as an outgroup.
Specimens of Fox Sparrows and Song Sparrows rep-
resented much of the geographic range of each spe-
cies, and also were used in restriction-site studies by
Zink (1994) and by Zink and Dittmann (1993), re-
spectively. Collecting localities, collection dates, and
specimen voucher numbers are associated with the
Genebank sequence accession numbers (U40162-
U40186).

We purified mtDNA from tissues following pro-
cedures in Lansman et al. (1981) and Dowling et al.
(1990), as previously reported (Zink and Dittmann
1991). Lincoln’s Sparrow mtDNA was extracted from
tissue following Carr and Griffith (1987). Using the
polymerase chain reaction (Hillis et al. 1990), sym-
metric amplifications were performed in 30 gl reac-
tions containing 8.33 mM Tris/HCI (pH 8.3), 41.67
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Fig. 2. Phylogenetic pattern of mtDNA restric-
tion-site variation generated by phenetic and phy-
logenetic analysis (from Zink et al. 1991). Numbers
on branches are in units of mtDNA genetic distance
estimated from restriction-site variation (Nei and Li
1979).

mM KCI, primers L14841 and H15299 (made by Op-
eron; numbers refer to primers in Kocher et al. [1989]
and Hackett [1992], respectively) at 0.5 uM, each ANTP
at 0.2 mM, ca. 2-1,000 ng template DNA, and 0.625
units Thermus Aquaticus polymerase (Perkin Elmer/
Cetus, Boehringer Mannheim). A primary cycle of 3
min denaturation at 94°C, 1 min annealing at 50°C,
and 1 min extension at 72°C was followed by 33 cycles
of 1 min at 94°C, 1 min at 55°C, 1 min at 72°C. A final
extension at 72°C was carried out for 10 min. An am-
plification product of 484 base pairs (bp) was pro-
duced in all specimens. Electrophoresis of 4 ul of am-
plification mixture in a 1% agarose gel (Seakem LE,
FMC) verified the presence of desired amplified prod-
uct. The PCR product was filtered (Millipore cat. no.
UFC3 TTK OO) to remove excess dNTPs and primers,
with volume held constant.

Using the same primers as those used for amplifi-
cation, double-stranded cycle sequencing was carried
out using a Silver Sequence kit (Promega). Light and
heavy strands of all samples were sequenced. Se-
quencing gels were made of 6% acrylamide (Gene-
Page by Amresco) and were run for either 5 h at 1,800
V, or 5.5 h at 60 w, maintaining a temperature of 46°
to 49°C, sufficient to read into primer on most samples.
Sequences were visualized via silver staining (Silver
Sequence, Promega; Caetano-Anolles and Gresshoff
1993), and dried sequence gels were photocopied.

Sequences were aligned visually. Each distinguish-
able sequence was deemed a unique haplotype; only
one representative of each haplotype was used for
phylogenetic analysis. We used the computer pro-
gram MEGA (Kumar et al. 1993) to compute descrip-
tive statistics for nucleotide variation. We used a dis-
tance approach to computing trees (neighbor-joining
[NJ] method in MEGA; Saitou and Nei 1987) and a
maximum-parsimony approach as implemented in the
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Fig. 3. Distribution of variation across the 432 bp
of cytochrome b sequenced, beginning at nucleotide
position 14965 of the Gallus gallus sequence (Genbank
accession X52392) and moving from 5’ to 3.

computer programs PAUP (Swofford 1990), Hennig86
(Farris 1988) and MEGA; variable nucleotide positions
were analyzed as unordered. We used the computer
program PHYLIP (Felsenstein 1994) to produce a phy-
logenetic estimate using the maximum-likelihood ap-
proach. We used the computer program Random Cla-
distics (Siddall 1994) to determine if there was phy-
logenetic signal in our sequence data (PTP test of
Faith and Cranston, 1991; g, statistic of Hillis 1991).
Random Cladistics and PAUP were used to bootstrap
data sets (Felsenstein 1985) and establish the degree
to which the data supported a particular branching
pattern; 1,000 replications were performed, and a ma-
jority-rule consensus tree constructed. To compare
phylogenetic hypotheses produced from different data
sets, we used the computer program COMPONENT
(Page 1993). To analyze morphometric distance ma-
trices we used the computer program PHYLIP (Fel-
senstein 1994), and the routine FITCH.

RESULTS

The distribution of variable nucleotide po-
sitions (Fig. 3) shows that variation was distrib-
uted throughout this segment of the cyto-
chrome-b gene. Overall, the percentages of each
nucleotide were: adenine (25.0%), thymine
(24.7%), cytosine (33.4%), and guanine (16.9%).
These ratios were similar at first- and second-
codon positions, but differed considerably at
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TaBLE1l. Percent nucleotide composition for 20 spec-
imens used in phylogenetic analysis.

Nucleotide
Position A T C G
First 241 25.0 22.3 28.6
Second 19.0 38.6 23.2 19.2
Third 31.5 11.3 54.4 2.8
Qverall 249 25.0 33.3 16.9

third positions (Table 1), with guanine in ex-
tremely low frequency (2.8%; as found in other
vertebrates [Kocher et al. 1989]). The average
transition:transversion ratio between the out-
group and ingroup (n = 28) was 3.3 = SD of
1.5. The matrix of pairwise transitions: trans-
versions is available from the authors.

We identified 27 haplotypes in the 50 speci-
mens examined. Maximum-parsimony and NJ
analyses (not shown) of all 27 haplotypes re-
vealed that all conspecific haplotypes grouped
together. Because of the difficulty of inferring
phylogenetic trees for 27 taxa (Swofford 1991),
the data set was analyzed as follows.

To examine the relationships of the six hap-
lotypes within the Song Sparrow, we used its
congeners (Swamp Sparrow and Lincoln’s Spar-
row) as outgroups. Nine positions were vari-
able, and none was phylogenetically informa-
tive. Parsimony analysis produced 240 trees
(length [I] = 18, consistency index [ci] = 0.92;
retention index [ri] = 0.81), the consensus of
which was unresolved (not shown),

Among the 11 Fox Sparrow haplotypes, the
transition : transversion ratio averaged 6.5:1.0.
There were 19 variable nucleotide positions, of
which 11 were phylogenetically informative.
The numbers of base substitutions at each codon
position were: 5 (first), 1 (second), and 13 (third).
To examine relationships of haplotypes within
the Fox Sparrow, the Dark-eyed Junco and
Green-tailed Towhee were chosen as out-
groups, because in the phylogenetic analysis of
all 27 haplotypes they were the nearest and
farthest sister taxa from the Fox Sparrow, re-
spectively. In the NJ tree (using p-values [Ku-
mar et al. 1993:16] as the distance coefficient),
four groups of samples were resolved, and the
analysis suggested that the “iliaca” group was
basal (Fig. 4). However, branch lengths among
the four groups were not significant statistically
(SE test of Rzhetsky and Nei 1992). Maximum-
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Fig. 4. Neighbor-joining tree depicting phyloge-
netic relationships among Fox Sparrows based on cy-
tochrome-b variation.

parsimony analysis produced two equally-par-
simonious trees (I = 85, ¢i = 0.91, ri = 0.87), each
of which resolved the four main groups of Fox
Sparrows (Zink 1994). However, relationships
among the groups were unresolved in the con-
sensus tree (not shown).

To estimate phylogenetic relationships at the
species level, each species was represented by
one or two individuals (two if haplotypes dif-
fered). For the Fox Sparrow, we used two ar-
bitrary representatives of each of the four major
groups and, for the Song Sparrow, we arbitrar-
ily selected an individual from Newfoundland,
Canada and Michoacan, Mexico. Reducing the
representation of the Fox Sparrow and Song
Sparrow resulted in 20 taxa, which permitted
more efficient phylogenetic searches, and re-
duced the effects of unequal sample sizes among
species. For this data set, there were 105 variable
sites of which 79 were phylogenetically infor-
mative. The distribution of variable nucleotide
positions across codons was: 18 (first position),
7 (second), and 80 (third). The majority (80%)
of nucleotide substitutions were transitions; the
transition:transversion ratio was 3.9:1.0.

Randomization tests indicated significant
structure in the data matrix (PTP test, P < 0.001;
& = —051, P < 0.001), which is presumed to
indicate phylogenetic signal (Faith and Cran-
ston 1991, Hillis 1991); however, these methods
are controversial (Carpenter 1992). All parsi-
mony programs produced identical branching
patterns, although there were some differences
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Fig. 5. Majority-rule consensus tree derived from
14 equally-parsimonious trees based on cytochrome-
b data. First value on branch is percentage of trees
out of 14 showing that node and second number is
percentage of 1,000 bootstrap replicates showing the
node (“< 50" indicates that node was not in bootstrap
tree).

in tree lengths depending on how missing data
were handled. Maximum-parsimony analysis
revealed 14 trees (I = 190, ¢ci = 0.63, ri = 0.81),
the 50% majority-rule consensus (Fig. 5) of which
suggested that the Fox Sparrow was the sister
taxon to Junco plus Zonotrichia, and Melospiza
was basal to all taxa. Within Melospiza, which
is monophyletic in our analyses, the Swamp
Sparrow and Lincoln’s Sparrow are sister taxa,
with the Song Sparrow the most basal. The Dark-
eyed Junco is the sister taxon to Zonotrichia.
Within Zonotrichia, Rufous-collared Sparrow is
basal, Golden-crowned Sparrow and White-
crowned Sparrow are sister taxa, and White-
throated Sparrow and Harris” Sparrow are in-
termediately placed (their exact relationships
are unclear); the North Temperate species (i.e.
excluding capensis) are likely a clade. Bootstrap
values (Fig. 5) revealed that the groupings of
Z. capensis to the other Zonotrichia, Junco hyemalis
to Zonotrichia, and Passerella iliaca to Junco plus
Zonotrichia occurred in less than 50% of the 1,000
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Fig. 6. Consensus of two trees derived from the
combined allozyme and cytochrome-b sequence data.
First number in each series is percentage of 1,000
bootstrap replicates showing that node appeared
(*“<50” indicates that node was not in bootstrap tree),
and second value is morphometric distance (see text).
NA = not applicable.

replicate trees. The remaining relationships
were more strongly supported by the data. The
same pattern of relationships was obtained from
the NJ analysis (not shown), with the exception
that White-throated Sparrow and Harris’ Spar-
row were sister taxa. The maximum-likelihood
analysis recovered the tree topology in Figure 5.
Relationships inferred from allozyme data
(Fig. 1) and cytochrome-b sequence data (Fig. 5)
differed in the placement of the Fox Sparrow
and the White-throated Sparrow. However, the
two trees are significantly congruent based on
the “quartet test” in COMPONENT. This test
examines all possible subsets of four taxa (quar-
tets) and finds the percentage that agree; for 11
taxa there are 330 possible quartets, in which
298 (90%) are identical in our two trees. The
NNI comparison (nearest-neighbor inter-
change; see Page 1993) reveals how many taxa
must be moved to transform one tree into an-
other; for our data set, NNI was 2 (P < 0.001;
Brown and Day 1984). Therefore, we conclude
that allozyme and cytochrome-b data are sig-
nificantly congruent, albeit not perfectly so.
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To produce a total-evidence tree, we analyzed
the allozyme data (Zink 1982) in concert with
the sequence data. Allozyme loci were coded as
characters and alleles as character states; the
most frequent allele was used to represent the
species (Buth 1984). Allozyme data did not re-
solve differences among the four Fox Sparrow
groups (Zink unpubl. data), and the groups were
treated as undifferentiated. The 19 informative
allozyme characters were added to the cyto-
chrome-b data set and analyzed as unordered.
The combined allozyme and sequence data set
yielded two equally-parsimonious trees (Fig. 6).
As with the sequence data alone, the two trees
differ in the relative relationships of the Fox
Sparrow groups (as expected, because the same
allozyme characters were added to each of the
eight Fox Sparrows). The consensus tree (Fig.
6) depicts the four groups of Fox Sparrows as
unresolved, and differs from the sequence data
only in that the relationships of Passerella and
Melospiza to the remaining taxa are reversed.
However, this pattern is consistent with 4 of
the 14 most-parsimonious trees from sequence
data. Bootstrap support indicates considerable
confidence in most nodes shown.

The matrix of taxonomic distances (Sneath
and Sokal 1973) derived from 40 skeletal mea-
surements (Zink 1982) was fitted to the tree de-
picted in Figure 6. Using a least-squares algo-
rithm (option F, p = 2, in PHYLIP), it is apparent
that the morphometric distances are partitioned
along branches of the tree unevenly. The most
extreme example is that for Zonotrichia querula
and Z. albicollis, where the morphometric dis-
tances from the common ancestor were 0.74 and
0.15, respectively.

DiscussiON

Restriction sites vs. sequence data.—Although
six of eight specimens exhibited different hap-
lotypes, geographic structure was not evident
in the cytochrome-b gene sequence of the Song
Sparrow, consistent with a restriction-site sur-
vey (Zink and Dittmann 1993). Both restriction-
site and sequence data reveal four groups of the
Fox Sparrow, although only site data provided
arobust phylogenetic perspective among groups
(Zink 1994); more sequence data are needed for
resolution of relationships among the Fox Spar-
row groups. Generally, cytochrome b is thought
not to be useful for intraspecific studies of birds
(e.g. Wenink et al. 1994); hence, it would seem
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that the Fox Sparrow is more differentiated than
most avian species, supporting the suggestion
that the four groups are phylogenetic species
(Zink 1994). Nonetheless, it is premature to rule
out cytochrome-b studies of intraspecific vari-
ation.

Within Melospiza, Kessler and Avise (1985)
found that each species was very similar in
mtDNA restriction sites, although their dis-
tance data weakly support (Zink unpubl. anal-
ysis) a grouping of {Swamp Sparrow {Song
Sparrow, Lincoln’s Sparrow}}, which disagrees
with the present analysis. The raw restriction-
site data were not published by Kessler and
Avise (1985) and could not be added to the cy-
tochrome-b data. For Zonotrichia, Zink et al. (1991)
produced a phylogenetic tree from restriction
sites that disagrees with that in Figure 6 because
Harris’ and White-throated sparrows were re-
versed; otherwise the two topologies agree. To
investigate further sequence and restriction-site
variation, we compared mtDNA distances com-
puted from restriction sites (p; Nei and Li 1979)
and cytochrome-b sequences (p) for the four
groups of Fox Sparrow, Melospiza (including Z.
albicollis), and Zonotrichia (all species, including
two geographic representatives of Z. capensis),
and J. hyemalis. The correlation coefficient of
0.90 (n = 33; P < 0.001) indicated significant
agreement between restriction-site and cyto-
chrome-b data (Fig. 7). Although Wilson et al.
(1989) advocated abandoning restriction sites in
favor of sequence data, this seems premature
because a thorough restriction-site survey might
better index genomewide divergence than a se-
quence data set from a single gene region. Sev-
eral studies of birds, including this one, indicate
agreement between restriction-site data and
other evidence (Zink and Avise 1990, Dittmann
and Zink 1991, Zink and Dittmann 1991, Zink
et al. 1991, Dodge et al. 1995, A. J. Baker pers.
comm.),

Total evidence and phylogenetic conclusions.—The
“congruence’ school advocates comparing phy-
logenetic trees derived from different data sets
as a measure of confidence (e.g. Swofford 1991).
If topologies of two independent trees are sta-
tistically congruent, there is confidence that
phylogenetic signal has been recovered. Con-
flicting phylogenetic signals require further
study. One should determine if the disagree-
ment is between nodes on each tree that are
strongly supported by the data; that is, if the
conflicting trees differ at nodes that are weakly
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Fig. 7. Plot of molecular distances derived from
restriction sites and cytochrome-b sequences.

supported in one or both trees, perhaps the
“conflict” is illusory. In our study, sequence
data from mtDNA and allelic variation at pro-
tein (nuclear) loci represent presumably genet-
ically independent sources of information. Qur
comparisons of trees derived from the two
sources of data indicate significant congruence.
The reason for such congruence likely is that
both data sets reflect phylogenetic history. Dis-
agreement occurs primarily in the placement of
the White-throated Sparrow and Fox Sparrow,
neither of which was clearly resolved by the
sequence data alone (Fig. 5); hence, the degree
of congruence might be even greater.

When two phylogenetic trees disagree, as ours
do somewhat, it would seem that analysis of all
available evidence (Fig. 6) offers the best phy-
logenetic hypothesis (Eernisse and Kluge 1993).
This might especially be true when one of the
data sets reflects a single gene tree, as that for
mtDNA does (Avise 1994). In our study, even
after combining our allozyme and cytochrome-
b data, there is uncertainty, as indicated by the
occurrence of two equally-parsimonious trees.
Our total-evidence tree, therefore, requires ad-
ditional data to determine which regions of the
topology might not be stable. We limit phylo-
genetic conclusions to those based on the nodes
in Figure 6 that are most consistently supported
by our data. The sister-species relationship of
Swamp and Lincoln’s sparrows, and the basal
position of the Song Sparrow in Melospiza clar-
ify evolutionary history in this genus. Mayr and
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Short’s (1970) conclusion that “The Fox Spar-
row seems closely related to P. [M.] melodia” is
refuted.

Patterns of evolutionary history within Zo-
notrichin have been controversial (Mayr and
Short 1970). Consequently, we explored phy-
logenetic patterns further by adding the restric-
tion-site data from Zink et al. (1991) to the allo-
zyme plus cytochrome-b data (we found that
there are very few restriction sites in our cy-
tochrome-b data; therefore, the two data sets
basically are independent mtDNA estimates).
The single most-parsimonious tree (I = 177, ci
= 0.87, ri = 0.79) differed from that in Figure 6
by the switching of the White-throated Sparrow
and the Harris’ Sparrow, resulting in the same
topology as Figure 2; however, the arrangement
shown in Figure 6 requires only 179 steps, re-
vealing the need for additional data.

The view (Mayr and Short 1970) that the
White-throated Sparrow is most closely related
to the Golden-crowned Sparrow is not sup-
ported by allozyme data, mtDNA restriction-
site data, cytochrome-b sequence data, or the
combined data sets. Golden-crowned and White-
crowned sparrows are sister taxa and, in fact,
differ by only 1 of 432 (0.2%) nucleotide posi-
tions at cytochrome b (we comment further on
this extreme similarity elsewhere). Cyto-
chrome-b sequence data confirm the basal po-
sition of the Rufous-crowned Sparrow within
Zonotrichia, although the bootstrap support is
relatively low. We determined the length of the
total-evidence tree—in which the sister hap-
lotypes of the Rufous-crowned Sparrow were
switched with Harris’ Sparrow—to be 190 steps.
The Rufous-crowned Sparrow therefore does not
belong within the North Temperate Zonotrichia.
Although the plumage of the Harris’s Sparrow
differs markedly from the general pattern of its
congeners, all genetic data suggest that it is not
atypical, although it is basal to the North Tem-
perate species.

Junco and Zonotrichia consistently appear to
be sister taxa as implied by Mayr and Short
(1970). The close relationship of these latter
genera was inferred from documented hybrid-
ization between White-throated Sparrow and
Dark-eyed Junco (Jung et al. 1994). However,
inspection of the phylogenetic hypothesis re-
veals that this is an instance of nonsister taxa
hybridizing, and that there are many sympatric
combinations of more closely related species
that do not appear to hybridize. Such obser-
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vations support the notion that the pattern ot
hybridization is a poor taxonomic indicator
(Zink et al. 1991). Disagreement over the rela-
tionships of the other genera exists in our data,
but molecular evidence does not indicate a close
relationship between Passerella and Melospiza
(Mayr and Short 1970).

Comparative biology.—Mapping behavioral and
life-history traits on phylogenetic hypotheses
has become an important endeavor (Brooks and
McLennan 1991). The evolution of song dialects
was addressed by Zink et al. (1991), who con-
cluded that song dialects had evolved indepen-
dently in Z. leucophrys and Z. capensis. According
to our phylogenetic hypothesis (Figs. 2 and 6),
this is most parsimonious (two independent
gains). This suggests that “song dialects” per se
are not homologous (McKitrick 1993), and, in
fact, are attributes (Mickevich and Weller 1990).
Careful study likely would reveal differences
in the song dialects of the two species, meaning
that they should not be considered as systematic
characters and “mapped” onto phylogenetic
trees in the standard parsimony fashion (Brooks
and McLennan 1991). One could search for eco-
logical or behavioral factors involved in the or-
igin of “song dialects” in Z. leucophrys or Z.
capensis, although different correlates might be
predicted. However, if song dialects were ho-
mologous, one could only study their mainte-
nance in the latter species, not their origin
(Brooks and McLennan 1991), and one might
postulate the evolution of song dialects at the
base of the Zonotrichia clade, and three “loses”.
Hence, the origin of song dialects would have
occurred early in Zonotrichia evolution, and not
recently in leucophrys.

Morphometric evolution.—Inspection of mor-
phometric distances (Fig. 6) reveals instances of
apparent rate heterogeneity, suggesting that
morphometric evolution has proceeded un-
evenly, and is decoupled from phylogeny. To
explore this idea further, we examined the
branching pattern derived solely from mor-
phometric distances (Zink 1982: fig. 2). The pat-
tern of skeletal variation in Melospiza is the same
as the molecular pattern (Fig. 6), suggesting that
skeletal evolution tracks phylogeny in this ge-
nus (we recognize that, by chance alone, there
is a one-third probability of the two patterns
matching). Morphometric patterns for the other
taxa do not mirror molecular ones, the reason
being that rates of differentiation in the two
data sets differ. Within Zonotrichia it is clear that



66 ZINK AND BLACKWELL

skeletal evolution has proceeded more rapidly
in capensis, querula, and atricapilla. Also, given
the very recent separation of Golden-crowned
and White-crowned sparrows, it appears that
skeletal evolution proceeded rapidly in the
Golden-crowned Sparrow, roughly twice the
rate in its sister species. Notably, Harris’ Spar-
row is distinctive both in plumage and skeletal
variation, owing apparently to an accelerated
rate of evolution relative to molecular variation.
Instances where phenotypic evolution seems to
“outdistance” molecular evolution might be
useful contexts to search for evolutionary pro-
cesses that accelerate phenotypic evolution such
as sexual selection (e.g. Rohwer 1985).

Systematic considerations.—Several authors (e.g.
Donoghue et al. 1989, Weller et al. 1992) have
commented on the “exemplar effect” in which
an insufficient number of representatives per
taxon can affect branching sequence. We dis-
covered such an effect in our sequence data. For
example, parsimony analysis using a single in-
dividual of each species (including the Fox
Sparrow) produced a single most-parsimonious
tree (not shown) with a topology different from
those with two or more individuals per species.
Although this tree is only one step shorter than
one with the pattern in Figure 6, it reveals the
dangers inherent in insufficient taxon repre-
sentation, especially when some taxa are similar
and polymorphism becomes interpreted as phy-
logenetic signal. Sequence data are not immune
to general problems inherent in characters used
in all phylogenetic analyses.
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