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REWEAVING THE TAPESTRY: WHAT CAN WE 

LEARN FROM SIBLEY AND AHLQUIST (1990)? 

JOHN HARSHMAN 
Committee on Evolutionary Biology, University of Chicago, 
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ABSTRACT.--Sibley and Ahlquist's phylogeny of the birds ("The Tapestry") has drawn both 
praise and criticism. Two major criticisms are that trees were based on incomplete distance 
matrices and that their tree-building algorithm (UPGMA) was inappropriate. Their 1990 book 
answered critics by including several complete matrices analyzed by the Fitch-Margoliash 
algorithm. Matrices were constructed by combining species into composite taxa, which re- 
quires additional (possibly defensible) assumptions and introduces additional (probably ran- 
dom) error. Three problems remain: (1) The algorithm used does not always find the best- 
fit topology, depending on taxon order. (2) The error variance of the data does not fit the 
assumptions of the Fitch-Margoliash algorithm. The assumptions of the algorithms of Fitch 
and Margoliash and of Cavalli-Sforza and Edwards are limiting cases that bracket the truth. 
(3) Even a matrix with no phylogenetic content has a best-fit topology; some test of the 
strength of support for branches on a tree is required. To address these problems, I analyzed: 
(1) each matrix several times with different orderings of taxa and with user-defined trees; (2) 
each matrix with both algorithms; (3) upper-right and lower-left halves of each matrix sep- 
arately, performed a complete set of single-taxon jackknifings, and created a jackknife strict 
consensus of all best-fit trees using both algorithms. Based on these analyses, 97 of 173 interior 
branches (56%) on the FITCH trees published by Sibley and Ahlquist (1990) were still present 
in my consensus trees. Many trees remained nearly intact; others collapsed into polytomies. 
I found that 11 of 97 remaining branches (11%) contradict the Tapestry. I conclude that the 
data in Sibley and Ahlquist (1990), properly analyzed, have a strong phylogenetic signal. 
Received 22 July 1992, accepted 25 November 1992. 

THE RECENT •OK by Sibley and Ahlquist (1990), 
Phylogeny and Classification of Birds, has already 
had a major influence on avian systematics and 
on studies that make use of phylogenies. The 
result of 15 years of work with DNA-DNA hy- 
bridization, the book's phylogeny (Sibley and 
Ahlquist 1990:figs. 353-385, commonly known 
as "The Tapestry") is unprecedented: an almost 
completely resolved tree relating nearly all 
families and many lower-level taxa. However, 
for reasons briefly discussed below, the Tap- 
estry is seriously flawed as a representation of 
Sibley and Ahlquist's data. In this paper, I try 
to answer two questions: (1) What is the most 
appropriate way to analyze Sibley and Ahl- 
quist's data? (2) What phylogenetic signals (if 
any) do the data contain? 

THE TAPESTRY 

Even before publication, the Tapestry had 
been criticized on two main grounds: use of 
incomplete data matrices, and reliance on the 
assumption of a constant molecular clock (Cra- 
craft 1987, Houde 1987). The Tapestry was pro- 

duced by a modification of the clustering al- 
gorithm UPGMA (Sneath and Sokal 1973). Some 
of the modifications were explained by Sibley 
and Ahlquist (1981); others were briefly men- 
tioned by Sibley and Ahlquist (1990), but not 
sufficiently explained. The Tapestry itself can- 
not easily be evaluated, since many of the data 
used to construct it, as well as the details of the 

algorithm used, have not yet been published. 
However, in their book, Sibley and Ahlquist 

(1990) responded to criticisms with a modified 
analysis of some of their data, and this can be 
evaluated. I restrict my consideration here to 
Sibley and Ahlquist's (1990, and earlier refer- 
ences cited therein) analyses of distance data. I 
do not consider here problems involved in con- 
verting radiation counts into distance measures, 
and the phylogenetic interpretability of such 
measures; these have been discussed by Cracraft 
(1987), Houde (1987), $arich et. al (1989), Shel- 
don and Bledsoe (1989), Springer and Krajewski 
(1989), $chmid and Marks (1990) and Mindell 
(1992). 

Incomplete data matrices.--The Tapestry con- 
tains 1,118 taxa (species and genera). According 
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to Sibley and Ahlquist (1990), 26,554 compari- 
sons were used to construct it. However, the 

number of comparisons needed for a full data 
matrix (one comparison for each pair of taxa) is 
624,403; thus, Sibley and Ahlquist have only a 
maximum of 4% of the needed comparisons for 
UPGMA (see Lanyon 1992). 

To address this problem, Sibley and Ahlquist 
turned incomplete matrices into complete ma- 
trices using composite taxa (Fig. 1). The cost of 
this approach is an increase in error. In addition 
to experimental error (from individual distance 
measurements), there is a second error com- 
ponent due to different rates of evolution with- 
in composite taxa. However, there is no expec- 
tation that this additional error will be 

systematic. Further error is introduced if com- 
posite taxa assumed to be monophyletic are not. 

The molecular clock.--UPGMA assumes a con- 

stant molecular clock. Sibley and Ahlquist's own 
data show that this assumption is false, at least 
frequently enough to be unwarranted as an a 
priori assumption in analysis. For example, al- 
though they incorporated in the Tapestry an 
unspecified number of attempted rate correc- 
tions for some taxa, their own FITCH analyses 
(below) show a number of tree topologies that 
contradict the Tapestry, for which the simplest 
explanation is difference in evolutionary rates 
among taxa. 

To avoid the invalid assumption of constant 
evolutionary rates, one should use a tree-build- 
ing algorithm that makes no rate assumptions. 
Sibley and Ahlquist (1990) used the Fitch-Mar- 
goliash (1967) algorithm as implemented in 
FITCH, a program included in the PHYLIP 
package (Felsenstein 1989). 

$IBLEY AND AHLQUIST'S 
FITCH ANALYSES 

Sibley and Ahlquist (1990:figs. 325-352) pub- 
lished and analyzed 24 complete (composite) 
data matrices, representing selected portions of 
the Tapestry, using FITCH, and these trees 
should be preferred to the Tapestry in cases of 
conflict. However, there are still three problems 
with Sibley and Ahlquist's (1990) FITCH anal- 
yses, which I address below. 

Best fit.--The FITCH algorithm does not guar- 
antee finding the best-fit topology. Since the 
testing of every possible topology, given more 
than a few taxa, takes prohibitive amounts of 
computer time, the algorithm relies on various 

heuristics to reduce the number of trees ex- 

amined. The initial tree is assembled by adding 
taxa one at a time in a set order, and this influ- 

ences the subsequent analysis. Both topology 
and goodness of fit of the best-fit tree found by 
the algorithm can depend on the ordering of 
taxa, particularly if the data are "noisy." 

Performing several FITCH runs with differ- 
ent orderings of taxa improves the chance of 
finding the best-fit tree by eliminating the bias 
caused by initial tree construction. Global branch 
swapping (FITCH option G) increases the num- 
ber of topologies examined per run. Finally, 
testing the data with user-defined topologies 
(FITCH option U) finds the best-fit branch 
lengths for particular topologies (not guaran- 
teed with other options), and may be necessary 
to discriminate among topologies with small 
differences in fit. 

Data consistency.--Any data matrix, even one 
composed of random noise with no phyloge- 
netic implications, produces a best-fit tree. Some 
test of data consistency, or the strength of sup- 
port for each of the tree's branches, is needed 
before we draw any phylogenetic conclusions. 

One way to test for consistency is to partition 
the data and determine if subsets give a tree 
compatible with the one produced by the full 
matrix. One partition is to divide the lower-left 
half-matrix, all distances of the form (A,B), from 
the upper-right half-matrix (B,A); since (A,B) 
should equal (B,A), the two halves should gen- 
erate the same tree. Another method is jack- 
knifing (Lanyon 1985a), in which one produces 
as many matrices as there are taxa, with each 
having one taxon removed; since relationships 
among the remaining taxa do not depend on 
the omitted taxon, all trees should be consistent 
with each other. 

Another possible test of data consistency, 
bootstrapping, is not possible to perform, since 
the published data lack both the standard de- 
viation, needed for the method of Marshall 
(1991), and the individual distance measures 
averaged to produce each cell's value, needed 
for the method of Krajewski and Dickerman 
(1990). Although I did not do so, Faith and Cran- 
ston's (1991) topology-dependent permutation 
tail probability (T-PTP) test could be performed 
on the published data, with slight modifications 
to account for the difference between discrete 

character parsimony trees and best-fit distance 
trees (i.e. substituting goodness of fit for tree 
length). The FITCH algorithm would also have 
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A ABC DE F A 

B - •x• B - A+B C + - _• C + - '• C+D + 
D - - D - - - 

E + - E - + ' ' I E+F + F - - + F - - - + .I 
Fig. 1. Way to obtain complete matrix from incomplete matrix. For six species A-F in matrix at left only 

3 of necessary 15 comparisons were made: (A,C), (B,E), and (D,F). If relationships among taxa are assumed as 
shown in tree, taxa and matrix cells can be grouped, producing composite taxa A+B, C+D, and E+F. Distance 
(A,C) is reinterpreted as (A+B,C+D), etc., producing a complete matrix at level of composite taxa. 

to be changed slightly to allow for the partially 
constrained tree topologies required by T-PTP. 

Measure of fit.--One assumption of the algo- 
rithm of Fitch and Margoliash (1967) is that the 
magnitude of error is proportional to distance. 
However the error of DNA-DNA hybridization 
measures probably does not vary with distance. 
This is certainly true for ATto (Bledsoe 1987, 
Sheldon 1987, Springer and Kirsch 1991) and 
is probably true for ATso, although no rigorous 
test has been performed (see Sibley and Ahl- 
quist 1990:table 15 and fig. 15). The appropriate 
algorithm is that of Cavalli-Sforza and Edwards 
(1967). The two components of error in com- 
posite distances--experimental error and dif- 
ference in true evolutionary branch length 
among included taxa--complicate error assess- 
ment. The simplest possible case of a composite 
taxon is shown in Figure 2, and more complex 
composite taxa should be similar. In Figure 2, 
the distance between composite taxon A+B and 
taxon C is the mean of distances (A,C) and (B,C). 
The constant magnitude of experimental error 
is shown by the bar. Trees show true evolu- 
tionary distances. In tree 2a, A and B evolved 
at nearly equal rates; in tree 2b, although rates 
differ substantially, the time since their diver- 
gence is short. In both cases, distances (A,C) and 
(B,C) are similar, and the additional error in- 
troduced by composite taxa is small. As this 
error component approaches zero, the assump- 
tions of the Cavalli-Sforza and Edwards algo- 
rithm are approached. In tree 2c, which shows 
differing rates and a long period since diver- 
gence of A and B, distances (A,C) and (B,C) are 
dissimilar, and the additional error is large. The 
expectation is that this error component will 
increase with distance. As the magnitude of this 
component increases relative to experimental 

error, the assumptions of the Fitch-Margoliash 
algorithm are approached. 

It is impossible to decide between the as- 
sumptions of the Fitch-Margoliash and Cavalli- 
Sforza and Edwards algorithms without know- 
ing the true tree topology and branch lengths. 
Since the two algorithms are limiting cases, nei- 
ther is likely to be quite correct. One solution 
is to use both algorithms and to accept only 
portions of the topology on which they agree. 

Untilled cells.--There is a fourth potential 
problem that I did not address. When only one 
comparison of a reciprocal pair was available, 
Sibley and Ahlquist (1990:150) filled the empty 
cell with its reciprocal--i.e. when there was a 
measured distance (A,B) but no measured dis- 
tance (B,A), the value for (A,B) was used in the 
cell (B,A). This practice gave slightly greater 
weight than warranted to those repeated dis- 
tances. However, I could not correct the prob- 
lem since the authors did not specify which 
cells were so filled. The effect on trees was un- 

doubtably small and probably did not extend 

B C A B 

Ierror 

B 

Fig. 2. Demonstration of error component due to 
composite taxa. If composite taxa have (a) equal evo- 
lutionary rates or (b) short branch lengths, the error 
component is small. (c) If taxa have different rates 
and long branch lengths, the error component is large. 
See text for further explanation. 
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Struthio 

1 øAT50H (ostrich) Ciconiiformes 
_ / (waders, shorebirds, seabirds, 

Casuadus / raptors, penguins, loons, grebes) 
( .... ry)/ / 

I 
.. • [ • (phemants, 

A. aus•alis • • N • / / mngapodes, 
\ \ -'-...j / ........ 

(tinamous) Anseriformes 
(screamers, ducks, 

g•ese) 

Fig. 3. Ratites. 

Coracias 
(rollers) 

Apatoderma IøAT5•0H • 

(trogons)• 
Galbula 
(jacamars) 

P/co/dos 

(woodpeckers) Indicator 
\ (honeyguides) 

•a/ar•e•s) 

Capito Pterogicssus 
New World (toucans) 

barbets 

Fig. 5. Piciformes. 

to changes in topology, although I am unable 
to test this assertion. 

METHODS 

I analyzed 22 of the 24 matrices in Sibley and 
Ahlquist (1990), incorporating the solutions de- 
scribed above. I divided each matrix into lower-left 

and upper-right half-matrices (some were already half- 
matrices), and created a full set of matrices, each miss- 
ing one taxon, for jackknifing. I analyzed each (and 
the complete matrix) with both the Fitch-Margoliash 
and Cavalli-Sforza and Edwards algorithms using 
global branch swapping; I ran each algorithm five 
times with different random orderings of taxa. I placed 
each distinct topology discovered (and some varia- 
tions of these topologies) into a common pool, and 
then tested each matrix (with both algorithms) against 
all topologies with the FITCH U option, choosing the 
single best-fit tree in each case. Finally, I combined 
all best-fit trees into a semistrict-jackknife-consensus 
tree. 

RESULTS AND DISCUSSION 

The semistrict-jackknife-consensus trees from 
my analysis are shown in Figures 3 through 24. 
A consensus loses information as a price of in- 
telligibility (e.g. there are three possible resolu- 
tions for a trichotomy, but only two contradictory 
trees are needed to create one; higher-level po- 
lytomies lose even more information). Of 173 
interior branches in Sibley and Ahlquist's (1990) 
22 Fitch-Margoliash trees, 97 (56%) survived the 
analysis. Of 76 branches that collapsed, 11 did 
so because of conflict with the Cavalli-Sforza 

and Edwards trees, 66 because of conflict with 

lower-left or upper-right half-matrix trees, and 
52 because of conflict with jackknife trees (some 
branches collapsed for more than one reason). 
Of surviving branches, 11 (11%) contradict the 
Tapestry. 

In all trees shown, branch lengths are as in 
Sibley and Ahlquist's (1990) published FITCH 

Anas 

(ducks and geese) 

1øAT50H I Anhima Nothqorocta -- Anseranes (screamers) Penelape 
(tinamous) ..... • ] (curassows, 

• Fllagple gø,• / / / chachalacas) 

•u•io••araL •Ca•pi:i mida 
uineafowl) 

) 
s 

(ostrich) (New World quail) 

Fig. 4. Galliformes and Anseriformes. 

Indicator 

Bucorvus (honeyguides) 

(ground hornbills) / 
Bycanistes 

Phoeniculus 

Upupe Malacoptila 
(hoopee) (puffbirds) 

Fig. 6. Bucerotiformes and Upupiformes. 



April 1994] Reweaving the Tapestry 381 

1 øAT50H 

Coracia$ (odies) 
Phoeniculus (rollers) 
(wood-hoopoes) N 

(horn ' 

(•e-eatem) (motmots) 

Fig. 7. Coraciiformes. 

1 ø&T50H Geococcyx 

-- / (roadrunner) 
Tauraco / Crotophaga 

(tufacos, plantain-eaters) / J (anis, guira cuckoo) 

Cuculus 
orld cuckoos) 

Colius Coccyzus 
(mousebirds) (American cuckoos) 

Fig. 9. Cuculiformes. 

trees, and are generally similar to branch lengths 
in other best-fit trees used to produce the con- 
sensus. In these trees, angles between branches 
are not meaningful. Branches that contradict 
the Tapestry are indicated with arrows. 

Importance of different parts of analyses.--Of the 
three suggested problems, only the absence of 
a test of data consistency was important in prac- 
tice. Most branch collapses resulted from in- 
compatibility of lower-left or upper-right half- 
matrices (suggesting large reciprocal distance 
differences) or different jackknife matrices. 
There were few disagreements between trees 
generated by the two algorithms. Failure to find 
the best-fit tree was not a major problem. None 
of my full-matrix, Fitch-Margoliash trees had a 
different topology than Sibley and Ahlquist's 
FITCH tree, although some had slightly differ- 
ent branch lengths and slightly better fit. How- 
ever, multiple runs and testing of user-defined 
trees both resulted in changed topologies in a 

few of the half-matrix and jackknife analyses, 
particularly with the largest data sets. 

Interpretation and truth.--In interpreting phy- 
logenetic trees, it is appropriate to take a con- 
servative position. The results I present include 
any topology that was stable under the manip- 
ulations performed, and which thus can be in- 
ferred to be strongly supported by the data. One 
explanation for the existence of a strong pattern 
in the data is phylogeny, but others are possible, 
as is true for any data set, molecular or other- 
wise. 

Branches that did not collapse are more stable 
and more strongly supported by the data than 
branches that did collapse, but there is no guar- 
antee either that only "false" branches col- 
lapsed or that only "true" branches survived. 
The methods I used are unable to produce con- 
fidence intervals or other statistical measures 

(Felsenstein 1988). One useful question, how- 
ever, is whether a matrix known to be without 

Trogoniformes 
(trogons) Bucerofitormes 

Picae \ (hor, U Pu,•itoOor,•ee• ' (woodpeckers, honeyguides, 

\ t / 

'"ufinr[Idse) s \ / 

G albulid e s •r Oe ep_•t• r/•s ) Momotida) løAT50H 

Aegotheles Colius 

1 ø &T5.•O H (owlet-night jars) (mousebirds) 

(frogm 

(nighthawks) / • 
Caprimulgus Strix 
(night jars) (owls) Amazilia (hummingbirds) 

Fig. 8. Coraciae. Fig. 10. Strigiformes. 
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Eurypyga 
Catiarna (sunbittern) 
(seriema) ' J 

Grus 

Eupodo#s • 

(b•s•s) •u• 
(rails) 

Fig. 11. Gruiforxnes. 

C•Ona 

(s•3rks) Gypaetus . 
,ø&T50H C,a•hartes / (?d World vultures) 

(New World vultures) J / 
Stdx k / I /(hawks) 

(owls)• 
angers) 

Ara Fak:o 
(parrots) 

Fig. 13. Falconiforxnes. 

phylogenetic content would show any stability 
in my analysis. 

I produced random data matrices by scram- 
bling the order of cells in some of Sibley and 
Ahlquist's (1990) matrices (but keeping recip- 
rocal cells together). This produced a matrix 
with the same distribution of distances as the 

original, but one that certainly has no phylo- 
genetic meaning. I performed one randomiza- 
tion each on four representative matrices, and 
analyzed them. Two of the four resulting con- 
sensus trees (for Ratites and Corvoidea) had no 
surviving branches, but two (Sylvioidea and 
Bucerotiformes + Upupiformes) had one and 
three surviving branches, respectively. A more 

extensive analysis might help illuminate the 
reasons for this (chance or some nonphyloge- 
netic regularity of the data), but it is clear that 
branch survival is no guarantee of phylogenetic 
meaning. 

Obviously, the true phylogeny can only be 
estimated, never known for certain, and is best 

corroborated by congruence with trees pro- 
duced from other data sets, providing that the 
nodes of those trees have been tested for strength 
of support, and that the assumptions underly- 
ing the methods used to gather and analyze the 
data have been examined for alternative expla- 
nations (other than phylogeny) of the trees gen- 
erated. 

Pedionomus 

(plains wanderer) Thinocorus 

• (seedsnipe) 1 ø&TS0H \ / 
• . \ / Irediparra Cladorhyncnus • 

(stilts, avocets) • / / (jacanas) 
Haematopus • •/ 
(oystercatche,• • [ 

Pterocles Charadrius • 

(sandgrouse) (p•"-,,,,• • 
• N• •ostratula 
J•'• \ N • (painted-snipe) 

/ / / k N Gallin.ago. 
/ /\N 

/ •;) ....... /' / \ N (sandpipers) 
'•. . • Burhinus / • Dromas 

Porphyrio (thickknees) Larus (crab plover) 
(rails) (gulls, auks) Glareola 

(coursers, pratincoles) 

Fig. 12. Charadriiforxnes. 
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Phalacrocotax 1 ø&T50H / (ibises) 
( .... ,• /Pelecanus 

(frigatebirds) Su/ • 
(gannets, boobies) Phaethon 

(t topicbirds) 

Fig. 14. Pelecaniformes. 

Composite taxa.--One complication of the er- 
ror introduced by composite taxa is that it is 
possible to arrive at the wrong phylogeny, even 
given perfect data. That is, one can construct a 
"true" phylogenetic tree for hypothetical taxa, 
abstract a composite data matrix from some of 
the intertaxon distances using correct hypoth- 
eses of monophyly, and emerge with a matrix 
which is a perfect fit to a tree that disagrees 
with the "true" tree. However, this requires a 
careful choice of branch lengths and is not easy 
to arrange on purpose. It is difficult to imagine 
a mechanism that would cause such an effect in 
real data. 

Unrooted trees.--All trees produced by FITCH 
are unrooted, despite the implication by Sibley 
and Ahlquist (1990) that some of their FITCH 
trees were rooted. ! have tried to draw my trees 
to give no impression of a root. To place a root, 
which can be anywhere on any branch, one 
needs to designate an outgroup or reintroduce 
a molecular clock. The root may also be usefully 
constrained by assuming monophyly of some 
subset of the tree's taxa. Even without a root, a 
tree contains useful information in that many 
potential relationships are precluded. 

FEATURES OF INDIVIDUAL TREES 

Below ! have included comments specific to 
some of the trees that were produced. Taxon 
names follow Sibley and Ahlquist's (1990) 
FITCH trees. See Sibley and Ahlquist (1990:figs. 
325-352) for an explanation of taxon composi- 
tion. 

Ratites (Fig. 3).--This data set is excellent, and 
only two branches collapsed, perhaps partly be- 
cause none of the ratites are composite taxa. 
Assuming ratite monophyly, Struthio is the sis- 

1øAT50H 

Coragyps 

Sarcoramphus• 
Cathartes 

(New World vultures) 

Egrotta 

(herons) 
Threskiornls 

Phalacrocorax 
(cormorants) 

Fig. 15. Cathartidae. 

ter group of the remaining ratites (contra the 
Tapestry), which is novel. Fitting both topology 
and branch lengths into any simple reconstruc- 
tion of the breakup of Gondwanaland would 
be difficult. 

Galliformes and Anseriformes (Fig. 4).--Assum- 
ing monophyly of the Anseriformes, Anseranas 
is the sister group of the Anatidae (contra the 
Tapestry). This result apparently demonstrates 
the mutual "attraction" of short terminal 

branches in algorithms, such as UPGMA, that 
assume a clock, since the Tapestry makes An- 
hima the sister group of Anseranas. Also unlike 
the Tapestry, megapodes and cracids do not form 
a clade. This disagreement also may result from 
the attraction of short branches. 

Piciformes (Fig. 5).--Given any rooting, the 
paraphyly of barbets is supported, in agreement 
with the Tapestry and other recent molecular 
studies (Lanyon and Hall 1994). The status of 
puffbirds and jacamars as either piciforms or 
coraciiforms cannot be resolved. If trogons are 

Phalacrocorax 

( f rFr•aataebirds ) /( ........ts) 
Gawa 1 o&T50H (loons) / J 

(albalrosses)•••• '• (diving-pelrels) 
Ocoanodroma'•""'"'"•J • --Pt(ø•relsø,• .... ters) 

Sphoniscus Ardoa 
(penguins) (herons) 

Fig. 16. Procellariiformes. 
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1 øAT50H 

Menuroidea 

Acanthisittidae (bowerbirds, lyrebirds, 
scrubbirds) (New Zealand wrens) Corvoidea 

•. (crows, shrikes, vireos, Meliphagoidea 
%•. monarchs, etc.) ,,(Australian wrens, 

Pittoidea •. •. / honeyeaters) 
(pittas). • • / /' , '•. • X / / Muscicapoiaea 

'• •. •. / / / (Old World 
'•. • \ J / • flycatchers, 

• •. V / thrush. es, 
• • .• waxw•ngs, 

•/ //• starlings) 
Eurylaimoidea / / • 

(broadbills) / / •.Sylvioidea 
• ! '• (nuthatches, wrens, 
• Passeroidea Old World warblers, 
Tyrannides (weavers, finches, larks, babblers, titmice, 

(New World sub-oscines) wagtails, sunbirds, swallows) 
9-primaried oscines) 

Fig. 17. Passeriformes. 

taken as the outgroup, there is a basal trichot- 
omy, and any other rooting merely assumes the 
answer. 

Coraciae (Fig. 8).--Only one internal branch 
survived, indicating that the data set had major 
inconsistencies. Surprisingly, two other trees 
(Figs. 6 and 7) are among the best, with one or 

no collapsed branches, despite the fact that they 
collectively share most of their taxa and much 
of their data with Figure 8. A partial explanation 
is that fewer taxa in Figures 6 and 7 are com- 
posites, and that species within composites are 
more closely related than in Figure 8. Compos- 
ite taxa increase error, thus reducing resolution. 

1 øAT50H Thamnophilus 

(flycatchers•iO•ectes / (typical antbirds) 
Pachyrharnphus • \ (ground antbirds) 
(tityras, bec,,• •, • 
Pipreola '"'"•\ / / •,•Liosceles 
(cotingas)• '•.••.,._ (tapaculos) 
Pipra •'- •J • •S (manakins)•,• cytalopus 
Elaenia/I 

Sayornis I • Conopophaga 
(flycatchers) Myiarchus • (gnateaters) 

Furnarius 

(ovenbirds) 
Dendrocolaptes 

(woodcreepers) 

Fig. 18. Tyrannides. 
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Ep•thianura 

(lyre•rds,•) 

(pardalotes) 

Fig. 19. Menuroidea and Meliphagoidea. 

Gruiforrnes (Fig. 11).--Given most rootings, 
limpkins (Aramus) and sungrebes (Heliornis) are 
sister taxa. The extremely short branch leading 
to the Limpkin (0.02øC) is almost certainly an 
artifact. The Fitch-Margoliash algorithm pro- 
duced very short branches in all replicates, while 
the Cavalli-Sforza and Edwards algorithm pro- 
duced branches closer to IøC in length. In gen- 
eral, branch lengths were less stable (thus less 
reliable) than topologies in my analyses. 

Passeriforrnes (Fig. 17).--This tree's topology is 
consistent with the Tapestry. If oscine mono- 
phyly is assumed, the monophyly of Sibley and 
Ahlquist's (1990) Passerida is supported, but 
Corvida is not. Monophyly of Passerida and res- 
olution of relationships among its included su- 
perfamilies, Passeroidea, Muscicapoidea, and 
Sylvioidea, provide a weak argument for mono- 
phyly of each of the three superfamilies, since 

mistaken assignments of species to composite 
taxa to which they did not belong would in- 
crease error and make branches less stable. Al- 

though the entire tree would be affected, 
branches closest to the incorrectly formed com- 
posite taxon would be affected most. In general, 
resolution of an interior branch on any of my 
trees is some evidence that species whose dis- 
tances affect the fit of that branch were assigned 
to the correct composite taxa. 

Tyrannides (Fig. 18).--The lack of resolution 
on the left side of the tree may be due to the 
nonmonophyly of some of the composite taxa; 
Sibley and Ahlquist's (1990) assignments are 
controversial (Lanyon 1985b). With any root- 
ing, this tree supports the paraphyly of ant- 
birds, a controversial claim of the Tapestry. 

Corvoidea (Fig. 20).--The poor resolution of 
this tree may be due partly to nonmonophyly 
of some of the composite taxa and/or very short 
branch lengths. Three of the four surviving in- 
ternal branches contradict the Tapestry. The sis- 
ter-group relationship of vireos and whistlers 
(given most rootings) is a novel and interesting 
disjunct distribution. 

Muscicapoidea (Fig. 21).--Monophyly of the 
superfamily is not supported, since the branch 
uniting the waxwings and their relatives to the 
remaining taxa has collapsed. Thrush mono- 
phyly also is not confirmed. However, given 
most rootings, the relationship of the mocking- 
birds and starlings, one of Sibley and Ahlquist's 
(1990) most heralded results, is supported. 

1 øz&T50H Prionops 
(vangas, Telophorus 

Cinclosoma helmet-shrikes) (bush-shrikes) Aegithina 
(quail thrushes, • (iotas) 

Carnpephaga . • fairy bluebirds, 

•omatostomus • \ 

babbl•om)na •' •,•'• (crows, jays) rcha 

(monarchs, fantails, . - Paradisaea 

(Australo-papuan • J [ • • • Lanius 
Vireo robins) _ / ..... _• .... • \ Skuthidea (shrikes) Pachycephala Gyrnno•hina 

(whistlers, pitohuis, •Y' (wood-swallows, white-winged chough, 
sittellas) currawongs) apostle bird) 

Orthonyx 
(logrunner) 

Fig. 20. Corvoidea. 
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Corvus 

o . (Corvoidea) 1 &T50H Myadestes / 
• (solitaires) T..u. rdus. . 

Muscicapa • •nrusnes) / 
(Old World flycatchers) \ 

• • / / Phainopepla 

..'/ \ ombylla 

/ / \ N Dulus 
Sialia ' / • • (palmchat) 

/ 
Mimu• 

(m•kingbirds) S•rnus (starlings) Passer, Sylvia 
(Passemidea, Sylvioidea) 

Fig. 21. Muscicapoidea. 

Sylvioidea (Fig. 22).--Some very short branch- 
es on this tree (0.3 ø and 0.4øC) are resolved. The 
polytomy at the right is an example of how 
consensus can discard useful information. For 

example, in all trees found, the portion con- 
taining the polytomy can be represented as a 
ladder from Aegithalos to Sylvia + Cincloramphus 

Sitta 

1 øAT50H (nuthatches) 

with seven branches in between. In all trees 

Zosterops is on the fifth (counting from Aegi- 
thalos), sixth, or seventh branch, and Regulus is 
on the first, second, or third branch. The data 

can be said to strongly support the claim that 
Zosterops is closer to Sylvia than is Regulus. The 
tree is consistent with the Tapestry. 

Aegithalos 
(longtailed tit, bushtit) 

Polioptila 
(gnatcatchers) Sylvia (babblers, scrub warblers) 

• Cinclorhamphus (Australasian grassbirds) 

Thryomanes Hippolais 

(wrens) • (swamp, tree warblers) Zosterops 
(white-eyes) 

•""'• Cisticola 

crCeeertl••/ l • (African warblers) 
• Pt}ylloscopus 

(leaf warblers) 
( 

Pycnonotus 

(titmice) Ragu (bulbuls) 
(kinglets) Hi• ndo 

swallows) 

Fig. 22. Sylvioidea. 
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Nectarinia Motacilla 

Dicaeum (sunbirds) (piJ2its, wagtails) 
1 øAT50H (flowerpeckers) 

X / Passer 
Promerops • / (Old .World sparrows) 

(sugar12irds) X 
Paramythia • N 
(tit, crested berrypeckers) • •. 

•'• • '• // Prune/la 

._••/ (accentors) Melanocharis / "-/ •. •'• Ploceus 
(berrypeckers) // • (weavers) 

Toxorhamphus / \ -V!du, a,,. 

(longbills) / • (whydahs) 
Alauda Lonchura 
(larks) (estrildine finches) 

Fig. 23. Passeroidea. 

Fringillidae (Fig. 24).--This tree is very well 
resolved, including some branches of 0.2 ø and 
0.3øC. The tree is consistent with the Tapestry. 
Regardless of rooting, Peucedramus is shown not 
to be a warbler. Assumption of a molecular clock 
to root the tree, which may be supported by the 
data for this group (Bledsoe 1987), would make 
Peucedramus the sister group of the other nine- 

primaried oscines. Cardinalini, given most root- 
ings, is suggested to be the sister group of 
Icterini. 

CONCLUSION 

Such high resolution (56% of interior branch- 
es did not collapse) is surprising, considering 

Tachyphonus 
Tersina (crested 

Spizella (swallow tuna lers) Sicaris 
(New World sparrows, tanager) (yellow-finches) 

buntings) X / 
1 ø&T5OH -- • X / Catamblyrhynchus 

•. •, / /(plush-cap) 
Icterus • ' • 

(blackbirds)• •. / r •Nephelornis 

• (pardusco) 
Cardinalis• J ]k. • 

(cardinal) •/' / • 
./' / '*• Dendroica 

J / / '• (wood warblers) 
/ / / Carduelis 

/' c.:./..,:,,• / (cardueline finches) 
Peucedramus , ,.,u.,= / 
(olive warbler) (chaffinch) Himatione 

(Hawaiian honeycreepers) 

Fig. 24. Fringillidae. 
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the assumptions required in using composite 
taxa. Although many interior branches are con- 
sistent with the Tapestry, others (11%) are not. 
In cases of conflict, the analyses presented here 
should be preferred, since they better represent 
Sibley and Ahlquist's (1990) published data. 
These trees should also be preferred to Sibley 
and Ahlquist's (1990) published FITCH trees, 
from which they differ only in being less re- 
solved. More powerful methods of analysis 
might produce greater resolution given the same 
data, but these trees should be preferred until 
such analyses are performed. 

The success of matrices constructed from 

composite taxa in producing robust phyloge- 
netic hypotheses is encouraging. It seems likely 
that Sibley and Ahlquist's unpublished data 
could be used to construct additional composite 
matrices, that, if properly analyzed, will have 
even more of value to say about avian phylog- 
eny. 

ACKNOWLEDGMENTS 

I thank: Scott Lanyon for advice and help with 
programming during my analysis; Tom Schulenberg, 
A. Townsend Peterson, David Mindell, Charles Sib- 

ley, Paul DeBenedictis, and an anonymous reviewer 
for helpful comments on various stages of this manu- 
script; and many people at the 1992 AOU meeting 
who commented on a poster version of the manu- 
script. E-mail address is hars@midway.uchicago.edu. 

Lrrm•uRE Crr•D 

BI,EDSOœ, A.H. 1987. DNA evolutionary rates in nine- 
primatied oscine birds. Mol. Biol. Evol. 4:559- 
571. 

CAVALLI-SFoP, Z•, L. L., AND A. W. F. EDW,•RDS. 1967. 

Phylogenetic analysis: Models and estimation 
procedures. Am. J. Hum. Genet. 19:233-257. 

CRACRAYr, J. 1987. DNA hybridization and avian 
phylogenetics. Evol. Biol. 21:47-96. 

FAITH, D. P., AND P.S. CP, ANSTON. 1991. Could a 

cladogram this short have arisen by chance alone?: 
On permutation tests for cladistic structure. Cla- 
distics 7:1-28. 

FœLSI•NSTEIN, J. 1988. Phylogenies from molecular 
sequences: Inference and reliability. Annu. Rev. 
Genet. 22:521-565. 

FœKS•'qSTmN, J. 1989. PHYLIP, version 3.2. Computer 
program distributed by author. Univ. Washing- 
ton, Seattle. 

FrrcH, W. M., AND E. MARGOL•ASH. 1967. Construc- 

tion of phylogenetic trees. Science 155:279-284. 

HOUDœ, P. 1987. Critical evaluation of DNA hybrid- 
ization studies in avian systematics. Auk 104:17- 
32. 

KRAIEWSKI, C., AND A. W. DICKERMAN. 1990. Boot- 

strap analysis of phylogenetic trees derived from 
DNA hybridization distances. Syst. Zool. 39:383- 
390. 

LANYON, S.M. 1985a. Detecting internal inconsis- 
tencies in distance data. Syst. Zool. 34:397-403. 

LANYON, S. M. 1985b. Molecular perspective on 
higher-level relationships in the Tyrannoidea 
(Aves). Syst. Zool. 34:404-418. 

LANYON, S.M. 1992. Review of Sibley and Ahlquist 
1990. Condor 94:304-307. 

LANYON, S. M., AND J. G. HALL. 1994. Re-examination 

of barbet monophyly using mitochondrial-DNA 
sequence data. Auk 111:389-397. 

MM•SHALr, C.R. 1991. Statistical tests and bootstrap- 
ping: Assessing the reliability of phylogenies 
based on distance data. Mol. Biol. Evol. 8:386- 
391. 

MINDErr, D. P. 1992. DNA-DNA hybridization and 
avian phylogeny. Syst. Biol. 41:126-134. 

SARICH, V. M., C. W. SCHMID, AND J. MARKS. 1989. 
DNA hybridization as a guide to phylogenies: A 
critical analysis. Cladistics 5:3-32. 

SCH•tID, C. W., AND J. M•Rr, S. 1990. DNA hybrid- 
ization as a guide to phylogeny: Chemical and 
physical limits. J. Mol. Evol. 30:237-246. 

SHEri)ON, F.H. 1987. Rates of single-copy DNA evo- 
lution in herons. Mol. Biol. Evol. 4:56-69. 

SHELDON, F. H., AND A. H. BLEDSOE. 1989. Indexes 

to the reassociation and stability of solution DNA 
hybrids. J. Mol. Evol. 29:328-343. 

StorEY, C. G., AND J. E. AHrOU•ST. 1981. The phylog- 
eny and relationships of the ratite birds as in- 
dicated by DNA-DNA hybridization. Pages 301- 
335 in Evolution today, Proceedings of the Sec- 
ond International Congress of Systematic and 
Evolutionary Biology, Univ. British Columbia (G. 
G. E. Scudder and J. L. Reveal, Eds.). Hunt Insti- 
tute for Botanical Documentation, Carnegie-Mel- 
lon Univ., Pittsburgh. 

Smr•, C. G., AND J. E. AHrQtnST. 1990. Phylogeny 
and classification of birds. Yale Univ. Press, New 
Haven, Connecticut. 

SN•A•H, P. H. A., AND R. R. SOK•L. 1973. Numerical 

taxonomy. Freeman, San Francisco. 
SPRINGER, M. S., AND J. A. W. K•RSCH. 1991. DNA 

hybridization, the compression effect, and the 
radiation of diprotodontian marsupials. Syst. Zool. 
40:131-151. 

SPRINGER, M. S., AND C. KRAIEWSKI. 1989. DNA hy- 
bridization in animal taxonomy: A critique from 
first principles. Q. Rev. Biol. 64:291-318. 


