| TECHNICAL COMMENTS

Cladistic Analysis and Anthropoid Origins

Richard F. Kay et al. state in their recent
article (1) that the origin and phylogenetic
relationships of Anthropoidea have been
resolved by cladistic analysis of 256 dental
and osteological attributes in 50 primate
taxa, but our analysis of data posted by Kay
et al. at the time of publication (2) indicat-
ed that their phylogeny was not the hypoth-
esis best supported by their data. We down-
loaded the data matrix provided by Kay et
al. on the Web-with the intention of ex-
tending their study stratocladistically (3).
In an attempt to replicate their results, we
set all parameters as directed, and per-
formed 30 heuristic searches as they did (I).
Tree lengths were calculated in PAUP (4)
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with the character weighting scheme used
by Kay et al. after we removed the 50 arti-
ficial characters included to make primates
monophyletic. The result we obtained was a
set of 39 cladograms of length 98,052 steps,
showing relationships compatible with the
discussion in the report, a consistency index
(CI) of 0.309, and a retention index (RI) of
0.577. However, we then ran the same heu-
ristic search with the same parameters for
1000 replications instead of 30, and ob-
tained 98 cladograms of shorter length
(97,977 steps; Fig. 1, A and B).
Comparison of our results with those of
Kay et al. was complicated because the num-
ber of characters in the data then posted
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Fig. 1. Strict consensus tree (A) and 50% majority rule consensus tree (B) of 98 most parsimonious trees
of length 97,977 steps, Cl = 0.309, and Rl = 0.577, obtained after 1000 heuristic search replications.
Boxes enclose some traditionally recognized resolved clades. LEM, Lemuriformes; ADAP, Adapiformes;
T+ W, Tarsius + washakiin omomyids; ANTH, Anthropoidea. Strict consensus (A) is dominated by a
large polytomy with some resolved clades embedded within it. Fifty percent majority rule tree (B) has a
trichotomy with anthropoids (including Eosimias, Arsinoea, Catopithecus, Qatrania, and Serapia), lemu-
riformes + adapiformes, and an omomyid clade (Anaptomorphus, Absarokius, and Aycrossia), but all
remaining omomyids (except Teilhardina) are in a separate clade that includes Tarsius as the sister taxon
to washakiins. In neither tree is Tarsius the sister taxon to anthropoids.
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(281) was greater than the number in the
article (256). Taxa included in the out-
group, as well as those in the ingroup, dif-
fered from those described in the article.
Kay et al. did not provide the number of
resulting trees, their lengths, or describe
what type of consensus formed the basis for
their conclusions. The similarity of our re-
sults to those of Kay et al., when we ran the
posted data for only 30 replications, is not
unexpected because we did not override
PAUP’s (4) random number seed of 1. Our
more parsimonious results after 1000 repli-
cations probably differed as a result of the
greater number of replications with better
sampling of possible cladograms.

Five conclusions offered by Kay et al. form
the basis of their scenario of anthropoid or-
igins. Our analysis of the data posted at the
time of publication (Fig. 1) found little sup-
port for these points: (i) Haplorhine-Strep-
sithine dichotomy. The monophyly of Hap-
lorhini was not supported, questioning the
usefulness of recognizing this dichotomy. (ii)
Adapiformes-Lemuriformes  relationships.
We found adapiformes to be the sister group
of extant lemuriformes, but this clade in-
cludes Macrotarsius and Rooneyia, both tradi-
tionally considered omomyids. (iii) Omo-
myid relationships. No omomyids formed a
sister group relationship with anthropoids,
and interrelationships among omomyids
were essentially unresolved. (iv) Eosimiidae-
Anthropoidea relationships. Our strict con-
sensus tree (Fig. 1A) indicated that Eosimias
and the tentatively assigned “Eosimias petro-
sal” do not share a sister group relationship
with anthropoids, but a 50% majority rule
consensus of the same results (Fig. 1B) pro-
vided limited support for the dentition and
jaw (but not the petrosal being anthropoid).
(v) Tarsius relationships. Tarsius is nested
within omomyids and is the sister taxon to
washakiin omomyids. It did not appear to be
the sister taxon of anthropoids in either our
strict consensus or our 50% majority rule
consensus.

Kay et al. changed the Web site data (as
is noted on the Web site) since our first
analysis. While the ingroup now contains
only the taxa cited in their article, the taxa
in the outgroup are still different. The num-
ber of characters used in the analysis is still
281 (rather than the 256 stated in the
article by Kay et al.), and at least one coding
of morphology has been changed. We now
find 21 equally most parsimonious cla-
dograms of length 94,906 steps, and the five
conclusions stated by Kay et al. appear to
have more support. However, a strict con-
sensus of our most parsimonious cladograms
is still inconsistent with the phylogeny they
described, and neither the data posted at
the time of publication nor the data cur-
rently posted seem to be identical to those
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they describe in their article.

Discovery of more parsimonious inter-
pretations of the data presented originally
by Kay et al. reopens the issue of primate
relationships that Kay et al. describe as re-
solved. Maddison (5) and Templeton (6),
analyzing the “Eve Hypothesis,” found phy-
logenetic problems on this scale to require
intensive application of computing resourc-
es, and a heuristic analysis with 30 replica-
tions is not enough. Archiving original data
and reporting results in an unambiguous
fashion should be the norm for publication
in phylogenetics as for other disciplines,
especially when they address issues of wide-
ly recognized importance.
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Response: Our group’s cladistic analysis of
dental and osteological characters supported
the fundamental Haplorhine/Strepsirrhine
dichotomy in primate evolution extending
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Table 1. Summary of our supplemental phylogenetic analyses. Clade relationships are described in the
text and in Figs. 1 and 2. An X indicates that majority-rule consensus supports the proposed clade. Ad,
Adapidae; An, Anthropoidea; E, Eosimias; H, Haplorhini; O, Omomyidae; S, Strepsirrhini; T, Tarsius.

Clade relationships

Number of
Data set trees found ; - ) -
(iy H/S (i) Ad/S (iii) O/H (iv) E/An (V) T/E/An
1. Table 3 of (7) 21 X X* Xt Xt X
2. Web site 1 X X Xt --§ X
3. Combined 17 X X* Xt Xt X

*Donrussellia sister to all Haplorhines.
falls within Omomyidae.

tRooneyia is near base of strepsirrhines.
§The position of Eosimias is unresolved with respect to the T/An clade: the taxon

1The taxon “Eosimias petrosal”

“Eosimias petrosal” is sister to (T/An), whereas the taxon “Eosimias” is sister to Tarsius.

back to the early Eocene [figure 1 in (1)].
Bloch et al. state that our data do not
support these results and that we ran an
insufficient number of replicates of our
analysis. We have performed supplemental
phylogenetic analyses, and these support
our original conclusions. We are unable to
reproduce the results given by Bloch et al.
either with the data that we originally
presented on the World Wide Web or
with any other data set.

In our supplemental phylogenetic anal-
yses, we used three data sets (Table 1):

1) Data from table 3 of our article (I).
Our original analysis [summarized in figure
3 and table 3 of (1)] was based on 50
ingroup taxa and three outgroup taxa. We
selected the ingroup taxa because they sam-
pled the full phenetic range of the fossil
taxa, are relatively complete, and have his-
toric importance in the debates about an-
thropoid origins. Eosimias was represented
as two taxa in all analyses; the data on a
petrosal bone of uncertain assignment were
run separately.

2) Web site data. Bloch et al. initially
analyzed a data set that we placed on the
Web (www.informatics.sunysb.edu/anatomy/
cross.html) that inadvertently excluded two
of the taxa listed in our report (Strigorhysis
and Uintanius) and included two added taxa
not included in the report (a second species
of Macrotarsius and the early anthropoid

Lemuriformes

Tarsius

Platyrrhini

Parapithecidae

Adapidae N

Aegyptopithecus

Qatrania). An equivalent dataset is now ar-
chived at www.sciencemag.org/feature/data/
46622 .shl.

3) Combined data. Data from table 3 in
(1) with two taxa added (Macrotarsius sp.
and Qatrania).

Bloch et al. state that there is a discrep-
ancy in the number of characters in our
posted data sets (281), as compared with
the number of characters we mentioned in
the article (256). This discrepancy is appar-
ent, not real: The posted character list in-
cluded (and still includes) a number of
characters that are invariant in the taxa
examined here, but crop up in other taxa
analyzed by us in a more exhaustive analysis
now in preparation (2). Of the 281 charac-
ters posted, 256 are “informative” ones [see,
for example (3), p. 199]. Further, G. F.
Gunnell (one of the co-authors of Bloch et
al.) kindly pointed out to us that the matrix
entry for the number of incisors in Eosimias
was incorrect; this has been rectified in the
current analyses.

As in our article (1), all analyses used
the phylogenetic analysis program PAUP
(4) with a “proportionate” weighting
scheme for multistate characters. This al-
lows us to discern a variety of states for
some characters without “penalizing” dual
state characters. So as to ensure primate
monophyly, 50 two-state “dummy” charac-
ters were added, each of which scores the

Fig. 1. Summary results of
phylogenetic analyses; de-
tails in Table 1 and Figs. 1
and 2. Numbers at nodes
refer to the list in the text.

Catarrhini
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outgroups as primitive and the primate taxa
as derived. All analyses were undertaken
with the use of the “heuristic” search mode,
selecting “add-sequence” and “subtree prun-
ing, regrafting” options of PAUP, with 1000
repetitions. Exhaustive searches were not
feasible, given the large numbers of charac-
ters and taxa. Comparisons between our
most parsimonious “Web” tree and the ma-
jority consensus found by Bloch et al. were
undertaken with the use of the MacClade
program (3).

All of the supplemental analyses (with
salient features summarized in Table 1 and
Figs. 1 and 2) produce results in agreement
with the five main conclusions stated in our
article (1) and contrary to the trees found by
Bloch et al. (their figure 1B). All of our trees
show that (i) a primary dichotomy exists
among living taxa dividing living Haplorhini
(Tarsius+Anthropoidea) from Strepsirrhini
(Lemuriformes); (ii) Adapidae are assignable
to the strepsirrhine side of the dichotomy;
(iii) Omomyidae are assignable to the hap-
lorhine side of the dichotomy; (iv) Eosimi-
idae are sister to late Eocene-to-Recent An-
thropoidea; and (v) Tarsius is either the sis-
ter group to (Eosimias, Anthropoidea) or
nested within omomyids, depending on allo-
cation of a petrosal bone to Eosimias.

Lemuriformes + Adapidae

ey e

Bloch et al. describe finding 21 trees
with the use of data from table 3 in (1),
presumably the same 21 that we found (1),
although they have declined our offer to
exchange original trees to confirm this
point. They state that a “strict consensus” of
these 21 trees is “inconsistent” with our
conclusions. However, the strict consensus
of these 21 trees does support our conclu-
sions (Fig. 2).

We find a single most parsimonious tree
with the use of the original Web site data
with 1000 repetitions, and the tree sup-
ports our original finding. Our tree is
about 2% shorter than the majority con-
sensus of 98 trees illustrated by Bloch et
al., although without examining the indi-
vidual trees one cannot calculate precisely
how much shorter.

The results of some (not all) of the re-
analyses depart from those in figure 3 in our
article in that Rooneyia, placed by us (with a
query) as a haplorhine falling outside of
Omomyidae now falls as a basal member of
Strepsirthines. In the original analysis, we
depicted the clade [(Eosimias, Anthro-
poidea) Tarsius], as always arising out of the
Omomyidae and specifically allied with
washakiine omomyids. The revised analysis
always depicts this clade as arising out of

Anthropoidea + Tarsius
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Fig. 2. Strict consensus of 21 trees with the use of taxa in table 3 in (7). Numbers at nodes refer to the

list in the text.
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Omomyidae, and sometimes, but not always,
supports a sister-group relationship with the
Washakiinae.

Bloch et al. state that their reanalysis of
our data challenges the usefulness of recog-
nizing a haplorhine-strepsirrhine dichoto-
my of living primates. In this regard, we
note that our data set does not include any
characters of physiology, development, or
soft-tissue anatomy because we were trying
to place the Eocene-Oligocene fossil pri-
mates, for which such data are unavail-
able, into phylogenetic context. Many
other characters not preservable in the
fossil record, as summarized by Martin (5),
also support the halplorhine-strepsirrhine
dichotomy, including loss of the ability to
synthesize vitamin C, chromosome mor-
phology, the absence of a rhinarium, the
reduced development of the nasal turbi-
nals, several aspects of the organization of
the visual cortex, several features of the
anatomy of the eye, distinctive features of
placentation, and early development. Our
findings strengthen this fundamental di-
chotomy and allow it to be extended to
fossils.
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