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Cladistics and Early Hominid
Phylogeny

Two recent reports (B. Asfaw et al., 23
Apr., p. 629; M. A. McCollum, 9 Apr., p.
301) (1, 2) are skeptical about the utility of
cladistic analysis to resolve questions
about early hominid phylogeny. Although
we disagree with aspects of these studies
(3, 4), it is true that phylogenetic analyses

Fig. 1. Early hominid cladograms. Most par-
simonious cladograms supported by (A) the
trait list of Asfaw et al. (7), when characters
were ordered and free to reverse their
states [Pan troglodytes was added as an
outgroup; tree length, 94; consistency index
(c1), 0.73]. (B) The updated trait list (9) of
Strait et al. (6), after the addition of A.
garhi, Ardipithecus, and A. anamensis (tree
length, 214, Cl, 0.58). The only difference
between A and B (aside from the number of
taxa) concerns the relationships of A.
africanus, which is positioned as either the
sister taxon of the “robust” australop-
ithecines (A) or as the sister taxon of a Ho-
mo + Paranthropus clade (B). In both trees
the "robust” australopithecines are at-
tributed to the genus Paranthropus, and
the species usually referred to as A. afaren-
sis is subsumed within Praeanthropus
africanus (5, 6).
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would benefit from studies of character
variability and integration. However, this
does not mean that current analyses are
without value. Cladistics is the most objec-
tive method available for generating and
testing hypotheses about phylogeny. Even
if future studies are able to improve the
quality of the character data, analyses of
presently available data sets can still pro-
vide a legitimate baseline for discussions
about early hominid phylogeny.

For example, Asfaw et al. (1) propose a
phylogenetic hypothesis that is testable
using cladistic analysis. They suggest that
Australopithecus garhi may be ancestral
to Homo (5), with the caveat that the exact
relationships of that species are unknown.
Cladograms consistent with this hypothe-
sis would place 4. garhi as the sister tax-
on of Homo. We tested this hypothesis
with two cladistic analyses. The first ex-
amined the trait list and taxa presented in
table 1 of Asfaw et al. (I). The second
analysis built on a previous study (6) by
adding to it new taxa (4. garhi, A. ana-
mensis, and Ardipithecus ramidus) (1, 7,
8) and new characters taken from Asfaw
et al. (1, 9). The most parsimonious trees
found by the two analyses (Fig. 1) both re-
construct 4. garhi as the sister taxon of a
clade that includes 4. africanus, Paran-
thropus, and Homo (10).

The relationships presented here must
be considered preliminary given the small
sample sizes of the three newly described
species, as well as the fragmentary nature
of the fossils themselves. As is always the
case in paleontology, future fossil finds
may necessitate a revision of these results.
However, on the basis of current evidence
(11), a hypothesis in which 4. garhi is an-
cestral to Homo should be rejected. 4.
garhi shares no synapomorphies (shared,
derived features) with Homo, and it is
more distantly related to that genus than is
the geologically older 4. africanus. This
means that the clade containing Homo,
Paranthropus, and A4. africanus must have
originated at least 500,000 years before
the known appearance of 4. garhi. Al-
though it is possible that an early member
of the 4. garhi lineage gave rise to the
clade that includes Homo, a more likely
explanation is that Praeanthropus
africanus [more commonly known as 4.
afarensis (5, 6)] independently gave rise
to that clade and to 4. garhi. Australop-
ithecus garhi was probably, therefore, a
side branch of hominid evolution that
evolved postcanine megadontia in parallel
with Paranthropus. The ancestor of Homo
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Response

We are fully cognizant of the strength and
power of cladistic methods. These are not
at issue. However, any powerful technique
can be exploited by perfunctory misappli-
cation, and such is clearly the case with
Strait and Grine’s “analysis.” The traits
employed in constructing cladograms must
be biologically relevant. Without such per-
tinence, they cannot contribute to a resolu-
tion of phylogenetic relationships. It is
more than obvious to most students of hu-
man evolution that many traits commonly
employed in formal descriptions of ho-
minid specimens are merely a convenient
means of delineating elementary anatomi-
cal features. A blind compilation of such
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traits into a data set for cladistic analysis
makes them neither biologically relevant
nor independent of others. It is for this
precise reason that we pointedly cautioned
against a superficial misapplication of
cladistic methodology to the traits listed in
our table 1: “Because of arbitrary bound-
aries of presence or absence criteria, vari-
ability within species, limited sample
sizes, and possible correlation between
features, we caution against a numerical
cladistic application of these tabulated da-
ta.”” As we noted in our presentation of the
potential relationships of A. garhi, a judi-
cious application of cladistic procedures
yields four viable phylogenetic positions
for this species, given contemporary
anatomical knowledge and the current ho-
minid fossil record (figure 5). One might
further argue for the greater likelihood of
one from among the candidate phyloge-
nies we provided by using expressed
anatomical or developmental paradigms.
However, Strait and Grine’s practice of
facile character shuffling contributes noth-
ing to the resolution of these difficult is-
sues. In fact, they further confound them
by a subjective inclusion of characters. For
example, their new “analysis” strengthens
their preferred conclusion of “robust aus-
tralopithecine monophyly” by ignoring the
frontal trigon that we described in 4. garhi
(See note 9 of the comment by Strait and
Grine). We thought it unnecessary to point
out that neglecting particular characters
which are at variance with a “preferred”
phylogeny is a fundamental violation of
cladistic method. Clearly, we should have.
Current interpretations of human evo-
lution can be refined in two fundamental
ways: by expanding the fossil record and
by elucidating the biological basis of
characters that are candidates for inclu-
sion in phylogenetic analyses by rigorous
anatomical study. Strait and Grine’s mis-
applications of cladistic method accom-
plish neither. They conclude that “The an-
cestor of Homo remains surprisingly elu-
sive.” So why the surprise? Cladistic anal-
ysis is about sister groups, not ancestors.
Real Hennegians will always find their
ancestors elusive.
B. Asfaw, Rift Valley Research Service, Addis Aba-
ba, Ethiopia; T. White, Laboratory for Human Evo-
lutionary Studies, Museum of Vertebrate Zoology,
and Department of Integrative Biology, University
of California, Berkeley, CA 94720, USA; O. Love-
joy, Department of Anthropology, and Division of
Biomedical Sciences, Kent State University, Kent,
OH 44242, USA; B. Latimer, Cleveland Museum
of Natural History, and Department of Anatomy,
School of Medicine, Case Western Reserve Univer-
sity, Cleveland, OH 44106, USA; S. Simpson, De-
partment of Anatomy, School of Medicine, Case
Western Reserve University; G. Suwa, University
Museum, University of Tokyo, Hongo, Bunkyo-ku,
Tokyo, 113-0033, Japan

Response

The wealth of information accumulated in
recent years from the field of developmental
genetics has had a profound effect on how
we view the inheritance and evolution of ver-
tebrate morphology. Perhaps of greatest sig-
nificance to evolutionary biologists is the
recognition that genes do not encode specific
characters, but instead act within a modular
framework to generate specific morpholo-
gies using shared rules of assembly (/).
When these morphogenetic principles are
applied to the issue of early hominid cranio-
facial form, it is obvious that the number of
craniodental characters commonly used to
infer early hominid phylogeny (often 50 to
70) far exceeds the number of modules ulti-
mately responsible for adult skull form.
Many of these characters are therefore re-
dundant, and their inclusion in cladistic stud-
ies is a fundamental violation of the method.

Strait and Grine admit that phylogenetic
analyses would benefit from a better under-
standing of character variability and integra-
tion. And yet, rather than identifying poten-
tially duplicative characters in their previous-
ly published data set so as to conform to this
admission, they instead actually add four
characters (bringing the total number to 64)
and rerun their analysis. In their effort to
“provide a legitimate baseline for discussions
about early hominid phylogeny,” they rein-
state, without explanation, a character (P> oc-
clusal outline) previously excluded because it
was judged to be “a poor discriminator of
hominid species” (2, p. 80). Cladistics is
most certainly an objective method for gen-
erating hypotheses about phylogeny. But how
legitimate are the results obtained from its
capricious application?

Strait and Grine state that I doubt that the
robust australopithecines are monophyletic.
Nowhere is such a statement articulated or
implied. To the contrary, given current fossil
and comparative anatomical evidence, ro-
bust australopithecine monophyly seems
quite reasonable (unfortunately, the alterna-
tive scenario of robust australopithecine
polyphyly cannot, at this time, be satisfacto-
rily rejected). At issue is the reliability of
phylogenetic scenarios derived from the
analysis of excessive numbers of cranioden-
tal characters. Such a strategy is far more
likely to establish patterns of character inte-
gration than to convey meaningful informa-
tion regarding phylogeny.

Melanie McCollum
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