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RECENT FINDINGS AND ANALYSES HAVE
enriched knowledge of the human
lineage, forcing us to question once more

the taxonomy of hominids. On the one hand,
new genera are proposed so as to accommo-
date recently discovered specimens. On the
other hand, the generic position of early homi-
nids has been changing with the purpose of
avoiding paraphyletic groups. We argue that
multiplying genera may not be the best solu-
tion to improve the taxonomy of the Homini-
dae. Accepting that any genus must be an
adaptive, particular unit, we propose the
application of a suggestion by Darwin for a
new taxonomic convention, species germinalis,
for classifying doubtful specimens of the
human lineage without needing either to
designate new genera or to switch taxa from
one genus to another. The family Hominidae
can, by this means, be classified in terms of
four genera and three subfamilies.

Three new genera belonging to the
human ancestry — Ardipithecus,1 Orrorin2

and Kenyanthropus3 — have been pro-
posed to classify some recently found,
early specimens that, in the opinion of
the authors proposing the new taxa,
cannot be placed in any previously de-
fined genus.4,5 To support such proposals,
White quotes the Introduction to the
International Code of Zoological Nomencla-
ture, which stresses ‘the freedom of scien-
tists to classify animals according to
taxonomic judgments’, and makes clear
that the code ‘refrains from infringing
upon taxonomic judgement, which must
not be made subject to regulation or re-
straint’ (T.D. White, pers. comm.). Erec-
ting new genera should, in our opinion,
rely on solid arguments, however, unless
taxonomic proposals are to be considered
aside from evolutionary events.

In searching for an adequate taxonomy
of Homo, Wood and Collard4,5 work on the
basis that any genus must be monophy-
letic (that is, have a single origin and in-
clude all its descendants), and must
express a novel adaptive solution. In
Homo, monophyly is under suspicion.
They examined six studies that have

adequately tested the monophyly of
Homo: three suggest that the genus is
monophyletic, but the other three suggest
that it is paraphyletic.

Difficulties in obtaining accurate clado-
grams are not exclusive to Homo. To build
phylogenetic hypotheses, several distinct
steps are necessary — the assignment of
characters to hypodigms so as to define
the traits of a given species; the choice of
the species to be assigned to each genus;
and the assignment of individual speci-
mens to that species. This procedure often
leads to insoluble problems. In the conclu-
sions of the International Colloquium on
Human Systematics held in Palma de
Mallorca in February 2000, for example,
point 9 asserts that: ‘No consensual
means of identifying biological species
in the fossil record exists at the present
time’.6,7 If species cannot unambiguously
be identified in the fossil record without
extended discussions about taxa, then
hypodigms are difficult to establish and,
as a result, many nominal species are kept
under suspicion. Fortunately, genera
seem to be less controversial. Or perhaps
not?

The second condition proposed by
Wood and Collard4,5 for the existence of a
genus is that of adaptive coherence. This
is a basic issue, because any taxonomic
proposal ought to reflect changes in
adaptive strategy, assuming that system-
atics is indeed within the evolutionary
paradigm. If several species remain close
enough to deserve inclusion in the same
genus, then it is likely that their adaptive
solutions may not differ significantly.
Wood and Collard contend that, in the
case of Homo, none of the examined traits
complies with this requirement:
1. Body size and shape in some of the

different species grouped within the
genus are occasionally closer to those
of australopiths than to Homo sapiens.

2. Regarding totally developed bipe-
dalism, arguably the fundamental
apomorphy (derived trait) of the
genus, Wood and Collard cite traits in
the hand structure of OH 7, as well as
in the arm size of OH 62 and KNM-ER
3735, as evidence of incomplete

bipedalism in Homo habilis.
3. Cranial capacity — another trait that,

with its large increase over time, iden-
tifies the taxon Homo — raises similar
doubts. The results of calculating rela-
tive brain size indicate that H. habilis,
as well as H. rudolfensis, H. ergaster and
H. heidelbergensis, are closer to austra-
lopiths than they are to living humans,
whereas H. erectus is equidistant.

4. Finally, the chewing apparatus points
to a closer relationship of Homo habilis
to the australopiths and paranthropes
than to Homo sapiens.

Wood and Collard concluded that,
when H. habilis and H. rudolfensis are in-
cluded in Homo, the genus thus defined
does not reflect an adaptive unit. They
proposed, therefore, to limit the taxa in-
cluded in the genus Homo to those that are
closer to living humans than to the austra-
lopithecines, that is, to drop both H. habilis
and H. rudolfensis and transfer them to
Australopithecus.8 As pointed out by sev-
eral participants in the Palma de Mallorca
meeting, such transferring would in-
crease the already considerable diversity
and the paraphyly of the recipient genus.
Wood and Collard do indeed refer to this
problem, but they prefer it to the alterna-
tive of having to define a new genus
within the hominid family. Some of Wood
and Collard’s reasons for disregarding
H. habilis and H. rudolfensis as members of
the genus Homo seem arguable, however.
The presence in some specimens often
classified as H. habilis of a protrusion in
the Broca and Wernicke brain areas, for
instance, together with the cultural evi-
dence coming from sites where either H.
habilis or H. rudolfensis have been found,
make it difficult to disregard the affinities
of these taxa with our own species.

Putting to one side the issue of what is
the best taxonomy in this particular case,
however, the general question that arises
is the following: when faced with an early
specimen difficult to place in one or other
genus, are we forced to choose between
unwanted paraphyly and the unreason-
able multiplication of hominid genera?
This dilemma appears quite often in strict
cladogram-based taxonomies. Given that
cladistics is a highly useful tool in system-
atics, however, a choice seems inevitable.
Tobias once had ‘the temerity to suggest
the taxonomic device of a bi-generic nomen
for the very case of Australopithecus/Homo
habilis’ (P.V. Tobias, pers. comm.). This de-
vice might solve the problem, as it both
avoids the proposal of a new genus and
explicitly states that the species in ques-
tion is transitional among genera. We
would like to offer a different solution,
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however, that is closer to current taxo-
nomic practice.

A novel taxonomic solution
In response to the dilemma outlined

above, we propose a novel approach that
relies on scholarship but without increas-
ing taxa beyond reasonable limits.

To solve the problem of having either to
propose paraphyletic genera or to multi-
ply the Pliocene hominid genera when
trying to accommodate new specimens, it
is worth recalling Darwin’s wise admon-
ishment on the subject: ‘Whether prime-
val man, when he possessed but few arts,
and those of the rudest kind, and when
his power of language was extremely
imperfect, would have deserved to be
called man, must depend on the defini-
tion which we employ. In a series of forms
graduating insensibly from some ape-like
creature to man as he now exists, it would
be impossible to fix on any definite point
when the term “man“ ought to be used.
But this is a matter of very little impor-
tance.’9

Darwin was expressing what we now
call anagenesis, that is, evolutionary
change within a lineage through time. A
chronospecies, which is a diagnosable
section of a lineage evolving in this way,
may or may not have precisely definable
limits10,11 The fossil record suggests that
changes occurred gradually (albeit at
variable speed) along the various
branches of the hominid tree.12,13 Thus,
within the early episodes of an evolving
lineage there is but little place —as Darwin
says — for the nominalist designations
that strict cladistic taxonomy demands.
The use of cladograms, however, requires
that the taxonomy based on them yield
monophyletic groups.

When Leakey, Tobias and Napier de-
fined the taxon Homo habilis, they were
certain that the Olduvai fossils included
as holotype and paratype belonged to the
genus Homo because these specimens
were already on the track that would ulti-
mately lead to H. sapiens, through increas-
ing brain and manual abilities.14 Both H.
habilis and H. rudolfensis retain many
primitive characters that indeed link
them to Australopithecus, but they also
share significant synapomorphies with
later taxa.15 Recognizing this fact is not a
criticism of Wood and Collard’s approach,
because what these authors intended was
to establish morphological criteria for a
taxonomy not derived from functional
traits, which are always difficult to assess.
The very meaning of the genus can ren-
der such purpose virtually impossible,
however. When we group different fossil

species in a genus, we do it because we
agree that an important evolutionary step
has taken place in the last common ances-
tor of the species included in that genus,
giving rise to a novel adaptive solution in
it and in its descendants. Our species —
that of extant modern humans — is the
mirror upon which we look at ourselves
in order to define the apomorphies of the
genus Homo. But which are the earliest
fossil specimens that actually demon-
strate them?

Darwin’s point is pertinent here: it is
highly likely that the earliest individuals
of the new genus were difficult to distin-
guish from their equivalents in their sister
group. Not enough time would have
elapsed since the divergence of lineages
and, as a consequence, the weight of
primitive characters would have been
very large. It may therefore be inappro-
priate to set Homo sapiens apart from the
australopithecines when comparing
doubtful specimens, since this is a purely
phenetic approach. Inevitably, the early
specimens of the new genus would not
yet have developed the clade’s apomor-
phies fully, and thus must show a greater
overall similarity to the coeval individuals
belonging to the sister group. A parallel
difficulty appears with the specimens
classified as Orrorin tugenensis and Ken-
yanthropus platyops. The type specimen of
the latter, KNM-WT 4000, has in fact been
described as ‘a dizzying mosaic of fea-
tures’.16

This problem is pervasive, not only
among hominoids, nor only at the genus
level. Plesiadapiformes (a suborder from
the Palaeogene, probably extending back
into the Cretaceous, and becoming extinct
in the late Eocene) were classified as
Primates by Simons and Tattersall17

because of their molar morphology, and
have been so considered by a number of
scholars.18–21 These Plesiadapiformes, in
particular the ptilocercine tree-shrews,19

retain many plesiomorphies relating
them to various archontans, such as claws
on all digits, divergent but non-opposable
hallux, and lack of orbital rings. They
have been classified either as an outgroup
‘pre-Primates’ 22 or in-group ‘archaic Pri-
mates’,21,23 which acknowledges an early
phylogenetic link that nevertheless still
needs to be determined more precisely. At
a higher level, the paraphyletic synapsids
have variously been considered either as
mammal-like reptiles21 or as already
(reptile-like) mammals.24,25 Branisella
boliviana, from the Oligocene of South
America, appears to be close to the base of
the New World monkey radiation. Given
that it cannot be assigned to either of the

two extant major clades, it has been ac-
commodated within the Platyrrhines, but
as a group incertae sedis.26 Such labelling
seems adequate for Ardipithecus ramidus,
because it is not yet clear whether or not
it belongs to the human lineage.2 It is inap-
propriate, however, when the problem
is not the impossibility of allocating an
incomplete specimen, but instead the
treatment of an early representative of a
later adaptive radiation classified into
definable clades.

The issue raised by these instances is not
restricted to the fossil record. The same
methodological problems are posed by
living groups that have traditionally been
considered as belonging to well-recog-
nized higher taxa. For example, the ‘lower
heterobranchs’ and ‘cephalaspideans’ are
diverse, undoubtedly paraphyletic
groups of gastropods with mosaic sets of
prosobranch and opisthobranch charac-
ters, that have been placed either close
to the Euthyneura or clearly within
them.25,27,28

To define a lineage it is necessary to
quantify morphological traits, establish a
hypodigm, and identify significant
characters. We will always, therefore, find
a serious problem when we are con-
fronted with a mosaic of numerous
plesiomorphies existing together with
novel traits that suggest the appearance
of a new genus. This problem is widely
recognized, and leads to lengthy discus-
sions about the need correctly to polarize
character states and minimize redundant
characters, a task that, incidentally, re-
quires the use of functional criteria.

We must, therefore, take into account
three facts. First, by definition, the earliest
specimens of any new genus will be very
similar to those of the coeval specimens
from its sister group. Second, it neverthe-
less makes sense to consider such early
specimens as initial members of a novel
adaptive formula. Third, using morpho-
logical criteria alone makes it difficult to
classify such specimens, while consider-
ing functional criteria may be risky.

One way to avoid the contradictions
arising from these three facts is to include
such early and problematic specimens as
belonging to a ‘germinal species’ of the
new genus — species germinalis (spec.
germ.). A species germinalis is a fully devel-
oped species, so the term has a very differ-
ent meaning from the previously used
‘species in statu nascendi’. Applied in the
way we propose, spec. germ. should be
used to designate a species that represents
the early stages of a new supraspecific
taxon. Incidentally, the discovery of
highly relevant specimens has often led to
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major taxonomic reinterpretations, both
within Hominidae and beyond.29

Specimens should be placed in species
germinalis of a new genus when: 1) we
have sound reasons to suspect that they
are the early members of a new cluster,
even though the derived traits typical of
the new clade are difficult to identify in
those early specimens; and 2) those speci-
mens still retain many primitive traits
linking them to the ancestral or sister
group. In this manner both paraphyly
and the multiplying of new genera can be
avoided.

When the definition of a genus as postu-
lated by Wood and Collard4,5 is combined
with our proposal of species germinalis, no
genus should be erected unless its adap-
tive distinctiveness can explicitly be clari-
fied. Every species showing a mosaic of
traits, including apomorphies of a genus
that are not fully developed, should be
considered as a spec. germ. of that genus. If
we apply this taxonomic proposal to the
genera recently defined in Hominidae, a
parsimonious solution may be to reject
Orrorin until its adaptive novelties are
made explicit. In the absence of such
analysis, O. tugenensis should be consid-
ered as spec. germ. of Australopithecus. In
the case of KNM-WT 40000, it seems more
appropriate to accept Kenyanthropus as a
distinct adaptive cluster constituting the
‘gracile’ lineage of the classical alterna-
tive. If H. rudolfensisis is eventually placed
within it,2,30 however, then the more prim-
itive nasal and neurocranial morphology
of K. platyops justifies defining the latter as
spec. germ. of Kenyanthropus. This classifi-
cation does not conflict with it being the
type species of Kenyanthropus. In respect
of the ‘robust’ lineage, all species can be al-
located to Australopithecus, rendering
Paranthropus a junior subjective synonym
of it. The oldest taxon, A. africanus (also the
type species of the genus), does not ex-
hibit the highly apomorphic traits of the
most derived paranthropes, and should
therefore be considered as spec. germ. of
the genus. H. habilis , in turn, being diffi-
cult to distinguish from K. rudolfensis,
should be classified as spec. germ. of Homo.

When we apply the above method, the
taxonomy of the family Hominidae31

includes three subfamilies (the new
Praeanthropinae, the redefined Austra-
lopithecinae and a restricted Homininae)
(Table 1). This taxonomy reflects the fact
that several fossil species have a spec.
germ. condition, as beginners of the gen-
era constituting each of the proposed
subfamilies. Preanthropines were early
hominids that gradually developed
bipedalism. Australopithecines were

hominids that gradually specialized into
feeding on hard plants of the open
savanna. Hominines were hominids that
gradually developed big brains, fabricat-
ing increasingly sophisticated tools. Each
higher taxon had a species germinalis that
exhibited a mosaic of apomorphies and
plesiomorphies, making it difficult to
distinguish that species from coeval speci-
mens of the sister group. The assumed
phylogenetic links are displayed in Fig. 1.

Such proposals might be considered too
radical. They are, nevertheless, firmly

grounded on available evidence, cor-
rectly formulated in terms of taxonomic
conventions, and adequately aimed at
solving some of the most persistent prob-
lems in palaeoanthropology.
We thank Francisco J. Ayala, Mark Collard, Jeffrey H.
Schwartz, Frederick S. Szalay, Ian Tattersall, Phillip V.
Tobias, Milford H. Wolpoff and Bernard Wood for
critically reading an early version of the manuscript.
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Table 1. Modification of Wood & Collard’s4 taxonomy, including formal taxonomic designations and approximate
geographical ranges. The symbol † indicates that the taxon is extinct.

Family Hominidae Gray, 1825. Miocene to the present, worldwide.
Genus †Ardipithecus White et al., 1995, incertae sedis. Pliocene, East Africa.

†Ardipithecus ramidus (White et al., 1994). Pliocene, East Africa.

Subfamily Praeanthropinae subfam. nov.
Genus †Praeanthropus Senyürek 1955 [includes Orrorin Senut et al., 2001]. Miocene–Pliocene, Africa.

†Praeanthropus (spec. germ.) tugenensis (Senut et al., 2001). Pliocene, East Africa.
†Praeanthropus africanus (Weinert, 1950) (= A. afarensis Johanson et al., 1978). Pliocene, East Africa.
†Praeanthropus bahrelghazali (Brunet et al., 1996). Pliocene. Subsahara.
†Praeanthropus anamensis (M.G. Leakey et al., 1995). Pliocene, East Africa.
†Praeanthropus garhi (Asfaw et al., 1999). Pliocene, East Africa.

Subfamily Australopithecinae Gregory & Hellman, 1939. Pliocene, Africa.
Genus †Australopithecus Dart 1925 [includes Plesianthropus Broom, 1938; Paranthropus Broom, 1938;
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†Australopithecus boisei (L.S.B. Leakey, 1959). Pliocene–Pleistocene, East Africa.
†Australopithecus robustus (Broom, 1938). Pleistocene, southern Africa.

Subfamily Homininae Gray, 1825. Pliocene to the present, worldwide
Genus †Kenyanthropus M.G. Leakey et al., 2001. Pliocene. East Africa.

†Kenyanthropus (spec. germ.) platyops M.G. Leakey et al., 2001. Pliocene, East Africa.
†Kenyanthropus rudolfensis (Alexeev, 1986). Pliocene, East Africa.

Genus Homo Linnaeus, 1758 [includes, for example, Pithecanthropus Dubois, 1894; Protanthropus Haeckel,
1895; Sinanthropus Black, 1927; Cyphanthropus Pycraft, 1928; Africanthropus Dreyer, 1935; Telanthropus
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Fig. 1. Time span of hominid species, considering Homo habilis, Kenyanthropus platyops, Australopithecus
africanus and Praeanthropus tugenensis as species germinalis of their respective genera.
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✎New Books
The following books have been just published
or newly issued in paperback.

General Science
The Age of Science: What Scientists
Learned in the Twentieth Century. By
Gerard Piel. Pp. 460. Perseus Press. £24.99.
The author’s special credentials for writing this
book include his professional association with
Scientific American for forty years and close
interest in the social and political dimensions
of science, which have to be appreciated for
the progress of science to be understood. The
main purpose of this wide-ranging survey, to
contribute to the greater public understanding
of science, makes it essential reading of its
kind, and complementary to John Maddox’s
What Remains to be Discovered.
Rosalind Franklin: The Dark Lady of DNA.
By Brenda Maddox. HarperCollins. £20. The
story of the gifted scientist who lived long
enough to learn how her X-ray diffraction
patterns helped to reveal the helical structure
of DNA, but died too soon to receive proper
acknowledgement in her lifetime.
Cambridge Scientific Minds. Edited by Peter
Harman and Simon Mitton. Cambridge Univer-
sity Press. £14.95. Cantabrigians of the
English variety rightly think of their university
as one of the great incubators of science
over the centuries. Whether this volume of bio-
graphical sketches does justice to its progeny
is a matter of personal taste.
Great Physicists. By William Cropper. Oxford
University Press. £24.95. Perhaps a more
successful tribute to its subjects than the
book above, by virtue of the greater detail
presented.
The Honors Class: Hilbert’s Problems
and Their Solvers. By Benjamin H. Yandell.
A.K. Peters. £28. The latest account of how
the 23 mathematical problems posed by
David Hilbert in 1900 came to be tackled and,

mostly, solved.
Mathematical Vistas. By Peter Hilton, Derek
Holton and Jean Pedersen. Springer-Verlag.
£49. Recommended for an undergraduate
mathematics course.
Eco-Economy. By Lester Brown. Earthscan.
£17.99. The case for alternatives to non-re-
newable sources of energy by a long-estab-
lished environmentalist.
Hydrogen as a Fuel. Edited by Richard
Cammack, Michel Frey and Robert Robson.
Taylor and Francis. £55.
Desktop Witness: The Do’s and Don’ts of
Personal Computing Security. By Michael
Caloyannides. John Wiley. £27.50. If you are
connected to the Internet, there are many
ways that unwelcome parties can intercept
your transactions. This book advises you on
how to detect this interference and protect
your privacy.
The Madness of Adam and Eve. By David
Horrobin. Bantam. £18.99. A gripping account
of the origins of the modern human mind.
Evolutionary Catastrophes: The Science of
Mass Extinction. By V. Courtillot and Joseph
R. McClinton. Pp. 188. Cambridge University
Press. £11.95 (pbk).
The Black Death Transformed: Disease and
Culture in Early Renaissance Europe. By
Samuel Cohn. Edward Arnold, Oxford. £50.
There are mounting reasons for doubting the
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