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The What, Why and How of Primate Taxonomy
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Taxonomy has a well-defined role, which is much more than simply stamp-
collecting and pigeon-holing. Species are the units of classification, biogeogra-
phy and conservation; as such they must be defined as objectively as possible.
The biological species concept, still widely used in biology, though predomi-
nantly by non-taxonomists and all too often misunderstood, is a process-based
concept, which offers no criterion for the classification of allopatric popula-
tions beyond inference and hypothesis. The phylogenetic species concept—a
pattern-based concept—is as nearly objective as we are likely to get. Amount
of difference is not a criterion for recognizing species. It is not possible to
insist on monophyly at the specific level, but it is mandatory for the higher
categories (genus, family, etc.). The rank we assign to a given supraspecific
category should be determined by its time depth.
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species concept; genus; family; phylocode.

INTRODUCTION: THE PHILOSOPHY OF TAXONOMY

“That’s right,” he said. “We’re philosophers. We think, therefore we am.”
Terry Pratchett, Small Gods

Taxonomy is classification, as well as the how-to of classification, and
its rationale. It is part of systematics, which has theoretically a broader con-
notation, as the study of the total diversity of organisms, but in practice the
two are used nearly interchangeably.

We must be careful that we understand, and let our colleagues know, pre-
cisely we mean by taxonomic statements. In the past, taxonomists generally
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did not do this, and even today some do not; and this can lead to endless
misunderstanding where one practitioner’s unspoken assumptions are dif-
ferent from another’s. Still today, after more than half a century of debate,
different taxonomists are operating with different concepts of what a species
is, but there are misunderstandings at the higher levels too.

Ranks: The Taxonomic Hierarchy

We classify organisms in a hierarchy of ranks. Each rank contains the
one(s) below it and is contained in the one(s) above; that is to say, they
are nested, meaning that they do not overlap or cross-cut. An organism can
belong to only one species, one genus, one family, and so on. Any group of
organisms at any specified taxonomic rank is called a taxon (plural, taxa).

Taxonomy was invented by the great 18th century Swedish botanist,
Carl Linnaeus, who classified the natural world into 3 kingdoms—Lapides
(minerals), Vegetabilia (plants), and Animalia (animals). Today, we exclude
minerals from consideration, and we recognize many more than two king-
doms of the living world (Fungi, and various kingdoms of algae and unicel-
lular organisms).

His kingdom Animalia was in turn divided into 6 classes: Mammalia,
Aves (birds), Amphibia (reptiles and amphibians), Pisces (fish), Insecta
(arthropods) and Vermes (worms). This will simply not do today; before
we can even consider whether, and in what form, Linnaeus’s 6 classes are
valid, we have to group them into higher categories, called Phyla (singular,
Phylum). Linnaeus divided his classes into orders, his orders into genera
(singular, genus), his genera into species. His British 19th century successor,
John Edward Gray, grouped genera into families before in turn grouping the
families into orders. Ever since Linnaeus, we have been discovering more
and more species—even of primates—and the 5 Linnaean ranks are excru-
ciatingly inadequate.

The modified hierarchy, which we use to day, has 7 obligatory ranks
where Linnaeus had 5, as follows:

Kingdom
Phylum

Class
Order

Family
Genus

Species

But of course we are not done there, because there are often so many or-
ders in a class, so many families in an order, and so on, that we have to make
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subcategories: subclasses, suborders etc. If we need to divide yet more finely,
we divided subclasses into infraclasses, and them into superorders, and so
on at other levels; and yet other ranks have been invented, such as cohort
and tribe. Only the 7 ranks are obligatory: every species belongs to a par-
ticular genus, every genus to a family, every family to an order . . .But we
say that a genus belongs to a particular subfamily only if such a fine degree
of ranking is warranted. Daubentonia is the only known genus in the family
Daubentoniidae, so it is unnecessary to insert a subfamily within the family.

The names of phyla, classes and orders have no standard form, except
that they should at least pretend to be a plural Latin word: Mammalia,
Aves. But families have to end in -idae, and other ranks just below or above
families—the family group—have standard endings:

Superfamily -oidea
Family -idae
Subfamily -inae
Tribe -ini
Subtribe -ina

The name of a genus is a Latin or latinized word in the singular, and is
written in italics: Homo, Cercopithecus, Cebus, Lemur. Of the genera that
make up a family, one is taken as (for better or worse) typical, and the
family’s name is based upon the generic name: Hominidae, Cercopithecidae,
Cebidae, Lemuridae. The same principle—the Principle of Coordination—is
used to construct names of other ranks in the family group.

The name of a species consists of the generic name plus a second word,
the specific name, which is also written in italics: Homo sapiens, Cercop-
ithecus neglectus, Cercopithecus diana, Cercopithecus hamlyni, Cebus kaa-
pori. It begins with a small letter, even if it is named after a person (Diana,
Hamlyn) or a place (Kaapor). The combination, generic plus specific names,
is referred to as a binomial, and Linnaeus invented that too.

If we need subspecies, we simply add a third word to make it a trinomial.
That’s the nuts and bolts, and the International Code of Zoological

Nomenclature should be consulted for finer details of how names are formed,
and whether they can be used, once relevant taxonomic decisions have been
made. But now the fun begins: what do we actually mean by species, genera
and so on?

What Are Species?—The Biological Species Concept
and the Interbreeding Criterion

“Thou shalt not let thy cattle gender with a diverse kind” Leviticus, 19:19.

It is simply amazing that, until the 1940s, biologists rarely explained
what they meant by species. One of the greatest of the late 19th—early 20th
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century mammalian taxonomists, Gerritt S. Miller, who described a large
number of primate species, occasionally remarked that for him a taxon
ranked as a full species if its members could always be distinguished, but
as a subspecies if most, but not all, could be distinguished. In this, Miller was
way ahead of his time, but before the wheel could come full circle much ink
would be spilt, many tempers would be lost.

For much of the 20th century the Biological Species Concept (BSC) was
paramount in biology. Mayr (1940, 1942, 1963) defined a species as

A group of actually or potentially interbreeding natural populations which is repro-
ductively isolated from other such groups.

It emphasizes that species are populations that maintain a reproductive sep-
arateness, and (by omission) that they do not need to differ very much, if
indeed at all. Species that do not differ much are called sibling species.

For a species to be reproductively isolated means, more or less, that the
members do not interbreed with other species. This has, unfortunately, been
widely misinterpreted to mean that 2 species cannot interbreed, or else that
any hybrids between them are sterile; Mayr (1963) needed all his patience to
explain that this is very far from being what he meant. This misapprehension
aside, we are faced with a dynamic natural process, evolution, which presents
us with every conceivable stage in the development of reproductive isolation,
and it is admittedly difficult to draw the line between mere subspecies and full
species. So the need of the human mind to create definitions, and to put things
into pigeonholes, from time to time comes up against the reality of evolution;
but this in itself is no argument against the BSC, or any other species concept.

There is, however, one absolutely critical argument against the BSC:
that it leaves the vast majority of the natural world unclassifiable. If two
populations are sympatric, and maintain their separateness, this is of course
evidence prima facie that they are distinct species. But most populations are
allopatric. What now?

Consider the genus Macaca, in particular the fascicularis group of
Fooden (1976). Macaca mulatta is widespread from the borders of
Afghanistan across the northern half of South and mainland Southeast Asia
well into central China, including Hainan Island. On Taiwan is a differ-
ent species, Macaca cyclopis; on the Japanese islands of Honshu, Kyushu,
Shikoku, Yaku and some smaller offshore islands, is a third species, Macaca
fuscata. Populations separated by barriers, such as sea in this case, have no
alternative but to be reproductively isolated. So it is legitimate to ask

(1) Why are the macaques of Taiwan classified as a species (Macaca
cyclopis) distinct from M. mulatta?

(2) Why are the macaques of Japan classified as a species distinct from
both M. mulatta and M. cyclopis?
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(3) Contrarily, why are the macaques of Hainan not classified as a
species distinct from M. mulatta?

(4) Why are the macaques of the 3 main Japanese islands, Yaku, and
the smaller islands not classified as different species?

At this point, it is clearly necessary to bring in a subsidiary concept. But
what? Evidently it is, after all, necessary to consider some aspect of how the
various populations differ from each other. Is there, for example, some way
in which the Taiwanese macaques differ more from Macaca mulatta than
those of Hainan do?

Beyond the BSC: The Whatness of a Species

“Horseness is the whatness of all horse.” James Joyce, Ulysses

A species surely has a whatness—an essence of some kind. If there is
truly something in common among all species, then it this is a much more
logical way to define it. We must seek the essence of a species.

The Evolutionary Species Concept or ESC (Simpson, 1961) is that a
species constitutes

A lineage evolving separately from others and with its own unitary evolutionary role
and tendencies.

It describes the essence of a species very exactly, versus especially the BSC,
which only proposes a mechanism for how the unitary evolutionary role and
tendencies might be maintained. Yet however precisely Simpson’s definition
describes the essence of a species, it is no practical help to decide how one
recognizes a species.

More than 20 different species concepts have been proposed, explicitly
or implicitly, over the past 40 years (Mayden, 1997). In the main, they have
been attempts to improve on the Evolutionary Species Concept, such as the
surely unfalsifiable Ecological Species Concept (Van Valen, 1976), under
which a species is

A lineage (or set of lineages) which occupies an adaptive zone,

the Species-as-Individuals Concept (Ghiselin, 1966, 1974), whereby species
are

The most extensive units in the natural economy such that reproductive cohesion
occurs among their parts,

and, most ambitious of all, the Cohesion Species Concept (Templeton, 1989),
which defines a species as

The most inclusive population of individuals having the potential for phenotypic
cohesion through intrinsic cohesion mechanisms, genetic or demographic.
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It is fair to say that these 3 concepts all make important statements about
the nature of species, but none is operational in the sense that they can be
studied for recognition criteria.

The most influential of the BSC-derived concepts, and one which has
proved of great value to identify species in the field, is the Recognition
Species Concept (Paterson, 1978, 1985). Paterson, turning the BSC on its
head and identifying a species by what it does, rather than by what it does
not do, defined a species as

That most inclusive population of biparental organisms which share a common fer-
tilization system.

This means, according to Paterson, that different species should have differ-
ent specific mate-recognition systems (SMRS). As interpreted in particular
by Bearder et al. (1995), for nocturnal primates it means vocalizations, and
some subsidiary morphological features (Bearder et al., 1996). In this way
numerous previously undetected, but now widely recognized, galago species
were first identified by their distinctive vocal repertoires.

The Recognition Species Concept, like the BSC, applies only to sexually
reproducing organisms, and this in itself rules it out as a generally applicable
concept for biology as a whole. Even among primates there are drawbacks.
The most obvious is that, even today, most species are not known to any ex-
tent in their natural habitat, and without such basic natural history we cannot
know what form their SMRS would take. For extinct organisms, of course,
the nature of SMRS is forever unknowable. More than this, the meaning of
“difference” in SMRS is in question: exactly as in the case of morphology
(such as the Taiwan and Hainan macaques), how much difference qualifies?

Of all the attempts to grasp the whatness of a species, the one that is most
nearly successful both theoretically and operationally is the Phylogenetic
Species Concept (PSC) of Cracraft (1983, 1997). Wherein a species is

the smallest cluster of individual organisms within which there is a parental pattern
of ancestry and descent and that is diagnosably distinct from other such clusters by
a unique combination of fixed character states.

Pattern and Process in Species Recognition

The PSC requires that a species be diagnosable, meaning that, taking
age and sex class differences into account, every member of a species can be
correctly identified. A species has one or more fixed differences from other
species; it is 100% different; so one asks not how much difference is neces-
sary to decide whether a population rates as a species, but what proportion of
individuals differ? Any kind of character will suffice, be it color, size, vocal-
ization, or a DNA sequence, as long as there is a reasonable supposition that
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the difference is heritable. Reciprocal monophyly in a given nDNA segment
constitutes evidence for diagnosability—the same finding for mtDNA does
not constitute such evidence—but is not the only permissible evidence.

There is a common misapprehension that the character states diagnos-
tic of a species need to be autapomorphic. This is not the case; many species
appear to differ from their relatives only by plesiomorphic conditions. To
insist that each species should have its own unique apomorphies—the Au-
tapomorphic Species Concept of de Queiroz and Donoghue (1988)—would
be to leave a significant proportion of organisms unallocated.

The difference between the PSC and most other specific concepts is that
under the PSC we look for pattern; under other specific concepts we look for
process. Pattern is what we see, the simplest form of observation, unshackled
(except for unavoidable population assumptions) from theory; process takes
us one or several steps further into theory, and is a model of how the pattern
came to be and is maintained. Clearly, with such a basic concept as the species,
we need to base our judgments on something as close as possible to what we
actually observe, rather than on what we infer about processes. Above all, it
does not take us beyond the evidence: if, on the available evidence, 2 pop-
ulations are diagnosably distinct, then they are species, and speculation or
analysis as to their relatedness and their propensity to interbreed are an in-
teresting add-on, but the question of specific status does not depend on them.

Later evidence may show that, after all, the 2 populations overlap and
so are no longer diagnosably distinct. Consequently, they are no longer to be
regarded as valid species. But at any rate the PSC has allowed us to go only
as far as the evidence allows, whereas the BSC usually invites the taxonomist
to extrapolate far beyond the available evidence.

In the example of Macaca, the PSC is the only species concept that
offers a criterion for detecting what is different about the Taiwan and Hainan
macaques in their affinities with mainland M. mulatta. Briefly, the Taiwanese
population is diagnosably distinct from mainland M. mulatta, so they are to
be classified as a distinct species, M. cyclopis, whereas the Hainan population
is not diagnosably distinct, so they are classifiable in the same species as the
one on the mainland.

Many Advantages of the Phylogenetic Species Concept

The PSC has innumerable advantages over other species concepts:

1. It is completely objective, not someone’s hypothesis of evolutionary
relatedness, therefore, it is falsifiable;

2. It is observational, not dependant on someone’s assessment of
whether they might interbreed were their ranges to meet;
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3. Recognition of a species depends on whether the differences are
fixed, not on the degree or amount of difference;

4. No speculation about mechanisms of speciation is involved; even
in the case of species of hybrid origin (e.g., Macaca arctoides: Tosi
et al., 2000);

5. No assumptions are necessary about the time elapsed since specia-
tion was begun or completed;

6. We do not need to speculate on the functional significance of specific
differences;

7. There is no need to panic if interbreeding is detected between
species;

8. Species are the units of evolution: they still have their own unitary
evolutionary role and tendencies;

9. Species are the terminals on a cladogram: below the specific level,
genealogy becomes reticulate;

10. Species, being consistently defined, are suitable as units of biogeo-
graphical analysis;

11. The species, finally, is suitable as the focus of conservation concern,
being more or less equivalent to the Evolutionary Significant Unit
(ESU).

It can be argued that, under the PSC, there are many more species than under
the BSC, and 360-odd species of Primates are harder to memorize than the
181 that were recognized in 1982 (Groves, 2001b). Given the overwhelming
advantages of the PSC, this is a small price to pay.

A Word on Subspecies

Subspecies (often loosely referred to as “races”) are taken very seriously
by some, disparaged by others. A subspecies is

An aggregation of phenotypically similar populations of a species inhabiting a geo-
graphic subdivision of the range of the species in which at least 75% of individuals
differ from all those in other populations of a species (modified after Mayr, 1963).

The keys here are (1) subspecies are populations, geographic segments of
a species, not morphs co-occurring with other variants, and (2) they differ
from each other on average, not absolutely. The so-called 75% rule, which
I have used above, is only a rule-of-thumb, but it becomes rather mean-
ingless to single out populations in which much less than this proportion is
distinctive.

Unlike species, subspecies have no whatness. They share genes with
other subspecies of the same species, so their interrelationships are
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genetically reticulate. In some taxonomic schools of thought they have no
place at all, though it seems to me that it is useful to focus on populations
that differ as whole but not absolutely. Subspecies should not be reified: they
are simply the point along the continuum of population differentiation, from
identity to species, at which it becomes worthwhile to give them a scientific
name.

Subspecies are given trinomials. A species does not strictly have sub-
species: it is divided into subspecies. The subspecies that is found at the
species’ type locality—where the species was first described—is called the
nominotypical subspecies, and the third word in the name (the subspecific
name) repeats the second (the specific name). So, taking a relatively un-
controversial example, Macaca assamensis is divided into 2 subspecies, one
from Assam eastwards, the other from Bhutan westwards. As the species
was first described from Assam, the eastern subspecies is Macaca assamen-
sis assamensis, while the prior available name for the western one is Macaca
assamensis pelops.

What of Genetics?

The adjective genetic is greatly misused in taxonomy. Although it is
always necessary to be alert to phenotypic plasticity, phenotypes depend
ultimately on genotypes and so are, in a sense, genetic. The fact that we have
not discovered the DNA sequences responsible for color pattern differences
does not mean that these differences are any less heritable, and the DNA
segments that happen to have been sequenced should on no account be given
precedence over those that have not.

There is, nonetheless, a common assumption, rarely articulated as such,
that in any given DNA sequence distances there are cut-off points above
which 2 samples rank as distinct species, below which they do not, and a
lower cut-off point is commonly assumed for subspecies. It was only a few
years ago that this unspoken assumption was put into so many words and
actually given a name, the Genetic Species Concept (GSC: Mayden, 1997):
a species, in this concept, is

[a population or group of populations] distinguishable by a certain degree of genetic
distance.

Do species have characteristic genetic distances among them, so that we
can measure distances among population samples, on some DNA sequence,
and determine whether they represent species or not?

This can be tested. To be conservative, we should take unassailable
specific pairs and examine the genetic distances between them. Unassailable
species pairs means those which, on any scheme, would rank as specifically
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distinct—preferably, though not prescriptively, sympatric pairs. Bradley and
Baker (2001) examined the proposition using genetic distances based on
cytochrome-b in Chiroptera and Rodentia. On average, different species
pairs do have larger genetic distances between them than pairs of populations
(including subspecies) within a species do, but there is enormous overlap.
Among bats, genetic distances in cytochrome-b are always <8.70 between
populations within a species, and between species the range is from 19.83
(well above the intraspecific maximum) down to 2.50 (well below it). The
figures are not dissimilar for rodents: the maximum intraspecific distance is
6.29; the inter specific range is 21.97 down to 2.23.

The GSC can be tested among Primates too. Hayasaka et al. (1996)
calculated genetic distances on an 896-bp sequence including tRNA genes
and neighboring regions. All intraspecific distances were below 6.36; inter-
specific distances ranged from 14.82 down to 3.72. Accorgingly, even using
a different sequence, albeit still a mitochondrial one, the macaque distances
almost duplicate those of bats and rodents.

We can conclude that on the one hand there is, as one might expect,
a tendency for different species to have diverged more in their DNA se-
quences than populations within a species, but on the other hand there is no
predictability about this, and it is not warranted to draw a line and claim that
above it they are species, below it they are not. Under the PSC, it is reciprocal
monophyly of DNA lineages—whether actually observed, or inferred from
the existence of fixed phenotypic differences—that is the criterion for the
separation of two populations as distinct species, not amount of difference.
There is a temptation to infer the converse, that if DNA lineages at the same
locus in 2 populations are not reciprocally monophyletic, then they cannot
be different species; this does not follow, given that only a tiny fraction of
the genome will have been analyzed, and is of course refuted if the 2 pop-
ulations are diagnosably different in some phenotypic character(s) whose
genetic basis has not been discovered as yet.

Behind the claim that species ought to be definable by particular levels
of genetic distance lies the assumption that they been distinct for longer
than subspecies or other intraspecific populations have. Harrison (1998)
examined this assumption calculating the probability of reciprocal mono-
phyly between 2 populations at a given locus in terms of generations af-
ter a population split. Where n is the size of the daughter populations at
the time of the original split, the probability of reciprocal monophyly does
not reach 50% until 2n generations has been reached. So, if the original
daughter populations each total 1,000, then it will take 2,000 generations on
average for reciprocal monophyly to be achieved; in a primate with genera-
tion length ca. 7 years, this means that it will take 14,000 years for half the
variable loci to become reciprocally monophyletic. A more realistic figure
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for preconservation-era primates might be n = 50,000, meaning that half the
variable sequences will still not have achieved reciprocal monophyly after
100,000 years. After 4n generations, the probability of reciprocal monophyly
is still only 0.828 (Harrison, 1998). In practice, Avise et al. (1998) found that,
via a molecular clock, mammalian intraspecific phylogroups diverged any-
thing from 0.2 to 6.5 ma (million years ago), and while the divergence of
specific pairs was much longer on average, 25% nonetheless dated to within
the Quaternary.

I conclude that that while the probability that a given specific pair sep-
arated longer ago than, say, a given subspecific pair is quantifiable, it is not
possible to specify when their divergence must have taken place.

What Is a Genus? A Family? An Order?—A Short History of Time

As phylogeny depends on time and taxonomy on phylogeny, should not
taxonomy itself depend on time? Above the specific level, it should.

The only widely accepted criterion of a supraspecific taxon is mono-
phyly. Monophyletic, applied to a taxonomic group, means “descended from
a common ancestor that was itself a member of that taxonomic group,
and including all the descendants of that ancestor” (Groves, 2001a,
p. 314).

In the case of species, it is not possible to insist on monophyly, at least
at the phenotypic level (and so, presumably, in coding genes). As time pro-
gresses, however, reciprocal monophyly of all DNA lineages, coding as well
as noncoding, becomes more and more probable, and it becomes possible
to insist on the monophyly of higher categories. The principle that genera,
families and higher ranked groups are monophyletic has become more and
more firmly established in biological taxonomy as the Hennigian revolution
has spread to embrace even the anthropological sciences. If a higher taxon
is monophyletic, a classification becomes a representation of phylogeny and
it acts as an information retrieval system from which predictions can be
made.

It is only fair to note, however, that there are some demurrals. Text-
books of palaeoanthropology and primatology still occasionally employ the
paraphyletic categories Pongidae and Prosimii as genuine taxa. This may be
simple conservatism, or failure to keep up with trends in biology as a whole;
but there has recently been a well-argued plea to maintain avowedly para-
phyletic fossil genera. Wood and Collard (1999) define a genus as a (group
of) species that

occupies an ecological situation, or adaptive zone, that is different from that occupied
by . . . another genus . . . [it] may be monophyletic or paraphyletic.
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The idea of an adaptive zone is ill-defined in ecological terms, though it
must be admitted that Wood and Collard (1999) argue rather persuasively
that Homo, as restricted by them, occupies one, while Australopithecus (the
paraphyletic rump of the human clade) occupies a different one. This is
very likely because an unparalleled amount is known about the functional
and adaptive characters of fossil humans; one could not do such an exercise
with any degree of objectivity even for most living primates, let alone for
most fossil ones. It can be argued that each member of any given suite
of sympatric species must, virtually by definition, be occupying a different
ecological situation, or adaptive zone from the others. How different must
its niche be in order for it to qualify as a different genus? We are thrown
back onto an arbitrary degree of difference, a concept which in ecology is
even more problematic than it is in morphology.

We are returned to monophyly as the only objective, repeatable, in-
herently falsifiable criterion for a genus, or for any other higher category
in taxonomy. A genus is a monophyletic group of species; a family is a
monophyletic group of genera; an order is a monophyletic group of families.
Monophyly is the sine qua non of higher-category taxonomy. But we can
still legitimately ask, how should we apportion these monophyletic groups
among genera, families, orders, and their various subordinate divisions? This
is a question that has all too rarely been asked.

Hennig did ask the question, and came up with a number of possible
answers (Hennig, 1966, p. 154):

(1) A fairly even number of subordinate taxa; e.g., a genus should not
contain more than a particular number of species, a family more
than a particular number of genera.

(2) Degree of difference, however measured.
(3) Absolute ages.

The first solution is superficially seductive, but requires its converse. For
example, if one splits up Callithrix merely for having too many species (18
in Groves, 2001a, and 2 more described while that work was in press [Van
Roosmalen et al., 2000]), then one should logically sink Callimico for having
too few. The second solution fails for the same reason that has been dis-
cussed several times in this paper: there is so far no consistent way, short
of measuring whole-genomic differences, to measure degrees of difference.
The third solution is the one which has been revived recently.

The elaborate proposal by Goodman et al. (1998) to standardize taxo-
nomic ranks in Primates by time depth has not been widely discussed. In fact
it has not been discussed at all among primate specialists, with the exception
of one of the original authors (Groves, 2001a, pp. 17–20). The only serious
age/rank discussion paper in zoology at all in recent times is Avise and Johns
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(1999), who drew attention to exactly the same drawbacks as those noted
by Hennig >30 years before: first, there is little chance to date evolutionary
nodes throughout the animal kingdom (let alone other kingdoms) in the fore-
seeable future; and secondly, where such dates are available, they are widely
different for congruent ranks in different groups. Thus the cichlid fish of
Lake Victoria, currently assigned to several different genera, diverged only
a few thousand years ago; while, among insects, genera characteristically are
tens of millions of years old, the genus Drosophila having a time depth of
>40 Ma; and the mammals have intermediate time depths. Either there will
have to be drastic reorganizations of taxonomic schemes in different animal
groups to coordinate ranks in different groups, which Avise and Johns (1999)
tend to favor, or it will just have to be accepted, for the time being at least,
that the same rank in different animal phyla and classes has very different
implications: the solution which Hennig himself tended to favor.

An irony in all this is that it has proved impossible to set time-depth
standards for species themselves. If we wish to identify units, then there
seems no alternative but to link the lowest widely-used rank—species—to
that level, while admitting that there is nothing comparable above the specific
level. Conversely, if we try to coordinate species and higher categories by
adopting a version of the Genetic Species Concept, then we deprive ourselves
of the means to recognize units. We quite simply have to accept that there
is an unavoidable offset in criteria between specific and higher ranks.

Goodman et al. (1998) link all the ranks of Primates, from order through
semiorder and suborder down to genus and subgenus, to particular time
depths. Semiorders as total groups, i.e., from the time of the split that gave
rise to them, originated 63 Ma, suborders 58–50 Ma, infraorders 45–40 Ma,
etc. In such a scheme, we are forced to dispense with the Hylobatidae because
the small apes separated from the great apes only 18 Ma, whereas families
should have a time depth of 28–25 Ma; so the small apes and great apes can
be separated only at tribal level (Hylobatini, Hominini). The time depth for
genera is 11–7 Ma, so we lose not only Mandrillus, which becomes a mere
subgenus of Cercocebus because mandrills and white-eyelid mangabeys
separated only 4 Ma, but we even lose Pan, which becomes a subgenus of
Homo: humans and chimpanzees separated only 6 Ma.

I proposed some modifications to this scheme (Groves, 2001a). First, I
suggested that we insist on time/rank coordination only for neo-Linnaean
(obligatory) categories, not for subs- and infras- or even for tribes, all of
which are really convenience categories that we insert if we need them for
finer degrees of subdivision, and ignore if we do not. Secondly, I surveyed
a few nonprimate mammals whose fossil record or molecular clock status
(preferably both) is well known, and invented a principle of least violence,
under which we try to leave as many families and genera intact as possible.
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It happens that time depths for families and genera correspond, very ap-
proximately, to boundaries between epochs of the Cenozoic: families to the
Oligocene/Miocene boundary (the actual range is 18–25 million years ago)
and genera to the Miocene/Pliocene boundary (range 4–7 million yr). The
time depth of orders under this scheme corresponds approximately to the
K/T boundary. Under such a scheme, we save Mandrillus and Pan, but
perhaps split up Callithrix into 3 genera, and we save the Hylobatidae. In-
terestingly, there would be no possibility, under either the original Scheme
of Goodman et al. (1998) or its modification by Groves (2001a), to save
Australopithecus, Paranthropus or Kenyanthropus: they are all synonyms of
Homo. The case for Ardipithecus is borderline.

The New Heresy: Rank-Free Taxonomy

“Gods like to see an atheist around. Gives them something to aim at.”
Terry Pratchett, Small Gods

There is a school of thought that proposes to get rid of ranks altogether,
and instead to designate an organism by a sort of phylogenetic address (de
Queiroz and Gautier, 1992). This is considered to be the true phylogenetic
taxonomy, to be carefully distinguished from phylogenetic systematics, the
system promoted by Hennig. The name of the lowest level one wishes to des-
ignate is given first, followed by the names designating ascending nodes up to
a desired level. Wherever there is a node—a phylogenetic split—we attach a
name to it, but not a rank. We use whatever names happen already to be avail-
able that correspond to particular nodes, and invent others where no names
are available. This of course is no more than what conventional taxonomists
do, but we may not designate particular nodes as families, subfamilies, gen-
era, or even species. Instead, what we designate them is the subject of lively
debate. Instead of the International Code of Zoological Nomenclature and
its sister botanical and bacteriological volumes, we will have the Phylocode.
As there is some understandable reluctance among old-style taxonomists to
use the term phylogenetic taxonomy—since most of them consider them-
selves to operate on the basis of phylogeny anyway—the whole scheme is
often designated as the phylocode. Nixon and Carpenter (2000) called it the
Node Pointing System because the function of a name is essentially to point
at a given node.

A phylocode address for what is traditionally called Macaca fuscata
might look like this:

Fuscata-Macaca-Papionini-Cercopithecinae-Cercopithecidae-Cercopithec-
oidea-Catarrhini-Simiiformes-Haplorrhini-Primates-

- and so on up as far as is deemed necessary. If we think that readers will
understand what Primates are, the address will end there; otherwise, it will
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become more and more general. There are no ranks, not even species; no
binomials; no italics; no small and capital letters.

Nixon and Carpenter (2000) recently took the phylocode nonsense
apart, fragment by fragment. It is meant to promote stability; it does no
such thing. The International Code of Zoological Nomenclature fixes names
according to types: type specimens, in the case of species, type species in
the case of genera, type genera in the case of families. The phylocode has
no types, instead it points upwards at higher nodes, whose meaning one can
only hope is more or less understood by readers. There is no indication in
names as to how inclusive a taxon may be, which there is at lower ranks in the
traditional scheme. Taxonomic stability is sacrificed to nomenclatural stabil-
ity: if a family (with its traditional -idae ending) is subsumed into another,
it keeps its name, ending and all, under the phylocode, so there is no way of
indicating that its meaning has now changed. It is virtually forbidden, under
the phylocode, to diagnose a taxon: characters do not exist, only nodes are
relevant.

Most important, perhaps, is that the whole system is hostage to a correct
understanding of phylogeny, insofar as such a thing exists. Taxonal specialists
should, one hopes, be free to study their chosen groups with an open mind,
and to model its phylogeny as they see fit; yet they are as liable to error as
the rest of us are, and whereas under the traditional scheme this need not
matter too much, under the phylocode it changes the group’s entire address.
For example, the Primates might be defined under the phylocode as the
most inclusive clade containing Haplorrhini and Strepsirrhini. But what of
Omomyiformes? They have been generally understood to be a subordinate
group of Haplorrhini, but it is at least feasible that some worker might con-
sider them to be the sister-group of Haplorrhini plus Strepsirrhini, and under
such circumstances we must either retain the definition of Primates, and ex-
clude Omomyiformes from Primates altogether, or else redefine Primates
as now pointing to a different node altogether.

I have mentioned the phylocode more for completeness, because the
fervor with which it is espoused brings it to public attention from time to
time, than because it seems to be in any way important for primatology as
such. Yet it came into existence because there is a problem with ranks, and
it must be addressed within the Linnaean system if we are to preserve this
edifice which has been of such inestimable value to us since the mid-18th
century.

The Problem of Ranks

Although there seems no case for dispensing with ranks altogether, it
is meaningless to try to dignify every dichotomy with a designated rank.
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There is a danger under the existing scheme that ever-finer ranks will be
introduced as more and more new fossil taxa are described, or as finer and
finer degrees of interrelationships are elucidated among known taxa, and
the whole taxonomy gets shuffled up a rank. The phylocode is right to the
extent that there comes a point where it ceases to be useful to designate
every evolutionary dichotomy with a new rank. In amongst obligatory ranks
and their main subordinate ranks, there is no necessary obligation to dignify
every phylogenetic dichotomy by a taxonomic device; but if we feel that it
is nonetheless helpful to recognize these fine divisions taxonomically, there
is no reason why names should not be introduced to designate them, but
without giving them ranks. The main ranks will remain, giving stability to
the scheme and enabling us to find our way around a familiar group.

Most primatologists have become comfortable by now with the 2 subor-
ders Strepsirrhini and Haplorrhini, except for a few hold-outs for Prosimii.
The Haplorrhini has 2 infraorders, Tarsiiformes and Simiiformes (Anthro-
poidea). The next rank down is superfamily, but the 3 simiiform superfamilies
that are generally recognized–Ceboidea (correctly, Ateloidea), Cercopithe-
coidea and Hominoidea—are very unequally interrelated. Do we insert an
extra rank between infraorder and superfamily, to allow us to set the New
World monkeys apart as Platyrrhini and group the Cercopithecoidea and
Hominoidea as Catarrhini? Goodman et al. (1998) would in fact combine
the catarrhines into a single superfamily but, for those who would be un-
comfortable with that, the problem of the intermediate rank remains. The
solution is to insert Platyrrhini and Catarrhini, but without ranking them:

Suborder Haplorrhini
Infraorder Simiiformes

Catarrhini
Superfamily Hominoidea

A special brand of ranking headache is that of a fossil taxon of lim-
ited diversity, limited time-depth, and few or no uniquely derived character
states. What to do with such a group? Do we, as good cladists, classify it at a
coordinate rank with its more diverse, perhaps still extant, sister-group?

Take the case of Morotopithecus, from the early Miocene of Uganda
(>20.6 Ma). The describers argued that it was sister to the entire Hominoidea
(Gebo et al., 1997). Should we, therefore, create a new superfamily for it,
and a new rank for it plus Hominoidea, pushing up the Cercopithecoidea to
a similar rank? Then, if another new genus is discovered, midway between
Morotopithecus and the Hominoidea, another new rank has to be invented
for it and everyone above it ratchets up another rank. The solution here is
not to invent a new higher category at all, but to designate Morotopithecus
a plesion, a dummy rank, which can be inserted at any convenient point in
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a classification to avoid having to reshuffle ranks (Groves, 2001a, p. 315):
Superfamily Hominoidea

Plesion Morotopithecus
Family Hylobatidae
Family Hominidae

The History of a Lineage, and the Evils of Nonmonophyly

Our predecessors generally had no real philosophy of what taxonomy
should be trying to do, beyond mere pigeonholing. Today, taxonomy has an
embarrassment of roles in conservation, biogeography and so on, but the
two guiding roles are the depiction of whatness (at the specific level) and of
history (at the level of the higher categories).

The hand of history lies heavy on primate taxonomy. We were left with
paraphyletic taxa by our predecessors, taxa which tell us only what they are
not like, or what their history was not. The 2 which still bedevil primatology
are Pongidae and Prosimii.

Figure 1 shows a cladogram of extant humans and great apes. The form
of the cladogram is not in serious doubt; it has been corroborated by both
molecular and morphological studies (Groves, 1986). In Fig. 1(a), the pa-
raphyletic taxonomic scheme, which still unfortunately holds sway in many
anthropological textbooks, is mapped onto it. Pongidae has no reality: all
that its constituents have in common is the quality “not human”: they lack
enlarged brains and habitually bipedal locomotion. There is no logical rea-
son for separating Homo rather than, say, Gorilla; if a family Gorillidae is
separated off, the residual Hominidae would be defined by the quality “not
gorilla”: they lack terrestrial giantism, male silverback maturity, and 3-lobed
thymus. In Fig. 1(b), a monophyletic taxonomic scheme is mapped onto the
same cladogram; the taxonomy at once informs us of the branching order
of the cladogram, predicts the existence of derived character states in the
Gorilla/Pan/Homo clade which do not occur in the Pongo clade, and, if
we adopt the time/rank scheme, informs us that even the deepest split was
younger than the Early Miocene cut-off for full familial status.

If we argue that tarsiers are closer phyletically to Simiiformes than
to strepsirrhines, then Prosimii is as vapid as Pongidae, and for the same
reasons: it is defined merely as not-simiiform.

I will draw attention to two additional cases, this time concerning generic
allocations, where in traditional taxonomic schemes would seem to flout
monophyly. The first concerns members of the Cercopithecini. Tradition-
ally, the vervet or aethiops group have been included in Cercopithecus, but
morphological evidence suggests that they belong instead in a clade with the
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Fig. 1. Cladogram of humans and great apes, illustrating (a) the tradi-
tional (paraphyletic) taxonomic scheme and (b) the taxonomic scheme
demanded by phylogenetically based taxonomy.
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Fig. 2. Cladogram of guenons, vervets and patas, to show why vervets should not be
assigned to Cercopithecus unless patas are as well.

patas monkey, Erythrocebus patas (Groves, 1989; Fig. 2), though molecular
evidence is not quite so clear-cut (Todd Disotell, personal communication).
If this is so, and unless there are molecular clock calculations to set guidelines,
then we have 3 options:

1. Unite vervets and patas in a single genus, for which the prior avail-
able name would not be the well-known Erythrocebus Trouessart,
1897 (given to the patas), but Chlorocebus Gray 1870 (given to the
vervet).

2. Put all 3 into a single genus, for which the prior available name
would be Cercopithecus Linnaeus, 1758. This solution was adopted
by Verheyen (1962) but has not been widely followed.

3. Give each of the 3 a separate genus.

I proposed the third option (Groves, 1989, 2001a), but primatologists might
be unhappy with the loss of Erythrocebus. If and when molecular clock
evidence for the timing of the cladogram splits becomes available, then this
more objective basis for decision may necessitate a revision.
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Fig. 3. Cladogram of marmosets, to show why a genus Cebuella
should not be recognized as a genus unless Mico is as well.

The second case concerns the marmosets, traditionally separated into 2,
Callithrix (for both Atlantic and Amazonian marmosets) and Cebuella (for
pygmy marmosets). Data sets from a variety of sources (Rylands et al., 2000)
all show that pygmy marmosets are phyletically closer to the Amazonian
marmosets, while the Atlantic marmosets branched off earlier (Fig. 3). As
before, we have 3 options:

1. Unite pygmy and Amazonian marmosets in a single genus, for which
the prior available name would not be the well-known Cebuella Gray,
1866 (given to the pygmy species), but Mico Lesson 1840 (given to
the Amazonians).

2. Put them into a single genus, for which the prior available name
would be Callithrix Erxleben, 1777.

3. Give each of them a separate genus.

Groves (2001a) adopted the second option, Rylands et al. (2000) the third.
In this case, there is molecular clock evidence: Goodman et al. (1998) calcu-
lated that both splits occurred somewhere around 5 Ma, which is within the
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time-frame for generic separation under the modified time/rank criteria of
Groves (2001a), so on balance the scheme of Rylands et al. (2000) would be
preferable.
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