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Introduction

Taxonomy is defined by Ernst Mayr (1969) as “The theory and practice of clas-
sifying organisms”; as a shorthand, it is used (“a taxonomy™) for an actual clas-
sification itself. Phylogeny was defined by Haeckel, who coined the term, as “the
entire science of the changes in form through which the phyla or organic lineages
pass through the entire time of their discrete existence”. As in the case of the
term “taxonomy”, we commonly use “a phylogeny” to mean a given group’s
own evolutionary history.

What is, or should be, the relationship between these two concepts? Are they,
or should they be, two separate but overlapping spheres of influence; or are they
so closely intertwined that one can almost regard taxonomy as a subset of phy-
logeny?

Taxonomy Above the Species Level

Linnaeus, the inventor of the system of taxonomy that we use today, divided the
animal kingdom into six classes. He divided each class into a number of orders;
each order into genera; each genus into species. Since his day, knowledge of ani-
mal diversity has increased enormously; six classes are far from adequate, and
the classes are grouped into pbyla. Within each order, the genera are grouped
into families. The taxonomic hierarchy now has seven levels: kingdom, phylum,
class, order, family, genus and species. Every individual is classified using these
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seven levels (or ranks). Human beings belong to the animal kingdom; with other
backboned animals, to the phylum Chordata; within the chordates, to the class
Mammalia; within the mammals, to the order Primates; within the primates, to
the family Hominidae; within the hominids, to the genus Honto; and finally to
the particular species Homo sapiens. Each species bears a generic and a specific
name, both placed in italics, the genus commencing with a capital letter, the spe-
cific name with a small letter. Families end in -idae; other ranks have no stan-
dardised ending.

Nonetheless, the seven obligatory ranks are rarely sufficient to represent the
fine degrees of relatedness. It is necessary to insert even more subdivisions: sub-
orders, infraorders, superfamilies, as much as is needed in any given case. In
- some instances, the plethora of ad-hoc levels become so unwieldly that it has
been suggested that, above the family level at least, groups (or taxa) be unranked,
and just the names used, in sequence. As we shall see, the ranks are threatening
to get a little out of hand even among the primates.

Hennig thought that the relationship between taxonomy and phylogeny is
clear: “the sequence of subordination [of taxa in the taxonomic hierarchy] corre-
sponds to the recency of common ancestry” (Hennig 1966 p. 83); the phylogenetic
branching sequence, that is, determines taxonomic ranking. Hennig attempted
further to link taxonomic ranks with time, e.g. if two groups split during the
Mesozoic, they should be ranked as families, if during the Cenozoic as tribes,
and so on: the Order Primates, therefore would be at most a family of the
Order Mammalia! Some consistency within major groups, within classes perhaps,
might be desirable, but to try this across the entire animal and plant kingdoms
would simply not be possible.

The logical basis of Hennig’s system, which he called phylogenetic systema-
tics and is today usually designated cladistic taxonomy, is that branching order
in phylogeny is the only testable (falsifiable in the Popperian sense) measure
of relatedness. Authors such as Mayr (1969) have strenuously objected to this
assessment: relatedness is a consequence not only of branching sequence but
of subsequent divergence as well. This objection can now be answered: when
total differentiation can be measured, as by various genetic distance measures
or by DNA-DNA hybridisation, it turns out to be roughly proportional to time
since divergence (as reviewed, for example, by Easteal et al. 1995). In other
words morphological differentiation, which is what Mayr doubtless had in
mind when he referred to “subsequent divergence”, accounts for such a minus-
cule proportion of the total genome as to be undetectable in the context of
total genetic change. Even under Mayr’s definition of relatedness, therefore, Hen-
nig’s insistance on the primacy of branching order is still justified - ironically,
for reasons not contemplated by either of those two authors!
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Reconstructing a Phylogeny

Phylogeny reconstruction is performed as follows:

L. List the taxa, or the groups it is proposed to analyse. The groups designated
for analysis are called the operational taxonomic units (OTUs). One may
choose, for example, to analyse the chimpanzee, gorilla, human, orangutan
and gibbon separately, but to keep the Old World monkeys together and
the New World monkeys together as single groups for analysis; thus, there
will now be seven OTUs.

2. List all the characters which differ among the OTUs. Number of premolar
teeth and presence/absence of a tail will be among numerous characters
that exhibit differences among the OTUs in the example given above,

3. List the character states - the differences, character by character - between
the OTUS. Thus, the New World monkeys will be listed as having, under
the character “number of premolars”, the state “three” (in each half of
each jaw); Old World monkeys, gibbons, etc., will be listed as having charac-
ter state “two”. New and Old World monkeys will be listed as having, in the
character “tail”, the state “present”, while gibbons, humans, etc. have the
state “absent”.

4. Determine the polarity - the direction of evolutionary change - of each char-
acter state. In the present case, more distantly related primates (lemurs, tar-
siers) have three premolars, so it is likely that “three” in this case is the pri-
mitive or plesiomorphic state, and that “two” is the derived or apomorphic
state. These more distantly related primates all have tails, so it is most plau-
sible that “tail present” is plesiomorphic, “tail absent” apomorphic.

5. Find out which pairs of taxa are linked by shared derived or synapomorphic
character states. Old World monkeys, gibbons, humans, etc., are linked by the
synapomorphic state of “two premolars”; on the other hand, the character
state that links Old and New World Monkeys, “tail present”, is shared primi-
tive or symplesionorphic.

6. Synapomorphic character states are the only ones which can constitute evi-
dence for relatedness, i.e. for having a more recent common ancestor. Some-
times parallel evolution occurs; as parallelism is considered an unlikely event,
it is generally reckoned that the two OTUs with the greatest number of
shared derived character states are those most closely related. Another pro-
cess that sometimes spoils a perfect cladogram is reversal to a more primitive
state.

7. The OTUs are linked in pairs, more and more inclusively, until a complete
branching diagram, a cladogram, is constructed. Pairs of closest relatives,
those which branch off a common node of the cladogram (each being mono-
phyletic, i.e. descended from an exclusive common ancestor), are called sister-

groups.

A cladogram is not precisely a “family tree”. To construct a family tree (evo-
lutionary tree, phylogeny), we need to know time relationships as well and to
make some working hypothesis about which (fossil) taxa might be ancestors.
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A pair of sister-groups in a cladogram might be plausibly hypothesised, on the

basis of further data, to be an ancestor-descendant pair.

If the aim of taxonomy is to depict degrees of relatedness, and if relatedness
is dependent to all intents and purposes on phylogenetic branching sequence, i.e.
on sister-group status, then the relation of taxonomy to phylogeny is, in theory,
one to one. Groves (1989) has drawn attention to instances in which such a strict
mapping of phylogeny onto taxonomy, even when the branching sequence is defi-
nitely known (which is far from being always the casel), might actually be unde-
sirable; for example, when the implied distance between one branch and the next
is very short, barely distinguishable from a trifurcation. In such a case, it would
be wise simply to rank the three taxa equally. For example, the time between the
separation of the gorilla from the chimpanzee/human stem and that of the chim-
panzee and human lineages seems to be so short that its very existence is con-
troversial, and three taxa of equal rank would seem to be the best taxonomic
solution. The other instances in which it might be difficult to make taxonomy
a precise map of phylogeny are when fossil taxa are in question, but this is out-
side the scope of the present discussion.

~ One question remains to be asked: to what extent do phylogenies recon-
structed by the cladistic method agree with those generated by molecular meth-
ods, the “total genome” methods mentioned above? For a while it seemed that
agreement might be unsatisfactory, but in recent years the employment of
more and more complete datasets, in both morphological and molecular spheres,
has brought the two approaches closer together. The latest attempt (Shoshani et
al. 1996) has found excellent agreement in primate phylogeny.

Cladistic methodology has created a revolution in primate taxonomy, which
has become (above the species level) a search for monophyletic groups accom-
panied by a rejection of traditionally recognised but unquestionably non-mono-
phyletic taxa. There are two glaring instances of this:

1. What are the basic divisions within the primates? The dead hand of tradition
has the primates divided into two suborders, Prosimii and Anthropoidea. Yet
it is perfectly clear that one of these, Prosimii, cannot be justified cladisti-
cally: all the character states used to define it (small brains, for examplel)
are shared primitive. When we look for shared derived conditions, we find
them between one of the groups traditionally assigned to the Prosimii (the
Tarsiiformes) and the other traditional suborder, the Anthropoidea. These
shared derived conditions include:

- Rhinarium dry, and upper lip not split

- Tapetum lucidum absent from retina

~ Placenta haemochorial

- Orbit walled in behind by bone

- Lack of endogenous manufacture of vitamin C.

It is clear that the Tarsiiformes form a clade with the Anthropoidea. Taxano-

mically, therefore, they should be linked with the latter in a suborder Haplor-

rhini, leaving the other “prosimians” (the lemurs and lorises) alone in a suborder
called Strepsirrhini.

‘The Species vrobte..

2. What is the correct taxonomy for humans and great apes? The superfamily
Hominoidea, to which humans, great apes and lesser apes (gibbons) are
always assigned, divides cladistically into two branches, the gibbons and
the rest. The “rest” also divides into two branches: the orangutan and the
rest. There is some indication, in addition, that the next branching is gorilla
vs chimpanzee/human; but, as this is not absolutely certain, and all indica-
tions are that if it is exists this dichotomy is very closely succeeded by the
chimpanzee vs human one, it is best to be conservative and retain a three-
way split (see above). The traditional taxonomy of the Hominoidea is:

- Family Hylobatidae (gibbons)
- Family Pongidae (great apes, i.e. orangutan, chimpanzee, gorilla)
- Family Hominidae (humans).

But this, as we have seen, bears no relation to actual phylogeny and tells us
nothing beyond the fact that the great apes are to some extent evolutionarily con-
servative (they retain small brains and a lot of body hair). The phylogenetically
informative taxonomy is:

Family Hylobatidae (gibbons)

Family Hominidae

Subfamily Ponginae (orangutan)

Subfamily Homininae (chimpanzee, gorilla, human).

!

Having established this taxonomy, we can proceed to make predictions from
it. The combining of humans and great apes in a single family tells us that we
may expect synapomorphies between them in spheres unrelated to those (mole-
cular, morphological) on which the taxonomy was based, such as cognitive psy-
chology, in which wide-ranging similarities are known, to the degree that it has
recently been argued that there are moral, and perhaps legal, implications (Cava-
lieri and Singer 1993). It would be interesting to take this further: are there cog-
nitive synapomorphies of the Homininae which are not shared by the Ponginae?
Cladistic taxonomy tells us that we may expect them; but they have not, as yet,
been sought.

In the annotated taxonomy given in the Appendix, I have in every case recog-
nised monophyletic groups in which the evidence is good (Haplorrhini; Homi-
noidea), but have been conservative otherwise (suprafamilial groupings within
the Strepsirrhini). I have even had in some cases to recognise taxa that are
demonstrably nonmonophyletic, when it is not clear what the groupings really
should be (as in the New World monkeys).

The Species Problem

Tor some taxonomists the rank of species is where the phylogenetic association
ceases. For Mayr, “species are groups of interbreeding natural populations that
are reproductively isolated from other such groups” (Mayr 1969 p. 26). Groves
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(1989) discusses the meaning of “reproductively isolated”: essentially, it means
that species do not interbreed, not that they cannot. The very best criterion of
species status is sympatry: that two OTUs overlap in their distributions, yet
remain separate and distinguishable, is prima facie evidence that they are dis-
tinct species. Two well-known macaque species, the crab-eating (Macaca fascicu-
laris) and pigtailed (Macaca nemestrina) macaques, are found throughout much
of Southeast Asia, over the same areas and often in the same forests; they are
reproductively isolated, hence distinct species, for all that they can be persuaded
to interbreed in captivity. In this case the reproductive isolating mechanisms are
presumably behavioural; but they are as effectively separated by this means as if
they had chromosomal differences (which they do not).

This definition, the “biological species concept”, is accepted in its original
form or in its variant forms (recognition concept, cohesion concept) by the
majority of biologists; but there are difficulties. Cases of total allopatry (two
OTUs occupying separate distributions) obviously cannot be decided on such a
basis. Sometimes there is local breakdown in reproductive isolating mechanisms,
which nonetheless do not result in the two species merging. In fact, Bernstein
(1966) has reported just such a case between Macaca fascicularis and M. nemes-
trina. Hybrid zones between two OTUs whose distributions meet, but do not
overlap, may allow for unrestricted gene flow between them, or may actually
inhibit gene flow, or be semipermeable. The assumption tends to be that only
species that are sister-groups interbreed, but this is not necessarily the case.
Groves et al. (1993) have documented just such a case in the genus Colobus, in
which two species which are not sisters (i.e. not each others’ closest relatives)
have interbred, in fact very widely so that in one particular geographic area
one has effectively “swamped” the other, but a few nontypical cranial and pelage
features crop up to remind us that the population concerned is ultimately of
hybrid origin.

To remedy this, Cracraft (1989 etc.) has proposed the “phylogenetic species
concept”: a species is “an irreducible, monophyletic cluster of organisms posses-
sing at least one diagnostic character”. Most taxonomists would consider that
this draws the species boundaries much too narrowly; nonetheless, the idea
that species, too, must be monophyletic, has been widely adopted. I recommend
here a recent inclusive definition, “the theoretical (ontological) concept”: a spe-
cies is “a single lineage of ancestor-descendant sexual populations, genetically
integrated by historically contingent events of interbreeding” (Christoffersen
1995, p. 447).

In the appended annotated classification, I have tended to follow the most
recent published revision, or given my reasons why not. I have also indicated
subspecies, where these are known. Subspecies are geographic segments of a spe-
cies that are morphologically distinguishable, at least as a whole. (Note that a
species either has two or more subspecies, or it has none. Subspecies have

TNTRD. TR « generic, specific and subspecifics each species also has what is

called a nominotypical subspecies, the one whose subspecific name simply
repeats the specific name, although, be it noted, it is no more “typical” of the
species than is any other of the subspecies!). Where subspecies are almost
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100 % diagnosable, they come close to being full (allopatric) species; this
accounts for most of the disagreements about how many species there should
be in the order primates.

Appendix: An annotated classification of the primates with vernacular or “book-”
names' {modified from Groves 1993)

Order: Primates

Suborder Strepsirrhini (for the correct spelling of this name, see Jenkins 1987)

Cheirogaleidae
Cheirogaleinae

Allocebus
Allocebus trichotis: hairy-eared dwarf lemur

Cheirogaleus
Cheirogaleus major: greater dwarf lemur
Cheirogaleus medius: lesser dwarf lemur

Microcebus

Microcebus coquereli: giant mouse lemur

Microcebus murinus: grey mouse-lemur

Microcebus rufus: red mouse lemur

Microcebus myoxinus: pygmy mouse lemur (formerly considered a synonym of
M.murinus, but see Schmid and Kappeler 1994)

Phanerinae

Phaner
Phaner furcifer (subspecies are: Pf.furcifer, pallescens, parienti, electromontis)

Lemuridae (This family may not be monophyletic; Varecia may perhaps be a sister-group of
the Indridae.)

Eulemur (synonym Petterus)
Eulemur coronatus: crowned lemur
Eulemur fulvus: brown lemur (subspecies are: E.ffulvus (= mayottensis), rufus,

sanfordi, albifrons)

"Note: Taxa ending in -oidea are ranked as superfamilies, those in -idae as families, in
-inae as subfamilies, in -ini as tribes. Taxa above the family level are left unranked, unless
otherwise indicated. Some species have no established vernacular names. Often an entire
genus has a well-known vernacular name (e.g. sportive lemurs for Lepilemur). For distri-

butional data, readers are referred to Groves (1993).
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Eulemur collaris (formerly considered a subspecies of E.fulvus; but see Rumpler
1993)

Eulemur albocollaris (formerly considered a subspecies of E.fulvus; but see Rum-
pler 1993)

Eulemur macaco: black lemur (subspecies are: E.m.macaco, flavifrons)

Eulemur mongoz: mongoose lemur

Eulemur rubriventer. red-bellied lemur

Hapalemur

Hapalemur aureus: golden bamboo lemur

Hapalemur griseus: grey gentle lemur; lesser bamboo lemur (subspecies are:
H.g.griseus, alaotrensis, meriodionalis, occidentalis. Groves 1989 suggested
that H.g.alaotrensis may be a full species.)

Hapalemur simus: broad-nosed gentle lemur; greater bamboo lemur

Lemur
Lemur catta: ring-tailed lemur

Varecia
Varecia variegata: ruffed lemur
(subspecies are: V.v.variegata, rubra)

Megaladapidae (Rumpler 1993 calls this Lepilemuridae)

Lepilemur: sportive lemurs; weasel lemurs
Lepilemur dorsalis

Lepilemur edwardsi

Lepilemur leucopus

Lepilemur microdon

Lepilemur mustelinus

Lepilemur ruficaudatus

Lepilemur septentrionalis

Indridae (for the correct spelling of this name, see Jenkins 1987)

Avahi: woolly indri; avahi (The name Lichanotus is sometimes, incorrectly, used

for this genus.)

Avahi laniger

Avahi occidentalis (formerly considered a subspecies of A.laniger, but see Rum-
pler et al. 1990)

Indri

Indri indri Indri

Propithecus

Propithecus diadema: diademed sifaka (subspecies are: P.d.diadema (= edwardsi,
holomelas), candidus, perrieri)

utdet, rtlusawes La

Propithecus tattersalli: Tattersall’s sifaka
Propithecus verreauxi: Verreaux’s sifaka (subspecies are: Pv.verreauxi (= majori),
deckeni, coronatus, coquereli)

Daubentoniidae (It is uncertain whether this family or the Loridae/Galagidae pair is sister to
other strepsirrhines.)

Daubentonia
Daubentonia madagascariensis: aye-aye

Loridae (usually called Lorisidae, but see Jenkins 1987)

Arctocebus: angwantibo
Arctocebus aureus (usually considered a subspecies of A.calabarensis, but see

Groves 1989)
Arctocebus calabarensis

Loris
Loris tardigradus: slender loris (subspecies are: L.t.tardigradus, grandis (= nordi-

cus), nycticeboides)

Nycticebus
Nycticebus coucang: greater slow loris (subspecies are: N.c.coucang, menagensis,

javanicus, bengalensis)
Nycticebus pygmaeus: lesser slow loris (N.intermedius is a synonym of N.pyg-

maeus)

Perodicticus
Perodicticus potto: potto (subspecies uncertain; in need of revision)

Pseudopotto
Pseudopotto martini (see Schwartz, 1996)

Galagonidae (Usually called Galagidae, but see Jenkins 1987. The entire family is under
revision, with several new species to be described: see Bearder et al. 1994, This family is
sister-group to Loridae, but is conveniently given separate family standing.)

Euoticus: needle-clawed bushbaby
Euoticus elegantulus
Euoticus pallidus (usually considered a subspecies of E.elegantulus, but see

Groves 1989)

Galago

Galago alleni Allen’s bushbaby (subspecies uncertain, in need of revision)

Galago gallarum (usually considered a subspecies of G.senegalensis, but see Nash
et al. 1989)

-Galago matschiei (often placed in Euoticus; usually called G.inustus, but see Nash

et al. 1989) .
Galago moholi: moholi bushbaby(usually considered a subspecies of G.senegalen-

sis, but see Jenkins 1987)






