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The aim of the present paper is to present gaps in our knowledge as
much as facts. The unsatisfactory state of primate taxonomy today is
due, at least in part, to the explosion of research on primates
(especially on prosimians) in recent years; the old certainties are gone
and a host of new information is available, still largely undigested
and still incomplete, but sufficient to point the way to radically new
assessments. New areas of research are indicated in their turn, and it
is the role of taxonomy to provide the synthesis and indicate possible
avenues of useful future investigation.

It is necessary at the outset to ask oneself the question: what,
precisely, is the function of taxonomy? The phenetic/phyletic and
grade/clade controversies show no signs of abating; the theoretical
approaches of the different schools are as wide apart as ever, but
strange to say the effect of this in practical terms in minimal. Taking
the mammals as an example, it is probably fair to say that the
internal arrangement of most orders is widely accepted, only the
Rodentia, Insectivora and Primates being sources of major disagree-
ment. In the first case the phylogeny itself, and the roles of
convergence and parallelism, are at stake; in the other two cases,
there are radical divergences of opinion over how the agreed
phylogenetic data should be employed to yield the most useful
taxonomic scheme.

It is widely agreed that phylogenetically the lemurs (sensu lato)
are more divergent from the tarsiers, monkeys, apes and man than
these latter are from each other, and this theme recurred throughout
the Research Seminar. In spite of this general agreement, taxonomic
schemes vary widely; three in common use are presented in Table 1.
Simpson’s is a frankly grade-type of classification: for all its phyletic
association with Anthropoidea, the tarsier is ‘primitive’, so it is
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ranked alongside the other ‘primitive’ primates in Prosimii.! Hill’s
scheme is strictly clade (phylogenetic):? the tarsier is related to the
Anthropoidea (Pithecoidea) more closely than to the lemurs, so it
must be placed nearer them in u classification. Romer’s is essentially
a compromise between these two opposing viewpoints.?

In the last analysis, a grade classification like Simpson’s is
essentially anthropocentric. When one asks 2ow lemurs and tarsiers
are primitive, the only possible answer is that they have small brains:
they are less advanced up the ladder to man. The other ‘primate
trends’ *»° — enhancement of digital mobility, orbital frontality,
olfactory reduction and so on — which are also said to lead up the
ladder to man, are consequently as anthropocentric as brain size; but
all of them are subject to exceptions (frontal orbits of Loris,
pseudo-opposable thumbs of many lemurs, hvpocones present in
many lemurs but absent In marmosets), so that we are left with brain
size alone as the basis for subordinal division. Such a situation is of
course an occupational hazard of grade taxonomy. If one attempts to
,characterise living species as ‘primitive’ or ‘advanced’ overall and then
to make taxonomic groupings on this basis, there is always a strong
risk that the members of one’s resultant taxa may in fact be
‘primitive’ or ‘advanced’ in different ways, leaving the taxa undefin-
able and very probably polvphyletic.

It is here insisted that a phylogenetic (‘clade’) type of classifi-
cation is more meaningful in all respects than a grade one. It avoids
subjective assessments of overall evolutionary ‘advancement’; its
degree of objectivity varies only with the state of knowledge of the
group’s evolution; it excludes polyphyvletic taxa; and perhaps most
important, it maximises the amount of information content in a
classification, enabling it to be used as a kind of one-dimensional
phylogeny. The drawback to such a scheme is that its validity is
totally dependent on the validity of the evolutionary scheme on
which it is founded. It might at times be useful to retain an old
classification in a case where phylogenetic views were in a state of
flux: within the primates, for example, it is probably preferable for
the moment to retain a grouping — Platyrrhini, Ceboidea or what-
ever — for the New World primates, although their homogeneity is by
no means certain; but such an arrangement should only be an interim
measure, and as far as suborders are concerned the relevant
phylogenetic data are perfectly clear, and the advantages of a strict
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clade taxonomy should not be lost.

The study of fossil primates is progressing rapidly, but there are
still so many gaps, uncertainties and disputes — not to say polemics
— that comparative anatomy must still be the prime basis for
phylogenetic reconstruction. For example, the detailed similarity of
the foetal membranes of Tarsius and monkeys is so remarkable,® and
is supported by such a wealth of other resemblances,”® that to

‘R
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Table 1 Three currently used classifications of Primates

complain that the fossil record is inadequate to demonstrate the
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origin of monkeys and apes from a tarsier-like group is irrelevant;’
nor is it really feasible to envisage separate derivation for Catarrhines
and Platyrrhines from paromomyiform ancestors.!?

There remains the problem of deciding the validity of shared
characters. Detailed homology, as in the placentation example, can
generally be relied upon to exclude convergence especially if backed
up by other similarities. The same can probably be said of
parallelism. The question of symplesiomorphy v. synapomorphy
(‘characters of common inheritance’ and ‘characters of independent
acquisition’) demands some knowledge of animals outside the group
one is considering, as has become all too clear in the case of the
tree-shrews, and their inclusion in, or exclusion from, the
Primates.? 1512

The species concept

The critical question for deciding the specific status of two extant
forms is whether or not they form hybrid populations in a state of
nature (if they share portions of their range). This is the meaning of
reproductive isolation. Obviously, if the two are allopatric and never
meet, then other means must be found to decide their status; but if
they are sympatric and show no signs of forming a hybrid population
between them, ie. they do not form a morphological continuum
when museum specimens or living examples are examined, then
reproductive isolation is indicated. It is worth stressing this point,
since many reports in the literature on primates give the impression
that the two parent types are shown to be conspecific by the mere
fact that they can hybridise under captive conditions.!?® Nor is the
production of occasional wild hybrids indicative. The following cases
can be used to indicate respectively the hybridisation of forms in
captivity which are sympatric but reproductively isolated in the wild,
and the production of hybrids in the wild without destroying
reproductive isolation:

1. A recent checklist records the production, in captivity, of
hybrids between taxa whose coexistence in the wild indicates
their status as good, separate species;!? among the Primates,

these include:

Hylobates lar x H. pileatus (two gibbons sympatric in Thailand)

Cercocebus torquatus x Papio sphinx {redcap mangabey and
mandrill, sympatric in Rio Muni and Gabon)

Cercopithecus cephus x C. mona (two guenons, sympatric in
Gabon)

Cercopithecus hamlyni x C. lhoesti (two guenons, sympatric in

Kivu)
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Cercopithecus mona x C. nictitans (two guenons, sympatric in
Cameroun)

Macaca arctoides x M. assamensis (two macaques, sympatric in
N. Burma)

Macaca nemestrina x M. fascicularss (two macaques widely
sympatric in South-Fast Asia)

Papio hamadryas x Theropithecus gelada (sacred baboon and
gelada, sympatric in Ethiopia)

Cebus albifrons x C. apella (two capuchin species, sympatric in
Colombia and N.W. Brazil)

Especially noteworthy is the fact that several of these hybrids
were capable of producing viable offspring when backcrossed
with one or other of the parental species: in other words, the
reason for their failure to form hybrid populations in the wild is
purely ethological, not because of karyotypic incompatibility or
for any other morphological cause. Instructive examples from
outside the Primates can be found among the Cervidae: hybrids
between Cervus elaphus (Red deer) and Elaphurus davidianus
(Pére David’s deer), two species formerly sympatric in China
and belonging to distinctly different genera by any standards,
are not only obtained with great ease in captivity, but are
‘endlessly fertile’!

2. There are, on the other hand, several cases of the production of
occasional hybrids in the wild without the formation of hybrid
populations, ie. without actual gene-flow between the two
parental species. Three such cases are known from primates:!*
Cercopithecus mona x C. pogonias in Cameroun, C. mitis x C.
ascanius in Uganda, and Macaca nemestrina x M. fasciculards in
Malaya. In at least two of these cases, habitat interference by
man was suspected; it is likely that, in the macaque instance, all
the males in a nemestrina troop had been shot, and the females
joined a fascicularis troop. There is also at least one case, from
the Bovidae this time, of regular hybridisation between two
sympatric species which nonetheless manage to retain their
separateness: it is claimed that the two ibex species Capra
caucasica and C. cylindricornss frequently hybridise where their
ranges overlap in the central Caucasus;'® but the hybridisation
goes no further than F,, so that there is no gene-flow betwezen
the two species.

T he major divisions of the Strepsirhini

There has been a tacit assumption that, because Madagascar is an
island, and because its fauna is by and large very unlike that of the
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African mainland, the Malagasy lemurs must be a homogencous
group: that there can have been only one invasion of Madagascar per
mammalian order, and that this must have been in the far distant
past. Hence, the aye-ave forms with the Lemuridae and Indriidae a
single infracrder, Lemuriformes, while the lorises and galagos are set
apart as Lorisiformes. Starting from this assumption, primatologists
have searched for differences between the two groups and claimed to
discover them; on this insecure basis, zdogeographers have felt at
liberty to use the lemurs as illustrative of the distinctness of the
Malagasy fauna, thereby completing the circularity of the
argument!!6

he‘.a%xslhmsﬁl\gs dif ferences

The differences of the Lorisiform lemurs from the Lemuriform ones
were first emphasised by Osman Hill,! 7 who listed 39 characters said
to distinguish them. Many of these however are at once qualified by
such statements as ‘except Galago’, while many (perhaps most!) of
the others certainly should have been. The most important of these
characters, in that they have been given prominence in later works
such as Le Gros Clark’s great textbook,* would seem to be:

1. Tympanic ring external to bulla and fused with it.

2. Os planum (ethmoid plate) on orbital wall.

3. Large stapedial, small promontory artery, branching external to
bulla and only stapedial entering bulla.

. Microstructure of tooth enamel.

. First ethmoturbinal enlarged, overlapping maxilloturbinal.

. Vibrissae reduced.

O Ut H

Of these features, nos. 4 and 5 are of somewhat uncertain value
since they have been investigated only in relatively few species. The
first three are the ‘key’ features, quoted time and again in this regard.
Table 2 shows however that, even if they are taken at their face
value, only the tympanic region distinguishes the Malagasy and
non-Malagasy groups as a whole. The characters are all more
complicated than the list would indicate, however, and should be
examined in detail.

Table 2: ‘Lorisiform’ characters in the Strepsirhini

Lemuridae,

Indriidae, Cheirogaleidae  Cheirogaleidae

Daubentoniidae (Phanerinae) (Cheirogaleinae) Lorisidae
Tympanic ring - — - X
Os planum - — X X
Carotid arteries — X X X

o
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1.

The position of the tympanic ring, and its relation to the bulla,
has been widely misunderstood or misinterpreted. Alan Walker
has discussed the matter with the author, and permits the
preliminary results of his researches to be mentioned here:

{a) In the Malagasy lemurs the bulla is enlarged and inflated
so that it overgrows the tympanic ring. The ring is therefore
inside the bulla, and its inferior edge is separated from the
bulla by a recess (except in Microcebus, according to
Saban;'® but Walker suggests that this latter condition may
be an artifact of postmortem shrinkage of the extra-tympanic
membrane).

(b) In the Lorisidae the bulla is small and fails to overgrow
the tympanic ring, coming into contact with it; and the latter
grows laterally, forming the inferior margin of the mouth of
the bulla. .

(¢) In ‘Galago’ crassicaudatus (probably forming genus
Otolemur, see below), there is an intermediate condition: the
bulla does not extend appreciably lateral to the tympanic
ring, so there is little tympanic component in the bulla. This
condition seems to occur in the Mioeuoticus cranium too.!?

This character therefore, though given great weight in most
taxonomic schemes, is seen to have a very simple basis, being
largely dependant on the size of the bulla itself. There is,
however, a rather more fundamental difference, which Walker
has demonstrated to me: in the Lorisidae, alone among the
Strepsirhini, there is a partition within the bulla separating the
hypotympanic cavity from the tympanic cavity proper; this
occurs in the African Miocene crania as well. .

The presence or absence of an ethmoid component (os planum)
in the orbital wall is largely a matter of orbital frontality.?® The
Lemuridae and Indriidae lack it; the Lorisidae possess it; while
the Cheirogaleidae are divided, Phaner lacking it and the other
three genera possessing it. (Its evident existence in Alocebus
has been ascertained from the holotype in the British Museum
by Cartmill and myself.)

. The most complex of the three characters, the disposition of

carotid branches in the ear region, divides not the Lemuriformes
from the Lorisiformes but the Cheirogaleidae and Lorisidae
from the Lemuridae and Indriidae.'® In the latter two families
the common carotid artery divides into two major branches, the
external and internal carotids {with the occipital artery arising
from the same junction); the latter then, after giving off a
‘rameau tubaire’, enters the bulla via the carotid foramen, and
on the cochlea it divides into a large stapedial and a small
promontory branch. (The stapedial feeds the middle meningeal
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arteries, while the promontory joins the circulus arteriosus.)

In the Cheirogaleidae and Lorisidae, on the other hand, the
first junction gives off an additional artery, called the anterior
carotid by Saban,'® which runs forwards outside the bulla and
enters the cranial cavity via a large foramen in the position of
the human foramen lacerum, but undoubtedly not homologous
with it (it is called the promontory foramen by Szalay).?! The
internal carotid enters the bulla and, as in the Lemuridae and
Indriidae, divides on the cochlea into stapedial and promontory
branches; but the stapedial is this time a very small artery — in
fact it is absent in Phaner — while the promontory is large. The
promontory does not enter the braincase right away, but leaves
the bulla and goes through the promontory foramen along with
the anterior carotid. The Lorisid-Cheirogaleid pattern therefore
involves not an earlier stapedial-promontory branching as Le
Gros Clark and others have stated (for this occurs in the usual
place, inside the bulla), but the existence of an entirely new
artery! It is tempting to identify this with the medial
entocarotid —a primitive mammalian artery not otherwise
recorded in primates — as do Van Valen and Szalay;?!’ 22 but
since its existence (as well as the changed pathway of the
promontory) is closely bound to that of a promontory foramen,
which is not present in fossil primates in which this region is
discernable (Plesiadapis, Phenacolemur, Adapis, Notharctus
etc.), this seems unlikely. It is best interpreted as a specialis-
ation, probably derived from a modification of the ‘rameau
tubaire’, which in the Lemurid tvpe is a similar extrabullar
branch of the internal carotid but in the Lorisid type arises
from the anterior carotid. .

It should finally be mentioned that the existence of the
promontory foramen is associated also with a specialisation of
the venous system, serving as the exit for veins draining the
cavernous sinus into the external jugular vein. 3

i

The final differentiating feature, vibrissal reduction, also falls
down on closer examination.® The full complement of vibrissae
— supraorbital, genal, mystacial, interramal and carpal — occurs
in the Cheirogaleidae and in the lemurid genus Varecia. Lemur
and Hapalemur lack only the interramal group. Lepilemur, the
Indriidae and the Galaginae lack interramals and carpals. Finally
the Lorisinae lack all except the mystacial group. There is
therefore no clear-cut division that can be made.

The upshot of all this is that there is only one feature — bullar
construction — in which a clear-cut Lemuriform/Lorisiform division
exists; and no common specialisation uniting all the Malagasy lemurs
can be found. However the Afro-Asian Lorisidae and the Malagasy
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Cheirogaleidae do share a specialisation in the carotid system. Szalay
underplays this resemblance, and argues that for mammals as a whole
a tympanic external to the bulla is primitive;?! but for lemurs, if
they are truly derived from the Adapidae, it would have to be the
other way around.

Zoo- geographic considerations

If, then, one can detect probable specialisations in common
(synapomorphy) between two groups separated by the Mozambique
channel, it is worth asking whether multiple invasions of Madagascar,
or perhaps re-invasions of Africa from Madagascar, would have been
possible. The mammalian fauna of Madagascar belongs to six orders:
one, the Primates, is the order in question: another, the Chiroptera, is
represented on the island only by worldwide genera. The other four
are:

1. Carnivora. All Malagasy carnivores belong to the family Viver-
ridae; they are assigned to seven genera, belonging to three
subfamilies,”* of which two (Cryptoproctinae and Galidictinac)
are indigenous, the third (Hemigalinae) having members outside
Madagascar — not indeed in Africa, but in South-East Asia!
There is a suggestion of a close relationship between the
Malagasy Eupleres and the Indochinese Chrotogale (Owston's
civet). Later studies have extended this picture somewhat.
Karyotype data®® suggest that the Malagasy subfamilies are in
fact closely interrelated and belong in a group with another
Oriental subfamily, Paradoxurinae, contrasting with the true
civets, Viverrinae, on the one hand, and the mongooscs,
Herpestinae, on the other. The most recent rescarch finds that
the Malagasy viverrids do in fact all form a homogencous group,
even with regard to the Oriental Hemigalines, and that one of
the supposed hemigalines, Fossa (the Fanalouc) is the most

primitive living form.? 3
2. Rodentia.  After reviewing monophyletic and polyphyletic

theories of the origin of Malagasy rodents, F. Petter concludes
that they, like the carnivores, do derive from a close-knit
common stock (probably among the Cricetidae), but have
reached Madagascar via multiple invasions.?®

3. Lipotyphla. Except for the ubiquitous Suncus, clearly of recent
origin on Mad car and probably introduced by man, all
Malagasy inscctivores belong to a single family, Tenrecidae, and
to a single indigenous subfamily, Tenrecinae. The other sub-
family, Potamogalinae, occurs on the mainland of Africa; a







