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INTRODUCTION AND OVERVIEW
The Aims and Methods of Suprageneric Taxonomy

The great apes (gorilla, chimpanzee, orang-utan)
are the closest relatives to ourselves. There is no
disagreement about this; what there are disagree-
ments about are the exact branching order of the
evolutionary tree and the timing of its branching.
The human group (including fossil “hominids") is
deeply involved in these questions, and for this
reason no survey of the great apes can hope 1o
avoid at least a cursory consideration of Homo
sapiens.

Supraspecific classification depends on the evo-
lutionary branching pattern of any monophyietic
group. This is not the place to argue the merits of
phylogenetic systematics, which has been done
more competently than I could hope to do by
numerous authors over the past few years, but a
few words are in order. If taxonomy (above the
species level) is ever to become more than mere
stamp coliecting, it must define its spheres of use-
fulness and examine its philosophical basis. It wiil
be an objective science if it can reflect some part
of the real world and if it can be made testable
against some other standard; it will be a useful
science if it can encode information about it, in an
easily retrievable form. In pre-Darwinian days tax-
onomists wrote about “relationships,” but with
rare exceptions (like E. Geoffroy-St. Hilaire)
could not articulate exactly what these “relation-
ships™ actually meant and therefore what taxon-
omy was tatking about. To be related. in biology
as in genealogy, means to share a common ances-
try; to be more closely related means to share a
more recent common ancestry. Thus the branching
tree, derived from the cladogram, forms the only
objective basis for a taxonomic schema.

There are practical problems with the conclusion
that a classification should be based on the branch-
ing order of the evolutionary tree. The branching
order may not be known, and even the most rig-
orous application of cladistic principles may fail to
resolve it; indeed, as Cartmill [1981] has recently
argued, character state analysis by itself does not
fead to a strictly falsifiable hypothesis. How to
classify fossils is a constant headache. And finally.
if at every dichotomy in the evolutionary tree we
introduce a taxonomic split to reflect it, the result-
ing classification becomes unbearably complicated
and long-winded,

Part of the problem may be that it has always
been assumed that evolutionary trees branch di-
chotomously. There seems no necessity for this.
Under the strictest interpretation of rectangular
speciation [Stanley, 1978] the mother species re-
mains unaffected by budding of a new, daughter
species, so that daughters budded off at successive
time intervals will appear to have emerged simul-
taneously from the same stock. and indeed the
mother species may persist to the present day
showing no autapomorphic character states what-
ever. Suppose, again, that a widespread species
fragments, at a time of climatic change, into sev-
eral isolates, each of which has a chance of becom-
ing a new species. The probabilities of such
occurrences suggest that in the absence of a clear-
cut dichotomy we should not assume one to have
taken place, and that we classify conservatively.
In the event most existing classifications are
broadly phyletically based, even if their origina-
tors did not intend it. it may be proposed  that
unless any taxonomic schema can be demonstrated
to flout the principle of monophyly then it be
treated conservatively and left standing. The reten-
tion of the taxonomic polychotomy may be re-
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garded s part of the ~art™ of taxonomy; but it
must be reiterated that the science of taxonomy is
an inescapable base for such an art, and principles
such as that of monophyly simply must not be
flouted 1f the purpose of the exercise is to be
futfilled.

These remarks have been necessary in order to
explain the taxonomy proposed herein. Changing
a long-established classification is regarded by
many nontaxonomists as the most unhelpful thing
a taxonomist can do. There is, however, a reason
when a change is proposed; and in the present
instance there seems to be ample reason, and in-
deed there are antecedents, 5o the taxonomic alter-
ations will not seem entirely strange.

The Context of the Great Apes

The great apes are considered to belong to a
superfamily Hominoidea, containing among living
primates the lesser apes, or gibbons, as well as
humans. The ounly challenges to this view have
come from 1} Delson and Andrews {1975], who in
two of their three classifications place all “horni-
noids” in a single family, Hominidae, which they
include in a superfamily Cercopithecoidea along
with the Old World monkeys; and 2) Thenius
{11981]. who retains both Hominoidea and Cerco-
pithecoidea and additionally recognizes a third su-
perfamity. Hylobatoidea, for the lesser apes alone.

The svnapormorphic characters of the Homino-
idea. including the lesser apes, are simply too
numerous o overlook [Groves, 1972: Andrews
and Groves, 1974]. It seems unlikely that these
detaited similarities, which are supported by im-
munological tests, have all been evolved in parallel
or convergently; so the unity of the Hominoidea is
here maintained. On the other hand, there is much
w0 be said for including the Hominoidea in the
Cercopithecoidea as urged by Delson {in Delson
and Andrews, [975], especially as this would in-
crease flexibility at the superfamily level; but it
would decrease flexibility below this level, and so
will pot be adopted here.

Reconstructing the Phylogeny of the Hominoidea

As part of a still continuing project being under-
taken with P. Andrews and L. Aiello, a literature
search was made for characters known to vary
between different members of the four “gross di-
visions™ in the Hominoidea: orang-utan, chimpan-
zee, gocilla, human. (Where possible, the items
noted were checked on specimens, but as so many
of them refer to soft anatomy this has not been
possible in many cases.) Of over 200 characters

noted, it was possible to guess the polarity of 140
of them by comparison with gibbons and cercopi-
thecoid monkeys and, where such comparisons
were inconclusive, with platyrrhine monkeys also.
In 26 additional characters (Table 1), by compari-
son with either or both of the two “monkey”
groups, it seems likely that the great ape/human
line shows synapomorph states.

What is the next split in the great ape/human
lineage? There are two feasible alternatives: be-
tween Pongo (orang-utan) and the rest, or between
Homo (human) and the rest. The second imples
that the phrase “great ape” denotes a monophyletic
group; the first, that it denotes a heterogeneous
assemblage. Overwhelmingly [Goodman ct al.,
1970; Sarich and Cronin, 1976} immunological

TABLE 1. Derived Character States Common to
Pongo, Gorilla, Pan, and Homo

1) Canine of male reduced; its length less than 150%
of length of M'
23 Canines robust, stout
3) P; with at least trace of metaconid
4) Trigonid basins of lower molars broadened, not
slitlike
5) Long tibial flexor of toes (= M. flexor digitorum
longus) does not supply Ray 1
6) At least 7 vallate papillae
7) Palatine ridges irregularly disposed
8) Ovaries large, more than 20 mm long
9) Femate mammary enlargement. at least from first
pregnancy
10) Presence of axillary organ
11) Reduced hairiness: dorsum under 200, chest under
100 hairs per cm?
12) Colon length less than 40% of small intestine
13) Valvulae conniventes may be present. at least in
adult
14) Thoracolumbar vertebrae reduced: mean under 17
15) Mandibular symphysis deepened, its depth at least
75 % of tooth row length
16) Ethmosphenoid contact occurs in over 50% of
individuals
17y Carpus separated from ulna: triquetral reduced,
triangular; hamate less oblique
18) Incisive foramina much reduced in size
19) Humerus with deep bicipital groove
20) Humeral epicondyles well developed. espe
medial
21) Radius bowed outward
22) M. pectoralis abdominis absent
23) M. deltoideus with very thick, fleshy acromial
origin
24y M. latissimus dorsi with limited costal origin
25) Sternum fused up to 2nd rib
26) Ischial callosities absent

o

,,
|
i

Systematics of the Great Apes 189

TABLE 2a. Derived Character States Common to Gorilla, Pan, and Homo

1) Premolar now shortened: length below 150% of M' length
2) Palmar pattern intensity not greater than plantar
3) Brachial index well below 100
4y m:ﬁ.&:\_n:m.: index of talus above 80
5) Calcaneus with broad talon, its breadth more than 30% of calcaneus length
6) Relative lower limb length above 120
7) Dental eruption delayed: not completed untit middle or late in epiphyseal closure sequence
8) Fungiform papillae located primarily at apex of tongue
9) Palatine ridges reach only to P2 or M
10) Iteocecal valve compressed
11) Processus vaginalis obliterated in adult
12) Uterus broad, above 37mm
13) Aorta type [ occurs in under 25% of indjviduals
14) Anterior papillary muscle (of heart) single, not many-stranded
15) A. recurrens ulnaris splits anterior/posterior (not communis/interossea)
16) Few or no apocrine glands over body surface. but many eccrine
17) Large. elaborated ax ary organ
18) Epidermis well ridged on underside
19) Scalp considerably more densely haired than dorsum
20) Colon length less than 30% that of small intestine
21) Pars intermedia of adenohypophysis lacking
22) Gut length more than 9 times head-and-body length
23) Small intestine more than 6 times :amaé:a,?év. length
24) Middle ear depth more than 8.5 mm
25) Orifice of submandibular gland in common with that of greater sublingual
26) Area of inner ear more than 60 mm?
27} Earlobe present
28) Lacrimal often separated from ethmoid: frontomaxillary suture in orbit
29) Hamate vertically aligned. with spiral facet: conjunct rotation
30) Os centrale fused with scaphoid from infancy or earlier
31) Frontal sinuses present
32) Pyriform aperture broad, squared at inferior margin
33) Infraorbital foramina close to maxillary suture
34) Relative upper face height less than 80
35) Thoracolumbars average |7
36) Gestation lengthened: over 240 days
37) Plasma testosterone less than 1,000 ng/

&

TABLE 2b. Derived Character States Common to Pongo, Gorilla, and Pan

1) Lumbar vertebrae only 4: length of lumbar spine less than 30% of trunk
2) Coccygeal vertebrae less than 4
3) Posterior cervical spines lengthened: C5 spine length more than twice as long as vertebral body
4) Humerus longer than femur
5) Relative upper limb length more than 170
6) Relative hand length more than 40
7) M. flexor pollicis longus rudimentary or absent
8) Orifice of parotid gland opposite P?
9) Labia majora absent in adult
10) M. plantaris present in less than 50% of individuals
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studies support the view that Pongo is the sister
group of the others. Table 2 lists the support that
comparative anatomy lends to the two alternatives:
38 apparently derived states support the Pongo-
first-split model, 10 the Homo-first model. The
conclusion is evident: the line leading to Pongo
was the first to become separate.

The ten “great ape” character states would
therefore be convergent. Or would they? Evolu-
tionary reversals can never be excluded, and in the
present case the evidence from the Cercopithecoi-
dea conflicts with that from the Hylobatidae. It
seems plausible that the characters listed in Table
2b, or some of them at least, might have evolved
from a primitive catarrhine state to a basal homi-
noid condition, and this latter has then reversed
again in the Homo line. Such an explanation would
be somewhat more parsimonious than one invok-
ing independent acquisition of certain states in
each of the three great apes, and in some cases in
the gibbons as well.

There are also several conditions common just
to Pongo and either Pan, Gorilla, or Homo (Table
3). These are plausibly interpreted as genuine con-
vergences of the orang-utan with its relatives, and
it is of interest that there are more with Homo
{Table 3c) than with either of the other two great
apes, although as further characters are analyzed
this could change.

We are left with a group containing Homo (hu-
man). Gorilla {gorilla), and Pan (chimpanzee).
There are three ways in which these could be
related dichotomously, and the derived states in
support of each are listed in Table 4. Again on the
hypothesis of the least convergence, it would seem
that Pan is the sister group of Homo, with Gorilla
representing an earlier branching off.

Such a conclusion is surprising in view of the
widespread acceptance [Tuttle, 1968; Groves,

1970b} of congeneric status for gorillas and chim-
panzees. In the present instance, only seven char-
acter states have been interpreted as possibly
derived in common between these two; in fact
there are more features in common between Go-
rilla and Homo than between Gorilla and Pan! A
note of caution must be entered. Homo is so highly
autapomorphous that some of the features in com-
mon between chimpanzee and gorilla are simply
inapplicable. and it is not possible to organize
them into any plausible hypothesis of polarity.
Such for example are the features identified as
knuckle-walking specializations by Tuttle [1968]:

TABLE 3a. Derived Character States Common to
Pongo and Pan

1) Facial index 70 or more
2) Relative foot length 50 or more
3) A. recurrens radialis originating from
A. brachialis
4) Appendix twice as long as cecum
5) Glans penis undifferentiated. lacking corona

TABLE 3b. Derived Character States Common to
Ponge and Gorilla

1) Relative chest girth above [80
2) Relative breadth of corpus sterni above 40
3) M. plantaris present in less than 4% of individuals
4) Foliate papillae mostly dorsal in location
5} Throat sac enlarged. multilobed
6) Kidney large, more than 0.4 % of body weight
7) Testes very small, only 0.05% of body weight
or less

TABLE 3c¢. Derived Character States Common to
Pongo and Homo

I} Metaconid of Py enlarged

2) Upper ear height less than 40% of car length
3) Vallate papillae more thun 8

4) Heocecal valve with two folds

5) Gallbladder with very slight or no bend

6) Kidney at least 0.4% ot body weight

7) Parotid glands with small accessory lobes

8) Continuous receptivity (7)

9) Labia minora prominent

10) No sexual swelling

these could be true synapomorphies which the
ancestors of Homo never possessed (in which case
of course most of the supposed synapomorphies of
Table 4a would seem to be convergences, plus
perhaps some symplesiomorphies wrongly con-
strued), or they could be synapomorphies, aug-
menting those of Table 2a, defining the Homo/
Pan/Gorilla lineage but lost in the ancestors of
Homo. Certain evidence [for example, Lewis,
1973] does in fact suggest that the second interpre-
tation might be correct, in that fossil antecedents
of Homo sapiens have some of the osteological
features of the carpus associated with knuckle-
walkers.

TABLE 4a. Derived Character States Common to
Pan and Homo
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TABLE 4b. Derived Character States Common (o
Pan and Gorilla

1) I similar in size and shape to §'
2) Basal keel of lower canine absent
3) Sulcus obliguus of lower molars reduced in
expression
4) Humerus flattened transversely (convergent with
Pongoy
5) Ankle epiphyses fuse at same time as etbow and
hip (instead of after)
6) Liver with only 2 lobes (convergent with Pongo
and Hvlobates)
7) Development delayed: puberty later than 7 years
8) Pendulous scrotum
9} Uterine fundus flattened sagittally (convergent with
Pongo and Hyvlobares)
10) Baculum very reduced (under 6 mm long, or
absent)
H) Erect penis very large, over 80 mm long
{2) Prominent labia minora (convergent with Porngo}
13) Ejaculate volume more than | ml
14} Cranial end of heart opposite 2nd rib
t5) Caudal end of heart opposite 7th rib {convergent
with Pongo)
16) Thoracicalis suprema artery present
17) Hairs on dorsum reduced to at most 100/cm?
18) Only 3 lobes on right fung (convergent with
Pongo, which has only 1)
[9) Throat sac reduced with few or no rec SSCS
20) Parotid gland free from M. sternoclei fomastoideus
21) Premaxillary suture always obliterated in adults
22) Molar protocristid grooves reduced (convergent
with Pongo)
23} Axis of ear bones over 90°
24) Spine of axis (cervical 2) less than 150% body
height
25) No thecal lutcinization in second half of cycle
__{convergent with Pongo)

A number of other methods have become widely
used over the past two decades for deciphering
phylogenies, and not unexpectedly it is human
relationships that have been most closely investi-
gated. The results are inconsistent in the extreme.
Four branching patterns are conceivable:

L. Gorilla and Pan closer than either is to Homo:
this, the “traditional” interpretation (see above),
is supported by the results of the immunology of
Moore et al [1968] and, with due caution, of the
myoglobin sequencing of Romero-Herrera et al
[1976].

2. Pan and Homo closer, Gorilla apart: this
interpretation, which seems to be supported by

1) High angle of 1orsion of humerus
2) Deep head of M. flexor po
3) Parotid gland smuall
4) Six sacral vertebrae
5) White pygal tuft, at least in young
6) Trigonid b

ts brevis absent

n of tower molars enlarged

TABLE dc. Derived Character States Common to
Gorilla and Homo

1) Brachial index less than 80
2y Power arm of foot more than 35% tength of fever
arm
3) Fluorescent body (or bodies) in spermn
4) Chest hairs very sparse. 5/cm?” or less
5) Rectum flexed
6) Ear breadth less than 70% of length
7) Kidney more than 0.3% of body weight
(convergent with Pongo)
8) Valvulae conniventes well developed in adult
9) Gestation length more than 260 days
10) Testes less than 0.1% of body weight (convergent
with Pongo)
11) Ovaries more than 40 mm long
12) Interstitial tissue abundant in pregnant state

comparative anatomy as reported here. but again
with reservations, is favored by the results of Grant
and Hoff [1975], working on characters of the
skin, and very strongly so by the chromosome-
banding analysis of Yunis and Prakash [1982].

3. Gorilla and Homo closer, Pan apart: such a
model would be mildly supported by the findings
of the electrophoretic study of Lucotte and Lefebre
{1981].

4. All three spring from a single branching
point, ie, a trichotomy: Sarich [see for example
Sarich and Cronin, 1976} has long advocated this
view; it is mildly supported by Bruce and Ayala
{1979}

Some studies note that inconsistency is charac-
teristic of the findings at this level, and infer that
whatever the *’true™ picture may be there has been
much parallelism, or else the branching points
were so close that resofution is virtually impossible




192 Groves

{Goodman et al, 1970; Bruce and Ayala, 1979;
Dutriliaux et al, 1975]. Such a pattern would be
produced by a vicariance model: SUppose a com-
mon ancestor to be widespread in Africa, with
clinal variation in a number of characters; if two
barriers, most plausibly of a geographic nature,
now arise within the species’s range, segmenting
it into three (whether at the same time or at two
different times), the central one of the three daugh-
ter populations would share different derived states
with either of the two peripheral ones. This is
broadly the model proposed by Kortlandt [1972];
although the specific form in which he nﬂovo::aoc
it—with protochimpanzees arising west of the Ni-
ger, protogorillas in the center, m:a n._.oﬂo:camam
cast of the Nile™is unsatisfactory in its mmvﬁm to
geographic events still wrapped in ocmaciw, and
does not explain the particular pattern of interre-
lationships seen.
Homineid Systematics Above the Genus Level

As explained above, the first two v&:&::m
events of the hominoid lineage are unambiguous;
for reasons put forward in the first section, such
branching events are strong candidates for @.Em_
taxonomic recognition. The following classifica-
tion to generic level is proposed:

Family Hylobatidae
Genus Hylobates [see Groves.
1972, 1984]

Family Hominidae
Subfamily Ponginae
Genus Pongo
Subfamily Homininae
Genus Gorilla

Genus Pan
Genus Homo

This arrangement is satisfactory as far as living
forms are concerned. Finer subdivision E.mv\.vo
required when fossils are included. The continuing
study of Aiello, Andrews, and Groves o: prepa-
ration) will focus on the polarity of cranial (espe-
cially maxillary), mandibular, dental, and oSn.n
skeletal characters, and so attempt to fit fossil
hominoids into the scheme. Similarly, three-way
tribal subdivision within the Homininae may prove
necessary when the fossil members and collaterals
of the human lineage are considered.

Evolutionary Patterns in the Hominidae

The theory of punctuated equilibria [Eldredge
and Gould, 1972; Gould and Eldredge, 1976} pos-
tulates that evolutionary change is slow, if it oc-
curs at all, in large panmictic populations, but
rapid (“rectangular” {Stanley, 1978]), in a small
population that becomes isolated from the parent.
Consequences of this for the present argument
would be as follows.

1. Contra the strict cladistic approach, a dichot-
omy in a lineage will be expected to result not in
two new, daughter species, but either a) one new,
daughter species (the isolate), with the parent spe-
cies persisting unchanged, or b) two new, large
panmictic populations, neither showing much
change from the parent population. In the second
case we need not have speciation at all; so the
vicariant isolation events appealed to previously
would merely lay the basis for the future diver-
gence of Pan, Gorilla, and Homo lineages, per-
haps while remaining conspecific, and E.o
divergence of the three groups would have to await
speciation events.

2. The degree of divergence undergone by a
given lineage would be roughly Eovo_,:o:m_ to the
number of speciation events intervening between
the living species and its last common ancestor
with its nearest relative. Bradytelic evolution
{Simpson, 1949] is seen in this view as a conse-
quence of failure to speciate (itself a consequence
of wide ecological tolerance, in a stable :_wrm. as
argued by Vrba [1980]), whereas tachytelic evo-
lution would result from a high rate of successful
speciation by rectangular evolutions. 4

How many characters have changed in each Ii-
neage since its individualization? Table Sa Rn.uoim
the automorphic character states of each living
genus of Hominidae. Homo (Table 5d) has 26;
Gorilla (Table 5b), 9; Pan (Table Sc), 5. These
figures are of course minimum counts, no m.:m:.ﬁ
having been made to reify the more wcsoﬁﬁn
characters like “nose prominence,” “sclera visi-
bility,” and so on, which would in any case inflate
the total for Homo more than that for the other
two. At any rate, since the three-way split Homo
would seem to have changed three times as fast as
Gorilla, five times as fast as Pan.

This is probably not quite a true picture, as there
are 25 derived features in common between Pan
and Homo (Table 4a), and a few in common be-
tween either of these individually and Gorilla (Ta-

TABLE 5a. Derived Character States Unique to
Pongo

1) Subnasal plane smooth, not stepped
2) Molar protocristid groove slight or absent
3) Interorbital space very narrow
4) Zygomatic bone flattened
5) Zygomatic foramina multiple
6) Zygomatic foramina large
7) Zygomatic foramina above level of lower
margin of orbit
8) Glabella not thickened
9) Incisive forumina minute
10) Palatine foramina slitlike
11) Orbits tall, narrow: taller than wide
12) Thumb very short; relative thumb length well
under 50
13) Superior belly of M. digastricus absent
14} Filiform papiliac not spreading to sides of
tongue
15) Many glands under sublingua
16) No frenufum
17) Gallbladder very small
18) Fungiform papillae few in number
19) Deep head of M. flexor pollicis brevis
claborated
20) Caudal end of heart opposite rib 6
21) Lung lobes reduced to | each side
22) Valvulae conniventes extremely numerous
23) Vas deferens with small diverticula

TABLE 5b. Derived Character States Unique to
Gorilla

1) Metaconid well separated from protoconid

2) Very deep lingual marginal ridges on lower
molars

3) Area of inner ear over 90 mm?

4) Tuberculum intervenosum (of heart} poorly
expressed

5) Thymus with 3 lobes

6) Parotid gland underlies M. sterno-
cleidomastoideus

7) Receptivity confined 10 3-4 days per monthly
cycle

8) Testes in sessile pockets

9) Several fluorescent F bodies in sperm

————

TABLE 5c. Derived Character States Unique to Pan

1) Anterior cercbral arteries separate from Rr.
communicans

2) Gians penis long, filiform

3) Plasma testosterone only 257 ng/100 m!

4) Sperm density very high, 548 million/m!

5) Sexual swelling enormous

—_—— e
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TABLE 5d. Derived Character States Unique to
Homo

1) Small, non-sexually-dimorphic canines
2} Canines buccolingual, clongated
3) Canines erupt before premolars
4) Py metaconid nearly as lurge as protoconid
5) Relative upper face height only 50%
6) Relative breadth of corpus sterni 30%
7) Length of spine of axis less than 120% that of
body
8) Ear breadth only 55% tength
9) Thumb clongated: relative thumb length 67
10) Mm. genioglossi insert above inferior
transverse torus
1) Left atrium of heart higher than right
12) Gestation fengthened: 280 duys
13) Folds in uterine marginal mucosa transverse
14) No bacolum
15) Erect penis over 10 mm long
16) Flaceid penis pendulous
17) Sperm density very low, 60 million/m!
18) Mammary enlargement permanent, from
sexual maturity
19) Elongated wber calcanci
20) Trunsverse metatarsal figament includes Ray |
21) Spinai curvature accentuated
223 lium broader than high
23) Protuberantia menti (chiny developed
24) Foramen magnum and occipital condyles
shifted forward
25) Extreme hair reduction
26) Sexual dimorphism in hair distribution

ble 4b.c). The trichotomous model explains these
three sets of characters as an inheritance from the
clinal variation that preceded reproductive isola-
tion; but, as has been noted above, it is just as
likely that one or other set could be genuinely
synapomorphous. If we regard the largest set (Pan-
Homo) as the synapomorphous one, the other two
as parallel, then since the Gorilla versus Pan-
Homo split the numbers of evolutionary changes
accumulated have been as follows:

Gorilla: Table 4b + Table 4c + Table 5b =
7+ 12+9=28

Pan: Table 4b + Table 4a + Table 5¢ =
7+25+5=237

Homo: Table 4a + Table 4c + Table 5d =
25 + 12 + 26 = 63

The enormous surplus of changed states in Homo
is retained, but the positions of Pan and Gorilla

are reversed.







