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Chromosomes and the origins
of Apes and Australopithecines

Comparison of molecular data suggests that the higher apes (Go-
rilla, Pun) and humankind (Homo) are closely related and that
they diverged from the common ancestor through two speciation
cvents situated very closely together in time. Examination of the
chromosomal formulas of the living species reveals a paradox in
the distribution of mutated chromosomes which can only be re-
solved by a mode] of trichotomic diversification. This new model
of divergence from the common ancestor is characterized by the
transition from (1) a monotypic phase to (2) a polytypic phase of
three sub-species - pre-gorilla, pre-chimpanzee and pre-
australopithecine. The quadruped ancestors of Australopithecus
appear to have been one of the three components of the common
ancestor. The question is whether ramidus is an australopithecine
or a pre-australopithecine representative of the common ancestor.
The new model of diversification of the common ancestor is
resituated in the paleogeographic and paleoclimatic context which,
through the north-south pattern of extension of aridity, provides a
coherent scenario for the formation of extant species and sub-
species of the Gorilla and Pan genera.

i 1. Introduction

Research into hominoid evolution involves multiple disciplines. Although scparate stud-
ies have been conducted in various areas --- molecular analysis (Miyamoto et al.,1988;
Bailey et al.,1992; Goodman et al., 1994), blood serology (Wiener & Moor-Jankovsky, 1965;
Socha & Moor-Jankovski, 1986), chromosomal design (Chiarelli, 1962; De Grouchy et al.,
1972; Dutrillaux et al., 1986; Dutrillaux & Couturicr, 1986; Stanyvon and Chiarelli, 1981,
1982, 1983; Yunish and Prakash, 1982), developmental data (Dambricourt Malassé, 1987,
1988, 1992, 1993a & b, 1994; Shea, 1988) and the fossil record (Walker and Leakey, 1978;
Coppens, 1986; Simons, 1989; Coppens and Geraads, 1992) — there has never been a truly
3 all-round approach (o the subject. Current research into evolutionary concepts (Gould, 1985;
Devillers & Chaline, 1993; Chaline, 1994) indicates that there is a hierarchized structure in
the living world and that the relations among the various levels of integration are highly
complex, ranging from close dependence to complete dissociation.
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The aim of this paper is:

(1) to critically review progress by analyzing two main levels of organization in
Hominoids: molecular and chromosomal;

(2) to put forward explanatory models of chromosomal and morphological evolution
within a palaeoclimatic and paleoecological framework;

(3) to test the model using paleontological data.

2- Evolution at the molecular level

Research at the molecular level (DNA and protein sequencing, DNA/DNA hybridiza-
tion, mitochondrial DNA restriction mapping, protein electrophoresis and immunology, blood
groupings, etc.) has confirmed the proximity between humans and the higher apes, but
without conclusively scttling the questions of kinship and the splitting of the different branches.

It is the general consensus that cladistically the chimpanzee groups with Homo, then
with the gorilla and much further on with the orangutan. Molecular cladistic classification
(Bailey et al., 1991, 1992; Goodman et al., 1994) places all great apes and humans in the
same family (Hominidae)(Fig.1). Within this family, the subfamily Homininae is divided
into one tribe for orangutans (Pongini) and another tribe for gorillas, chimpanzees and hu-
mans (Hominini). Gorillas are placed in the subtribe Gorillina, while chimpanzees and hu-
mans form the Hominina subtribe.

Estimated divergence between higher primates based on the yn-globin gene region
combined with available nucleotide data ranges from 1.61 % (humans versus common chim-
panzees) to 3.52 % (orangutans versus humans and African great apes). Pan diverges from
Gorilla by 1.84 % (Miyvamoto et al., 1987, 1988), a figure similar to that obtained by DNA/
DNA hybridization analysis (Sibley and Ahlquist, 1984, 1987; Caccone and Powel, 1989;
Sibley el al., 1990). Broader investigation of the ym-globin gene region (Bailey et al., 1991)
and of the -globin gene (Bailey et al., 1992; Perrin-Pecontal et al., 1992) confirms the
previous relationships and classification. :

The human-chimpanzee clade is corroborated by several other DNA sequence analyse$

involving the immunoglobin epsilon and alpha pseudogene (Ueda et al., 1989), 128 ribos- .

omal gene (Hixson and Brown, 1986), 28S ribosomal genes (Gonzalez et al., 1990), 0.9 kb
region of the mt genome containing genes for tRNA " tRNA 57 tRNA Y and part of ND4
and ND5 (Hayasaka et al., 1988) and the cytochrome oxidase Il locus of mitochondrial genes
(Pruvelo et al., 1991; Horai et al., 1992). Only DNA analysis of the involucrin locus (Djian
and Green, 1990) fails to confirm this clade, perhaps as a result of polymorphism.

It should be noted that the molecular analyses of chimpanzees were conducted on
individuals labelled Pan troglodytes without specifying to which of the three living sub-
species — P. t. verus, P.t. troglodytes or P.t. schweinfurti — they belonged (M. Goodman,
personal communication). Similarly for gorillas. This imprecision explains in part why kin-
ship is so difficult to specity, because divergence among the three sub-species is probably
very different from that with humans.

We are in the paradoxical and unfortunately increasingly common situation where the
most sophisticated analytical techniques requiring very thorough experimentation are applied
to samples chosen haphazardly! The population variability of the study species is over-
looked, even though its temporal and paleobiogeographical distribution is often highly com-
plex.

Specialists generally accept that the separation of higher primates and humans results
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from a double split occurring very close together in time (M. Goodman personal communi-
cation), the first separating the lincage to Gorilla from the common ancestor of Homo and
Pan and the second separating the lineages to Homo and Pan. ‘I'hese two ancestral speciation
events looks like a trichotomy. But Smouse and Li (1987) suggested there was a true
trichotomy, or a pair of ordered dichotomies with a very short time span between the first
and the second split. They take the view that “the ancestors of all three taxa were still
conspecific subsequent to the second split, perhaps no more different than the major races of
extant Homo sapiens”. This is an interesting suggestion to which we shall return.

3- Evolution at the chromosomal level

3.1 - Chromosomal datu

A major advance in chromosome research was the development of R banding (Dutrillaux
& Lejeune, 1971) and G banding techniques (Sumner et al., 1971; Dutrillaux et al., 1971).

Opinions differ about the role of heterochromatin. Dutrillaux and his team consider that
the chromosome data from primates (Fig.2) provide no evidence either for positional effects
or that alterations in heterochromatin influence gene expression. This idea is materialized at
the phylogenic level by two equally feasible dichotomic diagrams (Fig. 3). These two dia-
grams entail acceptance of three convergences or reversions, but a third diagram, where each
rearrangement is regarded as unique, implies complex populational evolution as described in
the next section.

By contrast, Stanyon and Chiarelli (1982) argue that “genes can be (1) repressed by
placing them in, or near, blocks of heterochromatin, or (2) activated by a shift in their position
away from heterochromatin regions”. They set great store by active regions detected by Ag-NOR
(silver nitrate) type methods. This has repercussions for the phylogeny shown in figure 4, which
differs from the hypotheses in figure 3. They conclude that common derived karyological fea-
tures indicate that Gorilla and Pan share a common descent after the divergence of Homo.

3.2 - A new trichotomic chromosomal model
The common ancestral chromosome formula of all these species can be reconstructed
by deduction. The reconstruction is based on the principle that if two, three or four species
share a common chromosome, it is likely that some common ancestor transmitted it to all of
them. This is the simplest rclationship. We may also take the view that two identical chro-
mosomal changes occur in the same way on the same chromosome in two related species
derived from an ancestral form. This is statistically far less likely, though it is possible as
convergence.

We can attempt to reconstruct the chronology of the formation of the various chromo-
somes and the successive events that marked the history of the family (Chaline ct al., 1991).

Among anthropoid apes, the group with the most primitive chromosomal formula is
logically the one that branched off carlicst in the family history. This is the orangutan group
which emigrated to Asia where it has been cut off from the African branch for more than 10
million years (Andrews & Cronin, 1982; Lipson & Pilbeam, 1982). It has been relatively
stable from the chromosomal point of view, only two new chromosome mutations having
occurred since that time.

After the separation of the orangutan lineage, the comman ancestral lineage of the three
extant genera — chimpanzees, gorillas and humans — remained in Africa. This phase
corresponds to the “common ancestor” implied by genetic similaritics. That there was a
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common ancestor is irrctutably shown by the formation of seven specitic mutant chromo-
somes (2q, 3, 7, 10, 11, 17 & 20) and by the retention of cleven non-mutated common
chromosomes (1, 4, 5, 8, 9, 12, 13, 14, 15, 16 & 18) inherited by the three living species
(Chaline et al., 1991) (Fig. 5).

The occurrence of seven characteristic mutant chromosomes found in the gorilla, chim-
panzee and human descendants implies that the common ancestor was a single monotypic
species, not divided into subspecies. Genetic pooling as a resull of interbreeding produces a
fairly even spread of chromosome variety, including chromosomal variations that appear in
isolated individuals. This first part of the history of the common ancestor corresponds to
what we shall term the “first homogenous common ancestor phase” (Fig.5).

Thereafter, the common ancestor diversified and the lineages separated, leading on the
one hand to the gorilla and chimpanzee and on the other to humans. This divergence raises a
complex populational problem about the distribution of five new mutated chromosomes.

It is reported that chimpanzees and humans share three mutated chromosomes (2p, 7 &
9) that gorillas do not have. Conversely, chimpanzees and gorillas share two other specific
mutated chromosomes (12 & 16) not found in humans. In other words, chimpanzees share
three common mutated chromosomes with humans and two common mutated chromosomes
with gorillas. But gorillas share no special rearrangements with humans!

This position is inexplicable by the standard hypothesis of a split into two branches
(dichotomic model) leading to the gorilla/chimpanzee on one side and to humans on the
other.

Though there is a possible solution to the puzzie: the “second hetcrogeneous common
ancestor phase” (Fig.5).

To explain this major paradox, it must be supposed that at a certain time in their history,
after the first undifferentiated phase, the ancestors of chimpanzees and gorillas were able to
interbreed and acquire two new chromosome mutations they alone possessed, and not hu-
mans. This accords with the suggestion of Smouse and Li (1987) “that the ancestors of all
three taxa were still conspecific™.

But it must aiso be accepted that for some time, perhaps different from the first period,

the ancestors of chimpanzees and humans were able to interbreed and to incorporate three

new chromosomal mutations into their genetic constitution, possessed by them alonc and not
gorillas.

However, the fact that the ancestors of gorillas and humans do not share exclusive
mutations in their chromosomal formulas implies that they did not at that time have contacts
allowing hybridization. They were geographically isolated.

Three hypotheses can be put forward, necessarily broken down into several phases and
stages, summarized as follows:

3.3 - Hypothesis 1

In the first homogenous common ancestor phase, the ancestors of gorillas, chimpanzees
and humans formed a common undifferentiated monotypic ancestral group in which all
individuals could interbreed. There was a single common species, not yet identified in the
fossil record, and so nameless.

In the second heterogencous common ancestor phase, the ancestral group split into three
subgroups. Probably into three subspecies as only subspecies could have retained the ability
to interbreed in the areas where they came into contact and to pool their genetic heritage. We
shall call them respectively pre-chimpanzees, pre-gorillas and pre-hominians or pre-
australopithecines. By comparison with the geographical distribution of present-day species
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(Collet, 1988) (Fig. 6-7), which has probably not changed much over geological time, we can
admit a plausible hypothesis about the distribution of these three subspecies as follows (Fig. 8):

— the pre-chimpanzee group must have becn geographically centred around the present
day Lake Victoria region. It stretched to north west Africa across the area north of the Zaire
River in a forest-savanna mosaic or open woodland environment.

— the pre-gorilla group must have been tocated on the western edge of the former, still
north of the Zaire River, in the very wet tropical rain forest zone.

— the pre-hominian group must have been located further cast in the tamous East
African Rift Valley, the great crack in the Earth’s crust running north-south through Africa.

This three-way division of the common ancestor into three geographical subspecies,
forerunners of the three extant genera, accounts for the formation of the chromosomal formu-
las of the living species by the following scenario.

The pre-chimpanzees were in contact in the East with the pre-hominians and were able
to interbreed with them. As « result, three chromosomal mutations occurred in this region,
spread and are now found in the common chromosomal heritage of chimpanzees and hu-
mans.

Similarly, the pre-chimpanzees bordered on the west with the pre-gorillas and interbred.
As a result, the two chromosomal mutations occurring in the common zone were included in
the chromosomal heritage of living gorillas and chimpanzees.

However, pre-gorillas and pre-hominians had no contact at that time and were unable to
acquire mutations common to both genera.

This suggests that the pre-chimpanzee group was distributed in a wide arc from north
west Cameroon to the south of Lake Victoria, separating the pre-hominians in the east and
the pre-gorillas in the west (Fig. 8).

This hypothesis is consistent with a true trichotomic model in compliance with the ideas
advanced by Smouse and Li (1987).

3.4 - Hypothesis 2

This hypothesis suggests that after the first common phase, two subspccics, respectivelly,
pre-gorillas and pre-australopithecines became geographically separated and chromosomally
differentiated (Fig. 9). Only then, did two small populations of each subspecies meet and
form the pre-chimpanzee stock! Chimpanzees could be hybrids of pre-gorillas and pre-
australopithecines. A dichotomic model followed by genetic re-melding as has been reported
in mice in Japan (Mus musculus molossinus results from the two remixed subspecies Mus
musculus castaneus and Mus muscufus musculus) (Bonhomme et al, 1984). A theory that
cannot be ruled out a priori!

3.5 - Hypothesis 3

Another hypothesis may be envisaged, that of convergence. This would imply that two
common mutations occurred at the same sites and on the same chromosomes in both pre-
gorillas and pre-chimpanzecs. Moreover. three further identical chromosomal mutations like-
wise occurred in pre-chimpanzee and pre-human chromosomes. Although possible, this solu-
tion seems statistically less probable than the previous one. It would be a double-dichotomic
model consistent with the results of Bailey et al. (1992) and Goodman et al. (1994).
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4- Evolution at the ecological level: a climatological model

The model of trichotomic divergence also implies that at some point between 5 and 4
millions years ago the three subspecies finally became three separate species. Either because
new chromosomal mutations prevented them from interbreeding by abortion of hybrids or,
more probably, because they had become geographically and cthologically isolated.

Since this separation, chimpanzees have acquired six chromosomal mutations (4¢, 5, 9,
15, 17, 13) that they alone possess.

Similarly, gorillas have six different chromosomal mutations (1, 4b, 5, 17, 8, 10, 14)
peculiar to their chromosomal make-up.

As for the pre-australopithecine and then human line, it acquired four specific chromo-
somal mutations (2 mutations on chromosome 1, 2, 18), including the famous fusion of the
two chromosomes that formed the human chromosome 2.

To account for the separation into distinct species, a new decisive factor must be
incorporated here, that of climatic change. This would have induced changes in the environ-
ment that must have been instrumental in the geographical isolation of the subspecies and
species. Figure 8 explains the logic behind these changes.

The original common area in central Africa is currently a favoured climatic zone where
the inter-tropical front (east-west) corresponding to the thermal and meteorological equator
crosses the inter-oceanic confluence (north-south) (Leroux, 1983). Very schematically we
find the permanent Atlantic monsoon domain and the tropical rain forest in the west; the
forest is known in the Congo, Gabon and Cameroon basins from the onset of the Miocene
(Boltenhagen et al., 1985). To the north lies the scasonal Atlantic monsoon domain and the
savannah; in Nigeria a seasonal subtropical climate is reported since the Oligocene-Miocene
boundary (Takashi & Jux, 1989). Further north still is the Sahara zone; evidence of a large
arid zone in North Africa from Middle Miocene times is provided by rodents (Jaeger, 1975)
and by flora (Boureau et. al.,1983). In the south and east is the domain of the Indian Ocean
monsoons and trade winds; tropical rain forest, open woodlands and montane forests are
recorded to have co-existed since 19 Myrs and savannahs since 14-12 Myrs (Bonnefille,
1987; Retallack et al., 1990). Local reliefs are superimposed on this background pattern to
form an environmental mosaic that is sensitive to climatic fluctuations (White, 1983; Pickford,
1990).

Our hypothesis is that differentiation occurred in connection with the cnvironment as
determined by climate (fig. 8). Starting from a monotypic common stock (acquisition of 7
chromosomal changes), the pre-gorillas split away in the permanent monsoon domain north
of the Zairc River barrier. The pre-australopithecines developed on the eastern margin under
the influence of the Indian Ocean monsoons and trade winds and spread north-south along
the inter-oceanic confluence which roughly coincides with the eastern arm of the rift valley
(fig.8) and may be westward around the permanent Atlantic monsoon range. The pre-
chimpanzees spread widely east-west, on the northern boundary of the permanent Atlantic
monsoon domain, ranging from Central 1o West Africa.

This geographical pattern of climates underwent many large changes. First because
Africa has drifted relative to the equator which lay 5° further north about 10 Myr ago
(Scotese et al., 1988). But also because of changes in atmospheric circulation. In the Upper
Miocene tropical north Africa experienced at least four cpisodes of substantial climatic
deterioration leading to aridity, the last at the top of the Miocene (ca. 6-5.3 Myrs) coinciding
with a very distinct cooling of the Atlantic (Diester-Haass & Chamley, 1982; Sarnthein e! al.,
1982). Schematically, since Chudeau (1921) it has been accepted that extensions of the arid
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Sahara zone are related in part to a reduced summertime advance of the monsoon front (FIT-
1; Fig. 8) which may even remain blocked in the southern hemisphere.

Such variations entailed changes in the seasonal and permanent monsoon ranges and
thus in the three sub-species and could have separated them in a yet unknown history.

Allopatric break up of the ancestral form would have allowed gorillas, australopithecines
and chimpanzees to become isolated, as evidenced by the autapomorphic features which have
since appearcd.

From the Upper Pliocene (ca. 3.2 Myrs) general atmospheric circulation changed radi-
cally for geodynamic reasons. Events such as the closure of the Panama isthmus, the opening
ol the Bering Straits and mountain building in North West America and Asia are thought to
have been decisive factors in conjunction with variations in planetary orbit in triggering the
northern hemisphere ice ages (Ruddiman & Raymo, 1988; Berger, 1992). Each glacial period
is related to aridity in Africa north of the equator {(Chudeau, 1921; Tongiori & Trevisan,
1942; Dubief, 1953; Tricart, 1956).

For more recent times where chronology is relatively precise, we now know that changes
occur suddenly. After the last glacial maximum it is thought that the arid zone extended
several hundred kilometres further South on three occasions between about 19,000 and
15,000 years *C B.P. with each episode lasting only 500 to 1000 years (Durand, 1993). The
dense humid forest became fragmented and mountain biotopes spread as a result of the fall in
temperatures (Maley, 1987).

The repetition of these biogeographical mechanisms during the Pliocene-Pleistoccne
fluctuations is thought to be responsible for the current diversification of chimpanzees and
gorillas, each characterized by three sub-species.

Starting from the initial pre-chimpanzee distribution, it is thought that common chim-
panzees then diversified into three subspecies. One subspecies (Pan troglodytes verus) is
isolated in Guinea (Collet, 1988; Fig. 6), probably as a result of a break in the forest caused
perhaps by a southward shift of the Sahara desert zone in Quaternary times engendering
aridity in what is now Nigeria.

This mechanism of separation of species into western and eastern populations may have
been compounded because the pre-gorilla and pre-chimpanzee populations were unable to
cross the great natural barrier of the marshland basin of the River Zaire. Only the pigmy
chimpanzee (Pan paniscus) made the crossing or perhaps negotiated the river upstream. It is
impossible at present to provide details and a chronology of what might have happened, but
this mechanism is plausible. It can furthermore be tested, since if it is correct, fossils of pre-
chimpanzees should be found in Tertiary deposits in areas where chimpanzees no longer
occur from the Ivory Coast to Nigeria.

Finally, gorillas also split from the pre-gorilla stock into three subspecies, correspond-
ing respectively to the lowland and the two mountain gorillas separated by the bend in the
River Zaire (Collet, 1988) (Fig.8).

Scarce Pre-hominians are known in the fossil record (Lothagam, Lukeino, Ngorora) and
are more or less unrelated. They can be considered as pre-australopithecines, one of the
components of the common ancestor.

This new model introduces australopithecines as a missing-link between the common
ancestor and the human lineage proper. They are never considercd by chromosome special-
ists for the obvious reason that, being extinct, their chromosomes are unknown. But as they
formed a necessary intermediate stage, they must be included in the model. By deduction, the
chromosomal formula of the extinct pre-human form Australopithecus can be evaluated
fairly accurately, except for the four chromosomes that appeared after its genetic isolation.
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The model of separation into three genera is therefore not simply one of divergence into
two groups, as ordinarily occurs in the animal world. There is a true trichotomy.

5- Testing with paleontological data

This model can be tested from a paleontological point of view, as it is for palacontolo-
gists to find the ancestors, to date their appearance in the fossil record and to reconstruct their
history proper (Fig.10).

As said above, the ape group with the most primitive chromosomal formula is logically
the orangutan group which emigrated to Asia where it has been cut off from the African
branch for more than 10 million years. It is now accepted that Ramapithecus and Sivapithecus
arc the male and female of a single species related to orangutans (Andrews & Cronin, 1982;
Lipson & Pilbeam, 1982). Our morphological analysis (Chaline, 1994), suggests the same is
true of Quranopithecus macedoniensis (Bonis and Melentis, 1977; Bonis et al., 1990) which
has the same facial affinities with orangutans.

After the separation of the orangutan lineage, the common ancestral lineage of the three
extant genera remained in Africa. But fossil remains dating from 10 to 5 Myrs are very
sparse. Only four finds have been made to date. Two molars from Lukeino and Ngorora
(Kenya) (Pickford, 1975) and a fragment of jaw with a molar Lothagam, again in Kenya,
dated to 5,5 Myrs. The latest discovery is the most interesting, that of Ardipithecus ramidus
found by White et al. (1994, 1995) in the Pliocene of the Middle Awash (Ethiopia) and dated
to 4,4 Myrs. Most data about the teeth (metric, morphology, enamel thickness) and even
features of the cranium “evincing a strikingly chimpanzee-like morphology™ are very similar
to chimpanzee form (Bonobo ?), but also have australopithecine characters. It may be that
these fossils are of one of the components of the common ancestor - the pre-chimpanzee or
pre-australopithecine!

The chromosomal model described here entails several anatomical implications that can
be tested by paleontology. The first is that the cranial and dental morphologies of the three
sub-species of the common ancestor should be highly simian. The discovery of ramidus is
fully consistent with this hypothesis and is a first favorable test. The second implication
concerns the shape of the pelvis. As gorillas and chimpanzees are quadrupeds and as bipedalism
is the apomorphic feature characteristic of australopithecines and their human descendants,
the three components of the common ancestor must therefore still have walked on all fours.
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Fig. 1 - The most parsimonious arrangement of the sequence data of PPY: Pongo pygmaeus: GGO: Gorilla gorilla:
PTR: Pan troglodytes; HSA: Homo sapiens. Branch lengths based only on unambiguous changes (after Miyamoto ct
al., 1987) .
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Fig. 2 - Comparison of chromosomal mutations in orangutan, gorilla, chimpanzee and man. PPY: Pongo pygmacus,
GGO: Gorilla gorilla: PTR: Pun troglodytes; HSA: Homao sapiens. White dots: pericentric inversion; black dots:
paracentric inversion: triangles: gain in hetcrochromatine; black squarcs: reciprocal or tcrminal-terminal translocation
(after Dutritlaux and Couturier, 1986).
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humans. a - common mutations viewed as convergence in GGO and PTR;: b - common mutations viewed as conver-
gence in PTR and HSA; ¢ - individual population evolution. PPY: Pongo pygmaeus, GGO: Garilla goritia; PTR: Pan
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Fig.6 - Distribution of the three sub-species of common chimpanzees. The western-most sub-species, the black chim-
panzee (Pan troglodyies verus), inhabits Guinea while the other are found north of the River Zaire (or Congo): the
typical common chimpanzee (Pan troglodytes troglodytes) in the west in Congo, Gabon, bquatorial Guinea and
Cameroon and Schweinfurt’s chimpanzee (Pan troglodytes schweinfiirthi) further east in northern Zaire (after Collet,
1988).
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Fig.7 - Distribution of the three sub-specics of gorillas. Gorillas are divided into western lowland gorillas (Goritlu
gordla gorilley in Congo, Gabon, Equatorial Guinea and southern Cameroon and eastern mountain eorillas (Gorille
gorilla graweri (Burundi and Rwanda). A third sub-species, the mountain gorilla of Rwanda and Lganda (Gorillu
gortlla beringei) is in danger of imminent extinction (after Collet, 1988).



56 CHALINE, DURAND, MARCHAND, DAMBRICOURT MAILASSE and DESHAYES APES AND AUSTRALOPIT

Present
£ o2
= EXI
Ly
=1
¥
=2
U
-
bs
¢
[
-
*
- £
g
4 5
g
Fig.8 - Distribution of the common ancestor at the start of the polytypic phasc, Prc-gorillas must have occupied the wet
Atlantic monsoon zone (dense forest), pre-chimpanzees the less humid Atlantic monsoon zone (open forest} and pre-
australopithecines the Indian Qcean monsoons zone (accacia savannah). 1: Summer; 2: Winter; thick solid line: Inter
Tropicul Front: pointed line: Inter Oceanie Confluence.
- australopithecine
i
// \\
1
/ \ 8 8
pre-gorilla = [3]
re-australopithecine 4] '
) ~ 109
7 ! =
! 4l oy
] 1 oyl Q
g 1 Qo
£ ! @
' 2E
& pre-australopithecine
I \\\\,\\ @ [+
= 3 mutations
= \
1
1 —12
] savanna
]
- 9
§ ' 20
&
Fig.9 - Dichotomic model explaining the distribution of chromosomes in living species. This most parcimonious model :
suggests that atter the monotypic phase, the common ancestor split into two sub-species - pre-gorilla and pre- Fig.10 - Phylogentic diagr.
australopithecine - and that the papulations from the two sub-species interbred o produce the third. hybrid, sub-species 3 Speciations occur by punct

- the pre-chimpanzees evolutionary change (chron




APES AND AUSTRALOPITHECINES ORIGINS §7
Present Gorilla Pan Homo
csen P OH-RO paniscus sapiens
] L] 2 1 EXTINCTION
m. (lo.n u .m ..m. m neandertal :_:::v
M HN.;HOMMQZ m o0 % _..::..VM o
AL X 2 g EXTINCTION erectus
2 m = robustus] m
¥ 2 =
=]
habili
2 i africanus M P hn..h.ﬂ
[} cranial
w [+ capacity
h fhuman
.m = bipedalism
= afarensis | B
B [~}
—
3 -+
-4 m w
..WB ramidus A
G ____..) ) %___l ﬁ-—h—““—“wm—nh“%mﬁm
speciation event
| ©
| m m common
2 °g ancestor -1
[7] N e .m
g e 2 8
g g6 $ £
g & g 8
= o a o
= g g &
I -
o o
Bt -__.v m. _Dl. .m.
]
ywisd &~ common
Bio oL
Boiod w3 ! ancestor
Qo = [} =
- 108 o |5 5 ga 1
CE] =
oy
B, g1 = A Kenyapithecus ?
B E m B, Afropithecus ?
B3 o
o iR 3
a g
—-12 A_:.c_:._::_ ) 3 — .v speciation
Asia 3] event
Q
_20 &

Fig.10 - Phylogentic diagram showing kinship patterns with regard to all the paleontological and onlogenctic data.
Speciations occur by punctuation and several lincages, such as Australopithecines and early humans. undergo gradual
evolutionary change (chronomorphoclines). Solid lines represent the fossil record.




58 CHALINE, DURAND, MARCHAND, DAMBRICOURT MALASSE and DESHAYES

References

Andrews, P. and Cronin, J.E., 1982. The relationships of Sivapithecus and Ramapithecis and the evolution of
the orangutan. Nature, 297: 541-546.

Bailey, W.J., Ficht, D.H.A., Tagle, D.A., Czclusniak, Slightom, I.L. and Goodman M., [991. Molecular
Evolution of the pn-Globin Gene Locus: Gibbon Phylogeny and the Hominoid Slowdown. Mol. Biol.
Evol. 8(2): 155-184.

Bailey, W.J.. Hayasaka, K., Skinner, C.G., Keheo, S., Sieu, L.C., Slightom, J.L. and Goodman M., 1992.
Reexamination of the African Hominoid Trichotomy with Additional Sequences from the Primate §3-
Globin Gene Cluster. Mol. Phyl. and Evol., 1(2): 97-135.

Berger, A. 1992. Le climat de la Terre. De Boeck Université, Bruxelles, 479p.

Bishop, W.W. and Pickford, M. 1975. Geology, fauna and palaeoenvironments of the Ngorora Formation,
Kenya Rift Valley. Nature, 254: 185-192.

Boltenhagen, E., Dejax, J. et Salard-Cheboldacft, M., 1985. Evolution de la végétation tropicale africaine du
Crétacé a {"actuel d’aprés les données de la palynologic. Bull. Section Sciences. 8: 165-194,

Bonhomme. T., Catalan, 1., Britton-Davidian, J., Chapman, V., Moriwaki, D., Nevo E. and Thaler, L. (1984).
Biochemical diversity and evolution in the genus Mus. Biochemical Genetics, 22, 275-303.

Bonis. L. De and Melentis, G. 1977, Un nouveau genre de primate hominoide dans le Vallésien (Miocéne
supérieur) de Macédoine. Comptes Rendus Ac. Sc. Paris, 284(D): 1393-1396.

Bonis, L. De, Bouvrain, G., Geraads, D., and Koufros, G. 1990. New hominid skull material from the late
Miocene ot Macedonia in Northern Greece. Nature, 345:712-714.

Bonnefille, R. 1987, Lvolution des milieux tropicaux africains depuis le début du Cénozoique. Mém. Travaux
EPHE, 17:101-110.

Bourcau, E., Cheboldaclf-Salard, M., Koeniguer, J.-C. and Louvet, P. 1983. Evolution des flores et de la
végétation tertiaires en Afrique, au nord de [’équateur. Bothalia, 14(3-4): 355-367.

Caccone, A. and Powell, J.R,, 1989. DNA divergence among hominoids. Evolution, 43: 925-942.

Chaline, J. 1994, Une famille peu ordinaire. Le Seuil, Paris, 222p.

Chaline, J.. Dutrillaux, B., Couturier, J., Durand, A. et Marchand, M., 1991. Un mod¢lc chromosomigue ct
paléobiogéographique d’évolution des primates supéricurs. Géobios, 24(1): 105-110.

Chiarelli, B. 1962. Comparative morphometric analysis of primate chromosomes of the anthropoid apes and
man. Caryologia, 15: 99-121.

Chudeau, R. 1921, Les changements de climat du Sahara pendant le Quaternaire. C.R. Acad. Sci., 172: 604-
607.

Collet, J.Y., 1988, La planéte des Primates. In: Les petits des grands singes. Terre sauvage, Ed. Nuit ct Jour:
6-12.

Coppens, Y. 1986. Evolution de I'homme. Comptes Rendus Ac. Sc. Paris, 3(3):227-243.

Coppens, Y. and Geraads, D. 1992, “Anthropogenesis. An overview”. In: History of Humanity. Prchistory
and the beginning of Civilization. Ed. by De Laet, S.J.,1: 22-26. Routledge, Unesco.

Dambricourt Malassé, A. 1987. Ontogenéses, paléontogenéses et phylogenése du corps mandibulaire
catarhinien. Nouvelle interprétation de la mécanique humanisante (théorie de la foetilisation, Bolk,
1926). Thése de Doctorat Mus. Nat. Hist. Nat. Paris.

Dambricourt Malassé, A. 1988 Hominisation et foetalisation. C.R. Acad. Sciences, Paris, 307, 11: 199-204.

Dambricourt Malassé, A. 1992, Droit de réponsc. Revue d'Orthopédic Dentofaciale, vol. 26, 1 : 71-79.

Dambricourt Malassé, A. 1993a. Continuity and Discontinuily during Hominization. Quaternary Interna-
tional. 29: 86-98.

Dambricourt Malassé, A. 1993b. Une nouvelle loi de croissance cranio-faciale et ses tmportantes conséquences
d’Australopithecus a 'Homo sapiens du XXe siecle. In: Actes du Xlle Congres International des
Sciences Préhistoriques ¢t Prohistoriques, Bratistava, UISPP: 178-186G.

Dambricourt Malassé, A. 1994. De la morphogenese céphalique embryonnaire a |'architecture cranio-faciale
adulte. Problemes et méthodes pour la reconstitution des ontogeneses fossiles. Colloque “Ontogenése
et Evolution™, Bruxclles juin 1994, Anthropologic et Préhistoire.

Dambricourt Malassé, A. 1995. Les attracteurs inédits de I’hominisation. Ontogenése fondamentale, attracteurs
chaotiques ct attracteurs harmoniques. Acta Biotheorctica, 43: 113-125.

De Grouchy, J.. Turleau. C.. Roubin, M. et Klein, M., 1972, Evolutions caryotypiques de ["Thomme et du
chimpanzé. Etude comparative des topographies de bandes aprés dénaturation ménagée. Ann. Génétique,
15:79-84. »

APES AND AUSTRALOPITHEC

Devillers, C. and Chaline
York, 251p.
Diester-11aass, L. and Ch:
off Northwest Afric
by Von Rad, U, H

Djian, P. and Green, 1., ]
Mol. Biol. Evol 7:

Dubicf, J. 1933, Essar su
Scient., 458 p., 41

Durand, A. 1993. Enregis
Satiel central (Nige

Dutrillaux, B. et Coutur
["exemple des Pong

Dutrillaux, B. et Lejeune
rendus Ac. Sc. Pari

Dutrillaux, B.. De Grou
chromosomes hum:
Paris, 273: 587-38¢

Dutrillaux, B., Vliggas-Peg

Gonzalez. 1.L., Svlvester,
sequences and hom

Goodman, M., Bailey, W
Evidence on Primate

Gould, S.J. 1985. The par

Hayasaka, K., Gojori, T,
DNA. Mol. Biol. Ev

Hixson, J.E. and Brown,
drial DNA of the g
tions. Mol. Biol. Ev

Horai, S., Satta, Y., Hay
Man’s place in Hon

Jaeger, J.-J., 1975. Les M
évolution; données
niquies du Langued

King, M.C. and Wilson, A.

Leroux, M. 1983, Le clim

Lipson, S. and Pilbcam ]
545-548.

Maley, J. 1987, Fragment
Quaternaire récent:
biogéographiques, F

Miyamoto, M.M., Koop, ]
of higher primates:
7631

Miyamoto, M.M., Slighto
fron DDNA Sequence

Perrin-Pecontal, P, Gony
region: Nucleotide
ships between Alric

Pickford, M. 1975, Late |
279-284.

Picklord, M. 1990, Upli
Evolution, 5(1): 12

Pruvolo, M.T., Disotell,”
African hominoid tr
1574,




s,

APES AND AUSTRALOPITHECINES ORIGINS 59

Devillers, C. and Chaline, J. 1993. Evolution, An Evelving Theory. Springer Verlag, Berlin, London, New
York, 251p.

Diester-Haass, 1. and Chamley, H. 1982. Oligocene and post-Oligocenc history of sedimentation and climate
ofl Northwest Africa (DSDP sile 369). In: Geology of the Northwest African Continental Margin”. Ed.
by Von Rad, U., Hinz, K., Sarnthein, M. and Seibold, E., Springer-Verlag, Berlin: 529-544.

Djian, P. and Green, H., 1990. The involucrin gene of the gibbon: the middlc region shared by the hominoids.
Mol Biol. Evol. 7: 220-227.

Dubict, J. 1953. Essai sur {'hiydrologic superficielle au Sahara.. Thése, Alger. ct Serv. Col. et Hydr., Etudes
Scient., 458 p., 41 {ig. et 3 cartes h.t.

Durand, A. 1993, Enregistrement sédimentaire de la dynamique climatigue au Quaternaire supéricur dans le
Sahel central (Niger et Tchad). Thése d Etat Université de Bourgogne, Dijon, 562p.

Dutrillaux, B. et Couturicr, J., 1986. Principes de I"analyse chromosomique appliquéc 4 la phylogénie:
I'exemple des Pongidac ct des Hominidae. Mammalia, SO: 22-37.

Dutrillaux, B. et Lejeune, J. 1971. Sur une nouvelle technique d’analyse du caryotype humain. Comptes
rendus Ac. Sc. Paris, 272: 2638-2640.

Dutrillaux, B., De Grouchy, J., Finaz C, ct Lejeune, J. 1971. Misc ¢n évidence de la structure fine des
chromosomes humains par digestion cnzymatique (pronase en particulier). Comptes Rendus Ac. Se.
Paris, 273: 587-588.

Dutrillaux, B., Vliegas-Pequignot. L. et Couturier J., [986. [ .cs méthodes cytogénétiques. Mammalia, 50: 11-20.

Gonzalez, I.L., Sylvester, J.E., Smith, T.F., Stabolian. D. and Schmickel, R.D., 1990. Ribosomal RNA gene
sequences and hominoid phylogeny. Mol. Biol. Evol. 7;: 203-219.

Goudman, M., Bailey, W.J,, Hayasaka, K., Stanhope, M.J., Slightom, J. and Czelusniak, J. 1994. Molecular
Evidence on Primate Phylogeny From DNA sequences. Amer. Journal of Physical Anthropology, 94: 3-24.

Gould, S.J. 1985. The paradox of the first tier: an agenda tor paleobiology. Paleobiology, 11(1): 2-12.

Hayasaka, K., Gojori, T., and Horai, S. 1988. Molccular phylogeny and evolution of primate mitochondrial
DNA. Mol. Bivl. Evol.. 5: 626-644.

Hixson, ILE. and Brown, W.M. 1986. A compatison of the small ribosomal RNA genes from the mitochon-
drial DNA of the great apes and humans: Sequence. slructure, evolution, and phylogenctic implica-
tions. Mol. Biol. Evol., 3: 1-18.

Horai, S., Satta, Y., Hayasaka, K., Kondo, R.. Inoue, T., Ishida, T., Havashi, S. and Takahata, N. 1992.
Man’s place in Hominoidea revealed by mitochondrial DNA genealogy. J. Mol. Evol., 35: 32-43.
facger, J.-J., 1975. Les Muridac (Mammalia, Rodenltia) du Pliocéne et du Pléistocene du Maghreb. Origine;
¢volution; données biogéographiques et paléoclimatiques. Thése d’Etar Universiié Sciences et Tech-

niques du Languedoc, 148p.

King, M.C. and Wilson, A.C., 1975. Evolution at two levels in humans and chimpanzees. Science, 188: 201-203.

Leroux, M. 1983. Le climat de {'Afrigue tropicale. Champion, Paris, 2(.: 633p. and 250 maps.

Lipson, S. and Pilbcam D., 1982. Ramapithecus and Hominid evolution. Journ. of Human Evolution, 11:
545-548.

Maley, J. 1987. Fragmentation de la forét dense humide africaine et extension des bictopes montagnards au
Quaternaire récent: nouvelles données polliniques et chronologiques. Implications paléoclimatiques et
biogéographiques. Palacoecology of Africa, Balkema, 17: 307-334.

Miyamoto, M.M., Koop. B.F., Slightom, J.L.. Goodman, M. and Tennant, M.R.. 1988, Molecular systematics
of higher primates: Genealogical relations and classification. Proc. Narl. Acad. Scr. USA, 85: 7627-
7631.

Miyamoto, M.M., Slightom, J.L., Goodman, M.. 1987. Phylogenetic Relations of Humans and African Apes
fron DNA Sequences in the ¥y Globin region. Science, 238: 369-373.

Perrin-Pecontal, P., Gouy. M., Nigon, V-M., and Trabuchet, G. 1992, Evolution of the primate {3-globin gene
region: Nucleotide scquence of the 8-f globin intergenic region of gorilla and phylogenetic relation-
ships between African apes and man. J. Mol. Evol., 34: 17-30.

Pickford, M. 1975. Late Mioccne sediments and fossils from the Northern Kenya Rift Valley. Nature, 256:
279-284.

Pickford, M. 1990. Uplift of the Roof of Africa and its bearing on the Evolution of Mankind. Haman
Evolution, 5(1): 1-20.

Pruvolo, M.T., Disotell, T., Ammard, M.W., Brown. W.M., and Honeyeutt, R.L. 1991. Resolution of the

African hominoid trichotomy using a mitochondrial gene sequence. Proc. Natl. Acad. Sci. USA, 88:1570-
1574




60} CHALINE, DURAND, MARCHAND, DAMBRICOURT MALASSE and DESHAYES

Retallack, G.J., Dugas, D.P. and Bestand, E.A. 1990. Fossil soils and grasses of a middle Miocene east
african grassland. Narure, 247: 1325-1328.

Ruddiman, W.F.and Raymo, M.E. 1988. Northern Hemisphere climatic regimes during the past 3 Ma:
possible tectonic connections. In: The past three million years: evolution of climatic variability in the
North Atlantic Region. Ed. by Shackleton, N.J., West, R.G. and Bowen , D.Q.”Phil. Trans. R. Soc.
Lond., B 318: 411-430.

Sarnthein, M., Thielde, J., Pflaumann, U., Erlenkeuser, H., Futterer, D., Koopmann, B., Lange, H. and
Seibold, E. 1982. Atmospheric and oceanic circulation patterns off Northwest Africa during the past 25
million years. In: Geology of the North west African continental margin. Ed. by Von Rad, U., Hinz,
K., Sarnthein, M. and Seibold, E. Springer-Verlag, Berlin: 545-604.

Scotesc, C.R., Gahagan, L.M. and Larson, R.L. 1988. Plate tectonic reconstructions of the cretaceous and
cenozoic ocean basins. Tectonophysics, 155 (1-4): 27-48.

Shea, B.T. 1984. An Allometric Perspective on the Morphological and Evolutionary Relationships between
Pypmy (Pan paniscus) and Common (Pan troglodytes) Chimpanzees. In: The Pygmy Chimpanzee.
Evolutionary Biolpgy and Behavior. Ed. by Susman R.L.: 89-130.

Shea, B.T. 1988. Heterochrony in primates. In: Heterochrony in Evolution, A Multidisciplinary Approach.
Ed. by McKinney, M.L., Plenum press, New York, 7: 237-266.

Sibley, C.G. and Ahlquist, J.E., 1984. The phylogeny of the hominoid primates, as indicated by DNA-DNA
hybridyzation. J. Mol. Evol. 20; 2-15.

Sibley, C.G. and Ahlquist, J.E., 1987. DNA hybridization cvidence of hominoid phylogeny: results from an
cxpanded data set. J. Mol. Evol. 26: 99-121.

Sibley, C.G., Comstoc, J.A. and Ahlquist, J.E., 1990. DNA hybridization cvidence of hominoid phylogeny: a
reanalysis of the data. J. Mel. Evel. 30: 202-236.

Simons, E.L. 1989, Human Origins. Science,245:1343-1350.

Smouse, P.E. and Li, W.H. 1987. Likelihood analysis of mitochondrial restriction-cleavage patterns for the
human-chimpanzee-gorilla trichotomy. Evefution, 41(6):1162-1176.

Socha, W.W. and Moor-Jankovski, J. 1986. Blood Groups of Apes and Monkeys. in: Primates. The Road to
Self-Sustaining populations. Ed. Benirschke, K. Springer Verlag. new York, 921-932,

Stanyon, R. and Chiarclli, B. 1981. The chromosomes of man and apes: evolution and comparison. Bionature,
1-2: 11-27.

Stanyon, R. and Chiarelli, B. 1982. Phylogeny of the Hominoidea: the chromosome evidence. Journal of
Huwman Evolution, 11: 493-504.

Stanyon, R. and Chiarelli, B. 1983. Chromosomal phytogeny in great apes and humans. Antropologia Con-
temporanea, 6(2): 157-159.

Summer, A.T., Evans, HJ. and Buckland, R.A. 1971. A new technigue for distinguishing between human
chromosomes. Nawre, 232: 31-32.

Takashi, K. and Jux, U., 1989. Palynology of Middle Tertiary lacustrine deposits from the Jos Platcau,
Nigeria. Bull. Nugasaki Univ. Nar. Sc., 29(2): 181-367.

Tongiorgi. E. and Trevisan, L. 1942. Un falso postulato di palcoclimatotogia del Quaternaria: la corrispondenza
tra periodi glaciali et periodi pluviali. Aui della Soc. Toscana di Sci. Nat., Processi Verbali, LI(5): 53-68.

Tricart, I. 1956 Tentative de corrélation des périodes pluviales africaincs et des périodes glaciaires. C.R.
Somm. Soc. géol. France : 164-167.

Ueda, S.. Watanabe Honjo, T., 1989. Nucleotide sequences of immunoglobulin-cpsilon pseudogenes in man
and apes and their phylogenetic retationships. J. Mol. Biol. 205: 85-90.

Walker, A. and Leakey, R.E.F. 1978. Les Hominides du Turkana. Pour la Science, 48-65.

White, F. 1983. The vegelation of Africa. Unesco, Paris, 356p.

White, T.D., Suwa. G. and Aslaw, B. 1994. Australopithecus ramidus, a new species of early hominid from
Aramis, Ethiopia. Nature, 371:306-312.

White, T.D.. Suwa, G. and Asfaw, B. 1995. Australopithecus ramidus, a new specics of early hominid from
Aramis, Ethiopia. Corrigendum. Nature, 375: 88.

Wiener. A.S. and Moor-Jankowski. J., 1965, Primatc Blood Groups and Evolution. Science, 148: 255-256.

Yunis, I.J, and Prakash, O. 1982. The origin of man: a chromosomal pictorial legacy. Science, 215: 1525-
1530.

Received November 3, 1995 Accepted April 25, 1996

HUMAN EVOLUTION

M. L. A. Ham
R. A. Foley

Hominid Evolutionary
Research Group
Department of Biologi
Anthropology
Downing Street, Camb
3DZ, UK

Key words: Hominid e
longevity, Australopith
body weight, brain size
life history.

Introduction

Life history the
terns, and the underi
tion of hominid evol
McHenry (1994) atte
ing the values of va
estimates. While sup
we would like to
parameters. In partic
significance of exten
tance of selecting th
databases in making

Life history the
evolution can and of
particular stages in t
tion and longevity T
component is that lif
two structural variat
1981; Peters, 1983;
Harvey et al., 1987
body size allow life |
estimated. Thus in th
species on the basis «
the principle can be ¢



