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past on the necessity of studying the gliding process 
and strength of a single crystal before the poly
crystalline metal can be understood. It would appear 
that, paradoxically, the reverse is the case. The strain 
hardening of a single crystal is a complex process 
depending on the progressive deterioration of its per
fection, whereas the cold-worked metal has attained 
a constant statistical average as regards the size of 
its mosaic fragments, and thus attains the constant 
strength calculated here. 

Physical Nature of the 'Mosaic Fragments' 
or 'Crystallites' 

The cold-worked crystal gra in is pictured above 
as a mosaic of fragments meeting at well-defined 
interfaces, each having a perfect crystalline pattern 
throughout its own domain. It is not intended to 
convey the idea that this is necessarily the true 
picture. It has certain attractive features which I 
outlined in a note on "The Structure of a Cold-worked 
Metal"'. The structure was there described as 
resembling a foam, with movable boundaries able to 
take up positions of equilibrium. It was shown that 
such a structure, if momentarily broken down into 
a very fine scale, would rapidly recrystallize at first 
up to a certain characteristic size, whereupon the 
process would become so slow as practically to cease. 

Some such effect must ·exist, in order to account 
fpr the constant mechanical strength of the cold
worked metal which is characteristic of it and per
sists, but other models may give an equally good 
explanation. What is observed is a broadening of 
the X-ray line, which may be caused by small crystal 
size, or by some distortion of the lattice with its 
consequent strains. The formula (3) for the stress 
which the metal will withstand is independent of the 
precise picture of the nature of the fragmentation. 
Let us suppose, for example, that the cold work pro
duces, not a mass of perfect fragments differing in 
orientation, but a crimping or waving of the lattice 
planes so that successive small regions make an angle 
with each other, but all crystalline coherence of one 
with the next is not destroyed. The constant t, inter
preted above as the dimensions of a fragment, would 
then become the repetition interval of the crimping. 
Such a modulation of the perfect crystal spreads the 
sharp X-ray reflexion into side-bands. By optical 
principles, the spread of these side-bands due to this 
modulation at intervals of t is the same as the 
broadening of an X-ray line produced by independent 
perfect crystals of width t, although there are certain 

, rather subtle differences in the X-ray diffraction 
effects which may throw light on the true nature of 
the fragmentation. The point to be emphasized, 
however, is that if we suppose the crimping to limit 
the elementary gliding process to regions of dimen
sions t, the same dimension t will also determine the 
broadening of the X-ray lines, and the formula (3) 
above will hold. 

In conclusion, I wish to express my warm thanks 
to Dr. E. Orowan for helpful discussion and criticism. 
Dr. Orowan's note on slip-bands in NATURE of April 
12, 1941, p. 452, suggested the fundamental idea on 
which the above explanation of the strength of metals 
is based. 
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THE HAND OF THE APE-MAN, 
PARANTHROPUS ROBUSTUS 

By DR. R. BROOM, F.R.S. 
Transvaal Museum, Pretoria 

T HE block of bone breccia in which the beautiful 
skull of Paranthropus was found has already 

yielded us the distal end of a humer,us, the proximal 
end of an ulna and two toe bones. The matrix on 
which the maxilla rested has remained until recently 
untouched, as it retains _the excellent impressions of 
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FINGERS OF PARANTHROPUS. NATURAL SIZE. 

1. Bones in relative position as found. 
2. 2nd left metacarpal and proximal phalanx of Paranthropus. 
3. Distal end of 2nd left metacarpal ofParanthropus. 
4. Distal end of 2nd left metacarpal of Bushman. 
5. ·Distal end of 2nd left metacarpal of baboon. 
6. Palmar side of distal end of 2nd metacarpal of Paranthropus. 
7. Palmar side of distal end of 2nd metacarpal of baboon. 
8. Side view of proximal phalamc of 2nd left tlnger of Paranthropus. 
9. Proximal end of proximal phalanx of 2nd left finger of Paran

thropus. 
10. Probably proximal phalanx of 4th tlnger of Paranthropus. 

the premolars and the first and second molars. In this 
matrix there was exposed a little piece of bone which 
I thought might prove interesting. On following it in, 
I found it was part of the well-preserved second meta
carpal of the left hand. Close to it I also found two 
phalangeal bones, and in another piece of matrix 
much of another phalangeal bone. · The distal end 
of the metacarpal lay within a millimetre of the 
maxilla. 

The metacarpal bone is perfect, for the loss 
of the proximal end. It is long and slender, and not 
like the metacarpals of any of the living anthropoids. 
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It is more like the metacarpal of the Bushman, but 
longer and more slender. It is quite certainly not a 
human metacarpal. In a number of respects it 
resembles the baboon metacarpal, but it is about a 
quarter larger than the corresponding metacarpal in a 
large male Papio cornatus. The distal end of t.}le 
metacarpal is essentially cercopithecid in character, 
and there can be little doubt that there must have 
been as in the baboon a pair of sesamoids. 

We know that in man a pair of sesamoids is present 
at the distal end of the first metac:;trpal, and one is 
frequently present at the distal ends of the second and 
fifth metacarpals. But radiologists have recently 
found that other sesamoids are also not infrequently 
present. There may be one or a pair of sesamoids 
present at the distal ends of all the metacarpals. It 
thus seems probable that the ancestor of man had a 
pair of sesamoids at the distal ends of all the meta
carpals, . as in the baboons. 

The large phalangeal bone is almost certainly the 
proximal phalanx of the same finger as the meta
carpal. It is almost typically cercopithecid in struc
ture, but deeper proximally than in the baboon. 

There will doubtless be those who will argue that 
these skeletal remains do not belong to the skull. I 
understand that opinions have been expressed that 
the humerus may be that of a chimpanzee, or even 
that it is human ; and possibly it will be held by 
some that the hand bones I have diseovered are those 
of a giant baboon. All these skeletal remains were 
found in the same piece of bone breccia, which is less 
than a cubic foot in size and which gave us the 
Paranthropus skull ; and as the metacarpal is 
certainly that of a large Primate, it seems to me 
probable that the hand, the skull, the humerus, the 
ulna and the toe bones are all the bones of the skele
ton of one individual. If this is so, we get a few 
interesting facts about the structure of this remarkable 
ape-man. 

A giant Pleistocene baboon, Dinopithectts ingens, 
has, however, been found in the Transvaal, but it is 
not known to occur at Kromdraai ; the only large 
baboon at Kromdraai being Parapapio major, which 
is not larger than the living baboon. If ever teeth of 
Dinopithecus are discovered .at Kromdraai, the 
question will of course arise as to whether these hand 
bones, though closely associated with the Paranthro
pus skull, are not really bones of the hand of Dino
pithecus. 

At Sterkfontein there has been discovered a large 
baboon-like pelvis, with a femur and three vertebroo. 
These may be parts of the skeleton of Dinopithecus. 
The femur is considerably smaller than the supposed 
Plesianthropus femur, and more baboon-like. It is 
thus possible that Dinopithecus may have been 
contemporary with Paranthropus, and it may be 
argued that the finger bones are those of Dino
pithecus. 

It may be many years before we get a hand of 
Dinopithecus in association with a skull or teeth, 
and even if we do I do not see how we shall be able to 
prove that it is not a hand of Paranthropus in 
association with a Dinopithecus skull or teeth, unless 
we also get an associated humerus. 

From the shape of the distal end the metacarpal is 
manifestly a metacarpal of the left hand, and the 
only point that might be debated is whether it is a 
2nd or a 5th metacarpal. The shape of the distal 
end seems to leave no doubt that we are dealing with 
a 2nd metacarpal ; and if it is a 2nd metacarpal the 
p0sterior part of the bone is quite differently shaped 

from that in the baboon. If we are dealing with a 
5th metacarpal, whereas the shaft is like that of the 
baboon, the distal end is very different. If we compare 
the bone with that of the Bushman, we find a con
siderable agreement except that the bone is longer 
and more slender, and the distal end has clear evid
ences of there having been two sesamoids in associa
tion. All the available evidence points to a closer 
affinity with the Bushman metacarpal than with that 
of the baboon, except that as there have been two 
well-developed sesamoids the distal end resembles 
considerably that of the baboon. The sesamoids 
have also led to the proximal end of the phalanx being 
more baboon-like than man-like. 

The little phalangeal bone found beside the meta
carpal is manifestly a first phalanx. It cannot be a 
thumb-phalanx. It might perhaps be the first 
phalanx of the 5th finger of Paranthropus. If so, 
the 5th digit would be remarkably small and short. 
There is, however, another possibility, and even a 
probability. In the same block of matrix is a frag
ment of the frontal bone of a small 'baboon'
probably Parapapio angusticeps- a small 'baboon' 
which is fairly common at Kromdraai ; and it seems 
that the most natural determination of this small 
phalangeal bone is that it is a phalanx of Parapapio 
angusticeps. 

This hand is closely associated with the skull of 
Paranthropus, and it seems to me so much more 
probable that the hand belongs to the same individual 
as the skull that I believe that this is the hand of 
Paranthropus, even though it has some cercopithecid 
characters. In any event it seems but right to figure 
the specimens and place the facts before the world 
that others can consider the matter. 

We know that the milk teeth of Paranthropus and 
Australopithecus have retained many cercopithecid 
characters lost in the living anthropoids, and we 
need not be surprised to find cercopithecid characters 
in the metacarpal and phalangeal bones. 

If the hand is that of Paranthropus, then we have a 
type that has no close resemblance to that of the 
living anthropoids, but a type somewhat intermediate 
between that of the baboon and man. This does not 
mean that Paranthropus is descended from a baboon, 
but only that the ancestor had retained some cerco
pithecid characters. 

Until recently I inclined to follow Gregory in 
believing that man has been derived from a primitive 
Dryopithecid ; but as the living anthropoids and 
most 6fthe fossil Pliocene forms have teeth characters 
not found in man and the Australopithecines, I now 
think it more likely that man and the Australopithe
cines came from a pre-Dryopithecid, a view which is · 
favoured by Weidenreich, and a little like the views 
of Osborn and ·wood-Jones. If the hand is that of 
Paranthropus, we have additional evidence in favour 
of this view. 

If we compare these hand bones with the large bones 
of the gorilla, chimpanzee and the orang, we might 
readily conclude that they are too small for the hand 
of an animal about as large as a large chimpanzee. 
But we · know that Plesianthropus, which is allied to 
Paranthropus, had an os magnum even smaller than 
that of the Bushman, and had thus almost certainly 
a small, rather delicate, hand. We know that the 
supposed Plesianthropus os magnum cannot possibly 
be the os magnum of a baboon ; and we are thus 
apparently justified in holding that the large finger 
bones very closely associated with the Paranthropus 
skull really belong to Paranthropus. 


	THE HAND OF THE APE-MAN, PARANTH ROPUS ROBUSTUS



