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EVOLUTIONARY RATE OF CRANIOMETRIC TRAITS IN HOMINIDAE

Abstract. — This paper contains a discussion on the evolutionary rate of 62
craniometric features in Hominidae. It is based on computation of average of
absolute velocities and those of absolute accelerations with reference to individual
traits time variations. In doing so the author adopted the division of the process
of anthropogenesis into four evolutionary phases, i. e. Pithecanthropus, Homo
neanderthalensis, H. sapiens fossilis and H. sapiens recens. Close investigation of
the calculated data revealed velocities of specialized traits changes in the skull of
Hominidae to increase with the lapse of time and to attain their maximum in the
phase of Homo sapiens fossilis and that of H. sapiens recens.

INTRODUCTION

The author here attempts {o determine the evolutionary rate of
craniometric features in Hominidae. So far, this problem has not been
investigated on the basis of actually existing material.

Two conflicting theories are advanced in contemporary anthropology.
J. J. Roginskij (1951, 1955) is in favour of that claiming retardation in
the evolutionary rate as regards specific features from Homo sapiens
onwards. According to him, from the period of appearance of forms
belonging to the species of Homo sapiens, i. e. since the upper palaeolithic
period (First Interstadial Wiirm), the morphophysiological development of
man seems to have been checked in contrast with the intensity of evolu-
tion believed to be associated with the earlier representatives of Homini-
dae. The process of stabilisation of the physical type of Homo sapiens is,
according to Roginskij’s theories, accompanied by the circumstance of
man becoming independent of his natural environment, owing to his
relatively high production level. This caused a slackening in the
functions of biological factors of evolution, those of natural selection in
particular.

Some Anglosaxon anthropologists are in favour of a different
viewpoint. In their popular papers on the theory of anthropogenesis,
L. H. Shapiro (1933) and W. Howells (1945) maintain that further
evolution of the physical type of modern man was possible. With regard
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to craniological features they suggest the hypothesis of progressive
brachycephalization and.reduction of the facial parts of the skull. In
papers by F. Weidenreich (1948) and G. F. Debec (1948), brachy-
cephalization of modern man is likewise considered an evolutionary
process. In summing up his argumentation on the palacoanthropology
of the USSR, Debec suggests gracilization of the cranium as an
evolutionary process which consists in shortening of the zygomatic
diameter, weakening of the supraorbital region also increase of frontal
angle and decrease of that of the nasal bone. Debec’s conception is
based on mean available material, ranging from the Neolithic to the
Middle Ages, as recovered from the lower Wolga region, the middle
Dniepr basin, and the Altai-Saians highlands. This material, however,
does not seem of great significance in discussing evolutionary problems,
inasmuch as account must be taken of the undeniable migration and
infiltration of peoples within these areas. Nevertheless attention should
be called that Debec supports his arguments by inaterial of concrete
facts.

In the present paper the author discusses the rate of evolutionary
changes of craniometric features in Hominidae on the basis of the
following fundamental assumptions:

1° In the phylogenesis of Hominidae the evolutionary line of form
groups occurs in the appropriate time sequence: I. Pithecanthropus (incl.
Sinanthropus and H. heidelbergensis); II. H. neanderthalensis; III. H.
sapiens fossilis; 1V. H. sapiens recens. Groups of these forms constitute
successive phases of the process of anthropogenesis.

20 It is possible to render the meaning of terms of the
anthropogenesis theory by terms of cinematics of the material point.

An exhaustive argumentation of the former of these two assumptions
goes beyond the scope of the present paper. It would indeed require
corroborating the time sequence of the above quoted forms of Hominidae
and linking them, on their morphological criteria, into one evolutionary
line, which does by no means confirm that all representatives of the
geographic variations of these forms may be assembled in one single
evolutionary line. 1t is, however, possible to present a brief justification
of the above assumption by references to literature containing ample
documentation on the subject. The time sequence is confirmed in papers
by Roginskij (1951) and Wiercinski (1956) on evidence of fossil material
thus far recovered. They contain a discussion on all fossil finds regarded
as supporting parallelistic conceptions in anthropogenesis. Thereupon it
is shown that the test subjects held as proving the synchronous
appearance of forms of H. sapiens up to the Pithecanthropus horizon or
of the pre-Neanderthal, Steinheim type of man, are either wrongly dated
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when, beyond doubt, taxonomically assignable to H. sapiens, or, when
dated correctly, undoubtedly referable to H. neanderthalensis. This fossil
material has been analysed by mathematical methods insuring unbiassed
taxonomical deduction. Thus far, therefore, adherents of parallelistic
theories cannot claim one single palaeoanthropological find suppor’tmg
their speculations.

Evidence for the linking up in one evolutionary line of the forms
of Pithecanthropus, H. neanderthalensis and H. sapiens has been given
by Hrdlicka (1928/29), Weidenreich (1948), Washburne (1954), Jakimow
(1951), Roginskij (1955) and Steslicka-Mydlarska (1947; 1952). Unusually
objective argumentation has been presented by SteSlicka-Mydlarska
(1947), based on individual material by means of mathematical analysis of
groups of specialized characters according to the differential method of
J. Czekanowski. Recently, the results obtained by Steslicka-Mydlarska
have been confirmed in a paper published by Wanke (1956) who analyses
the very same material by the relative points method. Thus from the
‘viewpoint of both chronology as well as of morphology the assumption of
successive phases in the process of anthropogenesis, beginning with
Pithecanthropus and ending with H. sapiens recens, appears to be the
most probable hypothesis.

The transferability of the terms of the theory of organic evolution
with ‘regard to evolutionary rate into the terms of cinematics is
maintained in many palaeontological papers, to mention those publi-
shed by Simpson (1949), Zeuner (1952), Schindewolf (1950). Steb-
bins (1949), Westoll (1949) as well as some others. Simpson (1949)
has undertaken to put in order and to define the principal terminology
of the theory of evolutionary rate. He has established the subdivision
into the principal kinds of evolutionary rate, differentiating velocity of’
genetic changes, velocity of morphological changes and velocity of
taxonomical changes. The methods of calculating velocities, as proposed
by Simpson, are based upon calculation of the ratio of investigated
quantitatively expressed changes to the time lapse or its correlatives.

In palaeontological literature, most papers analyse velocity of
taxonomical changes, test subjects being easily accessible and but a very
limited number of evolutionary theories under discussion. Considerably
less numerous are papers concerned with the velocity of morphological
changes, this being due to fragmentary fossil material, available for this
purpose, and difficulty in establishing the most probable evolutionary
series. Mention should be made here of a most noteworthy paper by
Westoll (1949) on the evolutionary rate of the Dipnoi and that by Romer
(1949), more generalized and based on the example of the evolution of
Equidae.
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Both papers are illustrated by graphs with Carthesian coordinates,
showing time variations of individual features or groups of features.

The various types of evolutionary rate have been discussed in many
palaeontological papers, with reference to such conceptions as absolute
velocity, relative velocity and acceleration. Indeed, these conceptions
exXpress in a concise and unambiguous form the rate of evolutionary
changes and make it possible to treat palaeontological data in a more
‘precise and objective manner.

Thus there seem to be no reasonable causes not to apply the
system of the fundamental principles of cinematics to the description of
evolutionary rate of craniometric traits in Hominidae.

METHOD AND MATERIAL

The author here attempts to discuss the evolutionary rate of
<raniometric traits in Hominidae by the use of cinematic terminology.
He makes use of the method proposed by Simpson (1949) for calculating
the absolute velocities of individual morphological traits, counting units
of time in terms of years. Craniometric traits were expressed in
millimeters for chords and arcs, in degrees for angles and in index units
for index features. For coordinates of movement points arithmetical
means of values of individual features were used, based upon individual
material appertaining to individual phases of anthropogenesis (Pithec-
anthropus, H. neanderthalensis, H. sapiens fossilis, H. sapiens recens)
and averages of scale of the absolute time, in which scale these phases
occurred. With regard to the average for angles XGI, BGI, LGI and the
calotte height index only, have averages for H. sapiens recens been
calculated from those presented by Steflicka-Mydlarska (1947) for
Australians and Lapps, with intentional lowering of their values by
means of the Australian series. The dating there was based on the
chronology suggested by Zeuner (1946) for the Pleistocene. The Pithec-
anthropus phase was taken as,origin of the coordinates system. The
resulting data are shown in table I.

Between phase I and II there appears a gap of time coinciding with
the middle part of PIgl, due to the fact that no finds are known referable
to this period and that the majority of Neanderthal finds, from which
averages were computed, belong to the period Ligl to LGI,.

The time increases (t;;) for the several interphase periods of
anthropogenesis are represented by differences between corresponding
time coordinates, as shown in table 2.

In table 2 the author has introduced his symbolic marking for
changes of interphase traits (s;;), for time increases (t;;), interphase
velocities (v;;) and accelerations (w;)).
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Table 1
Chronology of the four phases of anthropogenesis

Phases of Geologic Time Time Time

anthropogenesis phases scale points coordinates

I. Pithecanthropus EE1, — Plgl (590000 — 400000 4.95 - 10° | 0
II. Homo meanderthalensis| Plgl — LGI, |250000 — 80000 1.65 - 10° 3.30 - 10°%
‘ III. Homo sapiens fossilis LGl, — LGIl, | 80000 —0 0.40 - 10* | 455 - 10°

Holocene
\ IV. Homo sapiens recens Holocene .0 0 495 - 10°
Table 2

Symbols used in cinematic terms

I Interphases tiy Sii Vii Wi |
Phase I - Phase II t,, = 3.30 - 10° Syu A
Phase II - Phase III t,, = 125 - 10° Su3 Vay Was
Phase 1II - Phase IV t;, = 0.40 - 10° Suy Vi Wiy
Phase II - Phase IV t,, = 1.65 - 10° ‘ Say ‘ Va4 ‘ Wiy

The interphase change of trait denotes the difference between the
arithmetical means of this trait for given phases of anthropogenesis.
The interphase velocities were computed as mean absolute velocities
of motion according to the equation:

_ Sii
Vij = i
The interphase mean absolute accelerations were computed by equation
for the mean acceleration of motion:

Vii = Vien j—k
Wi = t
11

n and k being always positive natural numbers.

Furthermore, the author has computed the quotients of interphase
velocities, in order to denote the frequency of velocity increase between
the several interphases:

Vij

I, =

Vi—n, j—k

Finally, the author has likewise prepared 5 charts of the time
variation of traits, expressed in per cent of mean for H. sapiens recens.
Material consisting of arithmetical means for each phase of
anthropogenesis and of individual data, on which the author has computed
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his own figures, were taken from papers by Weidenreich (1945), Steslicka~
Mydlarska (1947), Loth (1953) and Mollison (1913). The bulk, i. e. 56 means
of various craniometric traits, are from Weidenreich’s paper.
Unfortunately Weidenreich presents means for Sinanthropus, H. neander-
thalensis and H. sapiens recens only. The means for H. soloensis were not
taken into account in the present paper, since Weidenreich did not
mention the number of individuals on which his computation was based.
For the above mentioned three phases of anthropogenesis only, were
means obtained of face-brain index and of the percentage of the frontal
lobes in the brain mass (Mollison, 1915, Loth, 1953). Average figures of
five features have been calculated for all the four phases, based on
individual material published by Loth (1953) and W. Steslicka-Mydlarska
(1947). They are angles XGI, BGI, LGI, calotte height index and the
palato-cerebral index of Keith. For these features only have charts of
motion been plotted (fig. 1-5).

Data on material and values of computed interphase velocities,
interphase accelerations and velocity quotients are presenied in tables
3 and 4.

The traits have been divided into groups, on the basis of the velocity
values which they reveal and of the directions of time changes. No
accelerations have been computed for traits of varying directions of time
variance.

ANALYSIS OF RESULTS

On the basis of data listed in tables 3 and 4 the author has divided
the investigated craniometric traits into two fundamental groups. As
criterium for this division he has adopted the direction of time variance.

Group A comprises traits of varying directions of time variance.
Of linear traits there belong to this group: maximum cranial length,
maximum cranial breadth and its correlates. The following features were
furthermore assigned to group A: cranial capacity in cc, arc l-o, breadth-
length index, bregma I height index, inion height index and angle n-ba-o.
It should be pointed out that seemingly the traits of group A contend
against the thesis of the irreversibility of evolution. To wit, the majority
of traits reveal positive increases in passing from phase I to phase 1I,
but negative in passing from phase II to phase IV. However, it should not
be forgotten that in Hominidae these traits are of secondary phylogenetic
importance, since they do not belong to their principal direction of
specialization. In the shaping of the skull this is revealed by its increased
height, in the growing convexity of the frontal, parietal and occipital
part, less distinct protrusion of the glabella and of the occipital region,
and a reduction of splanchnocranium. Furthermore it should be noted



Table 3
Values of motion characteristics for group A features

Measurement | Subgroup A, A, ‘ A, Si» Sy, Py Paa Vo Via
i
1. 1 projected to g—op I 172.0 180.5 179.5 8.5 — 1.0 2.5758 0.6061 0.2353
i 2.1 above n—o I 47.0 355 36.8 —11.5 1.3 3.4848 0.7879 0.2261
| 3. n—o o 145.3 148.0 135.0 27 | — 13 0.8182 7.8788 9.6294
| 4.1 projected to n—o II 180.3 182.0 169.5 1.7 —12.5 0.5152 7.51758 14,7046
5. op projected to n—o 11 180.3 182.3 165.6 2.0 —16.7 0.6061 10.1212 16.6989
6. g—op III 193.6 198.4 185.6 4.8 —12.8 1.4545 7.7576 5.3335
7. n-op III 189.0 193.9 180.3 4.9 -—-13.6 1.4848 8.2424 5.5512
8. n—ba III 105.5 111.0 102.7 5.5 — 83 1.6667 5.0303 3.0181
9. 1 projected to n—o II1 148.2 155.3 148.7 7.1 — 6.6 2.1515 4.0000 1.8592
10. ,,maximum® breadth II1 141.0 147.9 133.6 8.9 —14.3 2.6970 8.6667 3.2136
11. cranial capacity cc. 1043 1400 1300 357 —100 108.1818 60.6061 0.5602
12. occipital arc n—o 114.0 116.6 114.0 2.6 — 26 0.7879 1.5758 2.000
13. n—b 109.8 108.8 112.1 —1.0 33 0.3030 2.0000 6.6007
14. n—ba—o 155.0 159.0 156.0 | 4.0 --3.0 1.2121 1.8182 1.5000
15, 1. length—breadth 72.2 73.3 72.8 1.1 | -- 05 0.3333 0.3030 0.9091
16. I. bregma height I 37.6 36.7 45.2 —0.9 8.5 0.2727 5.1515 18.8907
17. inion height 32.3 24.2 ' 27.3 ---8.1 3.1 2.4545 1.8788 0.7655
Legend for tables 3, 4 & 5:
A, — average of phase I
A, -~ ' . . II
Ay — » . IR 00 §
A, — . " . 1V
Vi =bj - 10— Wi = Q5 - 10—"°
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Values of motion characteristics for group B features

| Sub-

Measurement !group | A,
| |

18. bregma position |

projected to g-op 1 713
19. auricular above FH 1 98.4
20. l-o 11 84.0
21. b-l m | 962
'22. o-op projected to FH I | 483
23. bregma/l/above g-op . 11 72.9
24. lambda above n-o 11 82.3
25. bregma position

projected to n-o 111 56.7
26. au-au III 145.5
27. b-ba III 115.0
28. bregma/2/above n-o 11 91.3
29. vertex above n-o 11X 101.3
30. opisthocranion

above n-o | II1 47.0
31. calvarial above g-op 74.6
32. arc n-b | 120.3
33. arc b-l | 1025
34. b-n <{ n-op 443
35. g <L g-op | 42.5
36. 1-op < op-g L o627
37. l-op <C op-o 103.2
38. b-n << n-o 58.0
39. 1-0 <C o-n 93.1
40. X-g <C g-i 52.5
41, b-g < g-i 39.3
42. 14 <X i-g 63.0

Table 4

Ay

73.2
111.5
89.3
110.3
50.5
73.5
88.8

44 .4
133.7
125.0

98.7
114.2

54.8
82.5
123.7
122.8
48.0
45.0
67.0
110.3
66.3
96.5
64.0
47.3
67.5

l

A, S Suy Pz | Dy | Q24 Vai/Vis
|
71.6 41 | 1.6 1.2424 | 09697 = 0.1653 | 0.7805
135 | 131 | 2.0 | 3.9697 | 1.2121 | 1.6712 | 0.3053
92.8 53 | 35 16061 | 21212 03122 | 13207
1165 | 141 | 62 | 17723 | 37576 | 12032 | 2.1202
56.0 2.2 | 55 | 0.6667 | 3.3333 | 1.6162 | 4.9997
82.7 06! 92 | 01818 55758 | 3.2691  30.6700
94.6 65 . 58 | 19607 | 35152 | 0.9367 | 1.7846
332 | 123 | 112 | 37273 | 6.7879 | 1.8548  1.8211
1210 | 11.8 | 11.6 | 35758 | 7.0303 | 2.0936 | 1.9661
1340 | 100 | 9.0 | 3.0303 | 5.4545 | 1.4692  1.8000
107.7 74 | 9.0 22424 | 54545 | 1.9467 | 2.4324
1246 | 12.9 | 10.4 | 3.9091 | 6.3030 & 14509 = 1.6124
67.0 78 122 | 23636 | 7.3939 | 3.0487 & 3.1282
87.4 79 | 49 | 23939 | 29697 | 03490 | 1.2405
128.0 34 | 43| 10303 | 26061 | 09550 | 2.5204
1364 | 193 | 7.6 | 58485 | 4.6061 | 0.7530 | 0.7970
50.8 37 | 98 | 11212 | 16970 | 0.3550 | 1.5136
49.2 295 | 42 | 07576 | 25455 | 1.0836 | 3.3600
75.9 43 | 89 | 13030 53939 | 24309 @ 4.1396
122.6 7.1 | 123 ‘ 2.1515 | 7.4546 | 3.2140 | 3.4648
72.6 83 63 | 25152 | 3.8182 07898 1.5181
99.0 3.4 | 25 | 10303 | 15152  0.2939 = 1.4706
90.0 | 11.5 | 26.0 | 3.4848 ‘ 157576 | 7.4381 | 4.5218
61.2 8.0 | 139 | 24242 84242 3.6264 | 3.4749
96.7 45 | 202 | 1.3636 | 17.6970 | 9.8990 | 12.9781

IXSNIDUITIA FZAANY



Sub-

T8b
[l
{

le 4 (continued)

Indices group A, A, ‘ A,
|
43. calvarial height
to g-op I 38.5 40.9 475
44. 1 position above n-o 1 102.0 103.1 109.3
45. occipital length 1 1 25.7 25.8 30.6
46. upper parietal
breadth 1 64.2 66.4 81.2
47. frontal curvature 1 89.9 88.8 85.7
48. parietal curvature 1 94.1 93.2 89.4
49. occipital curvature 1 73.8 .7 80.8
50. per cent of frontal
lobes I | 330 35.5 43.0
51. length — total |
height 1I 59.4 63.2 72.9
52. length — auricular
height 11 50.9 56.7 61.7
53. breadth— height I 75.6 85.2 100.6
54. breadth __ auricular |
height I 70.5 76.2 85.3
55. bregma height 1I I 62.7 66.8 78.5
56. vertex height I | 694 7.7 91.0
57. lambda height 1I | 56.6 60.4 69.1
58. opisthocranion height m | 323 37.6 49.6
59. bregma position
above n-o Im | 389 29.8 24.2
60. palato-cerebral or | 300 40.0 57.5
61. calotte height a1 | 34.1 42.8 62.3
62, face-cerebral 111 72.0 54.0 42.0
Legend:
see table 3.

2.2
1.1

3.9
2.5
3.8

5.8
9.6

5.9
| 4.1
i 8.3
| 3.8
5.3

9.1 |

10.0
8.7

18.0 |

6.6
4.2
4.8

14.8 |

3.1
3.8
3.1
7.5
9.7

5.0
15.4

9.1 |

11.7
13.3

8.7
12,0

5.6
17.5

28.2 |

12.0

0.7273
0.9394
0.0303

0.6667
0.3333
0.2727
1.1818

0.7576

1.1515

1.7576
2.9091

1.7879
1.2424
2.5152
1.5152
1.6061

2.7576
3.0303
2.6364
5.4545

4.0000
2.5455
2.9091

8.9697
1.8788
1.8788
1.8788

4.5455
5.8788

3.0303
9.3333

5.5152
7.0909
8.1606
5.2727
7.2727

3.3939
10.6061
17.0909

7.2727

Q24

1.9835
0.9733
1.7447

5.0321
0.9367
0.9734
0.4224
2.2957

2.8650

|
|

0.7713 |

3.8935

2.2590
3.5439
3.3002
2.2773
3.4343

03856
4.5914
8,7603
1.1019

Vay/Via

5.4998
2.7097
96.0099

13.4539
5.6370
6.8896
1.5898
5.9999

5.1053

1.7241 |

3.2083

3.0847
5.7074
3.2047
3.4799
4.5282

1.2307
3.5000
6.4827
1.333

AVAINIIWOH NI SLIVYL DJIMLIWOINVYD 40 JLVY AYVYNOILNT0AT

-6%¢



250 ANDRZEJ WIERCINSKI

that in palaeontology the so-called Dollo’s law has been severely criticised
by Romer (1949), who pointed out as an example the evolution of
Equidae. Moreover, the number of traits in group A, as compared with
the total of investigated traits, constitutes but 27.4 per cent. Neither
should one ignore the important fact that in modern man cranial length
and cranial breadth, with their correlates, show great variability, both
racial and individual, and that they do not represent specific features.

When summarising the above discussion on traits of the A group it
must be admitted that it does not question the claim for the occurrence
of four evolutionary phases in the process of anthropogenesis. The linear
traits of group A reveal average velocities between the phases Pithecan-
thropus and H. neanderthalensis (average p = 1.6143) three times slower
as compared with velocities between H. neanderthalensis and H. sapiens
recens (average p = 5.6970). These traits may be divided into 3 subgroups,
according to the grouping of interphase velocities. Subgroup I comprises
traits with v,, smaller than v., (range p;, : 2.5-3.5; p., : 0.6-0.8). To
subgroup II should be allotted traits with small values v,, and values v,,
many times exceeding the value of v,, (range p,, : 0.5-0.9; p,, : 7.5-10.2).
Subgroup III covers traits with average v,, with regard to larger v,
(range p.;:1.4-2.7; p,,:4.0-8.7). The remaining features, i. e. those of
angle, arc, cubic capacity and index, had to be considered separately as
not being homogenous in relation to linear features. Thus with regard
to cranial capacity v,, appears almost 50 per cent less than v,,. The
occipital arc is characterised by low values of both interphase velocities
with greater v,,. The n-ba-o angle reveals v,, and v;, with low values and
small differences. Much alike is the length-breadth index and inion-
height index. Again on bregma I height index do we observe v,; many
times larger than v,,. ) '

Group B comprises the balance, i e. 72.6 per cent of craniometrical
traits. These traits reveal unidirectional time variation and are
characterised by marked phylogenetic importance. They refer to height
of skull, convexity of frontal, parietal and occipital regions, cranial base
breadth, reduction of splanchnocranium and increase of mass of frontal
lobes. In consideration of their unidirectional time variation, the
accelerations have been computed within the interval between the phase
of H. neanderthalensis and that of H. sapiens recens, as in group A the
linear traits may be subdivided into 3 subgroups. Subgroup I comprises
traits with values v,, smaller than v,, and with negative accelerations of
W,, (range pi»:1.2-4.0; p,i:0.9-1.3; q.,:0.1-1.7). To subgroup II should
be allotted traits with v,» smaller than v,, (range p,.:0.1-2.0;
P2yt 2.1-5.6; @, :0.3-3.3). Subgroup III comprises traits characte-
rized by high values of both v,, and v, with v, larger than
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vy, (range. p..:2.2-4.0; p., :54-74; q.:1.4-3.1). Calvarial height
shows a slight acceleration of v,,. In general terms the linear traits
appear to have an average about twice higher for v,, than for v,,. Two
arc traits belonging to group B reveal varying rates of velocity: arc n-b
is characterized by a smaller v,; as compared to v,, at relatively low
values of both velocities. Arc b-l reveals a negative acceleration at high
values of v,, and v,;. The angle traits of group B are characterized by
values v,, approximately four times higher than v,, and by very marked
accelerations. As is well known, they comprise the convexity of the
frontal, parietal and occipital regions. Particularly high velocities of v,
are revealed by angles XGI, BGI, LGI. The indices, numbering 20, are
characterized by the average value of v, being three and a half times as
high (average q.,, = 1.6637; p,, = 5.9212) as v,,. Three subgroups may be
distinguished in the grouping of velocities. Subgroup I comprises the traits
with minor values of v,.» and somewhat higher values of v,, (range p,.:
0.03-1.2; p,,: 1.8-4.6; g, 0.4-5.1). With subgroup II are classed traits
with medium values of v,, and high values of v,, (range p,,:1.1-3.0;
P2s 1 3.0-9.4; qs, 1 0.3-3.9). Subgroup III contains iraits with high v,, and
very high v,, (range p,,:2.6-5.5; p.,:7.2-17.1; g.,:1.1-8.8). In summa-
rising the above results of the investigation of traits of group B, i. e.
traits of unidirectional time variation and of considerable phylogenetic
importance, it should be stressed that they reveal distinct tendencies of
increased velocities within the interphase of H. neanderthalensis and
H. saptiens recens. The evolutionary rate of these features is varied,
which fact made it possible to distinguish subgroups of features with
different velocities of time changes.

Similar results were obtained not only for the three phases of
anthropogenesis, but likewise when a fourth phase was added, namely
that of H. sapiens fossilis. Unfortunately, due to lack of material, but
5 traits of definite phylogenetic importance were analysed, namely:
angles XGI, BGI, LGI, calotte hight index, and palato-cerebral index which
characterises the process of face reduction with regard to neurocranium.
The results of an analysis of all the four phases of the process of
anthropogenesis are compiled in table 5 and 6 and in charts (fig. 1-5)
showing time variations of traits.

The empirical curves do not fit by any mathematical function,
because the number of points is too small. The author therefore merely
joined the four points by straight lines. These charts reveal almost identical
time variations, beginning with rather small velocities which, however,
increase rapidly on reaching their maximum within the phase of H.
sapiens fossilis and H. sapiens recens. Interphase accelerations reveal
identical symptoms. Numerical data, agreeing with those in the charts,
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are presented in table 6. All the above data confirm our results obtained
for three phases only of anthropogenesis, but they likewise corroborate
‘the assumption of interconnection between the four assumed phases of

Table 5
Values of motion characteristics for the 4 phases of anthropogenesis

! |
Measurementi A, A, A, A, S i Suy l S
. ‘ i |
| 40, X—g¥g—i 52.5 64.0 \ 786 | 90,0 115 | 146 11.4
' 41. b—gXg—i 39.3 473 | 544 61.2 go | 71 6.8
[ 42.1—iXi—g | 63.0 67.5 | 780 96.7 | 45 | 105 18.7
| 60. palato- ! |
. cerebral | 30.0 400 | 500 57.5 10.0 | 100 7.5
| 61. calotte é ‘ '
! height i 341 42.8 | 520 | 623 87 | 92 10.3
o H o
Pz i Py | D Qy ‘ Q34 | VeV ViaaiVaz
| | I
7\ - -—} ‘ﬁﬁ"ig———?‘
40. 3.4848 | 11.6800 28.5000 | 6.5562 | 42.0500 3.3517 | 24401 |
41. 2.4242 5.6800 17.0000 | 2.6046 | 28.3000 ‘ 2.3430 | 2.9929 !
42. 1.3636 8.4000 ’ 46.7500 | 5.6291 95.8750 | 6.1602 | 5.5655
60. 3.0303 8.0000 18.7500 ' 3.9758 | 26.8750 | 2.6400 | 2.3438
61. 2.6364 7.3600 { 257500 | 3.8589 | 459750 | 27917 | 3.4987 !
Table 6
Graphs fig. 1—5 coordinates
X e | 3.30°10° 4.55°10° | 4.95'10°
,,,,, i S i -
|
Y, o) 30.67 69.60 100.00
Y,, 0 ; 36.53 68.95 100.00
Y, o } 13.35 44.51 ; 100.00
Y o} ] 30.85 63.47 ; 100.00
Yoo o) | 36.36 72,13 ’ 100.00
I

anthropogenesis, in view of the unidirectional variation of investigated
specific features, even when account is taken of the continuous increase
-of velocities and accelerations. It seems beyond doubt that H. sapiens
fossilis is the starting form for H. sapiens recens. The above results
contradict parallelistic conceptions and also conceptions which claim
a retarded degree of evolution beginning with H. sapiens fossilis. Modern
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Fig. 1. Motion of frontal angle XGI.

Fig. 2. Motion of frontal angle BGI.
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Fig. 3. Motion of occipital angle LGI.

Fig. 4. Motion of calotte height index.

Graphs (fig. 1-5) show time variations of the specialized traits in ithe skull of
Hominddae, accepting the lapse of a year as the time-unit. The variability of any
one feature is expresced in its percent divergence from the mean of that feature
in the Pithecanthropus phase. For the Homo sapiens recens phase the divergence of
the mean has been accepted as being 100 per cent.
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man passes through his intensive phase of evolution tending to rapidly
increasing convexity of forehead (which is in agreement with data given
by Debec, 1948) and of the

parietal and occipital regions, %

to an upward growth of the 1001

skull and a reduction of the 90|

face part. These data, however,

must be confirmed on further 80y

evidence supplied by investiga- & 70k

tion of additional features, E

whereby a reasonably precise £ 90f

determination ~ of  averages & sol

should be reached both for H. Z

sapiens fossilis and H. sapiens S 0f

recens. These results may also & 30k

be somewhat modified, in line

with the accumulation of new 20

fossil findings. However, there 0}

is mo reason to believe that any years
such changes should affect the 0 0T 2005 30% 407 5405
very essence of results obtained

in this paper, i. e. the accelera- Fig. 5. Motion of palaio-cerebrzl index.

tion of the tempo of evolution

within the most recent phase of anthropogenesis. A verification of the
above results is necessary, based upon material from populations
relatively isolated from migratory changes, and dating from neolithic
to present times. Towards establishing the causes of acceleration of the
rate of evolution in H. sapiens it may prove highly useful to investigate.
the rate of specialized traits within the phases of ontogenesis and the
effect of the process of urbanization upon changes in the physical type
of man.

GENERAL CONCLUSIONS

Summarising the results obtained in this paper the following
conclusions are in order:

1° On the basis of a study of average absolute velocities and
average absolute accelerations in 62 craniometric traits of Hominidae, the
conception proves most plausible of the existence in anthropogenesis of
four phases, i. e. 1) Pithecanthropus, 2) Homo neanderthalensis, 3) H.
sapiens fossilis, 4) H. sapiens recens. The high degree of probability is
here based upon the unidirectional time wvariation of fundamental
specialized traits in the development of the skull. These traits are: total
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cranial height, calotte height, width of cranial base, convexity of frontal,
parietal and occipital regions, increased mass of frontal lobes and
reduction of the splanchnocranium.

20 The rate of evolution in Hominidae is not uniform in different
craniometric traits. It is most intensive in specialized features.

39 The average rate of evolution -in the initial phases of
anthropogenesis is slow, reaching its maximum acceleration in the phases
of H. sapiens fossilis and H. sapiens recens.

Institute of Anthropology

of the Warsaw University
Warszawa, March 1956
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ANDRZEJ WIERCINSKI

TEMPO EWOLUCYJNE CECH KRANIOMETRYCZNYCH U HOMINIDAE

Streszczenie

W niniejszej pracy dokonano analizy tempa ewolucyjnego 62 cech kraniome-
trycznych u Hominidae, zakladajagc wystepowanie w procesie antropogenezy czte-
rech kolejnych faz ewolucyjnych (Pithecanthropus, Homo neanderthalensis, H. sa-
piens fossilis, H. sapiens recens) oraz mozliwoéci opisu w jezyku kinematyki punktu
materialnego tempa przemian ewolucyjnych. Zostaly wiec obliczone $rednie pred-
kosci bezwzgledne i s$rednie przyépieszenia bezwzgledne, przyjmujac jako odpo-
wiednik pojgcia przyrostu roéznice miedzy odpowiednig parg Srednich arytmetycz-
nych badanej cechy, obliczone dla danych faz antropogenezy. Datowanie bezwzgled-
ne 4 faz 'a‘ntropogefnezy ustalono na podstawie chronologii plejstocenu, podanej przez
Zeunera (1946). .

W wyniku dokonanych obliczen i wykresow ruchu okazalo sie, ze badane:
cechy mozna podzieli¢ na 2 zespoly. Do zespolu A weszly cechy o niklym znaczeniu
filcgenetycenym (diugos$¢ i szerokoéé czaszki wraz ze swymi korelatami), charakte-
ryzujace sie roznokierunkows zmiennodcig w czasie. Do zespoltu B weszla wiekszosé:
cech, wykazujgcych zmienno$é jednokierunkowa w czasie i duze znaczenie specjali-
zacyjne. Sa to cechy wyrazajace stopien wysklepienia czaszki Hominidae w okolicy
czolowej, ciemieniowej i potylicznej, wzrost wysokoséci czaszki i redukcje czedci
twarzowej. Na podstawie uzyskanych przez autora danych dla wszystkich 4 faz
aniropogenezy, niestety tylko 5 cech z zespolu B o zasadniczym znaczeniu specjali-
zacyjnym mozna bylo przedstawi¢ w fonmie wykreséw ruchu (fig. 1-5), przyimujac
za poczatek uktadu wspodlrzednych dane dla fazy Pithecanthropus, a dane dla Homo
sapiens recens — za 100%. Zaréwno obliczenia, jak i sporzadzone wykresy uzasad-
niajg teze o narastaniu tempa ewolucyjnego przemian w czaszce Hominidae. Naj-
wyzszg warto$é osiaga owe tempo na ostatnim odcinku antropogenezy, mianowicie
miedzy fazami H. sapiens fossilis i H. sapiens recens. Jednokierunkowa zmiennosé
w czasie cech specjalizacyjnych stanowi dodatkowy argument na korzys$é tezy
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o wystepowaniu 4 faz antropogenezy. Wykonane obliczenia wartosci predkosci
i przy$pieszen wskazujg takze na fakt nie_jedmakowego tempa ewolucyjnego roz-
nych cech kraniometrycznych Hominidae.

OBJASNIENIA DO ILUSTRACIJI

Wykresy (fig. 1-5) przedstawiajg zmiennos$¢ cech specjalizacyjnych czaszki
Hominidae w czasie. Jako jednostke czasu przyjeto 1 rok. Zmienno$é danej cechy
zostala wyrazona w %% odchylen od $redniej tej cechy w fazie Pithecanthropus,
przy czym odchylenie $redniej dla fazy Homo sapiens recens przyjeto za 100%.

Fig. 1 (p. 252)
Ruch kata czolowego XGI.

Fig. 2 (p. 252)
Ruch kata czolowego BGI.

Fig. 3 (p. 252)
Ruch kgtia potylicznego LGI.

Fig. 4 (p. 252)
Ruch wskaznika wysokosci kaloty.

Fig. 5 (p. 2563)
Ruch wskaznika podniebienno-mozgowego.

RHAPYKEH BEPLIMHbCKH

SBOJIOLHMOHHBIN TEMII KPAHHOMETPHYECKHX [MPH3HAKOB
Y HOMINIDAE

Pesiome

B nactosueil pafoTe aHANIH3UPYIOTCA: 3BOJIIOUHOHHBIH TeMN 62 KpaHHOMETDH-
YecKUx Tpu3HaKos Hominddae, NPUHHMAA, YTO B XOJE AHTPONOTEHE3HCA BHICTYIAIOT
4 TI0CJIeIOBATCIIbHBIC 3BONIOIWOHHBIE cTaAnu (Pithecanthropus, Homo neanderthalen-
sis, H. sapiens fossilis, H. sapiens recens), a TaxKe BO3MOMHOCTb BbIPAa3UTh HA A3BIKE
HEHEMaTHKH MAaTEpHAJbHOH TOYKH SIBJIEHHEe TEMITa DBOJIIOLHMOHHbLIX H3Menenuid, H Ttan
HPOHU3B2/ICH pacyeT CpPefHHX AaGCONIOTHBIX CHOPOCTEH H CPEeNHHX abCONIOTHBIX YCKO-
PEHHH, pUHUMAA B KAyecTBe IOHATHSA, OTBEYANOIISNO TOHATHIO (IPHPOCTA — PA3HOCTh
MEWAY KaMAbIMH COOTBETLTBYIOLIUMH NapaMH apH(pMETHYESCKUX CPEAHHX HCCIENyeMOoTo
MIPU3HAKA, BLIYHCJIEHHBIX JJIA AaHHBbIX CTagHd aurpororeHe3uca. AGCOIOTHOE yCTaHOB-
JieHHe 4 CTafuil aHTPOIOreHEe3uca COBEPIIEHO, OCHOBBIBAfCh HA XPOHOJOTHH IJIEHCTO-
LeHa, panHoil lleitHepom (F. E. Zeumer, 1946).

B pesysbrare BBIYHUCIECHHH M rpaHKOB ABHIKEHMA OKA3aJIoCh, YTO HCCIERyeMble
YepThl MOMKHO DPa3GHTh Ha 2 KOMIUIekca, K KOMIINEKCYy A OTHOCATCA YEPTHI, HUMEIoLHe
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MHHHMaJbHOS (PUIOTCHETAYCCKOE 3HAUEHUE (AJIMHA H LUHPHIA yepena B COBOKYOHOCTU
¢ MX KOoppeaATaMy), XapaKT2pH3YIOWHECd H3MCHYMBOCTBIO BO BPEMEHH B PA3NHUHBIX
HampaBJieHuaAx. K KoOMIJIekcy B OTHECEHO OOJBbLUHHCTBO MPH3HAKOB, IPOSABJIAIOLINX
U3MEHUYHBOCTb B OJAOM OTNpPEeReJICHHOM HalpaB IeHWH W OOJIbLLIOE 3HAYeHle B CrelHa-
JIM3alHH, OTO TIPU3HAKM BblpazKamollie CTEICHb CBOAYATOCTH 4epena Hominidae B JI0H-
HOH, TeMeHeBOH M 3aThUIOYHOH ofjacrAX, YBEJAHMYCHHE BbICOTHI YEpena H peyKIHIo
JuLeBoli dJacTH, Ha OCHOBaHMM TIOMydYEHMBIX aBTZPOM JAHHBIX JAJAA BCEX 4 cTafuil
AHTPOMOreHE3HCa, TOJbKO 5 uepT KomIllekca B, UMEIOLIHX OCHOBHOE CIeUHATH33LHONH-
HOEe 3HayeHHe, MOMHO OLUIO H3006pa3UTb B BHAE TIpagHKOB 'pa3BHTHA (Hr. 1—5
L QHTJIMHCKOM TEKCTe), MPHHMMAsA B KayecTBE Hayasla KOOPAMHAT AaHHblE MAJIA CTaJHH
Pithecanthropus, a AaHHble A1 Homo sapiens recens — 3a 100%. HKak pacuersi, Tar
H BbIYEPUYECHHBbIC IpPafpMKH OOOCHOBLIBAIOT TE3HC O BO3PACTAHWH TEMIla SBOJIOUUOHHDLIN
H3MeHeHHH B yepene Hominidae. STOT TeMI [OCTUraeT HAHOONBUIEH BEIWUYHELI B TIO-
CJIRTHEM [0 €ero BpPEeMeHH OTPE3Ke aHTPONOreHe3HCd, a HMEHHO B TIPOMEIKYTKE Mem Ay
craguel H. sapiens fossilis 1 H. sapiens recens. Pa3zBUBaiow{ascs BO BpeMEHH B OJHOM
H TOM € HAIpaBJCHHH U3MEHUYHBOCTb NMPH3HAKOB OMEUUaIU3aLMrK ABISETCSA eLie ORHHMM
J0Ka3aTe bCT30M B TIONB3Y TE3HCA O NPOSRIESHHH 4 CTafWil auTpoiloreH:23uca. [Tpous-
BEAEHHBLIH pacyeT BEJIMYHHBI CKOPOCTH H YCKOpEHiisl paBHblM 06pAa30oM YKa3blBAlOL HA
$aKT HEOOWHAKOBOTO DHBOTOUMOHHOND TeMNa PA3JAHYHLIX KPAHHOMETPHYECKUX 4depT
Hominidae.
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