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(1.) Toe object of this paper is to show, by the use of a special cuse as illustration,
the true himits within whieh it is possible to reconstruet the parts of an extivet race
from a knowledge of the size of a few organg or bones, when complete measurements
have been or ean be made for an allied and still extant race. The illustration [
have taken is one of considerable interest in itself, and has been considered from a
variety of standpoints by a long series of investigators. But I wish it to be
congidered purvely as an illustration of a general method, What is here done for
stature from long bones 1s equally ﬂ,p!ll:r'ﬂhm to other organs in Man, We might
reconatruet in the same manner the dimensions of the hand from a knowledge of any
of the fingor bones, or the bones of the upper limbs from a knowledge of the bones of
the lower limbs. Further, we need not confine our attention to Man, but ean
predict, with what often amounts to a remarkable degres of aceuracy, the dimensiona
of the organs of vne local race of any species from a knowledge of & considerable number
of organs in a secoud losal race, and of only one or two oreans of the fivst.  The import-
ance of this result for the reconstruetion of fussil or prehistorie races will be obvions,

What we need for any such reconstruction are the following duta —

(¢t.} The mean gizes, the variabilities (standard-deviations), and the correlations of
ag many organs in an extant allied race as it is possible conveniently to measure,
When the correlations of the organs under considerition are high (eg., the long
benes in Man), fifty to a hundred individuals may be sufficient ; in other cases it is
desirable that several hundred at least should be measaved.

(b.) The like sizes or characters for as many individual orgaus or bones of the
extinet race should then be measured as it is possible to colleet. Tt will be found
always possible to reconstruct the mean racial type with greater accuracy than to
reconstruct o single individual,

(¢.) An appreciation must be made of the effect of time and elimate in producing
changes in the dimensions of the organs which have survived frow the extinet race.

(2.) Bupposing the above data to exist it any particular instance, we have next to
ask what is theoretically the best method of dealing with them. There cannot be a
dloubt about the answer to be givt-.n. If we koow an organ A, then the most
probable value of au organ B is that given by the regression formula for the two
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organg, Let m,, m, be the mean sizes of A and B, o, o; their standard deviations,
v their enefficient of correlation, then the most probable value of B for a given valne
of A is,

L)

B—m, = = ~ (A —m,)

o
oy : i oy, v
Bi= (-m-,, = o Hr,.) - il Fo A
T | T P A T R R T (1]

wheve ¢, and ¢, are constants for the pair of organs under consideration. The
probable error of such a determination iz 67449 o, X /(1 — #5).

Now there are several points to be noticed here,

(i.) If #,, be small, the probable error of reconstruction will be large, if' the organ
B 18 to be reconstructed for a single iudividual. No ingenuity in constructing other
formulse can in the lenst get over this diflieulty ; it is simply an expression of the
fact that races are variable, Any formula which professes to reconstruet individuals
with extreme accuracy may at once be put aside as unscientific. On the other hand,
il A be known for p individuals, the corresponding mean value of the unknown organ
B may be found with a probable error of ‘67449 o, X /(1 — #5,)/\/p, and thus with
ILereasiiy HeCUTACY 45 P Increases.

(i) Anthropelogists and anatomists have frequently assumed that the ratio of two
organs, B/A, 1s the measure fo be ascertained in a reconstruction problem. They
were soon compelled to admit, however, that this varies with A, and aceordingly have
tabulated the ratio B/A for three or fonr ranges of the organ A. Such a table,
for exarople is given by M. Manovveier® for the ratio of stature to the length of
the six long bones,  He gives the ratio for three values of each long bone. He also
in a second table gives values of the ratios which are to be taken when ithe long
bones exceed or fall short of certain values, 1., in cases of what he terms mecroskely
and microskely. The regression formula shows us that :

B/A = e. + ¢//A,

and since ¢, is never small as compared with A, this ratio ean never be treated as
constant.  Accordingly, while o table can be constructed which will give quite good
reconstruction values, by determining the mean value of B/A for each value of A, we
see that it is theoretically an erroneous prineiple to stact from ; no constaney of the
ratio B/A ought to be expected. The theory of regression shows us that the most
probable value of D is expressible, so long as the correlation is normal (or at least
“linear "), as a fencar function of AT

® ¢ Mémoires de la Bociété " Anthropologie de Paris,” vol. 4, pp. 347-402,
+ Bir Grongr Houemey gives a table of the eatio B/A for stature in his © T'restise on the Human

Z 2
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(3.) So far we have deult only with the reconstruction of the most probable value
of B from one organ A, but we may propose to find the most probable value of B firom
ioorgang A, Ay, A;. .. A, Let », represent the corvelation cocflicient of B and the
organ A,, #, the correlation coefficient of A, and A,; o, the 8.1, of B, and o, of the
organ A, m, the mean of B, and m, of A,; let R be the determinant

1 Ta Te Pe .o . T

i 1 T P o+« = T l
Vg Ty | Ve . " . W
Tw ™ a1 R
By Tap Taw Tam §ow L I

and IR, the minor corresponding to .. Then the general theory of eorrelation
shows us that
I, o

Wi o M o3 o
Tt ) % (e T e

Yo Ty R m

B - m,=—

is the most probable value of B, and that there is a probable error = *6744% o, /(T 1R,,)
m this determination,
Thus we reach again a formula of the character

=6+ 6A + 6As + A ...+ cA,

or, B is expressible as a linear function of the organs from which its value is to he
predieted. This again supposes normal, or at least “ linear " correlation. Now theve
are several points to be noticed here.

(L) The linear function which will give the best value for B is unique. For
example, some anthropologists have attempted to reconstruet stature by adding
together the lengths of femur and tibia. The proportions in which femur aud tibia
are to be combined are given once for all by the rvegression formula, and they ave
not those of equality., I have succeeded in proving the following general theorem,
which settles this point conclusively. Given any linear funclion of the n organs
Ay As Ay Ay, Bay

by -+ DA+ A+ A+ .+ DA,

Skaleton,” Cambyidge, 1858, p. 108, Many others have been given by French writers, in some cases
with soversn]l values of B/A for threo ranges of stature or of long bono (Torrvarn, Ronuer ete).
Dr. Beovog has given & rale which really amounts to making B o linear fuuection of A, bot his valucs
for ¢ and g are widely divergent from what I have obtained by applying the theory of correlukion,
‘Jonrnal of the Anthropological Institnte,” vol. 17, 1BSE, p. 205,
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and let p be the covrelation of this expression with B, then p will he greatest or
the probable error of the determination of B by means of its correlation with such an
expression will be least, i.e., 67449 o, /(1 —p") will be least, when the &' are pro-
portional to the corresponding ¢'s of the regression formula,

Let 2 be the standard-deviation of the quantity

Q=bi+bA, +bA4+...+bA..
Then
% =8 f:'r-“TlfTﬂ + 28 U'I"'L‘FJU‘AT!E}
anl
p= H'I' “qi’mcr, }."E

The best value of B as determined from € is
B=y+ "2 b (Ay—mn) + b (Ay—ma) 4. ..+ b, (A, —m)} . (iii),

with a probable ervor 67449 a, /(1 — p°).

This may be taken to be any linear function of the A's, since so far by, b, ... b,
are 7 quite arbitrary eonstants, and the constant b, has to satisfy the condition that
1 takes 1ts mean value when the A's take their mean values,

Now select such a value of the I’s as to give the greatest value to p. DBy
differentiating p with regard to the 0's in snceession we find the system of equations

"'ciEJ'IIP = o+ bhoay + hoeyry+ ...+ bour,
"cr:E,-"'P = b + b -+ Doy 4+ .. L bogr,,
T'ﬂ:lEa"IP = oy + by + booy 4. . .+ Doy,

. - - i . - . -

r-"-:|-E',u'lll||:‘ = ';Jlf-rj'rl.u =+ 'I-?_"rr:'!"_'u + I).'.'T..Tsn L g + ?’pﬂ'n-
The solutions of these equations are

R . i

by, = y b, = — B buoy, = —

B L P I, 2

or, the equation to the best value of DB, (iin) above, reduces to the regression
formula (i), In other words, no attempt to reconstruct the organ B from a linear
relation to the organs A, A, ... A, will give snch a good result as the ordinary
regression formula. ™  This, of course, excludes all attempts to form type ratios of

* I note that what is kero demonsteated is only & special case of Mr, Yuvne's general theorem.  Sea
= * Roy. Bue. Proc., val. 60, p. 477,
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A/B or B/A as a method of prediction. We may, in fact, at once dismiss all
reconstriiction formulme as insufficient which are not based on the theory of eorve-
lation.  The theory as here applied, be it noted, depends on the finearidy of the
propoged formnla and not on any special form of the distribution of variations.

(i) The nceuracy of a prediction will not be indefinitely inereased by increasing
the number of organs upon which the prediction is based. This fundamental fact of
the application of the theary of correlation to prediction has already been noticed by
Miss Avice Ler and wmyself in the ease of barometrie prediction.™ The choice of
organs upon whicl to base the prediction is far more important.  Thus, to illustrate
this from stature T may remark that the probable error of o prediction of male stature
from radius is to a prediction from femur in the ratio of 2723 to 2:174; that if one
takes both femur and tibia for the predietion, the probable error is only reduced to
2:030, and further, if one takes femnr, tibia, humerns, and mdins, we only veach
1-961. This latter reduction is so small as to be well within the errors of the
determination of our means, variations, and correlations, and accordingly seaveely
worth making. To pass from the vadins to the femur is a veal goin; to passz from
femur and humerus, say, to femur, humerus, tibia, and radius, iz no sensible gain,
Henee, one or two organs well selected arve worth much more for predietion than a
much larger number selected less carefully.

(iii.) It is the custom of French writers, when determining stature, to predict it
from several single types of bones, say from femur, tibia, humerss, and rading, and
then to take the mean of these results for the true stature. This is not the besl
theoretical procedure.  Suppose the regression formule for the predietion of B from
AL A A A, separately to be

B=g¢' -+ A,
B=g¢"+ ¢"A,
O T
B =" 4 6/"A,

i

Then the mean of all these results would give
¥ I FRE - ) FraF
b= :1. {F-'u; +e& + e + a} + .}'1-'|I-"1| + 1Ay 1e"Ay '}.‘“l " Ay

that is to say, B has been really found from a linear relationship between B and the
[our organs in question.  But the best linear relationship for the four organs is

B=2e¢4cd; 4 i+ e + AL

where the ¢'s are the true regression coeflicients, But the slightest acquaintance
with the theory of regression shows that the partial vegression coefficient ¢, is us a

# 4 0n the Distribubion of Frequency (Vorviation ond Corvelation) of the Bavomebrie Height ot
Dhvers Stations,” * Phil, Trans" A, vol, 190, p. 430 ef seq.
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rule not just 4 of the value of the total regression coeflicient ¢,. For example, if
A, were the radius and B stature, ¢, = 3271, while ¢, is a negative quantivy — "187.
This process of tuking means may accordingly screen some most important element,
like the negative value of the partial regression coefficient of the radius. Theoretically,
therefore, as well as from the standpoint of discovery, the regression formula for =
organs will give more valunble results than the mean of the results of the n regression
formule for the n organs, A practical modification of this priuciple will be referred
to below (p. 178).

(4.} The theory of regression will thus enable us to determine the best value to be
assigned to an unknown organ, when the values of any other #n organs are known,
supposing the individual to which these organs belong is a member of a race or group
Jor which the regression cocfficients have been ascertained.

On what prineipls, however, ean we extend the regression formule for one race to
a second 7 The regression coeflicients depend upon two things, the variability of
the organs under consideration and their correlation. Now the change in variability
as we pass from one race to a second has never been questioned. It has been
suggested that the correlations were raeiul characters, but the divergenees in corre-
lations between local races arve far beyond the probable errors of the observations
Mr. Frow and 1 have shown that every randem selection from a race changes both
variation and eorrelation.t T have shown in a memoir not yet published that all
natural and all artificial sclection also changes these quantities. How then ecan we
hope that a regression formula as applied from one local vaee to another will give
aceurate results 7 Why should the stature formula obtained from measurements on
modern Frenchmen apply to palmolithie man ?

T think M. MaxouveieEr somewhat lightly skips this difficulty in the following
sentences (—* Enfin les variations ethinigues des proportions du corps seront dans le
méme cas que les précddentes [les variations individuelles]. 11 y a des races macros-
kdles et des races microskéles, comme il y des individus de ces deux sortes, el les
variations individuelles sont bien plus grandes que les variations ethniques les plus
accusbes.  Or les coeflicients moyens des os de grande longueur tendant i abaisser In
taille et ceux des os de faible longueur tendant i 'élever, il s'ensuit qu'il sera tenn
compte dans une certaine mesure de la macroskélie des races comme de celle des
individus dont les os seront absolument longs et de la microskélie des races comme
de celle des individus ayant des os absoloment eourts,” If we admit for the
moment, which I should not be prepared to do generally,| that the individual
variations in a local race are greater than the “ethnic variations” or divergences
between the means of local races, M. MaNouvrieEr's conclusion by no means follows.

@ pesf Phil, Trace,” A, vol, 187, pp. 266, 280, n= * Roy. Soce. Proe.," vol. 61, p. 350,
#*0On Bandom Seleetion,” see * Phil. Trans,” A, vol. 191, p, 220, and * Boy, Boe, Peoc,” vol, 62, p. 173,
L. eit, on my page 171,

v e =

Sea the reanlbs as to the ruling referred to on p. 176 below.
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The formuls for stature reconstenetion, whether obtained with a conscionsness of e
theory of rvegression, as in the present paper, or indivectly by taking the means of
small groups, as by M. Maxouveier, are hased upon averages, and involve the
standard-deviations, the variabilities of distribntion of each organ. Hence, the fact
that individual variations may be greater than ethnie variations does not touch the
real point at issue, for the formule depend on the proportions of macroskely and
microskely in each race, and these undoubtedly change. The individual variation
being greater than the ethnie, is not a valid argument for applying a formuln based
on the obgservation of one local race straight away to a second.

The validity of applying the formula for one loeal race to a second depends, 1
think, upon very different considerations, In the first place, the validity is not
seneral,  If we endeavoured to reconstrnet the radiug, for example, of Aino or
Naqgada races from the femur or tibia by & regression formula obtained from measure-
ments on the French, the results would, we might @ priori expect, vot be so
satisfactory as for stature.®

The validity depends on our conceptions as to “loeal races.,”  While the problem
of local races 1s dealt with at length in my memoir on artificial and natural selection,
and | do not want to anticipate the results there stated, 1t s still needful to cite
here a theorem reached in that memoir. When a sub-race is established by the
selection out of a primary race of a group having p organs distributed with given
variabilities and given correlations about given means, we shall speak of its establizh-
ment as due to a dereet selection of these p organs.  But this direet seleetion 18 shown
to alter algo the sizes of all the remaining organs of the organism, the variabilities of
all those organs, and the correlations among themselves of the non-directly selected as
well as their correlations with the selected organs.  We shall speak of this result as

# Allowing, as in my page 193, for cartilage and shrinking, 1 find the following formnla from the
Trench messurements for the reconstruction of radios in cenbmetres

R = 7838 4 -367F,
I = 5715 + 5087

Adno raee, ! Kugads raco. ;
e = - !
Caleulated. l Observed, | Calenlated, ‘ Observed,

_ . oy | u i
Reconstruction of R from I 22-799 i 22014 24602 | 2567
Heeonsteuotion of B from 10 . 28934 22915 | bt | 25687 |

. i | I -

In the case of the Adnes, the prediction is within 3 per cent, of the obzerved valne. In the ease of
the Nagada race, the prediction from the femar differs by 1 conlim,, or 4 per cent, from ils true value, An
error of & to 7 coutims, in the predietion of statore of a locul race which would correspond in
magnitude is hardly likely to oceur. The explanation is that the radius is o much differentinted bone.
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indirect selection, The changes due to indirect selection are shown in the memoir
referred to to be In many cases of considerable importance ; every mean, every
standard deviation, every correlation may be altered; but the following theorems
govern the changes iu the regression formule :—

{(1.) The regression formula of a divectly selected organ on any number of other
organs, whether directly or indirectly selected, will change.

(ii.) The regression formula of an indirectly selected organ on all the directly
selected organs, and any number of the indirectly selected organs, does not change.

(iii.) The regression formula of an indirectly selected organ on same, but nof all
the directly selected organs, will change, unless the selection happens to be one of
size only, and nol of variability and correlation at the same time, in which case the
formula remains unchanged,

(iv.) Most local races show sensible but small differences in both variability and
correlation ; if’ we eall these differences quantities of the first order of small quantities,
then the changes in the regression formnle between two or more indirectly selected
organs will be of this order of small quantities X the squares and products of corre-
lations, quantities which are themselves less than unity, or what we may term a
quantity of the third order ; further, the changes in the regression formule between
an indirectly selected organ and some butl not all the directly selecled organs will be
of the first order of small quantities X the correlation, or what we may term a
quantity of the second order.

To sam up, then, it would appear that the regression formuls in general will
change from local race to local race, but that a particular set (see (ii.) above) exist
which would not be changed at all, while many others, supposing size* to be the chiaf
character selected, would ouly be changed by quantities of the second or third order,
It will be obvious then that a knowledge of a eonsiderable series of regression
formulse of two local races will enable us to ascertain to some extent the nature and
amount, of differentiation which has gone on from a common ancestral stoek. Further,
if we have not sufficient data for one loeal race to find the variabilities and eorrela-
tions of its organs, but if we can find fairly closely the mean size of its organs, then
the degree of consistency of the results obtained when these means are inserted in the
regression formulm for the second local race is an indieation of the wmount of
differentiation which has taken place. The larger the number of organs we include
in a regression formula the more likely we are to embrace all the directly selected
organg, and so to obtain a formula which remains unchanged for the two races.

Thus we see that the extension of the stature regression formuls from one local
race—say, modern French—to other races—say, palmolithic man—must be made
with very great caution. The extension assumes (i.) that stature itself has not been

* A melection of the mesn sizea of two organs, which would alter their ralative proportions, does nof
of course involve a selection of correlation ; in other words, selection of mean relationship does not
neesssarily connote a selection of differential relationship.

YOI, CXCIL—A, 24
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directly selected, however widely changed by indireet selection, (ii.) that the formule
mvolve all the directly selected organs closely corselated with stature, or that the
selection has been principally one of size, and not of variability of, or correlation
between, these organs,  The real test of the applicability of the formuolwe is whether
or nob they give for another local ruce of which we know 4 priori the stature, results
in agreement with themselves and with the known stature. 1 take it that the juati-
fieation requived for applying our formulae to palmolithic man is not the statement that
ethnic are less than individual intra-racial variabions, but is to be drawn from the
faet that our formule, based upon measurements on the French, rive results very fuirly
consistent among themselves and with observation for such o diverpent race as the
Aino. Such results seem to indicate that racial differences in stature are not the
result of direct selection of stature, and that the selection of the long bones has been
rather a selection of their absolute and relative sizes than a selection, in the @irst
place, of their degrees of variation and correlation, although these have to some extend
undoubtedly changed,

Our general theorems will to some degree indicate the maaner in which differentia-
tion has taken place. Suppose there hag been n-selection of femur and tibia, but nob
ol humerns and radina.  Then the regression formuls for stature on femur and iibia,
and for stalure on femur and tibia together with one or both of the other two, huineras
and radiug, ought to give identienl results ; but these resulis ought to differ from
those given by the formulm for stabure on humerus or on radius, or on beth together.
Practieally, however, we have in many cases so few bones Lo oblain ons meass from (and
these bonea themselvea parts of different skeletons), that the probable ervorz of these
means quite obseure the deviations in stature as obtained from various formule and due
to the influenes of selection. From this standpoint o partial practical justitication can be
found for taking the mean of the divergent reconstructions of stature given hy a series
of regression formnlm, at any rate for the case when the divergenees are not very larpe,

These divergences may Le due to errors in the mean lengths of the long bones, or
to selection direetly of one or more of the loug hones, or even to some small direst
selection of statnre. Bulb as in our ignorance of Uhese sourees of errors we can only
suppose some positive and gome negative, the mean of all the formule may to some
extent eliminate these quite unknown and unascertainable divergences (ree p. 175).
Generally, however, I should expect the staturs in which two or more formule agres,
to be more probable than the mean of several diverzent formulae,

(5.) Ou the Data available jor Stature Regression Formulo.—The only data avail-
able for the ealeulation of the correlation between stature and long bones oceur 1 the
measurernents made by Dr. RoLiEr on 100 corpses in the disseeting room st Lyons.®
This material has already been made use of by Miss Avics Leg and myself in our
memoir, * On the Relative Correlation of Civilised and Unecivilised Races,"T so that

# ¢ Dg lu Mensuration des Os Liongs des Membres," par Dr, Evigsns Rorner, Lyons, 1889,
t+ ¢ Roy. Boc. Proe.,” vol. 61, p. 343
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all the coefficients of correlation and all the variations of the long bones have already
heen ealenlated.

I owe to Miss Avter Ler the knowledge of the additional constants required for
this further investigation, and embodied in Tables I. and II. below, which embrace
all that is needed to fully determine the corvelation of stature and long bones,

The treatment of Dr. RorLer's material was not to be brieily settled. He had
measured only 50 bodies of each sex, and this number inclnded a great variety of
ages. M. Mawouvmur in determining his table of statures has at once excluded
from his caleulations all the males but 24 as senile, und all the females but 25. Now,
although the eorvelations between stature and long bones ave high, it wonld be quite
hopeless to attempt to caleulate them from 25 cases ; 50 cases are hardly sufficient,
25 impossible. It seemed, therefore, necessary to include all Dr. RoLugi’s cases, and
the question now srizes how far the inclusion of the senile ones will affect our results.
Taking 50 as the age at which stature begins to decrease, we notice that of the 25
lowest statures recorded by Rorner, 18 are of men over 50, and of the 25 highest
statures, 17 are of men over 50. In other words, there appear sensibly as many
zenile statures above as below the median stature. (O women there are 16 ovor 50
years old with a stafure greater than the median, and only 14 women over 50 under
the median stature. Turning to means, we notice that 24 males under 60 yeurs had
for mean stature 167°17 centims., and 26 males over 59 years had 1654 centims.,
25 females under 60 had {or mean stature 15404 ecentims., and 25 females over 59
had 15400 contims. 87 females under 70 had a stature 15394 centims., and 13 over
70 gave 15423 centims., an absolutely greater stature. 24 years was the minimum
age. From this it would appear that whatever shrinkage may be due to old age,
it is not of a very marked character in these data, or largely disappears when a
body is messured after death on a flut table ; the senile stoop may then be largely
eliminated.

But there is another point to be noted : we shall not divectly make use of the
mean stalure ss obtained from Rotier's data, except to test how fhr our formuls
will reproduce Rovier's vesults. What we shall make wse of from Roiier's duta
are the standurd-deviations and coeflicients of correlation, and these will hardly have
their values sensibly influenced by such comparatively small senile changes as are to
be found indieated in Horper's measurements.®  Accordingly our constants are
ealeulated by including all RornLet's measurements, namely, on 50 of each sex.

The following results were found :—

# If 1he bones shrink with old age, like the stature, the corvelation would not be altered. The langth
of 0 bone varies with itle smount of neoisturve in it (see below), and such shrinkage is itsclf a possibility,
The bones of the aged will of course be ineluded among those of exlinet races, and cannct easily be
aliminated,

A2
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TasLe L—Correlation between Stabure and Long Bones,

Pairs of nrgans.

Female.

Atatore and Likin . . .
Statora and roadius .
Statura and hnmernos .
Stature nnd fomnr . .

Stature and fomur 4 tihin

Stuture nnd humerus -+ radios .

TTGE 4 0078
HOLG 4= 0493
B001 4= 0320
Bl + 0327
97 & R
HiEd = 02E3

TGS 4 (4D
BT & 0523
TT06 = DRy
HOAE - 0836
Vo474 (411
"B26H 4= 0502

The means, standard deviations, and correlations of femur, tibia, humerus, and
radius, for RoLLer’s measurements, are given in the * Roy. See. Proe,’ vol. 61,
pp. 347-350. The means and variability of the remaining organs not there recorded
were found to be as follows - —

TanLe I1.
Mean. Standard devintion. i
Male. Femala, Male. Femala.
Statare P 166260 - 525 1542020 - 520 o T s i | hdbl L 368
Humerns + radins . . a7-368 L 242 A1240 £ 241 | 2536 o o171 2526 + 1F0
A2(28 L 380 o094 L 382 | 3979 4 268 401 4. 270

Femnr -+ fibia . . . |

Without reproducing the full tables of the memoir referred to, it is of value to
form the eorrelation tables, which serve as the determinants from which the regres-
sion formulse have been calenlated.
four long bones that the numerical work proved lengthy.,

The general formula used iz (i) on p. 172, 8, F, H, T, R stand for Stature, Femur,
Humerus, Tibia, Radius, all measured in RoLLETS manner, which will be discussed at
length below,

1t i only in the ease of stature in terms of the

¥ The somewhat low value of the eorrelation for female staiure and bumerns was tested by means of
the formula

o
e = = Py
o,

O

f

whare s =& + ¥, @, ¥, ond % are organs, o, o, o, their standard devistions, and » a coeflicient of
sorrelation, Humes putting @ = humeros, ¢ = rading, and » = staturn, T found the coreelation betwaen
The table shows that the directly-caloulated

Thos the correlations as given far

gtature and humerns o radics indivectly ; it was <7304,
value wae “7547, & differones well within the crrors of obsarvation.
female homeros and statore and female radios and stature must be correct, <.e., the somewhat lengthy
arithmetic involved i3 not at fanlt,
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Tasre 11T,

Mares.—Stature and Long Bones Correlation.

|
i 5, I, H. T, R.
! - i e,
=, l 1 =105 B9l it ‘GUnE
v s 1 8421 8058 7439
H. | B B421 1 801 ‘H451
T, | Bt BOGR BH01 1 TH04
. E Ritlili T439 ‘il EOE 1
1 e
Tasre 1IV.
Femarrs,—Stature and Long Bones Correlation,
= F. H. J T. R.
. 1 2043 7706 ! 7963 6717
F. B0 1 ETAE | “BakL i
i H. 708 HT1E 1 5180 =BHlh
[' T, TOR3 B304 B1R0 1 BG5S
| . BTLT STTEG BHla BHS 1

The following cases of reconstruction were then dealt with :—

{2) Beconstruction of mean stature from a knowledge of the femur

(b "
(2) "
(d) "
(e) y
(f) "
(g) i
() "
(i) i
(k) 3

In the formule M denotes a mean, and e the probable error of the estimate,

n

{f&mur, Lumerns,

hnmerns -
tibia s
radius i
femaor 4 tibia o
femur and tibia

humerus + radius
homerus and radins ,,

fomur and humeras |,

14

fibia, and radios s

181
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Tanre V.—Male.

(o) 8 —M;=1880 (F —M,), e = 2174//p.
(b) 8 —M; = 2894 (H — My), e = 2:181/+/p.
(e) 8 —=DM;=2376 (T — M,), e = 2337 /v/p.

(d) 8—Mg= 3271 (R — M,),
(e) 8—My=1159 (F+4 T — My, 2:028/\/p.*
(f) 8 =M= 1220 (F — M,) + 1'080 (T — M;), = 2:080/v/p.
(¢) S —=Mg= 1730 (H+ R — M. ), e = 2240/+/p,
() 8 — Mg= 2769 (H — M)+ 195 (R — M), e = 2179/+/p.
(5) 8 —M=1030 (F— M)+ 1557 (H— M), e=1962/Vp.

2666/ .

-

i

i

(k) S —DM;-— '9;.3_ (F — M,) + 600 (T - M) , e=1961//p.
4 1225 (H — M) — ‘187 (B — M)
Tasre VL—Female,
(¢) 8 —M;=1945 (F — M,), e = 2'182/y/p.
(6) 8 — M;=2754 (H — My), e = 2:843/,/p.
(¢} 8 —M;=2352(T — M,), 8 = 2:245//p.
(d) B — M;=353543 (R — M,), e = 2723//p,
(e) B—M;=1126(F 4 T — M,,,), e = 2:068/\/p.
(/) S=Me=117(F — M) 4 11125 (T — My), &= 2085//p.
(7) 8 —DMg= 1628 (H+ B — M) e = 2:412/,/p,

(k) 8—My=2582 (H — M)+ 281 (R — M), e=2340//p,
(i) 8 =My =1359 (F — M) + 1097 (I — M), o= 2120//p
(] S—My= 782(F — M)+ 1220 (T—M))

1+ 1°050 (H — M) — 711 (R — My) v o= 2024//p.

(6.) Now these tables require a good deal of comment. In the first place they
must not be considered as extending beyond the range of data on which they are
based, thus I, F and I are the maximum lengths of bones measured with the
cartilage attached, and in a humid state, T is the tibia length excluding spine. All
the constants were worked out for the right members, except in one or two cases in
which they were missing. The stature is the stature measured on the corpse.
Further the measurements are made on the French race.

We shall now proceed to generalise these formule. In the first place, the

# Tt may appent strange that the probalile error of (&) 18 less than (), bot the difference is Toally
less than the proballe ereor of the observations. 1If vy 3.+ be calealnted from the known values of o, oy
and vyy, e, we lind it equals “8369 instead of ‘8354 the directly calenbated value, while ¢p, ¢ thus calen-
lated = 3067 instead of 3979, whence e = 2:031//p instead of 2023/ /p, which Is in agreoment wilh
the gﬂ:ret‘[i[ theorem on P 173,
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numerical factors are funetions only of the standard deviations and the corvelation
coefficients, and will accordingly be unchanged if these be unchanged,

Let O, and O, be any organs and M, and M, their means, n, and n, their numbers,
and », their coeflicient of eorrelation. Suppose that any hygrometric changes,
different method of measnrement, amount of animal matter in the organs at time of
measurement, ete., eause us to measure 8, 0, 4 B, = O’ and 4,0, + v, = 0, instead
of O, and O, and let o'y, o'y M, M, and #;; be the resulting characters, then
clearly, S standing for summation —

M= BM, + M, = 7, M, + 70

o =80, =M )= 80, — M) = G}, or o, = By,

ot = B (0~ M) =91 8(0; — M,) = yion or o'y = yoy;

¢ SO (O30 g S0, = M) (0= My _

Tig= $ = 3V
12 G_,rla_!s ﬁ T u_rln‘ru

i

Thus a correlation coefficient will be gquite unchanged. A regression coefficient will
be changed or not according as the ratio of two standard deviations 1s changed or
not, or according as to whether B /y, sensibly differs from unity. Now in stature
or any of the long bones with which we have to deal guantities corresponding to
Bs, . may amount to 1 per cent. of the value of O, or Oy, but the multipliers like
B and y, are not only quantities differing in the second order from umity, but
probably very nearly equal o each other. Ilence it is reasonable to suppose that
changes in the condition of the bones, and stature measured on the living or on the
corpse, while scnsibly affecting Mg, My Mp, My, and My will produce little or no
effect on the numerical constants of the vegression formuls (a) to (k).  We shall find
that this d priori conclusion iz borne out by actual measurements. Hence we
eonelude that Tables V. and VL may be applied to stature measured on the living
or the eorpse, to bones measured humid or dry, with or withont the cartilage,
provided proper modifications are made in the values of the five means. We might
even go &0 far ag to prediet that provided M, be properly altered, the stature from
tibia reconstruction formulse will not be mueh modified, even if the tibia be measured
with instead of without the spine. The change, however, in the regression formulas
when the femur is measured in the oblique position is more likely to be of import-
ance, and the correlation between stature and oblique femur has accordingly been
worked out, If F' denote oblique femur we have:

E'Iﬂ.].e- Mgpl B 44'9383 Fpr = 2'331, Tap == .Bﬂzﬂ,
Fﬂlnﬂ.lﬁ M_.wl = 111'24!.], Fpr = 2'3[’5‘, Pape == 'Sﬂﬂ?,
whence tor (¢) we find :
Male S — M, = 1894 (F' — M,.),
Female & — M= 1079 (F — My).

Ii
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Thus the regression eoeflicient is not changed more than *55 per cent. for males and
17 per cent. for females, even in this case where the difference between the maximum
and oblique lengths of the femur has been much insisted upon as very significant
with regard to stature. Putiing in the lengths of the means as fonnd on the corpse,
we have :

Male S = 81147 4+ 1'894 F'

i)
IPemale S = 72406 4 1979 F )

The corresponding formulwe for the stature in terms of the maximum length of
femur are, as we shall see later :

Male S =2812314 1830 F
Female 8 = 73163 4 1045 I & Thb

The extreme oblique femur lengths are for males 39°6 and 49°8, and for females 374
and 480, Let us caleulate the stature of these individuvals directly from (i) and
indirectly from (ii.), by putting ¥ = ¥ 4 +32 for males and F’' 4~ '33 for fomales,
We find

(i) {it.)
Male min. 156715 15621
Female min, 146-42 L4053
Male max, 17547 17546
Female max. 167740 167-17

The differences here in these extreme cases are absolutely unimportant for the
determination of stature. In other words, the changes in the regression equation are
insignificant, when we even make such a change as from oblique to maximum femur
length. Accordingly we have the rule, if the obliqne length of femur be given,
the equations for the maximum length ean always be safely nsed if we add 32 for the
male and "33 for female fo the oblique length in centimetres before using equations of
type (ii.).

So far we have generalised Tables V. and V1., having regard to the nature and con-
dition of the organs when measured. We see that the regression coeflicients will remain
sensibly constant. Our general considerations on pp. 177 and 178 indicate the limits
under which these regression coefficients may be considered constant for different loeal
races, But the constancy of the regression coeflicients is not sufficient to preserve the
constaney of the linear reconstruction formule for stature, It would be of no service
it Mg, M, M, M., M; varied from local race to loecal race absolutel y independently,
Now if my be the mean of a not directly selected organ, and m,, m,, m, . . . the means
of any other organs, the constant part in a reconstruction formula will with the
notation of p. 172, be _

ny 4 L:"” oy + i?"
3

i Ty

o Iy, oy
e P Sy T
o

TR g Ty
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It iz shown in the memoir on selection to which T have previously referred, that
this expression remaing the same for all local races, and equal to its value in
the original stock under precisely the same conditions (stated on p. 177) as the
regression coeflicients themselves remain constant. Hence we have the same degree
of justification in applying our whole stature reconstruction formula from one race to
a second, as in applying the regression coeflicients,

(7.) Re-examining Tables V. and VI, with a view to drawing one or two general
conclusions before we proceed further, we notice :

(i.) The probable error of the reconstruction of the stature of a single individual is
never sensibly less than two centimetres, and if we have only the radius to predict
from may amount to 23 centims.

Hence no attempt to reconstruct the stature of an individual from the four chief
Jong bones can possibly exceed this degree of accuracy on the average, at any rate no
linear formula.®  No other linear formulm will give a better, or indeed as good a
result as the above,

The reconstruction of racial stature is naturally more accurate, since if we recon-
struet the mean from p bones of one type, the probable error 1s reduced by the
multiplier 1/v/p. At the same time we must bear in mind that possibly a definite,
if' small amount of direct, selection hy stature has actually taken place in the differen-
tiation of human races, and accordingly the values of ¢ given in Tables V. and VI.
are not absolntely true measures of the probable error of racial reconstruetion, even
when one or more of the long bones have not been divectly selected. A direct selection
of the long bones is usually evidenced by one or more of the formuls giving disecordant
results. When, as will be seen later to be usnally the case, several of the formule give
results well in accordance with each other, then we may assume that 2/4/p centima,
is an approximate’ measure of the probable error of the reconstrueted stature.

(1.) The four long bones give for males the least probable ervor, but with sensibly
equal accuracy and less arithmetic we may use F & H, F 4+ T or F & T'; then follow
fairly close together H & IR, F or H alone ; T alone is sensibly worse, and R is worst
of all. It is noteworthy that H is better than T, and the H & R is sensibly as
good as I alone,

Turning to female stature reconstruction, we notice that the order of probable
errors is considerably altered. Tibia and radins now play a more important part in
the determination of stature. The four long bones still give the best result; F & T,
and F 4 T follow closely ; then come F & H, and F alone; followed at some
distance by H & R, and H alone, but both these are now worse than T alone; last of

* I shall return to the question of the lnearity of the formula, when dealing later with the stature of
giants and dwarfs, gee p. 2232,

t It must be remembered that we huve, as a role, a number of long bones which in part do not even
belong to the seme skeletons. This result accordingly is the probable error of a group to whom one
kind of long bones belonged, rather than the probable error of the racial stature as reconstracted,

YOL. CXO1L-—A, A
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all comes I, as hefore. Thus while in the ease of men the humerus, in the case of
women the Libia is the better bone of the two to predict stature from. A simple
examination shows the emphasising of the tibia coeflicients in the case of woman.
The same holds for the radius coefficients, but in 4 still more marked degree,

Both male and female show in the regression formula for the four long bones a
remarkable feature which they have in common with the anthropomorphous apes,
namely, the negative character of the partial regression coeflicient.  The longer the
raclius for the same value of femur, humerus, and tibia, the shorter will be the stature,
In this point women are move akin to the anthropomorphous apes than man, for the
negutive rading coeflicient in formula (&) is nearly four times as large. The tibia also
hus o coeflicient almost double that of the mule, and pointing in the same direction.

{iil.) A comparison of Table V, with Tuble VI. shows ug that wman and woman are
in all probability not only differentiated from a common stock divectly with regard to
stuture, but algo directly with regard to all other long bones. If we use female to
consbruct male stature, or male to reconstroct female, we get surprisingly bad results,
The fact that the formula (&) for female diverges in a direction from that of man,
which approximates to that ol at least one species of anthropomorphous ape, 1s only
of eourse a round-about gqnantitative manner of indicating, what is cbvions on other
orounds, that a substantial part of the differentiation of male and female took place
in that part of the history of man’s evolution which preceded his differentiation from
the stock common to him and eertain of the anthropomorphous apes.

(%) Before we modify our formule in Tables V. and VI. to suit the reconstruction
of staturve by measurements on prehistorie and other bones, we will put the numerical
values for Mg, M, M, M;, M; into these formule.  This will serve a double purpose
(i.), it will enable us to verify our formule on Rouner's material, and (i) it will
place at the dispesal of the eriminal anthorities the best formulm yet available for
{he reconstruction of the stature of an adult of whom one or more members have

heen found under suspicious circumstances.

Formura for the Reconstruction of the Stature as Corpse, the Muximum Lengths of
F, H, R, and of T without Spine being measured with the Cartilage on and in a
Humid State,®

TapLe V11.—Male.

L 2]

() = 81'231 4 1880 F.
(M) S=707144 2894 H.
(c) ©=T78807 + 276 T
(ef) = 86465 + 3271 R.
(=) 71°164 4+ 1-159(F + T).
(f) 8=713294+ 1220 F 4 1-080 T.
# The probuble error in these and later tables are not reproduced; they may be considered to be

snbstantially the same as in V. and VL

e on
il
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Tasre VIL.—Male (econtinued).

(g) 8= 670254 1730 (H + R).

(k) 8= 69870+ 2769 H + 195 R.

(r} B = 68287 4+ 1030 F 4 1'557 H.

(k) 8= 669184 913 F + 600T 4 1'225 H — "187 R.

Tasre VIII.—Female.

() S=173163+ 1045 F.

(b) S =72046 4 2754 H.

(¢) S=71753694 2:352T.

(d) 8 =82189 4 3343 R

() S =69525 4+ 1'126 (F 4+ T).

(f) 8=69939 4+ 1117 F + 1125 T.

(g) S =T70585 -+ 1628 (H + R).

(h) S=r71"122 4+ 2582 1 + 281 R.

(1) S =67T7634 1339 F + 1027 H.

(k) S=67810+782F +1120T 4+ 1059 H — 711 R.

Should the stature of the living be required from the corpse stature, then
1'26 eentim. should be subtracted for the male and 2 centims, for the woman ® If a
left member has been messured instead of a right, a small allowance might be made
for this on the basis of RoLLETS means for the left side, bt such refinement is
hardly of service when we luok at the probable ervor of an individual reconstruetion,
i.e., about 2 centims,  We shall return to the point later ns a second order error in
racial reconstruetion.

In order to indicate to the reader the degree of confidence he may place in the
above formule of reconstruetion, and also their relative value, I give below a table of
observed and reconstructed statures in the case of 20 ont of Nonner's 100 cases.
The individuals, in order to avoid any bias, were taken at random as the 5th, 10th,
15th, &e. entries through Ronner's Tables. The observed statures are recorded and
the differences as obtained by the formule (a)-(k). Under the heading M, I give
the differences which would be yielded by M. Mawouviier's Table, It is formulie
(£)s (1), (t), and (k) on which I should lay most weight, and which should be used
whenever the material is available.

* For the reasons for these numbers, see p. 181 below,

282
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Tapne IX.—Tahle of Differences of Actua! and Reconstructed Male Stature,
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TapLe X.—Table of Differences of Actual and Reconstrueted Female Stature,
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The firat point with regard to these tables is to note how, even with only fen cases,
the mean errors accord closely with their theoretical values. For example, the mean
ervor of I ig 231 centims. for male and 2-35 centims. for female when deduced from
the probable errors in Tables V. and V1.; the observed niean errors in the two eases
are 24 centims. for male and 2°0 centims. for female, The mean of the mean errors
is for male 2'57 centims., and for females 266 centims.; the observed walues are
2'46 centims. and 2°2 centims, for the two sets of ten cases respectively. We con-
elude at once that our formule, and therefore certainly any other linear formulse, will
not give results with a probable ervor of less than 2 centims, for the individual
stature. In our case the worst error is one of 8 centims. (about 3 inches) in the
stature of a man of 47 years of age, who must have had a remarkably long trank in
proportion to his leg and arm-lengths. It would be impossible to have predicted
his stature any closer without taking into account the correlation between stature
and trunk. The preservation of the vertebral column is comparatively rare, and at
present there are absolutely no statistics on the relationship between the dimensions
of any part of it and living stature. We must therefore content ourselves with a
probable error of 2 centims., and expeet, but rarely, to make an error of as much as
8 centims. in the reconstructing of the stature of an individual,

We have placed in the above lables M. Maxouvrier's vesulls as calenlated [rom
his ® Tuble-baréme.” They give somewhat larger mean errors than our formuls,
which would have been probably reduced somewhat if we had excluded, as le has
done, the aged. We have seen, however (p. 179), that there seems no reason to
cxclude the aged women, and in the case of the seven men over 60, he actually in
throe eases under-estimates their stature. In other words, while in four eases his
table might have given better results for adult stature, in three it would have given
worse results, If we allow a mean old-age shrinkage of 3 centims. —an amount
hardly justified by averaging the adult and old-age portions of Rovrier’s returns—we
should find that MaNoUvVRIER'S method wonld have made a total error of 17 centims.
in estimating the stature of these seven old meun in youth, wherens it gives o total
error of 16 centims, in estimating their old-age stature. Thus there might, perheps

¥
be a small, but it would not be a very sensible, reduction of the mean ervors of the

results given by Manouvriug's * Table-baréme " had we exeluded the old age cuses,
What deserves special notice is that our formula (£) gives a better result than the
mean of all the formule (a)-(k), and o better result than the mean of the values
obtained by Maxouvrier's method for the four long boues.
(9.) The next stage in vur work ie to so modify Tables IX. and X. that they will
serve for the reconstruction of the living stature from hones out of which wll the
animal matter has disappeared, and which are dry and free of all cartilage. 'This

® This valne is that given by M. Muxovvrise himself, ' Mémoires de la Société d"Anthropologie de
Puris,” vol. 4, p. 356, 1802,
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is either the condition in which we find the bones of a prehistoric or early race, or it
is one to which they are soon reduced on being preserved in museum or lahoratory.

The first question which arises is the difference between the mean stature of the
living and the mean stature of the corpse for hoth sexes, It is impossible to measure
this difference satisfactorily on a sufficiently large number of individuals, and then
take the mean difference. If we suppose RorLLer’s individuals to be an average
sample of the French race, then we must place in Tables V. and VI for My on the
latt the mean heights of French men and French women.

Now there is a considerable amount of evidence to show that the mean height of
Frenchmen is 165 centims. almost exactly. The anthropometric service of M. Brr-
TILLON gives 164'8 centims., and this is the stature furnished by the measurements
for military recruiting.® M. MaNouvrier takes 165 centims, as the mean height,
and as by seleciing only twenty of RoLLer's cases he gets a mean height of about
167 centims, for the corpse, he concludes that 2 centims. must be deducted from the
eorpse length to get the living stature. In our case all we have to do is then Lo put
M. = 163 centims.  Af the same time, BerriuLon’s numbers probably inelude many
men over 50, and the recruiting service many men not yet fully grown ; hence it
seems to me doubtful whether 2 centims. really represents the difference between
living and dead stature. 163 centims. is probably a good mean height for the whole
adult population,t and should accordingly be compared with Rorrirr's whole adult
population, which has a mean of 166-26 centims. I accordingly conclude that
126 centims. is on the average a more reasonable deduction to make in order to pass
from the dead to the living stature of the general population, In the course of my
investigations, however, no nse iz made of this difference, but Mg given its ohserved
living value.

The value for women is far less easy to obtain, as a good series of French statistics
entirely fails. The mean given in the footnote below is clearly only that of a special
class., ManouvmiEr has found from 130 women, between 20 and 40 years of age,
inseribed in BERTILLON'S registers the mean height 1545 centims,, and Ranon holds
that this is the best result yet obtained.f But the mean height of RoLier’s material
is 15402 centims. (see my p. 180), and, as we have seen, this is not sensibly inereased
by taking only the women in the prime of life (see p. 179, above). If 154'5 centims,
were the mean living stature of Ronier’'s women, we should have to suppose a
shrinkage of stature in women when the corpse is measured, whereas in the case of
men the corpse length is greater than the living stature. Ramox, disregarding his
own statement as to 154'5 centims. being the best value, follows MANOUVRIER in
deducting 2 centims, from the stature as corpse to get the living stature. MaNoUVRIER'S

#* ¢ Mémoires de la Sceidté 4" Anthropologie de Paris,’ vol. 4, p. 413, 1803,

4+ For special classes the stature is considerably preater. See the values 166-8 centims, for male and
1561 eentima. for female given in the * Mém. Sec, d'Anthrop.,’ vol. 3, 1858,

1 Loe. eif,, p. 413,
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mle for deducting 2 centims. seems based partly on a comparison of BErtinLon's
measurements for men, with his own selection from RoLvier's material, which give
mean heights 165 eentims, and 167 eentims, respectively, and partly on the measure-
ment standing and reclining of six men and four women.®* Now the reader ghonld
notice that in our method of reaching the reconstruction equations, we are not con-
cerned with the amount to be subtracted from an individual stature, but with the
mean living stature of the popnlation which Rorrer has sampled. Now there is a
gquantity which has very remarkable constancy, namely, the sexual ratio for stature,
The mean male is to the mean female stature in a great vaviety of races and classes
ag 13 to 12t If, therefore, Ronner's women are the same class as his men, we
ghould expeet their living stature to have had a mean =}, that of the men
= 1% (165) = 152'3 centims. We have seen that from the registers of BerTIinLoy
the mean stature of women between 20 and 40 was 154'5 centims, ; these probably
include a considerable number of stout tramps or vagabonds, not a fair sample of those
who would find their way into the Lyons Hospital. Trwown measured in 1783 60
woren of the village of Mussey, and obtained a mean stature of 1506 eentims.] If
we take the mean of these groups we find 152°55 centims. as the mean stature for
French women of the lower classes ; this differs by less than 3 millims. from the result
already suggested by using the sex ratio. I am, accordingly, inclined to hold that the
best that ean be done at present is to take 152'3 cenlims, as the mean stature of
Frenchwomen of the class sampled by Rorrer.

The next stage in our work is to consider the difference n length of the long bones,
as measured in the disseeting room by Rorrer and his assistants, and as they would
be measured in the ease of a primitive race whose bones had been exhumed, and then
been preserved and dried before measuring. Ronier merely observes that he kept
severul of his bones for some months, and, the cartilage being then dry, they measured
on the average 2 millims. less.§ On the strength of this, MaxouvriEr,| and he is
followed by Ramon, add 2 millims. to the length of each prehistoric bone when recon-
strueting the stature. Now I am doubtful whether this gives a really close enough
result.  RoLner measured the bones in the dissecting room, the cartilages were still
on, and the animal matter in the bones, but in the case of prehistorie and ancient
bones this does not at all represent the state of affairs. Nor are they merely such
bones with the eartilage dry; the cartilage, together with the animal matter, has
entirely gone. There are accordingly two allowances to be made (a) for the cartilage,
and (b) for the disappearance of the animal matter and drying of the bone.

* t Mémoires de la Bocidtd d'Anthropologie de Paris,” vol. 4, p. 354, 1882

+ Ronnet's corpse statures give a sexual ratio = 1070,

T “Notes manuserites pelatives 4 la stature de 'homme, reeucillies par VieLeeue,” ¢ Annales
d'Hygiéne,” 1833,

§ Houuer, loc. cit., p. 24,

[| damovvrinn, doc, eif., p. 356,
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(a.) Allowance for the Cortilage®

The thicknesses of the cartilages here cited are taken from Hurvrion WerNER's
Inaugural Dissertation, ‘ Die Dicke der menschlichen Gelenklknorpel,” Berlin, 1897,
They are only discussed for the cases required for the long bones as measured by
Rourer and uzed in my reconstruction formule.t

Ferur.—(1.) Maximum length (“straight”) from top of head to bottom of internal

condyle (F).
(ii.) “Obligue " length from top of head to plane in contact with both
eondyles (F').

For both we have for articular eartilage at upper end 2 millims, at lower end
2'5 millims,, or the total together of 4'5 millims. This is more than double
Manouvrisr's allowanee,

Humerus,—Length from top of head to lowest point of internal margin of trochles
(FI). At upper end we must allow 1'5 millims., and at lower 1°3 millims., altogether
28 millims. for articular cartilage,

Tilic.—The spine is excluded by Rorrer. The length is from plane of npper
surfaces (margins) to tip of internal malleolus (T). In this case the articular carti-
lage has only to be allowed for at the upper end, and is here 3 millima,

Llodiws.—The length is measured from top of Lead to tip of styloid process (R).
The allowanee must be for articular eartilage at upper end only, and is 1°5 millims.

(b.) Allowance fior Animal Matter 5u Bones.

Here unfortunately I had not the same amount of data to guide me. The hest
hypothesis to go npon seamed to be that a thoroughly dry hone, free from all animal
matter, would, if it were thoroughly soaked, approximate to the condition of the
bones measured by Rowuuer, Brooa, who has written a very elaborate memoir on
the effect of humidity in altering the capaecity and dimeneions of skulls, has referred
incidentally to the extension of the femur by humidity.! He took three fomurs, one
macerated in 1873, one of the 15th century, and one of the polished stone age.  After
soaking for seven days, he found an increase of 1'5 millims. in the firet, 1'5 millims, in
the second, and 1 millim. in the third. These results, he says, compare very well with
WeLekeR's,§ who gives 1'2 millims. for increase of length of femur with humidity.

It was somewhat difficult to make fresh experiments on a considerable number of

¥ The details of this section [ owe entively to my colleagne, Professor Guonen Tuane, who in this
matter, a8 in many others, has given me most ready and generous assistance,

+ On another geeasion | may take into consideration the alna and fibala, but they bave nothing Like
the importance for statore of the bones here dealt with.

3 ‘Mémoires d'Anthropologio de Pavr Buoca,” vol. 4, pp. 163 ef. seq.; p. 194,

§ * Ueber Wachstum und Ban dos menschlichen Schiidels,’ p. 30, 1862, Wrueker only deali with one
melo femur, and sonled it for throe days.

VOL. CXCIL-—A. 2o
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long bones of each kind, but it seemed worth while to measorve dry and thoroughly
bumid a bone of each type. A bone of each typs wus placed ab my disposal by
Professor Tmaws, and they were measured independently on each oceasion by
Mr, Bravrey-Moore and myself. In the one or two instances in which we did not
agree within ‘02 millim., the bone was again independently measured.  Our vesults
were as follows :—

Tasre XI.—Lengths of Long Bones, Dry and Wet, in Centimetres,

N
Diry as recoived. 24 honra in water, | 120 honrs in waler, 74 hours deying.
1, 4258 42-79 42-84 4250
T. 3741 3752 | 37-58 3747 I
| H. Adrnd 240648 ! 3465 AdrdB t
B, 2311 2320 ! 2419 2300 |
- I | | .

The bones themselves were between 200 and 300 years old.* They were only
allowed to stand two hours for the water to run off before they were measured after
soaking, In the case of the final 72 hours’ drying, it concluded with six hours in the
neighbourhood of a stove.  The first eolumn may be considered to represent the
average humidity of bones preserved in a musewn ; the last colunn eomplete dryness,
It seems to me that the difference between the first and third eolumn is what we in
general have to deal with. In this case we bave a diflerence of

F. it H. R.

26 millims. 17 millims. 13 millims. % millim,

between dry and humid bones,

The difference between this result for the femur and Broca's is very considerable,
I think it is due to the fact that he allowed his bones to dry for 24 hours in a rvom
before messuring them. I was much impressed by the rapidity with which the bones
dried, and their conditions, of course, ure very unlike what they would beif containing
or surrounded by animnl matter. It is elear that the extensions due to humidity are
not by any means proportional to the length of the bone, and it would be quite futile
to attempt any percentage allowance for the extension due to this cause, the effect of
which clearly differs with the different structure of different pavts of the same bone,
I have accordingly thought it best to subtruet the above quantities from Rorier's
menng, My, M, My, and M,, and to consider the results so derived as giving the
mmeans of DoLueTs material on the supposition that the bones were dey and free from
animal matter.  Even so T do not think we shall ere in over-estimating the difference
between the lengths of living and dead bone. Mauking allowances (a) and (6) we
have finally {o subtract from RoLrer's resulls for

* SBes additional note, p- 2,
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M,. M, M,. M,

71 millims. 41 millims, 4'7 millims, 2:2 millims., respectively.

Making these subtractions (which are sensibly different from MANOUVRIER'S
allowance of 2 millims, for each bone), we are in a position fo find the reconstruction
formulme connecting living statore with dry bone entirely free of animal matter, We
have for the French population, if Mg denotes living mean stature, and M., My,
Myo, My, the mean lengths of the corvesponding dry bones in centimetres :

TasLe XII.

1 |
|

My, My, i My, Mope, M .
Male . . . LG50 4452 | J2:60 A ad 24:17

Fomale. . . . 1523 426 | 29-56 32-07 £81-27

If we want the mean obligue length of the femur My, we must follow the rule
given on p. 184, and we find My = 44°20 for male and = 40°53 for female. M. Ranox
bas measured the lengths of a large collection of long benes in the Faculty of
Medicine of Paris, and he finds :—

Vemur, obligue length, 62 males, mean 441 (442).
" - o 38 females, w396 (40°5).
Humerus, maximum length, 44 males, ,, 323 (32°6).
0 " 39 females, ,, 202 (29-4).

My results are placed in brackets, and it is clear that for these bones the
allowances for cartilage and animal matter have been very salisfactory ; there has
certainly been vo over-correction, although in the case of the femur onr allowance is
more than thrice, and in that of the humerus more than twice M. Mavouviign's,

M. Rauon does not give the measurement of the radins, but he does of the tibia,
and in this ease there 18 undoubtedly some source of ervor in his result, or in the
collection. He gives T for 53 males, mean = 377 ; for 26 female = 35°7. Now
Rorirr's materiul for 50 of either sex gives, male mean = 86°8, and female = 334,
without allowance for the cartilage or presence of animal matter. Allowing for these,
Lamon's measurements are, male, 1°4 centims., and female, 27 centima oo large.
These are errors much beyoud those of the determinations, which have probable
errors of about ‘17 to 18 centim. Ram\ox, sinece he is using Mawovvrizr's method
must be supposed to be meazuring the tibia in the same manner as BoLLer, d.e., with
the malleolus and without the spine. But even supposing he had included the gpine,

® Loe, il p. 413,
202
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it could not make this great difference.® That there is some substantial error is
evidenced by the fact that tibias of these dimensions would give a reconstructed
stature for French males of 1682 centims. instead of 165 centims., and for French
females of 1539 centims. instead of 1523 centims.  Ramox himself, on the bagis of
Mawouvrier's method, forms the estimates of 1668 centims, and 1595 centimsg,
respectively,—the latter, at any rate, a quite impossible height for the French female
population,

(10.) We are now in a position to write down the reconstruction formule for
living stature from dry long bones ; they ave the following :—

Tanne XIV.—Mule.  Living Statore from Deadt Long Bones.

(@) B =813064 1880 F.

() S=700641+ 2:804 H.

(¢) B="1780664+423767T.

(d) B =285025-+ 3271 R,

(e) SB=712724 11159(F 4 T).

(F) B=T71443+ 1220 F 4 1080 T.

(7) S=66:85354 1730 (H 4 R).

(h) S=697884 2:760 H 4+ 195 R,

(1) S=868307 + 1030 I + 1*557 H.

(k) S=67049+4 913F 4+ 6007T + 1225 I — -187 R.

Tapre XV.—Female, Living Stature from Dead! Tong Bones.

() S=728444 1045 F,

(b) S =71475 4 2754 H.

(¢} S=74774-4 2:352"T.

(d) §=81-224 4 3843 Ii.

(¢) S =6015441126(F 4+ T)

(f) S=0695661 41117 F+ 11125 T,
(

(

(

L

) S=699114 1628 (H 4+ R).

k) S="70542 4 2:582 I1 4 -281 I,

i) S=467435 4+ 1330 F' - 1-027 H.

() S=674694 T82F 4171207 4 1059 H — 711 IR,

Rewiorks.—(1.) If the femur has been measuved in the oblique position and not

#* Dy, Wamken found for the New Bace from Egypt the mean length of spine for 85 males
= 05 gentim., and for 115 fomales = *B7 cenktim. These numbers shonld be introdaced as an addition
to My in Tables V. and VI, when the tibia has been measured iveluding spine,

+ The word “dead " is here nsed to denote a bone from which all the animal matier has dissppeaved,

and which is in a dry state,
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straight, add -32 centim. for male and ‘33 centim. for female to the length before
using the above formulse.

(it.) If the tibla has been measured with, and not withoul, the spine, subtract
06 centim. for male and ‘87 centim. for female from the length before using the above
formulse.

(iii.}) The above formule have been determined from the »ight members; a small
error, of the second order as a rule, arises when the left is used. The following
numbers ave determined from Ronper’s measurements ; they give the amount to be
added to a left bone when it is used in the formulm :—

Femur, I‘. Humers. Tibia. Radius,
|
Made, s o 0 @ 8 L ll =14 +‘4,2 | ot 15 e
Female . ; ‘ + 0 +-51 ‘ A P

The fermur change is insignificant.  In most statements of lengths the rightness or
lefiness of the bone is not given, and hence, no correction ean generally be made for
an individual.  The error will, however, be hardly sensible except in the case of the
humerus and radius.  If a considerable number of bones have been averaged,
probably hall may be locked upon as right and half left, and in this case half the
above corrections may be added to the average. In any case, it Is probably only the
estimate based on the humerus and radius which need to be corrected in this manner.

Even here it is a problem how far there is a racial character in this right and left-
sideness. Results due to Cariesper, Roerrrs, GArson, Hartvg, and RavyvoNpaun
are cited by Rowngr (loc. cit., pp. 53-60), but being based either on very fow cases,
on measurements on the living, or on unsexed material, they are not of much service
for our present purpose. Resnlts of much greater value for rucial comparison have
been given by Dr. WaRreN for the Nagada race (‘ Phil. Trans.,’ B, vol. 189, p. 135
et seq.).  He finds :(—

l Femur. I Humerns. I Tilsin, | Radius, !

ik e | - B, — |
B, 0 2 @ & g % -1 | +34 — 08 +20 '
Female . & 5N ‘ — 16 | 457 — 105 + 305

Dr. WaARREN'S results are for the oblique femur, and from centre to centre of the
articulate surfaves in the case of tibia and radius, Thus they are not directly com-
parable with the results for the French. On the whole, if the bone is stated to be
left, we may add 45 for the humerus and 25 for the radius, leaving the fomur and
tibia unaltered. These additions are approximately the same for both sexes,
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(11.) Before we proceed to apply the formule in Tables XIV, and XV. to the
general reconstruetion of slature, it is desirable to obtain some measure of confidence
in the application of the formulm. We require to test them by finding what sort of
vesulte they give for o second race.® That race ought to be as widely divergent from
the French as possible, but one in which the stuture as well ns the measurement of
the long hones is known., There ave. I believe, no other measurements than those of
Rouuer, in which both the stature and long bones have been measured on the same
individuals, A fairly complete series of measurements of the long bones of the Aino
have, however, been made by Koaangir, and he has also determined the mean living

¥ There is very little deinil for verification of onr vesnlts even in the same race. M, Maxovvarer
gives the dimensions of seven men, six of whom were assassing (ses p. 387 of loc. cif. in footnote, p, 171
pbove). 1 have reconstroeted the stalures of these seven individoals from our ten formule with the
following results - —

I
Assassing, AR
R /A i Name
' | ' R ;
| Marugiin, | BREOER Kups. | Havikms, | Gawawur. | Avowno. uakuown
I S =NV | = — |
Livng bones = |
F. { G012 422 41-H2 44°72 4352 4482 aa2
H. | 354 | 326 319 328 | 305 a3 298 |
T, 4ad ] abd | 4%-7 docd a76 a6a g4
. 2y 241 | 2404 235 1 24-7 2dd 221
f - = S inks . Sl
Statnre : — | i
(a) | 1755 166-3 1650 1654 1616 1656 Faot
(k) i 1731 [GHEL 1654 1656 1580 1670 1560
i) 1 1&16 1652 168-2 1625 1680 LG&s 1580
| (i) | 1762 1848 | 1657 | 163-8 1667 166°1 15582
| (2) 1796 1659 | 1666 | 1640 164-4 1653 1558
' (f) | 1793 165°0 | 1665 1641 1642 | 1653 1557
(i) | 1758 lia0 lgdd | 1648 1624 | 1G-S 1566
(h) 1752 148 | 16290 i LG5 Lhd] LG 1a6-6
(£) 1751 1657 | 1639 | 1655 | 1500 | 1664 1540
(%) | 1770 1656 1645 1648 | 1614 1662 1555
J | |
O STy ERT o S s = = —
| Mean . . . a7 1654 | 1652 1646 ey 1660 | 1564,
| 1
| i
— PR—— - — - | — e — PR - — | —
Actual . . .| 1800 L1734 1717 163 | 1652 16008 1aid
[ |
| . _ — | —
Differonee . . ‘ —aa — R — 5 - 37 | —&5 | + 51 —8
, i

While the menns of the whole series of formale agree very closely with the resalts of (k) they difter
very marledly from the actual statures. 1 do not know wnder what conditions the long bones ov fihiu
statures were measured. A snggestive bot somewhast lhasty conclusion (failing more dala} wonld b
that the average nssassin is tall (170 centims. against the general French population of 165 centims.),
but his limbs are relatively shoel, £e., he is long of trunk, Anyhow, the divergence is notewerthy.
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stature from a fairly large series of living individuals,®* Now the Aino are a race
widely divergent from the French, and therefore, althongh the stature and long bones
are not measured on the same group, we are likely to get a very good test of the
gafety with which we can apply our stature results from one local raece to a seeond,
The stature, as measured by KocaNer on 95 living males, was 15670 centims., and
on 71 living females, 14710 centims. The long bone measurements were made on
20 to 25 female and 40 to 45 male skeletons, not gunite from the same districts as the
living groups. The maximum length of the long bones is given in the paper by
Miss Leg and myself, ‘ Roy. Soe. Proe.,” vol. 61, pp. 347-8, sand accordingly allowance
must be made for the spine in the case of the tibia. We then have the following
values for ingertion in Tables XTIV, and XV, :—

s e —_!
Fomaur. Humerus. Tibia. | Radias, |
epr e G o e I
Mala: . v v & o 4077 20-50 3u-02 22.9] |
| TFemale . . S22 o772 30040 2108 i
e s |
Tasre XVI. —Reconstruction of Aino Stature.
Male, Female.
Formula. T N
Calenlated value. Difference, Calenlated value. T Feremnee.
it e _ - S
() Male . 15785 4125 1538-12 4+ 602 |
(0 ! 15601 — 069 15056 + 376 !
(el . , 15680 + (20 152-30 + 520
() . 16090 + 490 154-88 +778
(e} . 15660 — (il PR B |
o N 15675 005 15134 424
(6} 15758 + 082 15128 418 '
(R W L5o-8d —{7H 15rinh +3:55
B 156:32 —(-38 L5090 80
| 3 3 15590 — 80 15053 +343
. i | _ i —
Obgervad . . 15670 { 14710 | i
{a} Female . y Lad-14 —d 5 L7 Lk -+ (b
ey 1 e 15272 =308 [ YR -7
{a) o IR 15234 — 457 14765 + (156
) 5 s oo 15782 +1:12 15169 454
| ) . 15214 — 456 14706 O
() = - 15214 —458 147-18 4+ 008
Wl w 15523 —1-47 145°36 + 226
3 15315 355 14804 +0-94
6y L 9% I 15232 — 438 14705 — 003
i (275 I g '| 15114 o ] 1444 —[rh2

* % Mittheilnngen ans der Medicinischen Facaltit der k. Japanisehen Tniversitat,” vol. 2, T. and 11,
Talkin, 1893 aud 1504,
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Several results may be noted with regard to this table: (i.) Tn the first place let
na compare our results with those which would be given by M. Mawouvnier's
Tablean IL*¥  Corresponding to our cases (a), (L), (e). (d) he would obtain —

Malc. Memale,
Calentated value. Differance. [ Caleulated valoe, IMiTerenos,
_ e . R | | |

(e o . . . . . L 56eE0 010 14636 - 174
PAB G o e o s 152-47 —4-23 140 Bi — (24 |
| ol w oo e owow 1RG04 —1'11 14732 + (-2

fdy ... .. 161-13 44 15308 + 5t 0R |

RN i Yy % J 156-19 | —{r5l 146-34 — 076
| CAY o6 o o w g 1565 | + 10 144592 + 8B

) 15463 [ —207 14611 — (09

ERJea 5 e iian 250 15650 [ —{r20 148-15 4+ 1-03
| i /I | N

Observed . . . . 15670 ‘ 0 i 14710 0

Here (), (&), (2), and (k) are obtained by taking means of the results for the
single bones, Comparing the first four formulse with my firet four, M. MarvovvaIER
hag for male a mean error of 2°47 centims, against my 1°58 eentims., and for the last
four a mean evror of 72 centim, as against my "50 centim. His error in stature, as
deduced from the male humerus, is greater than my error from the radius even. In
the male measurements M. Mawouvrier has a mean error of 2404 centims. againgt
my 1°48 centims. in the first four results, and one of 1°40 centims. against my
‘42 centim, in the last four results.

But these results by no means represeut the full advantage of the present theory.
An examination of the results shows us the formulae give good, i.e., consistent results
except 1n the case of the radius. Here it is that the greatest differentiation has
taken place, very possibly owing to the direct selection of other long bones. Our
general principles (p. 177) accordingly suggest that we should omit the results for this
bone from our consideration. The best formule then to use will be (¢), ( /'), and (7) ; we
ghall then have a mean error of *15 centim. for male and 06 cenlim. for female—a better
approximation to the true stature could not possibly be reached, M. Manouvrizg,
by the process of means, would have deduced from the same three bones a male
stature with an error of 1'75 centims, and a fenale stature with one of 59 centim.

Dr. Brovogs rulet would give for male Aino 1553 eentims, and female Aino
1466 centima,, or errors of 1+4 centims. and -5 centim. ; in this case not as great as
those of M, Mavouvrier, but still sensibly greater than our (¢), ( /), or (¢).

The accordance obtained between the formmule for reconstruction which I have given,

* Loe, cif., toblez pt end of Momoir,
+ *Jonrnal of the Anthropologieal Institute,” vol. 17, 1887, p. 2045,
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and the actually observed stature in the case of such a diverse race as the Aino
ought, I think, to give considerable confidence i their use.

(i1.) | have also included in the table the results for the male Aino, calenlated
from female formulse, and for the fomale Aino, calenlated from the male formuls.
The reader will perceive at once that sexual differences are immensely greater than
racial differences—that it wonld be perfectly idle to attempt to reconstruet female
stature from male formule, or vice versd. Exaetly the same order of divergences
are obtained if we endeavonr to reconstruct French female from male formule, or
wiee versd, and we concluded that French men and French women are more
differentiated from each other than French of either sex and Aino of the same sex,
at any rate, in the relations between stature and the long boves. It is noteworthy
that the only instance in which the formula for one sex gives even approximately
the stature of the other, is in the ease of the female formuola applied to find the male
stature by means of the length of the radius. In this cuse we get a better result
than from the male formula itself. Now this is peculiarly significant, for it is in the
radiug that the most marked differentiation between French and Aino has taken
place ; and in this respect the Aino male approaches nearer to the French female
than to the French male. We must therefore conclude that while the sexes are
widely differentiated from a common stock, still in respect of radius the females of a
highly civilised race like the French, and the males of a primitive race like the Aino,
are even closer together than the males or the females of these two races for this
special bone. The agreement between the same sex in two different races, however,
is generally far cloger than between different sexes in highly eivilised and primitive
races.

(12.) Having taken an extreme case of divergence in man and tested the confidence
that may be put in our reconstruction formule, it will not be without interest to see
the amount of divergence in the formule when we apply them to allied species.
Stature is, of course, a very difficult character to deal with when we are considering
the anthropomorphous apes, and it would he idle to think of going heyond a round
number of centimetres. But even here the agreements and disagreements are so
remarkable that they appear to furnish material on which eertain guantitative
statements with regard to the general lines of evolution ean be based, and further
they suggest that the regression formulae for the long hones among themselves®
open up quite a new method of attacking the problem of the descent of man, TLike
the rest of the material in this paper, the considerations of the present paragraph
must be looked upon as suggestions for new methods of regearch. I have taken what
material was at hand and not endeavoured to form comprelensive statistics,. The
methods are illustrated on stature, but they are equally applicable to the regression
formulse connecting any characters or organs whatever.

* 1 hope later to deal at length with the regression formule for the long hones of man and
apply them to the anthvopomorphous apes, placing siainre entirely on one side as a gquantity very
difficalt bo measure,

VOL, CXCIHL—A. 2D
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The following table, here given in centimetfres, is taken from HuyrarY's work.®

Tapue XVILL—Btatore and Long Bones of Anthropomorphous Apes.

: i | ! |
t NWo. | Slatore. ! Fomnr, Hamotus, | Tikin. Radins. |
A O e 1.1 M B . e e e ! S e T T e s _:
Chimponze . . 4 127 3152 st | 2540 arg0 |
Orang . . . . 2 1z | 268 BN U I | a0
Govilla . . . . 3 147 3533 42-12 | 2870 827

The sexes ave not stated, and the vesulte wre all mean resuliz for the numbers
given. The stature iz probably exaggernted rather than undevstated, and must
have been diffienlt to estimate. It wight seem at first sight idle to apply the
gtature reconstruetion formule for man, to such dada, but as we shall soon see it 1s a
question of coming within 10 or 20 centims. of the troe values in all but a few cases.
1 have ealenlated the following tuble from the reconstruetion formulae for both sexes
in man ;-

Tapne XIX, —Reconstructed Stature of Authvopomorphons Apes,

Formnla, Chirapanie, | Oz, . Gorilla,
(n) Male . | 141 414 BY 20 145 | o+ 1
(B e o Li() LA 174 Pe2 | 193 £ 40
(73 S L ! 12 il +d2 | 147 i}
G i 177 L4500 | 2 Lul 193 146
;1 SRR 137 4+ | Rl 15 145 — 3
CEY e 137 | +10 130 +18 146 -1
i ow o 156 P42 190 | 478 196 | o 448
" . 161 +34 175 i 193 | 46
@ o e 149 + 24 152 S 170) +23
By o 144 417 143 <81 162 | k15
|
| Observed 127 0 112 [ o | 147 i o
(it} Hamale 1134, + ¥ 125 + 14 ‘ 142 -5 |
(b)) » 157 +30 169 +57 188 +41
{e) 154 + B 130 to+18 142 - b
@ . ! 174 +47 200 . 488 | 191 + 44
() 133 | +8 126 +14 | 141 -6 |
(s 133 I +86 | 126 +14 | 141 — B
7w 14345 . 186 | +74 | 192 +45
gn} i 158 ) G 172 i 150 +42
(5} 141 | 14 | 144) T S 154 +11
(M . 134 | + 7 127 | +15 | 148 +1

# f A Troptise on the Humon Skeleton,” Cambridge, 1851, p. 106, It is, perhaps, needless to remark
that the gibbon gives staturvo vesuliz quite incomparable with those for man.
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Now we see that, if the gorilla be put on one side, there is no approach to
accordance between the caleulated and observed statures® in the case either of the
chimpanze or crang for any of the ten formule, We conclude therefore, that if
man and the chimpanze and orang have been derived from a common stock, they
must have been directly selected with regard to stature and with regard to the
lengths of the four chief long bones. In the case of the gorilla we notiee, however,
a remarkable accordance between the observed stature, and that ealeulated from the
male reconstroetion formula in the ease of man, when we use only formnla involving
the femur and tibia, It would thus appear that if wan and the gorilla have been
differentiated from a common stock, they have been directly selected in the same
manner so far as femur amd tibin are eoncerned, but in different directions when we
consider humerus and radius—we are here referring only to the lengths of these
boues. Re-examining the results for the male formule from the standpoint of
correspondence in the feruur and tibia between the gorilla and man, we see that the
chunpanze cowes nearer to man than the orang ; the lengths of the femuar and tibia
have been modified in the former, but not to such a marked degree as m the case of
the latter. Turning to the temale reconstruetion formuls we notiee in («) to (k) for
the chimpanze and orang an accordanee between the observed and ealenlated statures
which is some 3 centims, to 6 centims, better, although still very poor.  The reason
for this is obvious, the stature of the woman for the same length of long bone is
3 centims. to 6 centims, shorter than that of man, and accordingly the female formulse
must give slightly better results than the male formuole when applied to the anthropo-
morphous apes, which have for the same length of bone a markedly shorter stature
than man. In the gorilla we have over-corrected the stature so fur as femur and
tibia are concerned by using the female formulm, One point, however, is of very
great interest : while the fomale formule for humerns, radivs, or for humerns and
radius give very bad results, even worse for the gorilla than they do for the
chimpanze, yet the female formula for femmr and humerus gives a sensibly better,
and that for all the long bones a markedly better resalt for the stature than the
eorresponding male formula. The difference Liere is not the 3 centims. to 6 centims, due
to gex, The improvement in the result when we apply the female formulae for all four
long bones to the estimate of the stature of the gorilla is noticeable also, if to a
lesser degree, in the cases of the chimpanze and orang. We may sam up our
results as follows :—

(@) Man is apparently differentiated from the ehimpauze and ovang by direct
selection of stature, but this direct selection appears to he small in the case of the
gorilla.

% If the chimpanze and orang be treated as © dwarf men,” and their statares cstiniated in the manner
indicated on p. 224 below, the fomur und tibis give statures, F, 1155, 1050 ; T, 1180, 1125 respectively,
nearver the actual valnes, in fact too small, but the radins and hameras still give valoes far too great,
The stature of the govilly as estimated from femur and tibia in this manner new besomes far too smail.

2 g
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(b.) Man and the gorilla appear to have followed common lines of differentiation
from a common stock in the ease of the fomur and Libia, bul the differentiation on
which they have not followed common lines has not been that of radius and bumerus
alone, or (£) would Lave given good results.

(e.) Other orgnng closely earvelated with stature beside the four long bones must
have been differentially modified in the case of the chimpanze and orang, or (k)
would still have given good results,

{d.) The accordance between the result given by female (k) and the ohserved
stature of the gorilla, and the want of sceordance in all other formulwm, seems to
show that woman has been principally differentiated by these four long bones from
the common stock, while man has been differentiated in other organs highly
correlated with stature, For example, the differentiation in pelvis may be mueh
greater,

So far as I am able to draw a conclusion from the few dats at my command, the
correlation of radiug and humerus with stature appears fo be negafive tor the
chimpanze and orang, while it is positive for the gorilla and man, The negative
character of the partial correlation coeflicient for the radius in (k) seems to be a
relie of this stage of evolution, and it is muech more marked n woman than in man,

The above statements must not be taken as dopmatic conclusions ; they are only
sugeestions of the manner in which the regression formmla ean possibly be applied to
the problems of evolution. They are no more weighty than the very slender
material® on which they ave based. But they may suffice to indicate how a method
of quantitative ingquiry wdght be applied Lo ascertain more about the relationship of
man to the anthropomorphous apes, so soon as a sufficient amount of data concerning
the dimensions of the organs of adult apes has been collected, and reduced to
numerical expression,

® Tn order to verify 8ir G. Huwpeney's measnrements, L have gone throngh the catalegues, so far as
published, of the German anthropological eollections, and exteacted the messarements of all wdedt
anthropomorphous apes. Unfortunately I could only find oue adulb chimpanze; the sex was as often
aa not not given, [ fiud:

‘ No. Statnre, Fomur. Humerns., Tihin. | Radius, |
|
: - = N |
Gorilla. . . . 7 1448 Hahl 41-83 ; 2819 35-91
Orang . : 9 1199 26-52 3434 [ 2257 S40 10
— | - _

A bettar agreement with the results cited, p. 202, could not have been expected, or wanted.  Thes oar
dats give racial and nok random characters.
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(13.) Palwolithic Man,

I am indebted to the memoir of M. Ramon® for the details of all the individuals
that ave classed under this heading. [ presume that in measuring the tibia he has
not included the spine, ag his formule are, like mine, bused on its exclusion. I have
further allowed for the fact that he used the oblique length of femur, while I require
the maximum length. Unfortunately we have only five cases to base cur estimate
upon.

Neanderthal Man,
F = 44:52, H = 312 R = 240,

We find for stature from :

(a.) () (d.) (h.) (i.) Mean
16501 16094 163-46 162-23 16159 162-96

Ranmox gives 161°3 centims. (but T think he ought to have given 165°2 centims,,
as lis femur estimate iz incorreet) and ScHAAFFHAUSENT 16071 centims,, so that our
estimate diverges by 2 centims. to 3 centims.

Man from Spi.

F = 43-32, T =-830.

We find for stature from :

() (e.) L) Mean

16275 15707 16026 16033
RamoN gives 1390 centims.

Man from Clay at Lahv.

The length of the famur here is doubtful, but it is said to have been betwoen 450
centims, and 460 eentims. [f we take the mean value, the probable stature was
16685 eontims., and the maximum value would only be 16779 centims. Ramon
gives 170 centiws,, using ulna as well as femur. I have not worked out the stature-
ulna corrvelation, but, if this bone is at all akin to the radius, it will give very exag-
gerated results for primitive man,

M of Chaneclade,

F = 408, H = 300, R = 23°6.

() (b.) (d.) (r.) (3.

158095 15746 163°125 15746 157-13.
Here again the radius gives clearly an exaggerated result. The mean is

¥ ¢ Mémoires de la Hociété d"Anthropologie de Paris,” 1803, p. 414 of seq.
+ ¢ Der Neanderthaler Fond,” * Dentsche Anthropologische Gesellsehaft,' 1835,



2016 PROFESSOR KARL PEARSON, MATHEMATICAL

1587 centims., but, neglecling (d.), 1 am inelined to take the best value as
1575 centimg, Tamon pives 1592 centims. Masouvrikr (loe. eif., p. 391) is
inclined from the general character of the bones to consider the stature as deter-
mined from the ulna and radius to be the betier estimate, and even thinks this
troglodyte may have been 165 eentims, Judging, however, from other primitive
races, I should expeet the arm bone estimate to exaggerate the stature, and prefer
my estimate of 1575 centims,

Man of Lougerie—All we know here is the length of the femur = 45°1 centims,
The probable stature is accordingly 16671
1685 eentims., and Ramox at 1649 eentims,

Taking the mean of the hest values for the above five eases we have:

centims,  TorPINamD gives it as

Probable stature of palmolithic man = 162'7 centims. All the above cases are
supposed to be males.
have survived, we must hold that palmolithic man was shorter than the modern
French population, but was taller than the men of Southern Italy (156 centims.
to 158 centime.), and about the mean height of the modern Italian male population,

t.e., 1624 centims.

Considering that it 1s more probably the massive bones which

(14.) Neolithie Maw.
() Greal Brilain,
We have not very much data te build upon here.  Dr. Bebpog® gives the length

of twenty-five male and five female femora., Converted into centimetres, we have

Male F (25), 4572 cuntims.}hmmn probable f;tat-m'u{malo, 1673 centims,

Female F (5), 4153 i from (a) femnale, 1536

Dr. Bropor's estimates, male 1702 centims,, and female 156°8 centima., are, |
think, much too high. The sex-ratio is 1-089.

(b)) France and Belgivm,

The following data bave been drawn from Ramon (loc. eit., pp. 418 ¢t seq.), the
numbers in brackets in the left-hand corners denoting the numbers upon which the
average lengths of the bones are bused,

!_ i, H. 1, It.
: U';'I_-—._ I_".l'.n":.? - ! ".|33:| i {.l-g.. _._ )
Mals, 439 31083 35:87 2354
1) L (40) (1))
Femalo. . . . 40105 2858 3311 2176

# ¢ Tournal of the Anthropological Institnte,” vol. 17, 1887, p. 208,
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We find :
STATURE of Neolithic Man.
L —
Fermala, ‘ Male, ! IFemale,
') P ‘ 164:01 , 150-8
M 5 s 0 & o LG060 l.'SCI]S
. R 163849 152-85
(. . . . . .| 16202 - 15307
L I S 163-83 I 151-59
CFY orver v w4 16385 15161 l
(&). « . ... 161-36 15186 |
ki o wan o o 16045 | 1045 |
B Soas & G 16211 150-480 '
T I 182-41 | 160-71 !
¥ - I
|
Mean . . 16254 15144 |

Sexnal ratie & /¢ = 1-073.

So far, then, as we have material to judge by, there appears to be no sensible diffe-
rence between Continental palmolithie and neolithie man: they corresponded very
closely to the modern Ttaliap in stature.

On the other hand, if we compare British with Continental neolithie man, we find,
judging even from femora only, a very ssusible difference in stature. Neolithic man
in Britain was taller probably than the modern Frenchman, and markedly taller than
neolithie man in France,

(¢.) This leads us to consider one or two special classes of neolithic bones, for it
must be remembered that probably as many neolithic races existed in Europe as we
find races existing in historic times. In the first place, we have the big bones of the
Cro-Magnon man,* F = 48'32 centims., T'= 395 centims. These give for the stature :

() (.) (c.) (f) Mean,
17215 17252 17806 17805 17270

which is a centimetre greater than Ramon's estimate, seven lese thun Rovnur's, and
seventeen less than Torinarp's. This man was undoubtedly tall, but cannot be taken
as a type of his race. The second Cro-Magnon skeleton gives us H = 321 centims.,
T = 375 centims. from which we find from :

(b.) (¢.) Mean.
16354 167-76 LGH"6E,

This is also taller than the average neolithic man, but much below the other skeleton,

¥ As carefully determined by Ranow (loe. eif,, p. 421).
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Two homogeneous series of neolithic bones are given by M. MANOUVRIER in a paper
entitled : “Etude des Crines et Ossements humains recueillis dans la Sépulture

Néolithique dite la Cave aux Fées, i Brueil.” and deserve separate cousideration.
We find :

l, F. i | T, R. .
5 ) . |___ S I
i ) (1) 1) | o %) _ '
| Brueil male . . . 4177 | 2026 | 8520 f 2410 |
' (7 . ® Lm !'
| i female v SH63 25-51 ' . 22:08 |
] 00} | oo i '
| Muoreanx male . . . . 44-51 a4 | Sh0R RN |
| & | i i '
| fomale .. 4038 209 | 364 2157
] |
1 have deduced the following resnlts :
- T S
Miale. | Frmale,
Mormuln. —irer s ‘ —— i
Bruoeil, Mureanx. | DBroed. | Muoreanx.
| I I N e
' (a) 15083 16495 I 147-98 15138
(b} 159-95 16168 | 14808 E52-06
(e 162-30 lg2-01 | i 15437 -
L) 16505 166-50 ; 15504 15533 |
! ) 16048 16352 | . 15273
(f) 16042 16363 i 152:74 I
! () 16209 ; 16389 15227 150-06
| (A) 15896 161-70 15036 152156
5 (1) 150-47 16823 14844 151 55 .
L® 15958 16267 i 15260 -
i | i o I_
Mean . . 16091 16339 | 150-68 ! 15256

The corresponding mean values given by M. MaNouvRiER are: 161°2, 1638, 150°2
and 1543, of which only the last diverges sensibly from mine.t I should be inclined
to omit the results obtained from () as excessive, ouly the larger radii surviving,
To do so would not mwuch alter my means, based on ten results, although it would
more sensibly modify M, Maxovvrier's,

The sexual ratios for the two groups are :—

# 4 Memoires de la Boeidté des Scienees natorelles . . . de la Creuse,” 2¢ Hérie, vol, 3, 1804
20 Bullatin}.

t The agreement is surprising, considering that M, Marovvaier worked only from half my date, and
pllowed very differently for the drying of the bones,
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Brueil 4/% = 1-068, Mureaux J4/% = 1071,

both less than the result we have obtained for the general averages of neolithie man.
Probably we have here to do with loeal races, hut M. Mavoovrisr considers it jnat
possible that the very different environmont at Brueil and Mureaux may account for
the differences,

Neither of these groups has a stature equal to that of the modern French
commonalty, although the Mureanx group approaches it somewhat closely. The
modern British far exceed in stature their neolithic landsmen, and we have thus no
evidence at all in favour of a giant stature for prehistoric man, He seems to have
been markedly shorter than the taller races ( English-Seandinavian) of to-duy. Slightly
taller than the Aino, he can be compared with the Italians, who appear, as we go
southward, to clogely represent him in stature,

(15.) Other Early Races.

In this group I propose to include a number of prehistoric or protohistoric races
of whom we know very little, Their stature is considerably greater than that which
we have determined for Continental neolithic man, though sensibly below that of
British neolithic man, The data are extracted from RAanox's memoir, and modified
to suit the formule of this investigation (see his pp. 431, 438 ef. seq.).

prre B . .
: Raee, F. | H. T. R.
£ = ’ Btz ey
. ) | m . i {
| Dolmen-builders, Indis, male . . . 4581 325 3673 24-3
i [LH]
. " 5 femala | . 4209 N 333 .
| ) 16 {18 i ()
! i W Algeria, male . . 45-32 e 350 233
l | = 5} i
i " " o female . A0E5 288 R ‘e |
| ) ) T {1 |
| H w  Caoeasus, male . . 44-02 i a2 Hi H 24r6 |
| i1y | m \ [
| . . " female . . 41-3 | 291 ! . ' -
| . ) - R o 1 {30y
| Guanches, Group L, male . . . . 4552 - 328 Gy 247
(1) 4] rois) (3
" " femnda., . . . $1-33 301 347 J 221
) s oy i}
G Group TT, mmle . . . .| 45-23 H2h [ AT 246
. |
| cam (34 i) i1
. . fomale . . . | 4103 I Y 5 344 21 _

While the dolmens of India and Algeria appear to belong to the Stone Age, those
of the Caucasus belong io the first Iron Age.
VOL, CXCIL—A, ZE
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The series from these dolmens ig very small. On the other hand the Gunanch
series are hoth very complete. The first are drawn from the Musée Broca, and the
sgeond from the Muséum d'Histoire Naturelle (see Ramow, loc. eif., p. 446), both at
Paris, Although the first series comes from a single locality, and the second from
several localities, the vesults are in good agreement., The following statures have
been found from onr formule :(—

l Dolmens, Dolmens, Dolmens, Cinanches, | Gruanches, |
i Formula Indin, Algurin, Caueasos, Group 1 | Gronp 1T, [
nsed, —— e — - — --i | —|
]

I Mule, | Female.| Male, | Fomale.| Male, | Femule,| Male. | Female., Male. | Femasle,
N fuler | Fomaley Mol |7 e ersle|
| | |
| {a) lfr':"4-3 15634 | 18851 | 15226 | 16576 I 15317 | 16688 [ 15323 | 166-32 i 15265 |

(b} 16470 J 162-96 | 150r79 | 16441 | 15162 | 16556 | 154-87 | 164-70 | ul o

‘ () | 16264 | 15310 | 16805 | 15427 lﬁJH.r L | 16824 | 15689 | 16300 | 13568

{id) 1GG0G 16377 16673 | 166-72 | 15510 | 16639 13‘.1 | {F

| (e) 16528 | 1499 | 16784 | 15310 | 16344 | .. | 16772 | 15476 | 16726 | 15400

) | 164-86 | 15501 | 165-3¥ | 15319 | 163-61 e L6569 | 154076 | 16722 | 15400

(g} | 165446 . 16322 e 16546 .. 16633 | 15492 | 165684 | 13408

(R} 1 G456 S 16276 i 164-30 i 168543 | 154°47 | 16458 | 15318

(i) 16618 n I64-55 | 16165 | 165-11 | 15262 | 16635 | Lha60 | 16558 | 15257

i (%) 16529 e 16585 e 16391 e 166:7%9 | 154-82 | 16G-11 | 153-72
! Mean . .| 16524 | 15486 | 165-50 | 15258 lﬁ-‘i':iii'l 15247 | 16677 | 13465 | I66-1% | 153-R3 |

| S VR _ _ i ] -

"fﬂft‘::l} ; 1067 1-085 1:078 1078 1081
¥ | ‘
]

The first point to be noticed about this table is the confidence it inspires in
formula (£). Whenever the series is in the least extended, formula (k) gives a result
seusibly identical with the mean of all ten formule.

M. Ranox's means for the eight groups are not very divergent from mine, he
gives ;—

1660, 1548 ; 1657, 153°2; 1653, 154°4; 166°0, 1554 ; and 1659, 154°3,

e thus does not make qguite such a sensible distinetion between the Guanches and
the Dolmen-builders as my numbers seem to indicate. It is curious that these three
groups of Dolmen-builders should stand so close together, and also comparatively
cloge to the Guanches, The Dolmen-builders must have been as tall as the modern
French, while the Guanches were probably slichtly taller. Both were of greater
stature than neolithic man in France, approaching more nearly the neolithie man of
Britain.

The sexual ratio in the first and third eases canvot be considered of any weight,
as the female data contain only single individuals.
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(16.) Stature of the Nagada Race from Upper Egypt.

This race dates from ahout 4000 m.c. Its orgin and locus have been discussed by
Professor Friwpers Prreie in “ Nagada and Ballus,” 1895, and an elaborate series
of measurements made on the long bones by Dr. WarreN; see * Phil. Trauns.,’
B, Vol. 189, pp. 135-227, 1897.

The measurements suited to our reconstruction Tables XIV, and XV, are :*

I B S B
I, . ‘ T .
| ' I
g {a0j (82} 88} | (47
Male . . | 4503 J2 62 3797 | 2570
{ofE (27 {115} I (i
Femala . ., . 42-63 29-87 3406 | 23-23 i

Whenee we deduce for the stature :

! Malo, . Bones used, | Fimale,
_ 1 .
| 16504 ; H 15374
: 16513 : H&R 154:23
| 16641 - H&F 155-19
16693 . H,F,R&T 16502
| 16766 ' y 155776
| 16779 H + R 15653
16840 F&T 15651
| 1685 F+T 15643
I 10584 5 i L5694
‘ 16990 , B 15921
| .
1673 | Muoan | 1560
| .

Had we used M. Mavovvrmer’s ** Tableau-baréme,” we should have found it

! Male, Bone, l Female,

| T |

| 1664 ¥ E 1554

i 1670 T 1560

|' 1647 H 1545
1715 It 1817
1674 Mean I a6t

* The numbers in bracketa to the left indieate the number of bones used to form the average.
T Here,as in other cases, the reader must remember before entering the # Tablenn-baréme,” to corre gt
feom the maximum to oblique femur length.
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While M. Maxovvnier's male mean does not differ widely from onrs, bis female
mean is *9 centim. greater. His range for male stature covers 6'8 centims,, and for
fomale stature 7'2 cen tims., as compared with our 4'9 and 5°5 centims. respectively,
But the amount of this range in both cases is very significant considering the large
number of bones averaged, While our formulw applied fo the Aino gave very self-
accordant results except in the case of the radius, we notice here considerable
divergences, In particular, the order of the bones arranged in order of increasing stature,
which is nearly the same in both sexes, is very different for the corvesponding order
for the Aino. The Naqada people for their stature have a remarkably small humerus,
and although the Aino could hardly be separated move from the French by civilisation
and locality, yet they could be derived from a common stock with the French by fir
less direet selection of the long bones, than would be possible in the case of the French
and the Naqgada races. This Egyptian race was a tall race—not as tall as the English
commonalty—but taller than the better French classes and 2'5 centims, taller than
the mean of the French army. 'The sexual ratio, 1°074, was less than that of the
modern Furopean (about 1'080), and this s in keeping with the greater equality in size
observable In primitive and early races. On the whole it may be questioned whether
any two modern races would give such divergence in character us the Nagada and
French. Wae see not only the radius, as in the ease of the Aino, but the humerus as
a gonree of divergence, and so far as the lengths of those long bones are concerned, it
would be easier to look upon the Aines and French than upon the Nagada people and
French as local races deduced from a common stock. If they have sprung ultimately
from such a stock, there has been a very significant amount of direct selection.
There is, however, an interesting point which the Nagada people share with the Ainos
—the judgment of stature from the radius is excessive. This peculiarity of early
and primitive races is one which the table on p. 202 shows that they share, of course
ina much less marked manner, with the anthropomorphous apes. It will later be
goen to be a feature of other primitive and early peoples.

(17.) Protohistoric Races.

My next group covers to some extent the ground which precedes 1000 A.p.—
rotghly, the beginving of the Middle Ages,
(«.) Dr. BEbpok gives femur measurements for the Round Barrow population of
Britain,™ as follows :
Male F = 4775 centims., mean for 27,

Female F = 4401 i % 2.
We find at once from (&) :
Btature Male = 171°1 centims., Female = 160°2 centima.

Sexual ratio d/¢ = 1-068.

# tJournal of the Anthropological Tnstitnte,” vol. 17, 1857, p. 200
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These values are immense reductions on Dr. BeEnpor's 1762 for males and 1665
for females.  Ewen with this reduetion, the Round Barrow population must still be
considered a tall one, as tall as the modern English. It will be remembered that it
was alzo brachyeephalic,® a curious and infrequent combination in Europe.

(h.) We may next coongider the Romanoc-British, for whom we obtain from
Dr, Beopor the data :

Male F = 45-42 centims., mean for 10,
Female F = 40°82 . . 4.
Formula (@) gives :
Stature Male = 166°7 centims., Female = 1522 centims.
Sexual ratio &/3 = 1090,

Here again we have very sensible reductions on Dr. Beppor's estimates of 1693
and 1542,

{(c.) We may compare these results for the Romano-British with those for the
Romano-Ganls, based on data provided by Ravont These give:

F. | H. , T. \ R.
. | | |
a0y | {14 122) i i '
Male, . « + + + 4552 | 220 I 259 | 24:]
|
[t |

(5) {5}
TEenlcs © 4 n % n ‘ 4043 | 29-7 307 | e .

Whenee we deduce ;
STATURE of Romano-Gauls,

|
Male. Fomale.
| |
fa) i 16688 15148
(B) | 163-25 15327
(¢) 163-66 14608
(d) 16476 ..
o) 16514 14425
E 1) 16575 14426
(i) 163-91 ..
() 16:3:10 o
(1) 16511 152:07
(k) 165-54 .
Maonn 164-82 150:87 (152:27)

* Pransow, * The Chanees of Death,’ vol. 1, * Variation in Man and Woman,” p. 363
t Loo. cit., p. 441
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The second mean estimate for females is determined by neglecting the single tibia
measurement, and is probably the best obtainable ; it agrees closely with (i) :

Sexual Ratio 4 /¢ = 1082

d

A series of 12 femora dug up in Boulogne Harbour® have also been attributed to
the Romano-Ganls,  They give male ¥ = 45'22 centims,, or for the stature 16632,

My estimate here is aboat a centimetre larger than Ramon's. We sensibly agree
fur the males in the larger series above, while for the females T should take the most
probable stature to be a centimetre less than that (1535 given by Ramon,

We cannot compare the Romano-British with the Romano-Gauls on the basis of
all bones, for we have only the resulis for the femur in the former case. But if we
compare the femur estimates for the two cases we see that they are sensibly the
same (male 166'9 against 1667, and female 152°3 againgt 152:2). It is, therefore,
probable that the estimate of the Romano-British male is sensibly too high, and that
it would have been nearer 165 centims. had we had other bones than femora to base
our estimates npon.  The sexual ratio is clearly abnormally high.

(d.) Row-Grave Population of South Germany.

Dr, B, Lenmaxy Nrrsem® has published o most interesting series of measurements
on the long bones found in the Row-graves of Bavaria.t  These interments date from
the begiuning of the 5ih to the end of the 7th century. He divides his material
into two groups, ©Bajuvars,” from the Row-graves of Allach in Upper Bavaria,!
and Suabians and Alemanns from those of Dillingen, Gundelfingen, Schwetzheim,
Memmingen and Fischen.§ The mean lengths of the long bones for these two groups
are, however, in such complete accordance, that we are quite justified in following
Dr. Nitscue and eombining the two groups.)] We have then the following results
after the proper change in the femur . —

[ | T H. R
4 (5] (1) (i
| Male 404 AR05 3371 2h41
| {16 {74 () (4
Tomalo 4107 33:71 3028 2310
|

The following fable gives the reconstructed stature on the basis of the ten
formuls of Tables X1V, and XV, —

% Log eit., p. 439,
+ “Nene Beitviige sur physischen Anthropologie der Bayern,” vol, 11, pp, 205-256, Mimchen, 1835,

1 Thid., p. 207.
& Thid., p. 239,
{t pp. 240, et seq.
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|

Male. Bones nsed. [ Female.
| N P WO O TR |
| 168-1 H&R 1552
| | R H | LoD
| 1650 R 1554
| 1681 T 1541
| 1604 H+R 1568

1603 F&H 1080
[ [ G FHT&R 1530
| 1 B r 528
| 1658 F+T L1534

IR P&T 1584
f— e
[ 164-2 l Mean 1545

Maxovvrier’s * Tableau-baréme” gives us—

Male. Bone. Female.
1371 F 158G
[GT 5 T 1a4-6

1 1675 H La56

| 1570r] i R |. ]
16E3 Mean 155G

|

Clearly Mavouvrier's method gives results in this ease differing almost 1 centim,
from mine for both sexes. They have ranges 26 centims. and 79 centims. for male
and female as compared with my 1°8 centim. and 4°2 centims, vespectively. Our
method of taking the means of the results is not, however, very good. There are
very few radii, and the results for that bone have little weight. To properly weight,
however, the formuls involving two or more hones is troublesome, and the inereased
exactness is so small as to be hardly worth the labour. If we treat F and T,
Fand H, and F, T, H, and R as likely, d priori, to give the best result, we have
male stature, 169'5 and female stature 1533, 1 doubt whether this is as good
as the previous result; it would connote a very high sexual ratio, 11106, which
is contrary to what we generally find with primitive pecples. The sexual ratio
of the above results is very high, 1:095, and it seems to me probably that in the
difficult matter of sexing rather too large a proportion of large bones have heen
given to the male and too few to the female group. Further, the smaller radii may
probably have disappeared, which accounts for something of the irregularity here—as
in other cases—of the estimates from the radins, Allowing, however, for these
irregularities we find the Row-grave population by no means so widely differentiated
from the French as the Nagada race. They were, however, a tall race, taller than the
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present French commonalty, almost, but not quite, as tall as the present English
commonalty in their men, but sensibly below it as regards their women, The men
were at least 1 to 3 centims, taller than the present Munich population, which gives
168 centims. as mean of accepted reeruits, and 166 centims. ns a mean based on
corpse measurement. (See RANKE, * Zur Statistik der Korpergrisse . . .," in * Anthro-
pologie der Bayern,’ vol. 1, and Prarson, * The Chances of Death,” vol. 1, p. 205.)

(18.) Anglo-Scxons.

Here my data are extracted from Dr. Bebnor's paper.®

i . & A R i
| Number. I, T.
) iz

Anglo-Baxons in general, male. | 65 4717 3005
i i female | 26 477 i
Wittenham, peasantry, male . . 23 i v -
. . female . . 17 4224 ..

E with tibis, male . . 7 4584 Fo4

Ely, bishops, male . . . . . . 5 46 T4 aRa]

Allowanee has been made (see p. 197) for the length of the spine.

STATURE of Anglo-Saxons.

i | -
{a.) {e.) (e} (. ‘ Mean. |
Anglo-Baxons in general, mals . . 1700 | 1714 [ 171-2 1712 17008 |
" fomele .| 1560 N - " o |
Wittonham, peasantry, male . . I 5 & &= i | i
.t 4 famale . . i 1550 - i o [ s
1 with tibin, male 1722 1748 17530 1750 1726
Ely, bishops, male . . . . . . 1692 | 17001 17(r1 [V S R AL
|

Dr., Beppor's results diverge again immensely from mine.t For the Anglo-Saxons
in general he finds, for example : male, 174*7 centims., and female, 1602 centims.;
while his estimate, nsing the tibia for the Wittenham second male group, is 70'86
inches, or 180 centims. !

If his conelusions were correct, the modern English would have degenerated very
much from the Anglo-Saxons in stature.

# Loc. cit. p. 208,
+ T make Earl Briruwsorn (F = 5207, T = 41-58) about 120 centime., while Dr. Bevoor's estimate
is 192,
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For modern English we have the following resulis —

:l Prareow, Middle elagsos. ||
Garrow, Commonalty, | P
| 11. 111,
{ !
| {811 {1000y [109T)
| Male . . . 17255 1723 17515
I (rim {1006} (188
Female ., . 16085 1560 [ 162-17
| !

Mr. Ganron's results were measured at his South Kensington Laboratory during
the Exhibition of 1884, My first group are from my fimil v data cards, and without
boots ; my second group are from the measurement cards of the Cambridge Anthropo-
metrical Committes. Subiracting 2-54 centims. for boots from I, and IL, we {ind :—

Mala ., . . . 1700 1728 1796
Female . ., . 1583 1599 1596

Thus there 1s a sensible agreement between the results 11 and II1., while 1. shows
just the elass distinetion we might expect to find. Comparing these results with the
Anglo-Sazon statures, we notice an increase of about 2 centima. in the female stature,
while the present Hoglish commonalty is about | centim. less than the mean male
gtature, and the English male middle classes about 2 centims, more. 1f the Witten-
ham skeletons with tibia belong to a clasa apart, then they were quite equal in
stature to the modern Engligh classes, while the Anglo-Saxon bishops were distinetly
inferior, Probably the bishops were men unsuited for fighting, and showing a lower
degree of physieal development. The Anglo-Saxon women are not very many in
number, and we have only the femora to base an estimate upon, which in all these
cases gives a less stature than the tibia. We may therefore conclude that the
averare FEnglishman of to-day is certainly not behind his Anglo-Saxon ancestors ; he
may be very slightly taller. The average Englishwoman is probably somewhat taller,
but the paueity of data for Anglo-Saxon women hardly allows an estimate of how
much, The sexual ratio, 1'096, is g0 high that I am compelled to consider the Anglo-
Saxon women under-estimated, or possibly mixed with a Romano-British element,
The modern value is about 1080,

(19.) Franks.

I have put into one group the Frankish remains belonging to both the Merovingian
and Carclingian periods, to be found in Ranox's memoir,™ the separate smaller groups
giving results in close aceordance, We have then :—

* Loc. ¢if., p. 440, of seq.
VO, CXCIL—A, 27
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Franks 500-500 A.n.

. i
. l H. T, | R.

i | HT) | 0 iy | it

Male . . . . . .] 4518 ' 3323 J6-51 i |
| L ) | (8 | &7 | L
, Female 487 20-39 I 3277 2280 |
1 | }
This gives us -—
FRANKISH STATURL,
‘ Formula. I Male, i FPemale. ‘
| { |
(1) 166-24 ' 15284 |
i (1 i FGG-S1 | 15241
(o) | 166-12 151:85
(d) | 168-71 : 15744
(e} _ 166-30 15207 I
() 166-32 i 152:08 I
(i) _ 16813 15488 '
. () _ 16674 15283
[ {7) | 166:67 | 15234 i
| (k) 166-A6 | 15103 |
| 1 7
| Mean | 166-84 (16612 15203 (15212)

Sexnal ratie 47 = 1-091.

The means in brackets are obtained by omitting the results of formule (d) and (g),
which are clearly exaggerated, owing to only the larger radii having survived,

It 18 clear, accordingly, that the Frankish conquerors of Romane-Gaul were not a
tall race—nothing like as tall as the Anglo-Saxons who congquered Romano-Britain, ™
Further, while the English commonalty have, if' anything, slightly progressed on the
stature of their Teutonic invaders, the French commonalty have, if anything,
regressed.

# Of ocourse, occasionally woe find tall Franks, as those buvied at Harmignies (Hainaot), Banox
los, eit., p. 440, These give :—
| | r, | M. | T. | B @) | ) | (e ‘ (.} 5 (i) () | (7 | (k) | G | (k) | Mo

| | i }

17592 | 17724 17736 [ 174461 17175 | 1T47T [ 170-08 | 1745 !

Lol TH | 15916 100°13 IET'SE-E 10630 i LGO-1S | 15708 | 1581 ‘
|

| Mala. |
| Fomale
)

8 [l 17628 17164 | 1760
# | :Gj-ﬂﬁilﬁﬁ-ﬂ 154-05
| |

These are tall ne compared with the average Fronch of to-day, but not specinlly tall from the English
standpoint, and certainly nol comparable with Barl Burrasorn,
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(20.) French of the Middle Ages.

Two groups sre clagsed under this head by Rawmows. The first comes from the
cemetery of Saint-Mareel, and is said to belong to the 4th to the 7th century. The
second comes from the cemetery of Saint-Germain-des-Prés, and probably belongs to
the 10th to the 11th century. If these dates be correct, the former group belongs to
the protohistorie rather thun the medissval period, and is directly comparable with
the above rvesults for the Merovingian and Carolingian periods. The latter group
belongs to the early middle ages. We have :

¥ I e
|
r ¥ o T I B
— Ao i .
| ]
| @n (81 in4) (i) |
| Haivt-Marcel, male . 45852 32 478 | 24-4 |
' (1) (259 (40) L)
w female . . . . . 4163 303 440 i 225
g L o - R — S ST | —
4} " {47} (a7 W8
Saint-Germain-des-Prés, male . . 45-32 | 331 ara ! 237
{10y {18y [RE
| 5 female | 4]1-32 S0+ 40 ‘ .
|

These give us for gtature of mediseval French :

f Saint-Marcel. Saint-Germain-des-Prés,
| 4th to Tth century. 10tk to 11th eontury.
Formuala. | Sty e s : A i e ie o
1
|
| | Male. ' Famale, Male, | Female. |
[ | |
(1) | 16651 153 81 ! 16651 , 15321 5
(b i 16062 154-02 , 16643 ! 15657 .
() , 16848 15474 . 16720 ; 15474 I
d) i 16574 156-44 . 163-45 i 5 |
o) 16761 ! 154-31 ! 16708 ! L5306 ,
(f , 16756 154-31 16702 . 155006 '
(g 16823 ! 15587 : 16512 e '
(1) . 160-25 ! 15510 16606 ] 5
(i) 16533 15430 16661 15450
_ (k) | 16844 | 154-12 | 16602 | i
| — - - S - !
Mean . . | 16798 15479 16624 15440

Ranos obtains the valoes :
1657 1555 1656 15505,

The first of these differs very considerably from my estimate, but Ramoy has made

2 ¥ 2
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a slip in using MANoUVRIER'S fable, and thus much onderestimated the Saint-Mareel
male stature,

I think it impossible to accept Ramox’s view that the modern French are sensibly
of the same stature as the medisval French, because the slight apparent difference
may be accounted for by a process of selection preserving for us only the larger bones,
[t 18 not, as Ravon supposed, a difference of 7 centim, which has to be acconnted
for, but one of nearly 3 centims. We have the following series for France, male
and female :—

Neolithieman . . . . . . . 162% 1514
Romano-Gauls . . . . . . 1648 1528
Franks . . . . . . . . . 1664 1529
French, 4th to 7th century . . 16840 1548
. 10th to 11th century . . 166°2 1545
o moderm . . . . . . 1650 1528

These results would seem (o indieate that the Gauls were taller than the races
they superseded in France, that their Frankish conquerors were taller again than
they ; but that the stature has been sinking during the last 800 vears, and that the
French commonalty of to-day is very close iu stalure to the Romano-Gauls.

This may denote a gelection of stature, oc it may mean that the Celtic element of
the population has superseded the Teutonic element—an explanation in accordance
with the recognised greater feviility of the Breton element in France. We should
then have an interesting illustration of the manner in which reproductive seleetion
may reverse the results of natural selection. While it might be rash to atiribute the
decrense in stalure which has taken place in France to any one definite cause, it is
interesting to note that we do not trace the like decrease in stature in England, vet
we should certainly expect to do so, if the result were due simply to a seloctive
process by which the Jarger bones were preserved. There does appear to be a like
decrease in the stature of the Bavarian population, where we have compared (p. 215)
the Row-grave population with that of Munich town recruits, which appears to be
considerably above the average of veeruits from other near distriets,™ and eonsiderably
above the corpse length (166 centims.)—itsell greater than the stature of Lhe
living—vhich 1 have found from Biscmory’s data.

(21.) On Giants and Dwarfs,

If we pass from the eonsideration of races with mean statures varying from about
157 centims. to 170 centims. to the consideration of individual giants and dwarfs, we
very soon diseover that our formulae give statures hopelessly too small in the ease of

% The nvernge of the conscripta for the st fafanterte Brigads, which includes Munich, was only
166 centims. The average of the Baden conseripts was 163 contims,
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giants, and too large in the case of dwarls. This defect of the theory is the more
gerious in that while no prehistorie bones at present discovered give ug indications of
a vace with giant proportions, there are such bones which indicate the existence of
dwarl races in neolithic Burope. The reconstruetion of individual giants from the
skeletons preserved is also of some interest, although, from the standpoint of evolution,
it, go far, bas nothing like the importance of the reconstruction of the dwarf races,

{f our formulie do not apply to giants and dwarts, we are forced to one or other of
the following conclusions :—

(et.) Dwarf and giant races must have been differentiated from normal races by a
selestion which has partially or totally ehanged the regression formulee.

(1) The regression formule are not really linear ; they are only apparently linear,
because, in dealing with the normal range of stature, we have only to consider a small
portion of the regression curve which is sensibly straight.

Both these conclusions may of course be partially true.

I order to consider the validity of one or both of these hypotheses, it might seemn
that all we have to do is to investigate the relation between the long bones and
stuture in the case of a sufficient number of giants and dwarfs. But alas! the
total material is sroall, and the quality of it is exceptionully bad. The majority
of giants and dwarfy probably prefer a quiet life and a wormal burial, so that their
bones do not reach the anatomical musenm.® Of the dwuwrfs and giants whose
skeletons are to be found in museums, the majority earued their livelihood by
extiibition, and aceordingly their living stature was a character likely to be under-
or over-gstimated for the purposes of advertisement. It we put aside all records of
the living stature, we are thrown back on the measurement of the length as corpse,
or ou estimates tormed by anatomists of the staturve from the articulated skeleton.
Unfortunately, anthorities differ very widely as to («) the difference between the
skeleton (after mounting) and the corpse length—Ogr¥iLA makes a difference of
7:5 centims., Briawt and Cuavopi of 8 eentims., and Torinagp of 35 centims,—
and (b) on the difference between the living stature and the corpse length (see p. 191).
Even if Torivarp's estimate, based npon 23 normal subjects measured as corpse
and skeleton, be correct, it could hardly be safely extended to the cases of giants
and dwarfs, Professor CuNNINGHAM, in attempting to veconstruet the stature of
the Irish Giant, MaaraTH, goes so far as to discard all records of living stature, and
all attempts to reconstruct stature from the articulated skeleton, and would estimate
only from the length of the femur.t But this method seems to me fatal, at any rate
for our present purpose, the very object of which is to fiud the relation between
stature and femur (or any other long bone) in the case of giants, It cannot too

# In the investigation for conscripts in Bavaria, in 1875, 43 dwarls were fonnd, and wmongr the
35 messnred we bave a range of 110 centims. to 139 cenfims. There were also four giants, or moen
with statures of 190 centims. and over.

+ ¢ Roval Ivish Academy Transactions,” vel. 28, 1801, pp. 555-612,
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often be vepoated that the idea that there is in any sense a constant proportion
hetween stature and any long bone is misleading. MavouvriEr makes this vatio
decrease from dwarl to giant, and this is correct so long as we suppose the regression
formula linear, for example, 8/F = ¢ 4+ 4/F.  But this ratio really hegins to decrease
again as we go from short people to actual dwarfs, and to increase again as we
go from tall people to actual giants,

For example, we have the following results for the ratios of long bones and
stature i —

; [k, S i 2, /1. | 81,

—— w— - | I
: 50 normal Fronchmen . . 0 . o A ;: 371 . 4ol BRI A8
‘ o § Uoeflivients moyens ultimes,” | | - - i - .
| MANOUVELEL, ] Sabicfe 5 18T . b ' 4rAg 4ot G670
Torwann, 22 cones, statore > 175 | | i 446 Ak (G-0d.
Prangon, 12 coses, statura *> 200 | 74 LY I S0l PRI

Tt will be at once obvious that Manouvriew's © Coefficients moyens ultimes” are
by no means ultimate, but that in the case of giants the coeflicients actually fend to
return to their values for the mean population. This will be sufiicient to show thal
it is quite impossible to consider any method of determining stature from a presumed
constant ratio to femur as satisfactory.

But this table ghows an important prineiple, namely, that as the ratio of stature
to long hone first deereases as the bone increases and then begins Lo increase, it is
impossible to consider the regression enrve as a straight live when we extend it so
Lar as the region of dwarfs and giants,

Now this is, & priori, what might have been expected, for all distributions of
zoometric frequency that T have come across scom to possess sensible skewness, and
in skew correlation the regression curve is not a straight line. Tts actual form is of
a somewhal complieated nature,® and it would be purely idle to attempt to deter-
mine the constants of it from the data for dwarfs and giants which are at present
available. Accordingly it seemed o me desirable to select some empirieal enrve
which would, so far as possible, represent the available material and give results in
harmony with certain general principles. The considerations which led me to the
choice of this eurve were of the following character :—

(a.) 1t must sensibly coincide with the line of regression already found between
shabures of 155 centims. to 175 eentims, [t must accordingly have a point of inflexion
al the mean stature, at which the tangent should be the alveady determined line of
regression.  Referred to this tangent and its perpendieular, the form of the curve in
the neighbourhood of the erigin must be y =, Away from the origin, ¢ may
becomne a sensible funetion of « and ¥, one or both.

# 1 hope to return to this point In & paper vn skew correlation.
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(h.) So far as the data at my command went, the dwarfs and giants appeared to
deviate from the regression lme in a remarkably symmetrical manner on opposite
sides of it.  Tn other words, the branches of the eurve on opposite sides of the axis
of 4 appeared to be centrally symmetrical or eongruent.  Thus the form of the curve
was reduced to y == o' («%, y°).

(e.) It follows from this that the asymptotes of the curve, besides @ = 0, will be
given by ¢ (2%, ) = 0. The problem then turns on what arve the probable asymp-
totes. Now if we examine the regression formula for an organ A on an organ B, it

18 of the form ;
!

: LI T
A=(A,—""B, “)n
A . a + {\ = s
where A, and B, are the mean organs, o, and o, the standard deviations, and »,, the
coefficient of correlation. Now no amount of selection of either A or B, or any
other organs, as to size only, would influence in the case of normal sorrelation rue. /oy,

but it would change the eonstant term A, — ?-";E‘-' B.. Henee, il we wers to take the
i1

line of regression for an extreme population of dwarfs alone, or of giants alone, it
would seem quite possible that »,0, /oy might have remained constant, while the term
A

-— T’fr“ B, changed. But these lines of regression would be the asymptotes of the
)

required curve, It was thus snggested to me that the asymptotes might be parallel
to the line of regression of the normal population. On examining the points corre-
sponding to giant and dwart statures plotted to long bones, this hypothesis seemed
to be highly probable. Aeccordingly the form of the curve finally selected to represent
the extended curve of regression was

y = cx' (b° — y),

where the axis of @ is the linear line of regression for normal stature, and the axis of
¥ 1s the perpendicular to it through the mean normal stature of the Freneh,®

(d.) A dingram was now formed by plotting to half life-size (§ centim, for 1 centim.)
the points representing giants and dwarfs, and the lines of regression for the nornial
population were drawn. The y and @ for the point for each giant for each bone were
then read oft, and these formed the data from which the constants of the four earves
of the above type were then determined. For this determination only giants over
200 centims, were selected, The class of what may be termed sub-piants, with
statures from 180-200 centims., were put on oneside. Such individuals, termed giants,
appear in both the Bonn and Munich anthropological eatalogues, but the * Kirperlinga”
there given can hardly represent the living stature ; it is very probably only 4 skeleton

* Bome shiffing of the orvigin wounld probably have improved my vesults, but the data were not
gafficient to justify such extra labour.
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length, and considerably under the real stature. A height, for example, of 185
centims., 6 feet 2 inches, say, would hardly entitle a man, in Hngland at any rate,
to rank as a giant.

Tn the next place, no notice whatever was taken of the dwarfs, T felt that, if the
eurves were determined from the giant data only, the test that they gave good resulis
for dwarfs would be the most satisfactory one conceivable,  As it is, 1 have heen able,
on the basis of the long-bone stature relations for giants, to predict the stature of
dwarfs to within 2'5 centims. average error. MaxouvmiEr's * coefficients moyens
ultimes " give a mean ervor for thesa dwarfs of 7'25 centims., or 2'9 times as great.

The actual fitting of the curves was condueted in the following manner. Remember-
ing that the eurve gives the value of the mean stature for the whole series of long-
bounes of one size, i.e., the mean of the array of statures for a long bone of given type
or size, T recognised that the enrve, and accordingly its asymptote, must pass fairly
centrally through the group of plotted points.  An approximate value of the asymptote
constant b was accordingly selected, and the value of e calenlated from the mean of
the observational values of  and x. If this form of the eurve gave, as it generally
did, not very satisfactory results, b was modified, and the new ¢ calculated. In this
manner, for example, three approximations were made in the case of the rudius,  The
method of least squares was not readily applicable fo the data (which were at best
not, very trustworthy), for it involves the caleulation of such expressions ag 8 (a%/)
and 8 (%), which, owing to the large values of & involved, give far too greatl import-
atee to Lhe largest giants.

The curves ultimately determined were the following —F

For the femur :
¥ = wrize @ (49 — y).
IPor the tibia :
# = prizs o (22:5625 — oF),
For the humerus :
¥ = gaive ¥ (2025 — ¥°).
For the radius :
y = 1oyt @' (20°25 — ¥°).
Here the unit for both ¥ and @ is equal to two eentime. of stature, or of long-
bone, Thus the distances 7, 475, 4'5 and 4°5 centims. of the asymptotes from the

lines of regression of the normal population are veally distances of 14, 95, 9 and
9 gentims, in actual stature or long-bone length.

# The mathematical reader will besr in mind that it is only the *snale” and not the other two
branches of the quintic curve which we require.
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I do not suggest for a moment thatf these enrves give a final solution of the preblem
of determining the stature of any individual in the range of 90 to 250 centims, from
the lengths of his long bones, but they seem to me to give the best vesnlts chtain-
able with the data at present available,

Redueed to a torinula a curve of this type would be of little service, for both 2 and
y are linear functions of the probable stature and the observed length of the long
bone.  Hence we should have a quintic equation to find the probable stature from
the long bone. But if these curves be plotted onee for all, we have a graphical
means of at once determining, by simply running the eye along a line, the probable
stalure corresponding to any given length of long bone. With eare we ean find the
probable stature to 5 centim,, but as a rule to the nearest centimetre is sufficient.
Ag the lines of regression for the normal population are given as part of our curves,
it is clear that the diagrams attached to this memoir (Plates 3, 4) will also serve for the
determination to a like degree of exaetitude of the probable stature of individuals or
races faliing within the ordinary range of statures. In view of the fact that the
diagrams serve all practical purposes, I have not considered it ueedful to deduce from
the above guinties numerical approximations for the value of the stature in terms of
the lengths of the various long bones.

(22.) IT the reader will examine the diagrams, he will see the twelve giants
A, B, C,... K, L marked by small dots; from these the curves were determined,
and he will notice that they strike fairly well through the groups. The triplet
(), M, N containg three pseudo-giants, or sub-giants; these as well as the dwarfs,
B, U, V, T, were not uzed in the determination of the eurves. One remarkable
feature of the curves must be noted, namely, that in the region of what may be
termed sub-giants and super-dwarfs, namely, from about 180 to 200 centims. and
150 to 130 centims., a very small change in the long bone makes a remarkable change
in stature, This is specially noteworthy in the case of the radius. Thus between
normal individuals on the one hand and giants or dwarfs on the other, there appears
to be what may be termed a region of instability, in which an insignificant chunge in
long bone may throw the individual aeross a considerable range of stature. The
points of inflexion of our curves—other than those at the origin—may accordingly
have a biological ns well as a purely mathematieal interest.

The following are all the data which [ have been able to colleet for giants and
dwarfs having any degree of probable truth.

VoL, CXCIL—A, P
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Tanre of Giantls,

I L | | !
, Lictte, | Namao, ! Lipeus, | Biature, | . ! T~ H. Ii. |
i | 1 H | |
oA | Joagmis . . ., . Mosde Broen . . . . .| 2104 | 5678 | 470 | 404 l B |
! } Devlin Ginat 1 ., . Berlin Musenm e bt ) | {h Je | 530§ 455 | 805
oo Beelin Giaut 1L, . . i s co. L 2e0 | 5RO | 480 | %35 S8
1 | O'Byaxe . . . . . Royal Collegeof Burgeons | 2310 | 625 | 541 | 450 i R
1 Ameriesn Giant. . i o | 2180 hES | 478 | 41 | 800
I Madgware . o+ ., of BRC. 8, Dablin, . . .| 2260 | g4 | K6 | 433 | 348
i “Repiner™ . . . o Josophivom Vienns . . 2033 | 334 | 435 | 59h | a7h
" * Qronadicr™, . . .| E o . | 208-¥ ans | 458 A5 | SO0
L Innsbruck Ginnt ., .| Tomsbewck . . . . . .| 2226 | G156 | 520 | 446 | 343
J St Pofersharg Ginnt | 86 Petersboeg .. .| 2188 1 hEh | HOO | 46500 | 335
K “Wiehsmacher o Viemna . .. L o . .| 2023 4 524 | 440 | 394 | 278 |
| Pavie Giant . . . .| Bluste Orfila . . . . . 2362 | 609G | 559 ‘
Sub-Giants.
M i PoonGignt . . . | Boun . . . . . . . 1BEY 51 ! 415 358 260
N | “fendarme”. . . ] Vienmp . . . . o o . 1568 YR 4400 | 386 G4
() | Muonich Giane . . ! Momieh . . . . . . . 1850 K- | A8 i a5°0 i 253
: a : |
Dwarts,
) | i ) [ i i i
3] Mrcowanx o o . . 0 Anab Tnstit, Vienns . . 1185 310 228 , 205 | 1§
i Bewasawraueey’s Dot | Bomm . . L . . L 240 | 220 160 i
1] Higs Dwarl . . . . . o v + o o o v - o 1300 i 310 a0 0 218 165
v Bisg . o o . & o Jardinodes Plantes . . L 1000 Qg-n 1761 ! an3s ! ola-17

Dewnarks-——A, The measurements of this giant are given by Manouvries,
* Mémoires de la Sociéte d’Anthropologie de Puaris vol. 4, p. 387, The femur has
been given its maximum instead of oblique length, Ses also Torinannp, * Anthro-
pelogie Géndrale,” p. 1101,

B oand €, Details extracted from ¢ Die Anthropologischen Sammlungen Deutsch-
lands,” V. Bevlin.

D and E. Data from the Royal College of Surgeons’ Catalogue,

I. T have tuken the length of the long bones from Professor CuNniNcuan's paper,
“ Royal Trish Academy Transactions,” vol. 29, 1891, pp. 533-612,  CuNNINGHAM uses
the femur and Torinarp's ratio to get the stature. Toriwarp himeelf gives
Macraru's stoture as 223 centimg, T do not see why Dr. Bravenr’s measurement
of 226 centims. should be rejected.  There is no renson to suppose the doctor would
Linve any cause to exagperate Macrarin's stature, and he measured him alive, T have
accordingly adopted Braxcor's wvalue as the best available. 1t is in very good
accordance with the stature of the Innsbruck giant, and both were probably shorter
than O'Byrye,
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G, H, I, J, K and N are all taken from the very valuable msmoir by K. Laxcen
“Wachistum des menschlichen Skeletes mit Bozug anf den Riesen,” ¢ Denlschriften
der k. Akademie der Wissenschaften, Math. Naturwiss. Classe,” vol. 31, Wien, 1872,
ppre 1-104.  F, H and R are here distinetly stated to be the maximum lengths, and
T appears to be measured without spine™
articulated skeletons,

L. This is the only giant I have ventured to retain out, of Sir Grorcr HumpaRY's
list in “The Human Skeleton,” Cambridge, 1858, p. 107, for he indicates that he
measured it himself (p. 105). T have not been able to identify his “ Russian Giant” at
Bonn,  Ilis Berlin giants differ considerably from those in the Berlin Catalogue, while
his estimates of O'Byrwe and of the Irish giant seem hopelessly too large.  Ashe gives
the Musée Orfila giant 17 centims, less stature than Torinann (lee. eit., p. 436), 1
think his estimate on this oceasion more probable. M and O are taken from the

The heights are appavently those of the

Anthropologieal Catalogues of the Museums at Bonn and Munich. I amn not clear us
to what is meant by Karperlinge in these cases. The statures arve curiously small as
compared with the long bones, it Kirperlinge is to be thus interpreted. Possibly it
i the length of the mounted skeleton without disks.

p, T and U. The details of these dwarfs | have taken from ParTavrs work:
“ Ueber den Zwergwuchs in anatomischer und gerichtsirztlicher Bezichung,
Wien, 1891.+ This book compares unfuvourably with the careful memoir of
Laxcer. The measurements of the long bones of Mikopask are given several
times over, on each oeeasion with different values ; the exact nature of the measure-
ments mads is not stated, and results such as those on the author’s p. 92, depending
on the most elementary arithmetie, ave erroneonsly given. 1 have taken the values
which seemn to give the most self-consistent results, but it is impoasible to feel sure of
their absolute accuracy., ScHAAFFHAUSENE account of his dwarl appears in the
‘ Berichte der Niederrhein. Gesellschaft fir Naturkunde in Bonn,” vols, 25 and 39,
and His’s account of his dwarf in * Virchow’s Archiv,” vol, 22, pe 104,

All the giants and dwarfs in the above list were adults: the aces of the four
dwarfs at death were S, 49 years; T, 61 years ; U, 58 years; and V, 23 years.

The following table gives the reconstructed statures of these giants and dwarfs as
obtained from my diagram and from MAxouvriEr's “Coefficients moyens ultimes.” 1
have not thought it necessary to publish in the latter case the estimate from each
individual bone, but have simply printed the mean of the four results and the
differences from the supposed actual stature. It will be noticed that Maxovuvrier's
estimate is in every case too small. Of my differences, 2 ave zero, 6 are positive,
and 11 negative, but the negative differences ave sensibly larger than the positive, so
that my curves have rather under than over corrected for giant and dwarf stature,

B Aus der Mitte der laternlen Comdylusfliche in die Incisura fibulaviz"
t I have vevified the dimensions given for His's dwarf from * Virchow's Arehiv fir Pathologic n.
Anatomie,’ vol. 22, 1861, p. 104, 6 seq.

202
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My mean error is only 3'7 eentims., however, as against MaNouvrisr’s 9'3. Allowing
for the doubtful character of some of these measurements, 1 consgider {his resnlt
{airly satisfactory, and believe my estimaie may in several cazes be better than the

supposed stature,
Qrarvny of Giants and Dwarts,

Estimatod stature. Magouvkin.
S e, Actual
| [ | | | abatnre.
I, T, [ H i R. | Moan | A, | Mean. A
§ | s, el
A | 213 | 218 | 210 g1a | 212 | 42 | 210 200 —10
| B | 23 . 228 | 2 | 215 295 + # 223 219 — 4
c | 207 alsy | =03 | 211 | 209 | — 21 195 —a1
8] 208 231 | 2uy | 224 | 9uy — 4 | =31 | 9wy | — 8
| K ‘ 218 | 213 214 211 | 214 +1 | 213 203 e LI
FTA T apa 93] | 228 @ | —2 926 21g =8 i
(& 200 200 | 205 | 182 197 | =46 | 208 |47 ~1G |
H | 209 207 | 210 a06 | 208 — 1 209 195 —14 |
T 1 24 | 235 | 225 Y 225 | 4+ 2 923 | 23l — 2
J @14 a0 | 229 | 224 23] TR 919 | 214 —~ 8 i
K 193 | 205 | 208 197 | o0 | -2 202 18y —14 |
L go9 ‘ 235 o . ooy | —F 230 | 224 T
sk Weill oo Mandli I (S S |
L i F | |
Mlo1g0 | o184 | 16 | 1M 178 | —11 | 189 178 | =11 |
N 182 &2 | o800 | 193 189 +2 | 187 | 183 |
0 178 178 | 173 | 170 176 | ~10 | 185 | 174 11 l
1 D | | S
| | | i | B i i
8 14 | 111 | 165 | 107 109 ‘ — 8 1125 ‘ 109 -3
i 95 8 1 0 0| o4 | =15
u 114 1z | 108 | 112 113 — | 120 16 | — 4
v 104 97 104 | gy | 100 i w0 | o -7

(28.) Dwarf Races.

(¢¢) Coneerning the eurves [ have given, much diversity of opinion must naturally
exist. For we have made use of giants from a great variety ol races in order to pro-
duce across a considerable range of stafure the regression curves based upon the data
for one local race, the French., The justification for this ean only be post-facto,
namely, the eapacity of the curves to prediet the stature of giants and dwarfs sutis-
factorily. But it will be seen that in doing this we have proceeded rather on
mathematical than anatomical grounds, We have supposed a continuity between
the normal population and between giants on the one hand and dwarfs on the other,
We have treated these beings as rave varviations in a normal population, and not as
pathological abnormalities. It is true onr enrves show a vegion of marked instability,
within which any slight change of long bone is accompanied by a great change in
probable stature; but nevertheless we have supposed a mathematical continnity,
which in itself is hardly consistent with the theory of “ pathological abuormality.”
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The truth of this theory can only be discussed by anatomists, and many anatomists
like Profeszor CossineuaM and Dr. Pavrave hold that giants and dwarfe are
pathological creations—they are the results of abnormal conditions to which they
would give the name of a disease. Such a view would exelude any conception—
especinlly in the case of dwarls among the normal population—of an atavistic
influence. The existence even to-day of dwarf races in both Afvica and Asia ought,
however, fo give ground for pause. When we add to this that Professor Skrai
actually considers that he has good evidence of a dwarl racial type still extant in
Italy, and that Professor Konimanw, after examining Sercr’s eranial and other
evidence, has been converted from strong disbelief to belief,™ when we note the furty-
three dwarfs {(stature < 140 centims.) actvually brought to light by ene annual con-
geription in Bavaria alone, and finally when we consider the neolithie dwarf skeletons
discovered by Numscn,! we must undoubtedly hesitate to attribute to pathological
causes all cases of dwarfs which come under notice. The Afvican, Indian, and Italian
dwarfs appear as a distinet racial type as little pathological variatious of normal man,
as a monksy of the anthropomorphous apes. It is thus possible that the pathological
characters found in so many dwarts may be the result of a conflict between atavistis
and normal tendencies, rather thun themselves the source of dwarfdom. At any rate,
while admibting that our curves are largely based on admittedly pathological instances
of both giants and dwarfs, it scerns well worth while to consider to what results they
lead us when we endeavour o reconstruct the stature of dwart races.

In making this applicalion we have to bear two points in mind (L) we must expect
a wide range in our prediction of statures lying between 130 and 150 centima,, for
this is the range for which our curves give very unstable results.  We can only hope
for a fair degree of approximation in the means, (ii.) Our curves are constructed
solely from male data, because female data are practically non-extant. We must
accordingly endeavour to find some means of passing from male to fumale stature,
To this we must first devote our attention.

(&) T take the following data for sexual ratios for the French and Aino from the
material of RouLer und Kocangr ; for the Nagada race from Dr. WARREN'S memoir,
and for the Andamanese from Sir W, H, FLowgr’s memoir, which is discussed below.

SEXUAL ratio, d/9.

Raece. Shabure, Femur, | Tibkin, Huomerus, Radius. |
| e e B o N L | b~ P e P ER
French . & o 3 1083 1-(¥a0) B L0 1110 . 18y
Nagada . . . . | 1:074: 1080 10Es 1048 1140
| Aino . 1065 | 1067 1-064 1-064 1087
Andamaness I3 - 134 1-034 1048 | 1071
|

* Konumany in Nvesen, Ioe. eif, dafra, p. 238,
t+ Thid,
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Now, there appears from this table to be a very clear role, numely, that the sexual
ratio for stature ia certainly not sensibly larger than the least sexual ratio for the
long bones, Tt wonld seem aceordingly improbable that the sexual patio for the
Andamanese can exceed 1'034.  If we compare this vesolt with Max's imeazurements
on 48 male and 41 female Andamanese of which the statures were : male, mean
1492 centims, ; female, mean 140°3 centuns., we lind /% = 1063, a value
much nearer that of the Aino, Sir W, H. Frower's own estimated statures™ give a
sexual ratio of 14034 ; the fundamental formule for a novmal population (p. 196 of
this paper) give 1:048 ; Manouvrier's “ Coeflicients moyens ultimes " give 1'030, and
by applying the ratios of stature to long bones as obtained from the average French
population we find 1°023, The mean of all these results is 1038,  For the Laps
Manrecazza found male = 1523 and femule = 1450, or the sexual ratio = 1:050.
For the Negritos del Monte, or the Aigtas of Luzon in the Thilippines, MArorz and
Moxrano give male = 144°1 centims. and female = 158°4 centims., from which we
find the sexual ratio of 1°041. Torinarp gives for races under 150 centims. a mean
difference of 4 per cent. between male and female which corresponds to a sexual ratio
of 1042, Frirecu found a mean difference between male and female Bushmen of
4 centims. which gives (male = 144'4 centims.) a sexual ratio of 14028 ; while
Parny’s observations on the Esquimanx appear to give a sexual ralio of 1-023,
SUrnERLAND'S 11036,  From all this it is clear that the dwarls have a very small
saxual ratio for stature as compared with the normal population. At first sight it
might seem best to assume this sexual ratio for dwarf races to be Torixanp's averago
of 1-042, but as we are going to apply our chart in conneetion with the sexnal ratios
found for the long bones of the Andamanese in the table above, I doubt whether 1t
ought to be taken greater than 1°033, say 1'034 in agreement with the value obtained
from Frowenr's estimates. Accordingly I formulate the following rule for ascer-
taining from the chart the probuble stature of a female of dwart race :—

Reduce the female long bones to male long bones by multiplying their lengths by
1'084 in the case of femur and tibin, by 1°049 in the case of the humerus and
1°071 in the case of the radivs, Find the corvesponding male statures from the
chart and multiply it by ‘9662 (w.c., the reciproeal of 1°035); these are the probable
values of the female stature as estimated from the several long bones, and their mean
may be taken as the best result available,

(¢) It seems very desirable to compare the rvesults thus obtained for male and
farcale of dwarf races with their statures otherwise estimated. [If we form a table
similar to thet on p. 222, but for the case of dwarfs, we have-—

= Using tho valnes given, * Jouwrnal of Aunthropological Institale,’ vol. 14, p. 117,
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Data—Male. S/F. | S/ 8H. | 8RR
- R . . i | ~ .
| | |
{50 pormul French . . | ; a7l 451 508 683
i ,m*H'mu: ks I’l:ll‘!j una L:[hmmq. 1 i % S .
Manan: H:Lhu{ stature < 158, . . . . || 392 ! vED | B2 711
Aino stalure = 1567, . . . 1w oL 384 I 470 i | a4
Torimane, 21 men from 143 ta IUI.'II PN 368 ! 4-59 B0 (370
PEArsN, eJ.. dovenrfs under 120, . T T 393 heidd, | a3 Thb

Yow the tendency here is clearly for the ratios to increase with decrease of stature,
if' we congider only French, Aino and the group of four dwarfs,  ToriNaRD'S measure-
ments show, however, rather a tendency in the ratios to return to their values for the
mean of the normal French population, and as this was closely akin to what we found
inthe case of giants, we cannot afford to disvegard it in the case of dwarfs, Sir W, I1.
Frowen has reconstructed the Andamese from their femora on this supposition, and
it does pot give by any means iimprobable values of the statuore. We have only to
look, however, at the line of regression for the normal population to see that for
statnres between 155 aud 175 this hypothesis will give bad results, but it is
coneeivable that for statures above and below these limits the ratios of stature to
the long bones oblained for the means of a normal population give results which
are closer to the truth than those found from the lines of regression. Acecordingly,
on Plates 1, 2, dotied lines give these ratios of stature to long bones, and the statures
of glants and dwarfs can be at onee read off on this hypothesis. 1t will be seen that
these lines do not give such good results lor the four dwarls under 120 centims, as
our eurves, but possibly they may give better results for normal dwart’ races from 140
to 150 centims. At any rote they do not on the surface exhibit the dificulty as to
“instability * to which T have previously referred. Sir W. H. Frowes writes of the
Akka skeletons that

“They conform in the relative proportions of the head, trunk, and limb, nof, to
dwarfs, but to full-sized people of other roces,”*

The chiel’ and great difficulty, however, of adopting these lines of normal stature
rativs to determine the stature of dwarf races is to fix a limit to their application, At
what point are we to fall back on the normal line of regression?  There must be such
a point, for that line gives excellent results for statures from 155 to 175 centims,
Wherever we do fall back upon it there will arise the very sort of instability which
we find in our curves, only it will be a far more arbitvary and sudden change.
For this reason I cannot consider it satisfactory to obtain the stature of races of less
than 155 eentims, by a process which is not in any sense continuous with that used

* Journal of the Anthropological Tnsbitute,” vol. 18, p. WL By “dwarf " in the sentence cited [
think we are to undorstand * pathologieal " dwarf.
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for races of more than 155 centims. stature. The postbion and chavacter ot the
ingtability 18 undefined and appears to be quite arbitrary. At the same time, I give
the stature of the dwart races with which I have dealt below on thig hypothesis.  In
order to apply it, I add the additional data for the female stature and long bone ratios
required for this and Manvouvrier's method, potting in the Aino for comparison - —

Data—Femalo. 8/F. | B B/, ‘ S/IL.

_ S : | ———v

50 normal Fremeb . . . . . . . . . L) 33 | 4 519 I 716
o “ Coeficients movens ultimes," | oy f LA 5 o,

Mwm-'.rum:{ foummigen vr Speleessll 387 - 485 il 7edd

AmwoPalatne =147F . . . . . . L. SEL ‘ 475 | il it

The reader must remember that MaxouvrIER'S coeflicients are for corpse stature
and length of bones when the latter contain animal matter, Hence he first adds
2 millims. to the length of the dead bone to get the bone with animal matter, and
then 2 eentims. are subtracted by him from the corpse length to get the living
stature. In the case of the femur, however, he works with the bone in oblique
position, or with a length about 3-2 millims. less in the normal individual than the
maximum length, This probably does nol amonnl to more than 2 millima. in the
eage of dwarf races. Hence, when the femur of the dwarl is given by its maximum
length, we need not add or subtract anything before multiplying by the stature-
femnr ecoefficient. We have accordingly the following methods of estimating the
stature of dwarf races from their long bones —

(i.} The lines of regression for a normal population, L., the formulie of p, 196 of this
paper, or the heavy straight lines of our charts. As we have already seen, this over-
estimates the stature of dwarfs as it underestimates that of glants,

(ii.) The eurves of regression given by the empirical formule of p. 224, or by the
heavy curves of our charts, In the case of female dwarfs the lengths of their long
bones must first be reduced to male equivalents by the rule on p. 230, and the
statures found again reconverted to their fomale equivalents,

{iii.) The *Coefficients moyens ultimes” of Maxouviier may be used. These
are given on pp. 231 and 232. Special attention must be paid to the reductions
(discussed above) of bones and corpse length,

(iv.) The stature and long bone ratios for the normal population may be used.
The values of these ratios are given on pp. 231 and 232, but for most practical purposes
it suffices Lo use the dotted lines of the chart.

I shall refer to these methods as P, P, M, and FL 1In the latter ease, not

# T4 will be noticed how elose these ave to the male coellicients on p. 231, cecepl in tho ease of the
rucing, o bone very irregulue in primitive and dwarf races,
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becanse Siv W, I Frower was the first™ to use a ratio of stature and long bone for
the mean population for the reconstruction of stature, but becanse he has emphasised
the fact that, for dwarf races, it does appear to give fairly good results,

(24.) Bushmen.

My material is very sparse. Sir Georce Humerry, in his work on “ The Human
Skeleton,” gives (p. 106) the mean long-bone lengths for three presumably male
Bushmen,

F = 5810, H = 2748, T = 3277, R = 21-08.

I find :—
EstimaTep Stature of Bushmen.
| ' | | |
Bone P_[ | p" | M. Fl.
—— L TET T L. - B Py R il B LN T I P P N _| 1
) ! 1520 | 1500 147-4 ! 1414 '
H i 1500 , 1410 1431 1535
T i 156°5 ; 1565 1562 1488
R 1549 = 1530 149-3 i 144:0
FsT 1524 | .. i | B
F&T 1523 : | ;
H+R 15008 | ’ v ,
| H&R 1455 i : i
F&H 15003 i Ei i
| T, T,H&R 15004 . . .
T = 15205 i 1499 14590 14325

Now it i eclear that neither the chart (Py), nor Mawouvrier's * Coefficients
moyens ultimes” (M), make in this case much alteration on the estimate given by
my normal regression formula (k) for all four long bones. But the value given by
Fl is 6 centims. less. Sir Grorce Homreary gives the average stature of these three
Bushmen as 15871 centims,  He does not, however, state wheve his data are taken from.
Curiously enough, his value for stature coincides exactly with the value ToPINARD says
Barrow has assigned to the Bushmen, T cannot think that this was the stature in
life of the individuals whose bones are averaged by Humpory., Frrrsce gives the
average stature of six Bushmen he measured as 144 centims.,? and 1 should hesitate
to place the mean stature of the above three below 145 centims, to 150 centims, At

# It has beon nsed by Oreina, Siv Gronce Homesry, and others, and, as we have scon, gives quite
inesrrect resnlts for races from 165 to 175 centims. in stature.
+ mes Tormvarn, f Anthropologio générale’ p, 461,

VO, OXOIT—A, 2 n
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the same time it must be remembered that the statuve fulls within the range within
which our chart shows that o very slight change in the long bones makes a greal
difference in stature. In case the reader should be inelined to put too great faith in i, 1
would draw atbention to the fact that it underestimates by slightly over 5 centims. the
known stature of the fairly short Aino race, while '; or Py, give it almosl acourately
and M fairly closely.

The only other Bushmen I have been able to find are a male and two females in
the Royal College of Surgeon’s Catalogue. Seleeting the right members as those for
which our formuls and curves ave deduesd, we have

Male, F=2856 contims.,, H=255 cnntimﬂ., T =299 centima.,, R=20'8 contims,
Female 1, F=380 ,, H=270 =332 R=2110
. 9, F=876 , H=27 =288 ., R=1i86

The following table gives the estimated statures :—-

Mala. Fomsle 1, Fomnle 2.

Py M. | FL . | Py M. | FL

l‘th-‘ | 1431 | 14016 | 14i- 0 1469 | 1435 |

(1) | 1482 | 130 | 1376 | 1310 | 1457 1400 1
B) | 1444 | 124 11329 1291 1458 | 1406 | 1451 1401 1422 1314 Lasl | 1333
E:-.; | 1497 | 136 | 1425 | 1357 | 1520 | 1546 | 1600 | 1533 | 1425 1294 1435 | 1330
(d) | 1540 | 152 | 1473 | 1420 1514 | 1543 | 1557 | 1504 | 1484 1251 (1379 | 1ane
(&) | MT2° .. i 1 we bMORY - L1489 0, y s
() |1¢?~2 & o | e PMERAE GG .. oo HE0E .
() |1469 | .. | . R T 6 [ 2 .. | 1420 ..

(i) ‘ 444 .. | L. DR V70 D S e L -

(i) | 1448 | .. | e | MO i (142, kG
(6 | 1448 | .. e (180 L o 1148 G S
B N LRET: SRR . :

! | | | ! |

Mean . | 1472 | 1355 | 1401 i 1349 | 1484 | 06 | 1515 | 1460 | 1438 1832 14075 1840

The estimates based on the skeleton height of these three Bushmen arve: Male
= 1333, female 1 = 1400, and female 2 = 1390 centims, The mean error made
by Py is 59, by M 67, and by FI 4°1 centims. But it must be noticed that the last
gives in one instence less than the height estimated from the skeleton—a result
which is in itself very improbable. A consideration of the values here given seems to
show that with the mean length of bones given by HumrHRY the mean stature conld
not possibly have been the 1371 centims. he states. For whatever estimave we take
of the Female 1, she must have been with bones no longer, at least 10 centima, taller



CONTRIBUTIONS TO THE THEORY OF EVOLUTION. 285

than HumpHry's mean male.  Taking our four males and two females we gel from Py
patimated statures for male and female Bushimen of about 148 and 142 centims., which
I expect are not very far from the trath.

(25.) Alke Steature,

Lt o paper by Sic W. H. Frowzr in the ‘Journal of the Anthropological Institute,
vol. 18, 1889, entitled : * Description of two Bkeletous of Akkas, a Pygmy Race
from Central Africa,” the following data are given (p. 14):

I, H, T, Ji N
Male . . . 326 centims. 238 centins. 2740 centims. 182 contims.
Female ., ., 2334 . 244 . 270 . 194 “

In the following table the reconstructed statures ave given on the same four by po-
theses as we have considerad in the case of Bushmen.

| Rone. Male, | Female,
| o i e * . | o PP s e A e
- Key let!er,l Pe | Pe | M ¥L. | P ., Py | M ‘ ¥, i
i ' PR - - I — i_ ..... :
() 1426 LR 12575 1210 1878 12003 1973 | 1246 ‘
L (B) Co18gs | 1175 124:0) 120 4 1357 119-8 131°1 126G |
L (o) 1407 1225 12826 12246 1364 1412 1299 ' 1247
(i) 1455 1195 | 1288 1243 146°1 1353 1438 1389
() 1393 Nl s 1363 i G T
D' 1394 C.. . 1363 . .. |
() | 1395 | I 1412 |, SR
Y 1562 - | v | - 1380 | i g i
(@ | 1w v 1 mx [ 1372 | L . .
(k) | 1382 | i i3 | i ELL I 3
s . . — | : | —
- | :
Mean ‘ 1403 | 1196 i 1268 | 1221 1384 | 1241 | 1330 1287

Siv W, H. Frowen estimates the beight of both individuals at about 4 feet, or
122 centims,  He gives 121°8 as the estimate of stature from the lemale skeleton.
We could hardly want better vesulis than are given by Py Fl gives also good
resilts, while M appears to err in excess.®

¥ By Pasua refers to an Akky woman of 1306 contims. stature, wlhio must therefore have been eon-
siterably taller thau the above woman,

2 n2
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(26.) dndamanese Statwie.

The stature of the Andamanese is a peenliarly diffieult one to estimate. They are
taller than Bushmen and Akkas, and full more markedly into the unstable range of
our chart enrves, The measnrements of a very considerable number of long bones
have been given by Bir W. H. Frower in two papers in the ‘Journal of the
Anthropological Imstitute, vol. 9, 1879, and vol. 14, 1885, I take the following
mean values from the latter paper (p. 116) :(—

No. | ¥, H. ] T. L. |

TUTS : e
Male 25 i bt 2765 B 2252 I

" Femnle . . 20 a8 0L 2635 a2-10 21+ I

Uonstructing as in the previous eases a table of stature as estimated by all four
methods we find :—

i Homna, ; Male, Femnale.
' . . : I
Liotter, I Pie ‘ s | M. | KL P Py M. |
: - N S ! : ey e |
(&) | 1858 | 34 1522 1458 | 1468 1488 1452 1418
(b} | 15007 T 1442 1399 1440 1881 1416 1367
() 1576 | 157 1584 150°8 1503 1517 1537 451 |
(D) 1506 | 160 1595 1537 1515 1548 155R 1504
(e) Po1ss4 | . o 5 145°1 = i ;
th | 1553 B % 1452 i : :
E (1) 1536 . - 1470 - y .
(k) , taa-:'" £ 3 T Vi3 ) . s
(i) boaseo | .. a e | 1459 s 3
() 1526 | L. . . I 1461 .. . ..
|
Mean ‘ 1543 1587 1536 ure | 17e 1482 1491 14403

Now it will be observed that Py, P, and M give sensibly the same resull: tad

centims, for the male; that for the female, Py, owing to our having first to inerease
the feinale bones to reduce Lthem to male lengths, gives a bigher result than P, for
we have got into the unstable range of the curves, and the stature-reducing lactor
ufterwards applied dees not undo the excess. There is not much, therelore, to ehiovse
between Py, Py, and M for the Andamanese. They give vesults 4 eentims. greater
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than Fl in the case of males, and 3 centims. greater in the case of females. From
them we should eonclude that the stature of Andamanese was given by male = 154
centims., feinale == 148 centims. 3 an,® who measured 48 male and 41 female living
Andamanese, gives the stature as, male = 1492 centims., and female = 1403
centbims,

Sir W, H. Frowenr estimates the slature from his skeletons at male = 1431 centims.,
and fermale = 1883 centims,  This is very mnch less even than ManN’s determination
of the living stature. MaNTEGazza, who possesses a skeleton of an Andamanese,
gives its skeleton height at 1485 centims., and Konimany considers its living
stature to have been 150 centims.t The femur in this case is 42'4 centims, long,
whiehi would eorrespond in o normal Frenchman to a stature of 161 centims. 1
imust state that I feel inclined to put entirely on one side estimates of stature based
on the height of the articulated or unarticulated skeleton, they appear invariably to
underrate the living stature, and often by very large amounts. Even if we suppose
the Andamanese to have the relative proportions of full-sized people (e.gp., use ¥},
we obtaiu statures considerably above Sir W. H. Frownr’s estimates, On the other
hand Max's ineasurements, which give results much in excess of the latter, fall
considerably short of the results we obtain from Py, Ty, or M. They even {fall
short of Fl, and in the case of females markedly short of it. If we consider that
Frower's skeletons and Man's individuals belong to the same group, then it must
be confessed that oumr estimates arve unsatisfactory. =~ The hypothesis Fl gives the
least divergent resull, bub it cannot be considered a parvticularly good one. It will
be seen at once that it is the inferior members in each limb which give the
exaggernted stature estimates. [f we confined our attention to femur and humerus,
then Py (@) and (5) would give 14970 for males and 1434 for females, results better
in accordance with MAN'S measurements than F1 for all four boues, or than Fl for
male femur and humerus only.

When we consider the immense importance of these dwarf races for the problem
of evolution, the main vesult of our investigation is obvious; there ought to bhe
an elaborate investigntion—such as KocaNEr has made tor the Aino—on the long
hones of skeletons and the stature of living individuals, of some extant dwarf race,
These races ave rapidly becoming extinet, and the possibility of making such an
investigation is yearly diminishing. Yet it is only by a careful comparison of the
regression formulie for dwarf and normal races that it seems to me possible that we
shall be able quantitatively, and therefore definitively, to fix the relationship of
dwarl aud normal races in the course ol evolution.]

# =+ Bir W. H. Frower on * Pygiy Raees," * Journ. of Anthropologieal Institute,” vol, 18, 188%, p. 73,
t Nueseu, loe, edby, anfea, po 128,
& The vender must bear v mind that nearly sll the vagacness invelved in omr altempts o vecou-



284 PROFESEOR KARL PEARSON, MATHIEMATICAL
(27.) Fuvopean Neolithic Duwarfs.

In the receutly published work by Nuescm, * Die prihistorische Niederlassung
beim Behwelzersbild,” 1896, is a memoir hy Kovuaawy, entitled, © Die menschlichen
Bkelote, besonders tiber die fossilen menschlichen Zwerge.,”  This publication tor the
lirst time showed us that there existed in neolithic Europe, alongside a normal race,
with a stature of abiout 163 centims., a dwart race, very similar to the pygmy races,
of which we still find traces extant in Africa and Asie, At any rvate the discovery
in the same group of graves of four skeletons, or rather fragments of skeletons,
which must have belonged to individuals who were pygmies, and not * pathological
dwarfs, points very strongly in this direction.

Korrmann, who pives o most interesting discussion of these neolithie pygmies,
vrovides the following measurements —

i
k. H. T. 1.
. Female . . . 869 centims. i
2 . ormale, 313 5 v . e
3. . . . . B5°02 . 2515 eentims. 2990 centims. ..
d, o ormale. 39-40 . 28-20 . 32:70 " 22'60 centims,

Of these: 1, fomale, is an adult ; 2, female or male, is that ol a youug person 16 to
18 years old, and, secording to Kovntmanwy, probably, but not certainly, female;
3, female, and 4, female or male, are adults, but as we see the sex of the latter
appears doubtful.  Proceeding, as in the earlier cases, we find :(—

sbrach statnrve, arises from the fack that the regresaion coofficients for long bones and stature sre known
for vae loval rnce only, and that we have nothing else to go npon. Had we endeavonred to reconstrnet
one long bone from w sccond, wo ghould have had for more exaet material to determine tho difforential
cyolution of loeal vieos.
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If we inelude the non-adult and suppose the whole series female, we have :

P M. Il

1429 contims, A6°7 centima 1387 contims, 1348 centimsa,

Without the non-adult, we have :
P, P M. Fl.
1459 centime. 144-3 eentims. 1458 eontims. 1400 eentims.

The two possible males give

P,. | 25 A, .
1442 eentims. 1342 eentims. 1365 contims. 1323 centims,

The adult male gives :
P P M. Fl.
154-6 centims, 154-5 centims, 1539 centime, 1479 centims.

The single male here is about identical with thie means obtained by the different
methodeg on p. 236 for the male Andamanese, and the adull females give a result
somewhat less than that of the female Andamanese as veconstructed from their long
bones, but in eloge accordance with Max's measurements of living Andamanege
slature, The dimensions are somewhat larger than those of Dushmen, or Akkas, or
Negritos.  We seem, therefore, justified in assuming a neclithic pyemy vace in
Europe having a statnre about the same as that of the Andwinanese. Whether the
actnal stature of this race was for the female nearer to 144 centims, (P,) or
141 centims, (Fl} it seems to me impossible to ascertain definitely until we have
more trustworthy and extensive measurements than yet exist of the living stature
of extant pygmy races.

(28.) Conclusion.

The formula and eurves for the reconstruction of stature which arve given in this
memoir, must by no means be taken as final.  No scientific investigation can be
final ; it merely represents the most probable conclusions which can be deawn from
the dotw at the disposal of the writer. A wider vange of ficts, ov more refinod
analysis, experiment, and observation will always lead to new formule and new
theories. This is the essence of seientific progress,  All, thevefore, which is elaimed
for this paper is (1.) that it exhibits a better theory of the reconstruction of statuve
than any which has so far existed—it might not be too much to say that nothing
which ecan be ecalled a theory has hitherto existed; (ii.) that it determines the
constants of the formule given by that theory as well as the existing data allow of;
(iii.) thal it gives values for the probable statures of prehistorie races, which have
far less divergence among themselves, whatever be the bone or combination of bones
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used, than those snggested by previous investigators; and lastly (iv.) that it
indicates what additional data onght to be sought for, and to some extent what is
the inuer meaning of divergent resulte, for the great problem of racial differentiation
by natural selection.®

OF the general conelusions reached by the author, perhaps two deserve restating
and emphasising here.  In the first place, although there were individual tall men
among the neolithic populations, whose bones have so far been unearthed, yet neolithic
man as o whole was short.  Of course, it is possible that a tall neolithic type, 7.e., one
with a stature greater than 168 centims. say, may yet be discovered—witness the
discovery within the last two years of a neolithic dwarf. But failing its appearance,
the question arises, where and how did the tall Anglo-Saxon and Seandinavian
develop?  To what extent is this tallness racial, to what extent due to euvironment ?
The apparently greater stature of British over Continental neolithic man deserves
special consideration from anthropologists,

Secondly, granting that the modern populations in the same district are taller than
the neolithie populations, there still appears in both France and Southern Germany
some regression of the modern stature on that of the ancient Franks, Bajuvars, and
Allemans, 1 differ from both Ramox and Lensmany-Nirsche in considering that the
difference is too greal to be accounted for as a process of natural selection applied to
the long hones. Ranos has made a slip in his arithmetie, and LenManN-NrrscHe
compares the Row Grave population with the most favourable element of Munich
town reernits, If the divergence could be accounted for by selection applied Lo the
bones, why is not a similar divergence to be found in the case of Anglo-Saxons and
modern English ? I think an explanation must be sought elsewhere.  One suggestion
is, that as the physical struggle lor existence has been lessened, reprodnetive selection
has had more play, and the greater fertility of an older pre-Germanic element in the
populations of both Southern Germany and France has led to a retorn of stature to
its more ancient value. In the case of Anglo-Saxons and Seandinavians in England
there was very probably a more complete destruction of the earlier populations.
Whatever may be the real reason for this appuwreni degeneration, it seems most
desirable that there should be a systematic measurement of all long bones dug up
anywhere in our own eountry, and this whether they belong to prehistoric or historie
times, Stature is quite as marked a racial character ns cephalie index, or any other
skull measurement, and its high ecorrelation with the long bones admits even in the
present state of our data of its reconstruction with very consideruble sceuraey, il only
a sulficient representation, say twenty to forty long bones, of an ancient population
nas been measured. It is only by the gradual accumulation of such data that we ean

¥ The influence of divecied as distinguished from random selection on size, variation, correlation, rnd
rogression hus been theoretically developed in a memoir not yet pobbished.  Having heen Ffally
disenssed in my eollege lectures of this Session, much of the recent wok of wmy department, like ihe
present memoir, tonshes on i,
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hope for light on the manner in which our own population has developed and is

developing.®

(29.) The following table restates some of the numerical resnlts veached, and further
includes, for the purposes of comparison, the stature of certain modern races as given
by wvarious authorities. No stress whatever is laid on the latter values, which have
often been determined by doubtful observers from very small series.t They ave mervely
given here in order to show the general position of the reconstrueted races in the order

of raeial statures.

TABLE of Stature and Sexual Ratio for Divers Baces,

Hace.

12 giants > 200 .

4 ﬁuh-fru:mt& Tlmman rLcrmts
a8 au]hgmuts in Muosonms
Saumoans . . . .
Patagonians .

Cavibeans,

Rl Tndinns .

l’nf;rnm:&na "
Flambors” Head ]hnn'hf-:_h
Livonians . : .
Amervienns (bor Jr]

Vellwhs (Mgypt)
English {Middle clnssus)
Todas of [hilﬁmny
Norwesians . .
American Scottizh .

Bantn .

Finns . . Lom
Aiopienn "\Tursc :
Bronnd Barrow Hlltlﬂ]l
Anglo-Baxons

American Trish .
Lathnamang . .
Amerioan Bnglish .
Fnglish Commonalty .
Silehs . . .
Bajuvars from Row Graves,
Amerviean Germans
Amerienn Danes
Amoriean Swedos .
Nublans . . . . . .
Bechunnas

Anerican nogroes {pure]

Anthority.

Momoir, p. 226
Rankn
Mumaoir, p. 226
Torwanp
Moveso amdl Listen
1 vxponpT
Tormwann

s
Prer Ravkns
Torinann
Gourn
Worney
Pragszoy
Marsmann
Huxr
Gionnn
IPrirrscen
Boxsponyr
Baxren
Memair, p. 213

o p. 216G
Gourn
Tomnan
Cloun
Ganrow
Trerwamn
Memoir, p. 214
Baxvrn

i
Gouwp
Toriwanp
Frirren
GovLo

Mala.

2170
1805
1860
185-3
1550
18410
175150
L70-150
1732
1736
[735
15730
1725
1727
L7e0
1714
1718
L7
1713
171-1
170D
1505
L7004
17l
17000}
1ite
16898
1G85
1682
1692
LE50
G2
[E-0

Female,

16275

1602
150

Ry

T -

Hatio §/ 7

(078

.

1080

1040
10k

1074
1005

¥ Por exnmple, no o can gay st present whal was the statore of Fuglishmen [rom Ao, 1000 6o 1700,

anil veb lurge eoliections of bones exist, which wonld sullice to answer @his peabilom,

b Tomzarn, for example, cousidos the sex vatio for 73 series in “Btude sur la tuille considérde
1876, p. 34 but he mevely gives inenns

anivant .. le sexe . .

o ob les races,” ' Hevoe d"Anthropolgie”

for grouped resulis and does not tell us the details for the individual peries.
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TapLe of Stature and Sexual Ratio for Divers Races—(continned).

212

Hace. Authority. Male.
At to Tth cent, medinoval Frouch . Memoir, p. 219 16798
Nagada Race o8 n p-211 1675
Neonihio e o Retbiin - p. 206 1675
Kabyles . . . Prenantiprn 1673
Guanehesa 1. . . . . . . Memaoir, p. 210 V6677
Romano-British . . . . W p-213 166-7
Franks . . E F? p. 218 16642
Prench (as i‘ﬂrpﬁe} 2 p. 180 16626
10th to 11th cont. medimval French w219 16624
CGuoanches 1. . . . . . . . p- 210 166-18
Mordeying o Tornagp 1660
Munigh Distriet Lmihrnpts Rankr 1660
Bawvarians {as corpse) . . Biscuore 18503
Russian soldioes (Oreeat 1B ussn} Toriwagn 1655
Dalmens (Algeria) . Memoir, p. 210 1655
Trench conseripts . Mairouvnmme 1650
Italians (Tuseany) . . . . Torxaun 1650
Dolmens (India) . . . . . . Mewmoir, p. 210 16524
Romano-Ganls . . . . . . . n p-213 164-82
Chinese . . & o & 4 o 0 53300 T 164-5
listhonians Toriwarn 1642
Butheniwng . . . 16400
Dolmens {C:mL,.;,e-.ns} £ A Memair, p. 210 16433
Neolithic man (Murmﬂl} = p- 208 163-34
Baden eonseripts . . . Eoker 1630
Palaglithic man . . Muemoir, p. 205 162-7
i Neolithic man, France and ﬁu‘hvnnri p- 207 162-54
| Poles . . ToriNAD 1620
Italimns {Pmdmmlb} e 1620
! Sicilians . 4 1610
Neolithic man {H] uu:l} Memoir, p. 208 160001
Hottentots i Frrrzon 160r4
| Samoyedes . . . . TopiNarD 1550
Aunamites “ 1589
Eaguimanx SuTHERLAND 1585
Sardinians . . Toriwarn 1580
Adno . Memoir, p. 199 1567
Jnags of Oriva . & b E R SHoxr 1560
Veddahg- . & . o ¢ © & « Barey 1530
Ostiake . . . . . . « . . Tormaro 1530
Simmnese i 1525
Liaps Marwrroazza 152-3
Andamanese T. . Man 14492
Andomanese 11, . . . . . Momaoir, p. 236 1476
Boshmen 1. . . . v Furacw 1dded
Baghmen 1L, . . . . . Memoir, p, 233 140
| Aty of Linzon 0o o | Marcne and Moytano 1441
| Neolithie dwarfs . , . . . Memoir, p. 240 148-0 (¥}
35 Bavarian uu[mr-dwm-ﬁ- . Ranke 1339
Akkas . . . . Memoir, p. 235 1200
4 dwarfs < 135 centims. w P 226 1066
Gorilla, + . . ., .« & ! Memoir, p. 202 1470
Chimpanze . . . . - - 1270
Orane . . = i 1124

Female. Ratio §/%
154:79 1-085
1560 1074
1536 1080
154:65 1-078
150 1090
15212 1091 |
15402 1-070
L) 1-077
15383 1081
15585 1078
159:56 1085
154:86 1067
15227 1-082
15847 1-078
16256 1071
15144 1-073
15068 1068
1ha8 1036 |
1471 1ogs |
1438 (#)| 1068
1450 1060
1403 1-063
1443 1023
1404 1028
142:0) ..

1384 1041
1410 (7) o
124:0 5
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[ Note added November 29, 1898.—Dr. Warren has made an experiment on two
Nagada femora and kindly sent me the following results :(—.

Femur I. Obligue Length. Femur IL. Obligue Length.
Wednesday, 1rm . . . 4082 Tuesday, I0AM . . . 44381
Put into water at 1 r.v. Put into water at 10 a.m.
Wednesday, 7erwm. . . . 4097 Tuesday, 12 aM . . . 4488
Thursday, 10 am. . . 4100 . 7.80 PM. . . . 44°42

a TeM. . . . 4100 Wednesday, Lream . . . 4447
Friday, 10AM. . . . 4101 & TeEM . . . 4448
. 6eM . . . 41702 Thursday, 10am . . . 4450
Saturday, 10am . . . 4103 Saturday, 10 aM. . . . 4453
Monday, 10 A, . . . 4104 Monday, 10 A . . . 44753
Removed from water at 10 A.m. Removed from water at 11 Am.
Mouday, 7eM . . . 4104 Monday, 7M. .. . 44063
Tuesday, 10 am . . . 41702 Tueaday, 10 oA, . . . 443
. FTa0ewm, . . . 41402 Wednesday, 10 am. . . . 4434
Wednesday, 10 A . . . 4096 Thursday, 10amM . . . 4482
Thurgday, 10 am, . ., . 4089 Friday, 7eM.o. . . 4432
Friday, 10 Am. . . . 4087
Salurday, 10 Am. . . . 4082
Monday, 10 4m, . . . 4081
Tuesday, 10AM . . . 4080
Wednesday, 10 am. . . . 4080
Friday, 10aM . . . 4080

Thus there was a difference in the dry and wet states of 2-4 and 22 millims.
respectively, Considering that the bones were some 3500 years older than those I
experimented on, the agreement in result must be considered good. The maximum
rate of expansion is reached in the first hour or two, and then gradually diminishes ;
the maximum rate of contraction is not reached before about the second or third
day, without artificial drying as in my case, |
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