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« Mathematical Contributions to the Theory of Evolution, On
the Relative Vartation and Correlation in Civilised and
Uncivilised Races.” By Miss Avice Lig, Bedford College,
and Karn Prarson, M.A., F.R.S., Professor of Mathe-
matics and Mechanics, University College, London. Re-
ceived April i,—Read June 3, 1897,

1. The following numerical data were calenlated in the hope of
reaching some general ideas on the comparative variation and com-
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parative eorrelation in the case of eivilised and uncivilised vaces, and
further of determining, if possible, any meneral law connecting rela-
tive sexoal variation and velative sexual correlation with the degree
of civilisation, and so with what is probably inversely proportional
to the degree of civilisation, namely, the intensity of natural
selection,

The following two principles scem to flow from a study of varia-
tion in the organs of man :—*

{2} Civilized man is move variable than uncivilised man,

(%) There iz a greater equality of variation for the two sexes in
nneivilised than in eivilised races.  Civilised woman appears,
on the whole, to be slightly more variable than civilised mau.

Both these principles wre in accordance with the intensity of the
struggle for existence—and the amount, consequently, of natural
seleetion—being greater for nncivilised than for eivilised races, and,
farther, greater for men than for women in the latter races.

The problem of correlation is, however, of a less simple character.
While the action of seleetion ean be shown theoretically to reduee
variation, it by no means follows that it reduces corvelation. Indeed,
selection may incrense, decrease, or veverse correlation at the very
same time as it s reducing variation.t We have then the following
problems to gnide ns in owe treatiment of actual statistics :—

(e} Is corvelation more intense among civilised than among un-
civilised roces ¥

(b) How does the velative correlation of the sexes differ in
civilised and uncivilised races ¢

(¢} 1s there any marked prepotency of either sex in the matter of
eorrelation ¥

These ave the problems which the present calenlations were de-
signed, not to definitely solve, but to illustrate.

2. Unfortunately, measurements on living members of unecivilised
races are not very numerous, nor for the purposes of correlation
generally very satisfnctory. There are numerons measurements of
skulls and some of bones, but the measurements for each individueal
vace are, from the wathematical standpoint, but few in number.
Hence, in the case of each determination of a coeflicient of warintion
or a cocflicient of corrclation, the probable ervor will be large. Tt

* Bee “Varintion in Man and Womoen, by K. Pearson: “The Chances of
Death,” vol. 1, pp. 256—377, whewe some 1566 coses of human variation lor both
sexes are dealt with.

+ The theoretical discussion of the relation of selection to correlution forms the
subject of a memoir nearly completed.  Actually there is some evidenoe to show
bigher corvelation among the working classes than among the middle and upper
plasses of & civilised community.
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is thus impossible to lay much siress on any individnal relative
difference ; we are bound to consider only the general trend of our
resalts.  In order, however, to make the probable errors as small as
possible it is desirable in the case of correlation to make the cocffi-
cients as large as possible. Now, for measurements on the skull,
the corvelation is small, but, for the long bones, it is large. Henee,
the latter will give beiter results for comparative parposes, if the
series be smaller than the former. They bave accordingly been
selected for the present investigation. In all cases the standard
deviations, coefficients of wvariation, and coefficients of correlation
have been calenlated without growping by means of the formule given
in & memoir on ** Regression, Heredity, and Panmixia."* The
standard deviations and coefficients of corvelation had their errors
determined by the formule of the same memoir (pp. 266 and 275);
the coeflicients of varviation have for probable error, if » be the
number of measurements in the series, and V the coefficient,
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sent investigations. Tt will thus be seen that the probable ervor of
a eocliicient of variation can, like that of a standard deviation,
amount to a conziderable percentage of its valne if n be small.  For
example, if # = 23 (case of the Aino women) it can amount to about
10 per cent.; while for n = 50 (case of the French men or women) it
will amount to &7 per cent. The probable errors of the standard
deviations will also in the two eases amonut to 10 and 67 per cent,
respectively. On the other hand, if & be as small as 23, the pro-
bable error of the coefficent of correlation will only be 22 per cent.
of its value if » be as large as 09, and only 656 per ceunt, of its
value if ¥ = 075, On the other hand for » = 50 the probable errors
of r for the two cases of » = (°9 and 0-75 are rezpectively 1°5 and 445
per cent, It thus appears that if correlation be large, or even fairly
large, it can be determined with far less probable ervor than vavia-
tion. The results for correlation are thus likely in the present case
to be more significant than those for varviation.

3. As to the matevinl itself the French measurements are taken
from a work by Dr. E. Rollet: ‘e la Mensuration des Os longs
des Membres,” published in the * Bibliothéque d'Anthropologie
Criminelle,’ Lyons, 1889, The bodies from which the boumes were
taken having passed through the post-mortem roum, the sex was
known without guestion. The vight member was always taken

or sensihly, (F6745 - sinee ¢/100 is of the order (-05, for our pre-

® ¢ Phil. Trans," &, vol. 189 pp. 266 and 277.
YOL. LXL 2
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except in the few cases where its length was not recorded.  In these
cazes in ovder not to diminish the alveady small sevies, the left
member was taken. OF the two measurements of the femur given
by Rollet the longer was taken.

The measurements of the Aino bones were taken from a work by
Koganei in the * Mittheilungen ans der Medicinischen Faenltiit der
K. Japanischen Universitit,” Bd. 2—Tables, Tokio, 1884 ; and the
same rale observed. The Japanese returns, while more extended
in the variety of bones measured than the French, yet econtain
fewer individuals, and in many respects do not seem to us so
reliable as the latter.® In both cases the maximom length of
femur, humeras, radius, ulna, fibala, and clavicle (F,, H, R,, U, Fib,,
and CL) were measured. For the Aino we have in addition to the
lengths (R, and Ty) of the radins and tibia from centre to centre,
the length (Fy) of head and neck of femur, and the seapular index
{Be.) or ratio of breadth to length of scapula, The Aino measure-
menis give the maximom length of the tibia (T,} as well as the
length from centre to centre. The French measurements give the
length of the tibia, excluding the spine and inclading the malleolus
{Ty). Imorderthat our results might be of service to Mr. E. Warren,
who is dealing ab length with the Libyan long bones, the radius
correlations for the Aino were caleulated for B and not for B, as
they are in the case of the French. The vesults for French and
Aino are not strictly comparable in this ease. The same holds for
the measurement of the tibin. Probably Rollet's T: measurement
corresponds more closely to Koganei’s measurement No. 13 (T))
than to his No. 14 (Ty). Both T, and T; are greater, T, is less than
the fibula in length.

We have dealt with the Aino T, instead of Ty, however, for the
purpose of comparison with the Libyans,

The following tables give the chiel resnlts :—

* One fomale humeras (No. 42) was noticed to be very discordant,  As it would
bo oxcluded as a * discordant observation™ by Chaagvenet's criterion it was re-
jectod ; it was afterwards found to be described in the text as deformed.  The male
humerus (No. 81) should be 279 and not 379 em. long. The female ulna, No. 4,
(270 em.) has been vejected. 14 is out of 1l proportion to the corresponding
humerns, a5 Jjudged by the whole range of humerus ulua measurements we have
come noross.  Yel votwithstanding its disproportionately large size, Wognnei
deseribos it (p. 127) s much bent.  The mele fibuls, No. 19, is excessive as com.
pared with either femur or tibin. There did not, however, seem suflicient wirrant
for rejecting it.  Lts being o misprint or mismeasuveroent would account for the
low values obtained for the & Aino corvelation of [bula with femur and tibia,
Without it the fibula-tihia correlation = 0-M82,



Table T.—Variation &,
{Absolute Measnrements in Centimetres.)

i Aino, French
('rgan. | - — _ .
| o, Mean 8.D. C.ofV. | No. Mes. | 8D | CaV.
[ Femur, Fiuos oea| 14 10570 | 1893 4655 50 45228 | 2@ | 5425
. o+0°193 | 0186 40336 +£0°226 | x0°160 =0 354
Femur, Farr v voa s 41 G700 09303 5 TRE _ B ] B _
£ 0-041 + 0020 4 0427 |
| e s s |
Tibia, Tyevavervas| B8 83805 I 1668 4921 || 50 36 B0 1759 4 HEH
| @) | 0188 | k07129 £0-381 | (Ty) &0 172 40121 £0-330
'Tibity, Taovon e nssl | 8140 1847 1968 | . . . B
| | 40168 L0115 £+ 0876 | - i !
Fibola, Fib. ......| 82 | @&3-268 | 1G85 4785 || 50 86272 | 10801 | 4065
0188 | 40134 £0°408 1| +£0172 | &0°121 0 10385
Humerus, H......| 45 | 20502 | 1048 4552 || &0 33010 | 1588 | 4669
: | 07135 L0045 x0-922 | £0 147 | £0°104 I +0-814
1— 1 ;
.! Rodiug, Ryoovwoee | 38| 22 918 1-117 4875 ‘ 50 24-304 1470 | 4796
| 1 +i0-121 &1 086 £ 0375 i +0-112 II £ 0079 +0-323
_ . i . i AR
i Radius, Ryovnnon | 99 | 210549 1060 4919 | =, — ! =
, |o20°114 L0081 £0°876 | !
- - : i |
| Ulne, U, evevnan| 38 | 24-608 1-10% 4608 | GO 26062 1309 | 5025
| 07121 40 086 +0 350 +0°125 £0088 | £0-330
| Clavicle, OL......| 8 | 1457 0776 5326 - _ _ N
| %0088 +0( (62 0426 |
Scspular Index,Se.| 33 | 6556 415 — _ _ B
| 20487 L0344 -
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Table I[.—Variation 9.
{ Absolute Measurements in Centimetres.)

E Aino, i French
Organ, ! — e R s [ et
No. i Mean, 82D, . of V. No. Mean. .1, C.of V
| B
Femur; Frooeey onos 25 | 38 20 1504 4170 ] 41 570 2855 5426
I I o=0-215 0158 £ 0305 +0-215 £0152 £ 0384
- |} — -
| Femur, Facavvanas 24 | £ 200 0260 4330 . - _ .
' +0087 40026 40422
' Tibis, T, ! g2 31 -850 1434 4501 50 L RRET 1863 5671 |
[ Ty | =0-208 L0146 40458 (Ty) +£0-178 | 0120 +0-376 |
Tibit, Tee 2vvvnsnen| 24 20800 16 | 5289 B _ B B |'
- +0-217 0153 £0°515 i
Fibuls, Fib. ....... 20 #1210 1612 5165 50 34080 1-437 5 ‘562
| 07243 £0°172 40551 & 0°175 +0-124 +0°375 |
Humerus, H. .. | 27 277185 1-242 4451 50 i i 1525 H-123%
' | k00164 +0-116 +0418 0145 0108 ERTE T
Bading, By, ,...0..| 24 | 21-083 1004 4788 50 21486 1005 & 00
| | 0138 20008 = 0456 20104 += 0074 = 0344
1 —— -—— — | g
RBadivg, By vovvead| 24 19 025 0l 4073 . . i — —_—
, +0-156 & 0096 0454 I
e Wi Lo 23:01 | 1-176 5005 50 23210 | 1-154 s972
| 0178 | 0122 &0 G830 £0°110 | £0078 +0-836 |
| Clavicle, CL vov.s| 20 18235 | 0-008 6861 | _ _ ! _ i
_ £0-147 | 4 0007 +0-732 | |
Scapular Index, Se. | 20 | 6864 357 B - _ _ _
| 0538 +£0 381 i
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Table 11T.—Correlation & and 7.7

d.
Organs. Aino. French, Aino. : French.
e : el ____! ]
i No. | r. No. | r Nao. | ’ | No. .

Femur and tibia, Fi. and Toovonu. | 40 0- 8266 50 0 B0ES 26 | 08457 | 50 | 08904
| (Te)  &0-0260 (T3) | 00261 (Ty) | +00299 | (Ty) | 00148

Femur ancd humerns, Froand H. .. | 42 0 ER&d 5O 8421 @3 | 0-Byez : 1] 0-B718

£ 00208 +0-0212 i +00254 ; £0°0173

Femur and radins, Fy. and R,... .. I 37 07891 GO i 0-7439 : 22 I 07039 | & 07786
| (®.) | x0-0328 (R) | 200841 || (Ry) | 200893 | (Ry) | 200296

Tibia and humerus, Tsoond Ho....| 89 | 07447 0 | O0w®e01 | 22 | 07T | 50 08180
I (Te) | +£0°-0257 (Ty) | £0-0188 || (Ty) | #0°0547 | (Ty) | £0°0244

I . :

Tibia and radius, Ty and Ry .....| 85 | 0-B655 50 | 07804 | 21 | 07452 | 50 08053
I{T,. anid | 400216  |(Ty 6nd| £00294 |(Teand| +00525 | (Tyand{ 20-0261
| Rs) | k) | R.) |

Clavicle and humerus, Cl.and H...| 84 0-4393 ] i 20 06309 7= =
| + 00855 ! 00768

i

Clavicle and seapuls, Ol and Se. .. a0 0-1738 - | — 17 om | — -

i £0°1177 | £0°1601 1
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Table IIL.—Correlation & and ¥ —continued,”

i i |
| |
d | g. |
R | |- _ ,
Organs, Aino, Fronch, | Aine, ! French,
| |
. | ! 7l T o
No. r. { No. | . i‘ No. | . | Ko s
_— _ - | | i ‘ i |
Humerns and radius, H. and Re...| 39 07768 | 50 08451 | 22 0-7386 50 | 08515
[ (Be) | 200338 | (R 0 0208 | (Re) | 00526 | (Ry) | +0°0200
Tibin and fibuls, Ts. and Fib......| 87 g-8s82 | 50 | 09575 | 18 | 09670 | 50 | 09808
| (Tw) 00180 | (Ty) | 00057 | (Ta) £0°0074 | (T) i £00027
Femur aud fibuln, Fy. and Fib.,.... 32 | 08810 50 | 0818 | 19 | 048890 | 50 | 09106 |
| £0°0284 |_x00248 £00262 | | 4040120
Huraerus and wina, H. and U.,...| 38 | 0 -7653 | 0-FEGe | 20 07478 i &0 0 BE00
- | £00860 i £0°0812 | £0+0632 | | x0°0188
Radius and ulna, Ry, and U.\vou.u| 38 09780 | &0 | o0&y | 2 | 09w | 50 | 09248 |
. | (Re) | 4070056 | (By) | w008 (R | £0-0525 (By) | +0-0102 |

* The probuble error of r, the coeflicient of correlation, is caleulated from the formula given in the memoir eited p. 345. That formula is
based on the assnmption that the probable error of v is uncorrelated with the probable errors of the variations of the two correlated organs,
ay, @ 1F this correlation be taken into aceount, the formula for r is somewhat modified, ond the values caloulated most be slightly increased.
The probable error of r used i netually that of an array of £ corresponding to the given values of ¢, and oy,
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Table TV.—Sexual Batios: 4 to 2.

301

Means, Yuriations. :
Organ, — -
Aino, Freneh, Aino, French, ll
i
Femur, Fi. - vu.s 1067 1087 1116 1-000
Femur, Fyo o0 vu s 10405 — 1333 - |
Tibin, Thoeeeensas 1063 Sk 1 00 = |
Tibitt, Taoew aasvs 1065 | (T 14101 0939 | (Ty) 0877 |
Fibuls, Fib. .. .. 106G 1-098 022 0 808
Humerus, . ....| 1064 1108 1016 ; 0506
Radius, Ryvoeunn| 17087 1135 1019 | 0941
Radius, Riooooa|  1°081 2 0980 | 2
Ulns, U.ovennnns 1066 1-128 0886 | 1-011
Claviele, Cl.o..| 17101 | — 0776 ; =
Eeapular  Index, 0855 —- 1-162 —_
8o, |
Mean of Fy, Ty, | 1°068 1108 0978 | 0-039
Fib,, H., R, and
.
Mean of all mea. 1-063 - 1023 =
surements |
)




oz
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Table V.—Sexual Ratios: & to 7.
Corelations.
Orgnns, , Aine, Freuel, i
_1'(.:mur and '1‘|.hm,, 1', and lg u‘. -077 (Ty.) O-005
Femur and Humarus, Foand . oocorinoner| 0064 0-966 |
l'e'mr-l.l-'_nnd Radius, Fp. nnd By ... :+ . :.? 1121 (Ry.) 0067 |
Tibis and l.ILumu:u‘l.m1 "lJ and H. soveivivenaas| 1°023 (Ty) 1061
Tibin and Redius, T= and Re. ....,.._.:..-.:,_. 14161 | (T R,) 0968 |
" Claviolo and Humerus, CL and H..v..vv......| 0686 — '
CIB‘FJ.I:l.UIH-li-Ed_!ﬂ-.E:lﬁ;dHI PR P——— -
" Hamerus and Rsdius, I, and 1'\'-» T S ) | {Ry.) 0092
* Tibia and Fibuls, T, and Fib, N T (Ts.) 0-977
l'emuram] l'mula, Fl and Fib, ......I..“.-...;... 0-9a5 {1 =530
s Hnmurun a.nd Ulnu., H. and 1- i rrsnanas .: | 1-028 0502
Rodius and Ulns, Ry, 804 Uveveeneerneseens| 1008 | (By) 0-048
-_Mn:{e;cludmg -i'l;le nnd Emplﬂar Indur. _1 020 . .D":’rﬁﬁ
correlations)
_Hetn. (including thcsn:l. R .......... 1 029 —_ .

Table VI ~—Racial Ratios: anch to Aino.

Means, | Variations

Organ. E— ==, S d
| 9. ‘ 2 2. i

Fomur, Fio. coviassn 1109 | 1085 :| 1165 1301
Tibin, T o Ty 0vesss 1164 | 1+122 :I. 0053 1-058 ‘
Fibula, Fib. .0 0o0vea| 1090 ! 1088 || 1-042 vorr |
Humerus, Hoouvuueno| 10119 1074 1028 1°14% !

Radius, By or Ba.oe.e 1-132 1-078 0873 1 =025
Ul Vs oveaaene | 17059 1006 | 17115 0976 |
I Wititansosvese] 1710 071 ' 1-050-“ 1095 |

Rate of pmgmnn of males over t'nlnu-lci- in means = I ﬂZ’?
Rate of progression of fomales over males in variations = 1043,
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Table VIL.—Racial Ratios: French to Aino,

(nrrelations.
: (rguns, . d [ 5
ant.LrandTibin,Fl.u.ud.T:,m'Ta....””u? G875 i 1-0563
' Femur and Humerus, F; snd H. .. ..., I 0041 | PO
" Pamur and b:h.mu-.T, :.ﬁ Bz or Koo ol 0e04s i 1106 |
Tibia n.ﬁd Hummu. Ta. or Ty, and H, 5 [ 1155 i 1-1%4
]' Tibis and Radins, Ty, and Ry, or Ty, and"]t,__ " o0z | 108
-T'I:.I-TI‘:I-GII:I'I.H un:-ITh_d;uw H. nm:.i Rg or Bpovusns| 1089 I 11562
-_I':'I:.m and Fl'buln. "1, wnil T-:I:r_r 1-078 | 1014 |
themnrnml F;h_uﬁ iﬂm_lﬂ Fil. ++ .._”i 0-986 1024 I
I Hu.t'm,run and U'Inl . nnd U : e 1002 1150
| Radius and Linn.'it_.:;i: and h,. .'.' 0596 0948 |
|

Hate of progression of femules over mnles in correlation = 1'06G3,

5. Now the tables illustrate at once how little can be judged for
the problem of variation from any single messmrement when the
series are so small, and the measurements do not entirely correspond.
We are forced to argue only from the gemeral trend of the whole
group, On the other hand, with the exception of the clavicle and
seapular index, the probable errors in the correlation are sufficiently
small for faivly good inferences to be drawn® We will deal first
with the general problems with regard to sex, and then with those
bearing on race.

6. Sernal Katios.—In all cases the sexual ratio for the mean length
of any bone is greater than unity. Grouping both French and Aino
together, we have 17 series giving o mean sexual ratio for the long
bones in civilised and uneivilised man of 1-088. This agrees well
with the wvalue 1089 determined for a series of rather diferent
contents in the paper on * Vaviation in Man and Woman * (loc. eit.,
p. 374) veferred to above. Turming to sexual ratio in varintion, we
find, for Freneh and Aino together, the valne 0976, The value ns

* Bn far as these relate to the nature of the correlation between individual long
bones, we have placed our results ab the disposul of Mr. K. Warren, who is dealing
with the long bones of the Lilyan (7) skeletons,
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determined from about 155 series (loe. edf,, p. 373) was 00873 £
0-007. A speeial study of the long bones thus seems to confirm the
result previously reached, that woman is, on the whole, slightly more
variable than man. Lastly, turning to the sexuval ratio in correla-
tion, we find that in 14 out of 22 eases, woman is more highly
correlated than man, the menn sexual ratio in corvelation being 0852,
2o far, then, as the present results wo, they seem to indieate that
man, while larger, is less variable, and less highly correlated than
WOman.

When we take, however, race into cousideration, there are
additional factors which somewhat modify these conclnsions. In the
tirst place there is, of course, no suggestion that the modern French
are lincal descendants of the Aino, but it does not seem an improbable
supposition that the French have at one time passed through a siage
somewhat similar to that primitive condition in which we now find
the Aino. Assuming this for the purpose, at any rate, of comparison,
we find that the trawsition from the uneivilised to the civilised
condition is accompanied by well-marked changes in the sexnal
ratios. They ore as follows :—

(i.) Man tends to gain in size on woman.
(ii.) Woman tends to gain iu varisbility on maun.
(iii.) Woman tends to gain in correlstion on man,

In other words, primitive man and woman are move nearly equal
in size, variability, and correlation than highly civilised man and
woman. Relative to woman, man's gain in size has been accompanied
by aloss in variability and in the correlation of his parts. 5o faras
sige and variability are eoncerned, these results are in accordance
with the far wider series of measurements dealt with in the paper on
' Variation in Man and Woman." The vesult as to correlation was there
suggested (loc. oif., p. 375) on very slight evidence, Before we make
any suggestion as to the bearing of these results on natureal
selection it will be well to examine the racial ratios,

7. Racial Ratios—In means both & and § French are in every
measnrement larger than & and 7 Aino, but the difference is greater
for males than females. In variations the & and 7 French bave pro-
gressed in nearly all easesn on the d and 7 Aino (the tibis in the
male and the uwina in the female are appavently exceptions), But
while the females have progressed less rapidly than the males in
absolate size, they have progressed more rvapidly in varviation.
Lastly, in correlation the Freneli males have more correlation than
the Aine males in fonr organs, and less in six organs, the renceal
mean reanlt being almost equality of corvelation.  Ou the other hand,
the French females arve only inferior to the Aino in one case, and the,
final result is o very sensible progress in corvelation. The general
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eonclusion would then be that, with increased ecivilisation, absolonte
size® and vaciation tend ito incrense; while correlation, to judge
by the males, is stationary; to jndge by the females, tends to
increase.

It will be fonnd somewhat diffienlt to reconcile these resalts with
any simple applieations of the principle of natural selection. Tn the
first place increased variation undoubtedly snggests a lessening of
the struggle for existence, and there can be no guestion that this
increase has gone on among civilised races (see * Variation in Man
and Woman '), The lessening of the strunggle has probably been
greater for woman than man ; hence the principle of nataral selec-
tion might help to explain the preponderance of variability in civi-
lized woman, The increase in size with civilisation seems, on the
average, also incontestable. But is it the effect of lesseming the
strogrle for existence ¥ The possibilities may, perhaps, be summed
upr as follows :—

{a}) The civilised races may have sarvived owing to their superior
size. It may ke o result of the strugele in the past. To this muost be
objected that the inerease of size appears fo be a progressive change
still going on, and yet increase of variation should show a lessening
strnggle for existence.

(b) The effect of suspending natural selection may be to increase
size. This wounld be a blow for panmixis, for we might natarally have
expected a regression to the smalluess of the more primitive raees,
It wounld leave unexplained the apparvently smaller progress of women
a8 compared with men, for in their case we might argue from the
variation that the stroggle for existence is velatively less than in the
case of man.

{r) The larger gize of the civilised races may be due to betler food
supply and better physical training : in short it may be doe, not to
evolution, but to beiter conditions of growth. This hypothesis does
not involve the assumption that aequired charseters are inherited.
Diminish the food supply and abolish physical training and the size
wonld sink to the level at which natural selection had leftit. Physical
training in civilised races being usoally more adequate in the case of
man than of woman wonld, perhaps, explain why man has progressed
more rapidly in size than woman. It seems impossible, taking varia-
tion as a measure of the intensity of selection, to reconcile the vela-
tive increases in size of man and woman with any diveet effect of
natural selection.

*® This is only generally true, not in every individual ease. The French femur
i8 longer thun that of the Aine, of noolithie man, and of the anciont inhabitants of the
‘Canary Islands. On the other hand, the French femur appears to be slightly loss
than the Libyan, although the humerus is somowhat greater,  The French women
appear in all long bounes less than the Libyan women.



56 Mathematical Contribiniions fo the Tﬁeur_y af Fvolution,

2. To sum ap, then, the following results seem suggested by these
meLsureaments.”

(i.) Civilised man bas progressed generally on primitive man in
size, variation, and corvelation,

(ii.) This progression can hardly be accounted for by inereased
seleetion (becanse of the inereased variation), nor by decreased gelec-
tion {becaose it is inconsistent with the relative changes in male and
female size). It might possibly be acconnted for by deereased selee-
tion and improved physical conditions,

(iii.) Woman is more variable than man in civilised races.

{iv.) Woman is more highly correlated than man in civilised
rices,

(v.) In uncivilised races the sexes are more nearly equal in the
matter of size, variation, and correlation than in the case of civi-
lised races.

{vi.) It is impossible to say that civilised woman is nearer to the
primitive type than civilised man, for while civilised man differs
more from the primitive type than eivilised woman, so far, probably,
as absolute size iz concerned, he has made only about half her
progress in vaviation, and hardly any progress at all in eorre.
Iation.

{vii.) The causes (v.g., lessening of selection) which tend to increase
varialion may nlso increase correlation. In other words, the intensity
of the struggle for cxistence is not necessarily a measure of the
intensity of corvelation.®

The messurements made by Mr. Warren on the Libyans, ihe
results of which he has kindly favonred us with, are, on the whole.
fairly in accordance with the above conclusions,  He finds for the

Mean of the sexual ratio of the means .. .. 1002
" the variations . 1028
the correlations 1068

i »
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The corresponding quantities for the French ave: 1-108, 0939,
0-956, or, we concluded, that in passing from nncivilised to civilised
peoples, from Libyan to French, the men gain on the women in size—
here very slightly, and the women gain upon the men very markedly
in variation and correlation,

These results are merely suggestions, but they way possibly serve
to emphasise the importance of u caveful measurement of the long
bones of, say, 100 members of both sexes for o sevies of eivilised and
aneivilised races. 1o the former case at least there does not appear to
be any real difficulty, except the need of co-operation, in obtaining

* The mothemntieal theory of seleetive corvelation showa that the close selection

of an organ, say the fomur, may setunlly tend to reduce the corvelation belwean
{wo pther organs, say the hmnerus and the radius,
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measurements similar to those of M. Rollet for both English and
Germans. The value of such statisties for comparative purposes
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