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their models of turtles aniong the best of tlieir 
c l a ~sc11lptures. xor are  we c1isapl)ointed in 
tliis, as  Iuay be judged from the two ~ l r a w i i ~ g s  
(figs. 3 anrl 4) from a specinlen of this kind in 
my possession. 

FIG.3. -Dor&~lblew of l u ~tle modelled i n  white clay by ZuEi
Ilidinn. 

The  carapace of this figure is painted a tleep 
hrown ; while the epidermal l~ la tes  are sinlply 
indicated by six transverse l i i~es,  crossed by 
the same number of longilndinal ones, both in  
a flesh-red color. This  latter tint has also 
been used to paint the plastron :~nd longi- 
tutlinal lines on the deep-brown head and feet. 
This  coloration gives i t  a 11ot distant resenl- 
hlnnce t o  some form of Chrysemys. Two such 
specimens are  in my collectioii ; and in I)otli 
the  designer lias represented the  toes by sim- 
ply slitting the clay a little ways, i11 one ill- 
stance correctly, as  seen in the figure ; ancl ill 
the other by three slits, gi \ ing each foot onl\ 
four toes. 

BIG 4. -The ~ d m c ,  .~-pect.130th less t han  hdlf t h ~l a t ~ ~ a l  si/e 
of original. 

I have never seen the tultle depicted 1113011 

any  of their pottery, and I b e l i e ~ e  it  rnr~sl he 
one of their rarer forms t o  model in clay. So 
far  a s  I call remember, Mr .  Barher does not 
mention it. or figure the tui tle in  his article in  
the A m e ~ i c a n  nat.r6vnlist, published some b u r  
years ago ; nor docs 311'. Sterenson alluile to  
it ,  by  word or  figure, in the catalogue of his 
enormoas collection of 1879 already quoted. 

SIr .  Stevenson's figures support another 
curio11s fact whiell I have observed, and will 
allocle to  before conclr~ding. I t  is this : they 
seern to  reserve their an~hlystonias, their aso-  
lotls, tlieir taclpolcs, and their bugaboos of 
linrnan form, to  ill~nvinate the quaint clay has- 
lcets they manufacture, which nsnnlly have 
haliclles, and are ornainented with fancy ser-
rated edges, and are  of odd shapes. Almost 
invariably they represent the tadpoles upon 
side view, ancl tnlie es1,ecial pains to  dram the 
suctorial lips anclthe e j  e. The  tail, hon~ever. 
is c1ran.n simply by zt wriggling line, and is not 
the hroacl tail of the tailpole, seen upon lateral 
aspect of this creature. I<.7V. SIIITIY,LDT. 

TYPES  A N D  7'11EIR I N H B R I T I ~ N C F .  

TIIEobject of tlie ~nthropologist is plain. H e  seelis 
to learn ~vliat  mmilii~id really are i11 body and mind, 
how they came to be what they are, and whither tlieir 
races are tending; bnt the ~netliods by \vhic!l this 
definite iilcjuiry lias to be pursued are extremely di- 
verse. Those of the geologist, the antiquarian, the 
jurist, the historian, tlie pililologist~, the traveller, 
tlie artist, ancl the statisticiati, are all employed; and 
t l ~ e  science of rnan progresses tllrongh the help of 
specialists. U~ ide r  these circmnstarices, I tliirilr i t  
best to follow a11 example occasionally set by presi-
tlents of sections, by giving a lecture rather than an  
adclre~s, selecting for my subject oue t11at lias long 
been my favorite pursuit, oti wl1ic11 I have beer1 
~~,o~.iriiig months,v i th  fresh data during many r e c e ~ ~ t  
mld about wl~icli I have sometl~itlg new to say. 

Aly data mere tlie fltrriily records intrusted t,o me 
by persons living in all parts of the couritry; ancl 1 
a111 liow glad to tlli111i tliat the publication of some 
first-frtlits of tlieir analysis will sliom to marly careful 
and intelligent correspor~dents that tlieir painstaliing 
has not been thrown alvay. I shall refer to only a 
part of tlie work \ ~ ~ h i c h  duealready com~~letecl, in 
time will be published ; and rnust be satisfied if ,  ~x~licu 
I linve finished this address, some few ideas that  lie 
at  the root of heredity sl~all Iiave been clearly appre- 
hellded, and their \vide bearings more or less dis-
tinctly perceived. I am the more desirous of spealiing 
011 heredity, becaase, judging from private coliversa- 
tioris and inquiries that are often put to me, the pop- 
111ar yiems of what mag be expected fro111 irilieritar~ce 
seein neither cleat. nor just. 

The subject of my rernal.lrs will be 'Types and tlieir 
inl~eritar~ce.'I shall discuss the conditions of the 
stability aiid illstability of types, and hope, in doing 
so, to place beyond doubt the esister~ce of a simple 
and far - reachi~~g law that governs liereditary trans- 

~r~ission,  before ventured to draw 
ancl to !~hich I or~ce 
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atterrtio~i on far more slender evidence than I now 
possess. 

I t  is some years since I made an extensive series of 
esperirnents on the produce of seeds of different size, 
but of the same species. They yielded results that  
seemed very noteworthy; and Iused thctn as tlie basis 
of a lecture before the Koyal iiistitutio~i on Feb. 9, 
1877. I t  appeared from these experiments that  the 
offspring did not tend to resemble their parent seeds 
in size, but t,o be always more mediocre than they, -
to be smaller t l l l~n the parents, if the parents were 
large; to be larger than the parents, if the parelits 
were very small. The point of convergence mas con- 
siderably below the average size of the seeds contained 
in the large bagful I bought a t  a nursery-garden, out 
of which I selected those that xere  sown. 

The experiments showed, furtticr, tliat tlie mean 
filial regression towards medioc~,ity was directly pro- 
portional to the parental deviation from it. This 
c~irionsresult was based on so many plantingo, con- 
ducted for me by friends living in variolts parts of 
the country, -from Nair.11 in the north, to Cornwall 
in the sonth, during one, two: or even three genera- 
tions of tlie plants, - that  I could entertain no doubt 
of tlie truth of my conclusions. The exact ratio of re- 
gression re~nained a little doubtful, o \ r i~ ig  to variable 
influences; therefore I did riot attempt to defirie it. 
After the lecture hail been published, it occurrerl to 
me that the grounds of my niisgivings might be urged 
as objections to the general conclusions. I dicl not 
tliirik therr~ of moment; but as the inquiry had been 
surrounded with marly small difficulties and matters 
of detail, it r o a l d  be scarcely possible to givc a brief, 
and yet afull  and adequate, answer to such objections. 
Also, I was then blind to what I now perceive to be 
the simple explanation of the phcnonienori; so I 
thouglit it better to say no more upon the subject 
until I should obtain irideperiderit evidence. I t  was 
anthropr~logical evidence tha t  I desired, caring only 
for the seeds as meails of throwing light on heredity 
in man. I tried in vain for a long a~icl weary time to 
obtain it in sufficient abundance; and my failure was 
a cogent motive, together with others, in i~iducirig 
me to make all offer of prizes for family records, 
which was largely respor~cled to, arid furnished me 
last year with what I wanted. I especially gnardecl 
myself against malring any allusion to this particular 
inquiry in my prospectus, lest a bias sl~oilld be given 
to the returns. I ~ i o wcan securely co~itemplate the 
possibility of the records of height having been fre- 
quently drawn up in a careless fashion, because no 
anlount of unbiassed inaccuracy can account for 
the results, contrasted in their values, but con-
current in their significance, that  are derived from 
co~nparisons between different groups of the re-
tunis. 

An  analysis of the records fully co~ifirn~s, and goes 
far  beyond, the conclusions I obtainedfronl the seeds. 
I t  gives the numerical value of the regressior~ towards 
mediocrity as from 1to 3 ,  with unexpected coherence 
and precision; and it supplies nle x i t h  the class of 
facbs I wanted to investigate, - the degrees of faniily 
lilreness in different degrees of kinship, and the steps 

through which special family peculiarities become 
merged irito the typical characteristics of the race a t  
large. 

The snbject of the inquiry on which I a111 about to 
speak W:LS hereditary stature. My data consisted of 
the heights of 930 adult children, and of their respec- 
tive parentages, 205 in number. I n  every case I trans-
muted the female statures to their corresponding 
inale equivalents, and used them in their transmuted 
form; so that 110 olijection, grounded 011 the sexnal 
difference of stature, need be raised when I speak of 
averages. The factor I usecl was 1.08, which is equiv- 
alent to adding a little less than one-twelfth to each 
female height. I t  differs a very little froin the factors 
enlployed by ot,lier anthropologists, who, moreover, 
differ a trifle between tliernselves: anyhow i t  suits 
my data better than 1.07 or 1.00. The final result is 
riot of a kind to be affected by these minute details; 
for it happened, tliat, owing to  a mistaken direction, 
tlie coniputer to whom I first intrusted llie figures 
used a somewhat different factor, yet the result came 
oitt closely the same. 

I shall explain with ful~iess wliy I chose stature for 
the subject of inquiry, because the peculiarities and 
poirits to be attended to i11 the investigation will 
manifest themselves best by doing so. Many of its 
advantages are obvious enough, such as the ease and 
frequency with which its measurerilent is made, its 
practical coristaricy during thirty-five years of middle 
life, its small depeiidence on differences of bringing 
up, arid its inconsiderable influence on the rate of 
mortality. Other advantages which are not equally 
obvious are 110 less great. Orie of these lies in tlie 
fact that stature is not a sin~pleelernent, but a surn of 
the accumulated lengths or thicknesses of more than 
a hundred bodily parts, each so distinct from the rest, 
as to have earned a riame by which it can I-~e specified. 
The list of thern iricl~tdes about fifty separate bones, 
situated in the slrull, the spine, the pelvis, the two 
legs, and the two ankles and feet. The bones iri both 
the lower limbs are counted, because it is the average 
length of these two lirnbs tliat contributes to the  
general stature. The cartilages interposed between 
the bones, two a t  each joint, are rather more numer- 
ous than the bones themselves. The fleshy parts of 
the scalp of the head arid of the soles of the feet con- 
clude the list. Account should also be talren of the 
shape and set of many of the bones ~vhicli conduce to a 
more or less arclied instep, straight baclc, or high head. 
I noticed in the slreleton of O'Brien, the Irish giant, 
a t  the  College of surgeons, which is, I believe, the  
tallest slceleton in any museum, that his extrao~,tlinary 
stature of about seven feet seven inches would have 
been a trifle increased if the faces of his dorsal ver- 
tebrae hacl been more. parallel, and his baclr conse-
quently straighter. 

The beautiful regularity in the stat,ures of a popu- 
lation, whenever they are statistically tnarshalled in 
the order of their heights, is due to the i~umbcr  of 
variable elements of which tlie stature is the sum. 
The best illustratiorls I have seen of this regularity 
were the curves of rrlale and  ferriale statures tliat I 
obtained from tlie careful measurements made at 
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my Authropometric laboratory in the Inter~lational 
health exhibition last year. They were alruost 
perfect. 

Tlie multiplicity of elen~ents, some derived fro111 
one progenitor, some from another, ~ l lus t  be the cause 
of a fact that has proved very colivenient in the 
course of my inquiry. It is, tliat the stature of tlie 
children depends closely on tlie average staiure of 
the two parents, and ]nay be considered in practice 
as having nothing to do with their individ~~al  heights. 
The fact was proved as follows : After transniuting 
tile fernale measuremerlts in tlie way already es-
plairied, I sorted the childre11 of parents who sey-
erally differed 1,2. 3, 4, and 5 or Inore inches into 
separate groups. Each group was then divided illto 
similar classes, slio~ving the nunlber of cases in which 
the children differed 3 ,  2, 3, etc., inches froin the 
co~nlr~onaverage of the children ill their respectire 
families. I coniiueil nly inquiry to large fanlilies of 
six cliildren and upwards, that the common average 
of each might be a trustrvorthy poi~lt  of reference. 
The entries in each of tlie tlifferent groups mere t l ~ r n  
seen to run in the same xvay, except that in the ]:+st 
of tliem the children sho~vcti a faitit tenclencg to fall 
into two sets, one taking after the tall parent, tlie 
other after tbe short one. Therefore, wlien dealing 
with the transtnission of statt11.e fro111 parents to 
children, the average height of the two parents, or, 
as I prefer to call it, tlie 'mid-parental' lieigllt, is all 
we need care to lcnom about t l~err~ .  

I t  must be noted tliat I used tlie word parent ~vi th-  
out specifying the sex. The 111etEiods of staListics 
perrnit us to enll~loy tliis abst,ract term, because t l ~ e  
cases of a tall fatlier being married to a short mother 
are bala~iced by those of a short fatlier being inarried 
to a tall mother. I use the mvrd parent to save a 
colllplication d ~ l e  to a fact brought oa t  by thess in- 
quiries, that the lleigl~t of the chiiclren of botli sexes, 
but especially that of the daughters, talies after tlie 
height of tlie fatlier more than it does after that of 
the noth her. X y  parent data are iiisitfficient to deter- 
rnilie the ratio sati?factorily. 

Anollier great merit of stature as a. subject for in- 
q~liries into heredity is, that inarriage selection taliej 
little or no account of sliortness or tallness. There 
arc u ~ d o ~ ~ b t e d l y  sexn;il preferences for moderate con- 
trast ill height; but the marriage choice appears to be 
guided by so rilany and more i i i l~o r t a~ i t  considerations, 
that  questions of stature exert no pe~,cel,tible infllierice 
lipon it. Tliis is by no mealis my 01115- inquiry into 
this subject; but, as regards the present data, my test 
lay ill dividing the305 male parents, a r ~ d  the 205fen1ale 
parerlts, each into t h e e  groups, -tall, iiletli~um, and 
short (nreilium b e i ~ ~ g  tnlren as 07 inches and npmartls 
to 70 inclies), -and in counti~ig tlie ilumljer of mar-
riages in eac l~  possible colnbination between them. 
The r e s ~ ~ l t  was t l ~ n t  men and womeii of contrasted 
heights, short and tall, or tall and short, married just 
about as frequently as men and wonlcn of si~riilar 
heights, both tali or both sliort: there ~vere  thirty-two 
caPer of tlie one to  twenty-seven of t l ~ e  other. I n  
applying tile lal~r of probabilities lo investigations 
into heredity of stature, we rrlny regard the married 

folk as couples picked out of the general population 
a t  Bapliazal~d. 

The advantages of statnre as a subject in .rvliich 
the simple l a m  of heredity niay be studied will now 
be ~lnderstood. I t  is a nearly conctalit value tliat is 
frequeritlp measured and recortled; and its discussion 
is little entangled with cousiderations of nnrture, of 
tlie surviral of tlie fittest, or of marriage selection. 
TVe have only to consider tlle mid-parentage, and not 
to trouble ourselves abont t l ~ e  parents separately. 
The statistical variations of stature are extremely 
regular; so ~nucl i  so, that their general conforniity 
~ i t htlle results of calculations, based oil the abstract 
lam of frequency of error, is an accepted fact by 
antl~ropologists. I hare  made much use of tlie prop- 
erties of that law in crowtesting my various co~iclu- 
sions, and always with success. 

Tlie onlgclrswbxck to the m e  of stature is its snrall 
variability. O~le-llalf of the population wit11 wliom 
I dealt varicd less tllan 1.7 inches from the average 
of all of tliein; ant1 one-half of tlie offspring of sirn- 
ilar mid-parentages varied less than 1.5 i~lches fi.orn 
the average of their onrn heights. On the other 
liand, the precisior~ of 1 1 1 ~data is so small, partly due 
to the uncertainty in many cases whether t l ~ e  height 
wai rneasul.ec1 ~vitll the shoes on or off, that I fintl by 
means of an independent inquiry, that  each observa- 
tion, taliirig oiie \ ~ i t h  another, is liable to an  error 
that as often as not exceeds two-t21irds of an inch. 

I t  nus st be clearly u~lderstood, that my inquiry is 
prirllarily into the ililleritance of different degrees of 
tallness and shortness; that is to say, of measure-
ments made from tlie crown of tlie head to the level 
of mecliocrity, upwards or do~rnwards as the case 
rrlay be, and not frorn the crown of the head to the 
ground. I n  the popuiatioii with which I deal, the 
level of mediocrily is 682 inches (witllo?t slloes). 
Tlie same inn, applying vit l i  siifEcierit close~~ess 
botli to tali~less and shortl~ess, we may ir~elude bo t l~  
under t11e single heat1 of deviations; and I shall call 
ally particular deviation a 'deviate.' IZy the use of 
this word: and that of 'mid-parentage,' we can de-
fine tlie lam of regression very briefly. I t  is, that the 
height-devinte of the offspring is, on the average, 
two-thirds of the lieiglit-dcvi:tte of its mid-parentage. 

If this remarlcable law had been based oiily on es- 
periments on the diameters of the secds, it might 
well be distrusted until confirmed by ot l~er  inquiries. 
If i t  were corroborated merely by the observations 
on humxu statnre, of which I am abont to speak, 
some liesitation niight be expected before its truth 
could be recognized in opposition to tlie current be- 
lief that the cliild ter~cls to resenlble its parents. 
Gut more can be urged than tliis. I t  is easily to be 
sl1on.n that me ought to expect filial regressiou, and 
that  i t  should amount to some constant fractional 
part of the value of tile mid-parental deviation. I t  
is because tliis explariatiori confirms the previous ob- 
servations made botli on seeds and OIL  men, that I 
feel justified 011 the present occasion ill drawing 
attei~tioll to this elementary law. 

The explanation of it is as follows: Tlie child iu- 
herits ptrtly from his parents, partly from his ances- 



trq. Spealring general]\, tlre iartlri~r his genealogy 
goes b,~clc, the more ~~ut i ierous  varicd will Iris all a ~ ~ d  
cc,st~y become, r~rrtll tliey cease to d~ l f e r  from any 
equally rrrlrrlerous sample talcen a t  hapha~a r  tl frorrl 
the race, a t  large. 'I'Eleir mean stature will then be 
tlre s,ime as that  of the race; Irr other ~ o r t l ~ ,  i t  will 
be nredlocre. Or, to put the same fact into another 
for~rr. t l ~ e  inost probable value of the 1i11d-ancestlal 
dcciates in ally remote generation is /elo. 

E'ol tlie rnor~lent let as eonli~teour attention to the 
letnote anceitry, an11 to the mid-parentages, ancl 
ignore the irrtermed~ate genelatio~is. The co~nbiil:~- 
t ~ o nof the /era of the ancestry with the dcviate of 
the m~d-parentage, I> that of 11ot111ng with something; 
a~i t lthe ~ e s n l t  rcscnibles that of pouling a ~~rr i form 
ploportion of pure water into a vessel of wine. I t  
cl~lrltes the wine to a constarrt fraction of its original 
alcoholic strengtll, ~ l r a t e v e r  that  strerrgtll may have 
been. 

'rlre i n t e~~ned ia t r  generatiorls mill, ezich in its ile- 
gree, do t11e 5ame. The nlld-tleviat e of any one of 
t l ien~ will have a vall~e intelmediate between that 
of the mid-parelitaqe and the zero value of the an- 
cestl y. I ts  combi~iatior~ with the mid-parental devl- 
ate wlll be as if riot pule water, but a rruxtrlre of 
wine and water ill some definite proportion, had been 
poured into tho wine. isThe process t l~ro~iql ro~i t  
one of proportionate dilutiorrs, slid therefore the 
joint elfect of all of then1 1s to \\ ealien the orig~nal 
will(, ill a constarrt r n t ~ o  

We Ira\ e no word to express the fol~rr of that ideal 
arid composite proqcriitor, wllorn the offsprr~~gof 
similar nild-palentnges most nrarlq rcsemble, and 
frorn whose stature t11ei1. ow11 r e s~ )cc t~ \  e heights di- 
verge everrl), abo\ r  and below. Zle, she, or it, may 
be styled the ' generarlt ' of the gronl?. 1 shall 911orlly 
explain nlrat my rrot~on of a generant is, but for the 
molllent ~t is s n f i c ~ e ~ i t  to show tliat the parents are 
not ~de i~ t i ca l  wit11 the generant of their owrr oftspring. 

T l ~ e  average egression of the o i t sp~ i i~g  to a con- 
stant fraction of their respective rrrirl-parent'rl devia- 
tions, w l i ~ c l ~  was first observrd in the tliarrlete~s of 
seeds, and t b e ~ l  e o ~ ~ t ~ ~ n l e d  by obscrvations on human 
slatnre, I,  now shown to be a perf(~ctly reaional)lc 
law wl~ich  lu~glrt have bern dcdnctively toreseen. I t  
i \  of so \ in~ple a c l~a~ac te r ,  that  I hare  made all m-
range~nelrt wit11 one niovable pulley, and two fixed 
ones, by \\hie11 tlre probable avers?? lielgllt of tlie 
ch~ldreilof irnown parents call be ~nrchanically reclr-
oned. This law tells heatily against the  full l~ercd- 
i t a ~y tr ansm~ssiorr of any r:n(' and vdluable qift, as 
only a few of many children would rcienible thelr 
mid-parentage. The mole exccptio~ral the g ~ f t ,  tlre 
inore eucept io~~al  will be the gooil fortulle of a par- 
ent  who has a son who equals him, and still more ~f 
11c has J son who ovei passes hlrn. The law is even- 
haritlcd: it l e ~ i e s  the same heavy successiot~ tax on 
t l ~ et~a~islriissionof bati~ress as rvell as of goodness. 
I f  ~t d~scourages the extrnvannrrt cxpectat~ons of 
g~ftctl  p,~rents tllnt their c l~i ldre~r  wlll ~nlrerit a11 thew 
powers, i t  no less discountenarices eutravagant fears 
that  they will 111he1 ~t all tlreir uc..ilzl~es~es and dis- 
eaqes. 

Tlre converse of this Inw is very far from being its 
nnr~~erioaloppo3it.c. theUcca~~sc  no st probable de- 
viate of the so11 is only two-thirds tlrat of his mid- 
parentage, it does not in tlle least follow that the 
most probable deviate of the rnid-parentage is i, or I* 
that  of the son. Tlie rr~inrber of inctividnals irr a pop- 
ulation who diKcbr little frorrl mediocrity is so pre- 
ponderant, that i t  is more frequently the cltse that 
all excel)t,ional man is the sorrlewl~at except,io~laI son 
of rather mediocre parents, tllar~ t l ~ e  average son of 
very exceptio~ral pa re~~ t s .  Lt appcaars from the very 
same table oC observations by wl1ic11 t,lie value of the 
filial regrcssioll was cleterrni~~ed, it is read in a ~ v l ~ e n  
diffc!rel~t way, ~ iamrly ,  in vertical colr~rnus instead of 
in liorizontal lirres, tha t  the inost probable mid-par- 
elllago of a marl is one that  deviatesorrly one-t.hird as 
nl11cli as tho rnan does. Tlrcre is a great, di1Tercnce 
between this value of 4,and the nnrnerical converse 
mentior~ecl above of it is four and a l~alf  times 1%; 


smaller, since 4A-, or i-,being inultiplied into g, is 
oq11a.l to 2. 

Let it rrot be suplsosed for a moirient, that  t l~ese  
figures invalidate the general doctrine that tlre chil- 
drcrr of a gifted pair are rnllcll more likely lo  be gifted 
t11:in the children of a ruediocre pair. What it as- 
serts is, tliat the ablest child of one gifted pair is not 
lilcely to be as gifted as the ablcst of id1 the children 
of very rrrany niediocre pairs. However, as, notwith- 
standing t,his explsl~ation, solile suspicion In:ty rernairr 
of a paradox l u r k i ~ ~ g  re-in tlrese strorrgly coritrasted 
sults, 1 will explain the form in wl~ich the table of 
data was drawrr lip, and give a n  arrectIote con~~ec led  
with it. I ts  outl i~ie was cor~stractcd by rulirlg a 
shect into squares, and writing a scrics of heights in 
inches, such as 60 and ur~der  ( i t ,  (il ant1 urrder (52, 
etc., along its top, and another sir~iilar serie.: down 
its side. The former referred to tlre height of off-
spring, the latter to  that  of nlid-11:lrc.rrtages. ICach 
square i n  the table was formed by the intersection 
of a vcl.tical cola~nrr ?-iith a liorizorrt,nl one; arid in 
exell square was insert.eil tlre rruiriber of cliildren out 
of the 930 wlro wcre of tlie licigllt indicated by the 
heailing of the vertical co ln r~~n ,  at the same and \vl~o, 
l,i~ne,wcre born of ~nid-parentages of the height indi- 
cated a t  the side of the llorixontal colunln. I take 
an  entry out of the t,able as an  example. 111 the 
sqnare where the vertical colurr~n headcd 6:)- is inter- 
sected by the horizontal colmnu by wllose side 67- is 
marlred, t,he entry 38 is found; this ~ncans ,  that,, out 
of t,he 0::O children, !:S were born of mid-parent,ages of 
69 and under 70 inches, who also wcre 67 and nnder 
68 iriclres in height. I for~rrd it hard at  first to catch 
tlrc full sig~iifica~lco of t,he entries in t.he table, which 
hail curious relz~tions that  were very intcrestir~g to 
investig:tte. Tines drawn tllrougl~ errtries of the 
sanle value forrried a series of concent,ric and similar 
ellipses. Tlicir common centre lay nt t.11e intersec- 
tion of tlre vertical and lrorizo~~tal  l i~res that  cor-
responded to 68% inches. Their axes were similarly 
ilrciinect. The poirrls where e;~cll ellipse in s~iccession 

I A rnut.tcl. of dztnil i a  hcrc iqrlol.i'd wl,icll has uotlring to 110 
with thc  main lrrinoiplc, :rll,l wollld 011iyserv(: to perplrx if I 
clcsurilicd it. 
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was touched by a l~orizontal tangent, lay in a straight 
line inclined to the vertical in the ratio of j ;  those 
where they were touched by a vertical tangent, lag 
in a straight line inclined to the liorizontal in the 
ratio of +. These ratios confirnl the values of aver-
age regression already obtained by x different metl~od, 
of 5 from mid-parent to offspring, and of + frorn 
offspring to mid-parent,. These and other relations 
were evidently a subject for rnathe~i~atical analysis 
and verification. They were all clearly dependent 
on three elementary data, supposing the law of fre- 
quency of error to be applicable throughout; lllese 
data bei~ig lo,tlie mpasure of racial variability; 2O, 
that of co-farnily variability (counting the offspring 
of like mid-parentages as members of the same co- 
family); and, 3O, the average ratio of regression. 1 
noted these values, and phrased the problein in ab- 
stract terms such as a competent inathe~llatician 
could deal with, disei~tangled from all reference to 
heredity, and in that  shape submitted it to Mr. J. 
Hamilton Dickson, of St. Peter's college, Cambridge. 
I aslred lliin liindly to investigate for me tlie surface 
of frequency of error that would result from tliese 
three data, aud tlle various particulars of its sectio~ls, 
one of which would form the ellipses to nrllich I have 
alluded. 

I inay be permitted to say that  I never felt such a 
glow of loyalty and respect towards the sovereignty 
and magnificent sway of rllathematical analysis as 
when his answer reaclied me, confirming, by ~mrely  
matliernatical reasoning, tny various arid laborious 
statistical co~lclusions with far nioreminuteness than 
I had dared to hope; for the original data ran some-
mhat roughly, and I had to smooth them ~v i th  tender 
caution. His calculation corrected my observeil 

value of mid-parental regression from -1to ' : the 
:J 17.6 

relation between the major and minor axis of the 
ellipses mas changed :I per cent, their iilclination 
was changed less tlla11 2O. I t  is obvious, then, that  
the lam of error holds throughout the investigation 
with sufficient precision to be of real service, and 
that  the various results of nly statistics are not cas- 
ual determinations, but strictly interdependent. 

I n  the lect~tre a t  the Royal institntioi~ to which I 
have referred, I pointed out the remarliable way in 
which one generation mas succeeded by another tliat 
proved to be its statistical couiiterpart. I there had 
to discuss the various agencies of the survival of tlie 
fittest, of relative fertility, and so forth;  but the 
selection of human stature as the subject of investi- 
gation now enables rue to get rid of all these compli- 
cations, and to discuss this very curious question 
under its silnplest form. IIow is it, I ask, that  in 
each successive generation, there proves to be the 
same number of men per thousand who range 
between ally limits of stature we please to specify, 
although tlle tall men are rarely descended from 
equally tall parents, or the short men frorn equally 
slrort ? Bow is the balance fro111 other sources so 
nicely made u p ?  T l ~ e  ansTver is, that the yrocess 
comprises two opposite sets of actions, one concen- 
trative and tlle other dispersi\-e, and of such a char- 

acter that they necessarily neutralize one another, 
and fall into a state of stable equilibrium. By the 
first set, a system of scattered elernerlts is replaced 
by another system which is less scattered; by the 
second set, each uf these new elements becomes a 
centre, ~vhence a third system of elements is dis-
persed. The details are as follows: I n  the first of 
tliese two stages, the units of tlie population group 
the~riselves, as it were by chance, into married cou-
ples, whence the mid-parentages are derived. ; and 
then by a regression of the values of the mid-parent- 
ages tlle trne generants are derived. I n  the second 
stage, each generant is a centre mllerlce the offspring 
diverge. The stability of the balance between tlie 
opposed tendencies is due to the regression being pro- 
portionate to the deviation, -it acts lilte a spring 
against a weight. 

A sinlple equation coilnects the tllree data of race 
variability, of the ratio of regressiori, and of co-
family variability; whence, if any two are given, the 
third may be fou~ld.  Bly observations give separate 
measures of all three, arid their values fit well into 
the equation, which is of the simple form, -

where v = 8, p = 1.7,f = 1.5. 

I t  will therefore be understood that a complete 
table of mid-parental and filial heights may be cal- 
cnlated from two simple numbers. 

I t  will be gathered from what has been said, that 
a mid-parental deviate of one unit iniplies a mid- 
grandparental deviate of ?:,a mid-ancestral unit  in 
the next generation of !,, and so on. I reckon fronr 
these and other data, by methods that I cannot stop 
to explain, that the heritage derived on an average 
from the mid-parental deviate, independently of what 
i t  may imply, or of what rnay be known concernii~g 
the previous ancestry, is o~lly-;. Consequently, that  
similarly derived froin a single parent is only $, and 
that from a single grandparent is only -$,;. 

The most elementary data upon which a complete 
table of mid-parerrtnl and filial heights admits of 
being constructed, are, lo,the ratio bet\reen the mid- 
parental and the rest of the ai~cestral influences; and, 
2O, the measure of the co-family variability. 

I cannot now pursue the nnmerous bra~lclles tliat 
spring from the data I have given, as from a root. I 
will not speak of the continued domination of one 
type over others, or of the persistei~cy of unimpor-
tant characteristics, or of the inheritance of disease, 
~vhich is complicated in Inany cases by the requisite 
concurrence of two separate heritages, the one of a 
susceptible constitution, the otller of tlle germs of 
the disease. Still less can I enter up011 the subject 
of fraternal characteristics, which I have also worked 
out. I t  ~vil l  suffice for the present to have shown 
some of the more important conditio~is associated 
with the idea of race, arld how the vague word ' type ' 
may be defined by peculiarities in hereditary trails- 
mission; at  all events, when that word is applied to 
any sirlgle quality, sucli as stature. To i~lclude those 
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numerous qualities that are not strictly measurable, 
we must onlit ~eference to number and proportion, 
and frame the definition thus: ' The type is an ideal 
form towards vhich the children of those who devi- 
ate from it  tend to regress.' 

Tlle stability of a type would. I presume, be meas- 
ured by tlie strength of its teildency to regress; thus 
a mean regression frooi 1 in the mid-parents to ? in 
the offspring would indicate only half as much sta- 
bility as if it had beer1 to :. 

The mean regression in stature of a population is 
easily ascertained, but I do not see muc11 use in know- 
ing it. I t  has already been stated that half the popu- 
lation vary less than 1.7 inches from mediocrity, this 
being what is technically known as the ' probable ' 
deviation. The mean deviation is, by a well-known 
theory, 1.18 times that of the probable deviation, 
therefore in this case it  is 1.9 inches. The mean 
loss through regression is 6 of that amount, or a little 
more tllan .G inch. That is to say, taking one child 
with another, the mean amount by which they fall 
short of their mid-parental peculiarity of stature is 
rather niore than six-tenths of an inch. 

With respect to these and tlie other numerical esti- 
mates. I wish emphatically to say. that I offer them 
only as being serviceably approximate, though they 
are mutually consistent; arid with the desire that they 
may be reinvestigated by the help of rnore abu11-
dant and much more accurate measurenlents than 
those I have had at command. There are many 
simple and interesting relations to which I am still 
unable to assign numerical values for lack ctf ade- 
quate material, such as that to which I referred some 
time back, of the superior influence of the father 
over the mother on the stature of their sons and 
daughters. 

The limits of deviation beyorrd which there is no 
regression, but a new condition of equilibrium is en- 
tered into, and a new type comes into existence, have 
still to be explored. Let us consider how much we 
can infer from undisputed facts of heredity regard- 
ing the conditions amid which any form of stable 
equilibrium, such as is implied by the word 'type,' 
must be established, or rriight be disestablislied and 
superseded by another. 111doing so I will follow 
cautiously along the same path by which Darwin 
started to construct his provisio~ial theory of pan- 
genesis; but i t  is not in the least necessary to go so 
far as that theory, or to entangle ourselves in any 
qnestioned hypothesis. 

There can be no doubt that heredity proceeds to a 
considerable extent, perhaps principally, in a piece- 
meal or piebald fashion, causing the person of the 
child to be to tliat extent a mosaic of independent 
ancestral heritages, one part coming with more or 
less variation from this progenitor, and another from 
that. To express this aspect of inheritance, where 
particle proceeds from particle, we may conveniently 
describe it  as 'particulate.' 

So far as the transmission of any feature may be 
regarded as an example of particular inheritance, so 
far (it seems little more than a truism to assert) the 
element from which that featnre was developed musL 

have been particulate also. Therefore, wherever a 
feature in a child was not personally posscs~ed by 
either parent, bnt transmitted through one of them 
from a more distant progenitor, the element whence 
that feature was developed must have existed in a 
particulate, though inipersonal and latent form, in 
the body of the parent. The total heritage of that 
parent will have included a greater variety of mate- 
rial than was utilized in the formation of his own 
personal structure. Only a portion of it became 
developerl : the survival of at  least a small part of the 
remainder is proved, and that of a larger part may be 
inferred by his transmitting it to the person of his 
child. Therefore the organized structure of each 
individual should be viewed as the fulfilment of only 
one out of an indefinite number of mutually exclu- 
sive possibilities. It is the developn~ent of a single 
sample drawn out of a group of elements. The con- 
ditions under which each element in the sample 
became selected are, of course, unknown; but it is 
reasonable to expect they would fall under one or 
other of the follo~v~ng agencies: first, self-selection, 
where each element selects its most suitable neigh- 
bor. as in the theory of pangenesis; secondly, gen-
eral co-ordination, or the influelice exerted on each 
element by many or all of the remaining ones, 
whether in its immediate neighborhood or not; 
finally, a group of diverse agencies, alike only in the 
fact that they are not 1111iformly helpful or harmful, 
that they influence with no constant purpose: in 
pliilosophtcai language, tliat they are not teleologi- 
cal; in popular language, that they are accidents or 
chances. Their inclusion renders i t  impossible t o  
predict the peculiarities of individual children, 
though i t  does not prevent the prediction of average 
results. We now see something of the general char- 
acter of the condition3 amid which the stable equi- 
librium that characterizes each race must subsist. 

Political analogies of stability and change of type 
abound, and are useful to fix tlie ideas, as I pointed 
out some years ago. Let us take that which is af- 
forded by the government of a colony which has be- 
come independent. The individual colonists rankas 
particulate representatives of families or other groups 
in the parent country. The organized colonial 
government ranks as the personality of the colony, 
being its mouthpiece and executive. The govern- 
ment is evolved amid political strife, one element 
prevailing here, and another there. The prominent 
victors band themselves into the nucleus of a party: 
additions to their number, and revisions of it, ensue, 
until a body of men are associated capable of con-
ducting a completely organized administration. The 
kinship between the form of government of the col- 
ony and that of the parent state is far from direct, 
and resembles in a general way that which 1conceive 
to subsist between the child and his mid-parentage. 
We should expect to find many points of resemblance 
between the two, and many instances of great dis- 
similarity; for our political analogy teaches us only 
too well on what slight accidents the character of 
the government may depend whcn parties are nearly 
balanced. 
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The appearance of a new and useful faniily pecul- 
iarity is a boon to breeders, who by selectiori in mat- 
ing gradi~ally reduce the prepoliderance of those 
ancestral elemelits that  endanger reversion. Tlie 
appearance of a new type is due to causes tliat lie 
beyond our reach; so we onght to welcome every 
useful one as a happy chance, and do our best to 
domicile a r ~ d  perpetuate it. TITlien heredity sllall 
have become much better, and rnore generally under- 
stood than now, I can believe tliat we sliall 1001; upon 
a neglect to conserve any val~lable form of family 
type as a wrongful waste of opportunity. Tlie ap- 
pearalice of each new natural pecnliarity is a fa1 teririg 
step in the ul~ward journey of evolution, over wl~icli, 
in outward appearance, tlle ~vliole living ~vorlcl is 
blindly blulideririg and stnmbling, but ~vliose general 
direction mk~n has the intelligence dimly to discern, 
arid whoseprogress lie has power to facilitate. 

A N E W  T H E O E Y  OF COHESION. 
SINCEa great part of tlie relatio~is discussed in a 

paper by Dr. 11. Whiting, on a new theory of colie- 
sion (Proc. Ainer. ncncl., s ix.  3X) ,  are determined 
by the equation between tlie pressure, ~olursie, and 
tempelature of a given quantity of the substar~ce 
considered, a comparison of the form of this equa- 
tion as given in this paper witli fornis previously 
proposed affords tlie readiest rriear~s of cornphring 
tlie author's results with those of previous invea~iga- 
tors. The equation proposed in 1573 by Van der 
TTTaals has tlie form 

ellat of the present paper (see p. 376, third equation) 
nlay be written 

( P  + (1 - $ ; ) C  = Bt. ( 2 )  

I t1  botli equntio~is. p, G, anti t denote plesiure, vol- 
ume, and absolute temperature : tlie otlier letters 
denote constants. to be detern~iried by the nature of 
the substance considered. 

We may get some idea of the numerical difference 
in tlie indication% of these ecyuatious, if we observe 
that the ratio of the volume of the critical state to 
that wliicl~ ~vonlcl be required by the laws of Boyle 
arid Cliarles is 0.3'75 b) the first equation, and 0.336 
by t l ~ e  second ( the  experiments of Dr. dndrews give 
son~etliing like 0.414 for carbonic acid). Again : 
the latio of the vol~une of the  critical state to that  
a t  absolute zero would be 3 by tlie first equation 
(which, I iowe~ er, mas not intended to apply to sucli 
a detrrmination), and 3..58 by the second. 

Tlie eqiiatioll of Dr. Whiting has an important 
property in common v i th  that  of Van der Waals. 
If we use the pressnie, volume, and temperature of 
the critical state as w i t s  for the measulelnerit of the 
pressure, volume, and temperature of all states, the 
con3tants will dlsanl~car from either eauatioi~,  and 

. A  


v e  obtain a selatiori betneen the pressure, volume, 
and tempera t~ue (thus measnred), mhicli sllould be 
the \ame for all bodies. From this property of his 
ocluatioil, i~ideperider~tly of the part~cular relation 

obtained, Van der TVaals has derived a consider-
able number of interesting conclusionr, R-hich would 
equally follow from tlie equation of Dr. TT7hitilig 
(see the twelfth and thirteenth chapters of the Ger- 
man translation of the memoirs of the former, by 
Dr. Itoth, Leipzig, 1881). One of these is men-
tioned in Dr. Whiting's treatise, p. 427. 

I t  is nell lrnonn that the eqnation of Tar] der 
TQaals agrees with experinlent to an extent mliicli is 
quite remarltable when the si~nplicity of tlie eqna- 
tion is considered, and the complexity of the problem 
to which i t  relates. But it xlas not intended to he 
applied to states as dense as the ordinary liquirl 
state. Dr. Whiting's equation, on tlie otlier I~and,  
seems to have been forrned nit11 especial ~eference  to 
the de~lser conditions of matter, and, from tlie nnmer- 
ical verifications wliicli are given, would appear to 
represent tlie ordinary liquid state, in sollie respects 
a t  least, much better than the equation of Tar1 der 
TTTaals. The principal ~erifications relate to the 
coefficient of expansiori and the critical tempera-
ture. When the pressure may be neglected, as in 
the ordinary liquid state, eqnation (2) gives 

where r is the coeflleient of expansion (2;).A . , 
very elaborate comparison is made between this 
equation and the experiments of Xopp, Pierre, and 
'rborpe, An empirical formula of Dr. JIendelejeff 
is also considered, wliicll gives 

a value of de/dt nbont one-third as great a? Dr. Whit- 
ing's. TVe may add that the ecluation (1)of Van 
der Waals mould g i ~  e 

c? P ..= 3e2 + 2te3. 
UC 

a value of dr/dt about one-third greater than Dr. 
TQliiting's. The result seems to be tliat the indica- 
tions of experiment lie between tlie folniulae of Dr. 
\Tliiting and Dr. Mendelejeff (pp. 424 f f . ) .  IVe may 
conclude that they would not agree so well wit11 that 
of Van der TVaals. 

Each of the  equations (1) and (2)  nil1 give the 
critical temperature when we linow tlle coefficient of 
expa~lsionfor a given temperature. Dr. Whiting has 
calculated the critical tempera t~~re ,  by means of his 
equation, for twenty-si\ substances for which this 
temperature has been obserxed. The calculated arid 
observed ralues generally dlffer by less tlian ten 
degrees Centigrade. An equation delived by 'l'liorpe 
and Ri~clrer, in part frorii the formuld of Rle~idele- 
jeff above mer~tioned, arid in part ftoni a principle 
of Van der TT'aal~, gives about the s a n e  agreement 
with experimeut. We may add that the general 
equation of Van der TVaals, talcen alorit~, would give 
for the critical temperature tc the formula 

S(21e + 1)"'' = 27r(te + 1 ) '  
which does not seem, froni the test of a few caqes, to 
agree .o well with experi~ncnt. 


