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PREFACGCE

HERE 1s a prevalent but mustaken notion that dermatoglyphics have
no importance beyond their use in personal 1dentification Perhaps
becanse the publications of research are scattered and the generalizations
1y hidden in plexities of descriptive method 1t 1s not generally
apprectated that the patterungs of eprdermal nndges on fingers palms toes
and soles have broader and more fundamental sigmficance The con
figurations are formed in the early fetus and they persist unchanged Their
yanants exhibit differential trends among races between the sexes and
among constitutronal types Dermatoglyphics also elundate vanous
morphol ! principles including bodily symmetry Some traits of the
dermatoglyphics are hentable hence they are useful in recogmzing the
types of twins and have promise of application 1n cases of questioned
patermty With these and related topics forming its central theme the
present volume 15 designed to fill the want of a comprehensive treatise
on dermatoglyphics For those of a biological turn—especially anatomists
phystcal anthropol phystaans d mn constitution geneticists
and zoologists—the baok 1s 1ntended as a means of acquarntance with a
relatively neglected aspect of human biology Though aimung to bring the
btalogical phases of the field alse to the attentian of workers 1n dentifi
cation this Introduction to Dermatogly phics does not purport to be an
account of routine methods for finger print men who alreads have avail
able several excellent manvals of practice
The text 1s arranged in three parts and a representatie working
ibliography 1s appended Part I supplies histonical background and a
general onentation of the feld Part IT deals with methods and deseniption
Part IT11s devoted to the more fundamental biological phases of dermato
glyphies Itis suggested that the reader might pass from Part I to Part 1T
refernng to Part Il as questions on methodology and desenption anse
Several colleagues sn research—orma Ford G Tyler Mairs D C
Rife and now deceased Heinrich Poll Inez Whipple Wilder and Harnis H

u




Vi1 PREFACE

‘Wilder—have furthered indirectly the preparation of the book Debts to
them for benefits gained from personal discussions and correspondence
have accumulated since 1922, when our interest 1n dermatoglyphics had
its beginning  For reading parts of the manuscnpt we are mdebted to
Beverly Blood, Edwin A Ohler and H M Johnson, all of Tulane Univer
sity, G Tyler Mairs of the Finger Print Bureau of the City Magstrates’
Courts, New York, D C Rufe of Ohio State Umiversity They have read
cntically and their comments have been helpful Any errors of omission or
comnussion which rematn are our own Genevieve Lee made drawings and
graphs for most of the new 1llustrations Sarah Dyson typed several drafts
of the manuscript 1n successtve revistons Sources of borrowed 1illustrations
are indrcated 1n legends of individual figures, additional courtestes in con
nection with ilustrations are here acknowledged Figures credited to
H H Yiilder and I W Wilder are mostly printed from blocks onginally
used 1n publications by these authors therr collection of cuts having been
placed at our disposal by authonties of Smith College For the mit of cuts
prekusly used 1n our own publications we are indebted to The Wistar

of A , to The Si Monthly and to the Journal of
Cnnminal Law and Cnmmclcgy

Harorp Culnass
CrarLes Mmro
NEW ORLEANS
Augnst o 1043
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HISTORY

PRiITVE KN\OWLEDGE OF DERMATOGLYPHICS

HE patterned traceries of fine rdges on fingers palms and soles

must have aroused interest long ago though when 1t was that men
first noticed ther never can be known Thete exist records that mdicate
acquamntance with these traceres or
dermatoglyphies  long prior to the
pertod of saentific study One of the
most telling fragments of thuis unwntten
hustory 15 an abongmnal Indian carving
found at the edge of hepmkoopk Lake
m Nova Scotia Within the outhne of a
hyman band scratched n stone are
Tmesroughly representing dermatoglyph
1s and flexion creases (Fig 1) The
thumb the most faithfully pictured
region  bears a spuwal whorl This
petroglyph 1s generally credited with an P1G 1 —An aborig nal Ind an petro-
age of at least several hundreds of years ~ S37n (xove Scot ) represent ng der.
and 1t may be older Itssignificance lies bumanhand (From Mallery )
n the fact that the maher, though living under pnmitive conditions had
become famibar with the dermatoglyphics and flexton creases and was
mspired to engrave a prcture of them

Had the maker ot this petroglyph drawn the whorl o} the thumb as a

design 1s0lated from the outhne of a hand or digit there would have been
no clue o 3ts sdentity as a shan pattern Such)s exactly the status of many
anclent stone carvngs resembling dermatoglyphics discovered i wide
spread parts of the globe In a Utah Basketmaker pictograph * for exam

VDouglas, F I and R d Harnoncourt. Ind am Art of the Lw & d States New Yoark The
Museum of Modern Art 1g3e

3



4 DERMATOGLYPHICS

ple, there are several human figures accompanied by designs of question
able sigmficance ncluding four solated concentric and spiral patterns
resembling the whotls of finger prints The monumental work by Mallery
Pucture writing of the Amerscan Indsans * illustrates numerous examples of
stmlar designs drawn as independent pictures It seems unlikely that they
were mntended to represent finger print patterns though Mallery makes
this the possibility
‘The frequency with which partial representations of the eye are met.

with appeared to me so striking that I requested Mr Jacobsen to ask

the Bella Coola Indians whether they had any special idea 10 employ

1ng the eye so frequently To my great surpnse the person addressed

pointed to the palmar surface of his finger tips and to the fine hnea

ments which the skin there presents, in ks opinton 2 rounded or

longtudinal field, such as appears between the converging or parallel

lines, also means an eye, and the reason of this 1s that ongnally each

part of the body termnated 1n an organ of sense, particularly an eye

and was only afterward made to retrovert into such rudmmentary

condittons

Probably the most famous of ancient * finger print * designs are
carvings (4) on the walls of a Neolithic bunal passage, or dolmen situated

Fic 3 —Carvings which resemble dermatoglyphics onm gramte wall slabs ia the Neol thie
dolmen of L Ile de Gavrums (From Stockss }

One mater

on an island off Bnttany, L'Tle de Gavrimis The dolmen, constructed of
slabs of stone, 1s a gallery leading 1nto an enlarged chamber, the structure
being imbedded 1n 2 low mound of earth Its inner walls are covered with
incised designs—systems of horse shoe form, more or less crcular con
centnic figures, spirals arching hnes, sinuous and straight hines and other
markings, m various b (Fig 2) It 1s claimed by

some writers, notably Stockis and Bndges, that the carvings represent

2 Tenth Annual Report, Buscau of Etbology, 1893
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dermatoglyphics A note pubhished anonymously in France ventures even
the fantastic suggestion that they are reproductions of finger prints of
chieftains, graved 1n the dolmen as an identificatton register Stochis’
publication illustrates the whole series of carvings many of them accom
panied by figures of corresponding patterns 1n actual finger prints The hke
ness of some of the carvings to dermatoglyphic configurations 1s stnking,
but 1n others there 1s no simlanty whatsoever Several authors offer
quite different explanations of the origins of the Gavr'inis designs Faure?
sees in the carvings of this dolmen * moving lines on the surface of low
water un bt

or the tr of d, which must be signs of
conjuring or magic

Under the circumstances it is incautious, to sav the least, to make a
specific attnibution of the designs on the walls of the Gavr'imis dolmen
Certainly indeed the argument of resemblance, upon which the claim
of finger print onigin rests, has insecure support Neither this dolmen nor
any other similar series of gravings on stone furmshes intrinsic evidence of
the use of dermatoglyphics as models since clues comparable to the hand
outhne 1 the Nova Scotian petroglyph are wanting Many designs m
nature resemble dermatoglyphics and they might have served as models
Then too, the symbolisms which may enter into man made designs render
interpretation of their sources a venturesome undertaking, perhaps even
for those versed 1n a subject “which contains so many pitfalls for the
unwary "¢

The worker n clay has espeaially favorable opportuntties for observa
tion of skin patterns, impressed in the plastic mass (5) It 1s not impossible
that pottery making peoples even 1n remote time were by this means
prompted to an interest in finger prints Such prints are often conspicuous
and the patterns may be more compelling of attention in the clay than on
the skin

In figure 3 there s shown a clear finger pnnt dating to the fourth or
fifth century of the Chrnistian era The fragment of 2 clay lamp on which
1t 15 impressed was excavated in Palestine by the late Doctor Badé
Numerous objects recovered at the site bear prints of the same potter
Other examples of prints mn ancent clay objects are known, but all
except the one next to be mentioned lack signs supportng the contention
of some writers that such pnints were applied for personal identification
Recognition of thar identifymg value for which there 1s no convinang
proof, nould sigmfy famihanty with finger print charactenistics Besides,

* Faure Elie Historyof Art vol 1 (naaent Art (Transtated from the French by W Pach )
Garden City Garden City Publishing Co Inc 1037
4 Haddon Alfred C. Evolution sm Arf Scobaer's 1895
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there are indications that the imprints are most often merely marks of the
fingers used as tools, though 1t 15 concesvable that finger prints 1n some

Y B
e B NS
P T"\'e‘\\-i?\“*
ISR

LI

P16 3 —Anidentifiable print on a fragment of a Palestiaian lamp of the fourth or fifth century
A5 (From Bad? Courtesy of the Palestine Instatuse Pocfic School of Relsguon )

Fi6 4 A clear thumb prynt o1 a Chinese clay seal made not later than the third century 8
{(From Laufer Courtesy of the Freld Muscum of Natural Hsstory )
nstances may have figured tn symbolic 1d 101, as a tohen
a relationship of the indtvidual to an object or to an act concerming 1t
The for ful ding of an identifying finger pnnt
in clay 1s stronger 1n the case of the Chinese seal 1llustrated 1n figure 4
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Thus seal, made not later than the third century B C, 15 a pat of clay
which would have been attached to some document, letter or pachage On
one surface 1t bears a name impressed by a personal seal, and on the other
there 15 a clearly defined thumb print The provemence of this print sug
gests its nature as a personal mark, but whether the mark was made witha
purpose equivalent to that of cur VERS
rent finger pnint identification 15 2 “,
debatable question ‘
The significance of prints on old
documents of the East, where the
practice of Imprinting fingers ex
tended over centuries 1s equally
open to unhike interpretations
Figure 5 reproduces part of 2
Chinese deed of sale of a plot of
land executed in the year 1839

Receipt of pay ment s acknowledged
m the deed by the woman heading
the family which disposed of the

P16 5—A Chinese deed of sale 1839
sgued with a finger pnnt (From Lasfer
Courlesy of the Fietd Musenm of Aatural
History)

property As 1s true of many other Chinese documents, this deed bears a
finger print with an accompanying inscription denoting that the priat 1s
a form of signature The inscription reads *Impression of the finger of the
mother born Ch’en

A Chunese contract of loan executed nearly twelve hundred years ago
closes with a formula which 15 1n substance like some other examples
¢ The two parties have found this just and clear, and have affixed the
impressions of therr fingers to serve as a mark > The prints of witnesses are
added Like the print on the Chinese seal and deed and hike the finger nail
wndentions on Assynan clay tablets prints such as these mught only
sigmfy that the persons mtended to leave a tangible sign of thewr par
ticipation 1n an act That sign would have served 1ts object, as concerved
by the participants, without the introduction of any principle concerned 1n
modern finger pnnt identification

The whole palm and sole also may have figured 1n the history of
Chinese hnawledge of dematoglyphies In his work Assa, pubbshed
1563, de Barros (aited by de Pina), records 2 custom prevaling in 16th
century Chma mm connection with the sale of children Prints of the
palm and sole were impressed 1 ink on the deeds of sale De Barros
states that these prints provide agawnst false personation The prac
tice, however, may have been independent of any conception of the indi
viduality of dermatoglyphics
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More P of an app of finger print charac
tenstics 15 the personal marh of Thomas Bewrck, 1753-1828 Enghsh
engraver author and naturalist Bewick made wood engravings of pat
terns of us own fingers (Fig 6) and printed them as vignettes or colophons
1 the books which he wrote The engravings demonstrate famlanty
with the construction of skin patterns, including the details of branching
and mterruption of the shin ndges It has been stated (7) that Bewick
also stamped receipts with an engraved finger pnint Bewick possibly
understood the individuality of finger prnints though neither the marks
themselves nor his custom of using them proves 1t It 15 evident however

Fic 6 —A Hewsck finger print engraved on mood Thomas Bewick engraver and autho r
of works on patural Bustory 1753-1828 (From T entworth and Wilder Courtesy of the Finger
Prant Publishing Associatson )

that he was among the few persons of lus time who are known to have had
exact knowledge of dermatoglyphics and 1t 1s to be supposed that fa
milianty gamed through engraving them would have been intimate
though perhaps not very comprehensive Another personal mark of present
interest 1s the finger print and signature of Henry P de Forest (Fig 7)
blished as a colophon in his brochure on finger print history Doctor de
Forest lumself figures m this listory having made i 1902 the first prnts
officially recorded for personal identification m the United States In this
nstance, unlhke that of Bewick, 1t 15 certain that “ns mark ” was impressed
with knowledge of 1ts uniqueness
Ci 1on of the el of symbol magic and superstition
which may have motivated early attention to finger prints hes outside
the province of this work It suffices to emphasize that the outlook of the
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peoples who made earltest use of finger prints should not be reconstructed
solely on the basis of our own pont of view Be that as 1t may, dermato
glyphics had attracted notice long before the pertod of scientific record
Even folk lore has incorporated a rudimentary cognizance of finger prints
as shown 1n the following Chinese formula for fortune telling n which the

Pic 7—Apnntof Dr Henry P de Forest Compare with figureé the similar mark of Thomas
ewick made & century and a Quarter eather (Cowrfesy of Dr de Forest}

future of the individual 1s predicted 1n accord with the number of whorls

and loops borne on s fingers

One whotl, poor, two whorls, nich,

Three whorls, four whorls, open a pawnshop

Five whorls, be 2 go-between,

Six whorls, be a thef,

Seven whorls meet calamities

Eaght whorls, eat chaff,

Nine whorls and one loop, no work to do—
eat till you are old *

Dactylomancy, strangely enough, 1s practiced even now and in this
country though it does not rank with palmistry i populanty One of the
present authors was the subject of a reading, 1n 1935 made by a finger
print expert who professes ability 1n dactylomancy Though the reader was
supphed with finger prints alone and had never seen the subject the
wdentity was known to ham The report s quoted wm full to ilustrate the
scope of characteristics which purportedly are revealed 1n the priats of
this subject

1 behieve this, as much as I believe anything, that your fingerpnints
tell you what you are Regardless of what you think, or want to be, the
fingerpnnt tells the truth Let us look at your own ths is the hand of
the thinker, as opposed to the manual and physical The whotlindicates
a degree of tenaaity, stamina, stick to-it 1veness, on the other hand you \

SRearranged from A H Smuth Proterbs and Common Sayints of the Chinese Shanghat
1902—quoted by Lauler
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would have double these virtues if you had two whorls (in the thumbs)

You will be shorter ved than your co workers who have all whorls

Persons with ten whorls tend to longevity I judge you to be a man
aged about 45 to 47 years You are a mental worker not a physical
type at all You entered your after 2 long dehb due
to uncertainty—and then decided to be 2 professor In stature you are
close to 6 feet m height and you are not physcally robust You weigh
about 165 Ibs It would not surpnse me but what you were a frail
child You are 2 tireless worker and do not spare yowrself The mtro-
vert type of hand 15 very desirable as 1t represents a sort of balance
wheel 1t 1s far more impetuous than the ten whorl type The whorl
type of hand (extrovert) 1s one that reasons and weighs all sides and
angles to a problem before making 2 decision Were 1t not for the ten

whorl hand the world would constantly run 2muck.

EArry Scrextieic REcorps

It 15 dafficult to set a dividing line between what may be nghtly con
sidered scientrfic hnowledge of dermatoglyphics as distinguished from

Y24 2
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primitive knowledge The distinction 15 arbr
trary and as made here it is only 2 defimtion
of convemence Begming of the saeatific
penod 15 arbitranly set with the first records
which conform to the prevatling notion of what
constitutes a scientific record As moderns we
are inclined to think of manuscnpts books and
journals as media forgetting that pnumitne
conditions of hife restrict the modes of recording
1deas After all the abonginal who carved the
hand on a rock 1 Nova Scotia may have been
as truly scientific 1 spint and method as the
author of a techmical article or book Bewick was
at least an observer of finger pnints and he
mught have been also a practitioner of scientific
personal identification Perhaps the Chinese
who mmpressed his thumb n a clay seal more
than two th d years ago was hhewise

s drawn by Gsew 1683
(From Wentworth and Wilder
Cowrtery of the Finger Frimt
Publssh xg Assoc atsom

foliowmg # stentit pravice Yn teeogead
The facts 1n these and sumlar cases are obscured
by time and the lack of validating records In

spite of a conviction that there was a scientific recogmtion of derma
toglyphics long before the first wrtten records concerning them these
records are at least a defimte milepost of advance
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The old writings of the East, China 1 particular, have been considered

at length by lastonians of finger print science
It 1s probable that the identifying value of
finger prints had been appreciated many
centurses before the appearance of the pub
lished notice (Faulds, 1880) which wmaugu
rated the now extensive lterature on
finger print 1dentification Some of the an
clent writings, however, are of extremely
doubtiul bearing on the question at 1ssue
Relating as they do to finger printing cus
toms, and neglecting explanation of rationale,
these wntings are no more convinang than
the finger print signatures themselves which
witness only that the prints were made

The works of Grew, 1684 Bidloo 1685
and Malpighy, 1686, are among the earhiest
scientific descriptions of dermatoglyphics
Grew presented before the Royal Society in
London a report of his observations on

G o —One of the carlest
ccient fie records of the anatomy
of dermatoglyphics—Bidloo
1685 (From Donkmerser after the
1728 edstson of Bidloo }

patternngs of the fingers and palm He describes the sweat pores the
epidermal ndges and their arrangements, and presents a drawing of

PIc ro—Marcello Malpighi 1628 1694 (A medallion sssued ow the oceasion of the fourth
Internatromal Congress of Anatomy Milan 1938)

the configurations of one hand (Fig 8) Bidloo's book on human anatomy
meludes a drawing of a thumb (Fig ¢) and a description of the detailed



12 DERMATOGLYPHILS

arrangement of the ndges 1 this one digit Though breadths of mdividual
ndges are exaggerated i the drawing perhap3 to emphasize details the
illustration gives evidence of 2 careful attempt to portray the characterts

113

a0

7 g4
S

7
el
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Fo st—Mmyerndra ngs of finger prnts

b4

tics of the ndged surface It was but one year later that Malpight (Fig 10)
briefly described the configurations

‘The hand presents for examination, on 1ts palmar surface, elevated
ndges which course 1n diverse designs On the termmnal segments of
the digits they are drawn mto spirals, if examined mucroscopically they
show the moutbs of sweat glands along their mxddies
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The eighteenth century was marked by the appearance of several
anatomical works in which dermatoglyphics receive mention, among them
Hintze, 1747, Albinus, 1764, and Mayer, 1788 Mayer’s contribution has
escaped previous notice by commentators on the history of ﬂnger print
science. His book is an atlas of ical illustrations, d by
brief explanations The plate of finger prints is here copted in ﬁgure 11
His explanation of the plate contains the following statement, which
opens with the first clear enunciation of 2 basic principle of finger-print
identification:

Although the arrangement of skin nidges 1s never duplicated in two
persons, nevertheless the similanties are closer among some individuals
In others the differences are marked, yet in spite of thew pecubianties
of arrangement all have a certan likeness

In the early nineteenth century several authors made contributtons to
the literature on dermatoglyphics Schroter, 1814, in dealing with the

Fic 17—) E Pufkine 1787-1860 (From Wemtworih and W ilder, ajter Locy Conelesy of fhe
Fonger Print Publishing Assocration )

sense of touch, presents 2 discussion of the morphology of the palmar skin

and illustrates the arrangement of ridges and pores The work of Purkinje

(Fig. 12) is a more important landmark in history, for it was he who in

1823 ﬁrst c]assxﬁcd systematlcall) the varieties of patterns of the fingers

He disti hes “nine princi g of the rugae and sulei
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serving the sense of touch on the termunal phalanges of the human hand
{Fig 13) He mentwons briefly also the patternings of the human palm,
of the hands of monkeys and of the prehensile tail of the spider monkey
A sense of the lugh vanability of dermatoglyphics 1s imphicat 1n us writing,
though at no point does Purkinje suggest that thus varability might be
utihzed mn personal identification His interest was confined to physiolog:
cal processes and the structures which serve them

Another wniter of the early nineteenth century, Bell, has a place i the
history of dermatoglyphics Yu 1833 Bell contrnibuted one of the volumes
in the series of Bridgewater Treatises on The Pouer, IW1sdom, and Goodness
of God, as Manifested 1n the Creation, the title of his work bewng The Hand

Fi_t3—Puskine s n e types of finger patterns 1823 A the transverse curves {plam
arch] B ‘the central long tadinal stna [tented arch] C the oblque stripe [loop ulnar or
radial] D the obhque looh floop. ulaar of rad al) E the almond (whorf] F the spirsl (whorl]
G the ellipse—ell ptical whorl [whorl], ZI the eurcle—ciscular whorl [whorl] T the double
whorl {composite twin loop]

Its Mechanism and Vital Endouments as Evincang Design As an anatomust,
Bell made a searching analyss of the structural and functional adapta
tions of the hand He described, just as they are recognized now, the two
functional advantages mediated by the epidermal ndges Followmng a
consideration of * the fulness and elastiaity of the ends of the fingers * he
writes

But to return—on a nearer mspection, we see a more particular pro-
WA R IBR RORtS A, R o Whrewn shrarasr o farhng i mns.
exquistte, there are minute spiral ndges of cuticle These nidges have,
corresponding with them, depressed lines on the mner surface of the
cuticle, and these again give lodgment to a soft pulpy matter, 1z which
Lie the extremuties of the sentient nerves Had the cuticle been
finely polished on 1ts surface, 1t would have been lismted to touch, on
the contrary, it has a very peculiar roughness which adaptsit to feeing
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A prowision for friction, as opposed to smoothness 15 a necessary

quality of some parts of the skin thus the roughness of the cuticle has

the advantage of giving us 2 firmer grasp, and 2 steadier footing

Nothing 13 so httle apt to shp as the thickened cuticle of the hand or

foot

Purkinje remarks 1n 1823 that some mentiont of tbe epidermal rugae
and sula “occurs 1n every physiological or pit * Through
the nineteenth century and even later such books contmued to nclude
casual notice of the dermatoglyphic features With the advent of finger
print 1dentification, books and articles specially devoted to the subject
multiphed

ERACTICAL APPLICATION IN IDENTIFICATION

The possibility of early use of prints for personal :dentification, 1n the
East, has been suggested The publication 1n 1880 by Faulds (Fig 14)
15 the first item n modern hterature
relating to finger print 1dentification It
1s a brief note appearning mn the Enghsh
journal Aature Taulds, on the basis of
his own observations pomnts out that
chance prints left at the scene of crime
would provide for positive \dentification
of offenders when apprehended The
article was followed promptly by a letter
wntten by Herschel and published 1n the
same journal In 1t Herschel asserts that
he had been actually using this method
of identification in Tndia for about twenty
years Thus while to Faulds s due credit
for having first published on the method
Herschel was the first European of the
modern period actually to practice finger

nnt 1dentification These two men had Fic 1 —Henn Faalds 1843 1930
S\ffcrcnt points of view as to practical (Conrtesy of Dr Hewry P deFerest)
applications of finger prints Faulds envistoned their service especally in
establishing the :dentities of per<ons leaving chance prnts at the scene of
crime and Herschel cancened a broader usefulness the regmstratton of
prints as a measure agamst false personation

The latter part of the nineteenth century 1s notable also for the pubh
cations of Galton, Henry and Vucetich who with Faulds and Herschel
were concerned 1n developing practical methods of finger print 1dentifica
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tion Henry (Fig 15) blhished the scheme of classification which 1s the
most widely adopted of all the numerous systems There are several others,
however, who figure 1n the hustory of this formative period
First mentioned by Galton in 1892, and since then frequently quoted
1n discussions of finger print history, 15 the device used by Gilbert Thomp
son While at the head of 2 surveying party in 1882, Thompson paxd 1ts
members by written orders to the camp sutler The inscription of the
amount on the order was surcharged by is own thumb prnint It seems
to be clear that the thumb print was
intended rot as an 1dentification of Mr
Thompson but as a means of preventing
alteration of the wntten figures When it
15 noted that the duphcate order which
Thompson presented to Galton was
drawn 1n favor of one “Lying Bob,” the
precaution 13 understandable
At about the same tume Tabor a
photographer in San Francisco chanced
to notice the pattern impressed by his
ownnked finger on paper After carrying
out some experiments with finger prints,
he proposed that the method be adopted
for the regstration of Chmese mmmi
grants, where the difficulties 1n ordinary
£ wdentification had been a vexing problem
Pi 15 —Edward Richard Henry  Neither this proposal nor the one made
,’.:,‘:;,')9" (Courlesyof Dr HenryF d¢ \n 1g8¢c hy an unknown resident of
Cinannatt for the use of identifying
prints on ralroad tickets was carried out, but the fact that the suggestions
were made demonstrates early recogmtion of promise of the finger print
method A European parallel (8) 1s that of Wilhelm Eber, a veterinanan
i Berlin who was convinced of the practical usefulness of finger prints
and who formally reported his conclusions to the Mimstry 1 1888, the
Ministry was not mmpressed
Mark Twam dul much ta further popular mferest. 1. finger punts.
through two of his books, Life on the Mississipps and Puddnhead Wilson
Tn Life on the Mussissepps the character Karl Ritter 1s made to say that he
.had read a fortune fronf a thumb print, and that he had known 2n old
French prison keeper who 1nsisted that the hines in the ball of the thumb
are never exactly alike 1n any two human bemngs and that they do not
change from the cradle to the grave These basic wdeas are amplified n
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Pudd'nhead Wilson Pudd nhead’s address to the jury has been charac
tenzed as “one of the finest explanations of the logical basis of finger print
1dentification ever given either in fiction or in hfe (48)

The source of Mark Twamns finger print plot 18 not known though
doubtless he recetved the 1dea second hand as did Galton Henry or any
one of many others who bt on foundations already laid Herschel states
that hus interest in finger prints probably ongmated by mspection of
Bewick s mark Faulds was an onginator and 1t appears that some others
Tabor for example were also ongmnal Laufer takes the position that
ongal 1deas are so rare that ‘ 1t 1s most unhkely that a complex series
of 1deas as presented by the finger print process was several times evolved
by different nations [or individuals] independently ° However and not
withstanding the antiquity of the use of finger prints in China there 1s
no need to assume that allideas about finger print 1dentification must have
stemmed from that source

Finger print 1dentification was wtroduced on a large scale only after 4
period of probation extending through several decades The method now
15 m umversal use and has been extended from its ongmal cnminal
hmitations to varied apphications in civihan and military Iife So many have
participated 1n this expanding use and 1n developing detatls of method that
the hsting of names and individual contnibutions would encumber what
1s intended to be only a sketch of the main historical framework

CURRENT POPULAR INTEREST IN FINGER PRINTING

The use of prints 1 dentification has attracted widespread mterest
Mark Twain s example of using a finger print plot has been followed by
many 2 wnter of ficion More effectively, accounts in the press have
brought constantly to the attention of readers the operation of the finger
print method through reports of cases of identification of criminals the
unknown dead victitus of amnesia and the bke Feature stories addresses
and radio talks are active outlets of information on the subject The foot
prnting or palm pninting of newborn mfants the finger printing of
soldiers sailors and certain classes of employees as well as widespread
finger printing of civilians in the war emergency have broadened first
hand famthanty with the objectives of personal identsfication

The fruats of this dissemination of interest in finger prints are apparent
It 13 not uncommeon to read about a troop of Boy Scouts engaged m a
finger printing project, or of the members of 2 club or the citizens of 2
commumty responding enthusmastically n a finger printing campagn
The Federal Bureau of Inv and other of law enforce
ment have extended to avilians mvitations to be finger printed and the
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favorable reception 1s measured by the large number of finger print cards
now deposited 1n officral files

For several years the toy stores have carned simple finger print kits,
and 1t may be taken for granted that the youngster who possesses the kit
will acquire sotme knowledge of the character of finger prints and of their
individual differences as revealed among his relatives and friends But a
boy need not await the ownership of this equipment to learn something
about the subject Comic strips and cartoons often feature finger pnints in
identification “Tarzan of the Apes”” was proved to be the son of Lord and
Lady Greystoke, by means of finger prints which as an infant he had made
m touching with inky fingers 2 page of the fatber’s diary The youth’s
interest also might be aroused by a puzzle i which 4 name 1s hidden i a
labyrinth of Lines, a purported finger pnnt Quite recently there has been
patented a finger print game,® “Fingo Printo ’ which 1s played on the
ponciple of “Bmngo ' Each player 15 supplied with a large card beatng
the outline of a hand and designs of finger print types The chips are small
cards each bearing 2 single prnt On successive deals the players endeavor
to fill all five finger bulbs with specified prnts

Popular notice 1s gamned even through advertising wnters, who some
times turn to finger print scrence for 1deas toward their copy This copy
m turn carnes its mfluence farther, and m 2 way that 1s bound to mstil an
appreciation of some of the principles of finger pnnt wdentification The
clothier tells hts prospective customers that ‘ A finger print 1s an un
questioned means of 1dentification So 1s —— s label ’7 A garm:nt maker
who wishes to emphasize the distinctiveness of hus wares claims that the
garment has ‘“‘personality,” and 1s “as mdividual as your finger print ”
Even the qualities of latent prints are not néglected The producer of 2
brand of tobacco advertises ““Wanted—the 123 232 missing pipe smokers
whose thumb prints are on the wrong packages of tobacco * The publishers
of a popular magazine also based recent advertising on Jatent pnats on
copies of the magazine collected from homes “Inside the covers of
Magazine we found an average of 407 8 clear fingerprints per copy
We found the thumbpnints of 3 26 different persons on each typcal copy

TWith all these signs pointing to broad populanzation of finger prints
15 apparent. that the day 15 saon coming, when there wil be po louger a.
sigmficant objection to finger printing The feeling aganst 1t 15 on the
wane, though there are still some who regard finger printing as a stigma
because they assocate 1t with the police records of cnmunals It 15 not too

#The game was devised by E Rerchert, a finger print expert of \ew York City
7 The quotations in this parsgraph are from actual advestisements
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much to hope that umversal registration of prints will be cventually
realized (Chap 8) Objections can be based only on misconceptions
namely that the method 1s tanted by 1ts cnminal application and that
compulsory registration would violate principles of personal hiberty

BrorocicaL PHASES

Certain biological principles are basic mn finger pnint 1dentification
(a) Individual epidermal nidges are so highly vanable that their charac

2 LA Rl
1016 {From ¥ emtworth ond Wilder ofier Loty Courtery of the
smger Pront Publsshing Associalion )

Fi6 16 —Franas Galten 13a:

tenistics even 1n a small area of a finger palm or sole are not dupheated
either 1 another region or 1n a diff individual (b} The confi
and details of individual ndges are permanent and unchanging (c) The
10n types are ind lly vanable but they vary within mits
which allow for systematic classtfication
How these principles came to be established in the minds of those who
fiest recngruzed them remaas unknown though tt may be assumed that the
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process would have been essentrally no different from the recorded expe
rience of Faulds Faulds relates that he first became attracted to the study
of finger pnnts by the finding of impressions on ancient Japanese pottery
This led to an examnation of “the characters of the skin furrows mn
human fingers generally,” which convinced him of the high degree of
vanability of paiterns and of their “for ever unchangeable * character
The observations prompted Ius proposal of the use of prints i 1dentifica

tion and stimulated his further wnvestiga
3 tions of dermatoglyphies in different races
and m monkeys Others before and after
Faulds perhaps directed by some obser

vation as casuzl, might easily have been
led nto independent studies of finger
prints  Warkers pnmanly engaged w per

sonal identification anatomy physical
anthropology zoology and genetics have
turned to studies of vartous phases of
der dyphies Their 1ons form
a body of lving history since they are 2
part of the working literature of cucrent
stuthes It nould be pomtless to name all
] these authors and to ndicate therr 1nd

vidual studies but ther: are some whose
proneer work 1s 50 hughly sigmficant as to
Pic 17—Harns Hawthorne Wilder ment special mention even if 1t must be

1864 1928 bref
Galton (Fig 16) pxonened n i\mdamemal finger print studies cnn
cerned with y, cl e and racial

Wilder (Fig 17) augurated a program of biological mvestigations
with a study of comparative dermatoglyphics His first paper on the sub
Ject was published 1n 1897, and m the following three decades he contin
ued with studies devcted to morphalogy the methodology ul plantar and
palmar d pk h and racral diffe

# There 13 at the University of Londen a Galton Room which hous s memorabilia ofy
this great brologist—photographs Jetiers finger prmt matenal, and many mstruments of
which some were specially designed for his studies of fimger prunts

#1t may be of mterest 10 note the stmulus which prompted W ddec's studies m the feld
of dermatoglyphics On first meeting ooe of the present authors (Cammuns) Wilder beld out
bis right band sod said  Natice Baw the hypothenar pattern rescbles that of the moakeys.
Long ago my attention was directed to this sm lanty and the sperulation aronsed by 1t was
the stunulus for my later work. (See frontispiece )
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Inez Whipple (Fig 18) a student and later the wife of Wilder began
her study of dermatoglyphics with a comparative survey which 1s a classic
i the field (147) Early dunng the penod of Mrs Wilder s study two
other pioneer workers were engaged n research on comparative derma
toglyphics—Schlaginhaufen and Kidd

hastine Bonnevie has accomplished more than any other person
analyzing the inhentance of finger print charactenstics Her first major
contribution (44) was followed by a succession of ymportant studies on

# ]
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Fo 18-~Ioez Whpple Wilder F o 19 —Hennich Poll 2877 1939
1871 1929

various aspects of inhenitance and on the embryological processes leading
to the expression of particular configurations

Hemnch Poll (Fig 19) devised novel and revealing methods for lhc
analysis of finger prints He 1y 1 ractal diffe
variation within races constitution and symmetry

From the work cf these and c!hcr investigators whose interests have
heen centered on hiologeal the sub af Part 3w this
volume 1s drawn and thewr mmnhut\ons figure largely Part 2 also
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GENERAL CONSIDERATIONS

RioeED SEm

HE palmar and plantar surfaces of the human hand and foot are
clothed by skin which 15 different from that covenng other parts

of the body The skin here 15 continuously corrugated with narrow ndges
and there are nesther hars nor sebaceous (oil} glands Sweat glands are
2bundant and of relatively large size Further distinctions of thackness and
of histological structure, are observable by dissection and by microscops
cal exammation Ridged shin 15 not strictly confined to the palmar and
plantar surfaces Ridges occur over the tips of digits, and on the digital
margmns, where as along the margins of the palm and sole they extend
about halfway to the dorsal surface The extent of ndged skin 1s em
phasized 1 the Negro by reduced pigmentation throughout the areas of
dermatoglyphic specialization

The palms and soles of all primates bear ndged skin and the ta.ls of
certam monkeys and the paws i some mammals other than primates also
are thus charactenized (Chap ¢) In no group other than primates, how
ever, 15 this volar specialization consistently present

Prior to 1926, when the word dermaloglyphics was proposed (276),
there had been no satisfactory term embracing the skin patternmgs of
fingers, toes, palms and soles Dermatoglyphics (derma, skin + glyphke,
carve) 1s a collective name for all these mtegumentary features, withn
the lumits to be defined, and 1t applies also to the division of anatomy
which embraces their study The word 1s literally descriptune of the del
cately sculptured skin surface, mnclusive of smgle ndges and therr con
figurational arrangements Flexion creases and other secondary folds are
nat. elements af dexmataglynbics Thaugh the tarm bas came ta he gen
erally adopted among brological investigators the practical finger prnt
man bas had no reason to subshitute 1t for s own useful and famibar
terms Most commonly, he needs only to refer to finger prmts or patterns
and his field 1s adequately designated by any one of several names, such
as dactyloscopy

T

22
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The structural specializations of palmar and plantar skin are advan
tageous 1n the functioning of contact surfaces Corrugation of the surface,
morstening by sweat and absence of bair counteract slipping, this adapta
tion being recognized 1n the term fricfion skin Like the milhing on the
handle of a tool or the tread on an automobile tire, the ndging serves as an
ant: shpping device The drag against 2 surface as the skinis passed over it
m Thtteased by mmbrication of the epidermal ndges Imbncation 1s
detectable (133) when the end-on profiles of ndges are examined under a
lens, and 1t 1s evadent also 1 sections cut vertically to the surface of the
skin and across the ndges (Fig 20) Varying among regtons and individuals
1n 1ts presence mbrncation 1s evident as skewing of the contour of the

VTN A ST
Fic z0—A D agrammatc profile of ndges w thout mmbncaton B Actual profiles of
wmabrcated ridges traced from a hustological sect on (Kidd )

ndge Ridges mithin a hmited area all have thewr shewed margns facing
the same direction

Abundant nenve endings 1 the skin of the palmar and plantar surfaces
serve the sense of touch Their functioning 1s axded by corrugation of the
skin In testing the texture of a surface the fingers or palm are rubbed
back and forth over1t The drag against the ridges heightens the intensity
of stimulation of the nerve endings Galton (57) supplies a vinid descrip-
tion of the process

It 15 interesting to ask a person who1s ignorant of the real intention,
to shut his eyes and to ascertain as well as he can by the sense of touch
zlone, the matenal of which any object 15 made that )s afterwards put
into his hands He wll be observed to explore it very carefully by rub-
bing its surface tn many directions and with many degrees af pressure
The ndges engage themselves with the roughness of the surface, and
greatly help in calling forth the required sensation, which 1 that of a
thnll usually faint, but always to be perceived when the sensation is
analysed and which becomes very distinct when the indentations are
at equal distances apaxt asin a file orin velvet

The effectiveness of ef ) ridges in heigh f ] ce
15 mereased by the arrangemenls of ndges mn paucms As Whipple (147)
h the pattern ar t shpping dless of the

dlrccuon of drag because the dcslgns are formed by nidges coursing 1n
different directions Tactile acuity also 1s favored by the patterned
ar of ndges In exp on tactile acuity Schlaginhaufen
(144) makes use of two-potnt d scimination, the subjects being tested for
ability to recognize the duality of stimulation when the skin 1s touched at
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‘.wo powts simultaneously A measure of the refinement of this ability 1s
afforded by the distance separating the two powts of a compass esthesio
meter The findings ndicate that two pont discimination 1s more acute
when the points of the compass are applied in a Jine at night angles to the
ndges than when they are aligned with the ndges From thus 1t follows that
the patterns multiply the opportumties for contacts most favorable for
tactile acuteness

Ridge breadth, according to Galton (57), does not afford a propor
tionate index of discimnative ability in different areas of the same hand
Though ndges in the palm are but 189 broader than on fingers {24),
the compass pomnts, to be recogmzed as a double stimulation, must be
more than four times farther apart 1n some regions of the palm than on the
fingers

PriNTs OF DERMATOGLYPHICS

Accustomed as we are to examming contact pnnts rather than the
features themselves, no awkwardness 1s sensed 1a the use of “finger
print” to sigmify the actual pattern of the distal phalanx ! Other regions
may be Slmllm'ly described 1n terms of their prints The indirection in such
a phrase as “indtvidual differences of finger prints” somehow has become
!css u.nsecmly than would be the case if one were to refer for example, to

d of ph hs of fingers ”

The mpressions left n ordimary contacts with objects are termed
chance prints or finger print fraces Chance pnats may be Jearly visible
transferred from smeanngs of the hand with mk, paint blood or other
substances or impressed 1n a plastic mass, such as clay Chance prints
usnally are Jatent, mvisible or only fantly visble bemg formed by a fim
of natural skin secretions or of colorless foreign matter adhering to the
skin Latent prints may be rendered visible by various methods of develop
ment The impresstons which remamn after ordinary contacts of the hands
are exemplified 1n figure 21, whnch illustrates a sheet of bank checks care
lessly handled by investigators searchung for evidence 1n a case of forgery

A umique seli-developing vanety of latent prints (31) 1s illustrated m
figure 22 These “prints” are formed 1n growths of bactena seeded by the
touwch.nf. a thnmh an. the snrface. of. 2. solud. cnltare,. medimm. Thangh ifos
quite unlikely that such pnints would assume an importance in personal
1dentrfication, this demonstration 1s a novel addition to the hst of matenals
composing latent prnts, aside from its sigmificance bactenologically

1The word “finger” 1s commonly used to mclude the thumb as well as fingers 1 the
stnct sense
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Plastic materials of suitable consistency and texture yield i 1mprcssmns
which may be either chance prints or purposefully made T in
clay are discussed in Chapter 1 in oonnectlou with the history of dermato-
glyphics. Only rarely are such prints presented to the identification worker
or chosen by the biological investigator as a form of record In some

!

ooy o e
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Pi 21 —Latent prints on paper, developed with silver nitrate (Co-mxy of 3 Fdwre O Nesll
and the Journal of Criminal Law and Crimixcloty

materials these negauvc impnnts are r:glstered mth fine detail, as in the
s)ab of dental imp pound il in figure 23. This pnnt

, is one of identical finger prints produced in the
seances of the medium ** Margery,” purportedly impressed by the phantom
thumb of the medium’s deceased brother (50). It will be obvious that a
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prnt rendered 1n the negative 1n clay wax plaster or any other material
allowing for remstration of the skin details would be a switable mold for a
positive cast showmg the true rehefs of the dermatoglyphics Such casts

Fi 22 —Prnts formed by growth of bacteral colomes the organ sms having beur seeded
10 the culture med um by contact of a thumb {(Courfesy of A Eduwsn O Ne ! and the Joxraal

of Crim nal Low and Cr minology )

are sometimes useful The method does not yeld a record which 1s hiterally
a pnot but 1t 15 not unfitting to refer to these positive impressions as

prnats
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The term ‘ print 15 applied popularly and 1o a loose sense to any
contact impression of the skin evenif it 1s a mere blob or smudge (Fig 24)
The prnts made by the bological imvestigator or by the rdentification
worher are clearly decipherable impresstons usually 1 1k corresponding
m quality to that shown as a companion to the blob m figure 24

PIG 24 —A clear finger print contrasted w th a featureless blob

CHARACTERISTICS OF SINGLE RIDGES

Even without magmfcation the skin ndges (epidermal ndges or
rugae) are evident as shghtly elevated nbbings of the surface separated
by narrow grooves (sulct) The surface might be compared to the appear
ance of corduroy but with the important difference that epidermatl ndges
do not course unmnterruptedly like the nbs of corduroy, nor are they
straight except over areas of limited expanse

The detaled superfictal construction of indhwidual ndges may be made
out by examining the skin with a magmfication of several diameters
(Fig 25) Individual mdges present numerous interruptions branchings
and other wrregularities these details as they appear m prnts will be
considered later On the ndge summts are the onfices of sweat gland
ducts each ndge having 2 single row of these pores spaced at {auly regular
mtervals The ndges frequently show transverse constrictions (Fig 39)
suggesting a segmentation mto units each umt being assocated with one
sweat pore (z1) These mndividual segments are sometimes completely
disjoined forming islands. The distances between successive sweat
pores an a ridge are usually about equal to the width of the ndge

Largely through the efforts of Locard methods have been devised for
the study of swcat pores from the standpont of their variations and use
fulness 1n personal rdentification The pores are commonly evident n
prints made by other methods but Locard s process of developing with
lead carbonate or other metallic salts 1s specially adapted to demonstrate
them The vanations embrace the number of pores in a umt area their
pattern of d stribution the spacing between successive pores alignment
with reference to the axis of the ndge and conformation of the pore out
lines as registered 1 prnts The charactenstics of sweat pores arc as
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imdividual as the munute details of ndges The indinduality expressed
dermatoglyphics 15 evidenced on an extensive scale the pores within any
area being many times more numerous than ndge details Even 1f a small
patch of skin 1s devoid of other significant ndge charactenistics the pore
details are to establish dentifi of an mdwndual

Ridge breadth over the hand as a whale averages ¢ 48 mm 1n young
male adults (24) With an average of 043 mm 1n young adults women
have narrower ridges than men (30) Regional differences 1n the hand are

marked (Chap 11r) Inspection mdicates that the sole 1s distingmished b
coarser ndges but q 1ve data for the are not avallabl

Rudges are extremely narrow in the infant and they gradually broaden as
the ch Id grows but there are no changes in their ongnal charactenstics
of branching ending and other details A F Hecht supplies the followtng
breadth measurements calculated from counts mn three prematurely born
infants examined at ages of 114 214 months the breadth in each case1s
015 mm 1n seven term newborns the breadth averages o 18 mm the
range being 0 10-0 22 mm  1n an unstated number of chuldren at ten years

the values are 0 30-0 35 mm
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The details of ridge construction may be best described on the basis
of their appearance in prints, since but rarely are they examined directly
on the skin, Figure 26 is an ink print of the same digit shown in figure 25
In making this enlarged reproduction the ph hic negative was
reversed, so that the print might be directly compared with the photo-
graph of the finger itsell. Contact prints, it will be obvious, present the
features of the skin in a mirrored relationship. In the relation which it
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FiG 26 ~~Iak print of the finger shown 1 figure 25 enlarged to the same scale and reversed
ta facilitate with the actual glan s

bears to the actual skin the print of 2 finger may be likened to a printed
page, the mirrored impression of the type faces,

As in prnting from type, the printing of a finger (or any dermato-
glyphic area) involves the transfer of a film of ink from raised lines and
points In a print made with an optimum amount of ink and proper con-
trol of pressure, the sweat pores appear as uninked dots within the inked
lines which mark the contacts of ridge summits Like a rubber stamp,
the finger ball and ridges are yielding. The pressures applied in making
repeated prints of a finger can never be exactly the same in degree and dis-
tribution, hence two prints of the same digit are bound to exhibit dif-
ferences of technical origin. Variations in pressure, as well as lack of
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uniformity i inking, may mtroduce discrepancies m the breadth of a
ndge or 1 the appearance of z ndge detal A bifurcation for mnstance,
mght be letel d 1n one and 1 another the pomnt
of b bing omght not be ded Inp g two finger prints ident-
cal, the identsfication expert means that there are no matenal differences
between them, and that they are imprints from the same pattern He
knows that they can not be strictly duplicates, since the mechames of
panung are such that immatenal unlikenesses of two impressions from a
finger are mevitable Such purely technical discrepancies between two
prints made from the same finger are readily recognized as such
Excesstve pressure may squeeze ink mto the sulci, which then will be
printed darker than the ndges A print of this character 1s 1n 2 sense 2
negative smpression inasmouch as attention 15 directed to the sula, bere
made more conspicuous than the ridges The sulci obviously present a

P16 27 —Two privts of the same Singer_ofic tn she form of an ordinary ink prnt and the other
(®1th black background) a negatrve

negative counterpart of the ndges, though with the nsual exclusive em
phasis on r1dges hittle thought 1s given to the configuration of the interven
g sular The two reproductions of the same finger print shown m figure
27 are made with the purpose of emph g the mutual rel hup of
ridges and sulaa One of these prints 1s an ordmary contact print The same
print 1n negative form 15 shown with 2 black background, the black lines
beng sula and the umnked imtervals between them representng the
ndges
~ Epidermal ndges are compared earler to the nbs of corduroy, but
contrasted in having lanties of d and
branchmgs Such characters are collectiy ely termed sunutiae or_rsdge
The G _nascent_ndges,
thiough ot usually gmuped among thc mmuuac, have a logical place m
the ton of ndge ch ics Inaipient nidges ke 1 the sula,
they are very narrow and frequently interrupted Such ndges are illus
trated not only in the diegram of minutiae (Fig 28) but also mn the en
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larged actual prints (Figs 26 and 53) They differ from typical epidermat
ridges 1n the charactenistic absence of pores as well as 1 position and
morphology Several standard types of minutiae are illustrated 1n figure
28 An ssland 1n strict usage 1s the ultimate abbreviation of ndge structure,
a umt bearing but one sweat pore Two, three or several such ndge units,
consohdated to form a short ndge, were ongmally 2lso called 1slands by
Galton, though 1t 1s preferable to designate them as shorf ridges and to
reserve the name 1sland for the ulttmate ndge umt An abrupt stop in the
course of a ndge 1s an end or fermnation Occasionally a ndge may branch

formung a bifurcation or fork, if the two ndges were considered as courssng
from the oppostte direction they might be described as fusing but the com

mon designation 1s based on the consideration of one ndge branching
rather than of two rdges joumung Two such branches, however, may

Ines pzent
’ Lnclosure
stand
Znd ‘
Short - Fork
ridge

-
FIG 28 —Charactenst ¢ mumnut ae of mdividual ndges

rejon after a short course, forming an enclosure or eyelet Some special
vanants of ridges are named 1n systems of classifymng and filing single
finger prints

—_— TP

RibcE CONFIGURATIONS

The epidermal ndges form definite local designs on the termnal seg
ments of digits and 1n consistent sites on the palm and sole The high
variability of these configurations makes them useful 1n personal identifica
tion studies of mhentance racial vanation and other biological aspects of
dermatoglyphics

The distal phalanges of fingers and toes present configurations which
according to their general construction are classed (by Galton) as arches,
loops and whorls an example of each bemng illustrated 1n figure 29 All
configuration types except plain arches appear as designs composed of
abruptly curved ndges For convenience, plam arches are often termed
patterns Actually they do not conform to the defimtion of a true pattern,
which, as i a whorl or loop, 15 composed of sharply recurved ndges
The plamn arck, being a succession of ndges coursing across the dint
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transversely 1n a gentle curve 1s actually patternless and 1s a special form
of open field

Patternless configtrations 1n some regions of the palm and sole may
bave an arched form though frequently they lack arerform courses and
are termed open fields The middle and proximal segments of digits rarely
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Whorl Loop Arch

P1G 29 ~—Three tymeal finger prnts whorl loap and arch.

F G 30 —Print of 3 left palm. The t aced hnes are hnes of 1 erp etaton (F om B der
show tme pattems, ther confignratnns hang ansn. fidlds ar emmatin Insal
disarrangements of ndge direction designated as _resfiges.
In the palm there are six configurational zones In each of these the
configuration may appear as a true pattern of one or another type an open
field or a vestige Figure 3015 2 palm print in which only two of these arcas
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are patterned: the fourth interdigital area, lying in proximal relation to
the interval between the ring finger and little finger, and the hypothenar
area appearing in the lower part of the illustration. Both patterns are
constructed as loops. The remaining four zones of the palm are patternless.

The sole has eight regions in which local patterns may oceur. The
territories of six of these areas are included in the print reproduced in
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16 31 —Print of a nght sole The traced lines are lines of ynterpretation, (From Wilier)

figrre 32, The cnnfiguration in the lower part of the Ulustration is an open
field, while the other five areas have true patterns—whaorls and loops.
The configurations of palms and soles, like finger prints, are highly
variable among individuals, the variability expressing itself not only in
the details of ridges but also in the presence or absence of definite patterns
and in the types of patterns which occur.
A consolidation of ridges in tri lar ion lies at the
of three ridge systems of opposed courses, Variable in detail of construction,
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these consohdations may conform to Galtons onginal conception of
deltas but even in the absence of a true delta formation 2 triradiate struc
ture 15 apparent giving the name friradius to these features They have
been likened to three pointed stars each point bemng extended as a
radiant Whorls on digits are each associated with two tnradu and loops
have one (Fig 20) The palm and sole present trrradn (Figs 30 and 31)
which are placed 1n fauly consistent positions 1n different individuals
In palm and sole s well as 1n patterns of the digits the radiants are the

£ ol 11

ongmns of Lines of P which are P

Otner PATIERNINGS In NATURE

There are numerous parallehsms 1 nature of dermatoglyphic con
figurations and of minutize of individual ridges The analysis of what might
be termed the geometry of biology 15 @ field m 1tself *

One of the most stnking 1llustrations of dermatoglyphic parallebsm 1s
the form and arrangement of stnpes
1 some ammals the zebra bemng a
famihar instance (Fig 32) The bands
of pigmentationin the zebra andna
negative fashion the Lght stripes
separating them show remarkable
resemblance to the configurations and
mmutiae of epidermal ndges The
stripes have ends and forkings which
simulate mmnutiae and there are
triangular consohidations of stripes
which resemble tnrade The several

P1c 32 —Configurat ons and  mmu
tae of stnpes nazebra (Traeed fom a  areas presenting unlike directions of

Aol 'k
protoerashy stripes mught be likened to con

figurational areas 1 a palm or sole In some zebras there are regional
organizations of stripes that may be Lkened to dermatoglyphic patterns
and vestiges
Hawr arrangement also 1s suggestinely sumlar to dermatoglyphic
Haurs are p d at a slant from the skin In a restricted
region of the body the harrs slant 1 a common direction {Fig 33) but
sdjomng regions may present quite different slants as exemplified by
the parting of the hair of the scalp and the occurrence of one or two
whorls on the crown Other regions of the body hkewse present local

¥ Cook Theodore A. The Curres of Life New York, Henry Holtand Co 19y Thompson
D W, Grouth and Form Cambndge Unversity Press 1917 (snd ed 19432
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distinctions of hair arrangement, and though that arrangement accords
witha general tog phy, there are individual differences The
areas in which the hairs point umformly mn one direction may be compared
to open fields of the dermatoglyphies The crown whorl and simlar con-
figurations elsewhere are patterns, and the irregulanties locahzed at the

FiG 33 ~—Huir streams on the back of a human fetus the pomting of the harrs being md cated
by artows (From Ludwig

ponts of juncture of three or four areas of different harr slants correspond
to triradn

“Like bands of pigmentation 1n the zébra, the ndged élevations tormed
on the shell of the argonaut and on the grant cactus of the West present
bifurcations and ends resembling the minutiae of epidermal ndges
Inamimate nature 1s not lacking 1o simular 1llustrations Sand whipped by
wind or waves, may show nidges conforming with surpnsing exactness to
the charactenstics of epidermal nidges, with forkings, enclosures and ends
(Fig 34) Swumilarly, some cloud formations exhibit bands with ends and
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forkings Periodic precipitates (Liesegang rings) resulting from diffuston
1nto a gel of a substance reactive with another substance contained m the
gel, behave under some conditions lihe the lines of cellular prohferation
which produce epidermal ndges I the gelas
contamed m a capillary tube of umform
hore and no disturhmg factors modify the
reaction, the passage of the diffusing solu
tion 1s marked by a succession of regularly
spaced discs of prepatate which on edge
view are seen to be perfectly plane Vara
tions m cahber of the tube or sudden
changes 1n temperature produce warpung
and other wrregulanties of these discs? which
as shown in figure 35 are wm edge view
curously hke the rregulanties of eprdermal nidges

The physical prnoples tesponsble for the configuration of wind swept
sand, banded clouds or of penodic precipitates are probably simpler 1n
their operation than the factors which underhe the production of dermato
glyphic 1ons and ndge Nevertheless the forees con
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Pic 34—Rudges and munutiae
1 wind blown san

F16 33 —Periodic precipitates in a capillary tube conts Jung 0 5% sociam 10d d¢ ia 5%
gelatin the reaction bemg produced by diffus on of 10% siver nutrate through the gel The
arregulantses of the precip tation discs 1 the nght hand section of the tube are the result of
a sudden elevation of temperature from 20° C. to 40° C (Cowriesy of Dr Eben J Cavey)

cerned may prove to have more 1n common than mere outward resemblance
of their effects
SEm CREASES

«Fexion creases are not components of dermatoglyphics, but they are
significant because of pecullantties of epidermal ndges coursing 1n them
The flexion creases of the palm are the “hnes” of the palmist Several

1 Carey E 1 Campacative morghalogy of muscle stnations and of penodic precipitates m
capillary tubes, Biodynamica vol. 3, pp 251-32%, 1947
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major creases cross the palm Other creases occur at the wrist, at the
Junctions of digits with the palm, and in relation to the joints between
the phalanges of digets Flexion creases are present also on the sole, though
with the exception of those associated
with the toes they are not conspicuous ;‘4‘%’5’/ =
after early cialdhood Flemon creases] 7= = /‘“Kzfg
represent the location of firmer attach | 2222 Z
ment of the skin to underlying struc e

tures, and they are regions which
remawmn relatively fixed during move

P1c 36-—A Snger TFic 37 —Paris of two palm prats

prat showng  white enlarged showing ridge irregular ties in
lines flegion creases

ment of the parts There occur also, and more frequently in later hie
certain groovings produced by bufkling of the skin rather
than by motion m flexion From thewr appearance in prints
such furrows are known as white lines (Fig 36)
sy

Flexion creases are assotiated with localized defiiencies
of ndge formation (Figs 26 and 37) A senes of ndges
transected by a very narrow crease may appear sharply
mnased Within the wider flexion creases ndges may be
abruptly turned in therr courses and typrcally they are
broad, low and frequently interrupted Their suppression 1s
sometimes so extreme that nidge structures are not apparent,
either 1n direct examination of the skin or in prints The
deficient ndge formation noted tm a flexton crease evidently
15 developmentally dependent upon factors associated with
the amae A sk M s dapand sk 4 13‘“:‘“:‘;;
i figure 38 The proxymal interphalangeal flexion creases bay showing
of this finger are normally present, but in the area where §myeoithe
the distal creases would be expected the print shows no sign ;:n‘:n‘;:‘::s‘
of them The ndges 1n this region are typical i structure Note the lack
and course The distal interphal; 1 jomt 15 iy :’:ﬂ:“’_‘fﬂ d’l’;
not movable, though the X ray shows the jomt to be the r expected

ton

present
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Historocy

The skin of the volar regions like skin everywhere 1s composed of two
mam layers epidermus and dermuis or corsum (Fig 39) The epdermss
the superficial layer 1s subdivided into several strata having different
structural charactenstics Its outermost layer 1s the stratum corneum
composed of an accumulation of dead cormfied cells that constantly

Fic 39 —A three-dimens onal representat on of the structure of ndged sk n The ep dermis 13
partly Lfted from the dermis to expose the dermal pap;

slough as scales from the exposed surface In the volar skin this layer 1s
thick and 1s molded on the surface as ndges and sula The decpest layers
of the epidermis consst of living cells cells which are constantly multiply
g to replace the dead scales lost from the surface of the stratum corneum
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In the wtermediate strata the cells undergo progressive cormfication as
they approach the stratum corneum Every epidermal cell begins 1ts hife
hustory 1n the deepest part of the epidermus and 1s gradually shifted to the
surface, the cormfication occurnng in the course of 1ts migration

‘The plane of junction of eprdermis and dermis s not smooth It presents
closely dovetailed wrregulanties of the two layers The irregulanties of the
dermis are blunt pegs, dermal papillse, composed of more delicate con
nective tissue than that of the main thickness of the dermis In additron
to 1ts framework of connective tissue, 2 papilla enlodges tufts of capil
lanies which are brought 1nto close functional relation with the epiderms
It 1s thus that the epidermal cells recerve therr oxygen and food supply and
deliver their wastes to the blood and lymph Other dermal papillae
possess nerve endings which serve the sense of touch, such endings bemng
more numerous in the volar skip than in other regions

The dermal papillae are arranged in double rows Each double row
hes deep to a ndge of the surface, and presents the same vanations of
direction and minutiae The presence and characteristics of epidermal
ridges are deterruned from therr first formation in the fetus, by prolifera
tons of cells in the zone of epidermes which 15 invaded and molded by the
dermal papillae If a wound or disease process destroys the skin withm
the level of this zone the onginal nidge charactenstics can not be restored
When the damage 1s more shallow the effacement of nidges 1n the wvohed
area 1s only temporary

The thicker portion of the dermis beneath the level of papillae 1s
composed chiefly of a densely woven feltwork of comnective tissue fibers
Its composition and density may be hest appreciated by recalling that
dermus 1s the source of leather Vessels and nerves penetrate this layer of
the dermis and the secreting parts of sweat glands which marnly Le 1n the
still deeper subcutaneous layer, have their ducts extended through 1t to
enter the epidermis

The thickness of the skin and of 1ts component layers varies in different
regions of the volar surfaces, and different individuals present vanations
of thickness 1n corresponding areas An idea of the dumensions involved
may be gained from the following measurements, made 1n a thin section
prepared for microscopical study This section, selected at random, 1s
from the ball of a finger of an adult male The skin1s 18 mm thick
measured from the summts of the epidermal rxdmn
of dermis and subcutaneous tissue The eprdermis and dermis are of
approximately equal thickness, if the measurement 1s made from the ndge
summuts to the himut of the deepest extensions between dermal papilize,
the heights of the dermal papillac measure about © 2 mm The superfictal
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layers of cornified cells in the epidermis are 0 6 mm 1n thickness, account
1ng for about two thirds of the depth of the eprdermus as a whole

Beneath the skin there 1s a layer of loose connective tissue and fat
The looseness of this subcutaneous layer admits mobility of the skin,
though mobility 1s restricted 1n the palmar and plantar areas as compared
with most regions The layer serves as a padding, and 1t contams the
secreting parts of sweat glands sensory nerve endings of a special type,
and vessels and nerves which are on their way to the skin

The secretion produced by sweat glands 1s mamly water It carnes
solution sodim chloride, varymng in concentration from o 2% to o0 5%,
with traces of urea and other salts Some methods of developing latent
prints depend upon the presence of chloride, which 1s concentrated on the
skin by ¢vaporation, in the silver mitrate method the reaction 15 the for-
mation of visible silver chlorde

ConsTANCY OF RIDGES AND THEIR CONFIGURATIONS

Epidermal ndges are developed 1n the fetus in what may be accepted
as therr fixed and permanent character (Chap 10} This differentiation
takes place n the third M____Mmfetahmod henceat1s
impossible actually to observe the earliest continuity of the configuratronal
features However, the processes of ndge development are such that any
change sub to d 15 highly improbable Observation of
ridges 1n the same individual over long periods of time make it certain that
1 postnatal hife there 15 no signuficant alteration 1n the details of ndges or
m their configurational arrangements Dunng the penod of growth of the
body the ndges enlarge keeping pace with the growth of the hand and foot
Wentworth and Wilder (79) llustrate a seres of six prints of the nght
thumb of a child taken at intervals beginnung at an age of nearly five
years, the last print being made at 1434 years Dunng this peniod of
raprid bodily growth the ndges grew, as did the panem as a whole, but
without ct lly With the widespread use of sole prints
and palm prints 1n registration of the newborn, observations more ex
tended 1n time ultimately may be available Abundant illustrations of the
permanency of dermatoglypluc features through later lfe are on record,
and the expertence of finger pnnt 1dentification workers would add many
more cases now unrecorded 1n the literature Galton (57) made repeated
printings of several mndividuals after the passmg of vears but none of his
time ntervals approaches those to be mentioned Herschel first made bis
own finger prints in 18,9, at the age of 26 He made them again at the 2ge
of 44 years, and for the last time at 83 The successive prints show 1o
alterations of nidges and patterns A sumlar demonstration was presented
by Welcker 1n prints of lus own fingers and palms, first made 1n 18,6 at
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the age of 34, and repeated 1n 1897 Another case 1s that of Jenmings (19),
who made prnts of hts palm n 1887, when he was 27 years old, pnints
repeated so years later display no alterations
These and other hke records give suff proof of the y
of dermatoglyphic charactenstics This permanéncy 1s one of the hasic
premises 1n the use of prints for 1dentification Permanency furthermore 1s
a key m varnous biological investigations of dermatoglyphucs,
including studies of inhentance, constitution and race The i1nvestigator
may be confident that he 1s dealing with morphological charactenstics
which appear in the individuals always exactly as they had been from the
first
The permanency ascribed to dermatoglyphics terminates under usual
only with lete post mortem d posttion of the shin
There are, however, some condstions 1n which the dermatoglyphics of a,
hving individual may suffer temporary or permanent disorgamization
The prrats of dish washers, scrub women and workers in Lime, plaster
and similar substances usually show effects of prolonged exposure of the
hands to alkall and water The nidges appear only fantly and are dis
continuously printed yet the pattern type may be recognized by direct
nspection of a finger, and clearly defined impresstons may be made after
these occupations are abandoned Companson with earher pnints shows
that no alteration of the pattern or of ndge details has resulted
Leprosy may produce cutaneous disintegratron of greater or lesser
degree (36) When the damage is shght and superficral the ongmal
charactenstics of the skin may be restored Deeper invaston of the disease
process permanently effaces dermatoglyphics in the regton involved
{Excessive exposure of the hand to the action of \ rays may lead to sumilar
damage of the skin
Burns caustic agents and wounds produce no permanent effect if the
injury 15 not deep enough to destroy the papillae Cuts and abrasions lead
to varying degrees of damage to the ndges An extremely shallow hinear
cut may leave no perceptible permanent defect Should a wound be deep
and extensnve or should active infection occur, the ndges exhubit per
manent imnterruptions and distortions associated with scarnng (Fig 40)
As a rule even shght myunes may be readily disinguished from_the skin,
creases which 1n prints appear as ¢ white lines ™
‘Total destruction of finger prints obviously would result in loss of therr
wentifying charactenstics The loss may not be total even when an in
dividual tries to destroy these evidences of identity Several notorious
gangsters have made such attempts by seaning the fingers with acd ot by
cutting them (23) In these instances only small areas of the patterns
are involved, and each digit retains sufficrent ndged skin to provide for

h Tl




42 DERMATOGLYPHICS

its positive identification From the descniption of the thicknesses of,
the skin layers it will be clear thatif nndges are to be permanently destroyed
the skin must be damaged to a depth of about one nullimeter More
superficial injury leaves unimpaired the regenerative deep portion of the
epidermis and assotiated dermal papillae

A patch of ndged skin may be removed and successfully grafted m
the same individual In a skin graft of sufficient thickness to include the
epidermus and at least the more superfictal portion of the dermis the
ndges retain all their onginal qualities The first recorded case (25) 1s
that of 2 man wha tadvertently slhiced off a patch of skin from the thenar
eminence Immediately he restored this piece to the raw surface and
applied a bandage The shp of skin engrafted ttself and the ndges were
preserved A more remarkable case (37) 1s that of a patient mn whom

P16 40 —A senes of finger prints show ng charactenist ¢ effects of scarmng

grafts were made to correct distortions and contraction of a hand following
severe burns The surgeon wnterchanged patches of skin of a finger tip and
an area on the palm Both graits took,’ and mn consequence the distal
phalanx of the finger now beass & pattern which onginally had been on the
palm, and the palm carnies the finger pattern, both unchanged except
1n the marginal zones of scar

Another instance, made public through Rupley s press feature Believe It
or Mot was thus descnbed “Has 1o finger prnts but only o fingers—He
lost hts thumb 1n an accident and the thumb pnnt was grafted back on the
palm of lus hand ” Investigation of ihis case proved 3ts authentiaty *

Perbaps the most spectacular case (zo) of finger print grafting 1s one
1n whach the slun of all ten fingers was replaced by skin from the sides of
the chest The operation, designed for removal of the finger prnts, was
successful msofar as concerned the grafting of ndgeless skin m their
place—but 1ts object was frustrated, sunce the man was identrfied by
means of ndge charactenstics in portions of the middle segments of the
fingers

4The Ripley feature appeared on May 27 1941 The surgeon who performed the operation
states 1n response {0 & query from the atthors that the case was an emergency and thaths
only ohject was to preserve 1he usefulness of the hand The skom of the thumb was used 1a this
repai because of its availability rather than with any aim to test the preservation of the
thumb pnnt
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METHODS OF PRINTING

HIS chapter provides an mntroduction to methods but only routine

procedures of maling pnnts for identification and for biological
studies are to be described Lvery worker finds that expenence suggests
details of procedure which servejto advantage

EQUIPMENT AND SUPPLIES

The matenals necessary for making mnk prints are few and simple
Several dealers handle equipment and supphes specially made for finger
prnt workers Though equipment may be purchased at little expense
satisfactory results may be obta ned with largely improvised facilities
The essentials are 1pk cards or paper roller, mking slab and 2 pressure
Pg‘d_fgyilw@‘pg_n}s Other equipment suggested later may be
added for the convemence of the operator

Before and after prnting the skin may be washed with soap and water
or the necessary cleaning may be done by wiping with a cloth moistened
n gasohne kerosene benzne or alcohol The same flmds may be used to
Temove rk from the equipment but 1n cleamng the roller their prolonged
action should be avorded

The snk best suited 1s printer s ink the job black of the trade It
yields a dead black print and the mixing oils ensure almost instantaneous
drying Mimeograph ik may be used instead but it 1s hardly as satis
factory Nesther wnting ink nor stamp pad ik 1s smtable for the purpose

For finger print :dentification files standard cords (Fig 41) measunng
8 X 8 inches have heen generally adopted The cards are printed with
spaces for registration of the prints 1n a fixed order and for wntten entnies
umformity being an obvious requisite n 1dentification files Fingers as
well as palms and soles may be printed on pager of the size most con
ventent to the individual worker In selecting paper both durability and
quality of surface are to be considered The paper should have enough
body to be durable and at least one surface should be slightly glazed

45
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It should not be too stiff to conform to the 1rregular contours of the palm
and sole 1 pnnting In the authors coll bled for biological
studtes the sheets measure 814 X 11 wnches The entwe hand 1s printed
on a sheet which carries afso afong the fower margn roffed prints of the
fingers arranged 1n the natural order The digital sequence 15 venfiable
by the plamn prints registered 1n the 1mpressions of the whole hand The
sole prints 1 ths collection are not simularly accompanied by toe pnnts

vewTohn Doe
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LERSE DO WaT FOLD TS CA
F1G 41 ~—A finger pr ot card of the type used by the Pederal Bure.lu of Investigat on {Cou fe3y
of J Edgar Hoover )

for reasons to be explained Schlaginhaufen uses prnted sheets measunng
24 X 24 1nches ruled 1nto sections for registration of all areas of each
subject In addition to spaces for whole prints of both hands and botk
feet he provides for separate impressions of several of the more enitical
regions of the palm and sole Spaces are ruled on the form for the complete
series of fingers and toes but the toe patterns are sketched rather than
printed Elmunation of the multiple sheets which are otherwise required
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seems too small an advantage to p te for the awk . of so
large a form

A roller 1s necessary for spreading ink Rollers spectally designed for
finger pnnting are obtainable, but the soft rollers used by prnters and
engravers also have the desired qualities The firm rubber rollers used 1n
photographic work will serve, though they are not as satisfactory

An snking slab 1s a plane surface on which ink 1s rolled nto a thin film
‘The slab may be of glass, preferably plate glass, or a sheet of polished metat
(e g, copper or brass) solidly backed with wood The size of the slab will
vary according to individual needs and preferences Those tn most common
use are from 4 to 6 inches in width and from 10 to 14 mches in length

A nigid plane surface upon which the card or paper 1s laid dunng the
process of printing 15 indispensable A smooth table top or sheet of glass
meets most requirementsn fingerspnint offices a part of the equipment 1sa
specsal card holder,"whieh prowides a ngd surface and exposes only that
portion of the card 1n 1nmedrate use

A pressure pod .mstcad of a,rlgld surface 1s recommended for printing
palms and soles Thef)ad ma“y “be cut from a chair cushion or “kneeling
pad” made of spun{ rubber Because the pad 1s yielding 1t secures full
contact of the hdllow f the ps palm m pnnlmg Some other devices advocated
for the same purpose make use of a ngid surface, a cylinder or a convex
platform ” A

For prnting' ﬁﬁ?s and palms, a fable of a height best sutted to the
standing of both subject and operator should be provided Such a table
mught be erther an independent prece of furmture 42 to 43 inches in heyght,
or a small platform gving this elevation when set on an ordinary table
I much printing of toes and soles 1s to be done, the operator may place a
chare for the subject on a platform raised to a height affording convenience
n printing

PROCEDURES In MAKING INx Privts

GENERAL DizEcrions The use in tion offices of a dard
finger pnnt card with spaces for entnes of name and other information,
makes almost automatic the routine of recording data for each subect
For biologieal studies, where procedures are not thus standardized, the
worker plans his own system of recording Whatever the details of such
aplan may be, 1t 15 imperative that every sheet for one subject be properly
wdentified with that subject, perhaps with an accession number refernng
to 2 catalog of the collection When separate ships of paper are used for
prnting areas singly (e g, toes) each slhp must be marked also with an
dentification of the digit or region
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Many bl 1 studies are diately with some himtted
region of the dermatoglyphics, frequently finger prints alone However,
the worker might profitably record the prints of a1l areas There are many
biolegical problems which remam to be studied, and, simce all ultimate
needs of records are not foreseen, future disapporntments may be obviated
by completely printing the subjects while they are available

The skan of the parts to he recorded should be cleansed and dned
before pnnting The mtervals of cleaning the roller and inking slab will
depend upon whether the equipment 1s 1 use confinuously or only
accasionally In any case, thewr cleaning must be timed so that the mk
will nesther thicken on the equipment nor accumulate dust and hot Such
deposits interfere with the making of good prints

A small daub of ink 15 placed on the inking slab and spread with the
roller into a thin even film The requistte amgunt of ink can be deter
mined only by practice After a few tridls the gpérator.will have learned
to use the optimum quantity, and wall he ahild to gauge the amount
needed for preparation of the slab ard far replemghiment dynng continved
printing

In prninting some regions, es}e’cxﬂyx:\héjngui, the part 15 applied
to the 1ok film directly Ink clhings to the ndge sumniits, the corresponding
lines of depleted nk being apparent on the slab Unless unmarked film
surface 15 available for successive \mp(essxomhe slab must be rolled
agarn, for 1f two impresstons are taken from the samé até£the second pnint
will be discontinuously inked

The subject should remain relaxed and passtve, giving the operator
complete freedom in the manipulations

The pnme objective 15 complete and clearly decipherable pnnts
Improper wking poorly il and d across the
paper are the common sources of imperfection The prints should be
mspected as they are made, to check for possible technical defects While
the subject ts accessible an imperfect record may be replaced, and steps
may be taken to correct faults of techmque

FINGERS A plain, or dab, print 1s made by contact of the ball of the
finger without rotation of the digit A rolled print mvolves rotation of the
finger both 1n inking and m prnting, to obtam a complete impression of
the ball of the finger On a standard finger prnt card the rolled pnints
are recorded within labeled squares, one for each of the ten diguts (Fig
41) In other sections of the card the plamn prints are added to valdate
the sequence of the separate rolled prints The plam pnats are useful also
as dupl P sometimes details more clearly and
truly than the rolled prints In plain prnts, however, the patterns usually
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are incompletely registered, and in some pattern types this incompleteness
might lead to erroneous classification (Fig 42)

In making 2 rolled print the finger 1s first placed edge down on the
ink film and then rolled until the opposite margn is in contact. With
this one roll the inking is completed The inking should extend from near
the end of the finger to a level slightly proximal to the flesion creases
of the distal interphalangeal joint The finger is next pressed edge down
on the card or paper and rolled to its opposite edge with the same motion
as in inking. Certain of these manipulations will be least awkward if the
operator takes advantage of the anatomical adaptations to rotation of
the hand and arm Thus a thumb would be placed ulnar edge dowaward

B
A
*
Fic 32 —Two pnnz;rg he same finger A rolled, B plam Note that the plam print »f alone
available might bf eproneously classed as a tented arch (Cowrtesy of 7 Edgar Hoover )

o f
and rolled towar] ‘é_w b ,dy, and other digits are placed radral edge down-
ward and rolled away from the body )

The making of plain prints calls for no descniptson, since the illustration
of a finger-print card (Fig 41) is sufficiently explanatory of the imprinting
of the four fingers of each hand together in one contact, and of the two
thumbs in another

Parms An impression may be made of the palm alone or of the palm
and fingers, according to the chosen system of record Of several suggested
methods for inking, the simplest is passing the inked roller repeatedly
over the whole area to be printed The following areas require special
attention: the zone of flexion creases at the wrist, the ulnar margin, the
flexion creases where the fingers join the palm, the central “hollow” of
the palm, Unless these areas are inked and printed the palmar impression
will lack critical features
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After the mking 15 completed a sheet of paper 1s lard on the pressure
pad and the operator brings the ulnar margin of the subject s hand agamnst
1t The hand 15 then rolled palm downward and pressed firmly agawmst
the pressure pad Pressure 1s exerted particularly over the central region
of the hand and over the knuckles to ensure printing of the hollow of the
palm and the distal border Should the central region escape pninting the
blank area 1n the print will abstruct the tracng of hines of interpretation
through this region If the distal palmar zope 1s incompletely printed
the tracng of these hines 1s impossible since their starting pomts are the
triradn lying near the distal margin Imprinting the ulnar border of the
hand 1s mmportant because of an occasional relation of hypothenar
patterns on this border, A frequent pattern of the
hyguthenar region3s a loop wath 1ts head or enclosed
exuemlty“af"rected toward ulﬁ ulnar margin (Fig
63), The head of such a pz!tcmgm‘i"ﬂevnt.be ulnar
border mstead ¢ the flat of the palm and a pnnt
of theyflat § ¢ pelm aldoe would display mo
evidenée of the eastence ~; Yils pattern -A complete
palm émm 18 comp d’t" to a rolled prnt of a
finger, ,) 2

Sgues The plan print Sugmed by the foot 1n the
ardinaty weight-heanng contact 1s & print of the tread
area There are individual variations i the extent of
the tread area associatéd with differences of the
plantar arch and general conformation of the foot
but almost never 1s a tread arez prnnt a2 complete

P16 43 —Trac ag
from a sole prnt with
tread area o:tlmzd to  dermatoglyphic record Figure 43 ‘gs 2 tracng of 3
e ot eapeent  sole print wath the tread arca outhrted to demonstrate

cements of the con  the extent beyond 1t of the area of ndged skin and

figurat ons
the occurrence 1 this mnstance of sigmficant con

figurations along the tibial and fibuler borders An ideal pnnt of the sole
1n which the ndged skin is letely recorded car ds to a rolled
pnat of a finger

The sole 15 mked by passing the roller over 1t as descrbed 1 palm
printing  Care must be taken to secure complete wnking of the digito
plantar zone {where there are digptal tniradn as i the palm) and of the
“chordr ant Todrar‘worbers "T'ne pressure pal s useh‘to-abvartege mpinte
ing though other devices may give equally good results Vvith the paper
lymng on the pad the fibular border of the foot 15 brought into contact
and then the sole 1s rolled downward on the paper to complete the xmpres
s1on of the tibral border 1t may be necessary to mampulate the pad and
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paper agamst 1t Lven with these precautions the sole print may be
complete The worker must then employ some expedient to secure impres
sions of the inadequately printed regrons It 1s possible for example, to
reconstruct a total print from several regional prints of successive trans
verse zones, the individual zones being printed independently on strips
which are pressed around the inked foot

Toes Toes are more difficult to prnt than fingers, palms or soles
Even when the toes are not compressed and distorted, as they usually
are, their shortness and inited mobility are a decided handicap in printing.
Consequently, toe prints are lacking 1 most collections of dermato
glyphics A set of toe prints 1s not likely to be techmcally perfect but
mpressions adequate for study may be secured

The toes are mled and pninted one by one on small ships of paper
A separate ship for each print 1s fipst comventent but care must be taken
to mark 1t for 1dentificatiolf of thedigit Ink may be apphed with a small
roller or by s“abbmg with.ananked rubber paddle The shp of paper 1s
first loosely wrapped around thg ball oi the toe and then pressed agamst
1t, thus obtaiming @n pressxon equlvalent to a rolled print Some of the
devices used for makmg fmﬁeqpﬂnts off the dead mught be applicable in
toe printing These devices are ‘“spoons 3 shaped to receive the finger and
to hold the paper strp for pmmux:é The(p]am toe prints which are regis
tered in the impression of the sole, except for the big toe are usually too
tncomplete to be of any use Often the pattern area makes no contact 1n
pnnting, and sometimes no part of the toe 1s printed owing to displace
ments assocrated with compression 1n shoes

Speciar Cases In many hospitals the soles or palms of newborn
tnfants ate printed as a supp} to other more diately serviceable
dentifying devices such as labels or necklaces of lettered beads The need
to prnt 1nfants anses occasionally also in biologtcal mvestigations and
1 cases of questioned patermity Successful finger printing before the
fifth or sixth month 15 practically tmpoessible and difficult from that time
to the close of the first year (204) Palms and soles are managed with
less difficulty

According to Pond (g1), wiptng with dry gauze 1s usually sufficient to
prepare the palms of newborn infants for printing He advises that when 2
persistent greasy paste remains 1t may be removed by 2 swab moistened
with hydrogen perouide The ink film must be spread thin since the ndges
n infants are delicate With the infant placed on a table, the operator
straightens its fingers and then apphes the inking slab against the extended
palm The card or paper, backed by 2 supporting board, 1s then pressed
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against the inked palm Printing of soles1s simpler, stnce they are accessible
without manipulation of digits

Identification workers are familiar with vanous kufs designed to hold
equipment for printing, several types beng supplied by dealers The bio
logical investigator also may have need of a portable outfit for work 1
homes 1nstitutions or elsewhere away from the convemences of his labo-
ratory It 1s unnecessary ta detail the design and content of such a kit,
since the requirements for pninting are the same as those outhned above
and the only further need 1s convement portability The operator will
most likely wish to transport no more than the bare essentials for pnnting

The occasion may anse for securing prmts of a subject who 1s not
accessible to the investigator If some person, perhaps the subject himself,
1s willing to make the pnints the necessary matenals may be easily sup-
plied Ink may be rolled on waxed papéP tno auch sheets bemng placed with
therr 1nked surfaces together An adeduaté ntmber of these nked sheets
paper, bref directions and sample¥pnnts for guidance are all that the
amateur collaborator will n;evd , .e .

By
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Inkless prnting may be qrﬁed out eftheg walh Egmmcmall) available
equipment (¢ g, the Faurotsdr the K\?E‘n?outﬁt) or with matenals assem
bled by the operator lumself The advantages of the inkless methods are
therr hidiness and dance of ding the bk of subjects who
object to being smeared with ink The outstanding disadvantage of these
methods 1s lessened control of the operations in printing

In the photo paper method (8,) a stock solution 1s prepared sodim
sulpiude, 25 grams, sodtum hydroxide (sticks), 5 grams, soluble starch
2 grams, distilled water, 100 cc The sodium sulplude and sodiem hy
droxide are dissolved 1n part of the water, the remainder of the water 1s
boiled and the starch dissolved in 1t The starch solution 1s then added
slowly to the first muxture, and the matenal 1s stirred wigorously and
allowed to cool The working solution 1s made by adding one part of the
stock solution to four or five parts of distilled water A blotter moistened
with this mixture serves as the “inking slab ” The part to be printed 1s
first pressed against the moist blotter for a few seconds, and 1s then applied
st b ek of his paprs Tomp Srpenieuahhe
fixed 1n hypo, washed and dried as in the usual photographic pracess The
finng may be done xmmediately or delayed for several days if the paper s
protected from light One user of the method bas reported 1t to be supenor
to the mk method, especially m dealing with infants
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Some 1nvestigators make pnnts i fatent form In Bauder s procedure
blotting paper sozked with a hight machine oil serves as the nlung slab
and the finger or other part 1s appled to 1t in the manner of the ink
method The paper on which the impresston 1s made 1s dusted with the
black powder commonly used 1n treating latent prints and then sprayed
with a fixing solution (alcohol 20 parts white shellac 2 parts sandarac
gum 1part) A sumilar method 1s employed by MacArthur and Ford (216)
who descnibe 1t as follows

The first step conssts of rubbing a hand lotion nto the skin sur
face a face cream 13 preferable if the skun 1s particularly dry The
morst hand 15 then pressed hghtly upon kimeograph paper [kymograph
paper which has a glazed surface] 1a1d on 2 rubber pad two or three
1mpressions may be made after a single mostening A generous amount
of very finely powdered and sifted lampblack rolled back and forth
repeatedly over the face of the paper with a rocking motion develops
very clearly the invisible ndge and sweat pore impressions The bulk
of the excess powder 15 poured off and the remainder removed by a
wigorous shaking after which the pnnt 1s fixed from the back in 2
shallow tray containing a small amount of 2 solution of 30 gms of
resin to one hiter of 95% alcohol The chief ments of this method are
that 1t affords no mconvgntence to the subject since 1t avoids com
pletely any staiming 2r even a temporary d scoloration of the hands
and 1t bnngs out detasls possibly better than does mk wmth young
children whose fine ndges flatten with the least pressure

A method 1nvolving use of photographuic film s reported by Schott
whose expenence with Lapplanders convinced fum of the need of an inkless
method when dealing with peoples who shy from being smeared with ik
Lanolin 1s rolled on a glass plate as ink 1s rolled in the ordmary method
and the impression from 1t 15 applied to photographic ilm The film 1s then
processed and pnints made therefrom as in ordmary photography The
lanolin 1s removed from the film by wiping during fixing Both the oniginal
impresston and the processing may be done in daylight though Schott
recommends stoning the film in a hight proof contamer until processing

The \ ray 1s of occasional value in finger print rdentification It 1s
useful when other possibihities of finger printing fail as when pnnts are
to be made from a body 1n an advanced state of decomposition The
method has possibilities of apphication mn biological studies Several work
ers supply accounts of methods which are reviened by Castellanos (122)
Briefty Beclere s procedure tn dealing with a hiving subject 1s to smear the
skin with lanobn the \ ray opaque medivm bismuth carbonate, 1s then
applied and distnibuted by gentle massage The excess 1s wiped off and
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the shadowgraph taken by the usual X ray procedure QOther substances
opaque to the X ray such as white lead may be employed The X ray
shadowgraph (Fig 44) shows, in addition to bones and soft parts, the
finer detals of the skin surface the opaque medium baving been retamned
1n the sulct and sweat pores

Valsik (9g) utthzes an indirect form of X ray record in correlating the
positions of trradu with the hand skeleton He affixes a small lead pellet

» o
Pi1c 45 —An X ray finger print  (Cosriesy of Dr Israel Casteilanos )

with adhesive at the pont of a tnradus and the X ray shadow of the
pellet marks the location of the triradius for reference to bony landmarks

EQUIPMENT FOR THE EXAMINATION OF PRInTS

For examinations requnng a large working field, as 1n studzes of palms
and soles a reading glass or a loupe which 1s worn as spectacles will be
aseful though the low magmfying power of such lenses hmits their effec
tiveness A lens magmfying from four to five diameters 1s necessary for
the 1nspection of print details The selection of a particular form of lens
mounting may be gmded by the character of the work to be done For
examunation of finger prints there are several commonly used forms of
mountings An excellent style (Fig 45) designed especially for finger pant
work 1s1n a threaded mount for focusing It has a horse shoe base slotted
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to receave the ruled glass dises which serve specral purposes 1n some finger
prnt methods Ruhings are available for coding pattern detais as pre
scribed 1n certain single finger print systems Another ruling, 2 straight
line crossing the entire disc through its middle, s designed as an ad 1n
counting rdges (Special rulings fitted for particular purposes might be
supphed by the manufacturers One of the Amencan manufacturers of

B

S Siriceaniaon s Rl

R S o e m?
FI1G 45 ~—A recommended style of finger priot magmfier shown in use with a d sc 1n place
(Coxriesy of Bausck and Lomb Optical Company )

optrcal instruments has supphed on special order a ruling for a study of
breadth of epidermal ridges, the ruling in this instance being a one centi-
‘meYer ine engraved in he center of Tne disc’)

In counting ndges, whether with or without a ruled disc, an indis-
pensable accessory 1s a needle with 1ts head inserted 1n a conventent holder
‘Thus 15 used as a pointer i {ollowing from one ndge to another The tip
of the needle must be sharp, since this pointer as well as the pnnt 1s
magnfied
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FINGERS

RRANGED according to the amount of available wmformation con

cerming them, the dermatoglyphic areas rank in this descending

order fingers, palms, soles, toes It 1s not surpnsing that finger prints, n

view of their wide application 1n personal adentification, stand first mn the

List The fingers, moreover, are prnted easily, and even investigators whose

nterests are not confined to 1dentification have tended to neglect regions
more difficult to record

FUNDAMENTALS OF FINGER PRINT CONSTRLCTION

Fincer PRINT ToroGRAPRY The finger print of conventional descrip
tion 1s a print of the configuration of the ball of the finger The configura

Fi6 46 —Three basic types of finger prints wkorl loop arch

tion 15 incompletely registered since the rolling process 1s not designed to
secure the tmprint of the extreme tip of the finger To introduce the princ
ples of finger pnnt construchion, attention may be devoted first to the
three basic pattern types distinguished by Galton—the whorl, loop and
arch (Fig 46), choosing an example of each which represents the type 1n
1deally simple form

The typical ukorl 15 a generalized pattern which may be used to advan
tage as a dard of Itis hed by concentnic design
‘The majonty of the ridges make circuits around the core, a pivotal feature
n the intenor of the pattern The whorl 1 figure 46 1s completely and

56
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continuously circumscribed by the fype Lines, here drawn as sohd hines for
emphasis ! These type limes traced on the print according to conventions
which are to be defined are the radiants extended from the two trradu
The area enclosed by the type lines (but continuously enclosed only 1n the
meet whorl, to be charactenzed later) 1s the paltern area The type lines
are appropriately termed the skelefon of the pattern The form and design
of the pattern are suggested by the skeleton much as the bony framework
of an animal gives a clue to the form of that ammal m the flesh If one
were to hft anay the type lines and examine them without access to the
der of the conft ron 3t would be possible still to recogmize

the general character of the design The pattern area represents only a
part of the whole finger print The region distal to the pattern area 1s the
dustal transverse system and the terntery proximal to the pattern area 1s
the proximal transierse system

The loop (Fig 46) 1s simpler in construction than the whorl It possesses
only one triradius Instead of coursing in complete arcuits as in the whorl,
the ndges curve around only one extremuty of the pattern forming the
head of the loop From the opposite extremity of the pattern ndges flow
to the margin of the digit, thus extremuty of the pattern thus may be
described as open if the loop opens to the ulnar margin it 1s an «lnar loop,
and if to the radial margin 1t 15 a red:al loop

The finger print with a loop pattern has the same topographic zones
described 1n connection with the whorl pattern area, distal and proximal
transverse systems These zones are not delimited on the open side of the
loop because there 1s no triradius with which to establish boundaries

The arch here tllustrated (Fig 46) 1s a plan arch the simplest of all
finger pnnt configurattons Though usually loosely referred to as a
¢ pattern the plam arch 1s actually patternless The ridges pass from one
margin of the digit to the other with a gentle distally bowed sweep which
gives the name to the pattern type There is no tnradius and the three
topographic zones of other finger print types are not distinguishable

‘TRIRADII A trradius is located at the meeting point of three opposing
ndge systems In a typical whorl or loop such a meeting occurs at the
[ of the three topographic zones—the pattern area the distal
‘transverse system and the proximal transverse system

The style of drawing 1n figure 46 13 that commonly adopted for illustrating configirations
under conditions 1n which ndge detads ate uo mpartant The type hnes of finger pr ats and
the correspond ng | nes of interpretation traced on a palm or sole are reproduced accurately
and ecaphasized 1n the drawing while courses of other £ dges are filled 1n only sufficiently to
portray the genersl aspect of the configuration This method of drawing has the advantage of
representing the configuration stripped to 1ts skeletal features
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The term delta 1s often used as a synonym for tnradius, but a dis
tinction may be made between them on the basis of the arrangement of
minutiae (71) A delta 1n the strict sense 15 a trangular plot, and the
trradius 1s represented by ridges forming its boundary A tniradius how
ever may be present when there 1s no delta in the strict sense, being formed
m this mstance by three ndges radiating from a common point In the
usage here adopted no discrimination 1s made between these two main
forms of structural orgamzation Smce a tniradius s present even when
there 15 no true delta, the term triradws 1s used throughout this work
This requires substitution of the term friredtal posnt (pomnt of tnradius)
for the more generally fanuliar point of delfa, a term which would be
1nappropnate for triradu not associated with deltas

The tnradius has a double importance 1 finger pnint analysis Frrst,
the ndges extended from 1t are the three radiants, the type lines above
descnibed, they ard 1n interpreting the configuration because they constr

EREETREE

F

ch 47 —A senies of tnud.\x ;hnwmg varations in :vnstmrt on

tute the skeletal framework The other sigmficance of the triradus 1s that
1t provides a landmark (tnradial pomnt) for ndge counting and tracing

AN tniradn are associated with abutment of three ridge sy stems coursing
i different directions The orgamzation of ndge elements composing
tniradn 1s vanable One of the more common types of construction 1s that
shown 1n figure 47,A-C, where three ndges radiate from a common pornt,
the angles separating them being nearly equal Other vanehes of construc
tron are illustrated 1n figure 47

Inats service as a landmark for ndge counting a speaific feature of the
tnradius 1s singled out as the frsradial point This point forms the ouler
termenus of the line along which ndges are counted In trradu constructed
as 1n figure 47,A-C, the meeting pomnt of the three ndges 1s the tnradial
porat If there are two or more bifurcations, the triradial point 1s located
on the one nearest the core If ap 1sland forms a central structure (Fig
47,E), that 1sland 15 the tnradial pomt The corresponding locus 1n less
orderly formations (Fig 47,G-H) may be ordinanly identified under
companson with the simpler constructions

A pattern may be so expanded that its margins encroach into the zone
of junction of ridged skin and the generalized skin of the dorsum of the
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finger In such cases triradn do not occur in the expected relation to
patterns, for the reason that their potenhal sites are devord of ndges
Though tnradu are not actually present therr potentral formation 1s
predicated by the character of the pattern, and they may be described as
extrahmital, 1 e , beyond the humt of ndged skin (Common examples are
afforded by patterns of the palmar hypothenar area and the hallucal area
of the distal sole, less frequently 1s a pattern on a finger or toe thus
charactenzed )

Rapiants The three radiants of a trradius are traced (though not
necessanly marked) on the print by following the nidges which 1ssue from
the trradius In some tnradu (Fig 47,A C) three rays are eastly defined
as the starting pomts for tracing Othermise, the starting pomnts are the
ndges which form the angles of the delta In following a radiant beyond
an wterruption of a traced ndge, the tracing 1s continued on the ndge
which 1s 1 end to end relation or, if there 1s no such ndge, the tracing
hine 1s transferred to the next rnidge on the side a«ay from the imterior
of the pattern area,? similarly, 1n meeting a bifurcation the tracing 1s
followed on the periphberal branch of the fork

From therr typrcal assocration with patterns the three radiants (Fig
46) are named according to their relations with the finger and with the
pattern the marginal radiant, passing to the digital border, the distal
patltern rodiant, 1n marginal and distal relabion to the pattern area, the
proximal patlern radiant, m proximal relation to the pattern area The
two pattern radiants may define 2 complete boundary of the pattern area,
2s they do 1n a whorl around which the proximal and distal radiants meet
(Fig 48—patterns 1, 4, 5 6) The pattern radiants may invade the
pattern area (Fig 48—patterns 7 8 13 14, 15) When invading radiants
become nvolved n the pattern design the tracing 1s discontinued with
the recogmtion of this relationship if carrted further, the tracing would
only build a more nearly complete skeleton

Cores The core 1s an internal feature of a pattern In a typical whorl
the core, or hub of the encirching system may appear as an 1sland, 2 short
straight ndge, a hook shaped ndge or staple, or as a arde or ellipse
Some whorls have duplex cores In a typical loop the core may be a single
straight ndge (rod), a series of two to several such parallel rods, or,

*Tlsdirection to  step outward " 1n the tracing of radiants is 1n accord with the procedure
prescribed by Henry In presenting a pumerical system for ndemng finger prints, wherein
the courses of rachants assume & specal s gmficance Mars (69) modifies the prescrptsons for
tracing Aceord ng to hus mod fication the rule to  step outward applies only to radiants
forming outermost boundar es of patterns, while 1n traang radiants which Lie within the
pattern area there 12 * step inward * 1nstead of outward



60 DERMATOGLYPHICS

among other common arrangements, 1t may be a ndge formed as 2 harpin
loop (staple) Charactenstics of the core area are of special importance 1n
single finger print systems of identification, since classification of the
single impressions must be based upon the minutiae which are most hikely
to be available 1o chance prints

The point of core 1s a landmark for ndge counting It 15 not the core
2s a whole, but only a centrally located core element subject to a fixed,
though sometimes arbitrary, definttion In a loop having a single rod core,
the distal tip of the rod 1s the pomnt of core (Fig 53) If there are two rods,
the one farther from the tnradus 1s the potnt of core, with three or any
uneven number of rods, 1t 1s the tip of the central one, and 1f there are
four or six rods the central pair 1s treated as described for a two rod core
Ina staple core the pomnt hes on the hmb opposite the delta, at the junction
with the distal recurvature of the staple The cores of other pattern types
are analyzed according to the same general pnnaples Ridge counts as
will be explained, do not include the trradial pornt and pomnt of core, their
service being hmited to the onentation of the line of counting

PartErs TyeES

In the arch loop whorl classification of Galton any pattern having two
or more tnradi would be assigned to the class of whorls This broad sense
of the term “whorl” 15 still the standard mn those biological problems
which can be most satisfactonly analyzed by employing gross classes
rather than refinements of classificatton For personal identification and
for some biologcal mvestigations finer groupings are necessary The two
usages of the term “whorl are distinguished here by quahfying 2s
“true whorls those patterns of the Henrv classification charactenzed
by concentnaty When the term 1s applied without this qualtfication it
15 used 1n the sense of Galton, to include composites as well as true whorls

Varnous workers have proposed schemes of classification of pattern
types The pnncple of dassification 1s stmilar to that of all branches of
the natural sciences The mam groups are each composed of forms alike
m some character or characters, but with differences which allow for
subdivision of the group For the present purpose it suffices to present
the essenhinls of the Heary dasuficatan and noamendatiare The Henry
system 1s more widely used than any other, and 1t 15 moreover the founda

, ton of the modified systems (47, 60)

¢ In the Henry classification there are four main types of patterns
}arches, loops, [true] whorls and composites The composites as will be
4 shown, form a beterogeneous assemblage of patterns
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In charactenzing pattern types frequent reference will be made to the
sketches of 39 patterns assembled in figure 48 References to the figure
number will be omitted in this section, the 1dentifying pumbers of the
patterns being ated alone

True WnorLs True whorls typically possess two trradu, and are
patterns so constructed that the charactenstic ndge courses follow arcuits
around the core A frequent configuration 1s a succession of rings or ellipses
{Patterns 1, 5) Another common arrangement 15 a spiral course (Pattern
2) The continwity and expanse of the spieal in reference to the pattern
area are vaniable and the direction of sprraling may be either clochwise
or counter clockwise In some whotls a part of the pattern area may be
truly concentric and another part spiral The skape of the pattern area
may ke erther essentrally circular or eliptical The penphery of the whorl
determunes the general shape of the pattern area The shape of the central
part of the whorl may differ, so that a circular conformation of ndges
in the immediate neighborhood of the tore may be assocated with a
generally elliptical periphery, or the reverse

Cores are of various forms an 1sland, a short straight ridge, a small
arcle or elbpse, two interlocked hook shaped ridges or staples, and other
less common forms

The four pattern fype ines have vanable relations they all smeet
(Patterns 1, 5, 12) to cir be the whotl cont: ly, the two distal
pattern radiarts meet but the proximal ones do not (Patterns 11, 13)}
only the proximal radiants meet (Patterns 7, 8), there 1s no meeting of
radants

The word * meet  as just used, apphes to a hiteral joimng of the traced
type lines In 1dentification practice under the Henry system three classes
of whorls are distingmished according to the relation of the proxmal
pattern radiants 1nside whorl meet whorl outside whorl Arbrtranly, the

tracing 1s from the triradial pomt on the left side of the pnnt, irrespectrve
of whether the digit 1s of a night or left hand The tracing 1s carned from
this “left’ triradral pont toward the nght The whotl 1s described as a
“meet"” whorl 1f the traced line runs mto the proximal pattern radiant on
the opposite side (Patterns x 8) orif the tracing 15 separated from 1t by
not more than two ndges erther mside or outaide the pattern radunt

W hen the tracing passes external to the opposite triradial pont, separated
from 1t by three or more ndges the pattern s an “outside™ whorl (Pat

terns 13-15) The pattern 15 an “mside” whorl if the tracing passes
toward the mnteror of the pattern area, with three or more ndges between
this line and the night triradial pomnt (Patterns g, 11) Ridge counts may
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be made between the traced line and the right triradial point as a means of

subclassification.
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For biological analyses some of these procedures, designed for identi-
fication routine, call for modification. Practicable though it is in identifica-



FINGERS 63

tion to ignore the true position of the “left” triradial point and of a
non meeting with respect to radial or ulnar side, any study involving
asymmetries of patterns will of necessity disttnguish the radial and ulnar
directions The same princple apphes to the descriptive designations of
non meeting distal pattern radiants

The s:2¢ of 2 whorl may be descnbed by its ndge count, the method to
be detailed later Inspection alone shows that there are wade differences in
the expanse of the pattern area (Patterns 1, §, 12, 19, 26)

MrosITES Composttes are compound patterns in which two or more
designs, each conformng to the general aspect of one of the simpler types,
are combined 1n one pattern area Two or more triradu are present There
are four chief types of composites central pocket loaps, lateral packet
loops, twin loops, acadentals—all, as before noted, being members of
Galton's class of whorls

A central pockel 1n ats charactenstic form (Pattern 22) 1s essentally a
whorl of reduced size lying 1n the 1ntentor of a pattern area which 1s con
structed mainly as a loop A central pocket 15 a pattern intermediate
between a whorl and a pure loop (compare patterns 13, 22 and 29) Central
pockets are classed as radial or ulnar according to the direction of the open
extremuty of the loop They may be subclassified according to type hnes,
cores and ndge counts

Lateral pocket loops, (Pattern 10) and fun foops are closely athed morph-
ologically, erther type being composed of two interlocked loops The dis
tinction between them 1s of importance 1n 1dentification, but 1s ordinanly
neghgible mn biological studies They differ with respect to the coursing
of ndges traced from the cores of the twoloops When lines traced from the
two cores emerge on the same digital margin (radial or ulnar) the configu-
ration 1s a lateral pocket loop while 1f the two lines course to opposite
margins 1t 1s a twin loop

Accidentals are complex patterns, formed by combination of two or
more usually tinrelated configuration types—a whotl and 2 loop, a tented
arch and a loop (Fig 42,A), tnple loops and other bizarre configurations
not assignable to the standard types

Loops Loops already have been charactenized in the preliminary dis-
cussion of Galton’s three basic types of patterns, and the distinction
between radial and ulnar loops has been made Attention may be directed
now to other cntena of classification applying equally to the radial and
ulnar vaneties First to be distingiished are plasn Joops, loops which show
no disturbed configurations suggesting affimity with composites The plamn
loop (Patterns 23, 29} 1s composed of a successton of ndges which regulasly
follow a looped course, while “transitional”™ loops present abortie
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expresstons of more complex pattcms For mnstance pattern 17 1s a loop
with signs of an accomp loop, if this & element
were perfected the pattern as a whole would be a composite a twin loop
Corresponding configurations but stmulating degenerate lateral pocket
loops are shown in patterns 20 and 21 A central pocket (Pattern 15)
would be converted to 2 transitional form of loap 1n the absence of recurved
ndges between the tniradius and core (Pattern 22)

Loops also may be classified according to size {as determined by ndge
count) core construction and form of the pattern area Some loops are
narrow 1n relation to their height while others are broad The placing of
the core with reference to the tnradus and the type lines 1s vanable, this
vanation being independent of differences 1n pattern size The inchnation
of the pattern 1n reference to the dipital axis also varies Loops may be
erect, 1n hme with the digital axs, or ahgned obliquely or transversely to
the digatal axis—the range of slant thus being go®

Arcres The plamn arck (Pattern 39) 1s composed of ndges which
pass across the finger with a shight bow distally There 1s no tnradius
The tenled arch (Patterns 3o 31) has a tnrads, located 1n or near the
mud axis of the digit The erect distal radiant 1s associated with abrupt
elevation of the transversely coursing ndges, forming the tent which
gves the name to the pattern Both proximal radiants pass directly to the
digital margins whle the distal radiant usually termrmnates after . short
straight course though sometimes 1t recurves sharply as a staple There
are still other forms of arches presenting tniradn arches which simulate
dimnutive loops (Patterns 32, 36) or much reduced whorls (Pattern 34}
All such arches are distinguished from reduced loops and whorls by the
lack of a ndge count *

TRANSITIONS BETWEEN PATIERN TYPES

W th infrequent exceptions 2 finger print 15 easily assignable to one
of the chief types of patterns and usually to a particular subgroup
Now and ther question may anse as to classification of a pattern—for
example whether 1t 1s a central pocket or 2 loop or whether 1t 1s a loop
or an arch In finger pnint 1dentification most decisions on such questions
rest on arbitrary defimtions which place the pattern n one or the other
category Were 1t not for dards cl 1on files
would be chaotic and the statistics of bxologlcal mvestrgators could not be

¥3Mawrs proposes a method of count:ng ndges 1n tented arches. The Ime of count 15 not
equvalent to that applied 1 other patterns Finger Pnint and Ident. Mag vol 16 mo g 1935
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utthized for comparnsons * Rimd defimtions are essential to mimmize
erronecus classifications In some biological studies bowever, modifica
tions of these standards may be desirable For wnstance 1 a genetic
analysis (154) the standard distinction between 1n arch and a loop which
has a count of but one or two nidges may be meaningless and the worker
may accordingly group these reduced loops with true arches It 1s assumed
that the investigator who does not conform i all respects to the customary
cntena will define his altered standards
From the beginning of serious investigation of finger prints transitions
between types have been recogmzed and students of the subject have
lated on their fi Whipple (147) was among the first to
search for the underlymng causes of pattern differences and to trace
affimties among the types She ascribes gross differences among patterns
to vanahlity in the lowening of the volar pads (Chap 10) Whipple
reproduces a senes of nine finger prints illustrating progressive transition
from a whorl 1n which all pattern radiants meet 1o a plamn arch The
successive connecting steps are whorls with disjoined type lines central
pockets plain loops of progressively decreasing size tented arches
Such a sequence must be selected from a number of finger prints One
pattern can not be converted into another the series being composed
merely of desenptive transtions among patterns Falco {(51) and Grune
berg (202) also devote attention to the principle of transitions but the
subject has been especially 1nvestigated by Mairs (69) His finger print
faruly tree composed of 39 prints 1llustrates several lines of descent
from the alpha whorl tothe omegaarch (Fig 48) the linesof transt
tion being indicated by arrows For some of the prats (the muddle vestical
column) the configuration involves no reference to origin from nght or
left hands since all these patterns are symmetrical Most of the patterns
grouped 1 the other vertical rows are asymmetncal and for descnption
1t will be assumed that all prints are from night hands VWith few exceptions
the prints were so chosen that the general form of each of the asym
metncal patterns is matched 1 the opposite section of the figure by 1ts
murror image of radial or ulnar asymmetry
The more important sequences shown in figure 48 are (a) The middie
vertical cojumn (Patterns 1 5 12 19 20) 1s a sertes of five true whorls
of different sizes each with meeting pattern radiants The smallest
(Pattern 26) 15 indeed a whorl only by the last allowance of conventional

 Among the He nr ch Poll Papers there s a record of an agreement between Poll and
Boanev e w th regard to the r interpretation of pattern types These two nvestigators used
W ndt and Kod cek s DoMyloscop ¢ (Vienna 1904) for reference and agreed on the class fca
0n of each of the finger prints Wlustrated 1n its numeTous plates.
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definttion, being 1n its general aspect stmilar to the next print 1o the row
(Pattern 34), which by defimtion 15 an arch The plain arch (Pattern
39), with no sign of a tnradws concludes the sequence of pattern reduc
tion (b) The pnints grouped to the nght side of the mddle vertical row
show transitions from the whotl to the plain arch along another line,
mvolving successvely whotls with non meeting type lines composites,
transitional forms of loops, pure loops, arches with tmradu Having
assumed that these pnats are from right hands, the loops would be ulnar
loops and other asymmetncal charactenstics would correspond (c) The
prnts to the left of the middle vertical row show the same interrelation
shups as those on the night, and, assuming that the pnats are from nght
hands, the loaps are radals

From the d ptive dp alone the Just traced could
be read also 1n the oppostte direction, from the arch to the whorl Com
parative dermatoglyphics (Chap 9) gives evidence that
the sequence from whorl to arch corresponds to an actual
evolutionary order from the primtive to specalized
condittons (though 1t must be conceded that the deduc
tion 1s based pnmanly upon palmar and plantar patterns
rather than those of the digits)

Acadentals are omitted 1n the family tree (Fig 48)

P1c 49 —A 19, +H -3 Kheh
supernumerary DECAUSE m to con
loop lying outsde pected series 1s hampered by their nf and

the pattes f
& (Cows diversity Among the 50,000 finger prints compiled 1n

oy, Hernck table 1, acadentals occur only 64 times, 2 frequency
of ©13% of all patterns Mairs {71), working with 2

collection of 411 acadental patterns, shows that they follow natural
sequences which are no less orderly than those here :illustrated for common
pattern types

It appears that patterns are interrelated descnptively because thewr
formation depends upon an orderly system of developmental arcum
stances An occasional pattern may be irreconalable with this system
The thumb print reproduced in figure 49 1s an example of such an aberrant
configuration * The pattern area presents an ulnar loop having a count of
19 nndges There 1s nothing unusual 1n the configuration or position of this
element of the print The pecuhar feature 15 the radial loop, wath a count of
Jour rliges, 'y g vovsiie The normd paYrern area Berruse Ok The SO
of this smaller loop, question mught be raised as to the proper classification
of this prit

+ Both thumbs of this individual present the same type of configuration The drawing was
traced darectly from & photographuc ealargement of the print, loaned by Foll
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FREQUENCIES OF PATIERN TYPES AND DIGITAL DISTRIBUTIONS

The several pattern types display unlike total representations, unlike
frequencies on different digits and on nght and left hands, and differences
of frequency in the sexes Such differential trends are demonstrable only
through statistical analysis of data from a series of ndividuals As wall
be shown in later chapters, the trends are modified to some extent by
race and other constitutional factors The general trends are apparent
in a series of 100 indsviduals or even less Table 1 is a compilation of data

TABLE 1

PezcEvr FREQUENCIES® oF FINGER PrINT TYPES IN 5 000 INDIVIDUALS—50 600 IMPRESSIONS
(Data jrom Scolland ¥ ard, 1905)

Galton types « Whorls Loops Arches
Indeter-
Lt 150 faca Teat g |
Digtt | Side | Whorls :_"‘“’ % | den | Ulvar |Radial| ed | O ablet
1R PICE g arches|
loops | ets
R [318) 8790 |o7s]oos|s580( 022001245 15
1 L {1919| g8 {036|ooabs00| 020 |000|4ss 12
R+ Li2s53] 932 |055]0o0a[6680] oar]oor|348
R |3503| 204 |240] 0423230 2603 23 857 an
I L {32202) 330 |201 062 |3810]2337 1 05|8ax| 32
R+ L2352| 322 |220|osajassoi2ao|213]840
R 11308) 130 [115|004{7481| 353|060j54p 29
m L 1321 211 |08 006|7332| 251 {08 712] 26
R+Li1359] 175 jog8|vogiraoy | 252 °73)630
R V3s8s| o6y |ssolaogissal rayloca|rssl =z
v L |2311]| ro7 [465)000|6892) 050008267 28
R+Ll 2848 085 |s07{o0o0gl6227] 008 ]0oslaay
14| 038 |201 (000 |8546( 020 [000ose| 22
v L | 68/ 061 {153|00|8979) oo2|ooz|rus| 26
R+L 913] 050 [x77{0o0r|8762| oxr[oor]oBy
Bl 28 l2fila,l6as] agioplinl 18
Aldpas | L 68| 343 (x87 0, 67| 5311058 4 121
IR+ L 2005 | 313 | 212 CEN 6402) 569|058/ 427 29
Al dgits,| R 28 74 66 9t 436
Galton | Z 22 12 17 53 535
types R 41 25 43 69 72 486

* Calculated on available totals, minus indetermunable tmpressions.
1 Absolute numbers digits smputated or prints indecipherable



685 DERMATOGLYPHICY

from sooo individuals (mainly Bnitish) A collection of this size gives
reasonably stable indications, for its particular racial and sexual com
position, of frequencies of pattern types and their differential distnbution
on digits

ToraL FREQUENCIES OF PATTERN TYPES The three Galton types are
represented with widely different frequencies In the Scotland Yard
sentes (Table 1), loops are roughly 70% of all patterns, whorls 25% and
arches 5% With subdivision of these major classes, differences of fre
quency are disclosed also among the subtypes Of the five classes of
whorls, true whorls are nearly four times as frequent as lateral pockets
twin loops, central pockets and acadentals combmed In this senes, true
whorls have a frequency of 20% of all patterns, while lateral pockets
and twin loops together amount only to 3%, central pockets 2% and
acad 1s 0 1% The freq of ulnar loops, 64%, 1s about 11 times
that of radal loops (5 7%) Arches, nearly 5% of all patterns are com
pnsed of tented arches and other arch types mn the proportion 1 7

The whorls exlubiting the character which Bonnevie (44) terms
¢ twisting’ ment separate attention, 1 view of the emphasis which they
have recerved 1n studies of inhentance They are alt double cored patterns—
true whorls with two interlocked cores, lateral pocket loops, twin loops
and accadentals Bonnevie finds, 1 a senes of 470 persons that 43 6%
of the individuals have at least one twisted pattern Mueller (221) reports
an madence of 61 4% 1n 821 persons Both comment on the Ligh fre
quency of twisted patterns on thumbs (Table 2)

TABLE 2
FrEQUEACIES OF DOCRLE-CORED ParTERys (18E TENDENCY T0 Twistng BONSEIVE) IN
8a1 Prasoxs
Gl udler)
In individuals In digits
° 38 6% IR 18 9%
1 06 1L 174
: Y nxr ng
3 1 L 120
X P m R (X]
M 3 ML 63
6 30 wr 77
) T L 7s
3 o6 VR 6
9 o5 ve e
o PYs
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DssTRIBUTION OF PATTERN TYPES OV SinGLE DIcITs In considering
the digital distributions of pattern types corresponding digits of nght and
left hands are combined (Table 1 and Fig 50) On every digit ulnar loops
are the most abundant pattern, the freq y ranging downward from
88% 1n dignt V, 74% n III, 62% and 619 respectively 1n IV and I, and
35% 1 II Whorls, next in total frequency are most numerous on I
and IV, 35% and 34% respectively, while 1Y 1s not much lower, 30%,
TII and V present a sharp reduction, 16% and 11% respectively Of all
pattern types, radial loops have the greatest relative range of frequency
among the digits They occur tn 25 of wdex fingers, 355 i IIT, 1%, 1
1V, and in I and V they are reduced to very small fractional percentages,

A
100

90
8ot
701
&0
50
A0}
30p
2ot
10} N /Archcs
ol —C ‘Radial
I 1 1 1 1 Loops
Digits 1 n om N v

P16 50 ~Frequencies of whorls ulnar toops rad al Joops and arches on mdivsdual & ts
(Based o Scoiland } ard data for 5000 persons {adlz 1)

Whorls

02% and 0 1% Mars’ (71) data on the digttal distnbution of hus senes
of 411 acaidental patterns are morse rehiable than the data on 64 such
Patterns m table 1 They are accordingly substituted here, arranged 1n the
order of descending frequencies I, 703%, I\, 144%, 111, 07%, T,
36%, V, 1 9% (frequencies based on percent of all accidentals rather than
percent of all patterns) Arches hikewise have a wide range of frequency
among the digits, but a lesser range than those of accidentals and radial
loops Their frequencies for IT, ¥II, I, IN and V are 11%, 7%, 4%, 255 and
1% 10 order

BRANUAL Drvrerences Whorls and radial foops are more frequent
in_right hands, while ulnar loops and arches are more common 1n left
hands The dextral excess of whorls 1s confined to true whorls, central
pockets and dentals, the greater freq of lateral pockets and twin
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loops 151n left hands Since the trend of bimanual difference of double loop
patterns agrees with that of ulnar loops rather than that of true whorls
and central pockets the affimties of double loops to ulnar loops may be
closer mn other respects (The of acardentals 1n Mairs” coll

are nght 54% left 46% All digits except ITII where there 1s a slight
excess 1n left hands show dextral excesses }

To summarize the data on digital distributton (Fig 50) and bilateral
unlikenesses the digits may be characterized singly The term whorl
will be used in the comprehensive sense of Galton

Dsgit I presents thc highest 1naidence of whorls There 1s furthermore
an extreme b: dffe 1n nhorl frequency, the right thumb bear
g the larger number The frequency of radial Joops s reduced, m a
proportion greater than the relative elevation of whotls 1n this digit

Dugst IT bears more rachal loops arches and acadentals than any other
digt  Of all radial loops, 86 6% occur here, and this digit bears 43 6%,
of the total number of arches and 70 3% of all acadentals (accidentals in
Mairs matenal, in table 1 the value 1s 81 35%)

Dugst IIT has next to the greatest frequencies of ulnar loops radial
loops and arches, the abundance of these patterns being associated with a
reduction of whorls

Dugst I'V 1s sumular to digit I wrth respect to lugh whorl frequency and
large excess of these patterns on right hands

Dugst V presents the highest frequency of ulnar loops and mimmum
values for all other pattern types

METHODS OF ANALYSIS

Data 1n a form such as that of table 1 may be restated in several
mdices and 1n the dactylodiagram They do not meet the needs of biological
studies which require analysis of pattern combinations 1n single mdividuals
or 10 nght and left hands separately For these studies other forms of
record are necessary The following discussion s confined to simpler and
more commonly used methods and extensions of analysis of statistics
comparable to those included in the table

Useful 1n the interpretation of finger pnnt data, as mdeed 1n all
analyses of quantitative results are the standard methods of statistics
The companson of frequencies of pattern types in two populations, for
example, 15 axded by determining, the standard errars of the percent
frequencies By this means the mnvestigator may judge the sigmficance of
an observed difference Among other useful statistical determunattons
are means wath their probable errors dard d fEcients of
vanation, coefficients of correlation and sumular tests of assocation
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ParrerRN TYPE INDICES Furuhata proposes the whorl/loop mdex for
application 1n a mass sample It 1s calculated by dividing the total fre
quency of whorls by the total frequency of loops (ulnar and radial com
bined), the quotient being multiphied by one hundred to give an index
value 1n 2 whole number Dankmejer (280) prefers an index expressing
the arch/whorl relationship The arch/whotl index appears to be the more
sigmficant 1n comparative statistics There 1s 2 recprocal relationship
i the frequencies of whorls and of arches A nse m whorl frequency 1s
assocrated with 2 drop 1n both loops and arches but loop frequency 1s 2
less dehicate indicator because these patterns are so numerous In the
Scotland Yard series (Table 1) the whorl/loop 1ndex 1s 36 and the arch/
whorl index 15 19

Poll (13, 302) considers these indices madequate for dealing wath
trifold pattern types He uses the system of coordimates within an equi
lateral tniangle and, by modification of the stereo manuar method the
distnbution may be represented also as a tnangular pyramid

PATTERN INTENSITY Arches loops and whortls form a sequence of

g pattern complexity This seq has asits parallel an mcrease
10 the number of trnradu—the plan arch having none the loop one and
the whorl, two The number of triradu accordingly s available for a stmple
quantitative statement of pallern infensity {270)

The value of pattern intensity may be stated esther as the number of
trradn per individual (279) or as the average number of triradn per
finger (64) In etther case the determination of the value in a mass sample
may be made by compiling individual records of numbers of tnradu or by
translating the data of total frequencies of patterns (e g, Table 1) In
the latter procedure, the determiation of paitern intensity 1gnores the
fact that an arch other than a plam arch has a triradis that occasional
loops have two tniradn, and that certain whorls (some composttes) have
more than two triradn The number of triradi 1s approximated by adding
the frequency of loaps to twice the frequency of whorls the total bemng
divided by the number of individuals when the frequencies are 1n absolute
numbers, or by ten for percent frequenctes The Scotland Yard data thus
yield an tndex of 12 1 per tndividual or 1 21 per digtt

When individuals are evaluated 1n terms of the index of pattern
intensity the values range from o, all arches to 20 all whorls Within a
callected senes the number of indiwiduals i1n each index value 1s then
deterruned Thus procedure provides for more extended statistical analyses
based upon frequenaies of mdividual index values

Maxvars In some studies 1t ts d ble to comptle b of
pattern types in single individuals and 1n single hands The device best
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suited to this analysis and presentation of results 1s the manuar, developed
by Poll (73) The manuar may represent pattern combinations on nght
and left hands separately (unimanuar) or on both hands of the individual
(bimanuar) Kirchmair (348) onginated the ambimanuar combimng the
ummanuars of nght and left hands in one diagram Any of these manuars
may be 1illustrated as a table or as a stereogram

The following description of the method 1s confined to the bimanuar
m 1ts ssmpler form (Fig 51), a table for the entry of all posstble combina
tions of the numbers of whorls and arches in the finger print sets of the
individuals composing 2 sertes The pattern combination represented by

[51]
151
151105}
ey
66| 19|02 0]
[22]40,0510501
[7 5| 76| 10105101
89|t 1]49102}04] 01|01
0412 1162}20 19]09| 01|01
04[24{10156}27) 11}12]05)
13|
[*]

‘Whorls

BENERNEERERE

l4.3l2.21 3] 86[ 47|44| 36| 29]09] 11}
112[3}4]|5]6|7[8]3)19
Arches

Pic 551—A bmanuar with the percent frequencies of finger print pattern combmat ons 1
mdiwiduals (Data on 8045 Germans from Poll )

each space 1s shown by the coordinate position of that space i reference
to the indicated numbers of whorls and arches The numbers of loops are
wunplied m the ders of these d Thus the space
o whorls 0 arches provides for ten finger sets having loops only, the space
1 uhorl 0 arches represents mdividuals with mine loops, and so on The
numbers 1nserted 1n this example (Fig s1) are the frequencies observed
1n a series of 8041 Germans {15) The modal distribution of the pattern
combrnations 1s ind d by the of at and
near the lower left comner, since loops are the most frequent pattern type
Frequencies dimimish toward the diagenal border of the manuar, and, so
are the b which they di only m a much
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larger senes would the spaces along ths border be likely to contam entnes
If it exists at all the rarest of combrnations would be that of five whotls
and five arches This bination would be expected 1f chance alone
determined the coexistence of arches and whorls twice m about 500 oco
mndrviduals Actually, the combination never has been recorded (73
The frequencies of combinations lying along the diagonal progressively
dummsh as the space 5 arches 5 whorls 15 approached Accordingly, 1t
may be postulated that genetic factors determine mutual exclusiveness
of increasingly larger numbers of whorls and arches in the same individual

Dacrvropracrast. Another analytic method devised by Poll 1s the
dactylodiagram the example illustrated (Fig §2) representing the data
from Scotland Yard (Table 1) The dactyloiagram is a five pomnt graph
of whorl and arch frequencies 1n selected couplets of digits The couplets
plotted 1n the usual order of increasing whorl frequencies are V left and

Lt RIL
o}
5
14 L Ly
] I Y ik
€10 15 20 25 90 25 a0 45
< Whorls

F16 51—-A dactylodiagram (Based on S offand Y ovd data for 5000 person  luble 1

nght 111 left and nght 11 left and nght I left and IV left I nght and
IV nght Digits IT IIT 2nd V are coupled as corresponding digtts of night
and left hands but digits T and IV are treated differently because with
respect to whorl frequencies Iand IV of the same hand are closer to each
other than 1s erther of these digits to the corresponding one of the opposite
hand Poll (168) terms a couplet of corresponding digits a parr while the
couplet I and IV of the same hand 1s a group the usual closer relation
m the described parrs and groups 1s charactenzed as the pasr group rufe
Some racial stocks are exceptions to the pair group rule digits Tand IV
being more closely related as pairs than as groups
The general aspect of the dactylodiagram provides for varous com

Pansons involving pattern type frequencies on different digits The
scheme 1s useful 1n disclosing trends which differentiate racsal stocks or
other selected populations Inspection of the graphs usually 1< suffictent
to determine differences but Poll favors measurements of certain angles
of the dactylodiagram for more exact comparison
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Rmce CooNting

Ridge counts are made (a) from triradial pont to pont of core
(b) from a traced radiant to a tnradizl pont, (c} along a 1-cm line placed
at nght angles to ndges for indirect measurement of ndge breadth
End potnts are prescribed 1n the first two apphications

GENERAL RULES Accuracy in counting requires 2 magnification of
about four or five diameters All counts are made along 2 straight hne

!

e e e

I

%
e

N

N

Lt '.w . o it} »
e e e e -
P16 53-—A loop w th & count of eleven ndges R dges are counted along the indscated lme
wh ch joins the point of trirad ns (outer term nus) and pont of core (1aner terminus)

and since the count extends 1n many mstances along a considerable dis
tance an actual guiding line should be provided This bne 1s onented
according to the rule applying to the partrcular count Though other
straight-edge devices will serve, a convement aid 1s the Henry disc,
inserted 1n the base of the finger print magnifier (Fig 45) A fine pointer
15 used to pass from one ndge to the next along the hine of count Except
nascent ndges every ndge crossing the hne 1s counted A ndge terrmnation
which meets the Line 1s included in the count, and on the same prinaple
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when the kne cuts through a point of bifurcation two ndges are counted
A ndge which terminates short of touching the hine 1s not included
TRIRADIAL POINT T0 POINT OF Core In finger print 1dentification
this 1s a standard count for subclassifymg loops and 1n brological studies
1t 15 appled to vanous pattern types as a measure of pattern size (the
gquantilalsve value of Bonnevie) After locating the tnradial point and pont
of core as outer and 1nner termun of the count the line 1s set 1n position
to connect them The triradial point and pornt of core are not included
1 the count The line of count for a loop 1s 1llustrated 1n figure 53
In true whorls and composites there are two lines of count instead of
one and the adjustment of these lines calls for special attention to the
morphology of the configuration Each hne leads from a triradial pont
to the nearer point of core Sometimes the determmation of the pomt of
core 1s difficnlt Identification practice defines rules to gmde ndge counts
1n these patterns (66) In brological analyses where the object of the count
s o secure a measure of pattern size the safe rule m doubtful cases 1s to
establish a line of count comparable to that apphed 1n counting loops
When the core of a whorl 15 an island or a rod there 1s a common pont of
core for both counts and 1f 1t 1s 2 ardle ellipse or hook shaped ndge
the limbs of the figure often are so placed that the locattons of two points
of core are easily fixed according to the prinaples which govern counts 1n
loops The more complex cores of true whorls and especially the cores of
lateral pockets and twin loops call for judgment m the mdividual case
It 15 seenungly impossible to construct generally apphcable rules for
speafic problem cases beyond stating the gmding principle that the
counts must aim to express pattern size on the same basis as that applying
i loops and true whorls In a double looped pattern for instance 1t
may be justifiable to create an mner terminus locating 1t on a ndge which
hes midway between the cores of the two loops the selection of the pont
on that ndge will depend on the morphology of the two loops
TRIRADIT AND RaDIANTS Reference has been made to the tracing of a
Proumal pattern radiant of a whorl to determune whether the radiant
courses into the oppostte triradius distal to 1t or proxumal to1t A count
!0 1nstances where the radiant does not Join the opposite tnrads 1s
made between the traced radiant and the triradius along a hne passing
from the tnradius to the radiant this hne 15 approximately 1n the long
2us of the digit i whorls with outer tracings and at nght angles to the
digital 2xs 1y whorls with mnner tracings Neither the radiant nor the
tnradial pont 1 included i the count The same prncple applies 1n
counting ndges between two traced raciants or between two tnradn
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Counts PER CENTIMETER As an mdirect measure of ndge breadth
the number of ndges transecting a hne of fixed length may be counted
The best device 15 2 glass disc for insertion tnto the base of the finger pnint
magnifier and having m 1ts center an engraved line exactly one centimeter
in length With the disc in place, the magmfier 1s ortented over the print
50 that the hine crosses nidges at nght angles One end of the line 1s centered
1n the ndge with which the count 1s to begin Every ndge which meets or
transects the line 1s counted, following the rules before stated The ndge
touched or crossed by the opposite extremuty of the Line s the last ndge
1ncluded 1n the count

PATTERN S1zE (QUANTITATIVE VALUE)

The guantitatire value of Bonnevie (44) 1s determined by ndge count
from triradial pomnt to point of core This value 1s an expression of pattern
size, and though an imperfect one, 1t has proved useful especially 1n studtes
of inhentance The quantitative value is recorded as follows two integers
represent the ndge counts, one for that of the radial side of the pattern
and one for the ulnar side In an ulnar loop the only possible count 1s the
standard loop count, but the value would be wntten so as to indicate the
absence of a count on the ulnar side of the pattern, e g, 18-0 In a radial
loop the reversed notation eg, o-18 shows that the count 1s on the
oppostte side The two counts 1n true whorls and composites are recorded
n the same way, e g, 14 18 In arches, which have no counts the value1s
o-0 To mimmize the efiects of arhitrary elements in the rules governing
ndge counting Bonnevie groups the counts 1n classes Beginmng with
class o, for plain arches, the classes ascend through 70 Class 7 includes
patterns which have one or two triradn but no ndge count The succeeding
classes, with their ndge counts, are dass 2, 12 ndges 3, 34,4 56,
5,78,6,910,7, 11 13, 8, 14 16, 9, 17 20, 70 21 and lgher

The quantitative value of a pattern (in Bonnevie s onginal method
since superseded) 15 half the sum of 1ts two class values The class values
of an ulnar loop having the count 18-0 are g 0 and the quantitative value
15 accordingly 4 5, 1n the whorl having the count 14 18 the classes are 8 9
and the quantitattve value 1s 8 5 Either the onginal ndge counts or the
class values provide for collective treatment of the charactenstics of
indivaduals, of single digits, and of nght and left sides

‘The adequacy of the class values, as just described 15 questioned by
Gruneberg (z02) and Newman (225}, 1n a later paper Bonnevie (154)
acknowledges the definency One weakness conceras the treatment of
whorls The larger count in a whortl, rather than the average of its two
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counts, should be compared with the count of a loop Mueller (221)

ly without r g that his p lure serves at least partly
to offset the inadequacies of the ongmnal Bonnevie method adjusts the
values of all typical loops having counts of three or more nidges by adding
25% to the actual count The second chief weakness of Bonnevie s ongnal
class values 15 the assignment to one class of all counts greater than 20
In lus modification of Bonnevie s class values Newman assigns the value 1
to patterns having a zero ndge count and values from 2 through 17 to a
suceession of two ndge classes In whorls these values apply to the larger
of the two counts The assignment of a class value of 7 to patterns having
o ndge count 15 a questionable begmnning of a senation which aims to
measure pattern size 1n terms of numbers of ridges The class vahes as

50

2 3 o 7 ST w2z
PG 54 —Frequencaes of the quant tat ve values (Gruneberg s classes) n 113 1nd viduals ulnar
loops 735 radial loops 64 whorls 227 (Data from Cumn ns and Steggerda )

fevised by Gruneberg properly begin at o for plan arches Patterns
baving one or two tnradu but no ndge count (tented arches and the
arches which are transitional between true patterns and plain arches)
bave the valye 7 Beginning with class 2, each 1s a three ndge nterval
class 2, ndges ¢ 3, class 3 ndges 4 6 and upward

Whether Pattern size 1s analyzed by absolute ndge counts or by class
values jts variability 1s like that of other bodily charactenstics expressible
I8 measurements In Roschers counts of 3000 ulnar loops patterns of
12 to 16 ndges form the peal of the curve of distrbution over one third
of the patterns hie wittun this range The descent to a maximum of 3o
ndges 1s an even slope while the more frequent smaller loops elevate the
OPPosite luub of the curve Figure 54 presents the distribution 1n another
sample of Gruneberg s class values for ulnar loops radial loops and whorls
The curve of distribution of class values for ulnar loops 1s more depressed
than Roscher s curve, because 1t 1s constructed from class values mstead
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of direct ndge counts, but the irregulanty assoctated with the dispropor
tionate number of smaller ulnar loops 1§ similarly evidenced Radal loops
exhibit 2 distinet shift to increased frequencies in the lower class values,
while whorls conform to a binomal curve

‘There are two chref deficiencies 1n ndge counts as measures of pattern
size (a) The rules for ndge counting introduce aberrations of this measure
The plaang of the line of count 1s governed arbitranly by end points
that may shift without influencing the expanse of the pattern area Two
loops may be of the same actual size, as measured by the area ncluded
within the type hne, though 1n one the ndge count 1s greater because the
core 15 located farther from the delta A count across the whole pattern
area (Marrs’ ¢ full count’ ) might provade a useful supplement to the usual
count between the two termum Arbitrary prescnptions for 1ncluding or
omitting ndges 1n the count seem to be necessary, and, 1n mass analyses,
it 1s probable that d are equahized (b} The ndge count asa
measure of pattern size, vnthcut a correction factor for standardization of
ndge breadth yields an exaggerated value when ndges are narrow, and
a mnified value when they are broad

ParTERN FORM

Patterns, even of the same type, are vanable with respect to form of
the pattern area Some patterns are elongated mn the axs of the digit
and others are broad The vanations im pattern form may be likened to
vanattons in proportionate breadth and length of the cramum—long
{dohichocephahc), broad (brachy cephalic) and sntermediate (mesocephalic)
—or to vanations 1 body butld In the same way that anthropometnc
ndices express proportionate relations, such as that of cramal breadth
and cramal length, the sndex of patiers form indicates the ratio of breadth
to height of a pattern

MeTHOPS Prnts mtended for measurements of pattern form should
be made with care to mummize distortion of the pattern area 1n pnating

TABLE 3
VARIATION OF PATrER: FORX INDICES 1N PRINTS OF T SAM2 Inpix Fraazz MADE WrTe
DorEReNT DEGREES o PRESSTRE

(M ueller)
Rolled prints | Dab priats
Strong pressure 61 56
Moderats pressure 53 55

‘Weak pressare 57 53
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The pressure should be even and gentle throughout the rolling process to
avod foreshortemng or narrowing of the pattern area The indices listed
in table 3 show that patterns are broader in rolled prints than in dab
prints and that in erther process of printing  breadth increases with
added pressure In analyzing prints of young children 1t must be remem
bered that pattern form may undergo change with growth Mueller (222)
made repeated prints of four children aged two to six years through a
pertod of 234 years He Teports vanations of pattern form 1n the same
digit amounting to as much as 15 points of the index and ranging down
ward to 1 index point

Determinations of pattern form were first made by Bonnevie (44)
only her later modified procedures (154) are here considered Still different
modifications are employed by Gewpel (59 197) and by Cummuns and
Steggerda (279) The differences among the methods lie mainly 1n ortenta
tion of the hines for measuring breadth and height

The several methods have 1n common the use of one or another type
of ruled transparent plate This plate may be the commercially avallable
glass disc for insertion 1n the base of a finger print magmifier or 1t may
be made by photographing a coordinate ruling The essential features
of any plate imntended for ths use are two graduated lmes mtersecting
at nght angles The ntervals of graduation provrding they ate constant
and sufficiently fine are immatenal since determinations involve propor
tion rather than absolute values In the authors plates the intervals
are 035 mm The two reference lines on the plate are named base line
and arss when ortented for the reading of breadth and height respectively

The following directions are selected from varying procedures adopted
by different authors The pattern area 1s first outlined the tracing being
€arned far enough around the distal boundary of the pattern area to
mark the height of the pattern (Fig ss) Neither loops nor symmetncal
meet whorls require special treatment 1 the height reading Most whorls
are distinguished by non meeting of radiants hence the more external
of the two distal radiants and the more proximal of the two tnradn are
selected as landmarks for height In an asy) rical whorl
the fracing 1s begun from the triradius which 1s farther from the core
¥ the distal radiant passes nside that ansing from the other tnradius
& tracing 1s made also from the second tnradius so as to mark the true
height of the pattern Smce there 1s no pattern area defined 1n arches a
peripheral boundary must be determined arbitranly To establish a
Penpheral boundary Bonnevie and Gerpel trace a rndge crossing fixed
Pomnts (their 10 markings) on the base hie of the plate It 1s suggested
that 5 ndge which 1s representative of the curvatures near the center of
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the * pattern area mught mnstead be chosen for tracing Some personal
vanation m tlus selection 13 mewiteble though the method meets the
difficulty at least as satisfactonly as the choice of fixed pomnts on the base
hipe

Or of the plate vanes 1 the practice
of different investigators There 1s agreement among all workers in reading
breadth as half or about half of the total breadth of the pattern area
(Fig ss) Thus a breadth/height reading of 8/10 would mean that the
real proportion 15 16+ /10 The justification for 50 constdering breadth
1s that loops have on only one side a fixed point for breadth measurement
the tnradus There 1s agreement also m reading breadth of true whorls
and other patterns with two tnradu on the side which yrelds the larger
measurement Fipally all workers orient the base ine through a tnradius
(except 1n plain arches)

P G 55—Two prints of the same pattern for ustrat on of the unl ke methods of orient ng.
the lines of measurement of breadth and height 4 accord ng 10 both Bonnewie and Ge pel
g accord ng to Cumm ns and Steggerda The nd ces obtaied by the two methodsare 4 70

s

For measunng height all workers align the axis of the measunng plate
through the core Both Bonnevie and Gerpel place the axis so as to conform
to the direction of the core and surrounding central features (Fig 55 A)
The cores of many patterns slant and there 1s accordingly no fixed relation
ship between the long axs of the digit and the directions along which
breadth and height are measured A constant reference to the digital
axis 1s provided by the method of Cummuns and Steggerda For the reading
of pattern height the aus of the plate 1s placed through the core and
parallel with the digtel axis and the base line 15 thus at nght angles to
the diit {F1g ,5B) The distal snterphalangeal flemson furrows aid
onientation of the base hine and prnts prepared for studies of pattern
fonn Serdedl walede Yhes bty

‘The pattern form idex of an individual finger—or the average of
1ndices 10 2 senes of dipts the ten digits of an individual or seres of
corresponding digits—may be assigned 1ts place 1n a group classification
Bonnevie defines these classes of form indices
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——59  Elliptical
60~80 Intermediate
8y — Circular

Gespel also considers three groups

—_91 DNarrow
92 111 Intermediate
112 Broad

In genetic compansons of the ten digit averages Geipel allows an over
lapping as follows

93 Narrow
90113 Intermedhate
b § - pu— Broad

Bonnevie favors exclusion of the thumbs in computing the average
form index of the individual holding that the extraordinary breadth of
thumb patterns distorts the individual average Geipel considers that the
ten digit average 15 not rendered 1n2d by mnct of the thumbs
which with hus method of measuremem elevates the form index of the
indvidual by 52 pomnts on the average In the Cummuns Steggerda
series of Dutch where pattern form was measured by a different method
there 1s an equal difference between the ten digit average and eight digit
average (the actual value of the difference 4 6 being the same as n two of
the sertes from which Gepel compiled Ins results)

Certain charactenstics of pattern form notably the conformation
of the ntenor of the pattern escape recogmtion mn the mdex Bonnevie s
onginal method of registering pattern form 1s concerned with the breadth
and herght of the central area alone Within patterns espeaally whorls
vanations 1n form of the central area may occur independently of the
form of the pattern as a whole The internal ndges of a whorl may spiral
or they may form concentuc figures The spiral and concentnic figures
may be arcular or elliptical and the ellipses may be broad or narrow
sometimes much attenuated 1n the axis of the digit Agamn the central
configuration. may exhvt, dauhle looped arcangements or other lacalized
peculianties The recording of all such details necesaitates the use of
speaial descriptive methods

Arother feature deserving attenton ts the slant of the internal ndges
with reference to the axis of the digit In loops the cores may be in line
with the digital ams transverse to 1t or on an mtermediate slant The
angle may be readily d with the hal 1 flexion furrows
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TABLE o
PATTERM PORM InpicES IV THREE Sertes DETERWINED BY Drrrexext Mrrnops

Germans 2200+ Norwegians 373 Dutch 113
Dugits
Cummins and
Gepel

el Bonnevie Steggerds
1 30 100 & 858
n 101 6 B39 734
m 875 %2 613
v 947 759 s8¢
v 100 4 817 590

as a hne of reference The angular relation may prove to have useful
applications in biological studies

StatisTics The distnbution of the indices {ten digit average) in one
sample 1s shown 1n figure 56 The average form 1ndices for single digits,
1 this senes and 1n two other collections, are mcluded 1 table ;4 The

e/ |
LA~ ] |
Fic 56 —Frequencies of the pattern form mnd ces 1n 153 sndividuals {Doata from Cummins and

data represent three natwonal populations {Germans, Norwegians and
Dutch) Possibly the unlkenesses among the three semes are 1n part
racial distinctions, but 1t 15 probable that the observed differences in
pattern form are attnbutable at least manly to differences of method
Nonetheless, the three sets of determinations indicate certarn consistent
differential trends among the dipits, especially the increased pattern
breadth of the thumb

The mean pattern form indices of different pattern types present no
significant differences among whorls, ulnar loops and radial loops, but
the distrbutions of sadividual ndices indrcate 2 trend 1n which the types
drmrntsh in breadth in this order whorls, ulnar loops, radial loops Arches
are of course the broadest of all patterns this being apparent without
measurement According to observations (x97) on 315 males and 287
females, there are no sexual distinctions 1n pattern form
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CONFIGURATIONS OF MIDDLE AND PROXIMAL PHALANGES

The few available studies of configurations on middle and proximal
phalanges indicate that further investigation will be profitable MacArthur
(215) mentions a study in progress in which 1t is found that for the dis
crimination of monozygotic and dizygotic twins these regions present
“features of high diagnostic value ”

Whipple (r47) was among the first to direct notice to the inclination
of ridges on these segments, pointing out that therr configurations form
two systems of slanting ridges with opposed directions, an arrangement
segarded by ber 2s a provision against slipping 1n prehension Ploetz-
Radmann was the first to make precise studies of these configurations,
her scheme of description is adopted by subsequent workers interested in
these regions (63, 129)

==y

A, Steaignt B. Hook
/7 \N—

= N ~ ~ B
GDouledngle  MPOMBUATL,  fpoubicAch  J Closure K Feather L Acdental
s =X = <D™

P16 57 —Types of configurations of mddle and proximal phalanges (Traced from the prints
situstrated by Ploctz-Radmans )

Ploetz-Radmann differentiates four basic types of configurations
(Fig 57,A-D stroight, hook, nare, orch), seven combination types (Fig
57,E-K) acd another class compnsing rate configurations which do nat
conform to any one of the defined types In figure 57 supplementary
shetches distingursh the sub-types recognized by Ploetz-Radmann on the
basis of directional characteristics

Middle and pronmal phalanges, imprinted by rolhng, are investigated
I 200 persons by Ploetz-Radmann The two phalanges are separately
formulated and the results brought together for various comparisons The
majority (80%) of all phalanges, whether proximal or middle, bear one
or another of the four basic types Enclosures and feathered configurations
ate confined to proximal phalanges On digits ¥, 1T and TII the character-
istic slants are proximo-radial, while digits IV and V typically slant in the
proximo-ulnar direction. Arches are most frequent on digit IIT, next on
digit IV,
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PALMS

TOPOGRAPHY

Anatoyacar Lawpuarks In desenbing palmar dermatoglyphics
and 1n presenting methods of interpreting them 1t 1s necessary to make use
of designations referning to the anatomy of the hand (Fig s8)

Terms of anatomical direction
(proximal distal radial and ulnary
are frequently employed 1n descnb-
1ng the locations of features and 1in
mndicating directions toward the
respective palmar margis

Intesdsgital ntervals the clefts
between digits are numbered n
sequence beginmng with the inter
val between the thumb and ndex
finger

Around the central kollow of the
palm there 15 a semes of six eleva
tions of varymng promience and
expanse Four of these are nfer
digtal pads, each lying 1n proximity
to an interdigtal mterval Inter

Fros e/ digital pads are distinguiched bv

PiG 58 Anatom cal landmarks w palmar pumbers each having the number
dermatoglyph cs

of the nerghboring internal Inter

digtal pad I 1s the least prominent member of this semes being

usually hardly ewvident as an elevation The fhenar eminence occupies

a large share of the proumo radial quadrant of the palm, 1ts elevation

1s due mainly to the location mn this regron of muscles which control the

thumb The hypoth a more ek d elevation lying e

2

pstar
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the ulnar portion of the palm 1s associated with muscles of the hittle
finger though 1n 1ts proximal region there 15 commonly a localized bulge
representing a true pad which has the same morphological sigmificance
as pads of the interdigital sertes (Chap g)

‘The major flexzon creases are fairly constant in their arrangement tn
different palms and those Wlustrated are useful as landmarks in descnptive
dermatoglyphics The most distal
bracelet crease typically comcides
with the proxumal limet of ndged
skin Located at the bases of digits
the metacarpo phalangeal creases
form dividing hnes between the
free digits and palm The radial
longstudinal crease (the palmists
‘hne of hfe ) curves to embrace
the thenar eminence and the region
eccupied by mterdigital pad I The
distal trans erse crease (the Iime of
beart } and the radial portion of
the proximal transierse crease (the

line of head ) form an ncomplete
proximal boundary of the region
occupred by interdigital pads IT
I and IV The levels of termuna G 59 Mapol the s x e cf dermatoglyph ¢

areas of the paln

tton at the ulnar border of the
distal and pro<imal transverse creases aid in defining zones for formulating
palmar main hines

DerMaTocLypRIC AREAS Corresponding to the described relefs the
palmar surface 1s divisible mto dermatoglyphrc areas or configurational
fields Of these areas six (Fig s5g) are included n the customary descnp
tive formulation hypothenar thenar and the four interdigitals Each of
the areas 1s a topographic umt 1ts individuality being expressed both by
the existence 1n some palms of a discrete pattern and by the charactenstic
presence of partial boundartes formed by trradu and their radiants A
palmar area 15 comparable to the ball of a finger wath respect to tts nature
as 2 umit notwithstanding that the several areas are modified by their
conjunctions and that their individuahity as umts 1s sometimes obliterated
completely The configuration of a palmar area 1s classifiable according to
the general principles which govern the classification of finger prints

Trrrapir Charactenistically there are four digsial triradst located in
proximal relation to the bases of digits IT IIT IV and V (Fig 60) In
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radio ulnar sequence they are named g, b, ¢ and d The two distal, or
diptal radiants of each tniradwus embrace the digital grea the zone
bounded by these radants and the
most proximal metacarpo-phalan
geal flexion crease The distal radi
ants thus embrace the base of the
digit as they course to the inter
digital intervals (in the mstance of
tnradius d 1n passing to the fourth
wnterdigital interval and to the ulnar
margin) The proximal radwant 1s
directed toward the mtenor of the
palm and when fully traced this
radiant 15 known as a palmar man
line The four main lines (Fig 63)
onginating from digital tnradu are
named tnradi0 ulnarsequence 4 B
C and D—each letter corresponding
to the designation of the respective
Fio “"Ei‘ifﬁ.‘ﬁfﬁ"ﬁﬂi forformu  trradius but distinguishea by
capitahzation

Axal iriradu (Fig 60 {) are located most commonly at or very near
the proximal margin of the palm in the interval between the thenar and
hypothenar eminences They may occur how
ever as far distal as the center of the palm A
palm may have one two or three axial triradn
or rarely none A composite of X ray records
of digital and axal tnrady (Fig 61) shows
that the distribution of axial triradu 1s confined
rather closely to the axs of the fourth
metacarpal bone This confirms the general
observation 1n prints that these triradu, what
ever therr levels are confined to a zone aligned
with the ans of the fourth digit The distal
radiant of the axial tnradus may be traced
through the palm and considered as a mam
line. (Fig, fiz, T—named. from. the symhal af.

16 61 —Compos te of the
disterbut on of dig tal and ax al
the axial triradius, £) tnrady n reference to the hand

Taradu which are neither digital nor azia]  *keleton (From Vals &)

occur mn some palms 1n association with certamn pattern formations m the
palmar areas Under some crcumstances accessory trirady related to
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q 1

areas are f d as ongins of supplementary main
lines

TRACING AND FORMULATION oF Mam LiNes

Basic Methods

‘TRACING As they are traced on the palm print the mamn lines are
marked with a fine pointed penal ordinary or colored Lines 4, B, C

§\<
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FiG 62-—A ser es of representative d gtal triradu flustrat ng selection of the ndge traced

@samaw }ne The proxumal rad ant 15 marked by a circle_in cases (kL P) hav ng two circles
the nidge on the rad al 5 de 15 selected as the prox mal fadiant

%—J\(aﬁ\/\(
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and D ongnate from the respective digital tnradn as therr prommat
radiants, and hne T 1s the distal radiant of the amal tnradius In cases
presenting two or three axial triradu hine T 1s traced from the proximal
one
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A main hne 1s traced according to the same rules which apply to the
tracing of type hines in finger pnats with the following supplements
adapted to condittons 1n the palm

(a) Selectron of the ndge to be traced as the main line usually presents
no difficulty (Fig 62), but occasienally the tniradral construction s such
that either of two ndges appears equally entitled to recogmition as the
proximal radiant (Fig 62,K,L,P) In such a case the ndge on the radial
side 1s arbitrarlly chosen as the
begmning of the man hine

{b) Interruptions of ndges are
frequent and the tracing of a main
bne beyond an interruption 15
defimtely prescribed Often another
ndge 1s 1n 2 direct line, and if so the
tracing 1s continued on that ndge
Otherwise, the tracing 1s transferred
to an adjormung ndge 1n accord with
the following rules If one of the
two neighboring ndges has a closer
spatial or hnear relationship wath
the ending the tracing 1s continued
on 1t If such discnmmation can not
be made the general course of the
main lime 1s projected visually, to

PiG 63 —Identificat on of the mam lmes
(4 BC D T) mapalmhaviagthe formula  determine which of these alterna

ks 131 LL/LOLY tives apphes when the sweep of

the ndges 1s curved, the ndge toward the concawity 1s selected, when
the course 1s relatively straight, the ndge 1s chosen which carnes the line
toward the ulnar side, rather than the radial or toward the distal margin
rather thap proxmally

(c) The tracng 1s made without anticipating the terminal relations of
the hine, to avord bias 1n favor of tracing hnes either to the palmar margm
or to fustons with other main lines

{(d) Partrcular caution 15 exercised 1n meeting 2 flexon crease Imper
fect ndge formation and altered ndge courses within fleion creases
(Fig 37), as well as lapses of pnnting wathin creases may require that the
‘et e vonknied envpreadly. Thee e e o et wauss e Tres
onto the ndge which 1s 1 most direct inear continuation

Foryrration Completely traced, the main hines of 2 palm constitute
a skeleton (Figs 64—69) comparable to the type lines of a finger pnnt
‘The general aspects of the palmar configuration may be largely recon



PALMS 89

structed from inspection of the main lines alone (Fig o), or even from
the descriptive formulation, since there 1s so mtimate a relationship
between the main hnes and the other elements of configuration
‘The formulation {classification) of main Iines 15 based upon a numbered
sequence of posttions around the penphery of the palm, each traced Line
being described by the posttion 1n whech it termmates Numbers are
applied to a sertes of 14 intervals and points (Fig 60) The number se
quence begins with the proximal part of the thenar eminence and con
tinues around the proximal, ulnar, distal and radial borders of the palm
Digital tnrady and the amal tnradius are pomts (axal tnradius 2,
diygital tnrady, d, ¢, & and ¢ being numbered 1n order 6, 8, 10 and 12)
Mutual fusion of tvo main hines results when a tracing confinues from one
digital tniradins to another digital tnradius (Fig 63 lines B and O),
each of the two main lines 1s then formulated with the number assigred to
the tnradius from which the other line anses When a line 1s traced to an
digital 1nterval 1t 15 formulated by the number of that mnterval (for
example, a line D reaching the second interdigital interval as it does
figure 63, 15 formulated rz) A line ter 1ng along the p 1 margin
of the thenar eminence anywhere on the radial side of the axal tnradis,
1s formulated r The four remaiming mtervals, embracing the proximal
margin of the hypothenar emunence and the ulnar border of the palm are
not tmuted by definite anatomical landmarks (Fig 60} The approxunate
mudpotnt of the ulnar border 1s determned as position 4, often the provimal
transverse flexion crease reaches this pomnt, and the termination of the
crease in any case 1S a helpful guide 1n estrmating the extent of distal and
proxumal halves of this border The interval between positions 4 and 2
mcluding the proumal half of the ulnar border and the proumal margin
of the hypothenar eminence, 1s posihon 3 The distal half of the ulpar
border 15 position 5, whach 1s 1tself divaded into halves for more speafic
formulation of main Lines, the proxmal half being numbered 5" and the
distal half 5 Usually the distal transverse flexion crease ends at a level
corresponding to the point separating ' and 57
Hawving traced the four main hnes the symbols for their termmations
are composed 1n a man line formule It 15 recorded in the order D, C,
B, 4, with pertods separating the symbols In figure 63 as an example, the
formula 15 11 108 5' 1i 1t 15 desired to include hne T, 1ts symbol (in this
case r3) 1s added as a fifth element 1n the formula

Specral Formulatsons

The foregoing methods of formulation are basic, but several special
procedures remain to be described
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DovsLe FormuLaTIONs. Two circumstances demand double formula-
tion. In dual formulation two determinations are actually realized on the
palm, while alternative formulation is used when the interpretation is on
the borderline or doubt{ul Their symbols are distinguished typographi-
cally. The two el in a dual f lation are sep d by a slant line
thb the larger number first, while in alternative formulation the preferred

ation is given precedence and the alternative element of the
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Fic 63 —Lelt palm, formula 757§ 3440 MOL
symbol follows in parentheses. Examples of these usages are shown in
figures 65-6g.
OF A D1617AL TR In the absence of a digital triradius,
a condition almost confined to triradius ¢, the digital area is not discretely
bounded. The ridges in its territory are extended proximally as a
progressively widening system of arciform ridges encroaching into the
interdigital areas (Fig. 66). Lack of the triradius, and necessarily of the
ding main line, is lated by the symbol O, standing in the
formula in the place assigeed to the main line involved.
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AporTIVE MAIN Lines Closely alled to the absence of a digital
tonradius 15 abbreviation of 2 main hne Line C 1s selected for rHustration
simce 1t 1s the one prinapally mvolved In the degree of least development
there 15 practically speaking no main hine at all though the tnradus 1s
present This condition 15 formulated x regardless of the hine mvolved
A more frequent abortive state formulated Y 1s that m which the prox

FG 65 Left palm formas 10X7 634 4% 4 00V A

mal radiant can be traced for a short distance It commonly forms the
axis of a configuration resembling the tented arch of the finger print sertes
(Fig 67) but with the convexity facing proximally rather than distally
A third type of abortive mam hne 1s formulated by the number of the
tnradius of ongin 8 1n the case of ne C The line recurves to fuse with
ttself or wath one of the digital radrants of 1ts own trradws (Fig 68) The
distinchion between a distal termination (position 7 or 9) and the abortive
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‘TrACING MAIN LINES FROM ACCESSORY TRIRADI AS SUBSTITUTES FOR
DrciraL Trrapo The standards for formulatmg mamn hnes require
supplements 1n some cases The main hne formula 1s a descniptive record
and the value denved from 1t 1n studies of mass samples exsts largely
the fact that the formulation of lines D and A pictures the degree of
transversality of ndges i the distal area of the palm The courses of hines
B and (" add nothing of sigmficance to the record of general ndge direction
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PiG 68 ~Left palm formula 11/7875 ¢ L/A 00OV

Therr courses are confined by ltnes I and 4 and formulation serves only
to descnbe Jocal courses 1n the mrddle of the distal palm these being often
crcuits around interdigital patterns For example (Fig 70 B) the formula
11975 remans adequately descriptive of generalized ndge courses if
Lors Band C weomitted un——5/

There are fairly frequent accessory lines D and A which unless
ncluded would render the main hine formula 1nadequate for descripion
of generalized nidge courses In figure 70,A hine D fuses with an accessory
tnradius associated with the fourth mterdigital pattern hre D m this
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palm has two termunations (17 and 7) both of which are formulated In
figures 70 C and 70 D the aspect of the distal palmar configurations 1s the
same s n figure 70 A though in neither does line D fuse with a radiant of
the neighbonng pattern tnradis To make the formula compiete the
course of the radiant of the accessory tnradius must be recorded This
radiant simulates ine I botb 1n course and 1n the positton of 1ts tnradius
of onigin In formulating the accessory radiant a special symbol 1s apphed
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FiG 69 —Left palm formula 11(x0) 9 7(6) 3k ¢ L /A*0 020

the two elements being separated by a dash {eg  177) to denote the
Presence of an accessory radiant which assumes the character of line D
though not fused mith it It will be recalled that a true dual formulation
{eg 121/7) always sigmfies fusion of hne D with an accessory tnradius
An accessory radiant 1s not formulated unless 1t courses farther radially
than does hine D, hence the more radial of the two positions indicated 1n
the symbol invanably stands for the accessory feature rather than the
main kne
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Line A presents an exact parallel to the situation described for line D.
A radiant traced from an accessory triradius may fuse with me 4 or,

bl

16. 70 —Tracngs from four nght palms, illustrating a typucal set of palmar mam lines
(B) and three palms 1 which accessory lmes have mote descriptive significance than the
‘maint hines propes.
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P16, 71—Left palm, formula 109 7/6 5-t-4% OALLA

without fusion, simulate a typical course of line A. If there is a fusion with
the accessory triradius, the ordipary dual formulation (e g, r1/5”) is
used. When the courses of line 4 and of the related accessory radiant are
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mdependent the symbol for formulation has 1ts elements separated by a
dash(eg 775 asinfigure 70 D) Anaccessory radiant 1s not formulated
unless 1t termmates farther proximo ulnarward than does line 4 proper
These special conditions involving hines D and A require that each
prnt be examned after routme tracing of the mamn knes If accessory
triradn occur 1n relationship to second and fourth interdigttal patterns
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F G 72—Left palm formula 7(8) s (6)5 3¢t4 VOOL

their radiants are traced to determine whether they should be included in
the formula In wnting the double symbol for either mamn Itne the larger
number 1s wnitten first

InreroiciTAL TRIRADI In defining digital tnradu emphasis 1s placed
upon their charactenstic location one at the base of each digit except the
thumb Fluctuations from typcal position mtroduce some modifi-ations in
formulating main hnes Displacement may be so extreme that in some
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cases there 1s an apparent supplanting of digital tnradu by triradu occupy
g interdigital positions

Triradius & may be shifted radially to be m hne with the fourth mter
digital mnterval and there may be also a distal displacement Simlarly
triradius @ 1s sometimes shifted 1n the ulnar and distal directions Not
withstanding such departures 1n the posit ons of tnradii « and 4 their

F & 73—Rught palm formula 1100 § -4 0000

proximal radiants retain the ordiary charactenstics of mam hnes
Trradn & and ¢ frequently approach each other but there 1s commonly na
difficulty 1n 1dentifying therr prommal radiants as mamn hines In an occa
sional palm however trnradn b and ¢ appear to be wanting being sup-
planted by a single tnradsus located m durect line with the third interdigital
nterval
Figure 73 d both 3 of the rule for i}

these mnterdigital tnradn The ruless Apply the usual means of formulating
main lines when the proximal radiant of an interdigital tnradius assumes
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the character of a mamn hne When the usual means of formulation fait
consider the digital trniradius as absent and include the symbol 2d 1n the
mamn hine formula placmg it without punctuation 1n the space corre
sponding to 1ts position Thus line D 1n figure 73 presents no difficulty n
formulation notwithstanding displacement of tnradws d 1ts proxmal
radiant follows a course charactenstic of line D reaclung position rr
In the same palm the triradius related to the thurd interdigital interval
1s so unlike a digttal tnradius 1n position and direction of the radiants that
the ordinary formulation does not apply The spectal formulation indicates
that digatal triradu & and ¢ are absent and that an ntercigital trnradius
occurs 1n relation to the third interval 11 oado 5

FORMULATION OF AxIAL TRIRADI

Commonly there occurs a single axial triradius at or very near the
proximal palmar margin n the depression between the thepar and
hypothenar eminences Some palms have two or even three axiai tnradn
Iying at different levels 1n the longitudinal axis Rarely there 1s no axal
taradius Axial tnradn are distributed within a narrow field aligned with
the axis of the fourth d gt (Fig 61) Formulat on records the number and
Ievels of axal tnradu In the palmar formula the symbol or symbols for
axal tnradu follow the mamn fine formula separated from 1t and from the
succeeding pattern formula by dashes (see legends of figures 64 69)

An axal tnradros at or very near the proumal margin1s formulated ¢
The most distally situated position of an axal triradius near the center of
the palm 152 and one which les at an intermediate level 1s ¢ In the
absence of an axal tnradius the symbol O 15 used 2nd should there be
question as to presence of a / due to incomplete printing the symbol 7
indicates that the determination can not be made In some palms where
there 1s no ¢ the ndges of the thenar and hypothenar areas diverge mats
expected position to form 2 parting p When two or three axal triradn
occur they are formulated 1n proxmo distal order (e g ¢ } the symbols
not being separated from each other by punctuation marks

The distinction between ¢ and # and between ¢ and ¢ 15 not always
clear Lacking precise means of discrimunation this formulation has proved
the least satisfactory of all elements of the palmar formula It 1s possible
that more refined methods might be developed to evaluate the levels
Norma Ford! suggests that the level of 4 be more speafically mdicated
bher practice bemng to append to the symbol ¢ the letter { m or & the
Tespective tmitial letters of low muddle and high It will be apparent that

Personal commun cation February 14 1942
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low and high should be considered as mdicators of possible alter
native formulations At least many cases of £ ({) are instances w hich might
be interpreted as ¢ and n the same way some examples of ¢ (k) might
otherwise be interpreted as ¢ thus the formulae of these border hine
nstances mght be written £ () and £ (¢ ) 1n accord with the usual notation
of alternative formulations

ForMULATION OF CONFIGURATIONAL AREAS

The six configurational areas of the palm are formulated individually
The configuration of each area 1s recorded by a descriptive symbol and
the senies of symbols 1s set down as the pattern formula 1n this order
hypothenar thenar/interdigital T interdigital I1 interdigital I11 inter
digital IV. When there 1s a question regarding classification of the con
figuration type an alternative formulation 1s made giving precedence to
the preferred mterpretation eg V(M) When a configurational area
bears two discrete configurations 1t 15 formulated with a dual symbo}
a hypothenar area might have two patterns for example L“/L* or a
pattern and an arch L7/A°

Hy pothenar

The prevailing directions of ridges of the hypothenar configuration are
slants which approach the transverse in contrast with the generally
longitudinal direction of the thenar system Typically there 15 2 marked
multiphication of ndges from a point near the center of the palm from this
point ndges fan out over the hypothenar area

The configuration of the entire hypothenar emimence constitutes the
hypothenar system but the only configurations which are formulated are
those of 1ts proximal portion (82) This area bears the proxumal hypothenar
pad The area 1s approximately bounded on its radial side by a hne drawn
from the base of the ning finger to position z of the palmar border It will
be recalled that axral triradn are distibuted 1n close relation to this line
Asxal tnrady are mtimately associated with the hypothenar configuration
their radiants forming boundares or penetrating the configuration
When ¢ 1s present its ulnar radiant commonly divides the hypothenar

1nto distal and p 1el (see duplex

wlarwY,

Prixary Types oF ConFiGuRATIONS There are three primary types
of true patterns m the hypothenar area whorls loops and tented arches
The other pnmary configurational types are not true patterns plamn
arches open fields multiplications and vestiges
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True whorls asin finger pnnts are distingmshed by concentnc ridges
Typically, however, thete are three trivadit mstead of two The triradius
on the ulnar margin may be extraimital, potentially present at a pont
lying outside the area of ndged skin The symbol for the whorl 1s |
Whorls presenting spiral or double looped centers enclosed by 2 concen
tric periphery, are qualified in formulation by adding s as a superscnipt

2B Db
>3

FI 73~—The four pnmary types of hypothenar configurations w th ther vanetes and
symbols Nlustrated as 1 prnts from nght paims

(Fig 74) Whorls having no more than eight ndges from the core to the
nearest tnradal pont may be formulated as small by using the symbol
w mstead of I

Hypothenar loops are morphologcally like loops of finger prints, but
1n the hypothenar area there are three instead of two directions of opening
the radial margn, the ulnar margn, the proximal {carpal) margin The
symbol for all loops1s L, and superscnpt letters are added as abbreviations
of the directions of opemng L7, L*, I° (Fig 74) Loops having no more
than eight ndges may be distinctively formulated, /
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Tented arches i the hypothenar area are morphologically like tented
arches of the fingers, though here 1t 1s the general aspect of the configura
tron rather than a ngorous distinction between tented arches and loops
which governs the formulation Tented arches are onented in three dif
ferent directions, the concavity of the arch may face ulnarwards, radially
or proximally (toward the wnst, carpus) The symbol for all tented arches
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FiG 73—A senes of denved vaneties of hypothenar configurations with thear symbols,
ustrated as 1 priats from nght palms

1s T, with 2 superscnpt abbreviation of the direction of the base I, T7

and T* (Fig 74)

Plan arches, a special form of open field, have an arched form as 1n
finger punts A 1s the symbol for a plain arch, and the same superscopt
letters are used as 1n tented arches to indicate the facing of the concavity
A, 2 ant APy 74y

Open fields (symbol O) are configurations in which the ndges are
essentially straight instead of arched Such configurations are exceedmgly
rare

Vestiges lack the sharp recurvatures of ndges which distingwish true
patterns, though well developed vestiges may show resemblance to
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definable types of patterns Ordinanly a vestige s merely a local dis
arrangement of ridges which converge abruptly or a system of straight
and parallel ndges which differ 1 direction from those surrounding the
vestige area ‘The symbol for vestige 1s ¥, and when a vestige presents a
recognizable affimty to a particular pattern type the symbol of that
pattern type 1s prefixed, e g , L'V

SoME SPECIAL VARIANTS OF PATTERNS The hypothenar area may dis
play 2 duplex configuration two true patterns, a pattern and an arch or
open field, two arches or two open fields Often the two configurations are
separated by the ulnar radiant of an mtermediate axal tnradws ¢/, but
they may be discrete even without this separation—discrete in the sense
that from nerther configuration do nidges enter the pattern area of the
other Ineither case, each of the two configurations
1sindependent and 1t conforms structurally to one
of the primary types The usual dual formulation1s
applied to sigmify the presence of two discrete
configurations The symbols of the two features
are separated by a slant, the distal configuration
bemng recorded first Figure 75 shows 2 senes of
duplex configurations and their symbols Qualify  Fic 76 —A parathenar pat
ing symbols to indicate patterns of small size tem
and pattern affimities of well developed vestiges follow the rules outhned
for typical single configurations

S patterns (symbol S) are double looped designs 1n which the two
elements are interlocked by a fow of ndges from one into the other
(Fig 75)

Complex configurations not assignable to any of the types above
charactenized are formulated as I

PATTERNS WITHIN PatreRas Whorls loops and sometimes other
patterns may contain central configurations unlike the arrangement which
gives character to the pattern as a whole, even an arch may enlodge a
pattern within 1ts concavity Thus an L7 may enclose a whorl hle the
central pocket 1n finger prints Since its general aspect 1s that of a loop
1t 15 formulated as 27 with the addition of the symbol u (small Jetter,
wnitten on the same hne rather than as a superscript €8, Lfe) Enclosed
patterns are entitled to distinctive formulation only when they are of
small size When an enclosed whotl or loop exceeds a nidge count of eight
1t alone 1s formulated as the hypothenar pattern

Parathenar patterns are assigned to the hypothenar area 1n routine
formulation but are of doubtful morphological relationshup toat (Chap ¢)
When the area 15 patterned 1t appears as a narroWw distally opening loop
on the radial side of the hypothenar area proper (Fig 76)
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Fic 77 —Two left palms » th nlus rat e thenar first sterdigtal configu 2 ons Pam A
WIV Palm B L/V  From Wilder )
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Thenar and First Interdigital Areas

The configurations of the thenar and first interdigital areas are closely
related anatorically In these two areas the vareties of configurationat
combimations are (2) No indications of patterns or vestiges the thenar
eminence and the adjorming terntory bearing a continuous open field
(b) A single pattern or vestige centered m an intermediate position with
reference to the thenar and first interdipital areas (Fig 72) (c) A pattern
or vestige 1n the first interdigital area the thenar configuration being an
open field (d) A pattern or vestige in the thenar area, the first mterdigital

area being an open field (e) A pattern or vestige in -
P

w/

Z

each of the two areas (Fig 77)

The patterns are whorls and loops The vestiges
are locahzed disarrangements of ndge course fre
quently of the type shown n figure 78 The ndges
composing open fields either course 1n a gentle curve
or are sharply angulated over the themar esmnence
(Fig 7r) The symbols are as described for configura
tions elsewhere, the mitial letters of the names of the i
configurations 1V, L, ¥, O The directions of opening /7 / ‘(_’H
of loops mught be mdicated, but since the directions /' "é/ ,7 ‘!’l’m

Pk x&/d’

are nearly constant such formulation 1s hardly profit

able A single symbol 15 used for those configurations i 28 —h com
which lack a recogmizable distinction of thenar and mon type of thenar/
first mterdigital areas Dual formulation 1s made when 2’;: ‘:f:&fng;;'le vl
the thenar and first interdigital elements can be :g“r::m:";:‘f: Son
differentiated, the symbol for the thenar beingrecorded pary wih s rarate
first (Fig 77) Bettmann presents detailed descnp N gt ons of thetar

tions of these configurations {From Beumaonn }

Second Third and Fourth Interdigilal Areas

The configurational area Iying between digital triradn ¢ and ¥ 1s inter
digital I that between tnradu b and ¢ 1s mterdigital TII and the con
figurational area between triradn ¢ and d 1s interdigital IV When a digital
trradius fails or 1s much displaced the midpornt of the base of the corre
sponding digit aflords a landmark separating the interdigital areas on
either side The configuration of an interdigital area may be a true pattern
(whorl or loop), a vestige or an apen field (including the special form of
open field known as 2 multiplication) In one mterdigital area there may be
two conﬁguratmns, each entitled to formulation The usual type of dual

symbol 1s used 1n f fating an i 1area p two patterns,
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two vestiges or 2 pattern and a vestige—the feature on the radial side
being wntten first, e g, L/D

Whorls (1) of the interdigtal areas are invanably of small size and are
accomparued by accessory triradn

Loops charactenstically open into the nearest interdigital interval
Other directions of opening are rare, hence formulation of these patterns
does not record the direction of operung A loop unaccompamed by an
accessory triradrus 1s formulated L, or £1f the patternis small A loopof an
nterdigrtal area 1s formulated as small when the nidge count across its
greatest width 1s no more than six ridges, the count 1s made at nght angles
to the long axis of the loop, the termum being the marn line bounding the
pattern A loop accompamed by an accessory trradws 1s distinctively
formulated, D (or 4, 1f the count 1s no more than six ndges)

Vestiges (V) are c local disar of ndges not con
formuing to the definition of a true pattern but suggesting an approach
toward the construction of a pattern A vestige may be a group of sharply
converging midges elhpsoidal sn shape if comvergences occur wn both
extremuttes, ot 2 group of straight parallel ndges forming a distinctive
field wathin a zone of ndges of different course

Open felds (O) are patternless configurations The increased width of
annterdigital area at and near the level of the digital triradn (as 1n ter
digital areas IT and IIT of figure 72) 1s associated with curvatures of ndge
course and with multsplicalson of ndges, multiphcation sigmfies a greater
number of ndges at the level of increased width of the area Multiplrcations
of thus type are formulated merely as open fields because the multiphcation
15 more or less evenly distbuted across the mterdigital area con
trasting with a localized region of multiphcation wherein there 15 a con
centrated sprayimng of ndges Such a relationship 1s accentuvated by tracing
the ndges which border the multiplying system Some degree of concen
tration of ndge multiplication commonly occurs 1n open fields of the
nterdigrtal areas II and IV toward hne 4 1n the second area and toward
line D 1n the fourth (e g, Fig 71) In formulation multiplications of this
type may be differentiated from simple open fields by using the symbol
2 wnstead of O In many hiwlogical studies no distinction 1s made between
a multiphcation and an ordinary open field

For the occurrence within 2 single interdigital area of two vestiges
two patterns, or @ pattern and a vesuge dual formuiations are Standard
An interdigital area having only a single pattern or vestige may justify
dual formulation when that pattern or vestige 15 neither centered within
the area nor expanded to fill 1ts whole width The symbols 1n such cases
are O/L, L/O, etc, the radial element berng entered first 1n the dual sym
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bol This pnnaple of formulation applies to any interdigital area, but only
1 mnterdigital IV 1s there noteworthy frequency of such conditions

OruEr MEeTHODS 0F FORMULATION

The foregoing exposttion of methods of formulating palmar main Imes,
axal tnradu and configurational areas 1s largely extracted from an account
of revised methods (85) published mn 1929 As a preliminary to the reviston
a study (84) was made of the error inaident to determinations carned out
by the methods then current, and the revision was designed to mimmze
nconstancy n formulation The revised methods have not been subjected
to such a test, but 1t will be evident that there remain some points {espe
aally the discnmunation of vestiges and of the levels of axial tnradu)
which are open to personal vanation in interpretation A test of the
methods would be desirable, carned out perhaps in the same manner as
before, with several workers independently formulating a large senes of
pnats, made m mamifold so that all workers would have identical sets

Some suggestions toward revision of current methods already have
been made, especially concerning more refined subdivision of the termna
tions of mam lines Valsik (gg) and Meyer Heydenhagen (219) subdivide
posthion 3, 1n the belief that the portion of the palmar border ordinanly
formulated under this one symbol 15 too extensive The latter author dis
tingwshes three levels of position § 1nstead of the current two

Valsik 15 entical of the landmarks g ily employed n formulating
mam hne terminations 1nsisting that they should be confined to derma
toglyphic features, presumably he would resort to ndge counting to
define zones of the ulnar border Ride (g2) uses ndge counting for this
purpose He designates the triradn by number axal turadws 7 digital
taradu d, ¢, b and o are 2, 3, 4 and 5 respectively The zone on the radial
margn of the axal triradius has the value from o to 1 the extensive
mterval from the amal trnradius to tnradws d has the value from 1 to 2
2nd 5o on through the first interdigital mterval which has the value from
5to 6 Rudges are counted between the consecutively numbered trradn
and the termination of a hine 1s expressed as a percent fraction of the dis-
tance from the tnradius of the lower number to the tnradius of the next
lugher number Thus 2 matn line terminating at the midpoint of the ulnar
border would be formulated as 1 50 In determining the distance between

consecutive digital triradn, Ride finds that direct measurement 18 usually
satisfactory, but he prefers ndge counting especially for the ulnar border
where a curved hine of count 1s drawn roughly parallel to that border, this
Iime crosses ndges apprommately transversely Special provision 1s made
for the two intervals which lack one end pomnt tnradius positions 1
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and 13 of the standard formulation In our opinton such refinement of
method gives a false appearance of precision

Other classifications are proposed bv Beletti Ferrer Lecha Marzo
Pond, Sharp and Stockis The methods need not be detailed hete since
they are adapted especially for personal identification Schlaginbaufen s
method of descniptive classification (144) concerned with number and
placement of triradn, 1s applicable both in palms and m soles

VETRIC ANALYSES

The procedures of ndge counting for determmung quantitative vatues
of finger patterns and for obtaiming an indirect measure of ndge breadth
(Chap 4) are adaptable to the palm (and sole) Ridge counting also may
be used as a measure of other dimensional relations for example the
distances betwneen successive digital tnradn or, as mentioned above m
connection with Ride s proposal, the distance between a main hne ter
mination and 2 designated triradius In some studies calhng for determna
tron of certain d absolute are no Jess satisf: 'y
than the tedious and time consuming method of counting ndges which
1s1tself faulty as a metnc procedure because of vanabihity 1n nidge breadth
Direct measurement 1s suitable when differences 1n total hand size are too
small to be of any consequence as in compansons of all four kands in
twins For compansons in which individuals of unhke hand size are con
cerned, the method 1s obviously unsuitable (98) unless there 1s an appro
pnate correction factor for the varying hand stzes

Drrect measurements have been made 1n several studies In an analysis
of bimanual differences (86) and 1n an attempt to determine Whelher such
diffe vary with handed: {351), the foll was
adopted, supp! ing qualitative of the palmar dermata
glyphics In prepanng pnnts for these studies particular care was taken
to minimuze the error which 1s associated with vanability 1n pressuse and
1n spreading of the hand

The measurements involve distances between triradu and between
triradn and certam hines (Fig 79) The instrument employed 15 a caliper
having sharp points for fixation within tnradu and on Iines and long jaws
which serve as verticals for some of the measurements The following
intenvaly are measured, the results being discussed elsenhete (Chap 1)
(2) Intertriradial intenval ¢ b (b) Intertriradial interval 3¢ (c) Inter
trradial interval c-d (d) Intertnradial interval a @ (e) The distance from
trradius d to the level of the margnal termination of hne D' measured
from d along the line a-d to the point of intersection of ¢ 4 and a vertical
dropped to 1t from pomt D, this measurement and ¢ d gve the Jine D
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sndex (f) The vertical distance from ¢ d to the axal tniradius or to the
one most proximal if there are two or three axial triradu (g) The distance
from the axtal tnradius to a vertical dropped proximally from tnradius o
the interval being measured along a Line parallel to a d (h) The distance
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Fic 70—A nght palm iltustrat ng reference po nts for several measurements 1nclud ng
hose for determ nat on of the lue-D index.

from the terminal portion of ine T to tnradius ¢ measured along a ver
tical intersecting hne a d

In her study of twins Meyer Heydenhagen (219) introduces three other
measures none of them having reference to fited base hnes (a) The
distance from triradius a to the nearest major flexron crease, vanably
the proximal transverse crease or the radal longitudinal crease (b) The
distance from tnradius & to the distal transverse flexion crease (c) The
distance from tnradius b to axal tnradus
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Determnations of pattern form may be made 1o at least some of the
configurational areas by the same methods as those used for finger prnts
Meyer Heydenhagen measures the breadth and height of loops 1n nter
digital areas II, III and IV She places the axis of the measunng disc
through the muddle of the loop, and the base hne through the nearest
tnradus Width 1s read along the base e from the axns to the tnradius,
beight 15 read along the axs from the base hine to the mtersection of the
axis with a hine traced around the pattern from the tnradius (usually a
main hne, but sometimes the radant of an accessory tnradius) It wll be
evident from the topography of the palmar interdigtal patterns that the
morphological “base” of the pattern faces distally, rather than proxmally
as 1n finger prints

STATISTICAL TRENDS

The workings of the methods of i it may be d
through examination of a sample of mass data, 2 collection of 1281 German
males chosen from labl blish Is 2 Teri of
main hres, occurrences of axial tnradu and configuration types of palmar
areas are presented 1m tables 5 10 It should be understood that diffenng
trends associated with race, sex and constitution would be disclosed
other samples However, as 1n the presentation of finger print character
1stics the fundamental directions of vanation are here exhibited

Main Lines

The bist of mam hne formulae for a senes of palms 1s talhed 1n two
different ways One tally 1s devoted to mndividual mam hines the termina
tions 1n each of the several positions being counted Another tally 1s
concerned with the mam lines in combnation, that 1s, a2 count of the
numbers of different man hne formulae, or combinations of main lines of
individual palms In the compilation, the second symbol of an alternative
formulation 15 disregarded Dual formulations of line D have one symbol
representing 2 radiant which extends farther radially than the other, 1t 1s
this symbol which 1s talled Dual formulations of line 4 have one symbol
representing a radiant extending to a position farther ulnarward or farther
proximally than the other, this symbol 1s entered in the tally The stated
choice of one symbol 1n dual formulations of hnes D and 4 1s governed

*The Polt Papers {15) sclude a collection of palm prnts and finger prints The finger
prints had been analyzed and reported by Poll He had not worked at all mith the palm prnts
which bave been since traced and formulated 1n accord with the  Revised methods. * The data.
bere recorded ta tables § 10 arc from this collection.
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by the fact that the general courses of ridges over the palm are best
registered by this means

Line 7 usually is not included in the tabulations, though it may be
noted that its terminations are most frequently in position 73 and next in

12 and 11 The line runs nearer the thumb 10 nght hands (86, 93, 293).

TABLE §
PERCERT FreQUENCIES OF TERMIVATIONS OF PALMAR MAIN LINES 1¥ 1281 GERMAN MALES
{(Bold faced type k #

Line D Line ¢ Line B Line 4
Post
tons|  p L R L 1] L R )3
: 13 i3
2 18 52
3 o1 o5 20.0 38.6
4 o2 10 176 14.9
5 o2 34 109 468 25 1
5" o1 o1 77 56 318 415 16 48
6 27 18 65 8.6 o4
7 7.4 155 206 a2 523 s os
3 27 20 oz 33 o1
[ 25.1 4212 s40 3o 10 oz
1 66 89 3s o1
1t 37.1 3r.2 z0 o2
12 o2
13 o5
X o3 45 101 ot
x X} o6
° o2 48 63 01| o2

Awavrysts or INpivipuar Maiy Lines Table 5 Lists the percent fre-
quencies of the several positions of termmation The distribution of figures
in the tableindicates that the four main lmes have differential trends
Terminations of line D are almost Itmited to the distal border, mainly in
positions 71, g and 7 Line C termunates usually in the more ulnar regons
of the distal border and the distal portions of the ulnar border, the largest
frequencies being in positions 9, 7 and 5" Iane B carnes this shift 'sml
farther, Terminations in the distal border are almost hmted to positions
7 and 6, and there is a much larger share of termnations in the distal
part of the ulnar border than is the case for hne C Line 4 continues the
ulnar-proximal progression, since 1t neatly alnays reaches the ulnar and
proximal borders of the palm. .

Line C is notewoarthy for 1its relatively frequ.em absex.m: and fo.r.ns
tendency to be abortive Closely allied to the abortive state is the condition
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are perforce used though the method 1s obviously inferior to the main
line 1ndex now to be described

‘The mam line formula serves to descnibe generalized direction of
ndges but of the four main hnes D and 4 are adequate to depict the
general ndge direction 1n all palms A record of the termiations of laes
Dand 4 as combined 1n indivadual palms 1s the maun line tndex a useful
and simple device (83) for recording the most significant features of the
total main e formula This index 1s1n & sense an expression of the direc
tion of a neutral hine 1ts inclination bemg deterruned by the courses of
hoes D and A The index 1s not a proportion but a summation of values
describing the courses of these two main hnes Values are assigned to the

A
FIG 81 —The symbols employed in formulating the term nat ons of masn I nes (4) and the r
equivalents as values (B) ntbemanlne ndex

positions used 1n the scheme of formulating man Imes (Fig 81) For hine
A the onginal numencal symbols of the ulnar and proximal borders are
adopted as values with the single exception that value 6 1s assigned to
positton 5 It will be apparent therefore that the senes 1 through 6
stands for a progressive shuft from longitudinal to transverse alignment
of me A Lape D termunations are evaluated so that slants in the distal
palm recerve values which are essentially equal to those given correspond
ing slants of ine 4 Thus values 1 through 8 are substituted respectively
for positions § through 13 mn the scheme of formulation The mdex 15 the
sum of the values of hnes 4 and D Reference to several examples will
eluaidate 1ts descniptive service In a palm having the formula 11 —— 5

the courses of both lines mndicate transversality nd the sum of the
respective values (6 4 6) for these positions 15 an index ery near the
mammum Anotker palm with the formula 9 — — 4 (for which the values
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are 4 + 4) 1s an intermediate slant between the transwerse and longy
tudinal The association of the courses of hines 4 and D 1s not ngdly fived
and their courses unlihe the two examples ated may not be of the same
rank of transversality The formula g — — 2 (values 2 4 2) 1s an mstance
of this relationslup and 1t will be noted that 1n all such cases the mdex
1s as adequately expressive of the totahty of ndge direction 25 1n the cases
where both hines possess the same value

The marmn hne index may be computed from independent tallies of
terminations of ines 4 and D but for statistical purposes each palm 1s
rated separately In the German <ertes {Table 5) the average mndex of the
2562 palms 15 § 66 Right palms alone average g 50 and lefts 782 As
measured by the index therefore transsersality 1s 21 more pronounced
1n nght palms

Axral Triradnr

The frequencies of axial tniradn at the different levels and 1n vanous
combrmations 1n the German senies are histed in table 6 Ina large majonsty
of palms there 1s but one axal tnradius most commonly situated at or

TABLE 6
FREQUENCIES OF TYrES AxD COMBINATIONS OF AXIAL TRIRADD 15 1281 Grzuas Mates
Types Right Left Trpes Right Left
' 61 0% 63 8% w l 6 5% 1%
¢ 207 2 7 174 o8 o3
' 23 Te L4 ! et
8 o1 o2 or oz o5
e 65 | 63 s | ox
144 | o4 ©3 ? s o1
©Oorp)

very near the proximal border (f} Among the combinations of two trradn
i single palms # and # are the most common Combinations of three
triradn are rare The lack of preasion in the method of formulating amal
triradu 1s to be Lept 1n mind 1f thece features are compared 1z racal or
other samples The exceedingly rare combinations of two tniradu lying at
the same level (12, ') denote the presence of parathenar patterns (Fig 76)
or vestiges

Configurational Areas

Hyrornesar. Hypothenar configurations of the 2,62 palms com
posing the German senes are of 45 differently formulated tvpes (Table 7)
The level of vanability compares closely to that of another senes (82) in
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which there are 48 formulae for 2827 palms Each of the pnmary types
with 1ts vanants (Fig 74) 1s represented, and a number of the dertved
forms (Fig 75) occur

TABLE 7
Fazorencrzs or Txe Tazes or HysoTarwan CONTIGUSATIONS 18 1181 GEsaw Matzs
Types Rught Left Types Rught Left
A #I1% 50 0% Lo/ © 4% 0 2%
A 16 ' /A o1
# s o2 ajLoae | o s
asja o %3
w o7 o5
' o9 oo 4
A=/ A" P Af" i o6
A~/ o1 °3 A_’ W, oz
via o3 o1 ik o1
A/ o1
St o
W 140 o3
-~ oy = T/ ox
™ o1
2 o1 v o2
AvIay o1
I 157 536 v/ o1 o1
= 30 s /Ln o1
I o8 o5 L/ os ia
a1 o3 o1 L o
Asjze o5 46 P P 01
e o5 s 16 oo
arjze o1 av/s o1
o o /4 or
o o1 LS
Lrfe 33 44 Wilsjds | o

The majonty (657%) of these hypothenar configurations are plain
arches, chiefly A* and 4%/ 4%, vestiges accur 1n 1 4 of the cases, and the
remainder (32 g%) are patterns of varous types The frequencies of
pattern types are tented arches, 0 4%, one loop, erther alone or 1n com
pany with a plan arch, 27 4%, one whorl, erther alone or 1n company
with a plam arch, 2 2%, two loops, S patterns and vaned combnations
2% Counting plam arches vestiges and true patterns together, 71 4%
are single configurations and 28 6% are duplex (or triplex 1n a few m
stances) True patterns are shghtly more abundant 1n nght palms than m
lefts, the respective frequencies being 35 4% and 30 4% (The values hsted
1n this paragraph are obtained from absolute frequencies m the onginal
data, thus avoiding the error inadent to summation of percent frequencies
for the numerous types, as hsted 1n table 7)
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THENAR AND FIRST INTERDIGITAL Table 8§ lists the configuration
types of these two areas in the German series Eaghteen different formula-
tions are required Both areas, 1n 85 1% of the palms, lack vestiges or

TABLE 8
FREQUENCIES OF THE TypEs 02 CONFIGURATIONS OF THE Tienak/Frest INTERDIGITAL Axes
I 1281 GERMAY MaLES

Types Right Left Types Right Left
o 90 5% 79 8% Vi ° 1% 14%
¥ 27 61 v/ o3 04
L 03 L/ 12 o6
w oz v s 39
e o1 L/L oz 23

o/ 86 13 w0 oz os
o/L o1 o2 n/v az | o6

o/w o1 wiLo | oz
i/o rz <5 wmo e !

patterns A vestige or pattern 1s present in one or both of the areas in the
inder, 14 9% The of sep vestiges or patterns in

both the thenar and first interdigital areas is the most frequent relation-
ship, amounting to 5 9% of the whole series of palms, in 2 6% the thenar

TABLE ¢
FeEQUENCIES OF THE TYPES OF CONFIGURATIONS OF THE SECOND AND TEIRD INTERDIGITAL
AREAS IN 1281 GERMAN MAvEs

Interdigital IT Interdigital 11T
Type

R 4 R L
4 83 8% 92 1% 36 1% 56 7%
1 74 28 32 102
1 44 66
L 549 25 6
d T4 °7 or
D 74 37 14 o6
w or 02

alone bears a vestige or a pattern, and in 1 2% the first interdigital js thus
distinguished There are 52% of palms displaying a single vestige or
pattern placed in an intermediate position and not expressly assignable to
the thenar or the first interdigital area There is a distinct bimanual
difference in the frequency of vestiges and patterns, the left palm having
the greater number



118 DERMATOGLYPHICS

SECOND, THIRD AND FOURTH INTERDIGITAL ARrAs Since there are no
duplex configuratians mn the second and third mterdigital areas of the
German sentes the number of possible configurational vanants 1s hmted
to the seven types histed in table g

Of the three interdigital areas in the distal palm, the second area pre
sents the lowest frequency of vestiges and patterns In the German senes
the patterns are invanably loops having an accessory trradius Of all

TABLE 1o
Freqrewcizs of THE TYPES Or CONPIGURATIONS OF 7HE FaUnta INTERDIGITAL AREA I
1281 Gemuaw Maizs

Types Right Left Types Right T Left
o 51 4% 27 1% 147 °1% 13%
v 73 o0 v os 17
: 22 64 Lid o1 o
L 27 6 356 v/D o1
4 o3 06 YD or 16
D 8o os /v o5 23
n T4 21 i o1
oy LRe L s x
Al simgle pattemns and vestiges a3 by 2
Al duplex combinations of patterns and vestiges 13 8o

palms m the collecion, 66, bear this type of configuration Vestiges
oceur 1 § 1% of the palms Vestrges and patterns of the second inter
digital area are more abundant m night hands than in lefts

“The third interdigital area 1> marked by a vestige or pattern 1 53 6%
of the palms The most common pattern 1s a loop (without accessory
triradus), accurnng with a frequency of 45 8% A loop with an accessory
triradius 1s mirequent (1 0%) and whorls are extremely rare (0 15%)
Vestiges amount to 6 7% in the whole senies Well developed patterning
of this area ss a distinctive trend of nght hands, but small loops and
vestiges occur more commonly in left hands

‘The fourth wterdigtal area (Table 10) shows a relatively frequent
occurrence of duplex combinations of patterns or vestiges, 4 7% Single
patterns or vestiges occur in §5 8% of all hands The most common pattern
type, whether single or 1 combination 3s the loop without an accessory
trnradius Loops with the accessory tnradius as well as whorls are more
common than in the second or third interdigital area There 15 marked
bimanual asymmetry of patterns and vestiges, 72 3% of the left hands
beanng single and duplex combinations, as against 48 6% 1n nght hands
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Summary

Each palmar main line, notwithstanding individual vanabihty, courses
within a prescribed field Line D 1s extended radialward in the distal regron
of the palm, terminating along the distal border with only rare exceptions
Line C extends 1n a field charactenstically occupying only the ulnar
portion of the distal border and the distal part of the ulnar border, this
ltne 15 distinctive 1n the frequency of complete and partial suppresston
Line B involves a still more ulnarward restricted portion of the distal
border of the palm and in compensation there 1s an increased entry mto
the distal half of the ulnar border Terminations of line A are virtually
confined to the ulnar and proximal borders of the palm The distinctive
bimanual trends exhubited 1n maimn lines indicate a greater tendency in
nght hands toward transverse coursing of ndges The suppressed states of
line C are more frequent 1n left hands

The frequencies of patterns and vestiges vary widely among the several

tional areas Coml true patterns and vestiges (in the Ger

man series here used as a sample), the fourth interdigital has the highest
frequency (60 5%) the third interdigital next (53 6%), and there 1s a
rapidly diminishing frequency from hypothenar (34 3%) to the thenar/first
interdigital combined (14 9%) and second interdigital {1t 8%) The follow

1ng areas display larger frequencies of patterns in nght hands hypothenar,
second interdigital and third interdipital The thenar, first interdigital
and fourth interdigrtal areas have higher frequencies of patterns and
vestiges mn left hands
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‘ToroGRAPAY

TANDARD anatonucal terms are apphed for designating directions
and describing the locations of plantar features Distal and proxsmal
have the same meanings in hand and foot, but 1a the foot the equivalent of
radial 1s fibal and the equivalent of
ulpar 1s fibulor The terms tibial and
fibular are denved from the names of
the two bones of the lower leg tibsa
and fibula which respectively are on the
sides of the big toe and hittle toe
CovFIGURATIONAL AREAs There
are eight plantar configuratiopal areas
(Fig 82), which should be compared to
the previously described palmar areas
The region of the foot corresponding
P hically to the hypoth em1
nence of the palm 1s much more elon
gated, occupying the fibular region of
the sole and the entire heel The heel
regon 1s the calcar area of dermato
glyphic topography The remainder of
the fibular region of the sole constitutes
Fic 82—Topography of plantar the Eypothenar area proper, this area 1s
configurat onal areas Broken hnes inch  dyvimble 1nto dsstal and proximal sec
cate approumate boundanes. tions The homologue of the regton of
the thenar emineace m the palms Lk 1 d, and 1s dnto
distal and proxsmal thenar areas “The dist2] fhenar area 1s a component o}
the tibial portion of the ball of the foot In the ball region there are four
dermatoglyphic areas, which in tibio fibular sequence are kallucal (repre
senting the distal thenar and first snterdsgital combined), the second, third,

120

Hgpothenar
Ferslal




SOLES 121

and fourth inlerdigslals These four areas usually may be individually dis
tinguished not only through the presence of triradu and radiants which
fumt them but also by the fact that each often bears a discrete pattern
covenng its entire expanse In the fetus and mnfant the individuality of the
areas of the ball region 15 evdenced further by their shght elevation as
pads The configurations of all plantar areas are classifiable, and as 1n
fingers and palms they may be treated by the method of “pattern
ntensity

As 1n the palm, the distal radants of each
digital tnradius typically embrace a digutal area
In the sole there are five digatal areas instead of
four, since 1n relation to the big toe there 15 com-
monly a digital tiradius that has no counterpart
in the palm

Triraprm The charactenstic topography of
the tnradu of the distal sole 1s shown 1n figure
83 A It s appropnate to name the digttal tnradu
1n accord with the system applied 1n the palm, so
that ¢, b, ¢, and d are homologous 1r palm and 1

sole, though the triradius at the base of the big 2% B
toe requires a new hteral destgnation, e 3—7
In the proximal region of the ball there com 4 /
monly occurs a tnradius or more than one, such 5
trradu mark the conjunctions of configurational $3—A The plan

Fic
areas when the designs of the opposed configura of torad 1 1n the d stal sole
« B D agram of ndge d rec
tons are of unble directions Called “lower yons wivh numencal sym
” bols app! cable in descrip.
deltas” {re, lower tniradn) by Wilder, and not e o e
othermise named here except for the one (p—for ndges m the mdremon
proxmal) associated with the conjunction of the 04 calear area

hallucal and second interdigatal areas, they correspond to the accessory

TABLE 11
Svamois ro PLANTAR Tarmapi

Numencal Symbols

Luteral Symbols of Schlapwhaufen
@ 17
¢ Digital tnradn 3
b (in fibulo-tibual 2
s order) I
¢ 3
» 9
- Pronimal triradu I35
- (sn tiblo-Ebular I

order) 16
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tnrada of certain types of palmar nterdigstal configurations (D, 4 and
) Harkness Miller suggests that these lower tniradu, perhaps especially
#, mught be homologous to axial tnradnu of the palm

Except for the work of Wilder (ro1 114) and of Schlaginhaufen (144)
httle attention has been given to the systematization of the plan of plantar
tonradn Table 11 1dentifies the foregoing designations of tnradu with
Schlaginhaufen’s numertcal symbols, which have been adopted by a few
workers (for example, Bychowska, 127)

FORMULATION OF MaIN LINES

‘The proximal radiants of the five digital triradu may be considered as
mam lines and traced on sole prints 1n accord with the rules outhned for
the palm Occaswenally ¢ pseudo digstal tnradn’ (xo,)} occur, they may be
compared descniptively to displaced digital tnradu (Fig go the triradu
proximal to the second and thurd toes) The radiants of triradius ¢ or
indeed of any lower triradtus, likewise may be traced to thetr termnations
These traced hines whether 1suing from digital pseudo digital or lower
tnradn, may be formulated ke palmar main hnes

Certain techncal difficulties anse tn application of the method (2)
One or more digital tniradu may not be included in the print and the Ies
onginating from them accordingly are not traceable (b) Triradius p the
radiants of which might be useful as an indicator of general ndge direction
15 frequently abeent (c) A main hine may enter an interdigrtal area, and
become involved 1n 1ts pattern, so that 1ts course 1s of no sigmificance for
descnibing generalittes of ndge direction The formulation of such lnes 1s
extremely mtncate (166), and the detail has only hmited usefulness 1
biologcal analyses (d) Main hnes frequently extend to posttions on the
tibsal and fibular borders, where there are no definte anatomical land
marks for the establishment of intervals and points

Despite these difficulties, 1t 1s desurable at times to descnibe plantar
main lines 1 terms of the positions of their endings along the plantar
borders The distal border lends itself to the same system followed 1n the
formulation of palmar hnes, with interdiptal intervals and digital tnradut
numbered toindicate posttions of termination The hines including radiants
from tnradius $, may course to the distal portions of the titnal and fibular
borders, and, if they are to be formulated at all, 1t 1s fitting that the
procedure take mnto account the morphological affinities of palm and sole
‘These relationships are here presented from the viewpotnt of comparative
dermatoglyphics (141)

Figure 83 15 d ed to h the el between palm
and sole by applying to the sole the symbols used for homologous intervals
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and pornts 1a the palm The numbers for positions along the di tal border
are those onginally proposed by Wilder (114) in an exposition of methods
which few workers have since adopted owing to the techmcal difficulties
mentioned Reference already has been made to the elongation in the sole
of the regtons corresponding to the palmar hypothenar and thenar areas
Methods of formulating terminations of main lines along the plantar
borders have not been standardized The present suggestion of zones for
formulation goes hittle farther than to draw at
tention to homologies with a view to secunng
umformity 1n the treatment of palm and sole
Along the fibular border the most distal segment
1s here designated 5 and though there 1s no
landmark to scparate 1ts distal and proximal
regions zones 5 and 5 mught be distinguished
as i the palm There 1s likewise no proximal
boundary and the only critenon of the indivi 4~
duality of this zone 1s the frequent presence of
a distal hypothenar pattern (Fig 92) and the
appearance 1n the fetus of a localized pad n this
region It 1s the maximum expanse of the distal
hypothenar pattern and of the corresponding
fetal pad which sets the proximal boundary of
zone 5 (Fig 84) Point 4 of the fibular border s
located somewhat distal to the mid level of the
margin The proximal hypothenar terntory P 85 —Border pos t ons
(position 3) 1s marhedly elongated Posttion 3 of thesole wththe symbols
includes about two thirds of the fibular border Lomog8ee = ih the puim
and the entire heel margin The incluston under ?:hsxf ;;:ﬂ;:n}":y:};:;
one symbol for formulation of so prolonged 2 for two tnad wh h have
share of the foot margin 1s not a disadvantage 25,50 erparts i the palmar
nasmuch as plantar main lines do not extend
far proumally The tibial margin distal to the heel corresponds to post
tion 7 1n the palm but 1t may be subdivided into distal {z ) and proximal
{1’) halves for descriptive formulation

Since the matn Lines do not extend farther proximally than the mddle
of the sole their formulation affords no indication of the general ahgnment
of ndges 1n a large share of the plantar surface Some workers accordingly
have adopted Schlaginhaufen s practice of describing the vanable align
ments In figure 83 B fve grades of alignment are indicated The slants
may be charactenzed by descnibing them in terms of coursing from the
fibular to the tibial margin
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1—Pronrounced slant proximally
2—Shght slant proximally
3—Transverse

4~Shght slant distally
s—Pronounced slant distally

It wll be app that d between ¢ ve grades can not
be sharply drawn without resort to angular measurcmeuts, a procedure
which has not been adopted by mv p this descniptive
method

FORMULATION OF CONFIGURATIONAL AREAS

Many workers limut their analyses of the plantar dermatoglyphics to
the frequencies of configuration types 1n the several areas, often only the
four areas of the ball region For rdentification the
classifications are naturally so hmated (79, yo0) Even 1 the ball region
faulty techmque 1n pnnting may make 1t necessary to exclude some prints
of a senies If the extreme distal border 1s incompletely regrstered, lapses
mvolving some pattern types mght lead to erroneous classification (e g,
aloop havingts head in the unpnnted zone would appear as an open field,
or a whorl would appear as a loop having 1ts opening 1n 2n 1nterdigital
1nterval)

The following account of configuration types and symbols for their
formulation 1s based mainly upon the methods of Wilder, of Schlaginhaufen
and of Montgomery There 1s only partial agreement of scope and method
among these three wnters In of their di of
the same configurational areas our choice of methods aims to secure
maximum descriptive usefulress and the greatest possible conformuty to
methods applied m the fingers and palm Modifications of descniption and
formulation are 1ntroduced at some ponts {especially i connection with
the hypothenar), which in the light of new tnformation call for a more
extended or a different analysis

The ten sole traaings fllustrated mn figures 85 g4 depict most of the
vaneties of configuration occurnng 10 each of the exght areas and their
Iegends supply the formulations of the configuration types

Harrvcar AREa The hallucal area, occupyng the tibral part of the
ball region, presents four primary types of configuration whorls (in tke
sense of Galton), loops, tented arches, open fields Each of the pnmary
types, as descnibed below, exhuibits different vaneties In addition to these,
there may occur 1n any area a vestige {symbol, V), charactenzed as 1 the
palmar configurational areas
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Whorls, as i finger prints may be considered erther as a compre
hensive group, or the group may be subdivided If subdivided, the types
may be formulated by using W as the primary symbol, 2dding abbrevia
tions of the names of sub types for all except the typical concentric or
sprral whorl Otherwise pnmary status may be given to each of the types,

90 sl 92 93 94
Fics 85-p4 —Sole trac ngs each & compos te from two of more actual prints The pattern
formulac are
85 —~W.LLLALLL/LI OV
8—~T LN WVOL!

..
=
4
3

o
&
g

03 —~TeL> W W L‘/L' ov
os—~0LiooLL O
thus 1 for the true whorl, CP for central pocket, etc The main types
with symbols are
(a) A typical concentnic or spural whorl (H Figs 8, 86)
(b) A whorl presenting an S shaped central design (iV'S)
(c) Seam 2 whorl showing abrupt interruption of the concentne
arcmt, with a number of ndges ending 11 2 nght angled relation to a
part of the system (I *~ Fig 87)
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{d) Lateral pocket, or two interlocked loops, tratings from the two
cores reach the same plantar margin (LP Fig 88)

(e} Twm loop (T'L), or two mterlocked loops differing from the above
n that core tracings reach different plantar margins (e g, tibial and
distal) Lateral pockets and twin loops may not justrfy distinction i
many biological analy ses

(f) Central pocket, a loop having one or more recurved ndges in 1ts
center, corresponding morphologically to the central pocket occurring
m finger pnints Since there are three types of loops distinguished by the
drrections of their openings (L%, L*, L/—see below) superscripts ate added
to mdrcate these types—CP? (Fig 89), CP*, CP/

Loops of the hallucal area have their open extremities pomnted 1n three
durections distally (L9, Fig go}, to the nbial margin (L', Fig o1), to the
fibular margin (I7, Fig ¢92) (29, L* and L’ correspond respectively to
Wilder’s types A, Band C)

Tented arches (T, Fig 93) usually are not subdivided though the
system adopted for the palmar hypothenar mught be applied here A
tented arch may be described mn terms of the facing of its base, using the
imtial letter of that direction as a superscript m the symbol

Open fields (O, Fig 94}, which actually are plamn arches ordmanly
are not designated by therr directions, but the method of formulating
plam arches of the palmar hypothenar may be applied Wilder (ror)
recogmzes three classes of open ficlds on the basis of non appearance of
speaific tnradn The rationale of Wilder s classification of open fields
1s 2 senes of morphological affimties traceable from the relationships of
tniradn 1n 2 whorl In a typical whorl of the hallucal area (Fig 85) there
are three trrradit 4, lymg distal to the pattern, B on the tibal side, €
on the fibular side His designations of hallucal loops (4 B and ()
ndicate the directions of their opemngs, each type being interpreted as
1f 1t were converted from a whotl to a loop by suppression of the tnradms
on the sxde of 1ts opening In turn types of open fields (4B AC and BC)
are lly dist: d by ref to the location of the two
triradn which are assumed to have disappeared 1n each In accord with
this interpretation the open field 1n figure g4 1s BC

Srconp, Taep AxD FourtH INTERDIGITAL AREAS These are the
« plantar areas of Wilder, as distingutshed from the hallucal area, and
they are tespectively the first, second and thurd interdigptals of many
wnters The hallucal area 1s morphologically a fuston of the distal thenar
and first interdigital (Chap o), hence 1t seems desirable to adhere to a
scheme of numbenng the three “plantar areas’ which agrees with their
true sdentities as second, third and fourth interdigitals
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All the areas exhibit the same general types of configurations

Whorls (W Galton’s tnclustve sense, the occasional deviations from
the construction of true whorls not being recognized in formulation)}
See figure 86, areas TII and IV, figure 89 areas IT and II1

Loops may open distally (U, or L? Fig 85 I, III and IV) or proxumally
(2, or L* Fig 86, 11, 87, IV)

Vestiges (V), localized disarrangements of ndge direction especally
1 the form of abrupt convergences lacking the recurvatures which char
actenze true patterns

Open fields (0), as previously defined for palmar interdigital areas
{Fig 87,11, Fig g1, II III and IV)

Departures from the typical relationships of interdigital areas some
tumes occur A pattern or vestige may not be centered 1n exact alignment
with an digital interval, d 1 I1 1 figure go1s displaced 1n this
manner, being as closely related to the third interdigital interval as to
the second In such cases however the sequence of configurations in the
ball region may offer a clue to therr mndividyahties It 1s not uncommon
that two adjoining configurational areas are umted as a single pattern
(Fig 88 III and IV) Here, too the identities of the configurational
areas imvolved are clear, 1n formulating any convenient symbol (e g,
note legend of figure 88) mught be chosen to indicate the fuston of two
configurational areas

The typical relationship of interdigital configurations which open
1nto mterdigital intervals (O, L¥ and some vestiges) 1s that ndges flowing
from an interdigital area enter the interval of corresponding number
Not infrequently, howevet, the opening ridges may be deviated to another
nterval (Fig 87, where ndges from area IT reach the first interdigital
1nterval, Fig g4, where the configuration of 11T enters the fourth mterval)
Such a deviation, whch 15 assocated with suppressions of digital tnradu
and fusions of the related digital areas, might be recogmzed in formulation
by adding to the symbol of the configuration type, as a superscript,
the number of the interdigital interval receiving the aberrant opeming
of the configuration

HyrotRENAR The hypothenar area demands a speaal formulation
adspted (o the vanable relationships of configurations i w5 distal and
proxmal terntories Sometimes the distal and prommal regions are
separately recogmizable (Fig g3), but the two may be blended erther
mto one pattern (Fig g4) or vestige (Fig 87), centered at an intermediate
level, or into a continuous open field (Fig or) Dual formulation 1s applied
i all cases in which the identities of distal and proximal clements are
recogmizable, even 1if one of them 1s an open field (e g, Fig 92, L'/0) In
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the duplex symbol the distal element 1s recorded first Single formulation
15 reserved for the instances of blended configurations, where there 1s a
continuous open field or a pattern centered at an intermediate level
Configuration types of the hypothenar area are of the same fundamental
classes as those occurning in other areas They are formulated with the
mmtial letters of thewr names, with superscnpts indicating the directions
of the open extremties of loops as exemplified 1n the legends of figures
8594

When 1t 15 desired to indicate the general alignment of ndge courses
the numencal scherze illustrated 1n figure 83 B 1s useful These numerals
mught be attached as superscripts to the imitial letters which stand for
configuration types, or the ndge alignments nught be formulated inde
pendently of the configuration types If they are combined 1n one scheme
of formulation 1t would appear to be superfluous to write the symbal for
an open field (0) 1n addition to the number, use of the number alone will
simplify the cataloguing of a sentes of prnts

Carcar AREA The configuration of the calcar area 1s very rarely other
than an open field (0) The occurrence of a whorl (IV) aloop (L' Figs go
and g4, L) or a vestige (¥, Fig g91) may be formulated by the usual
symbols Ridge directions may be designated by the numertcal scheme of
figure 83,B

Proxmar THENAR AREA So little study has been accorded the tern
tory of the proximal thenar configuration that all the possible vanants
probably have not been observed The usual symbels should meet any
hikely need in formulation as exemplfied 1n figures 85-94

D1c1TaL AreEas Absence of plantar digital triradu, mentioned earher,
has 11s parallel 1n the palm, where the chef locabzation 15 1 tnradws ¢
1nstead of 1 @ and ¥ as 1n the sole In the absence of a digital triradius
there are no radants to confine the digital area which accordingly blends
mto the main configuration of the distal sole (Figs 87, g4) Digital tnradu
also may be shifted (Figs 86, go, g2, 93), and replaced or supplemented
by mnterdigital tnradn or by psendo-diptal tnradu (Fig 90) Wath the
disappearance or proximal shifting of digital tnradu the digital areas
adjormng two or more digits are thus fused (Figs 86, 87 9o g2, 93 94)
Such fusions have morphological importance, and any device which
wiicates, the duptal arens wevnlned may he wnpransed for the tallying
of a senes of soles

CoxrLeTE Prantar Forsura The wnting of 2 complete descriptive
formulation of the sole has not been a general practice In formulating
configurations of the distal sole the order adopted for Iisting the several
symbols 1s hallucal, digntal I1, digital IH, 1 IV, distal
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hypothenar Restriction to these areas 1s an adaptation to the frequently
wcomplete recording of other regions in prnts When the prints are
adequate, and when there is reason to extend an analysis to other areas,
the following are appended in this sequence to the preceding formula
proximal hypothenar, calcar, proximal thepar The complete formula
would then include eight symbols The advantage of catalogues of com-
plete formulae is that they admit ready analysis of the assotiations
of configuration types in indvidual soles In special studies, the plantar
formula might be enlarged to include features additional to the configura-
tion types of the eight areas absence and displacements of digital triradu,
fusions of digital areas, courses of at least some main hines, inchination of
ridge courses in different regions

StatisTicAL TRENDS

Extracts of data (Tables 12-16) from a study of plantar dermato-
glyphics by Takeya will lustrate the directions, and to some degree the
extent, of individual variation, though the trends displayed 1n the statisti-
cal results are modified by the racial composition of the series ! The
material comprises the prints of 1000 Chinese at Fushun, near Mukden
The prints were exhaustively analyzed by Takeya, and the results are
here presented only in part

TABLE 12
Furouzncies or THE PostTions oF TERMINATION OF THE Fmriaz AND DIsTAL RADIANTS oF
‘TxiraDIOS p, FORWULATED BY THE NOTaEricat Swimors Sroww 1y FIGURE 84
{Dats on Chinese, from Takeys)

Fibular radiant | Distal radiant
9 8 7 6 5 1 13 12 1
Roght
{533 soles) 25 7% | 2 2% | 8 5% { 0 7% | 12 8% {0 7% | 68 7% | 4 5% | 26 1%
Left
GasBsoles)) 98 (11 |g68 [16 {306 [o2 l_’u; wr |63

TRIRADIUS . This triradins is present in 53 3% of the right soles and
45 8% of the lefts, or 49 5% of the entire series

A umilar, though nat so extensive a study, 13 that of Montgomery (168) It deals only
with the four configurational greas of the ball region and the distaf hypothenar, in a senes
of 3000 persons The frequencues of configuration types m each area are presented, but without
separate Listings of nght and left mdes Harkness-Miller presents complete formulations of
plantar configuration types and main Lines 1n the soles of 100 persons.
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The fibular radiant (Table 12) 1s directed into the fourth interdigital
mnterval in 57 9% of the soles and the next most common terminations
are in the distal portion of the fibular border (20 99%) and the third inter
digrtal wmterval (18 3%) Rarely does this rachant fuse with digital tn
radius @ {1 1%) or ¢ (1 8%) There s a definite bilateral distinction in the
frequencies of positions of termination of the fibular radiant In nght
soles the tendency 1s for the radiant to extend farther tibialward than in

TABLE 13
Rmce Courses oz OpEY FIELDS 0¥ THE MIWDLE OF THE SOLE AND 0f TAE CALCAR AREA
FORMULATED BY THE NUMERICAL STMBois Ssowa 1n Frovse 83 B
(Data on Chinese from Takeys based on 1000 rght and 1000 left soles each less 7 soles Jor the
calcar area which bear palterns wnstead of open fields)

Addle of sale Calcar area
el s T ] s
Rught o7 |3 2% (68 5% | g 6% (3% | 523% |4 %] 22%
Left 03 jwr [8s0 237 tv B4 (699 (w08

lefts, where the 1nverse tendency 1s reflected in a sharp nise in the number
of endings on the fibular borders and decrease of endings ubwalward
The distal radiant, which most commonly terminates in the first or second
terdigital interval (Table 12), displays the same trend suggesting an
nterdependence of the two radiants as if they were bath prvating on the
trradws of ongin Corresponding distinctions between night and left
soles are exhibited 1n the courses of mamn lines onginating from digital
tnradu (105) All these statistical differences between nght and left soles
are the plantar counterpart of the bilateral distinction mamfested i the
courses of palmar main lines

RmoGE DIRECTIONS PrOXIMAL T0 THE BarrL The alignments of nidges
1 the middle and proximal (calcar) sections of the sole are recorded m
table 13 Two thirds of the soles exhibit transversely coursing ndges
1n the md region, and the remainder are nearly equally divided between
fibulo-distal and fibulo proximal slants {of sight obhquity grades 2 and
4) There 1s a tendency of nght soles to favor the fibulo proximal slant
and of lefts, the fibulo distal slant

In the calcar region 55 8% of the soles present a shght fibulo distal
slant and the next most common direction 1s transverse (33 3%) Right
soles tend more to the transverse ahgnment, whle lefts display o greater
fi of 1nd| 1n the fibulo-distal direction, as 1s true of the
mud sole
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TABLL 14
FREQUENCIES OF TYPES or CONFIGURATIONS IN ThE HALLLCAL AREA
(Data on Chinese from Takeya based on 1060 right and 1000 lefd soles)

|12 j2l I o A
Roght 30 2% 50 1% 6 3% 11 g% 0 9%
Left K1 46 2 82 1z 5 10

CovriGURATIONAL AREAs The most common configuration in the
hallucal area 1s a loop opening into the first interdigital interval It occurs
m 48 5% of soles (Table 14, L} Whorls are next 1n frequency, 30 7%,
and open fields follow with 12 2%, then loops opening to the tibial border,
73%

TABLE 15
FrEQuEnciES or TYpES 08 CONEIGLRATIONS IN THE SECOND THIgp ANp Toukri INTER

DIGITAL AREAS
(Date on Chnese from Takeya based on 1000 right and 1000 left soles)

Interd gital J1 Interd gota) 111 Interdsgata) 1V
o 4w o n» | rw o PR 4
Roght 89 6%|8 1%z 1%jo 2% {40 BU3B 4%j0 2% 6%lop 7%/0 zv',lo 1%
Left 028 |51 Jz20 for l423 |s70 o7 1931 69

The most common configurational type n the second and fourth
interdigital areas 15 the open field (Table 15) The thurd interdigital area
dffers 1n presenting an excess of patterns over open fields Throughout
the three areas a loop opemng distally (L9) 1s the most frequent pattern
type

TABLE 16
FerouEncies of Tyres or CONFIGURATIONS IN THE DIsTAt axp Proxivar Hypotaevar
REAS
(Dats on Chtnese from Takeya bosed on 1000 rsght and 1000 left soles  The orsgsnal formulations
3y Takeya ore in ferms of Schlagsnhanfen s ypes which are kere combined at folloes OQpen
fields = types ¥ 6 7and 8 Vestiges = bybes 2 3 and 4 Loops = sype §)

Dnstal hypothenar Prommal hypothenar
] ¥ L ag ¥ L
Rught 3t 4% | 389% | 337% | 104% [ 165% | 41
Lett 226 393 38t 8359 150 2%
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The configurations of the dstal and proximal hypothenar areas are
histed 1n table 16 Vestiges and patterns occur more frequently n the
distal area than in the proximal area

The calcar area 1s patterned 1n only 14 soles of the entire senes of 2000
thus gving a frequency of 0 7% * The remaining configurations are open
fields, therr ndge alignments betng discussed above

Except for the distal hypothenar area, where the relationship 1s
reversed, nght soles bear a greater proportion of patterns m each of the
stx configurational areas constdered The bipedal differences are greatest
1 the instance of the distal hypothenar area and least mn the hallncal
The statistical rehabibty of some of the smaller differences 1s questtonable
Bipedal diff of pattern fi 1 the calcar and proximal
thenar areas cannot be aualyzed in the available matenal

# The calcar pattern 1s rare m all races though st s possible that some populations may
double or triple the frequency here wdicated for Chinese For example de Pina (Sabre fguras
papilares da regiio plantar em portugueses e negros de Alnca J med Gal Port. Sept. rg3s)
finds 1n a senes of 296 Portuguese two individuals haviog the calear area patterned unilaterally
and threc who bear bilateral patterns—making an wcidence of 1 7% of the individuals who
are patterned on one or both soles The same author reports a frequency of 2 2% in 2 senes of
263 West African “egroes three cases of umlateral and three cases of bilateral calcar patterns
Tt 13 possible of course that families charactenzed by frequent calcar patterns are included
1 the matenal reported
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CANT matenal relating to toe prints 1s available in the Lterature,

but 1t 1s sufficent for comparison with the data on fingers The most
extenuive analysis of toe pnnts 15 that of Takeya His matenal consists
of 1000 Chunese, the same subjects dealt with 1 Chapter 6 Another
important contribution 1s the study by Newman It is based upon a much
smaller number of subjects, roo European American males but 1fs value
1s enhanced by the comjoint analyses of toes and fingers of the same
ndividuals Steffens mvestigates toe prnts and finger prints 1n 100 pairs
of twins (German), so pairs each of monozygotics and same sexed dizy
gotics, the sexes being 1n equal numbers 1 either group She presents
data not only embracing the total material but also for a senes composed
of one member from each pair, selected to ehmminate possible vitiation
of the statistics by the inclusion of twin partners Hasebe (286) presents

TABLE 17
Frequencies or TEE Tyees 0r CoXFIGURATIONS OF Tors

‘Whorls Fabular loops. “Tid al loops. Arches
k] Lle+rf | 2 IR+L RIL |R+L R L |R+L
€ gese (40 4 %71 0 %ilto 7760 6 KIsS onlsr 2%l 4 mly aslz &8iar 6% (31 3%(10 4%
Japaness 172 [172 172 J628 [ss6 Jso2 106 30 [18 lios pas prs
European Ameri
cans® 313 |22 3 [av 7 |676 1604 (830 1o 14 l12 100 6o [t30
Germang (Steffens) a7 s 0o

* Newman s oniginal figures for whorls and Sbular loops are hers modified by transfernng from hus class

of whorls the several examples of invaded fibular foops
the frequencies of configuration types in toes of 100 Japanese males Féré
records pattern type frequencies for the big toe alone 1o 182 subjects,

and for all toes 1 34

The configurations of toes conform to the topography descnbed for
finger pnints (Chap 4), they present, moreover, the same basic types
and the same mamfestations of transition from one type to another and

38
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are subject to 1dentical methods of analysts Only passing comment has
been made with regard to pattern form and pattern size (118 11g), and
there 1s no information at all in reference to the middle and proximal
phalanges With regard to the occurrences of pattern types the chapter s
extended to include pertinent compansons with fingers

STATISTICAL TRENDS

TotaL FREQUENCIES OF PATTER Tyres The frequencies of the basic
types of patterns, in the four available collections, are hsted 1n table 17
Whorls and tibial (radial) loops are less abundant than in fingers while
arches are more frequent Compansons of fingers and toes 1 the same
raaal d d d of this inter bral
difference In Newman's collection of roo European Amencans whorls
are 679 more frequent 1n fingers than 1n toes, and arches are nearly six
times more abundant m toes than in fingers Steffens’ German sertes
presents 2 whorl frequency in fingers winch 15 309, greater than that in
toes, arches are 424 tumes more frequent n toes. Hasebe’s Japanese senes
displays an even more stnkmg difference m the same direction whotls
being 214 times more abundant 1n fingers, and arches nearly 8 times
more abundant 1 toes The fingers of Japanese have a much greater
abundance of whorls than do the fingers of European 4mencans or Ger
mans, yet the toes of Japanese as compared with European peoples show
a lesser number of whorls Thus there appears to be an inverse relationship
between the occurrences of whorls and arches 1n toes and fingers As 1s
generally true in mass statistics of fingers, the inadence of arches decreases
with elevation of whorl frequency

TABLE 18
FerQrr<crzs or SURTYPES or WaORLs CoMraxeD 1% ToEs AxD FroEzs
Tocs Fingers
Scotland Vasd
Takoa | Dewman | i
True whorls 4% [ 565 20 1%
Central pockets o1 o 21
Lateral pockets and twn Joops ma 353 31
Sacdmtalen sr hew | s

The subtypes of whorls represented 1n the total frequenaes of 20 7%
1 the Chinese series and the 21 795 1n the European Amencan senes
are distnibuted as indicated 1 table 18, which includes also corresponding
data for fingers The proportionate representation of each of these classes
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differs widely in toes and fingers True whorls and central pockets are
much less abundant in toes, the proportions of double-loop patterns and
accidentals being several times greater than in fingers
v
TABLE 19

Frequescees of BicEnrzic Wiores (LaTERAL Pocket Loors, Twin Loors, Accioentats)
Coxpaxep 18 Tors axp Fincers

Toes Fingers
Takeya Newman Steffens Sﬁg:;if;’d Steflens
8 9% 723 1% 88 0% 12 6% 35 7%
Whorls may be classified also ding to the p of one core or

two monocentric {(true whorls and central pockets), bicentnic (lateral
pocket loops, twin loops and accidentals) The frequencies of bicentric
patterns, in percent of all whorls in the inclusive sense, are hsted in table
19, the implied percent inders are the frequencies of monocentric
patterns Toes differ from fingers in presenting a considerable increase in
the proportion of bicentric patterns

TABLE o
Frequencies o 7we Twres of CoNmcURATIONS ov Tors
(Data on 1000 Chinese, from Takeys)

Digit Side Whorls | Fibular loops | Tibialloops |  Arches
1 R 5 3% 78 0% 4 8% 10 9%
L 93 617 104 126
R+l 78 129 76 s
R 7y 746 o8 70
i L g 69 0 o8 103
R+L 89 78 oy 87
R to 2 36 3 29
pies L 553 364 Ty 66
R+L 578 365 1o 48
R 174 650 oy 169
v L 198 9 44 49
R+L 186 8o 26 09
R o4 88 ay st
v L o7 454 19 s10
R+L ) 426 T3 51t
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DisSTRIBUTION OF PATTERN TYPES ON SINGLE Dicrrs The noteworthy
trends evidenced 1n the digital distribution of pattern types (Table 20
and Fig g,) are emphastzed 1n the occurrences of whorls, tibral loops and
arches The total of fibular loops may be regarded as a pool which enlarges
or contracts with decrease or increase of these other types The dufierentral
trends of pattern frequency among the five toes are best appreciated by
stating the mcdence on each digit 1n terms of the total of each pattern
type rather than i reference to the total of all patterns

|
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Fibular (Mnar)
Loops
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Inpyw v Lomy v L nwwy

FIG 95 ~—~Prequency distnbusions of pattern types on mdvadual digits for compansons
of toes and fingers Data from tables 1 and 15 converted to nducate the percent of the total
of a particular pattern type borne by each d it

Dagat I bears a larger number of tibial loops (58%) than any other toe
1t has next to the lowest frequency of whorls (7 5%)

Dsgut IT1s the site of mimmum frequency of tibial loops (5 o) and next
to the Iowest frequency of arches (8 9%%)

Digst IIT carnes by far the highest frequency of whorls (557%)
and the Jeast frequency of arces (5 993}

Digst IV bears next to the hughest frequencies of tibial loops and
arches, but 1ts chief distinction Les 1n the fact that no other digat, toe or
finger, reaches this degree of leveling of frequencies of the four pattern
types (the closest approach to 1t being the index finger) Of the total fre
quency of each type, 18 0% of the whorls are on this toe, 20 2% of the
fibular loops, 19 5% of the tibial loops, and 21 5% of the arches This
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distnbution 1s 1n sharp contrast with widely unequal distnibutions 1n all
other toes and fingers The corresponding values for the fifth toe may be
ated i dlustration  whorls, 0 5%, fibular loops, 16 5%, tibial loops,
9 9%, arches 52 6%

Digat V has the highest frequency of arches and the lowest frequency of
whorls

These digttal distnbutions of maxmum and mimmum pattern type
frequencies differ sigmificantly at some ponts from the conditions existing
1 fingers (a) The maximum frequenaies of whotls 1n fingers occur m
digits T and IV, while 1n toes these patterns are more concentrated on one
digit, IIT (b) The maximum frequencies of radial (tibtal) loops are n
finger II and 1n toe I (c) Arches are concentrated in finger II and 1n
toe V

A Toes o—o B
Fingerseaa-e
s 15}
—,
10 10
s o5 | 2 Iy L
Tves 1 F) a w v Toes un w L v
Angess i B M W Y Pmemi W oW W ¥

FIG 96 ——Average pattern intens t es of ind vidual toes and fingers with the supermposed.
graphs shdted for demonstration of s m lantes A Data from tables x and 15 B Data from

According to Newman, the pattern distributions on fingers and toes
show greater similantiesf toes I, IT, 11l and IV are compared respectively
with fingers II, XIT, IV and V Of the intermembral distinctions just
listed, the localization of radial (t1ibal) loops 1s 2 clean cut illustration of
this principle Further demonstration is afforded in companisons of pattern
mtensity Pattern mtensity values have been computed for individual
digats, converted from the frequenctes in tables 1 and 20 and from New
man’s data on toes and fingers A fairly close fit between the graphs
(F1g 96) for toes and fingers 15 obtained only between toes I IV and fingers
II'V Toe V and finger I are thus left unpatred 1n the pattern intensity
companson It mght be suspected that ractal differences create a false
showing 1n the comparnison between fingers of the Scotfand Yard senes
and toes of Chinese (Fig 96 A) However, the same relationships are
present 1n Newman'’s senes (Fig 96,B), which mdicates that the difference
here observed 1s independent of race

Steflens shows that there 1s a relationship between fingers and toes
with regard to the total frequencies of pattern types When the toes
present frequent arches, the fingers show arches and loops, with no whotls
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or at best a imited number When there are many loops on toes the fingers
also bear loop patterns The coefficient of correlation of arch frequencies
on toes and fingers of the same mdividuals 1s o 50 and for whorls 1t 1s
o 36 (see Chap 11 Association of patterns)

BreeparL DIFFERENCES In each of the toes except IIT whorls are
more abundant on the left side than on the nght (Table 21) the reverse
of the bilateral distinction charactenzing fingers {Table 1 where 1t will

TABLE 21
ToTAL FREQUENCIES SEPARATELY ¥0R RicuT ANDLEFT SIDES OF ARCEES Loors Axp W HORLS
o~ ToEs

Arches Loops Whorls
® L R L i3 L
European Amencans (\ewman} 10 0% 6 0% | 67 8B |} 61 0% | 22 2% | 23 0%
Germans (Steffens) 172 208 |626 |s60 |2 |32
Japanese (Takeya} 176 [260 |620 (577 24 [2 0
Tapanese (Hasebe) o4 |242 (634 |86 |72 |172

be noted that the dextral excess i whorls 1s at 1ts mmmum 1n finger I1I)
“Tibial loops likewse are more frequent on left toes mndicating a reversal
of the trend noted m racial loops of the fingers Arches are more frequent
on left toes but in this mstance the trend agrees with that observed 1n
fingers where only the index finger presents a ingher frequency on the
nght side but the excess s very shght Bilaterally different trends of the
main pattern types are expressed also 1n their total frequencies Though
only European stocks and Japanese are represented n the data of table 21
the hikeness of results of bilateral companson suggests that the trends
are 2 common human charactenstic

PATTERN CoMBINATIONS Pattern combinations m mdividuals may be
treated by the manuar method of Poll The significant trends are
evidenced both 1n the umipedar and bipedar the latter 2lone being
1llustrated (Fig 97)

Two ponts of special nterest appear 1n the bipedar (a) Unlike the
case m fingers individuals presenting five arches and five whorls do occur
Two individuals 12 Takeya s series of 1000 present this combination It
will be recalled that the combination has not been recorded n fingers
though on mathematical grounds 1t mught be predicted in two ndivduals
of about so0coo 1f the assortment were deterrmined by chance alone
(b) The fields of the b pedar assigned to combinations of g whorls and of
10 whorls are vacant and 1t 1s possible that they would remain unfilled
even 1n a much larger sertes Toe V has so low an incrdence of whorls and
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arches are generally so frequent in toes, that the combination i olving
ten whorls may be 1n the same category of ranty as the combination of
five whorls and five arches in fingers

PatTERN Foram Even in the absence of quantitative determmations,
certain general statements may be made about the shape and general
character of toe patterns In toes patterns tend to be broader, or less
highly vaulted, and smaller than in fingers (1:18) Loops in toes tend
to be perpendicular to the prowmal ridges of the pattern area contrasting
with the more general slant of loops 1n fingers The erect looped pattern
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area may be sharply marked off from the transversely coursing rndges
at 1ts base (119)

QuaNTITATIVE VALUE Inspection alone indicates that toe patterns
tend to be smaller than finger patterns This 15 borne out i the ndge
counts reported by Steffens (Table z2) The data are obtamned from 100
German children, one partner from each of too twin pairs (though Steffens
shows that the results do not differ when both partners are included)
The data are of particular importance because quantitative values of
fingers and toes are determined in the same individuals

The average ndge count for all fingers 1n Steffens matenal 15
14 3 £ 046, and for all toes, 106 £ o 57 Inasmuch as arches are very
frequent 1n toes and the zero ridge counts of these configurations lower
the average values, 1t 1s important to note that 2 difference persists when
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arches are ded from the d Excluding arches, the figures
(based upon the whole series of 100 twin pairs) are- average count in
fingers, 15 0 & 0 22; average in toes, 129 £ 0 16

TABLE 22

Rivce Cotnts (QuantrATIVE VALUES) CorpaRed ¥ Frncrzs axp Tors
{Data on 100 Germans, from Steffens)

Fingers Toes

I a 1r v v I ig oI | Iv v

All configurations { 17 4 [t 7 [138[ 168  ra0 11|06y s|0a] 31

Loops ealy 157 o8 121 | 8{136]18) 9o 98|12l 71
Whotls only 204|174 t76[102]368|187]184]226 100|163
Average, all digits 143046 106 +o0 57

The seriations of ridge counts, for all configurations including arches,
are"
Fingers I >IV>V > I > II
Toes III> I >I>IV>V

Slightly different orderings are obtained when loops and whorls are singled
out, indicating that toe IfI owes its large ridge count to whoris, when
loops alone are considered this digit shifts to third place in the list, and
digit I takes first place as in the hand Toe V retains last place in the list
as the digit with mintmum ridge count, whether all patterns are nvolved
or loaps or whorls alone are considered Finger V also presents the least
ridge count of all fingers in the case of whotls
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ELEMENTS OF FINGER-PRINT
IDENTIFICATION

KNOWN indrvidual 15 recogmuzed ordinanly at a glance His stocky
build, ruddy face, stubby nose, blue eyes hight hair, mannerisms
habts of dress and other qualities are appraised without conscious effort
Sight recognition 15 effective because two individuals seldom present
closely stmlar total comt 10m5 of such ch 18tics notwith
therr likeness 1n some traits Sight recognitton however ts not fallible
Extraordinary resemblance makes for confusion of individuals and
intentional alterations and changes brought about by agemng or disease
may lead to lack of recognmition Such lapses 1n dentification usually are
of httle consequence m every-day hie, but an absolutely rehable means of
estabhshing 1dentity 1s demanded in many situations
Scienhfic methods of personal idenhification onginated about sixty
years ago when Bertillon devised the system which bears his name
He revised the 1nexact descriptive methods previously employed 10 cnim
nal 1dentification and proposed the use of eleven body measurements
As a systematic method adapted to the needs of agencies of law enforce
ment, the Bertillon procedure 1s naturally more reliable than sight recog
mtion Measurements lend themselves to classification classification
being requisite for ready search of the filed records essential 1n systematic
personal 1dentification The Bertillon system cumbersome and often
fallible, was gradually superseded by the bly supertor method
of finger print 1dentification, which 1s now employed universally for the
registration of cniminals and increasingly for vartous awvil and military
Ppurposes
Finger prints are 1deally swited to the needs of an identification system
Their characteristics are permanent as well as classifiable for filing under
headings which may be subdivided without hmt The classified finger
pnnts of an individual afford means to determine quickly 1f that person
kas been previously entered in the tdentification file, the searck tn the
file 15 directed by finger prnt charactenstics alone, without reference to
343
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name or other data that mught be falsified If present 1n the file, the finger
print card will reveal the xdenmy as well as the recorded pnor history
Finger prints have the add: ge, In criminal v
of beng d 1n the } and handhng of objects so that a
person mahes unwittingly an 1dentifiable record of lumself

The world s greatest file of finger prints 1s that of the Federal Bureau
of Investigation which functions as a central cleaning house of 1dentifica
tion records From police agencies throughout the Umted States duplicate
finger print cards are sent to the Bureau Additionally, there 1s an inter
national exchange of cards which (in January, 1941) embraces 89 forergn
countnies, terntories and possessions The Law Enforcement Bulletin,
published monthly by this orgamzation, carnes numerous reports of
dentifications established through 1ts facihities Identifications obviously
can be made only if the finger pnints are on file At present the persons
so1dentifiable are largely those with cnminal records but there 1s gratify-
ng merease 1o the fihng of cards of law abiding atizens

The Argentine Republic has made greater advance m promoting
awvihan finger printing than any other nation Starting with the printing
of applicants for appointment to the police force, 1n 1891, compulsory
regstration has been graduall, ded to include employees of banks
and of the postal system, students on matriculation, electoral offictals,
government employees, immgrants, domestic servants, chauffeurs and
taxl dnvers some classes of trad and bers of all the lated
pr Tud b and dentists Finger print cards repre
senting about half of the natmnal population are now on file at Buenos
Atrres

Though speeral mention 13 made of finger pnnts, the prnaples which
hold true for them apply also to palms soles and toes Dermatoglyphics
of these areas are equally permanent and individually vanable They
are classifiable in the same general manner, though descnptive classtfica
tion calls for adjustments to the morphological pecultanties of these
regions In the case of palms (79 80 9o, 91, 94 96) and soles (79) several
schemes have been devised, some of them berng 1n routine use

Chance prints of toes, palms and soles are presented occasionally n
evidence of personal identity The nature of this evidence 1s 1n all respects
comparable to the finger print and the qualfied finger print expert 1s
competent to deal with 1t (124)

CLASSIFICATION AND FILING

Classification of finger prints prowides for orderly placing of
finger prnt tards 1n 2 file With systematic fiing of an ongwmal card
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any subsequent card of that individual falls in the same section of the
file, and a search of the sectron quickly yields the earlier record Classifica
tion may be extended as far as the smize of the finger pnint collection
warrants Ina small file only the more pret ve classes are d,
the larger the collection, the more subdivision 1s necessary Each sccuon
1n the file, whether devoted to 2 comprehensive class or to one of the sub
divisions will contain a number of cards Thus the final step 1n searching
for a prior record of an individual involves ispection of a group of cards
having the same filing formula, for companson of finger print character
1stics which are not differentiated by that formula

In primary classification of ten finger sets under the Henry system
the cigts are considered tn “pairs’ The consecutively numbered squares
of the standard finger print card (Fig 41) indicate the order in which the
pars are composed, beginming with the nght thumb and the night mdex
The five pairs are numbered 1n order as indicated below The pairs are
wntten 1n the form of fractions with the even numbered member of the
parr placed 1n the position of numerator

Parr 1 Pair 2 Parr 3 Parr 4 Pair
(2) R index {4) R nng (6) L thumb (8) L muddle (xo) L httle
(x) R thumb (3) R mddle (s) R lttle (7) L ndex (9) L nng

‘Thus fractional notation 1s important n constructing the pnmary classifica

tion formula, which 1s denved from numencal values assigned enly to
whorls (inclustve sense—thus including all patterns with two or more
tnradn) Arches and loops (1e, patterns with no tnradius or but one)
have zero values The presence of a whorl determines 2 numencal value
for each digit of the ten finger set The numencal value assigned to a
whorl depends on the parr to which the digit beanng 1t belongs, but 1s the
same whether the digit occupres the position of numerator or denominator

Pair 1 Parr 2 Parr 3 Pair 4 Parr §

16 8 4 2 1
Entenng these values in the fractional notation, a finger pnnt set in
which all patterns are whorls would appear

Parr 1 Parr 2 Pair 3 Pair 4 Parr 5
1846 5 % % M
Another set, with whorls 1n both thumbs and both ning fingers, but in

these digits only

Parr 1 Pair 2 Par 3 Parr 4 Pair 5
e % b % 9
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To obtam the classification formula, the numerators of the five pairs
and the five d tors are added ly These sums, m the first
example, are 314, and 1n the second 12{; Early in the history of finger
prnt 1dentification an expedient m the filing system was adopted to
compensate for sets 1n which all patterns have o values the addition
of 1 to the numerator and 1 to the denominator Accordingly 2 finger
prnt set i which there are no whorls will have the pnmary classification
number }{, rather than 3, and the two examples become 3355 and 1343
respectively

The senes of numbers selected for the values of whorls in the different
parrs form a progression 1n which the value for any one pair 1s twice the
value of the succeeding pair One advantage of this geometnc progresston
1s that the classification number may be decoded Practical finger pnnt
workers, familtar as they are with classification numbers, recognize the
distributions of finger print patterns without decoding The decoding
may be llustrated by the second example, where the classification number

134g The fraction first 1s reduced to 1ts onginal value, 12{7 (by sub
tracting }4) There 1s no pair in which the value for one whorl 1s 12 Stnce
the only possible combination which yields 1215 8 and 4 (assigned respec
tively to paws 2 and 3), 1t 1s clear that the nght ning finger and left thumb
bear whorls and that other digits in numerator positions have no whorls
‘The denomunator, 17, breaks downnto 16 and 1, with no other possibihities
‘The value 16 1n denomunator position stands for a whorlin the nght thumb
and the remamder, 1, indicates a whorl in the left ning finger

The 1024 combinations of numerator and denominator, each ranging
from 1 through 32, serve as pnmary divistons m the file In the fing
cabinet the finger print cards are arranged m the sequences of this numen
cal ¢} Thrty two ¢ are first sep: d by the
of denominators then each of these 1s divided into 32 parts by the sequence
of numerators All cards classified as 3{ are filed in the first section This
section 15 followed by the group of cards classified as 34, and this group by

34, 4{ and onward 1n the sequence of the numerators through 32{ The
next pnmary diviston, begipmng with 14, continues through 324, and
the next following division would carry the cards tndexed from 34 through
324—and so on through 334,

T¢ will e evrdent et the growp Jocatom of 2 Smger prant sord ap the
primary division of the file 15 as precisely determuned as the location of a
word 1 the dictionary The search for 2 finger print card m a pnmary
division of a file 1f 3t were not subdiaded mught be compared to hunting
for 2 word 1n a jumbled dictionary where the only grouping 15 by mtial
letters The searcher 1n a finger pnnt file finds 1n a pnimary diviston a
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large number of cards which must be examined individually to determine
whether there 1s a finger print set 1dentical with that of a person whose
prnts have been made Such searching 15 mimmized by secondary
classification

The secondary classification breaks the pnmary divisions into sub
classes Unless a file 15 very small this subdivision 1s necessary stnce the
number of cards falling 1n some pnimary divisions becomes so large that
it 1s mmpracticable to inspect them all at each search through the file
The pnimary division 3{ for example would contamn about 255 of the
total number of cards in a collection One kind of secondary classification
15 based upon the pattern types of the index fingers arches tented arches
ulnar loops radial loops The occurrence of 2 plamn arch a tented arch
or a radal loop on any digit other than the index also 15 recorded These
pattern types symbolized by imtial letters of therr names are entered
1n the classification formula 1n numerator denominator form nght hand
m the numerator and left hand in the denominator Using capital mitials
for the wndex finger small letters for the other digits and adhening to a
standard sequence of notation the divisions of the pnmary classifications
are thus arranged for systematic filing

More subordinate divisions are made using the ndge counts of loops
and the ndge tracings of whorls The technology of classification mvolves
much detail pertinent only 1n works designed as manuals for the 1dentifica
tion worker

Single finger print classifications have been devised for dealing with
chance prints found at the scene of cnime Only 1n exceptional arcum
stances does the standard ten finger filing system aid 1n the 1dentification
of a chance print as when there are grounds for suspecting a particular
person whose filed finger prints may be then compared with the chance
print Single finger prints lihe complete finger print sets are classifiable
The classification 1s necessanly carned beyond that reqmired for ten digit
sets taking into account the more munute features of the pnnt Manuals
designed for the identification worker may be consulted for details of
method (43 49 66)

INDIVIDUALITY OF THE FINGER PRINT

Routine finger print 1dentification 1s practicable because finger pnnts
lend themselves to classification The vahdity of identifications established
by finger prints rests on two cardinal facts (a) The patterns and the
charactenstics of single ndges are permanently fixed Except for enlarge
ment in the course of bodily growth there 1s no change in the nidge char
actenstics of a finger pattern throughout the hfetime of the 1ndividual

{
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haustively, wmithout encountenng a single case of duplication The possi
bility of duplication 1s put to severe test in these twins, for the two mem
bers of the pair have the same inhentance In spite of the control by the
same genetic factors, ther finger print charactenstics are never 1dentical
and at best there 1s merely a close resemblance (Fig 144)

It 1s a farmhar observation that the structures of plants and ammals
are widely vanable Corresponding parts of the same species may seem
to present httle or no difference if the mspection 1s merely casual But
many unlikenesses become apparent 1f the objects are examined closely,
and the number of differences increases as attention 1s directed to more
and more mmnute ch The philosopher Letbmz ded, as
have many others before and after lum, that “there are never 1n nature
two beings which are exactly alike, and 1n which 1t 1s not possible to find
a difference * Thomas de Quincey relates that Letbmz was once explaining
the matter to a royal personage, to give point he turned to a gentleman
1 attendance with a challenge to produce from any tree or shrub two
leaves duphcating each other n venation The challenge was accepted—
but the duplicate leaves could not be found As with leaves, so it 15 with
finger prints  The London newspaper, Neus of the World, was quite safe
when 1n 19391t offered a pnze of £1000 to the person having a finger pnnt
1dentical with any one of a senes of pnints published for the contest

The unique ch of every biol 1 a single leaf, 2
finger prmnt,’an ear of corn, the stnped pattern of a zebra—has been
recognized 1n the axiom, ¢ Nature never repeats ” Without questioning
the 1ntended meaning of this axiom, the suggestion might be offered that
1t read ““Nature never repeats exactly " If nature did not repeat at all
there would be no multiples of the same class—trees and men, whorls
and loops, and indeed no umverse of fingers to bear whorls and loops
Such repetition, however, 1s confined to the general molds of things and
1n the last analysis of detail “Nature does not repeat

In spite of diligent search, an instance of duphication of two finger
prints never has been found This1s not unexpected 1n view of the operation
of the law of simple probahhty, or chance The occurrence of runutiae at
speaific points 1s governed at least 1z large part by developmental processes
which yield random results Accordingly, the presence and locations of
forks, ends and other ndge details may be considered from the same
mathematical approach which applies for example to the chance of
throwing a particular face of a die, or the head of a comn To some degree
finger print minutiae are subject to control through inhentance (Chaps
12 14) but even the mammum possible “loading” by inhentance 1s

to the random prod of these details
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Pearl® refers to the tossing of a cotn as “a classical event’ because this
act has been so frequently used in the discussion of probability Following
tradition, the same example may be chosen here Imagne first the random
tossing of a penny Because the ¢coin1s a thin disc 1t 15 bound not to stand
on edge after an ordinary toss This much s certainty but no one can be
certamn of throwing a head, or a tail The face which lies upward after the
throw may be exther head or tail and that each has an equal chance 1n the
result can be determined by tnal If the coin 1s tossed many times, 1t
will be found that equal numbers of heads and tails have appeared and
that no toss can influence the result of any other The chance of a head,
or a tail, may be expressed as the fraction !4 “Head has one m two
chances and ““tail”” has one 1n two

Having dealt wmith this problem in 1ts simplest terms with the toss
of one penny, the chance mnvolved with the use of two penmes 1s next to
be considered At the toss each coin has an equal chance of failing head up
What 1s the chance of heads for both penmies? Of the three possibilities—
two heads, one head and one tail and two tais—there 1s one chance 1n
four that two heads will appear The mathematical formula for deter
mining this result 1s simple Knowing the chance involved n each of the
two events the probability of their occurring together 1s the product of
these two chances 14 X 34 = 34 On this same principle, the chance
of all heads in the toss of any number of pennies may be calculated If
there were 25 penntes the chance of falling all heads 15 4 rased to the
25th power, or 1/35,554 432

The chance of all headsin a toss of 25 penntes 1s small but an enormous
reduction of the chance of obtaining a prescribed result would be ntro
duced by imposing specific restnctions Assume that the cotns are marked
for :dentification, each of them with 2 different letter and that the floor
on which they are tossed 1s laid off 1n 25 squares correspondingly lettered
Postulating that mechanical provisions for the toss mnsure that one cotn
will ke 1n each of the squares what 1s the chance that each cown will fall
head up within the square corresponding to its identifying mark? The
Judgment of common sense 1s that the chance must be exceedingly small,
it may be calculated by the formula previously used The chance of one

com lyimg head up within 1ts proper square 1s the product of the chances
of these two independent events, namely 14 X 145 = 3§¢ The chance
that all 25 comns satisfy this requirement 15 150 ra1sed to the 25th power or
1
2,980,232,238,769,531,250,000 000,000 000,000,000,000,000

ntroduction to Medical Biometry and Statist ¢s 3vd edition Phuladelphia W B Saunders
1940
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The chance of the occurrence 15 therefore so infimtesimally small that
from 2 practical view it may be completely disregarded

Probabihty or chance 1s subject to expertmental proof 1o applications
such as coin tossing Though thus expenmental proof 1s feasible only 1 the
Iugher brackets of chance the correspondence of computed expectation
and actual result 1s 2 comforting sign that the same law holds when the
chance 15 lowered through increase 1 the number of 1tems that must be
satisfied

The accelerated dimnution of chance with progressive mcreace of the
number of coms fulfiling the double requirement of head and Iyng
tn proper square 15 hardly appreaated unless one actually sets down the
numbers There are good odds that one of the coins wall conform to require
ment the chance being 1§ The chance that two will conform sinks to
1/2 500 for each additional conforming comn the chance 1s only *£g of
the preceding thus 3 cowms 3/125000 4 comns 1/6 2350000 5 coms
1/312 500000 6 coms 1/15 625 000 000 etc

How does this apply to the individuality of a finger pnint? In brief
the concatenation of 2, speafic ndge details existing m the finger print
example chosen may be likened to 2 successful result mn the tossing of the
25 cams In the finger print the tesult 1s already in existence having
been brought about durng the period of differentiation of the skin nidges
several months before the person was born The cogent question 1s whether
an 1dentrcal result ever mught be realized in some otber finger The prac
tical answer to this question 1s no

The occurrence of a particular ndge detail mn a particular place 15 not
2 stnctly random event but that the element of randomness plays the
chsef rdle 1n producing st 1s evidenced by the differences which occur

1dentical twins Inhentance 1s the factor which may mfluence random

ness but even 1n two individuals baving the came whentance the com
binations of details are widely different For treatment of chance 1
reference to finger print details 1t seems safe to apply the usual computa
tion for the concurrence of random esents only remembenng that in
closely related individuals the chance 1s increased The increase however
can not be mathematically corrected The only correction which 15
available 1s to set the chance of duplication of the single items at a figure
which 1s undoubtedly much higher than actuahty

Only to a muted extent would 1t be poss ble to determine the actual
frequenaies of the finger pnint charactenstics The pattern used in this
discussion 15 an ulnar loop Ulnar loops are common as 1nstanced by their
649 occurrence 1n the Scotland Yard sertes (Table 1) Disregarding the
varymng frequencies of ulnar loops on different digits there 15 thus 2
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mathematical chance of 1/1 6+ that two prints from different digits might
both be ulnar loops The pattern in question 1s an ulnar loop having a
count of 11 ndges, and if this feature be also taken into account the chance
of duplication of the two characters (pattern type and ndge count) 1s
much smaller Roscher’s data (75) on ndge counts of 3000 ulnar ioops
show only 154 having counts of 11 ndges Still ignoring unhkenesses
among different digits, there 1s a chance of 1/1g 5 that two randomly
chosen ulnar loops would have counts of 11 ndges Employing the usual
mathematical formula, the chance of concurrence of this particular
pattern type and ndge count 1n two fingers 1s

1 1 1
76755 &

There are no data on the frequencies of specific minutiae occupymg
spectfic positions 1n patterns Balthazard and others discuss the chance of
duplication of two prints on the basis of a 34 probability of repetition of a
single detail This figure exaggerates the chance of comncidence Wentworth
and Wilder (7¢) pomnt out that the real probability would be closer to
180, or even 1{g0 Avoiding both undue exaggeration of chance and tbe
possibility of mimmuzing 1t through the use of too low a value, we may
chaose 3¢, as a working figure Xf each of the 25 details indicated 1n figure
98 might be dupheated by chance 1n a pattern of another finger the
mathemafical setup for the chance of duplicating the entire senes of
detals 15 exactly that which apphes to the problem of tossing the 25 coms
onto 25 squares, the requirement betng that each coin fall head up within
the square having 1ts own letter That chance as shown above 1s expressed
1 2 {rachion 1 which the numerator 18 one and the denomnator 1s 2
number having 43 places!

It must be realized that numerous details are available n a finger print
companson ‘Twenty five are selected in the example discussed, but the
number present 1n one print often reaches a much igher figure, 60, 80 or
100 Another deserving emph 1s that negative char
actenstics are not included 1n the enumeration, the lack of an interruption
or fork i an extent of a ndge (e g , the whole length of ndge D 1n figure ¢8)
132 feature whech 1 just as important 1n the mathematics of chance as the
Presence and positions of particular munutiae The mathematical chance
of duplication 1s therefore even smaller than the figure ated above Lven
if only pattern type and ridge count are considered 1n addstion to the 25
minutiae, the chance s reduced 31 times, each ndge detad added to the
senies would reduce the chance by so times The chance of duplication of
this finger print 1s therefore so extremely small that common sense rejects
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as fantastic the 1dea of an actual reakzation The mathematical treatment
15 perforce used mn evaluating the chance It is unfortunate that this

pproach carstes the mnpl that a plete correspond of two
patterns mught occur, when as a matter of fact the mathematrcal reasoning
merely supplements observations indicating that such duplication 1s
beyond the range of posstbility Under the 1t 15 impossibl
to offer decisive proof that no two fingers bear 1dentical patterns but the
facts 1n hand demonstrate the soundness of the wotking pninaple that
pranis from tuo different fingers never are 1dentscal ?

We are ded in this of the d hed scientist
Carl Ernst von Baer, 1792-1876, who 1n lus eightieth year declared his
conviction that he might not die The reasoning upon which he based
that opinton was “Thus far, all human beings eventually have died The
saymg ‘All men must die’ goes too far, actually 1t should only claim ‘All
men so far have died ” Even so, the statement 1s based only upon an expe
nence to which there might be exceptions ”* The clatmant for actuahty of
duphcation of patterns on two different fingers would take a position
about as defensible as that of von Baer on exceptions to the law of utor
tality To be sure, a defendant before a court of law mught argue the
possibility of duphcation of hnger prints It mught be claimed that an
ncenminating chance print, shown in expert teshmony to be identical
with one from a finger of the defendant, 1510 tn h that of another man
The advocate for the defense hails the coinadence as the realization of an
occurrence predicted by mathematics! Such 2 claim, instead of demon
strating that p{xp{?x‘on\l two dufferent fingers are duplicates proves the
weakness of a defen$ which must resort to patent mmsrepresentation of the
attitude of science

Worlers fambar with finger pnnt minutiae 2ll affirm that there are
no two duphcate prints of different fingers They recogmze many qualities
other than the mere occifrences of detalls The minutiae hke total
patterns, have individuality The interruption between two ndge ends
may be short or long the ndges may or may not deviate in direction as

2 There 15 an extensive Literature on the philosophy of proof as it relates to questions such
as that here concerned with individuality of a finger print. The Problem of Praof by Albert S
Osborn (znded “Newark The Essex Press 1926) presents an excellent discussion of the canons
of proof 1n Iegal applications though the problems are illistrated especially Sy disputed docu
ments the general arguments (see especially hus Chap 25) and references to the hterature are
equally pertinent to the issue of finger print proof The tenets and hustory of the theory of
probability are sucanctly outhned by Floruan Cagors tn hus A Ilsstory of Mathematics (204 ed.
New York, The Macmillan Co, 1931)

1From A. Ecker, 100 Jakre esner Fresburger Professorenfamshe 1836—Quoted by E
Stemplinger, ¥ on beruhmten Arsien R. Piper & Co, 1938
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they terminate, bifurcations exhibit varying spreads, and many similar
mdividual distinctions of minutiae occur

When all these finer qualities are appreciated, 1t 1s not surpnising that
identifications of individuals are possible when only partial prints are
available Some chance prnints contain a hmited number of ndge details,
the impressions being fragmentary Authonties agree that demonstration
of 12 correspondences of minutiae (and of course no discordances) proves
that two prints origmate from the same finger Others are willing to go
further, holding that 1n some circumstances correspendence of six or eight
potnts establishes a posittve 1dentification (79) In the routine of identifica
tion, there 1s naturally no question of the possibility of duphcation
since prnts of all ten fingers are available for companson with 2 new
finger print set The individual distinctiveness of the complete finger pnnt
set 15 expressed 1n the combination of the vanous pattern types, ndge
counts, pattern form and other conspicuous features as well as in the
complex of details 1n each print
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COMPARATIVE
DERMATOGLYPHICS

RipGeED SKIN

HE nidged skin of palmar and plantar surfaces 1s often termed

“friction skin * Its structural specabization 1s adapted to locomotion

grasping and the reception of tactile stmul This
1 ch

P \o
monkeys apes and man) and 1t occurs sporadically
1n some other groups of mammals The present

FiG 99 ~—Left h ad foot Fic 100 —Rght Fic 101 —Right fore
of the Feld mouwse  M: fore foot of the squirrel  foot of the hedgehog En
crotus  (From Whipple) Sciurus vulgans (From  naceus europacus  (From

Kedd) Kidd)

chapter surveys the occurrence of ridged skin and 1ts configurations i the
whole class of mammals
DISTRIBUTION AMONG BMaats Quadrupedal ammals character
istically have no dermatoglyphics Part of the under surface of the paw
156
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of the cat or dog, for example, 1s hairy, though the foot pads are bare,
ndges do not occur The pads serve as cushions 1z walking, and the
absence of hair on them 15 an adaptation to the walking function When
dermatoglyphic spectahzation does occur 1n quadrupedal mammals, 1t 15

pp ly d with prehensile use of the members At any rate,
the specialization 1s linked with function rather than with the place of the
ammal 1n the systematic classificatton

o T

P16 102 ~=Fore foot (4) and hind foot (B) of the tree shrew Tupa a lacemata lacernata

The field mouse {Fig g9) typical of generahzed rodents, possesses
promuinent walking pad. which do not bear dermatoglyphics Another
rodent, the common squirrel (Fig 100), has ndges partially covering some
of the pads Insectivores also are diverse with respect to the presence of
dermatoglyphics, which 1n this group are at best only incompletely
developed Both the hedgehog (Fig 101) and tree shrew (Fig 102) possess
patches of ndged skin, but the arrangements of nidges are quite different
1n these two nsectivores Most carnivores lack dermatoglyphics, though
1n some forms the development of ndged skin s fairly advanced, as1n the
arboreal hinkajot of South Amenca (Fig 103) The marsupials are widely
vanable Some marsupials have no dermatoglyphics and others, hke
Tarsipes, display ridges over the pads, Marmosa (Fig 104) has more
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extensive ridged skin, and in Phalanger (Fig 105) the sole 1s completely
covered withridges No primate lacks at least some ndge bearing areas but
the members of the group vary widely in the extent of the specialization
Or161y oF Rines Epidermal ridges are modified scales pnmtively
imbricated m arrangement Each scale 1s associated with one hair or a
hair group, and a sweat gland In the evolution of frictron skin the hawrs
disappear, and scales aggregate info ndges The story of this evolution
1s traced by Whpple, from whose work the following digest 1s extracted
Among mammals other than pn
mates there 15 considerable vanation in
the mtimate structure of epidermal
ndges, both as evidenced on the skin
surface and 1n histologrcal organization
Only the conditions 1n primates are to
be mentioned Prosimizns, the lowest
prmate group, afford a good illustra
tion of progressive stages of ndge forma-
tion The prosimans, unltke man apes
and the majonity of monkeys, exhibit
large areas 1n which nidge formation 1s
incomplete The pads bear fully devel
oped ndges, other regrons displaying
structures designated by Wiepple as
epidermal  “warts” and epidermal
»
The probable evolutionary steps in
ndge formation, as seen n the lemur
Pic ro3—Left fore foot of the Aare llustrated n figure 106 The mcom
e g TP ensdivolvles plete ndges are represented by munute
elevations, warts (1slands), each beanng
1n 1ts center the orifice of 2 sweat gland duct Epidermal nngs are annular
conglomerates of such warts The larger rings are elongated m the same
directions as the neighboring ndges Continuous long ndges would result
from fission of the extrematses of elongated nngs, followed by end toend
junctions with sunilarly disjorned elements of nings Some primates lack
nngs but the warts gather 1n hnes which are “prospective ” ndges The
transition from warts to rings or from erther to long ridges 1s not to be pic-
tured as a sequence 1 the developmental hustory of the indrvidual Instead,
1t1san of an evol ry process which has been halted in suc
cesstve phases, since ridges develop mn the mmdividual without passing
through these steps The successive pore beanng segments of a ndge, hike
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single 1slands, are morphologically equivalent to warts Even in those
primates where nidges are continuously developed over the whale palmar
and plantar surfaces the zones of junction between ndged skin and the
unspectalized skin of the dorsum show transitions from ridges to 1slands

e f

a
Fic 1o4—Left hnd foot of P16 105 —R ght h od foot of Phalanger

Marmosa munna & marsupsl of  maculatus a phalanger ne opossum (From

the opposum group (From Dank  Domkme jer

merser )

PIG 106 —A port, on of the d stal palm of a pros mian Lemur (From 1 hipple )}

The minutiae of epidermal ridges in non human primates are compara
ble to those 1n the human hand and foot These details, together with vana
tions 1n pattern construction are applicable 1n individual rdentification as
1 man Indeed they are put to this use in the chimpanzee colony main
tained by the Yerkes Laboratories of Primate Biology, Yale Unnversity
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TaE MORPHOLOGIC PLAN OF VOLAR PADS AND OF COVFIGURATIONAL
ARFEAS

‘The feet of certain groups of mammals bear cushion Like elevations,
the walking pads or rolar peds Epidermal ndges n some forms are hrmted
to these pads Volar pads are the backg; d of 2 sy 1c b
of configurational areas The pads are subject to considerable vanalmn,
evidenced 1n lowenng, expansion and mutual fuston In spite of such
departures some degree of conformuty to the basic morphologic plan of
volar pads 1s apparent m all pnmates That plan 1s well exemplified 1n the

FIG 107 —Right zund {1) and nght foot (2) of the nignt monxey Aotus sonalis tor Mljustra
tion of volar pads The legeads of figure 108 applying to configurational areas, are equally
descriptive of the pads
mght monkey, Aotus, which has pads presenting a nemly pnmtive
arrangement (Fig 107) The plan of padsis correlated with the topography
of configurational areas (Fig 108)

The terminal segment of each digtt bears an apzcal pad, and on palm
and sole there are pads composing a margmal and a central senies Seven
of the palmar or plantar pads are included 1n the marginal senes Of these
four are the distally placed nlerdigital pads {pads I, II IIT IN—the
senes besng numbered 1n accord with the interdipital intervals wmith which
they are related) The [ I el of the 1 series are 2
distal hypothenar pad (HY) and a prozsmal kypotkenar (HP), 1 the respec-
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tive regions of the ulnar or fibular border, a thenar pad (T4), in the radal
or tibial region, which 1n the sole may be divided into two elements,
distal thenar (Th?) and proxsmal thenar (TH*) In addition to the seven
pads above enumerated there are two smaller and less constant com
ponents of the marginal senes They are accessory pads, adpuncts to

digitals Il and IV (designated I1” and IV* 1n the palm, II and IV in
the sole—the Roman numerals 1dentifying their relation to the respective

FiG 108 plaa of the m palm (left figure) and sole 1 11
111 and IV are interdipital areas desgnated by the respective numbers, 1I° 13 a field occa-
sionally found on the radsal ;mde of 11 and 7V* represents a sumilar accessory feature i close
telation to IV, The elemeats of the central area are termed 2*_3” and 4%, emphasinng ther
proxmal relation to the patterns The area s repre-
sented with separate distal and proxsmal components H? aad 71* The thenar (Th), occupying
the thenar emunence, usually 15 separated from the hypothenar configuration by a definite
parathenar configuration (P-4h) —-With the exception of ths necessanly diferent motations
of accessory patterns II* and IV/ the distal central and hypothenar portions of the sole
correspond to the plan of the patmar dermatoglyphics The thenar terntory occasionally
presents a separation of distal and prox:ma! elements (Th¥ and T4%) and on the heel a calcar
pattern (C) occurs necasionally

interdigital pads, and the superscripts giving the imtial lettets of anatomi-
cal directions) Finally, there are three central pads located in the central
area of the palm or sole in proximal relation to interdigital pads II, IIT
2rd IV {these central pads being accordingly named 2%, 3° and 4%)
Proximal to the central pads the palmar or plantar surface 1s depressed,
representing the parathenar area (P-th). The heel region, which is inter-
preted as 2 prolongation of the hypothenar zone, is the calcar area (C).
Almost never is the full complement of volar pads expressed The
aceessory pads related to interdigitals IT and IV have been observed only
in the slow loris, the night monkey and fetal man, though their occurrence
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as reflected mn the dermatoglyphics 1s known to be more widespread
Central pads hkewise are only mnfrequently present i pnmates The
major pads of the margmal series may be vanously modified

The consistent disposition of pads and of such surface uregulanties
as the parathenar area 1s manifested 1n the morphological plan of der
matoglyphics (Fig ro8) The plan of configurational fields 1s 1n the maimn
a counterpart of the volar reliefs which have been described Howmever a
species which 1n the adult has vaguely marked pads may present con
spicuous pads in the fetal penod (Chap 10) The epidermal ndges over
the surface of a pad may form a pattern, though asin the human palm
and sole, the pad area often bears an open field Sometimes as m the
parathenar area, a discrete pattern or open field 1s associated with a
depression The close correlation between dermatoglyphucs and modeling
of the volar surface reflects the fact that in fetal development the surface
irregulanties and nidge alignments are conditioned by the same factors
of differentral growth (Chap 10}

VARIATION IN PRIMATES

Exrext or ForMED Rmees The prosimians, compnsing the lowest
pumates such as lemur, tarsier, bush baby, lons and potto, are vanable
with regard to the extent of ndge formation In the bush baby definitely
formed ndges occur only on the pads The slow lons, 1n contrast, has the
palmar and plantar surfaces continuously ndged except in flexton furrows
and occasionally 11 the central portion of the palm Other members of the
group show different degrees of spread of the ndged area

In monkeys of the New World including marmosets the howler, night
monkey, spider monkey and capuchin monkey, there 1s alsa considerable
diversity The mght monkey shows the least extenstve ndge formation,
areas other !han pad surfaces presenting only 1slands and very short
ndges O dividuals among and capuchins exhibit
mcomplete ndge formation in the central portion of the palm or sole and
m the proxumal extremty of the sole Continuously rdged skin 1s char
actenstic 1n other New World monkeys, 1n monkeys of the Old World,
1 apes and 1n man

Incomplete ndge formation 1s less extensive and less frequent 1 the
foot than m the hand T h as ndge an advance
m structural specialization, 1t 15 evident that in this respect the foot 1s
more advanced than the hand

Rwce BrReapTH IN Prnates Measurement of ndge breadth 1s
stated indurectly through the count of the number of ndges crossed by 2
1-¢cm hne For the human hand (young adult males), the average count,
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including the five finger patterns and five areas of the palm, 1s 20 7 It
has not been possible to make exhaustiv e determinations in other pnmates,
but the available observations are of interest when compared with findings
inman

TABLE 23
Couvts or RioaEs PER CENTIMETER IN taE PALMAR HYPOTEENAR AREA IN ADULT PRIMATES
ARRANGED IN THE Orber or InCREAsING Hanp LEveTRS
(Only one specsmen of each form except where o wumber 1s indicated the figures sn these instances
betng averages of the snderidual determinations)

Hand fength{ Rudge fﬂ’:nd fength X 100

m count Ridge count
Samins (squirrel monkey) 52 a 17
Aotus {night monkey) 54 25 22
Cebus—2 (capuchin monkey) 71 21 31
Erythrocebus (patas monkey) 82 2 3
Lemur 83 36 23
Cercocebus (mangabey) 95 2 3
Lagothnx {woolly menkes) ws 3 3
Macaca—2 (macaque) 07 .3 52
agus (Celebes macaque) wo 2 52
Pygatbax (langur) 1o 2 60
Homo—1200 102 i85 104
Alouatta (howler monkey) 0 27 74
Pan—;3 {chimpanzee) 08 2 3 93
Pongo—s {orang) 239 206 17

Comparative observations must take hand size into account since
ndge breadth 1n man 1s loosely correlated with hand size Table 23 hists
the determinations 1n a sertes of genera entered 1n the order of increasing
hand lengths from about 5 cm 1n the squirrel monkey and might monkey
to as much 2s 24 cm 1n one of the large apes Companson of the hand
lengths and ndge counts suggests a trend, even if an irregular one, toward
an imerse relationship between them Three forms (squirrel monkey,
woolly monkey, howler monkey), having hand lengths which compare
as 1 2 4 present ndge counts that are about equal Then again, forms
having equal hand lengths may exhibit quite different ndge counts, as
1t the howler monkey and man These departures fromt inverse catrelatian
betneen hand size and ndge breadth ndicate a partial independence of
the factors which condition ndge breadth

The foregoing comments cancern adults alone For man ard chim
Ppanzee there are observations on both adults and juvenles, so that it 1s
posstble to state the relationship between hand length and ndge count
association with age differences Vanability 1s here less than that among
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adults of different genera presenting cofresponding unlihenesses of hand
size In the chimg sentes the coeffi of of the hand
Jength/rdge count index 1s 12 0 and n the senies of human individuals

Bush baby m @ ﬂ

(Galago)

" (/,\)
Lemur @ O W
ne R
Hight monkey
L @otus)

P16, 109 —Finger patterns of three lower primates {Lemur and Golago after Schlag nhaxfen )
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P1c 110 ~—Falms and soles of four prosim an genera 4 Tarsus B Nyct ccbus € Galago
D Lemur

having hand lengths equal to those of the clhumpanzees the coeffictent of
15128 Ina of thirteen different primate genera the
vanation 1s more than four tumes as great, with a coefficient of 557
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Ths fact strengthens the conclusion that the characterization of a genus

by distinctively fine or coarse nidges is 1n 2 measure divorced from the
factor of hand size

Pic 111 —Palms and sofes of four genera of New World monkeys A Oedipomidas B Alou
atta C Samin D Aotus

N
\

FIG 112 -~Palms and soles of three genera of New World monkeys A Ateles B Lagothnx
C Cebus

Intergenenc vanation 1 ndge breadth is confined to a relatively
narrow Tange, which suggests that proper functional performance of

epidermal ndges depends 1n some way upon restricted vanation i ndge
breadth
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Tae PrnotnE PATTERN Vaneties of patterns as emphasized 1n
the description of human finger prints may be arranged 1n a senes of

FIc 113 —Palms and soles of four genera of Od World monkeys A Papo B P thecus
€ Pyeahnx D Colobus

T

FIG 114 ~Palms and soles of the sibbon Hylobates.
transitions between dissimilar types Thus as shown in figure 48 one may
trace various lines of descent from the typrcal whorl to the sumple arch
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progressive reduction i the size of a whorl and final conversion of the
pattern area into an arch or degradation of a whorl into a loop and
regression of that loop inte an arch These steps compose a pictonal

F G 115 —Palms of the o ang Pongo

sequence which may be read 1n either direction The whorl may be con
sidered as degenerating or reading in the oppostte direction 3t may be
regarded as evolving from the simple arch There 1s of course no real
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from one on type to another since in the fetal

period a pattern 1s formed 1n 1ts fixed character Nevertheless the senation

a1ds tn onenting a problem which presents itself in any comparative treat

ment of configuration types namely the tracing of pattern types from

an assumed prnimitive status This problem can not be finallv resolved
but as a workmg hypothesis the whorl 1s considered primitive

It 1s generally granted that volar pads primtively serve as cushions

m walkung and that their lowenng and loss of outlines are adaptations

ﬁ; |ﬁ' Fﬁ ’f rfﬁ

Fi6 116 —Soles of the orang Pongs

to prehenstle use of the hand and foot Since the shape of a pad 15 so 1n
timately associated with the character of 1ts pattern the pads afford an
ndirect approach to the question of the pnmitiveness of patterns In
primates the apparently pnmtive volar pad 15 an elevation with a ar
cumscnibed base and 2 more or less pointed summt Ths conformation
of a pad 15 developmentally correlated with the presence of a whorl
(Chap 11) It may be assumed therefore that the whorl 1s the pnmitive
pattern type and that other pattern types are advanced betng correlated
with regressive changes of pads

Aricar CONTICURATIONS \ost New World monkeys all Old World
monkeys and apes (Figs Ixs 116) present apical patterns which are
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morphologically comparable to those already described in human fingers
and toes. These general morphological similarities are evident even if the
abservations are limited to a single specimen or only a few specimens
representing a genus, but owing to limitation of material statistical com-
parisons are possible only in a few genera. The frequencies of pattern types
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on fingers of chimpanzee (129) may be cited in illustration of the statistical
comparison that eventually may be made in other primates. In chimpanzee
the frequencies are, in round numbers: whotls, 50%; ulnar Joops, 409;
radial loops, 9%; arches, 29%. The ridge counts of loops in chimpanzee
average 1..4 ridges, hence pattern size is comparable in chimpanzee and
man. These frequencies approximate the distribution of pattern types
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mn man yet there are several noteworthy peculianties of the chimpanzee
patterns (a) Whorls are more evenly distnibuted among the digits (b)
The whorls are chiefly twin loops lateral pocket loops and acaidentals
Monocentric whorls form httle more than one third of the total as com
pared with the proportion of about four fifths in human fingers The

Fr 118 —Soles of gorilla

frequencies of monocentnc and hicentne whorls m chimpanzee fingers com
pare closely however with the frequencies of these types in human toes
T e Pt th Aot (s Siow 5% Wiens W vt ey
half are monocentne and the remaining patterns are chuefly fibular loops
{c) Radwal loops 1n chumpanzee fingers are almost confined to dignt I

with tbe ch 1€ conct of these patterns on
dignt IT m man (d) Probably because of therr location on the more ex
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panded ball of the thumb radial loops 1n chimpanzee have counts (15 g)
larger than ulnar Yoops (e) Arches occur chiefly on finger V instead of on
fingers IT and IIT as 1in man

The morphology of apical configurations 1n prosimians and some New
World maonkeys 1s dissimular to that of human patterns Apical configura
tions of two prostmians and of one New \orld monkey are illustrated 1n

Pic 119 —Pa ms of chimpanzee

figure 109 as representatives of such non conforming patterns In the
bush baby the central portion of the aprcal pattern 1s 2 senes of lang
tudmally aligned ridges enveloped distally and on the sides by nidges
forming a Jooped frame of the pattern area The system of looped rdges
extends also to the dorsal aspect In lemur the looped frame 1s shifted
dorsally and 1s not evident from the volar aspect Thus in the bush baby
and lemur the pattern area 15 so expanded as to encroach onta the digital

Fic 130 —Soles of chumpanzee

margins The might monkey also shows an expanded pattern area but the
convergences of ndges distally and proxumally indicate more definttely
the homts of the matn pattern area Some authars constder such a sequence
of patterns as steps 1n the evolution of the speafic pattern types appeanng
n higher primates More probably they are merely assotiates of ghly
specialized pads pads which are flattened and expanded
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Patus avp Sotes In charactenzing palms and soles each genus or
group 1s to be descnibed 1 terms of general trends All pnmates display
mdividual vanations in configurational arrangements the magmtude of
these vanations being greatest m the apes and man Thke illustrations
(Figs 110-122) are himuted m many cases to one representative palm and
sole of ezch genus Numerous tlustrations would be required to indicate
the scope of individual vanation

P16 121 —Human palms

Adherence to the basic plan of dermatoglyphics (Fig 108) indicates
lack of spectalization Since no pnmate conforms fully, and since only the
seven {or m the sole eght) lly placed 1nal areas
approach any degree of h the 1 T™a)or
emphasts 15 placed upon these marginal areas In most genera the sole
presents greater divergence from the morphologic plan than does the palm

The genera of lowest pnmates (prosimians) are diverse (Fig 110)
Of the four genera 1llustrated, the tarster deviates conspicuously from the

Fic 127 —Human soles

morphologic plan It 1s the most spectahzed as nd d by
absence of whorls and :nfrequency of other true patterns The group of
New World monkeys (Figs r1r-r1z) has both pnmitive and advanced
representatives Some are so pnmtive that they lack complete ndge
formation over the palm and sole 2 feature otherwise limited to some
prosimians The most highly advanced form i this group 1s the spider
monkey
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Departures from the basic plan occurnng 1 Old World monkeys
(Fig 113) are almost confined to fusions of the thenar and first interdigital
areas The charactenstic patterns on all areas are whorls

In higher pnmates the order of increasing modification of the basic
planis man (Figs 121 122) orang (Figs 115 116) gonlla (Figs 117 118),
chimpanzee (Figs 119~120), gibbon (Fig 114) Possibly the positions of
gonlla and chimpanzee 1n this hst should be transposed

ProxmiaL axp MmDLE PmALanNces In some adult primates the
proximal phalanges bear pads their positions conforming to a consistent
plan like the main pads of the palm and sole Inclusion of phalangeal pads

Fi¢ 123 —The palms of a Wh te woman the longitud nal ndge algnment be ng an except on
10 the character st c of human palms (From W lder)

m a basic morphologic plan would be justified In the human fetus such
pads have been noted and since they subuide 1n the course of develop-
ment 1t 1s quite hkely that other primates which lack pads in the adult
state may possess them transiently in the fetal peniod The fairly common
occurrence of sharply localized configurations on these phalanges fur
nishes further proof that such pads had eusted in the fetus (Chap 10}
The dermatoglyphtes of middle phalanges indicate that fetal pads might
occur there also

Localized patterns are exemplified 1n the orang (Figs 115-1316) where
there 1s wide vanability 1n the frequency and vaneties of configurations
on these segments The occasional paired patterns on the proximal
phalanges 1n the orang 1s of nterest 1n connection with their frequent
appearance 1n some other forms the capuchin monkey for example In
man such patterns rarely occur and their restriction to the proximal
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phalanx 1s 13 keeping with a ugher frequency 1n other primates of patterns
on proxmal phalanges than on muddle phalanges In most pnmates the
of the phal collectively form slanting systems of
ndges (Chap 4)
The p ! and muddle phal of pr usually are devord
of ndges and 1n 2 few New World monkeys the skin of these regions 1s
incompletely ndged

PIG 124 —Patterr intens t es of palmts and soles of pnmates. Increasing values mdicate
Ereater sumbes and complex ty of patterns

Rmee DirECTION The directions of ndges 1n areas of palm and sole
which are undisturbed by local patterns vary from longitudinal to
transverse The trends exhibit no orderly distribution with regard to the
1¢ classification of In gibbon and the great apes the
ranges from } d to obhque In ch 1t has been
shown (129) that 1n spite of the generally longitudinal alignment of palmar
ndges there is a bunanual distinction equivalent to that of the human
palm, the tendency being for ndge courses to incline more to the transverse
direction 1n nght hands In man the palm presents a combination of
1 dinal and diagoral al on the sole ndges course trans
versely or on a shght slant

Wilder (101) records a pair of human palms (Fig 123} presenting
remarkable similanty to the longudinal configuration observed tn apes
Only one other instance of this singular relationship 1s known (291) The
authors reporting ths second case term the copdition * orangoid  and
they regard the longitudinal abgnment as an atavism In contrast to

Y
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Wilder’s subject, where the peculianty distingmshes both hands 1n the
second 1nstance only the left palm presents the distinctive longitudinal
direction, the main hne formulaisr 1 v

Parrern INTEAsITY The method of pattern intensity described 1n
Chapter 4 1s apphcable m analyzing the configurations of palms and
soles, though 1n practice 1t has been modified with regard to the numerical
evaluations of configuration types {141} Without entering into the detail

1
FiG 125 —Dermatoglyph cs of the tal woolly monkey

of the evaluations, but keeping 1n nund that higher values indicate greater
number and complexity of patterns two general results are to be men
tioned (a) The intensity values of palm and sole may be combined as a
measure of the status of pattern development in a genus The general
trends are evident 1n figure 124 though the values for palm and sole are
separated It will be noted that the prosimian genera (Tarsius, Nycticebus,
Galago Lemur) are widely vanable among themselves, and that asa group
the Old World monkeys (Papio, Pithecus Cercocebus, Lasiopyga, Ery
throcebus, Pygathrix) present the highest values New World monkeys
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(Oedipomudas Callithnx Alowatta Sammn Aotus Ateles Lagothnx
Cebus) have lower values Gibbon (Hylobates) the great apes (Pongo
Gonlla Pan) and man have still lower pattern intensity Fluctuations of
pattern intensity are not correlated with the group classification of
primates though the main trends within a group as i Old World mon
keys may be consistent (b) In all pnmates except man and Cercocebus
(the latter bemng discounted tn view of the lumted number of hands and
feet on whuch the values are based) pattern intensity 1s higher in the palm
than 1u the sole The distinctive position of man 1s therefore of peculiar
Interest Lessened pattern intensity 15 regarded as indicating advance 1in
speaizhization hence sn man the sole 1s 1n this respect less advanced than
1s the palm

Cavpar DeruarocLypRIcS The distal portion of the tail in three
genera of New World monkeys (spider monkey woolly monkey howler)
bears dermatoglyphics The fundamental ndge arrangement 1s a herning
bone configuration which may or may not be disturbed by local vestiges
or patterns (Fig 125) Monkeys which possess caudal dermatoglyphics
use the tail as if 1t were a hand—for suspension prehension and explora
tion It 1s therefore evident that the ndged skin on its ventral suiface
would have the same functional sigmficance as palmar or plantar skin 1n
preventing shipping and in enhancing tactile sensibility

PRIMATE AFFINITIES

By combining all observations of descriptive morphology and pattern
mtensity compansons of primate groups may be made with a view to
tracing affintttes among them The following condensed statement of the
results of such comparnson 1s extracted from the summary of a recent
study by the present authors (141)

‘The consideration of affinities among pnmates 15 based upon the
following premises

{a) The cond of speafic & ph B2
by product rather than an mmediate vehlcle of the evolutionary
process The features pnmanly concerned i the evolutionary process
are the volar pads and o!har gross qualitzes of form and rehef of the

member The are reflections of par
ticular forms and rehefs of the members in their fetal development
) P ly elevated and bed volar pads are con

sidered primitive lowenng of pads and obhiteration of their boundaries
tndicate modification mncident to prekensile use Whorls and whorl Like
patterns are associates of the primitive cond tion of the pads while
patterns of lesser complexity and open fields accompany states of
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regression of pads In terms of pattern intensity, higher values thus
ndicate pnmitiveness
{c) Adherence to the basic plan 1s a mark of primitiveness and
degrees of specialization are indicated by depaxtures from the plan,
mcluding such vanants as supp of
fields and fustons of neighboring fields
(d) Approach to equally high pattern mtensities of the several con-
figurational fields, singly or grouped as described above, 1s an mdication
of primitiveness Likewise an approach to equality i high total snten-
sity values of the palm and sole 1s evidence of primitiveness
(e} Mnor degrees of bilateral asymmetry in pattern mtensity are
ranked as primutive, and increase 1n dextral and simstral differences
potnts to specialization
Dermatoglyphics are subject to convergences mn the evolutionary
process In marsupials and prosumians, for example, the dermatoglyph
108 cover a range of variation which may be compared closely to that
of New World monkeys, and what 1s more to the pownt, the speafic
trends of vanation comprised i any one of these groups are closely
matched n the others
The tracing of aﬁinmcs 15 ¢ 1 d by the app d d
ence of the which give of pnmmv:ness
and speciahization The different criteria lead to dferent orders of
resemblance and unlikeness among the forms compared The divergent
results are summated, however, i arnving at judgments of
relationship
The prosimuans are heterogeneous, 1t should be noted that the
dermatoglyphics contraindicate suman ongm from a tarsier Lke stem
Old World monkeys, with the exceptton of langur, exhibit least
spectalization of dermatoglyphics, in respect to expanse and character
of patterns, they have even exaggerated signs of prumtiveness The
resemblance of langur to some New World monkeys 1s closer than to
other Old World monkeys The New World monkeys are diverse The
most pnmitive members are the mght monkey and marmoset hike
monkeys, the most specialized being the sprder monkey The squirrel
monkey and capuchin are neither so primitive as the night monkey and
marmoset Iike forms nor so speciahized as the woolly monkey and
howler Gibbon 1s the most specialized simian The three great apes
and man present specxahznuans which follow different directrons Whale
these diverg render comp ifficult, the order of
mcreasing. specmlxzatmu mdicated by the pooled evidence 13 orang,
gonilla or chimpanzee, man, Especally mn adherence to the basic ptan
of configurations, man 13 even more prumitive than orang, mmasmuch as
that plan 1s so fund: Iach 16, 1t 18 concluded that man
stemmed from an ancestral stock more primitive than any recent ape,
having dermatoglyphuc traits more closely alhied to those of monkeys
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ROAD understanding of the dermatoglyphics 1n human beings can

be gamned only with k ledge of their phyl 1cand
history The phylogenetic hustory, traced through comparative anatomy,
1s outhined 1n Chapter ¢ In presenting the ontogenetic history, or em
bryology, volar pads call for first attention Volar pads are sigmficant both
1n connection with the morphologic plan of dermatoglyphtes and as 2
correlate of individual vanation The fetal development of these pads
parallels their phylogenetic hustory The differentiation of epdermal ndges
will be traced from a pertod m which the eprdermis 1s thin and smooth,
and the factors responsible for productton of patterns vestiges and open
fields also will receive attention Except for several references to pads in

other primates, the chapter 1s confined to human embryology

Vorar Paps

Haxp The volar pads (159) first to appear {econd, third and fourth
interdigitals) are evident at about the sixth week of development At ths
time the hand 1s still paddle ltke and, though the five digital rays are
indicated, the free portions of digats are only broad scallops of the distal
border At the close of the second month, when the total length of the
fetus 1s about 2 § ¢m , the digmits are elongated and separate The pads of
palm and fingers are evident as localized bulges, conforrung in therr
placement to the morphologic plan which has been descnbed During the
ensuing four weeks the pads become more rounded and indivdualized
(Fig 126) Beginning at about the thirteenth week, when the fetus meas
ures about 7 em from crown to rump, regression of pads 1s apparent
Thews Sevatorns beaone ety wedraed wnd e bomdanes wdefiode
Some pads, notably the thenar and hypothenar, are precocious in their
mvolution

The central area of the palm s at first bulged, but the region soon
becomes depressed Scattered nodules of thickened eprdermis appear

78



EMBRYOLOGY 179

within this sunken area These nodules are transient, and if they are cor-
rectly interpreted as vestigtal hair follicles, their occurrence, hike the
development of conspicuous pads, is an example of recapttulation Other
recapitulations of primitive conditions, superseded in later development,
are noted in the brief appearance of secondary pads on basal phalanges and
of accessory pads associated with the second and fourth interdigitals

All fetuses develop pads in conformity to the morphologtc plan There
is considerable vanation in the time relations of the appearance and
regression of pads Ths variation is evident in corresponding pads of
different fetuses and of right and left hands of the same fetus, as well as

PIG 126 —Hand of & 10 weeks human fetus and foot of another specmen sbout two weeks

among the several pads of the same hand There are variations also of
contours, of the amount of elevation and shape of individual pads, and of
definition of boundaries at their bases

Foor The statements made in reference to the hand apply to the foot
as well (Fig 126), with the following qualifications (xsg.z) Pads of the sole
are in general more expansive than their homologues in the pa‘lm Tl}ey
develop later and regress later, the omset of general regression being
delayed about two weeks as compared to the hand

CoaparaTIVE RELaTIONSHIPS Pads i the humat{ fetus, at first
conspicuously elevated and definitely bounded, undergo inv olution (The
reader might compare his own hand with that of !h? ten-weelfs I:t}xs,
figure 126.) This history points to an affinity of man with forms in which
pads are permanently retained in full developme.nt Monkeys of the Old
World have prominent pads, but even with this group the pads of the
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adult animal may be relatively lower than 1n their fetal state (146) In
adult great apes the elevation and defi of pads are parable to
conditions tn man In gibbon, pads are even less developed than 1n man
It may be assumed that the pads of all these higher primates pass through
a successton of fetal stages similar to these actually traced in man and
the rhesus monkey There Is a positive correlation between pattern inten
sity and the state of pad devel though m p whose pads
regress only after the dermatogiyphics are differentiated there may be
lapses m this correlation

Rmces

Drfferentration of epidermal ndges has been mvestigated espectally in
fingers (153-156) and 1n palms (165) Except for a casual reference to

Fie 137 —The topography of differentrated ndges in hand and foot of a 15 weeks human
fetus.

regional differences 1n the chronology of ndge formation, the followng
account 1s confined to fingers

The cntical stages of differentiztion occur 1n the third and fourth
fetal months, though ndges are not elevated on the skin surface until
about the eighteenth week The fetal eprdernus 15 at first 2 thin layer,
smooth both on the exposed and deep surfaces Through continued cellular
proliferation the epidermus becomes gradually thicker and the papillary
modeling of epidermis and dermis 1s attained (Fig 39) This process s not
untformly advanced over the volar surfaces, nor 1s 1t umiform even on the
ball of one finger The fingers are the most precocious areas in the differ
entiation of epidermal ndges, while the <ole 1s the most delayed Until the
differentiation is complete over all areas, the lag of the foot ts apparent
(Fig 127)

In a finger, the first region ordinanily presenting papilla like folds of
the deep epidermus s the central portion of the apical pad Subsequently an
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ndependent area of papillary growth anses in the distal and lateral
peniphery of the finger ball, and another area appears in us proximal
region (Fig 128 A} From these foa ndge differentiation extends pro-
gressively until the systems meet Less fre

quently, diff 1ation may be pleted //\
by extension from a single focus centered @ I@\ @
—_— N
A

on the finger ball (Fig 128,B) External
pressure on the finger may modify the pro
gress of epidermal differentiation Bonnevie

asserts that the mgrowth of digital nerves
A
may play a part in imtiating the differentia- | = Z=
tion of ndges and that a blood sinus in the
B

finger ball also may influence the process
Steffens (119) 1n an attempt to explain the Fi6 128 —Progress ve duffer
£
average smaller size of loops and the greater §i2tion of ndses on fingers o
fre rches 1n toes as compared to ferentiation, with a center and
quency of arches in P penipheral zones which extend and
fingers, does not consider ingrowing digital et B Cont nuous differentia
ton where the process 15 completed
nerves and the blood sinus as hhely by eens om from & smgle cemter
regulatory factors on the apical ball (From Bosnrwie
dified

Developmental disturbances in existence ™ ihed)
dunng the period of nidge differentiation may produce mmperfect nidges n
some areas (313) The defect appears as patches of 1slands and short ndges

(Fig 129), resembling the effects of some forms of mjury to the adult skin

)

e,

FiG 129~ Aberrant format on of ep dermal ndges D ssoc at on of ndges Lalarged (From
Abel)

Also, though more rarely, the abnormahty consists of an extreme narrowing
of ndges in the pattern area (Fig 130) Such disturbances may occurin any
region of the dermatoglyphics In affected cases the faulty nidge formation
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occurs bilaterally In its more severe degrees the defect appears op all ten
dints of the affected individual, but in the lesser involvements some digits
may be spared The order of decreasing frequency of the defectinindividual
digets 1s T (which never 15 free from defect in the cases studied by Abel)—
II—III—IV—\ The expanse of the defective areas follows the same order
of duminution Abel holds that there 15 no intrmsic fault in the tissues con
cerned, and he interprets the ndge disturbances as the effect of vanations
m tension and pressure within the epidermis The appearance of ndge
1rregulanties 1n fingers, palms toes and soles of some cases suggests that
abnormal tension and pressure may be widespread in the body The
constitutional aspect of this condition 15 discussed 1n Chapter 16

Since developmental disturbances are
effective duning the penied of ndge forma
tion, the regional imvolvement 1n a finger
may be correlated with the order of for
mation of ndges When the factors for
\Q abnormahity operate after the imtiation
T \ of ndge development, only th se areas

susceptible When the factors operate
dunng the phase of unton of the ongmally
isolated areas of ndge formation, the

Fic_ 130 —Aberraat format on_of defect 1s locahized 1n the proximal portion
§’3‘.‘i§'.‘§“ 'm,!fl;‘z%,..’lﬁ.‘;? of the pattern area and m the regions of
area. Enlarged. (From Abel) triradn Abel reports that lesser degrees
of these disturbances occur 1n 20 individuals of hus senes of 4000 crinunals
the more pronounced degrees being even less common

Factors waice CoNDITION ALIGNMENT OF RIDGES

Epidermal ndges differentiate 1n their definttive character That 1s to
say, from the very first app of idges the and
tional are1n their form The factors determining
ndge alignments are identified with two major developmental arcum
stances namely, vanations mn the histology of different regions and
differential growth madent to the production of rregular reliefs of the
volar surfaces.

Bonnevie observes that vanations 1 progression of ndge differentia
tion are at least 1n part Jated with v m the prospectine
pattern type According to her, there are two conditions of the eprdermus
responstble for vanations 1n pattern type the thichuess of the fetal ept
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dermus at the time of ndge differentiation, a water logged state of the
epidermal cells (the Polsterung of Bonnevie, herein termed cushsoning)
Bonnevie states that cush ¥ P against the develop of
whorls and loops This relationship 15 questioned by three workers (266,
299, 347) who regard the lack of correlation between frequencies of arches
in various racial groups and the calculated gene frequencies (Chap 12)
as a sign that arches are not dependent upon cushioning Karl, however,
grants that both eprdermal thickness and cushioning might be concerned
mn the developmental mechamsm which produces arches
Bonnewe also correlates vanations in contour of the embryontc finger

pads with the presumptive pattern formations, the correspondences mdt

cating the influence of generalized growth processes on the character of
configurations, especially as regards the formation of loops and other
asymmetnical patterns Cummins (157) emphasizes the role of growth
stresses m the developing skin This source of conditioming of ndge direc

tion first suggested by Kollmann (136) 1s now supported by evidence
which amounts to an expenmental solution of the problem

The expenmental methed 1s commonly apphed when 1t 1s desired to

wdentify and analyze factors of growth and differentiation An ammal
such as the opossum beaning young which are still embryonic might lend
1tself to expersmental alteration of the intnnsic developmental environ

ment of the dermatoglyphics By exaising and grafting bits of volar skin
or by minute intradermal 1njections for induction of localized tenstons

1t might be possible to demonstrate the factors which condition alignment
of ridges This approach never has been attempted, but a natural substitute
for expenimentation has been utihized {157) The hands and feet are sub-
Ject to diverse developmental abnormalities such as syndactyly (webbing
of digits) and polydactyly (supernumerary digits) Observations of derma

toglyphics in these and other malformations indicate that ndge algnment
1s conditioned by the stresses and tensions incident to the general growth
of the part Differential growth 1s obviously a necessity for the production
of the charactenstic form of any bodily structure Were 1t not for the
occurrence of unlike rates of growth at different pomts the hand and foot
would not develop their charactenstic form, and pads would not be present
as localized efevations The focahzations of greater growth actvity whick
produce rrregularities 1n the general form of the part, are responsible for
vanable alignments of ndges There are no predetermimations of ndge
direction other than those which operate through their control of specific

contours The epidermus covenng the volar surfaces possesses the inherent

capacity to develop ndges, but the dispositions of these ndges are passively

determuned 1n the growth of the digit, palta or sole The evidence for these




184 DERMATOGLYPHICS

conclusions deduced from the dermatoglyphics of malformed hands an 1
feet may be bnefly summanzed

A supernumerary digit such as an extra toe may be as fully developed
and separate as 1ts normal neighbor In such cases patterns of the same
type may occur on the supernumerary toe and on the normal digit which
1t duplicates (Fig 131 A) When the extra digit 15 inperfectly developed
or bound 1 a syndactyl relation (Fig 131 B) the pattern of the super
numerary member 1s dlsslmllar in type from that of 1ts mate the dis-
simlanty 15 often d ly d with di m form of the
two homonymous digits Wherever the molding of 2 palmar or plantar
surface 15 abnormal and whatever the mature of the defect the con
figurations are partly or wholly unlike the normal but they conform to the
mregulanties of the parts (Fig 131 C) Anomalous emmnences whatever

¥ A

Fic 131~=A Polydactyly with patterns of same type on both b g toes and on both I tile
toes the emall whorl at the base of the seventh toe ss detaled m o B Polydactyly with the
two Little toes syndactylous and beanng configurat ons of unhke type C Complex mal
format on of the foot present ng abnormal dermatoglyph es wh ch conform to the uregular
contours

therr nature may bear distinctive patterns Occasionally the form of such

an 15 clearly lated with the ch of its
A symmetuncally rounded hnllock with a defimtely arcumscnbed base for
nstance hasasits devel 1 late a whorl (Fig 131 2)

In this connection cases presenting suppression of distal phalanges are of
interest Fingers so affected bear patterns on the extreme ends of the
fingers (162) The placement and aberrant character of these configura
tions indicate that the patterns are fortwitously developed rather than
bemg apical patterns displaced from their normal position The various
10ms are not d by self imited mechamsms within the
skm The skin possesses the capacity to form ndges but the alignments
of these ndges are as responsive to stresses 1n growth as are the alignments
of sand to sweeping by wind or wave
Tnradu like any other alignments of ndges are conditioned by growth
factors That their normal disposition 1s associated with comjunctien
points of three complexes of growth 15 demonstrated n developmental
defects of the hands and feet (Fig 131)
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Volar pads 1n the normal fetus are sites of differential growth, each
being responsible for production of one of the local configurations com
prised 1 the morphol plan of den lyphuics If a pad does not
completely subside prior to the tune of ndge formation its presence
determines a discrete configurational area Direct observations on the
vanations in subsidence of pads have been correlated in part with tend
ences of the corresponding configurational areas to bear patterns or open
fields The thenar pad of the palm for example, tends to be precocious
1ts tvolution, hence accounting for the infrequency of thenar patterns
Pads on distal phalanges of digits and on the ball of the foot attain more
full development and persist longer, m these regions highly expressed
patterns occur frequently While 1t 1s difficult to compare the subtile
vanations 1n pad contour, such vanations may be correlated in some cases
with charactenstic pattern vanants as are gross contours mn abnormal
hands and feet

Abel (x51) pomnts out that the elevation of the embryonic pad influ
ences the spacing of the triradius from the pattern center (as determined
by the ndge count), the directions of ndge coursing and pattern form
He excludes the passtbility of any effect of pad elevation on the number of
ndges developed over the distal phalanx as a whole His evidence consists
of ndge counts from the pattern core to the lateral nail fold 1n two racial
groups {Chinese and Germans) which have marked differences i the
incdence of whorls, loops and arches The two groups show approximately
the same number of ridges along this line of count The same author
correlates this ndge count with size of the distal phalanx showrng tbat
there 15 2 direct relationstup between the two vanables though both are
independent of pattern type and pattern size

APPLICATIONS

Dermatoglyphics bemng difierentrated in their final form dunng the
third and fourth fetal months are sigmficant indicators of conditions
existing several months prior to the birth of an individual Dunng the
latter months of pregnancy dermatoglyphics are as unalterable morpho
logically as they are 1n postnatal hife The configurations and thesr com
ponent nidges enlarge with the growth of the hand and foot but all their
essential cky 1stics remain h d The d n adult
dermatoglyplucs—among races, between the sexes between nght and
left hands or 1n any other group companson—reflect the existence of
differences dating from the fetal period This frecdom from the effects of
environmental influences 1s shared by few other traits which are accessible
to investigation 1n physical anthropology
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In addition to these general appheations, dermatoglyphics may aid
1 some mvestigations which call for reconstruction of events m the
nt hustory of an individual

In studying the inhentance of polydactyly an investigator meets with
cascs where the supernumerary digits particularly if they are accessory
to the httle fingers have been surgcally removed or spontaneously
amputated The former exstence of such a dagt sometimes 1s recogmzable
by a scar, but often no scarnng follows the amputation Nevertheless 1t1s
still possible to prove that there was once a supernumerary dinit since 2
traradius typically occurnng in proximal relation to it remains as a perma
nent sign

Often an extra little finger 15 extremely small and constncted at ts
base Such a digit may undergo spontaneous amputation erther prnor to
birth or m infancy Its former existence may be inferred, however from
a retamed small nodule representing the narrowed base, and the nature of
the dermatoglyphics on this nodule may be mdicative of amputation
subsequent to the penod of ndge differentiation (160)

Spontaneous amputations of normal digits also may occur 1n atero
though rarely Before any specimen presenting the actual early progress
of amputation was ever seen, significant chronological evidence was
obtained from dermatoglyphucs 1n these cases Normal ndges cover areas
mvolved 1 the amputative process, indicating that the process as seen
1n the newborn 15 of months standing 1ts imtiation antedating the penod
of ndge differentration (r58) This 1s substantiated in later observations of
fetal speaimens presenting active phases of amputation !

Reference to dermatoglyphics should be profitable also in mvestigation
of the inhentance of webbed digits (zygodactyly or syndactyly) Observa
tions 1 fanltes, having one or more members whose second and third toes
are webbed, suggest that inhentarnce may produce vanably erther actual
digital umon or a minor expression of zygodactyly evidenced only i
certamn features of the distal plantar dermatoglyphics (166) These signs
have therr parallel m the palm (Chap 11) They indicate that the dis
turbed embryological processes which produce webbing of the normally
free portions of digits extend their influence into the distal zone of the
palm and sole A pedigree of syndactyly which records only the webbed
1ndividuals as positrve cases 1s possibly nusleading since cases presenting
the dermatoglyphic aberrancy alone would be erroncously classed as
normals

1 Streeter G L Focal deficiencies in fetal tissues and theie relation tointsa utenne amputa
tion Camegie Inst. of Wash Contnb to Embryol No 126 1930
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SYMMETRY AND OTHER ASPECTS
OF SPECIAL MORPHOLOGY

TransITIONS OF CoNFIGURATION TypES

NTERGRADATIONS of finger print types are described and ilus

trated (Fig 48) in Chapter 4 Similar transitions are demonstrable
mn all other morphological areas middle and proximal phalanges of the
fingers, palmar interdigital areas, palmar hypothenar and thenar areas,
toes, the several plantar areas

‘The essential umformuty of transiions of configuration types m dif
ferent regions may be illustrated by showing that an area of the palm,
mterdigital IV for example, duplicates in pninciple the transitions demon
strated 1n fingers The primitive interdigital pattern 1s a whorl bounded
by three or four tnradn and therr radsants Several lines of tramsition
uniting whorls to loops and transitions from both of these to patternless
configurations are 1llustrated 1n figure 132 The series composing group I
traces the degeneration of a typical concentric whorl directly nto an
open field In the course of degeneration the three tnradn appear to
approzch simultaneously the center of the whorl and with obhteration of
the pattern there 1s in1ts place an open field bounded on the ulnar side by
tnradws 4 and hne D Groups IT V show different lines of transition i
which central pockets and loops are the intergrades between whorls and
open fields

I W Valder traces the ¢ i palmar areas II,
T and IV H H Wilder (170) and Cummuns (82) deal with transitions
of the palmar hypothenar configuration, and Fleschhacker (284) and
Bettmann (81) describe the thenar/first mterdigital of the palm The
details of transition in different areas vary, because of local marphological
distinctions, but all areas exibit vanants which form an orderly senes
Agarn 1t 15 to be emphasized that these transitions only reflect gradations
i the resultants of growth h 1n fetal develor (Chap
10) They are not hterally conversions of one configuration type to
another

187
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ASSOCIATIONS OF PATTER\S

The occurrence of like finger print types 1n the mdividual referred to
by Galton (57) as “the tendencies of digits to resemble one another
termed by Waite Biol now d
of any traits as plesotrops

Waite finds 1n 2000 males 12% who have patterns of the same type—
arches, loops or whorls—on 2l ten digits Loosentng of the bond of assocta

18
genetic assoaation
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tion, statistically more pronounced tn nght hands, 15 evidenced by the
occurrence in mdividuals of different pattern types Sixteen percent of
the persons m Waite s senies have mne patterns of the same type, and
10% have eight patterns of the same type Five percent of the persons
bear patterns of all four main types and of therr single hands about
one fourth are thus charactenzed

The d of l m single hands 1s naturally
higher than that 1n individuals since there are five mstead of ten digits
concerned Volotzkoy (253), who applies the term monomorpkic to a hand
1 whick all digits bear the same pattern type reports frequencies of
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monomorphic hands ranging from 21% to 33% n 11 racally diverse
populations The average 1s about 25%

Waite and others more recently report a positive correlation of arches
with small loops (loops having counts of 12 ndges or less, and especially
those 1n the lower range), arches being negatively correlated with other

pattern types The b (g s1)d the tendency toward
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mutual exclusiveness of arches and whorls The negative association of
arches and whorls 1s suggesied also by the fuctuations in frequencies of
the two patterns in different racial seres there being a tendency for arches
to 1ncrease as whorls diminish (Chap 15)

It 1s apparent that toes have at least some associations different from
those described 1n fingers since the bipedar (Fig g7) does not disclose the

exclusive relationships between arches and whorls which are so noteworthy
1n fingers
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Steffens (119} makes 2 study of correlation of pattern type 1n fingers
and toes of the same individuals reporting that frequent arches on toes
are associated especally with arches and loops on fingers Further when
there are many loops on toes the fingers bear loops or loops and whorls
The coefficient of correlation for whorls 1n fingers and toes of the same
mndmaduals 15 0 36 + 006, and for arches the coefficzent 1s o 50 + 00,
N {118) p coefhi of cotrelation for the occurrence of
the same pattern type on fingers of both hands and on toes of both feet
whorls, 0 42 + 009, loops 033 £ oog arches 017 £ 010

Assoctations among patterns in the several areas of the palm have
been httle investigated Mass statistics andicate, as in the case of arches
and whorls of fingers, a negative correlation in the occurrences of patterns
(as distingwished fram patternless )} iz the hypott and
thenar/first interdigntal areas In general, 2 racial group presentmg few
hypothenar patterns has abundant thenar/first d

Rufe (357) shows by statstical analysis 2 negative correlation between
patterns of the hypothenar and thenar/first interdigital areas within
single hands, thus confirming the observation just menttoned Posittve

) of pattern exist between the thenar/first nter
digital and second interdigital areas, also among the second third and
fourth mterdigital areas Within individuals there are positive correlations
of pattern frequency between the second and fourth interdimtal areas,
the second and third, and the third and fourth An assocration exists even
between the configurations of fingers and palms, since whorls on fingers
are positively correlated with the presence of patterns in the second, third
and fourth nterdigital areas

Harkness Miller (10,) calcul: correl of pattern ce:
1n five homologous areas of palm and sole There 18 no significant correla
tion for any area when the left sole 15 compared with the nght palm or
when the nght sole and left palm are considered Even in homolateral
compansons of palm and sole, seven of the ten comelations are much
below the level of significance Only three of these homolateral correlations
appear to be significant thenar areas of nght palm and nght sole, o 27,
fourth interdipital areas of nght palm and nght sale, o 33, third inter
digital areas of left palm and left sole, o 24

The positive correlation of arches with small Joops and the negative
correlation of arches with whorls show that there 1s 2 degree of common
control of the level of pattern expression in the fingers of imndividuals
Notwithstanding that the bond among the ten digits 1s loose, the correla
tions suggest a generalized tendency m the apical volar pads of the fetus
to behave n their development and regression as if they were undera
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common control Positive correlations of pattern occurrences 1n arcas as
remote as fingers and palm, or palm and sole mdicate that all areas are to
some extent subject to a common control—ngid enough to determine not
only the existence of patterns as distinguished from open fields, but also
to tegulate pattern type The negative correlation of palmar hypothenar
and thenar/first interdigital must indicate the existence of supenmposed
local factors counteracting the effects of the more generalized control

BILATERAL SYMMETRY

Only 1n a very general way 1s the human body bilaterally symmetnical
1€, equal in the nght and left halves An internal organ which 1s paired
Like lung or kidney shows unlikenesses of form, size and position between
the right and left partners Most of the unpaired viscera including organs
such as heart, gastro wmtestinal tract and liver, are displaced from the
mudline 1n an arrangement which conforms to 2 nearly constant pattern

‘The asymmetnes evident externally 1n the lateral body halves compnse
many famuiliar vanations 1n form and size Differences between nght and
left sides of the face may be stnkingly demonstrated by bisecting two full
face photographs from the same negative, one of them being prmted in
reverse, and precing together the halves to construct two full face por
traits One of these 1s the combination of the two prints of the nght half
of the face, the other, of the left half Facial asymmetry may be so marked
that such reconstructed photographs seem to be of two persons, each
showing unlikeness to the full face of the original The nght and left arms
though appearing to be counterparts except for the mirrored relationship
of one to the other, display anatomical differences and are rarely of equal
dimensions The mequality of size 1s not dependent merely on use, since
asymmetries exist even in the fetal peniod It would be pontless to

all the festations of structural asy try (and functional
asymmetry, as exp d 1n handed fe i and eyedness) It s
unportant, however, to approach bilateral symmetry and asymmetry in
dermatoglyphics with an understanding that these features are neither
exceptional 1n presenting differences on the two sides nor exceptional 10
showing frequencies of specific vanants greater on one side than the other
Reference to vanants of dermatoglyphics does not concern differences 1n
minute charactenstics, differences which are taken for granted, the bilateral
contrasts under consideration are gross characters of the configurations

The interrel. hups between tons of nght and left mem
bers represent one aspect of association, but in considenng this bilateral
assoqiation, or symmetry, imterest 1s more often centered on differences of

night and lelt members rather than on the characters which they possess
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i common Distinctive bilateral trends of vanation in dermatoglyphics
are assoctated with functional asymmetry In the palm and fingers certatn
departures from the usual trends occur 1n groups of left handed subjects
(Chap 16)

MirrorinG Inits general conformation each arm1s a mirrored counter
part of the other This applhes, within the hmts of bilateral vanation not
only to the arms but also to the legs and the lateral halves of the head, neck
and trunk The phenomenon of mirroning 1s an obvious corollary of the plan
of construction of 2 body which mn general is bilaterally symmetncal *

Dermatoglyplies extbit rmurronng a murronng which s usually
partly ob d by factors d dently of those conditiomng
basic symmetry The phenomenon of murronng will be considered prin
apally with reference to fingers and palms, though 1t occurs as well 1n
toes and soles

A prerequisite for the expression of mirroning 1n finger prints 1s asym
metry of pattern structure, the asymmetry being referred to the digital
axis. A typreal plamn arch or a whorl 1n which all radiants meet, 1s sym
metncal (For a qualification of this statement, see below ) A typrcal loop
1s the extreme of asymmetnc construction As with other vanants of
dermatoglyphics, there are grades of finger pnnt asymmetry (Fig 48)
Dafferent series of configurational intergrades connect the completely
asymmetnc loop to the symmetnc arch and to the symmetnc whorl The
Line of lessened asymmetry leading from the typical loop to an archis a
successton of progressively smaller loops the ndge count affordmg a
measure of the degree of asymmetsry—an asymmetry which has opposed
directions, ulnar and radial The sequence should be regarded as con
tinuous, hnking the one extreme of ulnar asymmetry, exemplified 1n an
ulpar loop having 2 maxmum ndge count, to the extreme of radrl
asymmetry, a radial loop of maximum ndge count Following this se
quence, the ulnar asymmetry 1s progressively diminished with smaller
and smaller ndge counts until the loop 1s extingwshed and the configura
tion 1s a symmetnc arch Continung from the arch the progresston of

radial asy Iy 15 a seq of larger and larger radial loops
‘The sequence from the ulnar loop to the meet whorl 1s composed of central
pockets with increasingly larger concentric centers and these in turn lead
to whorls 1n which non meeting of radrants on the ulnar side admits outflow
of ndges from the pattern area It 1s but a step then to the symmetne

1 The term murroning or mirror maging 15 used 1n a different sense 1 connection with twin
compansons (Chap 33) When twins show closer resemblance betmeen members of their
oppomte sules than between members of corresponding sudes the resemblance ts described as

murrored.
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whorl which as in the case of the arch, can be connected with a sertes of
transttions to maximum radial asymmetry These sequences of asymmetry
may be read descriptively 1n exther direction
There remains to be charactenized another mirronng phenomenon
appeanng m whorls The stated symmetry of the meet whorl 15 1n reference
to contrast with the asymmetry of a loop, where from one side of the
pattern area there 1s an outflow of ridges to the digital margin However,
both meet and non meet whotls frequently exhibit asymmetne construc
tion of the pattern area Whorls may be erther twisted 1n a clockwise or
counterclockwise direction, or distinguished by spiral mnstead of concen
tric courstngs of ndges In whotls of night digits the direction of twist or of
spiraling 1s typrcally clockwise, as viewed n prints while on the left hand
the typical direction 1s counterclockwise (225) The reversal of direction
on nght and left hands 1s an expression of murroring
The 1deal example of mirroring ts the frequent combination of ten
ulnar loops, each of the five Ioops on one hand being the murror 1mage of
the pattern on the corresponding digtt of the opposite hand (Fig 133 A}
The palmar marn lines and configurational areas are 1n general mirrored
in nght and left hands, though, as will be detailed courses of marn lines
and occurrences of patterns show unlike statistical trends in the two hands
This binanual differential disturbs the aspect of mirronng
Using as a standard of reference the individual who has a complete
murronng expressed in ten ulnar loops, the most extreme reversal of
mutroring would be that m which all digits of one hand bear ulnar loops
and all digits of the other, radial loops Such 2 pattern combination
apparently never has been observed, and the drawing of these patterns tn
figure 133 B 1s accordingly hypothetical However, a relation short of
complete mirronng, such as a ten finger set with mne ulnar loops and one
radtal loop, 15 common
In the authors’ files there are prnts of one mdividual whose distal
palmar configurations are unique tn exhibiting a complete reversal of the
typical mirrored relationshup (Fig 133 B) The prints of the right and lelt
distal palmar regions appear as 1f they were two impressions of the same
hand (with charactenistics typical of night palms) This entails unlikeness
of the courses of hamalagans lines 10 the two hands hne 4 1 the nght
hand 15 1dentical in course, even to certan siuosities to Ime D of the
left, hne B of the nght hand follows a course equivalent to line C of the
left, 1n enclosing the third interdigrtal pattern, hine C of the night hand 13
like line B of the left, and hine D of the nght 1s like hne A of the left hand
It will be seen, therefore, that not only are the night and left distal palms
grossly alike, but also that thus smilanty anses from consistent reversals
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of the order of coursing of homologous main hnes Notwithstanding this
remarkable state of the distal palm there 1s nothing unusual m the
proximal regions of the palms and all fingers bear ulnar loops

Lack of mirrored asymmetnes of dermatoglyphics whether m fingers
or palms may be compared with the rare condition of reversal of visceral
asymmetnes sius miscerum snversus When visceral transposition 1s com

FIG 133—A Par of hands show ng typieal mirronng of finger prints and patmar features
B A umque case 1o wh ch the 4 stal palmar features are 20t m 1rored the finger prnts with
all 'wlnar loops on one band and all radial foaps on the other are added as an hypothet cal
Ilustration of sum lar lack of murroring n fingers

plete the topography 1s reversed as if the normal visceral relationships
were viewed 1n a murror The transpositions i dermatoglyphics are mam
fest as a reversal of mirroning 1n one of the members

Fincers Right and left fingers display statistical distinctions in ndge
breadth, ndge count {(quantitative value} and frequencies of the pattern
types In nght digits ndges tend to be coarser and quantitative value
tends to be higher Differential trends of pattern type are evident in the
total irequencies for the five digits ¢ ly and 1n the for
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wndividual digits In mass analysis nght digits typieally present a larger
number of whorls and radal loops than lefts while arches are more fre
quent m left hands (though when digits are examined separately, digit II
of the nght hand generally shows the higher frequency of arches) These
trends are evident m table 1 Exceptions, when not due to statistical
wmadequacy of the collection are unusual, and are evidences of racal or
sexual distinctions
TABLE 24

Frequencies of Disrrar Covrrers Cowposen of Hosorocors FINGERS oF RIGHT Aap
Lerr Havos Branine Tae SAME Pavress Tyre

Germans® 4 4%
Dutch—malest 755
Dutch—femalest i
Chilean Spamsh—malest s
Chilean Spanish—females} 268
Chulean Indians} 22
Javanese—malest 8y
Javanese—femalest 84
Libenan negroes—malest 821
Libenian negroes—femalest 73
Ef¢ pygmies—males{ 55
Efé pygmies—femalest S04

* Grilneberg

1 Dankmenjer

1 Hencket

Another demonstration of symmetry in pattern type 1s afforded by
companson of couplets of digits, couplets composed of homologous fingers
of nght and left hands Table 24 dicates the degree of bilateral symmetry,
the implied percent y ry The essential
consistence of findings among races so diverse as those listed in the table
suggests that the level of symmetry of pattern type 1s fauly umform
among all peoples

The foregotng fails to indicate the degree of symmetry expressed 1n
the mdividual, since the five digital couplets are dissociated in the mass
companson Henckel s sertes (288) of 61,510 Chilean Spamish males 1s a
representative sample of symmetry relations in individuals Symmetry
15 complete 11 28 5% of the persons in ths senies, 10 whom each of the five
digital couplets bears the same type of pattern The dimmshing fre
quencwes of unlike pattern types on one two, three, four and five digtal
couplets are, respectinely 40 4%, 22 5%, 7 5%, * 1% 1%

The following approumate incdences of symmetry 1 single digits
are from Dankmetjer’s data (281) on Dutch and Javanese Digit I, 75%,
digat 11, 715, digit I, 80%, digat IV, 765, digit V, 84 Analyses by
other authors also show a depression of symmetry 1n digit IT and an eleva
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tion i digit v Distinctions among the digits are explamed at least 1 part
by their varying statistical trends of pattern type

The total frequencies of pattern types and their differential distnibu
tions on digrts have a bearing on this explanation In Dankmeer s senes
of Dutch males for example the level of bilateral symmetry of loops 1s
24% whorls 17% and arches 4% Loops exhibit the highest symmetry
because they are so abundant The mcidences of these types on particular
digits are detailed 1n Chapter 4 Digit V leads tn the expression of sym
metry because loops have thew maximum frequency on this digit and
other patterns are correspondingly uncommon The high degree of sym
metry m dipt b 1s accordingly 1n part obligative In contrast digit T1
presen[s the least symmetry because 1n this digt all the pattern types are

d Dt 11 ly owes 1ts lesser symmetry to

the latitude of action of factors responsible for pattern type the influence
of obhgame symmetry hemng thus dimmished

D and Renes d symmetry of pattern type in several
racially different collections They calculate also the symmetry that might
be expected if the pattern distnbutions on nght and left bands were
determned by chance In each of their groups (Dutch Javanese Libenan
negroes and Efe pygmies—and in the sexes separately making eight
groupsn all) the observed sy mmetry s greater than the computed chance
symmetry Kirch (349) also d this pomt both for sym

TABLE 25
FREQ ENCIES OF W HORLS AND 4RCHES 0N INDIVID AL FINGERS
{Data from Table 1)

1 n n v
| ! ; |
Who s
Right Pgvae 208 | w66 | 4 % | 138%
Left },94 I:Bx 16 2 27 8 90
Arches
R ght ' 2, 09 65 1o l .
Left HEE {104 8o 27 112
metry expressed by occurrences of the same pattern type on couplets of
homonymous digits and by the agi of the bers of cor
types in oppostte hands nrrespective of theu' digntal distribution
Poll using the dactylod certain ¢ of

statistical distnbution of pattern types which occur 1 the majonty of
peoples so far studied The frequencies of arches and whorls on digafs T
and IV of the same hand are closer numencally than 1s erther frequency to
that of the corresponding digit on the opposite hand (Table 25) Each of



SYMMETRY AND OTHER ASPECTS OF MORPHOLOGY 107

the other digits mn contrast presents pattern frequencees closer to those
of 1ts homologue on the opposite hand than to the frequencies of any other
digit In recogmtion of these digital unlikenesses three couplets (digits
II III and V) are designated as parrs and in each hand digits T and IV
form a group The relationships of pairs signify a high degree of bilateral
association or symmetry and the groups represent an association within
the single hand more intimate than the bilateral association

In a senes presenting the relations of pairs and groups just described
there 15 conformuty to the pazr group rule asitis termed by Poll The pair
group rule obtains in European peoples Mongolian races Rwala Arabs
Chilean Indians and the populations of Asiatic Turkey and northern
Afnica In some other populations the pair group rule does not hold
When all five digits display pattern frequencies which couple them as
pairs they are described as conforming to the rule of ell patrs The rule of
all pairs applies to peoples in the greater part of Afnica (Hottentots
Efe pygmies Bushmen pygmy peoples of the upper Congo Negroes of
Libena and the Guinean Gulf) Negroes of Jamaica and Cuba and North
Amenican Indians In two hybndized populations (Jamaican Browns and
Spamish Amencans with evident Indian admuxture) the rule of all pairs
(charactenzing respectively the Negro and Indian components) prevails
over the pair group trait {of the European component)

Further studies of the behavior of groups and pairs doubtless will yzeld
data requinng modification of the Even now 1t 1s
known that 1n certain populations histed among those confornung to the
pair group rule (Chinese Japanese Koreans) the females are exceptional
1 following the rule of all pairs ?

Paryar Maiv LiNes Palmar main hnes have distinctive trends of
vanation 1n nght and left hands notably (a) The courses of mam hnes
indicate that general ndge direction tends toward a more transverse
alignment 1n night hands (b) Line T termunates mn a position closer to the
thumb 1n nght hands (c) Line € 1s more frequently abortive or absent 1n
left hands

The bimanual distinction 1n coursing of ridges 1s shown best by hnes
A and D Tn nght hands line A terminates more frequently in the distal
levels of the ulnar border and hine D tends to course farther radialward
These distinctions are apparent in any representative sample tallied for
man hne terminations (e g Table 5)

The contrast 1s better appreciated when such results are converted into
main hine indices Table 26 carnes a hsting of the maimn line indices 10

#Poll personal commun cation, March 23 1939
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TABLE 2§

Muy une Inpices avp THeir RICaT/LEFT RATIOS GROUPED FOR IrLisTRATION
Pazzicoeaziy or Constancy v Erteex Sex o THE BIMANUAL RATIOS Iv
Drrregent SaMPLES OF Witire Peopies THe LESSER Brsaxtarl Divreresces
v FEMALES oF THESE SAMPLES

NMain lne index |

Fro o

Right left
Group

lsub)ecls [ Right ratio

[
European Amencans and Jews males® 200 920 121
Enropean Amencans femalest 0 1873 11y
Germans malest 18 {950 121
Germans females 768 | 917 7
Jews males 496 1983 10
Jews femates 1085 | 979 16

* Cumouns 1941
t Steggerda and Steggerds 1936
§ Data on Germans and German Jews drawn ftom an unpublished study by Cummins

several series of White stocks It 1s to be emphasized especially that the
nght/left ratio of the mndices 15 constant 1n these several senes There1sa
consistent difference between the sexes, females presenting a sbghtly less

ened bimanual contrast In the group first histed 1n table 26 the coeffi

ctent of correlation of main hoe mdices 1n nght and left hands (336) 1s
055 * oo3 The numbers of mntividuals, 1n that same senes presenting
the stated differences of main Line indices m the two hands are o difference
or only 1 umt excess in either night or Jeft hand, 46 5%, excess of 2 7 umts
1n nght hands, 49 5%, excess of 2 7 umts in left hands, 4 0%

Paryar PaTTERVS It 1s shonn i Chapter g that the several palmar
configurational areas are unhke m the frequencies with which they bear
patterns and distinct vestiges The frequences {using the sample char
actenzed in tables 7-10) range from 11 7% 1n the second interdigrtal area
to 60 5% 1n the fourth interdigital area Especially 1t the hypothenar and
fourth interdigital, two patterns may occur within one configurational
area, these cases are counted as instances of patterning without regard to
duplex composition Each area shows a differential frequency of pattern
formations 1n nght and left hands Combining true patterns of all types
and distinct vestiges, the frequencies are hypothenar—right 36 8%, left
31 7%, thenar/first interdigital—night 9 5%, left 20 2%, second inter
duptal-nght 16 2%, left 73%, third mterdigital—night 63 9%, left
43 3%, fourth interdigital—nght 48 6%, left 72 3% Both the degree and
the direction of bimanual contrast vary to some extent among races An

reversal of 4 or an approach to 1t inthcated by
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equivalent frequencies i night 2nd left hands, 1s noted 1n hypothenar
patterns of some peoples, especially Maya Indians, some samples of
North Amencan Indians Bedouins and Chunese

In the distal and proximal regions of the palm there 1s a reversal with
regard to radial and ulnar relationships of the positions of configurational
areas showing dextral and simstral excess of pattern frequency The areas
m the distal palm more frequently patterned i right hands are inter-
digitals IT and II1, and 1n the proximal palm the hypothenar The areas
more frequently patterned 1n left hands are interdigatal IV and thenar/
mterdigital T

Froquoncy

Mansurement Eillimeters

PIG 133 —Frequency dstnbution of measurements between palmar dimtal triradn o
and b 1n 300 young adults Common distribution of night and left solid black night alone ////
Tefs alone \\\\

INTERTRIRADIAL MEASUREMENTS Measurements of distances between
digital triradu 1n 300 young adults (86) yeld the following means (mulh
meters}—a b night 22 34, left 23 40, b ¢ nght 14 43, left 14 26, c-d nght
20 57, left 20 74, a d night 52 49 Jeft 5308 With the exception of the
b-c measurement, these mtervals are shghtly larger in left hands However,
only the excess 1n left hands of the ¢ b measurement (Fig 134) 1s statis
tically sigmficant

Ripce BreapTH In all diats ndges are finer in left hands (Fig 135)
Digit IV presents the least bxmanual dxﬂerence mn this respect The
reported b 1 diffe mn dual palmar areas are not statis
tically sigmficant, though cencordant findings 1n two independent tvest:
gations {24, 30) indicate that the foIlovnng regional compansons are
valid Ti d 1 111 p between night and left
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hands, and 1s the site of the most pronounced tendency to present finer
ndges in nght palms Digit IV exhubits the same tendency though in
lesser degree This agreement of digit IV and interdigital III, with regard
to the bimanual differential 1n ndge breadth parallels findings 1n other
features indicating an intimate relation of digit IV and interdigtal 11 to
the anatomical axs

Prantar Mamv Lines Bilateral distinctions of ndge coursing 1n soles
are comparable to those of palms Unbke trends on right and left soles are
exhlubited by all main lLines (103), the radiants of tnradius p (Table 12)
and ndge directions 1n proximal regions not entered by man hines (Table

N
L28

PG 135 —1 Average counts of nidges per cent meter ind fferent regions (200 young males)
2 Differences of average regional counts i nght and left hands R and L denot ng the hand
1 which the count 15 Jarger—and hence the ridges narrower

13) In the distal sole there 1s a tendency for the fibular and distal radrants
of triradius p to termunate farther tilialward 1n nght soles than m lefts
This matches the behavior of line I of the palm, and other plantar main
lines agree with the trends distmgwshing the main hines of nght and left
palms A pew trend 1s mtroduced 1 the middle and proximal regions of
the sole In nght soles there s not only a larger frequency of transverse
alignments, but a greater tendency toward fibulo proxumal alignment
{symbols 1 and 2, Fig 83,B), contrasting with the simustral trend of more
frequent tibio proximal alignment
PLANTAR Parrexns The sole shows less asymmetry of pattern fre

quenctes than the palm In 2 diverse assemblage of racial matenal (Table
27) the hallucal area (T%/I) and interdigital II present shght, though
fairly consistent, trends toward greater pattern ntensity (here used m



SYMMETRY AND OTHER ASPECTS OF MORPHOLOGY 201

£ e to percent fl ies of patterns) in left soles Other areas

tend toward right supenomy or equality of pattern intensities The
sinistral excess of patternsin interdigital IL 1s less consistent among various
racial samples than that of the hallucal area There are suggestions that in
certain races (e g., Chinese and American Indians) the bipedal differences
of interdigital IT are the reverse of those just stated Such reversals are a
suggestive parallel to conditions in the palmar hypothenar are2 of the
same and related peoples, noted above

TABLE 27
Breeoar Coxeartsons oF Parrees InTeNstry axo Patreex FREQUENCIES 1y MAX
{Data from sevcral publications of the present outhors)

Hallucal d
Number | (rpem) I 1 v
Series of
mdwduslsl OV 2 U e T LR 2
European Amenican 00 |83 |8 |20 |26 [62 |56 [ a1 |14
European Amencan 1o |82 |82 |22 |23 {64 {50 [16 |16
European Ymencan o 184 185 j24 |25 |64 |60 |14 |o0b
Jew 10 82 {85 |38 {38 [78 g5 far |15
Spanish Amencan—Bernatillo 96 175 |77 |23 |30 |8 |52 |08 |o7
Spanish American—Chamita tio |81 85 |24 {23 {65 |57 [0S o5
Hop1 59 67 |72 |37 [30 |39 |44 {03 [of
Navajo 95 78 |8 (19 15 |53 |50 o6 |06
Pucblo st f7e 136 |17 [x2 [50 (48 (1t |na
Maya 124 178 {76 |19 |19 |52 |50 |15 |10
Eskimo 31 57 |63 |24 [21 |44 |35 fo5 [oo
Negro 98 |87 188 |25 {28 |58 {63 [30 |26
Weighted average 1244 79 (8 [23 124 |50 156 |15 [
Frequencies of patterns and

vestiges 1244 [93% |04 8% | 20% 71| 68% [18% [ 14%

‘ToEs. Bilateral trends of pattern type frequencies are different in toes
and fingers Table 21 1s a compilation of all the available data on toes
Though only European stocks and Japanese are represented, the hkeness
among them of bilateral distinctions suggests that the trends may prevail
as generally among races as the bilateral distinctions of finger patterns
In toes, except toe III, whorls are more abundant on the left side than on
the right (Table 20), the reverse of the bilateral distinction characterizing
fingers (See table 1, noting that in fingers the dextral excess in whorls is
at its minimum in digit 11T ) Tibial loops likewise are more frequent on
left toes, which is a reversal of the trend noted in radial loops of the fingers
Arches are more frequent on left toes This is the same trend as in fingers,
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with the exception that the index finger presents a shghtly lugher frequency
on the nghc side

VARIATION IN REFERENCE TO THE ANATOMICAL AXIS

In descniptive anatomy the axis of the hand or foot 15 usually con
sidered only with reference to the relatronships of certain muscles which
have their attachments confined to the skeleton of the hand or foot These
muscles are the mterosser the name literally descnibing
therr situation between the metacarpal (or m the foot
metatarsal) bones The interosse: are so mserted on the
phalanges that they participate 1n the acts of spreading
and apposition of the digits Their centening with respect
- to the anatomical axis of the hand 1s1llustrated by spread
ng the fingers In this act the index moves away from the
muddle finger 1n one directron and the ning finger and little
finger move in the other The axis of the system of muscles
concerned 1n these movements the anatomical axis of the
hand, 1s 2 hine through the middle finger and third meta
carpal The axis of the foot differs bemng in line with the
second toe and second metatarsal (Fig 136) Character
wstically 1n primates the axs of hand and foot ahke
passes through the middle digit, the human foot presents
one of the few exceptions

Many structural features are correlated with the
anatorucal axis In most primates the longest finger or
toe 15 10 the axis Serial aignment of the human digits, so
arranged that digits of maximum length m hand and foot

Fic 136 — comade, leaves unpartnered the digits having the least
Anatorueal aus  dystal reach, thumb and httle toe (Fig 137,4) The dis-
L’Qné“m.l?‘;l‘;iﬂ tribution of harr on the digits also 1s associated with the
Tun the wns 42 apatomical ams All digits are devord of hair on terminal

phalanges, and all have hair on their proximal phalanges
The middle phalanges are vanable in the amount of hair and mn 1ts dis
trbution among the digits The greatest frequencies of harr retention on
middle phalanges are on fingers IIT and IV and toes IT and 11T * Accord
1ngly, and 1n agreement with the localization of maxtmal digutal lengths,
fhe sendl companson o} fingers and Yoes 1nvdlves a Smiung 'by one dupft
(Fig 137,B) Zygodactyly, or webbing 1s locahzed most commonly 1n

1 Danforth C. H D stnbution of bair on the dgits 1o man Am J Phys. Antbropot
vol 4 pp 189-104 1031
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drgits TIT and IV of the hand and IT and III of the foot Some derma-
toglyphic variations are similarly referable to the anatomscal axis, data
for the following account of such vanations is obtained from non human
primates (z41) as well as man

Aricar PatTeERNS The digital distributions of pattern types yield four
generalizations relevant to the anatormical axis

A fnman digtal lengths,
% e i > o TFingers tlern intensity sn apeal pa’lm-ns,
1 1 o v v 1z2ation of manmat frequency

Toes : ¢ to v sumbers mserted represent

pottern n Newmaas
sertes of fingers and toes )

A8; 308 442] 212 "
rogers
B In own  retention of hair
il i v |V ts of

1 (tibial) ind.
| | ol ﬂ e e
\'e

on wuddle
I Bz6| 454 205 15 digats (Danforth)
oes
i m v \'
o4 31| 48 -
im
i i i
2?7 6l 17
Sole
v
6] o4
Palm
D In norbumon primales
1 i} v pattern wtensities of
50 42] 64 terdisital arcas
Sole
hii| v

F16 137 —Senal eomparnsons of dunits and of saterdigital areas of hand and foot

(2} Radial loops are most frequent on finger 11, and tibsal loops, the
equivalent pattern type of toes, are chiefly concentrated on toe I In the
foot the factors condrtioning such loops shift their operation by one digit,
the drection of shifting being in accord with that demonstrated for other
vatiahles. Whether the axisis directly concerned in this unhheness of hand
and foot might perhaps be questioned The distribution of arches does not
conform to thus relationship between hand and foot Arches occur most
frequently on fingers II and III, while toes V and IV have the maximum
frequencies It is possible, since arches are more common in toes than in
fingers, that both increased frequency and altered digital distribution in
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the foot are due to factors unrelated to the axis That this may be the
case 15 suggested by the order of arch frequencies on fingers and toes
TIn the hand digt I11s the center of reference not only because 1t bears the
maxmum frequency of arches but also because there 1s progressive drmnu

tion 1n arch frequenaes in the natural order of digits on erther side of the
mdex In the foot where the greatest frequency of arches 1s on digat 1

a quite different but stll orderly senation 15 evident Arches are at a
mimmum on toe Il and they mncrease 1n frequency from toe II to I and
from IV to V The unhke distubutions of arches on fingers and toes are
difficult to explain in any relation to the anatomical axis which would be
comparable m hand and foot

(b) Pattern intensities of digits vary in conformty to relations with
the anatomcal axis Pattern intensities of fingers and toes of the same
individuals (118) are shown in figure 137 A There 1s nearly exact serial
agreement of digits IT through V 1n the hand with digits I through IV 1n
the foot Parallelism between fingers and toes 15 thus demonstrated by
shifting the toe series in the same direction as the shifted anatomical ans
of the foot Asn other compansons this isolates the thumb and hittle toe
from partnership with other digits It may be significant that mn neither
hand nor foot does the peak of pattern intensity comade with the digit
lying in the axis Instead the digtt adjoimng the anatomical axis toward
the hittle finger or toe has the maximum intensity The same relationship
exsts in hair distribution (Fig 137 B)

(c) Pattern form especally when determined by the method of
Bonnevie or of Geipel exlibits digital vanations » hich may be referred to
the anatormcal axis Fingers 11T and IV represent 2 zone 1n which patterns
tend to be more elongated The patterns become progressively broader in
the fingers on etther side of III or IV Comparable statistics for toes are
lacking

(d) Whorls showing monocentric construction—which excludes twin
loops lateral pocket loops and acctdentals—have peak frequencies duffer
ently localized 1n fingers and toes Among fingers the highest frequency
15 1n IV and next in II In toes the maximum frequency 1sin I and next
i TIT Finger IV and toe ITT therefore have m common an abundance of
monocentne whorls

Reference 1s made earlier to the possibibty that the concentrations of
radial (tibial) loops on finger II and toe I may not be truly explained m
terms of axal relationships The abundance of radial loops on the mndex
finger has been the object of much speculation Wilder (262) was at first
musled by the occurrence of radal loops 1n some parrs of identrcal twins
He 11 dered this reversed Ty 2 late of twanning
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perhaps akin to the transposed visceral asy ry occurning frequently
1n one member of joined twins In 2 later paper (101) he 1s more reserved
in judging the sigmficance of radial loops 1n twins and since then it has
been shown conclusively ¢ that radial patterns have nothing whatever to
do with monozygotic twinming  {225)

Bonnevie {44) explamns these patterns on a functional basis

Remembering the position of the second finger when work:ng alone
1n opposition to the first one 1t seems evident that the radial side of
digitILand sts papillary pattern should be of great importance whether
the function of those lines be of a mechanical or of a sensory nature
Among the different pattern types therefore the ulnar loop will be the
one Jeast useful 1ts ndges runming away from the radal side of the
finger Whorls and arches the petipheral nidges of which patterns run
out parallel on both sides of the finger seem here to be of equal use as
compared with each other But no other pattern would for the special
vse of the second finger serve better than the radial loops the ndges on
the radial side of the finger here heing combined nto paurs as arms of
one and the same loop

Thus argument 1s hardly tenable (225) and Newman proposes another
interpretation of radial patterns He considers the hand to be ifid an
organ that has undergone a sort of twinming the thumb representing one
member and digits IT V the other As thus viewed Newman would expect
asymmetry of the thumb to be mirrored as compared to asymmetry of
the other digits The prevailing asymmetry of digits II V 1s an ulnar
asymmetry Since the thumb usually has an ulnar asymmetry he postu
lates that 1ts expected radial asymmetry madent to  twinning  of the
hand 1s commonly cancelled by the ulnar asymmetry of the hand as
a whole

Radial asymmetry 1s most common 1n the index finger which Newman
regards as a component of the twin of the thumb It 1s obvious that the
thumb 1s anatomically largely independent of the other digats but whether
bifidity of the hand predisposes to radial loops on index fingers seems
questionable particularly when conditions m the foot are examined The
foot 1s not distinctly bifid and even 1f 1t were the distnbution of tibial
loops does not fit the interpretation advanced for the hand The toes
collectively present a much lower nadence of tibal (radal) loops than
do fingers The prevailing fibular (ulnar) asymmetry 1n toes s thus even
more intense than in fingers The toe presenting the maximum frequency
of tibial {radsal) loops 1s the big toe a margmal digit and hence lacking &
twin partner on its tibial side (Table 20) Moreover the next hughest
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frequency of tibial loops occurs on toe IV, a digit so situated that it hardly
can be considered a “twin” partner of any toe

Another line of evidence against the * twinming” ongin of reversed
pattern as nes 1s ok d from the d lyphics m polydactyly
(157) In such cases a couplet of twin digits 1s represented by two big
toes, two thumbs or combrnations of other digits with their supernumerary
mates If the twinning process were an agency producing asymmetry
reversals, then such couplets surely should evidence the effect Actually,
however, reversed asymmetry mn such couplets 15 the exception rather
than the rule

Proxnear aNp MmDLE PHaraNGEs The configurations of proxumal
and middle phalanges (Chap 4) are of some interest in connection with
the anatomical axis In the human hand, the ndges over these portions
of the digits are ch 1cally slanted C ly the slant 1s i the
proximo radial direction on digits I, 1T and 131, and on digits IV and ¥
the slant 1s reversed, the ndges here coursing proximo ulparwards Though
the digital distnbution of these systems 1s individually vanable, the
general d may be app d by ¢ d dignts TV as one
system Collectively, the opposing slants form a broad chevron the
distally directed apex bemng most commonly 1n the third, or anal digit
The same relattons exist in the hand of chimpanzee (z29)

PatTER: INTENSITY OF PALi AND Sot® Conmideration of palmar and
plantar configurations with respect to the anatomical axis wall be hmrted
to interdigital areas II, IIT and IV Recalling that the axis in non human
pnmates generally Les in the Iine of digit IIT 1n both members, 1t 1s note
worthy that interdigital area III both n palm and sole of non human
prmates, presents the least pattern intensity of the three regions (Fig
137,D) Inman, also, where the axis of the foot 15 shifted, pattern intensity
15 depressed 1n areas related to the axis 1, palmar III and plantar 1T
(Fig 137,C) It 15 therefore suggested that factors which are assocrated
with the anatomical axis reduce pattern mtensity m the distal palm and
sole

The extreme reduction of pattern intensity in plantar interdigital IV,
and palmar wnterdigital II, indicates that still other factors may depress
pattern intenstty A parallel extsts m the distibution of hair, finger IT
and toe V being the digits having the least hair on muddle phalanges
These digits, significantly, are topographically related to the terdigital
areas presenting mimmum pattern intensity, 1 e , palmar IT and plantar IV

EXPRESSIONS OF ZYGODACTYLY In PALM AND SOLE A common mal
formation of the foot 15 the cond of syndactyly (zygodactyly) Of
the different vanetes of this defect, specal 1nterest 15 attached to that
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m which the second and third toes are firmly and closely jomed by a
cutaneous web The web may extend to the very tips of the digits but
more frequently 1t 1s d to therr p 1 portions In all these
cases the volar surface of the web presents transverse alignment of ndges
though 1n 1nstances of complete webbing the apical patterns introduce
deviations of ndge courses When the web does not reach the distal ends
of the digits (Figs 138 B and C) 1t bears charactenstically a tnradms in
close relation to the mterdigital interval Such a triradius 1s termed an
wlerdigital Iriradins an recogmtion of its position Interdigital triradn
may occur in the absence of any real digital union both 1n the palm (Fig
73) and m the sole (Fig go) When an interdigital triradivs 15 present
1 a palm 1ts usual location 15 betneen the middle and nng fingers In
the sole the most common site 13 1n the second interval between the second

8 c
Fic 138 —Dermatoglyph cs 1n three cases of syndactyly of the second and thrd toes A
Coriplete webbing B and C Part al webb ng

and third toes This locahization of interdigital triradn conforms to the
typical foa of zygodactyly

Interdigital triradn sigmify an intmmate developmental relationship
between hboning digits An digital triradius may be constdered
as a munor expression of the zygodactyl relationship An interdigital
tnradius seated at the free margin of the web (as in figure 138 C) mght
be imagined 1n 2 senes of cases which present progressively shorter skin
webs as migrating proximally with the web Finally when there 1s no
actual umon of the digits the interdigital triradius remams as 2 mark of
zygodactyly

The ongin of an mterdigtal triradius may be traced desciptively
from an approximation and blending of two digital tnradu Thes process
will be discussed with reference to the palm alone metric data not betng
available for the plantar digital triradn Veasurements between con
secutive palmar digital tnradu (86) show that the mterval o< tends to
be considerably shorter than either a b or ¢ d Ths mdicates that the

dency toward app of trradu b and ¢ (Fig 139) 1s a step
toward the substitution of a single interdigital tniradus for these twe
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digital triradu Triradu b and ¢ Lie 1n the zone of common localization of
major expressions of zygodactyly and the relative contraction of the
interval ¢ may be justly mterpreted as a minumal expression of zygo
dactyly The relatively higher vanability of the interval b ¢ indicates
that this zone 1s the focus of an active evolutionary trend (The coefh
cients of vanation of the intertniradial intervals are ¢ b 124, bc 215
P v, cd 14%7)
k) Fusions of digital areas whether in the sole or palm
V,((@)V accompany zygodactyly (Fig 138) Such fustons may
= oceur also 1n the absence of digttal union esther m assoct
. atton with interdigital triradu or with some form of dis-

\l i placement or suppression of digital tnradn  Fustons of
‘W digital areas are very common in the sole occurring 1n
about 35% of subjects selected at random (193) The
second and third mterdigital areas are chiefly involved

f ] i and usually digital triradu in these areas are suppressed or
apparently displaced

Reduction or suppression of ine C 1n the palm 1s
perhaps related to the phenomenon of zygodactyly The
ot 3 digital tnradius (c) from which Ime C anses1s at the base
\@} of digit IV Triradius ¢ does not lie n the anatomcal axis
but proximity may render the region susceptible to
Trend of Sy, agencies of vanation associated with the asis The neigh
dactylyexhtmed  ponng digit IV rather than IT 1s the one more commonly
n reduct on o
the palmar th ¢ tnvolved wath digit TII tn zygodactyly and there 1s simlar
erdigtal 2% behavior in other vanations such as retention of hair on
ton of dewal mmddle phalanges The vanable degrees of mnvolvement of
:L{:ﬂd"mb, :';d ¢ the main hnes are lustrated in figures 65 69 Asshownin
the appearance  aple 5 such involvements are practically confined to line
of an_nterd gital
trrads  (From  C The Line 15 more commonly reduced than completely
IW wadery suppressed and all degrees of 1ts zygodactyl expresstons
are more common 1n left hands than i nghts Figure 140 illustrates
an extreme example of munor zygodactyly
Trradu ¢ b and ¢ of the sole often are absent the following absolute
frequenaes of their lack 1n 200 soles being reported (105) @ 23 b 13
¢ 16 d o H g of the d to su d gital tnradn s
localized farther tibialward (radialward) than in the palm where tn
radius ¢ 15 the one most frequently mnvolved other digital tnradu bemng
only rarely absent
Rice BreapTH Regonal differences in breadths of epidermal ndges
may be correlated with the anatomcal axis Figure 135 shows average
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counts of ridges per centimeter for all fingers and five palmar configura-
tional areas. The following regional unlikenesses merit emphasis. The finest
ridges of the fingers are those of digit IV; radialward from it, digits III,
1II and T exhibit a progressive increase in ridge breadth, and ulnarward,
digit V likewise displays an increase Thus digit IV may be regarded as a
center of reference for variations in ridge breadth. The narrowest ridges
of the palm occur in the region of interdigital I1I. It may be added that
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Fi6. 140 —A nght palm showing dermatoglyphuc signs of zygodactyly of the middle and ring
fingers (From 1, W. Wlder )

interdigital III is also the site of minimum variability in ridge breadth of

the palm. This area, previously identified as the site of reduced pattern

intensity, has a proximate relation to the anatomical axis.

A gradient of increasing ridge breadth (Fig 135) passes proximally
in the palm, i.e., lengthwise in the anatomical axis. Ridges are narrower
on the distal phalanges of fingers than on the middle and proximal phalan-
ges (72), and ridges here in turn are narrower than on the palm. Ridges
in the distal region of the palm are narrower than those in the thepar
and hypothenar zones (24).
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INHERITANGE

PERSPECTIVES

ALTON, 1892, opens lus discussion on the heredity of finger prints
with this comment “Some of those who have wntten on finger
marks affirm that they are transmussible by descent others assert the
direct contrary ” Few wnters of Galtons time or since express doubt
25 to the hereditary transmission of finger print trmits Forgeot m 1892
mamtams that there are no indications of inhentance even when famlies
are traced through three generations Locard in 1906 and Senet 1 the
same )ear, report on famthes composed of several generations and both
deny that mheritance plays a réle in deterrmmng finger print patterns
Stockis, in 1908 declares flatly that the 1dea of inheritance of finger print
traits1s 2 myth These and other authors who deny the fact of inhentance
have the mstaken notion® that identical patterns would be transmutted
if mhentance operates from parent to offspring Their opimons therefore
may be 1gnored
Abundant evidence now 1s at hand to prove that some characteristics

of finger pnints and of other d Iyphic areas are d Inpreview
of this evidence, 1t may be pointed out (hat genem: factors have a large
share m determining vanations of d phics as

by gradations of simlanty observed among individuals having dlﬁer:nt
degrees of relatronshup The closest possible genetic relationship 1s that
of monozygotic twins In their dermatoglyphics as in other features, the
members of monozygotic twin pairs typically present stmlanties of higher
degree than those found 1n any other compansons of mdividuals A pro

* This notion 13 not confined to the easler wnters In a recent serits of lectures on enmin
Slogy 1t 18 emphatically restatcd “THl A N1 The NBT ot Tnmindiogy tp 174) ~idivourne
Univeraty Press 3gs1 The Cwwil Service Commuss on of New York City gave o 1036 an
examination for finger print experts 1n the form of completson quest ons one of the 100 ques
umu cancerns this point The question reads  Practically all fingerprint experts bei eve that
inhented never mhented always mhented in
hen!:d 28 Viendelian charactenstics]  the answer accepted as correct be ng never nhented

210
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gressive reduction m degree of sumlanty 1s demonstrable 1n comparnsons
mvolving lessemng relatronships Thus paired siblings and the members
of {fraternal twin paurs are rarely as simular as the members of monozygotic
twin pairs Parent and child on the average show less resemblance than
siblings, unrelated individuals of the same race show still less, while
maximum differences are found 1n companng persons of different races
Further, paired siblings shgw associations between certain dermatoglyphic
features and functional handedness which are explainable only on the
basts of autosomal ltnkage of genes responsible for these tratts (357)
The genetically prospective qualities are termed the gemofype Because
the genetic control 1s not 2 ngd one these qualities may be expressed
{phenotype) 1n an incomplete or altered fashton Such non genetic vana
tions are paratyprc 1n ongm, produced Jurnng the process of ndge differen
tiation and prior to it by modifying influences of the developmental
environment MacArthur (215) measures these effects 1n terms of the
standard deviation (20 8%) for the distibution of homolateral differences
1n monozygotic twin pairs

It would be surpnsing if the traits of dermatoglyphics were not
mhented since there 1s reason to expect that dermatoglyphics are subject
to the same biological laws which determine inheritance of other char
actenstics whether structural, phystological or psy chological No student
of inhentance however, has claimed that the totality of pattern char
actenstics 1s transmutted The studies have disclosed only transmussion
of grades of resemblance which invariably fall short of complete likeness
Newman, who through many years has investigated dermatogly phics and
other characters of twins, relates (z25) that once he had been misquoted
as stating 1 a public lecture that the finger prints of twins are * often
alike ” As a result, he was b d with from 1dentification
workers for proof of this statement He was, of course, in a posttion to
assure the ingurers “that, even in wdentical twins no fuo finger prints
of different sndivtduals are ever exactly alske’ Findings i these ¢ 1dentical”
(or better, monozygotic) twins are of crucial importance, if ever there
could exist two 1dentical finger prints prospects for their production would
be most favorable 1n such twins

Newman 1n the reply quoted above, reaffirms a fact which has been
repeatedly emphasized by reliable investigators of hus own penod and
of the generation before um Galton made the point clear in his statement
that “it would be totally impossible to fail to distinguish between the
finger prints of twins " If this were not sufficient to settle the 1ssue once
and for all the pronouncement of Wilder, 1 190z should have done so
“The completeness of identity 1n these cases 15, however, not so great
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but that, both tn the finger tips and on the surface of the palms and soles,
there are differences sufficienily marked to vender ampossible the mistaking
of one prant for another ” The question 1s of obvious importance to finger
prnt identification, and 1t 15 unfortunate that an elementary fact has
been so frequently misunderstood, especially by wrnters of “newspaper
science ” Erroneous views occastonally make thewr way into reputable
scientific Journals as in the mstancc now to be ated

Thirty years ago there ap dina s (Strassburger Neue
Zeitung, Dec 15, 1912) a sensational article dealmg with a case of ques
tioned patermity n which, among other traits, firger prnts allegedly
established the relationship of the child and putative father According
to the reported expert testtmony *It 1s very remarkable that not only
the prnts of the father but those of the grandfather may appear 1n the
chld In twins equivalent patterns of ndges may occur, and they
agree so well that a differentiation 1s impossible * Another curtous phase
of this case appears 1 the sequel Boas repninted the press article m the
Archio fur Rriminologee, and added hus own commentary Though his
remarks are 1n a facetious vein, they were taken seniously by Harster,
who wntes

Yearinand year out there 1s waged by the representatives of finger
prit science an untinng and often thankless battle, in order to bring
recognitron of this means of identification before the courts legal pro-
fession and lay men This recognition 1t deserves and 18 1n process
of attaining What should we then say 1 our own camp, when friends
appear with the best mtentions to further our work and are not aware
that they shake our position at the very foundation How can we m the
future stand before the judge and show that the accused 1s not the
actual miscreant but another? How can we show that the finger ponts
found at the scene of a serious crime belong to a certatn person——when
we would be confronted with statements printed 1n cur most outstand
ing professional journal statements from a disciple of finger print
procedure affirming the possibibty even though conditionally that
parents and therr children or siblings can have the same prnts? Our
assurances that there 1s nothing to st and that innumerable 1nvestiga
tions have shown the oppostte will pass unheard and we will not need
to wonder when the accused 1s set free because finger prnts do not
furnish sufficient proof When even the possibihity that fnger prnts
are wherited 15 stated then the basts of all dactyloscopy namely that
two difierent fingers never can furmsh the same prints s shattered

Let us not be confused m our work by newspaper articles
Harster, 1gnoning published proofs of inhentance which should have
been known to one writing as late as 1913, 15 fearful that the secunty of
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the science of identification would be jeopardized by the admission of
nhentance Had Harster been familiar with the reports then avatlable, he
would have granted the fact of inhentance, and he might have seen in the
twin observations a strengthened support for finger print identification

QUALIFICATIONS OF DERMATOGLYPHICS FOR GENETIC STUDIES

As objects for the study of inheritance dermatoglyplics present cer
tamn advantages (a) It was Galton’s opinion that the minuttae, 1n mono
zygotic twins, are switable for determination of “the minutest biological
umt that may be hereditanly t ble’ A forking, ter 10n or
other ndge detail may not be an ultimate anatomtcal umt, yet these
features are at least among the smallest charactenistics readily accessible
for testing the hmts of hereditary control (b) The configurations are
widely vaniable hence they are favorable for companson among members
of families (c) Unhke many other bodily traits dermatoglyphics are
age stable Postnatally the tions persist h d m all
respects except dimensions and 1t1s justified to assume that no alterations
except dimensional increase occur dunng the prenatal months following
their differentiation It is therefore feasible to compare parents and
cluldren or to compare siblings, with confidence that none of the

1 daff d 1s due to their unlke ages {d)
Dermatoglyphics are en stable also Environment stability
dates from the fifth fetal month when the dermatoglyphics are com
pletely differentiated

There are on the other hand some working disadvantages n genetic
analysis of the dermatoglyphics (a) The genetic process is exceedingly
complex (b) In comparing apical patterns of corresponding digits for
example one deals especially with pattern type (including the tendency
to ¢ twisting ) pattern direction (radial or ulnar), pattern size (quantita
thE value) and pattern form (breadth/height proportion) Each of these

15t1Cs 1S 1n part d dent upon a genetic foundation more deeply
seated than that which gnves nse to individual distinctions Statistically
there are charactenstic trends of unlikeness between the two sides of the
body and among different digits, between the sexes and among racial
stocks and constitutional types To extricate the more immediate mam
festations of mhentance 1n the individual or fanuly from the gemenc
human qualittes and distinctions of sex and race 1s 2 major problem con
fronting the wnvestigator (c) Extensive paratypic vanation introduces a
handicap 1n recogmzing the genotyp= The genes which determine the
capaaity to form ridges operate as independent condttioners of this funda
mental trait The d tion of specific ! ch 15
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indirect C 1enal ch depends upon developmental aireum
stances (Chap 10) such as stress and tenston 1n the growth of the part
the thickness of the embryonic epiderms (whether under pnmary genetic
control, as concerved by Bonnevie or secondanly induced by stresses
of the underlying tissues, as suggested by Abel) and the distnbation of
cushioned areas, 1¢, areas of thickeming due to increased flmd content
of the epiderms These several conditioners of specific configurations are
themselves under the control of genes hence the genetic regulation of
ndge ahgnment 1s accomplished mdirectly through them

Selective mating on the basis of dermatoglyphics 1s practically ex
cluded It 15 hardly probable that features so inconspicuous as these
pattermings would be concerned 1n sexual selection, though 1t 15 concery
able that dicta regarding finger patterns and marnage might be embodied
m the folk teaching of some peoples, inasmuch as the Chinese have m
cluded the patterns i their fortune telling lore

Mazeriat. ANp MeTHOD OF STUDY

Investigation of the inhentance of dermatoglyphics, as of other normal
buman charactenstics 1s hampered by hrutauons which are thus descnbed
by J Wenmger (258)

Man 1s difficult to study genetically more so than plants and
ammals Children are few the development of the individual 1s slow,
and the span of hie and of generations 15 long Counting 2 generation
2s 33 years there are three generations in a century 2nd 30 generations
1 a millenrum From the present tume to the recent Stone Age there
would be 200 generations, m Drosophila 200 generations may be
stuched 1n ten years

Furthermare, the mvestigator has no selective control of breeding Desprte
these handicaps, which are avorded when genetic research concerns organ
1sms so favorable as Drosophuta {the fruit fiy), 1t 1s sull possible to assemble
materials for the elucdation of the genetic process 1n man

Three classes of matenal have been utithzed n mvestigations of
inheritance

(a) Random collections of tndstrduals from the general populatson arc
used as control for companson with the occurrences of trmis within
famly groups, they are necessary also if gene frequencies are to be calcu
Jated References to “general population™ apply to such control sertes
The of racial d 1.3 lyphics (Chap 15) requires
that these sernes be approprately selected Racial homogeneity, snsofar
s that may be attamed i the collection of matenal, 15 a first requrement
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Due attention must be paid to the known sexual vanations which occur
within a race Specially chosen racal collections may be of value 1n
examunation of the genetrc process en masse Two racal stocks which
present dermatoglyphuc distinctions may be supplemented by a series m
which these stocks are hybrndized, asin the Jamaican “Blacks,” *“Browns”
and “Whites” studied by Davenport and Steggerda (Chap 15) Finally,
statistics drawn from mass collections are indispensable as a standard of
reference for any 1nquiry involving variation

(b) Femuly groups provide matenal for tracing the genetic transmission
of dermatoglyphics The famly groups may be large or small and they
may embrace more than two generations with or without collateral Iines
The examination of paired siblings 1s of value 1n certamn analyses, twin
parrs (or other sets of multiple births) are segments from family groups
whach call for separate charactenization (see below) Several writers deahing
with the subject of questioned patermty stress the importance of “punty *
of farmly matenal for genetic study The special nterest of these wnters
makes them keenly aware of the uncertain paternity mn some fammbes,
especially 1n certain racial groups and at some soctal levels Metzner
supphes an interesting sidelight on this questton In an analysis of the
genetic formulae embracing a large matenal he divides the famibes into
two groups In the first including 50 famulies with 198 children, there 1s
no doubt of true paternity For the second group consisting of so families
with 233 children, there was no information by which patermity could be
validated In the latter group the number of instances n which offspring
do not conform to the genetic expectation 1s three times as great asin the
first group, the respective totals being 23 and 7

{c) Tuans are exther dizygotic or monozygotic Dizygotic pairs, which
may be same sexed or opposite sexed are siblings of the same age, not
differing in hmts of heredity from sibings born at different times ‘Mono
zygotic twins, on the other hand are probably equvalent genetrcally
The members of a monozy gotic pair always are of the same sex and gener
ally they resemble each other more closely than do the members of a
dizygotic pair, their hheness being in some cases so extreme that they are
often mustaken for each other The two individuals are of the same geno
type that 1s to say, they have the same genetic composition Multiple
births 1n which there are three or more members are clasaifiable just as
are twins 1n the stricter sense A set of triplets for example, might be
tnzygotie, dizygotic—two diwnd berng 1Ic t
monozygotic With increasing numbers tn a set the number of possibilities
as to zygotic ongin 1s ncreased, but even with a number as high as five,
as 1n the Dionne set (216), there 1s still the possibility of monozygotic
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ongm of the several members The phenotypical expression of germinally
prospective traits may be incomplete or altered owing to early mtra
uterine influences Obsersations tn monozygotic twins provide a measure
of the limts of freedam of the genetic process Against ths standard com
pansons may be made with other paired imdividuals such as siblings or
unrelated persons selected at random It 15 usually but not always possible
to diag zygosity with ble assurance and 1f twins are to serve
as a standard of reference 1n genetic analyses the diagnoses must be vahid
(Chap 13)

Any charactenstic or zone treated 1n the descriptive section (Chaps
4 7) 15 open to genetic nvestigation though fingers and p"lms
figure mainly 1n the hterature It s that h Yy
1s not uniformly ngid throughout all zones of the dermatoglyphics Toe
patterns are less ngidly controlled than finger patterns (119) suggesting
that lag in differentiation of the foot may admit a larger parakimetic
nfluence

EarRLY STUDIES O\ INHERITANCE

The earlter students of dermatoglyphics first had to establish the fact
of inhentance, leaving for later investigation the mode of transmission
and the devel 1 vehlde o( its

Galton (57) und Y of the mb e
of pattern type 1n the nght mdex fingers of 105 patred sibhings Noting
the pattern types occurring in each couplet, he counts the instances in
which each of the nme possible combmations of patterns occurs Com
pansons are made aganst a control senes of unselated persons thewr
nght index fingers being paired at random nto couplets In this control
senes the observed frequency of each of the nie possible combinations
of pattern types agrees very closely with the calculated chance of such

10ns 1n random sele winle the number of agreements of
pattern type m the paired sibhngs 1s greater than would be expected on the
basis of chance The increased concordance Galton explamns 1s due to
mhentance of pattern type On a smilar basis he proceeds to other
analy=~s including ohservations of twins all of which point to hereditary
determination of pattern type

YWilder's early studies on twins extend the evidence of mhentance
and he adds to the hterature two famuly trees demonstrating the trans
mission of patterns patterns as opposed to patternless configurations in
the areas concerned One family 1llustrates espectally the transmission of
pattermings of the thenar eminence of the palm (Fig 141) This famuly s
represented by six children, their parents, and the three sisters of the
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father Both hands of the father carry conspicuous thenar patterns and
tus three sisters have thenar patterns Every one of the six children bears

thenar patterns, bilaterally 1n four of them
and unilaterally in two Neither hand of the
mother shows any indication of thenar or first
wterdigital patterns Among White stocks
such as would be representative of this family,
thenar patterns occur in not more than x5 20%
of individuals The family 1s therefore a strik-
mg illustration of direct transmission through
the father of the factors underlying productton
of thenar patterns In connection with the
same confj; 101, a set of ygotic trl
plets reported by Gardner and Rife 1s of

o

FIG 141 —A famly demon
strat ng mhertance of palmar
thenar patterns Squares repre
sent males and arcles females
Sot d black 1nd cates occurrence
of patterns on both hands
half sol d symbols s grafy pres
ence of the pattern i one hand
only the left hand i both
cases {(Data from Wilder )

nterest not only m that all six hands bear
thenar patterns but also because their configurational vanations afford
2 measure of parakinetic influences

Even more stnking than these examples 1s another family recorded
by Wilder, 1n which several members present the rare calcar pattern
The pattern occurs m no more than 1% of
individuals of the general population, yet in this
family (Fig 142) calcar patterns or their rudi
ments appear 1n seven of the twnelve persons
examined The occurrence of calcar patterns in
both man and wife 1s a noteworthy comaidence

FIG 142—A fanuly dem
onstrat ng inhentance of the
tare calcar pattern, Squares
represent males and_circles

females Two members
the fam’ly who were not
examined are indicated by
the xymbols with enclosed
crcles Sold black ind cates
the occurrence of a pattern
on left or mght foot cor
responding to the black halves
of the symbols or on both
fect if the symbol is entirely
filled The occurrence of ndge
convergences which suggest
vestigial patterns i3 shown by
small black areas (Data from
Wilder)

All three of their children present calcar pat-
terns Again there 1s provided an illustration of
the fact of inhentance, and one which suggests
a dommnance of patterns over patternless
configurations

Another family group composed of six indi
viduals of three generations, reported by
Cewidalh (Fig 143), Mlustrates nhentance of
the palmar hypothenar pattern 1n 1ts unusual
form as a whorl Hypothenar whorls are present
1n two stbhings their father and the paternal
grandmother

Similarly, Carriere records a Lapp family in

which the members show varying degrees of reduction of palmar main hine
C, occurnng with such frequency 1n this famly as to indicate that the
condition 15 hereditary
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Numerous solated finger pnint famuly trees are available in the earher
Iiterature As an example, 2 family described by Hemndl (60) 1s selected,
1ts tmportance being that the eleven individuals composing 1t had been
independently studted by two m: one of them finger
prints alone, and the second concerning htmself only with general bodily
trarts  Neither was wnformed of the observations of the other until the
results were finally assembled, when 1t became apparent that those mem

bers who show close finger print resemblances are ikewise the
more stmlar 1n other bodily traits Hemdl does not attempt
to formulate rules of mhentance but merely analyzes the
distnnbutron of pattern types He notes, 1n the single available
member of the third generation, a much reduced ulnar loop
__AF:;:. m’l‘l!y on the left index, the reduction being traced to the mother,
demoastrat  Who shows a related condition 1n three digats Tirells reports
::i;?&;:‘r‘ls on finger print pattern types mn two famuilies One of them
en the pal 1S signtficant for the occurrence of all arches 1n the mother,
mar bypoth  gnd the tendency to pattern reduction in her two siblings
‘(: I‘:;:u{;om and the majorty of her six observed children
Reports of 1solated famly hnes, and casual observations
such as close resemblance of finger prints i a father and son or occurrence
of arches alone 1n two brothers, are not productive of great advana 1n the
knowledge of heredity It remained for Bonnewie to create a more frutful
approach Her work forms a central structure of the body of information
now lable on inh of d typh

TeE GENETIC PROCESS

Bonnewvie s study of 1924 opened the way for searching analysis of the
genetic process, carned out 1n a senies of studies (44, 153, 154 155, 156, 174
175) Her first observations are confined to finger prints mn family matenal
amounting to about 200 individuals and 1n 2 small senes of twins She
concludes that n the phenotypic expresston of the patterns at least three
different characters are transmrtted andependently of each other These
characters are {a) Quantitative value of the pattern, or ndge count from
triradius to core, (b) Breadth/height proportion, the vanants composing
three general classes of pattern form—areular, mtermediate and elliptical,
(c) Tendency to “twisting’ —indicated by lateral pockets and twim loops
as well as certain true whorls with interlocked double cores It 1s shown
also that some mnor charactenstics of pattern construction and pattern
direction (radial loops) are possibly inhertted Subsequent studies by the
same auwthor are based upon a larger ma(mal 100 families with 321
children The results are of d: the concl
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of the earler study being extended and modified largely through inter
pretations gained from the new viewpoint of her observations of pattern
formation 1n the fetus
In the following discussion each of the finger print traits is treated
separately and a representative selection of observations in other der
matoglyphie zones 15 included Much of the matenal presented tn Chap
ters 13 and 14 also 1s applicable as demonstration of the nature and limits
of hereditary control
Patrervy TYPE Bonnevie remarks that the affimties among trans
tional patterns are d rated by senes bled from diff
fingers of one person from persons closely related to each other, or from
unrelated persons who carry the same general types of patterns It 1s her
opimon that each such senes of transitions represents 1n the main one
and the same genotypical design  Bonnewie later emphasizes that the
distinctive pattern type trends of different digits suggest that individual
fingers are not independent but that each dimit represents one part of a
common genetic complex
Gruneberg (202) offers observations 1n twins and 1n farmlies He does
not agree that there 1s a genetic control of the digits collectively whether
concerned with pattern type quantitative value or any other character
tstic Tracing pattern types without reference to ulnar and radial direction
he compares homologous fingers in 2o pairs of monozygotic twins Pattern
types agree 1n 80% of the digital couplets (substantiated in MacArthur s
finding of 81%) In contrast there 1s a sigmficantly lower frequency
dizygotic twins 63 4% His farmly trees show that where parents have
loops 1 corresponding couplets 80 g% of the patterns i children are
loops and that when whorls accur i parents 7089 of the chidren
possess whorls Gruneberg concludes that these observations afford
Pposttive evidence of the inhentance of pattern type
Grineberg assumes that pattern type 1s conditioned by two pairs of
factors XX (xx) and ¥ X () with mne possible genotypic combinations

XX11 loop
AXxly whorl
Ay whorl
Yx¥ 1 loop
Axly loop
Azyy whorl
E23'81 loop
xxly loop

xxyy arch
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According to Ins interpretation, ¥ 1s epistatic over 3, Y1 15 epistatic
over AX, and XX 1s epistatic over ¥ If the domunant factor of one
factor pair 1s absent the dommant factor of the other pair expresses
atself and 1f dominant factors are all absent the arch appears as a double
Tecessive

Essen Moller (190) investigates the presence or absence of whotls 1n
twins Counting those nstances m which both members of a twin parr
have no whorls or both have one or more he reports that 658% of a
dizygotic series are thus characterized while in monozygotics the fre
quency nses to 85 7%

Bohmer and Harren studying 1oo familles with 436 children em
phasize the extreme vanabiity of pattern type among siblings This
variability, they observe, indicates that pattern type 1s not inhented but
therr further comments and tabulated data show the actuahty of heredi

TABLE 28
TINEERITANCE OF THE TENDENCY 70 BeAR ToREE oR MoRE Wroy PATTERNS (IV 3 10) 45

CONTRASTED WITH THE PRESENCE 0F No MORE THAN TR0 WHORLS (¥ 0-2)
(Bohmer and Harren)

Chaldren

Parental combinations
B aw Woz

1 W3teX U zro 7 s
42 W3meXTo 2 76 100
42 Wo 2XHe 2 41 47

tary transmission Their observations on whorls (Table 28) demonstrate
m keeping with the conclusions of most other authors that in spite of
obscunity of the genetic process there 1s a definite hereditary tendency
in the expression of whorl patterns Their charactenzation of whorl
beanng individuals makes 2llawance for the fact that whorls are common
1n digits I and IV, indrvaduals having no whorls at all or not more than
two form one group and those with three or more whosls form another

Ennenbach stresses the parakinetic origin of differences of pattern type
1n monozygotic twins He believes further as Bonnevie suggested eather
that there 1s a cansal relation between epidermal thickness and pattern
type

Elderton, confining attention to patterns of the index fingers, and
considenng nights and lefts separately, tabulates the parental combma
tions and patterns m offsprng (about 650 children) and notes that (a)
Neither arck X arch nor arch X composste yields whorls, (b) Neither
whorl X whorl nor whorl X composite yields arches, (c} Arck X loop,
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arch X whorl whorl X loop, composite X loop and loop X loop produce all
types of patterns, (d) Posstbly composite X composste yields no arches
(Whor], m Elderton’s usage, refers to true whorls )

DouBLE CORED PATTERNS (“TwISTING ) The twisting tendency 1s
considered a character of an mdividual having even one double cored
pattern Bonnevie suggests that though the mode of inhentance cannot
be definitely established 1n her material the indications are that twisting
18 domunant over the stngle cored condition Mueller (221) nsists that
if domunance 1s present 1t 1s incomplete He points out, however, that

TABLE 129
INHERITANCE OF THE TENDEAGY YO BEAR ONE OR MoRE DoUBLE-COXED PATTERNS (T}

4s ConTrASTED wITR THE LACK OF SucH PaTTERNS (R)
(Data from Bonnevie Mueller and Bokn er and Horren combuned)

Ch tdren
Pareatal combinations
R r
9 IXT 36 ™
w RXT 25 8
01 RXR e ”

parents without twisting tendency have children usually lacking double
cored patterns and that when both parents bear twisted patterns the
children will 1n general have one or more such patterns (Table 2g) Even
when he excludes those digits in which double cored patterns are most
common (Table 2) the results obtamed are comparable Bohmer and
Harren while conceding inhenitance of the twisting tendency, emphbasize
that domunance has not been proved Karl (347) regards the character
as probably recessive Stefiens (119) considers that with present informa
tion bereditary tendencies bave not been established

The genetic process thus remamns obscure yet the data in table 29
conform to the rules of Mueller and to the generalizations of Nurnberger
(a) When both parents have double loops the children as a rule also have
them, {b) When double laaps are lacking it bath parents they are asa rule
lacking 1n the ctuldren {c) If double loops are present 1n only ane parent
some children will carry them others not

PATTERN Foryr Bonnevie proves that vanations in pattern form or
breadth height proportion ate hereditary She that elliptical and
crcular patterns represent a parr of alleles (factors or factor groups) and
that the elitptical form 1s dorminant

Geipel (197) 1mvestigates pattern form in a large famly matenal and
m an extensive senes of twins His groupings of the mdices into classes
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(large, medium and small} are Listed 1n Chapter 4 Of 208 pairs of mono
zygotic twans, the members of each of zoo pairs are 1n the same index class
and 1n the small remamder the combinations invanably are 1n adjoimng
classes—large and medium or medmm and small—and the differences
of the numerical values in these cases are shight Of lus 237 pairs of dizy
gotic twins, 40% of the pairs have members m different index classes

Geipel s family matenal (113 pairs of parents with 386 children)
yields these generahzations (2) From the parental combination large X
large, 75% of the children are in the class Jarge, (b) From the parental
combination small X small, 71% of the children are m the class small
(¢) From the parental combination medium X medsum the children mn
the respective proportions 1 2 1, are 1n the classes large, medum and
small, (d) From the parental combination medium X large, the chldren
are mamly 1n the classes medium and large (e) From the parental com
bination medsum X small, the chuldren mainly are i the classes medium
and small, about equally divided between them, (f) From the parental
combination large X small, the children are mainly 1 the class medium
Gepel concludes that the ten finger index 1s associated with a single gene,
though he grants the possibility of an allehe senes The individual who
has a large or a small index 15 a homozygote, while one with 2 medium
1ndex 1s a heterozygote

Mueller (222) supphies ssmular statistics on the form index in famuhes
He refers, as do Bonnevie and others, to arcular, eliptical and medium
patterns, but 1n charactenzing an mdividual he does not use the ten-digit
set m all cases An individual 1s placed in the class crrenler when all ten
patterns are arcular, but the presence of one or more elliptical patterns
would transfer this individual to the ellsplecal class, to the medsum class he
assigns the remamming cases—all ten patterns medum or some patterns

TABLE 30
InmesTaNcE or PaTreRv Fory
(M ucller)
Pattern form in chuldren
Number of
Parental combinations hildien
Circular | Medum | Ell ptical
73 CXC g 98 3% 1 1% 0 0%
56 CX2f 2% 576 354 71
4 CXE 8 376 M1 282
19 M XM 29 557 345 103
20 MXE " 5 29§ 500
¢ EXE 23 P 130 870
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medum and some circular When these results (Table 30} are compared
with the generalizations of Geipel, attention must be given to the differ
ence of classtfication Mueller does not agree with Bonnewvie that elliptical
pattern form 1s dommant over circular, holding that the genetic process
1s much more complicated and posstbly similar to that regulating pattern
size He resolves the following rules from hus matenal (a) Parents who
possess at least one elliptical pattern on each hand have children who
carry at least 1n one hand an elliptical pattern, (b} Children who bear at
least one elliptical pattern on each hand are from parents who have at
least one elliptical pattern, (¢} Pasents who have only arcular patterns
produce offspring who 1n the majonty of cases have only aircular patterns,
1 less than 2% of the children elliptical patterns or closely related inter

medsate patterns occur, but only 1n one hand

Nurnberger formulates a scheme of inheritance of pattern form adapted
for application 1n patermity cases (Chap 14)

PatrerN DIRECTION Bonnevie does not find extensive evidence for
heredity of the direction of finger patterns (radial or ulnar) though she
notes that certain famlies present a concentration of radial patterns on
digit IIT This suggests wmhentance of pattern direction since radial
patterns are rare on this digit Karl ke Bonnevie observes that there
15 hittle evidence supporting beredutary tr of pattern ¢

Griineberg (202) investigates radal and ulnar direction 1n asymmetric
whorls as well as 1n loops In monozygotic twins ¢t 8% of homologous
finger pairs show the same asymmetry of patterns, in dizygotic twins
84 7%, and 1n unrelated mdmviduals 73 4% Though the difference between
monozygotic and dizygotic twins 1s of questionable statistical significance,
the large difference between monozygotic twins and unrelated persons
demonstrates that pattern direction s inhenited He postulates, in 2 scheme
stmular to that which he proposes for pattern type, a seties of paired factors
responsible for pattern directron

The question of possible relationship between pattern type and pattern
direction 15 rased by Grimeberg In hus matenal 18 6% of whorls are
radual 1n direction, as contrasted with ar mnadence of only 5 3% radial
direction among all Joops He interprets the correlation as an expression
of ““couphing  Whether these figures prove the point may be questioned

Mueller (222), whose results agree with those of authors mentioned
above, points out that 1f both parents have racial patterns the children
commonly have them

It 1s Poll's opinion that patterns of the same type but of reversed
direction (ulnar and radial loops) should be considered similar from the
Benetic standpoint
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Mueller (221) 1mposes a restriction on the charactenzation of an
individual with respect to radial patterns Believing that the frequency
of radial patterns on digit II precludes use of this digit 1n geneticstudies
he defines a  radial person  as one who has at least one radial pattern
on any digit other than the index He finds (Table 31) no evidence that
the radial character 1s inhented though he admits that the matenal 1s
very hrmted

TABLE 3
TNRERITANCE oF RaD AL PATTERSS (R) Occvzzmne 1 Dioits Ormez TaN TRE InDEX
A5 CONTRASTED WITH THE ABSENCE 07 SUCH PaTrERNS (0)

(3fueller)
Parental combinations f Chuldren
15 OXO R | 0 o
16 RXO R 5|0 2

\ewman (22,) ponts to evidence drawn from twins on the mhberitance
of radial patterns (including not only radial loops but also radial whorls)
Among 5o pairs of identical twins radial patterns occur in both members
of 21 pairs and of these all four index fingers are so distingmshed in
seven pairs

Walker confimng attention to radial loops on right index fingers con
cludes that the transmussion 1s by a sex hnked recessive gene This con
cluston 1s difficult to reconcile with nearly equal inaidences of su_h patterns
1n the sexes Walker s matenal 1s small and the agreement of findings with
a mathematical formula indicating recesstveness 1s doubtless only 2
matter of chance

QUANTITATIVE VALUE s ongmal d of quan
titative value was later superseded by a procedure i which only the larger
of the two counts 1 whorls 15 considered Class groupings are discon
tinued and the quantitative value of the indrvidual 1s the average of nidge
counts of the ten digtts

Proof of the inhentance of quantrtative value 1s furmshed by determin
ing the correlations between pairs of individuals of different degrees of
relationship Several workers present such data The following coefficients
of correlation (44) ilustrate that monozygotic twins are more closely
related to each other than are fraternal twimns or single-born siblings
monozygotic twins o9z dizygotic twins © 54 siblings o 6o unrelated
individuals o 27 Single born siblings are of course closer to each ather
than are domly paired lated incividuals In the latter simianties
depend on 2 genenic buman mhentance rather than on a speafic familial
zhenttance
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Bonnevie {175) later revises her 1deas on the inhentance of quantita
tive value, making use of her embryologcal studies of eprdermal thickness
and of the distnibution of cushioning She concludes that there are three

depend; factors responsible for quantitative value of a pattern
mstead of the five ongmally assumed ¥, expressed in the general thickness
of epidermus over the digital pads of the embryo R, which produces
cushioning 1n the more radially placed digits II and III, U, responsible
for cushioning 1n the more ulnarward digits, IV and V

The measure of epidermal thickness the factor ¥ 1s the highest ndge
count obtained 1n any one of the ten digits of the individual higher
counts indicating thinner epidermis One source of error in investigations
of the ¥ factor 1s depression of nidge counts by cushioning with the result
that recessive mdividuals would be erroneously constdered as hetero
zygotes, and heterozygotes as d homozyg Bonnevie d
the problem of defining borderlines between genotypes a matter which
1s further emphasized by Metzner The highest values about 22 ndges
of more, are recesstve (r7) to lower values the boundary between hetero
zygotes and domunant homozygotes being at about 14 16 ndges (Table 32)

TABLE 32
INRERITANCE OF CrroErmal Triceness ()
(Data from Bonnewc and from Met ner combined)

Chiidren
Parental combinations —

} i ‘ Ie j "

o I XVI I

17 ViXVy 4 34 T

37 JeX s \ 33 7 33

1 WX 5 ] w1 e

8 hiXw 5 171 158

9 mXw P Y

]

Heterozygotes (Vo) have maximal digital values of approxmately 16-21
ndges and dominant homozygotes (I V) present maximal values of
6~35 nidges Counts of o-5 nidges (arches and very small patterns) probably
result from cushoming produced by factors R and U

Gruneberg (202), on the basis of the frequency distnbution of quan
titative values, assumes that eprdermal thickness 1s regulated by four to
six pairs of polymeric factors Like other authors who have dealt wath twan
matenal, he contrasts monozygotic and dizygotic twins with respect to
this feature His data, rearranged 1n table 33, show a distinct trend of
lesser duff m ygotic twins This 15 illustrated also
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in the average differences of quantitative value (class values, not absolute
ndge counts) 1 61 in monozygotics and 4 15 1n dizygotics

TABLE 33
DIFEERENCES OF QUANTITATIVE VALLE (ror LooPs Owy) 1x Howorocors Fivcees o
Movozycoric avp Dizycorie Twrxs

(Gruneberg)
Number of cases
Dufference 1n ndge count
Monozygotic, $41 pairs Duzygotic, 144 paurs
o= 1 95 49
-3 235 26
45 10 22
Lalt] 7 7
Lol ] 4 3
1o-1x 7
12-13 2
1413 4
10617 3
3 1

Galton’s law of fihal regresston, to the effect that persons who dewiate
much from the average of the general population most commonly have
cinldren who deviate less, has been tested by Mueller (221) from the stand-
point of quantitative value (determined according to Honnewie's 1924
method) Mueller believes that the results (Table 34) indrcate conformity

TABLE 35

DEviATIONS (rROX THE MEAN OF THE PoPC1ATION) OF QUANTITATIVE VALTE 1 PARENTS
AvD Taers CHILDREN, ¥ POSSISLE CONFORMITY 10 GALTON'S LaW op FILIAL REGRESSION

(M weller)
Deviations from the
Number of parental pars
‘mesn quantitative P
value of the
population, 460 7 20 19 12 ' ¢ i

Parental groups —2s3 | —s61 ] 34 39 ( 156 I a3
Therr children —sgo*| —mg | —1x 36 | 51| wa
Number of children 1 36 3 a 13 [ s

* ucller explains this discrepaney by the small mumber of cases 1n this group

of quantitative value to Galton’s law It would be important to test the
question with the use of Bonnewie’s revised method and with larger
material

Both Mueller and von Wehren stress that parental combmations with
low values yield low values, and that when the parental values are high,
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those of the children are lugh Thus the children bave values which lie
within the vanational hmts of their parents Von Wehren, combining us
own family matenal with that available to lum 1n the hterature notes
in the 266 families only two exceptions to ths rule the exceptions bemng
the same cases which Bonnevie had reported as such The same author
brngs out a strking contrast to this evenness in the fammly groups by
dissocrating parents and children and recombining them in 32 ifferent
¢ famly™ groups The exceptions to rule range from o to 32 in these
arbitranly composed ¢ famthes ’

Gerpel (195), employing the total nidge count of the imndivnidual, reports
on 469 pairs of monozygotic twins 405 pars of same sexed dizygotics,
and 107 pairs of opposite sexed dizygotics The frequency distrtbutions
of the differences of ridge counts 11 these three groups are shown 1n table
35 The mean differences 1n the groups are monozygotics 111 £ 04

TABLE 35
Dirrezences 1 Toral Rmor Coonts v Twins
(Gespel)
Difference 1n “Monozy gotics Same sexed Opposste sexed
ndge counts (469 patrs) dizygotics {405 paurs) | dizygotics (107 paurs}
o~ 10 60 8% 19 3% 17 8%

120 243 138 159
30 (13 16 4o
31 40 30 123 12
x50 06 99 37
st 6o 012 9 84
61 j0 59 37
7t 8 57 84
81 g0 3s 56
ot 100 22 47
101 110 10 37
11 120 1y °9
121 130 035 og
131 140 o2, o9
41 150 o 15

151 1bo LN

161 170

11-tka. Q 2g

ndges, same sexed dizygoties, 393 % 14, opposite sexed dizygotics,
423 + 48 These figures are closely matched 1n the work of Lehtovaara
(ated by Gerpel), who reports 1n monozygotics a mean difference of
31 % nidges, and m dizygoties 35 5

The question of penetrance 15 considered by von Verschuer (251)
in reference to epid 1 thick and cusk The gene or genes
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conditiomng these ch: 1stics may vary mn p e (the ability
to become manifest 1n the phenotype), owng to paratypu: influences and
the existence of accessory genes which may promote or mhibit action
of the pnmary genes Calculations based on 20, pairs of monozygotic
twins mdicate, 1 his opimon that penetrance of factors for eprdermal
thickness 1s much greater than penetrance of factors for ulnar and radial
cushioning This finding according to Weninger (260) 1s 1n harmony with
the unhke developmental mechamisms associated vnth eprdermal thick
ness and 3 W ger presents a th feration of
eptdermal thickness, radial cushioning and ulnar cushioning with particu
lar reference to their phenotypic variants and the pnnciple of penetrance
The details do not lend themselves to condensation, and the reader must
be referred to the onginal publication
Bohmer and Harren supply data on epidermal thickness from matenal
consisting of oo families with 436 chuldren They do not accept Bonnevie s
1 that thin epad d by ndge counts above 21) 13
recessive (to thick epdermis, counts of 15 or lower) They agree, however,
that there 1s some hereditary influence, since ndge counts below 5 occur
1n children only when the average parental value 1s at least below 15
but 1t 1s impossible to set a generally valid rule since even among such
fanulies there are some children with counts as lugh as 20
Cusatoving B asserts that cush d the quantita
tive value which 1s potential 1n the V factor Cushiomng 1s lacking when
all digits of one or both hands of an mdividual have counts greater than
15 ndges Umformity in low values, o-5 ndges, indicates that thick
epiderms and cushiomng are both present (When the values are mter
mediate, 6-15 nidges m many or all of the digits clues to the genotype
may be obtained through exammation of the parents or the chuldren of
such individuals } The degree of cush 15 d by the
between the highest dimtal value of a hand and the lowest value of dipats
of the radial or ulnar groups The two hands are mvestigated separately
to avoid confusion due to asymmetric distnbutions Cushioning 1s absent
when the difference 1s 0—4 tlus conditton being recessive to its presence
TIn heterozygotic cushioned ndividuals the d to about
s-10 ndges, while i d it the diff 15 usually
greater than 10 ndges Cushioning 1s ﬁental‘)l’c both as to presence or
absence and localization on either the radial or ulnar dimits (Tables 36
and 37), the respective factors, R and U, are independent of each other
There are two sources of error in the results on cushiomng First, the
bound: between b and homazygot:s, 28 well as the dis
tinction between d and are uncertain
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TABLE 36
TnurRITANCE OF Rapuat Cusuioning (R)
(Data from Bonnevie and from Met ner combsned)

Cluldren
Parental combinations t—

RR { Rr | ”
8 RRX KR 23 w
110 RRX Rr 226 193 1
17 RPXRr 18 3t 1

4 RRXer 3 u
3 ReXrer 0 3

o X

TABLE 37
InuerTance or Urnae Cusuiontse (L)
{Dota from Bonnewe and from Vet ner combined)

Children
Parental combunations

I } tu w

15 UUXUU p 13
78 UUX Un P 10
b9 UuXLu o Lo ow
1 UUXus T 29 4
23 UuXuu 46 . 29
3 uuXun H s

The second difficulty 1s that cushioning 1s mamlest m the ndge counts
only when 1t extends nto the pattern area In consequence, some of
the mdividuals classed as non cushioned recessives may be cushioned
Likewise the degree of cush may not be exp d Bonn con
siders that in her matenal some cushioned individuals 1dentified as
b yeotes are really d homozyg

Bohmer and Harren question the hentability of cushoning

GEve FrREQUENCIES Abel (265) pomts out that racial differences in
gene frequency exst, especially for the factor of epidermal thickness (1)
Thus question 1s later elaborated by Piebenga (299) In Eshimos of Eastern
Greenland the factor V 1s practically non existent It 1s rare m Chinese
and infrequent, though at 1ts maximum, n European stocks, Hindus
South el and For —reachmg a maximum 1n Bushmen
(Table 38) The gene frequencies for eprdermal thickness differ not only
among widely separated racial groups but also among Central and North
European peoples The factors for radial and ulnar cushioning (R and U)
exbibat less vanation among different peoples Abel interprets the relative
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stability of the factors of cushioning as an indication that they are more
anaent properties than the factors of epidermal thickness

TABLE 38
Gene FRsquevcrss i Vators RActar Grovrs
Racial group SV Ve | mw [ RR{ R | or | UV | Lul us
395 Danes (Bonaevie) 9 8%/45 6%4q4 6%(70 0%{26 5% 3 5%{26 B%|4s o%(27 3%
1300+ Austrians (Geyer*) 1o o (439 Js6 1 (618 [371 |11 |04 [s50 J186
214 Germans (Abel) 110 432 422 540 360 |[Bo (210 530 |40
93 Gexmans (Piebenga) firo |35 |s38 516 Jso7 |77 j207 s30 Jor sy

200 Belguns-Walloons

(Prebenga) 1o lars [ors 530 |szs |as 320 s s Jus

511 Norwegans (Bonve-
)

wic! r25 (05 370 [s903 [84 [23 legs lsag (o
161 Germmans {Abel) 130 [307 [ar2 628 Js1a {56 [315 Jsas |tax
200 Flemish (Piebenga) [135 1385 1480 f625 fa3rs [60 J00 [i65 [135
450 Germans {Kacl) 157 s s [508 58 i85 164 {80 fs50 hro
400 Dutch (Picbenga) 180 463 (357 (645 [315 |40 310 [480 jzo
40 Hindus {Biswas) oo la75 [625 lwo ls75s (25 [76 j1ne |17
35 Melanesians {Rarly 530 la7o (265 (618 [tx 4 ltxq |ros |48
68 Eskimos (Abelf) 12 lo8o l3z2 [i25 J254 [30 [s70 [18e
70 Chunese (Abel) 42 |ov4 lraz [s28 {sa2 |28 314 [saz a2
400 Formosans (Okuma) Jtz 3 1400 478 Jas3 |s03 55 [305 {88 Jio8

450 Ch lean Indians

(Schaeuble) 164 (358 (478 (601 D3g {55 [356 520 liz g
27 Bushmen (M Wen
nger) M8 1 (481 {37 (s00 [s0e 375 1s42 |83

* To make these figures comparable 1o those reported by other authors the observed values
only are included in the table Geyee reports also percent values adjusted by the genetic
sumbers according to Wellich

1 Abels senics of Eskimos compnses famly groups and hence may not be reprosentative
of the general population

Mnror CHARACTERISTICS OF PATTERNS Bonnewvie demonstrates the
of “muner’ ch of patterns these including not
the vltimate minutiae but various local configurational features As to the
mode of inhentance no suggestions are offered by Bonnevie Stemens or
Leven
MiNuTIAE Grimeberg (202) selects homologous fingers of twins having
the same pattern type, pattern direction and ridge number expecting
that ndge details might be an cdloser agreement s such patterns than in
those presenting coarse differences Even here there 1s no wdentity 1
minutrae a finding which has been repeatedly mentioned since Galtons
observations on twins Gruneberg concludes that the mmnutiae are accord
ngly conditioned paratyprcally, and emphasizes further that differences
10 quantitative value may be brought about by these vanations of para
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typic origmn He and others stress that nidge counts presenting differences
of one, two or possibly three ndges may thus not be genetically different,
since such discrepancies are introduced by differences of ndge detail that
may influence the count to this extent

Newman (22,) observes that 1n twins minor configurational details
and minutiae of homologous fingers often show close resemblances (Fig
144) Occasionally there 1s similar close resemblance n ordinary sibhings
and m parent and ofispnng

PiG 144 —Close resemblance i prints of corresponding fingers in twnns Two pa 13 of tw ne
marked respect vely A and B are illustrated (From Newman )

RmGE Breapt Karl (347) suggests the possibility of mheritance of
ndge breadth According to Ennenbach the ten-digit average (of ndge
counts on 2 1 cm Line) shows intra parr differences 1n monozygotic twins
rangng from o 2 to 1 5 ndges, the average difference being o 7, the average
Dfieneane v Loy gehas 1w v 4, e e bong o -1 o wdgrs

Tors In toes, according to Stefiens (119), the range of vanation of
ndge number 1s greater than in fingers The frequency distribution of
ndge counts on toes shows neither a distinct cleft between counts 1g
and 16, nor one between 21 and 22 Steflens does not find 1t possible to
differentiate 1n toes the three genotypes VV, Vo and rv, unless thete be
some modification of the border lines (as suggested VV, o-15, ¥, 16-24
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or 16-25, 2, 25 or 26 and above) In evaluating epidermal thickness 1n
toes, the same author advises exclusion of those cases of monozygonc
twins which present wide d dances With the d modification
of the genotypes there are among her 5o pairs of monozygotic twins but
two mstances of discordance 1n fingers and nore m toes

Steffens has no instance 1n which embryome epidermal thickness 1s
less 1n the foot than in the hand In 85% of the subjects the relationship
between fingers and toes 1s about the same The outstanding contrasts
between toe and finger patterns are indicated n table 39

TABLE 39
FREQUENCIES 0F CUsnIoNING FACTORS 1¥ FInGERS AND TOES OF TAE SAME Stnjects
(Stefens)
Cushioning factors Fingers Toes
" . s
Re ki 46
RR 1y 43
uu 42 2
Ly ro1 23
oL 57 175

It 1s suggested that toes are more frequently cushioned than fingers
For the study of cushioning, Steffens combines toes I and I as the tibial
group, and III, IV and V as the fibular (though 1t 1s immatenal whether
toe I11 1s grouped with the tihal or fibular set) The results indicate that
cushioning 1n toes probably 1s not regulated on the same basts asn fingers

Parus Wilders observations noted briefly and illustrated in the
troductory sectun of this chapter, suggest a dommnant wbentance of
thenar/first interdigital patterns Wemnger (259) also devotes attention
to the thenar/first interdiatal areas Her matenal compnses 290 families
with a total of 562 chuldren She regards the inhentance as too complex
to be explained on the basis of 2 single factor There 1s some ndication
that presence of the pattern in fathers has a greater influence 1n producing
patterns m the offspnng than does presence of the pattern wn mothers
The data 1n table 40 show that not only the presence of patterns but also
the degree of pattern elaboration 1s determined by genetic factors

‘Weinand supplies information on palmar patterns and on palmar man
lines In palmar interdigital II it appears that the presence of a pattern
1s dominant over open field Of 13 offspring from parents O X D 5 show
patterns m terdimtal area I This 15 1n marked contrast ta the race
occurrence of this pattern in the general population Further, among 44
families wherein parents are O X O, only 7 of the 197 chuldren have these
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TABLE 40
IvsERTTANCE OF PALMAR THENAR/FiRsT INTERDIGITAL PATTERNS
(A T eminger)

Presence or absence of patterns Degree of development of patterns
Num | Ch ldren| um | Children
berof | with beraf [ with
Parental comb nations b1 | thenar Parental comb nat ons elul | thenar

dren | patterns dren | pattetns

oxo 3714 | 99%|0OX0O 374 | 99%

0 X un lateral o5 1253 |0 X incomplete 71 {268

0 X bilateral 72 1375 |0 X complete 96 |333

Un lateral X unilateral 1t | 545 |Incomplete X incomplete 3 |333

Un lateral X b lateral 8 |6zg Incomplete X complete 9 2212

B lateral X bulateral 2z oo |Complete X complete 9 189

patterns Stmlar observations are recorded for mterdigtals ITI and IV
and for the hypothenar The hypothenar however presents a discrepancy
Parental combinations O X O and O X unilateral presence produce equal
numbers of hypothenar patterns in the offspnng Wernand assumes that
there 15 a particular susceptibiity of this palmar area to parakinetic
mfluences He offers the alternative explanation that patterming 1s trans
mitted recessively Except for interdigital ITT as illustrated in the thenar/
first mterdigital from Wentnger s data the number of children with
bllateral patterns 1s greater from O X bilateral presence than from the
tion unil; 1% I ! Unilateral X unilateral produces chil
dren who 1f patterned are predomunatingly patterned on one hand only
and bilateral X bilateral gives nse to children who are predommatingly
bilaterally patterned
It 1s defimte that the directions of line D and the assoctated line €
are hentable Abundant evidence from twins is avalable from other
sources but Wemnand s data on 52 fanmhes with 230 children supply
clues to the mode of inhentance When the parental combination 1
1r1r—-— X 11 1r —-— about three fourths of the children have
similarly high terminations of the main hines 1f parental instances of the
topographically ssmlar 11 9 — — be added to this group then over go%
of the children present high ter 1ons The p combination of
hagh termination (1 11 — —) X low lermination (g 7——) yrelds children
who have prepond tly high ters The off: are about
equally apportioned between lugh and low terminations when the parental
combination 1s 17 9-—— X 9 7 ——, but they are preponderantly low
from the combination 11 9—— X 77 —~—
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Czik and Malan report on the palmar mam lines and palmar patterns
m carefully d d seres of and same sexed dizygotic

twins As an Wlustration of the results, and of the mfluence of heredity
1n determining the man hnes, 1t may be noted that 77 9% of the monozy
gourc pawrs agree in the position of termnation of hine 4, while for dizy
gotics the concordance 1s only 25 7%
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TWIN DIAGNOSIS

OBJECTIVES AND GENERAL MEeTHODS

NOWLEDGE of the inhentance of dermatoglyphics prepares the
way for practical apphications Many basic problems 1n biology,
psychology and medicine are approachable through studies of twins
Inasmuch as twins are being used to determine, for example, the réle of
inhentance 1n susceptibility to a disease, sound diagnostic procedures for
dst ); the ygotic and dizygotic types are essential Der-
matoglyphics are included among the items generally accepted as valid
diagnostic critenia Another application (Chap 14) as yet not on as
secure a foundation 1s concerned with the determination or exclusion
of parentage under arcumstances when there 1s question of the patermty
of a child or, more rarely, of the matermty
Differentiation of monozygotic and dizygotic twins ordinanly s
accomplished by the ¢ simulanty method ” Siemens, Newman, homay,
von Verschuer, Rife Meyer Heydenhagen Geipel MacArthur and others
have sought to establish methods leading to diagnoses that are reasonably
pendable The p le of d 1 the similanty method 1s the
assembling of observations on a vanety of traits, which preferably are
non hinked 1n inhentance For instance, Rife (235) presents a test of a
diagnostic formula compnising four quahtative and four quantitative
ttems, the exact mode of inhentance of each qualitative trait being known
(2) blood types 4, B, AB and O, (b) blood types 3 and N, (c) presence
or absence of hair on the middle segments of fingers, (d) ability to taste
phenyl thio carbamude, (e) s pigmentation, (f) intelligence quotient,
(2) quantitative values of finger puints, (h) stature A twin pair showing
correspondence mn the eight traits 15 diagnosed with fair assurance as
monozygotic The chance of error may be as low as 27 out of 1 920 coo
if the parents are heterozygous for each of the quahtative traits
Possibilities of error are inherent 1n the stmilanty method However
small the chance of error may be i a properly executed diagnosis, the
235
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close resemblances sometimes observed 1n mdividuals who are not mono
‘zygotic twins ilustrate how a mistaken diagnosts might be made f
the companson 1s not exacting Wilder (264) mentions three sisters
two of whom are fraternal twins the single born sister so closely
resemnbles one of the twins that she 1s commonly taken to be the twin
partner

As a supplement to the ssmulanity method the character of the after
tirth (2 single chonon or two chonons) has been considered by many
workers a reliable diagnostic aid Some recent students of twins however
find 1nstances of conflict between the results of the stmlartty method and
the d agnosis based on fetal membranes and they question the vahdity
of the latter cntenon Essen Moller (190) considers that 17% of all
dichonal pairs are monozygotic and about 33% of monozygotic pairs
are dichonal

The general procedures 1n twin dragnosis cannot be broadly discussed
here but 1t must be msisted that an investigator desinng to determune the
distinctions of dermatoglyphics 1n monozygotic and dizygotic twins
should not include these features among the items 1n lus onginal diagnoses
Some 1nvestigators of twins have fallen mnto error by not observing this
precaution agamst arcular analysis

According to von Verschuer (252) the hereditary equality of mono
zygotic twins 1s supported by three lines of eyidence {a) In heu of direct
proof drawn from human twins which in this relation 1s unobtamable
he cites the study of Kappert on the flax plant One-egg twins trplets
and quadruplets occur n certain stocks of flax Cultivation by self
pollination demonstrates that the phenotypic differences among the
components of these multiples whether two or more i number are not
hereditary (b) In a stmple and well known hereditary complex (blood
groups O A B AB and the 3f and N agglutmogens) 1t 1s definite that
gene differences 1 monozygotic twins do not occur since the two members
of such a pair never differ i blood type {c) Sumilanties of monozygotic
twins are no greater than those between the night and left halves of the
body of one person—and i charactenstics which exubit distinctive

1 the homol halves of the members of a2 mono

ygeie bwn pan ate ware 2ealy dbbe than the nght and left sides of an
individual This last pomnt elaborated by Homa and confirmed by other
mvestigators has come to be d as a Jaw applicable in
twin diagnosis Both von Verschuer (2 5:;) and Meyer Heydenhagen point
out that the rule regarding homolateral and bilateral unlilenesses
twns holds only for characters having different statistical trends of vana
tion on nght and left sides
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An excellent demonstration of the contrast between monozygotic
and dizygotic twins, with respect to degrees of homolateral and hetero
lateral differences, 1s provided by the cotrelations of quantitative value
Monozygotic and dizygotic twins are widely different mn these compansons
(Table 41), though equal 1n therr mntra mdividual, or hilateral differences

TABLE 41
CoEYPICIENTS OF CORRELATION 1N QUANSITATIVE VALUES OF FINGER PRrvys 1\ Twins

Monozygotic
tens Dizygotic tnans

Comb Author
Fiats FF My MF FF

Both hands of twn A andboth] 697 | 096 | 036 | 024 | o33 |Fukuoka
bands of twwn B oo o 54 Bonnevie

o 0 o 46 Newman

Right hand aad left hand of the | o o1 | 089 | o o1 ’ o g4 ‘ © 83 | Fukuoka
same individual © 8 Bonnewie
°g3 ° 03 Newman

Lefthand of 4 andlefthandof B o092 | 092 | 037 | o1 | 38 |Fukuoka
o93 s 5 Newman

Right hand of 4 and mght hand | © 03 | © 93 019 | o35 |Fukuoks
of B 092 o3 Newman

The same 1s true when quantitative value pattern type and palmar con
figurations are analyzed by the method of average difierences (Table 42)

It wll be recalled that among the members of the famly studied by
Heindl (60), resemblances and differences of finger prints are correlated
to some degree with resemblances and differences in other bodily and
mental charactenstics In the main ths correlation 1s borne out 1n observa
tions on twins Obonai, who examined about 200 patrs of twins, emphasizes
xhz]tksome pairs of monozygonc twins may have finger patterns that are very
unltke

The rehability of dermatoglyphics as a diagnostic aid 1s tlustrated
1 the experience of several workers Newman (227) reports that of 42
pairs of twins mn his senes 40 were correctly diagnased by dermatoglyphies
alone “Meyer Heydenhagen asserts that go% of monozygotic twins may
be diagnosed by their similanties in palmar dermatoglyphics An espeaally
sigmificant testis reported by Rufe (237), whohad submutted to MacArthur,
another experienced student of twins only the prints of 61 pairs, including
both monozygotics and dizygotics MacArthur correctly diagnosed 58
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of the 61 pairs, and 1t 1s noteworthy that two of hus three diagnoses which
disagreed with Rife’s judgment based on other traits were tentative

L bach doubts the useful of palmar dermatoglyphics in twin
diagnosis His reservation 1s made because of the close Iikenesses of these
features occurring 1n some twins whose dizy gosity 1s certamn because they
are opposite sexed Cummins (180), analyzing the dermatoglyphics 1
e1ght pairs of twins, at the time without other information which might
gve clues to zygosity, makes diagnoses of two pairs mconsistent with the
data on fetal membranes The diagnosss of two pais as dizygotic m
disagreement w1th monochorionic membranes, 1s open to the explanatton,
since emphasized by von Verschuer, Essen Moller and otkers, that fetal
membranes may not be reliable indrcators of zygosity

Ford, Brown and McCreary report on a pair of twins presenting every
evidence of monczygoslty except in dermatoglyphics In this case the

pa for dermatoglyphic unhkenesses 1s
\dentified with 2 functional hand nnt 1ne devel whuch
15 shown to be probable 1n view of demonstrated abnormal relations of the
fetal membranes Of similar from the d of para

kinetic factors are observations on joined monozygotic twins popularly
called “*Siamese”” twins Their dermatoglyphics are more dissimilar than
m monozygohc twins generally (181, 182, 228, 234) The developmental
p dtvid so united ob ly are disturbed, and char
actenstics suscepuble to such influence would not be expressed geno
typreally Unhkenesses of patterns m a supernumerary digit and the
corresponding digit of the normal sertes are further illustrations of para
kineticeffects In the absence of such influences 1t might be expected thata
supernumerary thumb, for example would bear a pattern closely resem
bhing the pattern of the normal thumb Actually major discrepancies
even of pattern type, occur 1 a large proportion of these cases
Gruneberg (203) urges that n studies of mhentance the single born
should be compared with twins, and he illustrates how such matenal
may be quantitatively analyzed to secure a measure of paratypic influences

SpecrFic MeTHODS, WITH Couparisons of Twiv Types

MacArthur regards finger pnnt traits as more rehable than palmar
features 1 distinguishing the twin vaneties, at least as he analyzed them
and considers ndge counts more effective than pattern type He follows
an exacting method 1 analyzing the dermatoglyphics of twins and 1n
comparing twins with their parents and siblings

(a) Total ndge counts for the five digits of each hand are compared
1n the nght and left hands of the one individual, between cor
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hands of the members of the parr, and between therr ¢cpposite hands
The difference obtaned 1n each of these compansons 1s expressed as a
percent fraction of the average ndge count mn the general population
(about 66 ndges per hand 1n the matenal chosen by MacArthur)

(b) Pattern type and pattern direction are evaluated and the differ
ences are rated by empirical values A umit difference 1s assigned to unlke
nesses as thstinct 2s those represented by the main pattern types whorls
ulnar loops radal loops simple arches tented arches A half umt differ
ence 1s assigned when two patterns belong to the same general type, but
differ as do munor vaneties of whorls A half umt difference applies also
to two patterns morphologically closely allied to each other, such as an
ordinary ulnar loop and one practically reduced to an arch The total
difference m the comparnson 1s the sum of the umit and half umt differences
Its percent value 1s expressed in relation to the maximum difference
possible for the specific companson—in five couplets or ten according
1o whether the companson concerns single hands or nght and left hands

bined The same procedure 1s followed in the palmar features below

(¢} Speafic differences in palmar maimn lines and axal trradu also
are rated by empirical values There are five items n this companson
four main lmes and the awal trradws Umt values are recorded when
corresponding main lines end 1n zones as widely separated as 17 and ¢
g and 7, 6 and 5, or when one of the lines 1s absent Half umt values
apply to corresponding lines which terminate 1n adjoining posttions such
as 5" and 5”, 5" and 4 ¢ and 3 upper zone of 3 and lower zone of 7 10
andp roand rr, X and#, X and ¢ A and or 7 Anindependent termma
tion tn one hine and a dual termunation 1n the other with one mam number
m common, such as 71 and 71/7 or g7 and 7, also 1s valued as a half umt
For axal triradu, 15 valued as one umt diffierence from O #”,0r #t/,t152
half umit difference from £’ o £, as are ¢ from ¢, and the presence of an
ulnarward £ as distinguished from 1ts usual absence

(d) Each of the five palmar configurational areas 1s subjected to a
similar quantitative apalysis In the hypothenar area A* 15 one unit
difference from 4° and from L™, W, L7/ A, or other true patterns Except
s noted below, loops of the thenar and mterdiptal areas are tated as of
one unit difference from W, D, d, ¥, Y or O Half umt differences are
ent>red when two compared hypothenars are 4* and A*/4°, 4* and O
Arand " (or T7), 1" and L®, also for thenar and interdigital configurations
Land L/V (or L/0), Land {, D and d, O and ¥ {or ¥), V and ¥ *
m of some of these values should be revised 1o cbviate dupl cated ratiogs

of difference For example the balf unit d fference between 4= and A=/A*1s & repetition of the
value already assigned to the £ nd ¢ which are the associates of these configurations
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MacArthur recommends additionally indices of pattern form presence
or absence of twisting ridge counts on toes pattern types on toes plantar
main lines plantar patterns He mentions further that the configurations
of the basal phalanges of fingers have proved useful With this method
MacArthur makes comg of bilateral homol. 1 and heterol:
differences 1n twins and m single born mdividuals (Table 42)

TABLE, 42
AVERACE NCMBERS OF DIFfERENCES IN QUasmiTaTve VALUE PatrEs Tyre Paluag
AMars UNE TERUTVATIONS ASD Patyar Parrerns IN Cosrumne ToE AvERAGE PExCENT
Dirrerence Equar WeicsTs Aze GIVEY THE Fotrz TRAITS

(Machrthar)
Average
T e R e e
patterms nes | patterns | PRR
Bulat ral
100 1dentical twins 7 36 2 58 415 300 16 g
100 fraternal twins 854 2 61 364 338 265
100 single born 8 oo 349 424 28 2972
Homalateral
50 Pra sdentical trans 588 3 88 28 209 90
50 Prs fraternal twins 22 04 4§38 415 363 379
62 prs snglesbs 22 52 477 454 369 398
150 Prs random pars 28 61 5 60 534 236 81
Heterolateral
50 Prs identical twins 6 86 7 51 4 03 2 96 260
50 prs fraternal twins 22 98 4 40 475 418 o8
62prs single s bs 22 50 515 510 414 ' 451

In the monozygotic pairs bilate al differences usually are greater than
homolateral differences this being rever ed 1o dizygotics In 83% of
dizygotic pairs both homolateral and heterolateral differences are greater
than bilateral differences 1n the same proportion of monozygotics both
Ilateral and heterolateral differences are greater than the homolateral
though 1n 1nstances of ¢ asymmetry reversal ’ the heterolateral difference
1s reduced MacArthur formulates this rule  If 2 parr has 1o more than
30 percent 1 1 1 hands the probability 1s 84 percent
that they are monozygotic, if they have more than 30 percent homolateral
difference the probability 15 9o percent that they are dizygotic

Essen Moller (189) introduces a diagnostic formula for twms (in
prinaple the same as s formula appled 1 questioned patermty)
The formula depends on the relationship of frequency of a character 1n

Y8 twins (B) as compared to the frequency of the same character
i monozygotics (4) The unlike proportions of monozygotics and di
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zygotics are adjusted by a factor denved from the proportion of mono
zygotics among same sexed twins (26 63, i the population which he

63 — 26
analyzes) The factor 1s 3 6 23 423 The formula (applied to a

single character, as 1t would be 1n the instance of a selected trait such

as the ridge number) 1s ‘—L——B It may be extended by continued
1+ 423Xy
multiphcation of B/A for each of the traits observed thus

1

B, B, Bs

‘+x"23XA_,XzT,X1T,
The value sigmifies posttive ygosity when 1t approaches 100%,
and positne dizygosity m approaching 0% The mean probability
drzy gotics 15 30 6% and 1n monozygotics 69 4% (190) Using as finger print
cntena the difference in total ndge count Essen Moller compares a
group of dizygotic patrs (the diagnoses being unquestionable since the
blood groups differ) with a senes of monozygotic twins diagnosed by

several entena (Table 43)

TABLE 43
Drerzgeces 1 Toral Rince Coont TaErte FREQUENCIES AND TuE PROBABILITY VALUES
(Lssen Moller)

Differences in total D t
ndge number (73 pairs) (42 paurs) d
0 41 4% o 19% © 5%
3o-39 12 6 Y7 12 3
20-29 %3 10 00 a1z
To-1g9 15 7 31 70 66 7
o9 6o | 56 30 78

PaTTERN TYPE Stocks (245) makes homolateral compansons of
corresponding dagrts 1 each twin pair If seven or more couplets have
similar patterns the pair is diagnosed as monozygotic When there are
five or ess agreements the pair 1s dizygotic, and if there are six agreements
(or a doubt between five and six or between six and seven) other bodily
traits must be used for diagnosis This author holds that one out of four
Paus may be diagnosed by finger prints alone In an alternative method,
heterolateral are included In elaborating on the method
(246) he adds that seven digital couplets with hike pattern type give odds
of 50 1 1n favor of monozygosity
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In lus 1941 publication Geipel refers to a study, in press, on con
cordance of pattern type Companng homologous digits of the two mem
bers of a pair ke reports in 583 same sexed dizygotic pairs, 5 29 of cases
in which more than seven digital couplets are discordant Among 506
monozygotic pairs there 15 no pair showing more than seven discordant
digital couplets He concludes therefore that a twin pair showing dis
cordance of pattern type i more than seven digital couplets 1s almost
certainly dizygotic

In Danner’s senies of 85 pawrs of twns, Stocks dictum regarding
pattern type fails 1n 19 pairs Fourteen of the fraternal pairs have more
than six couplets of like patterns and there are 5 pairs classed as mono
zygotic having less than six couplets of the same type

TABLE 45
LoTre’s Y ALLES oF DIrFERzacEs 1x PATTERN TyPe anp DiREcTion
D fierence
Differences Values
Loop and whor! 1o
Loop and arch to
Arch and whorl 20

Loop and transitional pattern °
Whorl and trans tional pattern o
Arch and transitional pattern o
Uloar and radial directions of the same pattern type a
Symmetry reversal of right and left °
Difference of pattern in d gits 1T and Iy °
Difference of pattern tn d guts IV and § o
Difference of pattern in digits Tand 1T o
Infference of pattern between I and IIT I\ or V T
Difference of pattern between [Tand III TV V 1
Volotzkoy uses pattern intenstty rather than the descnptive pattern
type He claims that intra parr differences of six or more trradn indicate
dizygosity In the imtra pair compansons of monozygotic twins he finds
cases contrary to Stocks, in which five, six or even seven pairs of digits
are discordant 1n pattern type
Most authors compare pattern type, as well as some other finger
pnnt traits, m couplets of homologous fingers Lauer and Poll, however,
show that there 1s a relation not only between corresponding digits, but
also among fingers of the same hand The digits particularly thus asso
clated are IIT with IV, and IV with V, digits T and II afso are associated
m an obscure way, but rarely 1s there an indication of such relation
between I or II and any of the other digits
Lottig applies thus prinaple 1n a twin analysis and though hus senes
15 small (ten parrs each of monozygotics and dizygotics), the results suggest
1 of further 1 Like MacArthur, he constructs a
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scale of arbitrary numencal values (Table 44) for rating the differences
of pattern type and direction, and reports the quantitative differences
(Table 45)

TABLE 4,
DirrERENCE VALUES OF PATTERN TYPE AxD DIRECTION 1\ 20 PAIRS OF TWins
(Lottrg)
Monozygotics Dizy gotses
oo 1o
o5 20
°, 35
to 3s
10 40
To0 45
1o >0
zo 25
25 65
25 2o
Average 1 2 48

Pattery Form Ennenbach finds that the maximum intra pair
difference 1n the form index (ten digit average) of monozygotic twins 1
103 He agrees with Geipel that a difference of 15 or more points 1n the
1ndex would indicate dizygosity However, among his dizygotic pairs the
majonty display differences less than 15 pomnts showing that the diag
nostic value of the form index 1s limted Ennenbach regards quantitative
value as the most mmportant dermatoglyphic 1tems n twin diagnosts,

g as a useful suppl and pattern form as of slight aid

Fukuoka, judging pattern form mainly on the basis of digit IV reports
that i 125 pairs of monozygotic twins there 1s no nstance of intra parr
discordance, which contrasts with a discordance of 53% 1n oppostte sexed
dllygohcs

QuantrtaTive VALUE Geipel concludes that a pair of same sexed
twins presenting a difference of more than 40 nidges 1n a total count may
be considered almost with certainty dizygotic (Table 35) He cautions
that in instances presenting a difference of about 40 ndges relrance must
be placed on other charactenstics In twins with a difference greater than
6o ndges the diagnosis of dizygosity can be made with certamty

Fukuoka observes in dizygotic twins an average difference in quantita
tive value nearly six times as great as 1n monozygotics when all ten digits
are considered, and three to four times as great when the hands are com
pared separately Tn monozygotic twins the average ilateral differences
are hat higher than homol 1 diffe The coeffi of
correlation between corresponding hands of monozygotics 1s shghtly
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higher than that between nght and left hands of the same individual,
the same trends are reported for ndge counts between palmar digital
triradn
Danner records 2 range of difference of o-11 ndges monozygotics
and o-36 ndges m dizygotics
Rafe (236) analyzes 20 pairs of carefully diagnosed monozygotic twins
The mean intra parr difference 12 quantitative value 1s 4 o, and the mean
1 100 sibling pairs 15 14 ¢ The maximum intra pair difference 1 the
twins 1s 8, and mn the siblings 1t 15 51 In four twin pairs there 1s no differ
ence 1n quantitative value, while among the rco pairs of siblings enly
two pairs are equivalent
Minor CONFIGURATIONAL CHARACTERS Newman (225) places weight
on close bl m mmnor 1onal features bel that
resemblances such as those shown 1n figure 144 are suffictent to indicate
monozygosity The resemblance to which he refers 1s of course not a
correspondence 1n mnutrae though the disposition of ridge details may
be similarin two patterns (Even this degree of likeness 1s not an absolutely
dependable guide to monozygosity, for even with unusual and complex
10ns a stnking bl may exst i two individuals who
are fraternal twins, siblings or parent and child )
Parus axD Sores Meyer Heydenhagen provides detailed information
relatmg to the palmar dcrmataglyplncs 1n a2 large senes of twins The
of palmar der lyphics m g and dizygotic
twins, already indicated m MacArthur s scheme of diagnosis are m full
agreement with the contrasts i finger prints One of her general con
clusions of particular interest 1s that reversal of asymmetry 1s not a
charactenstic of monozygotic twins, contrary to the claim of Newman
and others The same negative finding 1s reported by Rife 2nd Cammins
Viewing the palmar ch 1cs from the dp of the develop-
mental hani: Meyer Heydenh Tudes that most of the
dimensional and configurational features particularly the hypothenar
area are quite environment labile The most environment stable traits
are larger whorlsn the thenar and fourth interdigital areas, well expressed
loops 1n the thenar/first interdigital area, loops with accessory trradi
1n 1nterdigital areas II, IIT and IV All tnradu appear more stable than
the patterns assoaiated with them
Montgomery analyzes the plantar patterns mn 57 pairs of same sexed
and 3o paws of opposite sexed twins Aimung to determine how many
pairs are * identical” be sets the following speafications (a) Either all
four soles, or both nght and both left soles must have the same pattern
formulae (Wilder’s formulation), (b) There must be no marked differences
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1n configurational character of patterns having the same formula Thirteen
of the 87 pamrs (14 9%) conform to these speafications and all except
one of these pairs are of like sex The formula in the exceptional case 15 2
frequent one occurnng n about 10% of the general population hence
thec d heres not If the concordant pairs are accepted
25 monozygotic, there must remain among the 57 like sexed pawrs a
number of monozygotics whose ntra pair differences exclude them
from concordance as defined Nontgomery concludes that while conform
1ty to these specifications may point to monozygosity non conformuty
does not necessanly indicate dizygosity
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QUESTIONED PATERNITY

PERSPECTIVES

DVANCES 1n development of methods for evaluating the proba
bility of patermty have been made mainly m Germany and in

Austnia, and espeaally through the contnb of Joseph W emnger
and associates 1n the Anthropological Institute of the Umversty of
Vierna A group of investigators attached to this Insuitute has been
engaged i a program of studies directed toward the evaluation of a wide
vanety of structural and physiological traits for proof or exclusion of
patermty

Blood groups can be relied upon 1n some cases to exclude the possibility
of patermity, but never do they serve to establish relationship Unless
the possibihity of patermty 1s eliminated by blood groups, resort must
be made to other traits in the attempt to exclude or incnmunate the
putative father So far, dermatoglyphics have figured only m a small
way 1n cases of questioned paternity

Excellent discussions of the field of questioned patermty are available
1n articles by J Weninger and by Schrader Harrasser (205) reviews the
statistics on 200 cases investigated by the Institute 1n Vienna His digest
(including dermatoglyphics but largely concerned with other traits)
embraces a total of 236 putative fathers In 53% of these cases the evi
dences were of great value, and 1 209, they were useful, leaving 27%
unsolved The numbers of 1nstances of proof of paternity and of exclusion
of paternity are nearly equal

A case reported 1n 1928 by Schliger illustrates the action of 2 court
which at that time was Justifiably hesitant to accept finger print testimony
1n the 1ssue of questioned patermity A lower court had granted the claim
of a plantiff that a certain man was his illegatinate father The defendant
then took the case to a higher court where blood groups and finger prints
were presented 1 evidence Patermty could not be excluded on the basis
of blood groups, but the finger pnat expert declared that the accused

246
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could be excluded with a “probability bordenng on certamnty ” The
higher court did not reverse the earlier deaision on this evidence taking
the posttion that the use of finger prints in this connection was too con

tested and the methods too recent and untrnied Even in the present state
of knowledge, dermatoglyphics can claim a place only as a munor accessory
1n cases of questioned paternity, there are as yet no laws of inhenitance so
firmly substantiated that they qualfy for rule of thumb practice

Seecrric METHODS

Geyer points out that the cntena used in problems of questioned
patermty vary in sigmficance, according to several qualtative and
quantitative attnbutes To meet the demands fully, a charactenstic
must be clearly definable, 1ts mode of inhentance must be known and
1t must be environment stable and age stable Finally, the frequency
of a charactenstic in the population at large must be considered 1n relation
toits occurrence in the examuned individuals since 1n general the probative
value of a concordance between a child and putatne father vanes in
versely with the frequency of the trait

In 1937 Essen Moller published lus formula for assessing the chance
that a putative father 1s the true father of a child i questron The formula,
embodying 2 semes of anatomeal and serological items, resolves the
probabulity in percent The probahlity of patermity (P) 1s determined 1n
terms of first, the frequency in “true fathers’ of occurrence or absence
of a particular charactenstic 1n their children (Y), second, the frequency
of the occurrence or absence of this charactenstic among “false fathers’
(¥}, that1s to say, in the general population of the same racal stock, and
tn males 1f there 15 2 sexual duff 1 freq Freq n the
general population (¥) are deternuned empincally, and values for many
dermatoglyphic charactenstics are already available in published statistics
Since the genetic process 1n most dermatogly phrc features is complex and
but bittle known, 1t 1s not feasible to calculate frequenaies mn true fathers
(1), hence collections of famly materal must be examined for obtaimng
observed frequencies

1
The formula where only one trait 1s considered, 15 P = 7 Fora

senes of traits the formula 1s expanded to P = W
T+ EORaD VEab W

An example presented by Geyer may be mentioned as an illustration

of the formula 1n use A certamn charactenstic of the ear (band formed
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helix) occurs 1n 1 77% (0 018) of the Viennese population, 1t 1s age stable
and of hke frequency 1n the sexes This value 1s I Among true fathers
of chuldren who possess this character the frequency 1s 13 3% (o 133)

this betng & W:th these values inserted i the formula a probability of
88 3% 15 obtamed 1ndicating thatif there were 100 such cases the putative
fathers would be judged as true fathers about 88 times and excluded
from patermty about 12 times When patermity 1s not excluded by blood
groups the ¥/X values of a series of traits are determuned selecting
traits which are genetically independent Thus one would not include both
hair color and eye color, because of their genetic association So far as
finger prints are concerned, the independence of epidermal thickness (V)

radial cushioning (R) and ulnar cushiomng (U) seems to be established

For the same reason some palmar and plantar dermatoglyphuc features
would justify imnclusion m the dragnostic formula To continue with
Geyer s example The child and putative father both have the band

formed hehx, both have blood group O, epidermal tuckness 1n the child
1s V'V, and 1n the putative father 1t 1s Vo The respective ¥/ values for
these traits (as determined 1n the Viennese population) are o 133 © 592
and o 638—which when mserted in the formula give 2 probability of
paternity of g5 2%

Bonnevie 1s cautious with regard to the use of her analyses of the
genetic process in proving or excludmng paternity, though she predicts
that with further investigation finger prints may take their place with other
characters which have a simpler mechamsm of inhentance She states
however, that patermity might be determned 1n cases having rare patterns
or rare combinations It may be added that minor pattern charactenstics
would be of service 1n tnstances of close resemblance between child and
putative father Other authors also urge caution especially when the
observations can not be supplemented by examination of relatives of
those immediately concerned 1n the case Hahne 1n 2 very himuted matenal
of seven families and with rather nexact methods of pattern companson
1s unable to pomt to a single instance 1 which resemblance between father
and child would aid 1n establishing patermty (He alludes however to
nstances of resemblance between mother and child }

Parrers Tyre Bohmer and Harren state that in cases presenting
conspicuous sumilanty of infrequent patterns pattern type may be
valuable as an indication of patermty It 1s their opimon that the con
figurational expression 15 too vanable to admt classification under a
few set types or values and they consider that the evidence must be
evaluated 1n each case individually In at least one third of their cases
they note a distinct resemblance to one of the parents
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DousLE cORED PATTERNS On the basis of lus rules regarding the in
hentance of double loops (Chap 13), Nurnberger formulates the following
pnnaples () When the child and one putative father have double loops,
which are lacking both in mother and other putative father the man
bearing double loops 1s the more probable father (b) When mother and
child bear double loops this pattern character 15 not applicable in the
question of patermty (c) When a child lacks double loops 2nd they are
present in both the mother and assumed father thisis no evidence against
the patermty of the man m question
Bonnevie, with whom Muller and Ting agree considers that the
genetic process of double loops and other double cored patterns 1s too
uncertam to allow for apphcation 1n patermty cases
PatrERV Forar Mueller suggests that his rules on the inhentance of
pattern form (Chap 13) may be occasionally useful i determmation or
exclusion of patermty, though he makes the reservation that age changes
of patiern form may cisquabfy this trait when young children are n
volved He formulates three rules (a) If a mother has in each hand
at least one elliptical pattern and the child only cwrcular patterns, the
presence of elliptical patterns 1 both hands of the putative father would
speak agamst ks patermty (b) If a child has 1n each hand at least one
elliptical pattern and 1f the mother has all circular patterns the true father
15 expected to have at least one elliptical pattern mn at least one hand
(¢} Patermty 15 improbable when the mother has only orcular patterns,
the putative father only aircular patterns and the chuld has w etther hand
at least one intermediate pattern
Nurnberger formulates these general rules (a) If one of two putative
fathers has elliptical patterns and the other does not the latter 1s excluded
when the child has elliptscal patterns and the mother none (b) If the child
and one putative father have circular patterns while the mother and other
putative father have eliiptical patterns, 1t 15 lighly 1mprobable that the
man with elliptical patterns 1s the father (c) When the child and mother
both have elliptical or arcular patterns 1t 15 possible to make any
determunation of patermty
Muller and Ting regard Nusnberger’s rules as wnvaltd Though these
nlics offer no real evidence agamst the method Geipel points out that
the extreme 1nfrequency of elhptical patterns (eg 1 9% on digt IV)
would render the rules largely mapphicable 1n practice

Geipel uses the average 1ndex of the ten fingers and while warning
2gamst over-confidence 1n any rules he presents the following (a) When
mother and cluld both have a low ten-digit index 1t 15 mprobable, theo-
retically 1mpossible, that the chuld’s father would be one with a large
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average index The reverse situation 1s equally true (b) If mother and
ciuld both have an intermediate average index, probability of patermty
usually cannot be established (c) If the mother has a high index and the
child a low one, the establishment of patermty 1s theoretically impossible
He adds that instances with intermediate form indices involve spectal
difficulty

Gerpel (198) reports a case 1n which the accused man had a small index
below 8o the mother an intermediate 1ndex, below 110, and the child a
high one, over 120 The accused, according to this, could not be the father
a conclusion which agreed with the collateral evidence

QUANTITATIVE VALUE Von Wehren, 1n a large family matenal, esti
mates the efficiency of quantitative value for the exclusion of patermity
Transposing fathers from one famly unit to another 1n the companson of
prints, he finds that m ten different combmations paternity may be
excluded on an average of 1 9% of the children and z 1% of the ¢ families
By the same exchange method Mueller (221) finds that patermty can be
excluded in 5 3% of children and 7 8% of * famihes ' Bonnevie s earher
method (44) 15 considered by von Wehren superior to the newer one since
1t y1elds fewer exceptions to the rule that quantitative values of the chl
dren lie within the vanational himuts of the parents
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RACIAL VARIATION

ConCEPTS UNDERLYING RACIAL COMPARISONS

ILASSIFICATIONS of peoples may be founded on physical char
acters culture langnage or geographic distnbution Consideration
of structural and physiological characters bies 1n the field of physical
anthropology Many physical characters (e g stature head form nose
form skin color eye color harr color hair form blood groups) have been
used 1n defining races The classification obtained with one character or
set of characters may conflict with that resolved from others Dermato
glyphues 1t will be shown display racial vanations which in general are
m accord with classtfications based upon other traits
A troublesome but apparently unavoidable complication 1s use of the
word race a term so vanously apphed and so 1l reputed that 1ts sense
m ths d of racial must be expl i In our sense
race 1s equivalent to breed with the same biological connotation
as that applying in breeds of dogs cattle or other domesticated animals
Just as reference 1s sometimes made to  the human race designating a
group of beings distinct from all other forms there may be set apart in
accord with biological qualities differing from those of other chref groups
a broad diviston of manlind eg  White race  Again the Whte race
might be divided into  races each having distinctive physical characters
The sense of race 1n these examples apphes to 2 group whether com
prebensive or limited marked by common charactenstics traceable to
mhentance One shortcoming in such use of the word 15 lack of indication
of major or subordmate ranh TFortunately we are not attempting to
establish a specific classification and have no need of a scaled nomenclature
for races Our naming of ractal samples 15 not planned to conform to any
consistent classification of races At one moment 1t may be convenient to
refer to Whites as a major race and the next mention of a ractal difierence
may contrast Norwegtans and Italians the designations being based upon
nations National populations are not on a par with groups separated on
231
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the basis of biol 1 ch the races of polog:
usage The distribution of biological qualities does not conform to political
boundartes In Italy, for example, two races are represented—Alpines 1n
the north, and Medrterraneans in the south

1t 1s necessary however, to construct a working classification, so that
related racial samples may be combined In terming any group a race there
1s no intent to conflict with established classifications Since many wnters
on anth )| adopt a ck three main races—
Whte Yellcw brown and Black—ths groupng 1s followed here

Included 1 the group of Wiates are the populations of Europe and of
sections of Asia and Afnica bordenng the Mediterranean Sea In the usage
of most authors three or more races of Whites are distinguished The
Meduterranesns compnise European and extra European populations of
regions neighbonng the Mediterranean Sea, the Alpines are typified by
mhabitants of Switzerland northern Italy, southern France and southern
Germany, while Nordics are typified by peoples of the Scandinavian
countnies and nortkern Germany Among Whites also are the Hindus and
closely related m many characters though of doubtful position, some other
groups such as the Ao The Fellow-brown peoples, Mongolians, mclude
not only Japanese, Clunese and related Asiatics but also Indians of the
Americas The third main racial group, the Blacks, embraces the Negroes of
Afnca, both typical and dwarf types, Plulippine Negntos and Mel:

Two landmarks m the history of knowledge of racial vanation 1n
dermatoglyphics are Galton’s Finger Prints and Wilder 5 Rocsal differences
sz palm and sole configuratron In his Chapter 12, Galton compares four
racal senes (English, W elsh, Jews and Negroes) with regard to frequencies
of arches on 1ndex fingers The only outstanding contrast 1n the four groups
15 between the Enghsh and Jews, where the respective frequencies of
arches are 13 6% and 79% In Jews the lower frequency of arches and
to some extent of loops also, 1s compensated by increase 1n whorls Galton
states emphatically that there 1s no pecuhar pattern which1s charactenstic
of any of these groups and that the only differences observed are unlike
frequenaies of the same pattern types

In a general article on palms and soles Wilder remarked 1n 1goz that
“1t would be of much nterest to compare the sculpture of the palms and
soles 1n the vartous races of men as it 1s at least possible that there may be

to p racal ch His
paper of 1go4 concerns an mvestigation of palms and soles m Maya In
dians, Whites Negroes and a few Chinese Among other contrasts he
observes m the Maya a high frequency of palmar thenar/first mterdigtal
patterns and mirequent hypothenar patterns His observations on the
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distinctions of Maya Indians Whites and Negroes have been repeatedly
confirmed Like Galton Wilder stresses the absence of morphological
peculianties diagnostic of race in the individual The distinctions observed
are therefore unlik 1 the freq of ch that occur 1n
all races

With the accumulation of records for many racial senes 1t 1s now
assured that racial differences in dermatoglyphics are real The ms

d ding of a dist: hed Bntish anatomist wnting as late as
1939 may be typrcal of an erroneous view held possibly by others This
anatomust states without indicating in context whether the remark
applies to morphological characters or to statistical trends ~ Attempts to
establish racial differences 1n the papillary ndge pattern of the fingers
and of the palm of the hand have led to negative results Hemd]l an
outstanding authority 1n his own field of finger pnnt 1dentification and
criminology published in 1935 a pointed demal of the reality of statistical
expressions of racial difference Noting that the frequencies of finger print
types in European peoples are faurly uniform he claims that all the re
ported departures therefrom 1n other racial senes are due solely to the
use of samples too small to yield reliable frequencies His argument 1gnores
the fact that rehability of ractal differences 1s demonstrated both by
accepted tests for statistical sigmificance and by the repeated finding of

. the same distinctive trends mn different collections from the same racal

stock even when the series are small

The status of racal vanation in dermatoglyphics may be better
appreciated 1n the hght of differences in other traits Some racal char
actenstics are so deeply mngrained genetically that they appear in all
individuals of a race It would not be dufficult to recogmze as 2 Mongollan
an mdividual with straight black hair yellowish tinged shin and eptcanthic
folds of the upper eye hds If however one confined examination to some
tsolated feature—e g head form stature or blood group—an indivadual
would not be assignable to hus race because each of these traits vanes
mter racially only with respect to frequencies A race might be pre
dommatingly short statured round headed or of blood group O Similarly
a race might be distingwished by relatively many arches and few whotls
among finger patterns An mdividual who has many arches and few whorls
can not be diagnosed as to race any more readily on the basis of this
charactenstic alone than an individual about whom we know only that
he 1s short n stature, roafiti headed o vibjood group O All such traits
enter 1nto the radﬂ)::;xaracter of a mass sample Their more frequent
occurrence m individuals of some races determines the trend which makes
the group distinctive
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Deruarocryprics AS CRITERIA For Ractar CoMpARISONS

Brorocicat AND TECHE\OLOGICAL QUALIFICATIONS In a valuable
critique of methods of classifying mankind Boyd! enumerates certan
reqmremen&s which should be satisfied by cnteria chosen for human

tions These req are here listed and under each the
degree of qual 10n of d lyphucs 1s briefly ind d
{a) Tke cnitena must be oby so that individuals will be classified

consistently by different observers The methodology of dermatoglyphics
15 now so standardized that constancy in determnations 1s sufficiently
assured As a result of intensive interest in finger prints descriptive
methods for these features progressed rapidly to the point of stability
and abundant data from different races are on record In the case of palms
and soles less matenal has been accumulated additionally some of the
early records based upon methods now superseded admut at best only
tentative translation mnto terms of current methods

(b) The traits used n racia) classtfication must not be subject to
extensive environmental modification This requirement 1s met by derma
toglyphics which are not modifiable post natally

{c) Ideally a cntenon chosen for racal companson should be one
controlled by 2 simple and known genetic process Dermatoglyphic fea
tures unfortunately are like most otber trarts which figure mn racal
classifications bemg regulated by a complex and tncompletely understood
genetic mechamsm

(d) The traits should be non adaptive thus elminating effects of
natural selection Dermatoglyphics satisfy this condition probably as
well as any physical charactenstic and better than many The supenonty
of patterns over patternless 1085 both 1n hergh
resistance and 1n 1ncreasing tactile acuity 1s recognized (Chap 2) butatis
extremely doubtful that the difference between 2 pattern and a patternless
configuratron or between two pattern types has any selective value what
soever Gruneberg {(202) concedes the improbability of a direct selection
of quahties of dermatoglyphtes but he holds that selection may still have
been mndirectly responsible for effecting racial differences 1n these features
He asserts without offering evidence that there may be genetic hinkage
with traits which do have a selective value Actudlly dermatoglyphics
are not thus correlated with charactensties that have been tested {Chap
16) and their genetic independence (from head form nasal form general
body buld 2nd blood groups) adds a distinct advantage for use 1n ractal
companson

Aw J Phys Anthropol vol 27 pp 337-364 1940
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(€) To be fully qualified, the cntenon should not be subject to a agh
rate of mutation No investigations have been made on mutation rate jn
dermatoglyphucs, but the character of dermatoglyphic vanation suggests
that mutation 15 a neghmble factor 1n the production of racial differences

Croice oF Trairs Dermatoglyphic characters are hentable, hence
dependent upon the action of genes, and since races vary statistically 1n
irequencies of particular features, 1t follows that they vary also n fre
quencies of genes Characterization of a race would be stated 1deally
terms of gene frequenaies, because the actual expression of features in the
individual (phenotype) may differ from the genetic prospect (genotype)
These matters are discussed m Chapter 12 where all the available calcu
lations of gene frequencies are brought together in table 38 Few racial
samples are represented, and the only genes thus far investigated are
determined from nidge counts in finger patterns (epidermal thickness V',
radial cushroning, R, ulnar cushioning, U) Pending confirmation of the
genetic process in dermatoglyphics and accumulation of proved data on
gene frequencies 1 many representative racial samples, 1t will be neces
sary, as in the case of most bodily traits, to compare races only on the basis
of phenotypes

Hawving limited the companson to phenotypes the first question

imolves the selection of regions and speafic dermatoglyphic characters
which meet the needs for racial comparison Shall it be fingers palms,
soles or toes—or shall all regions be considered® This question 1s 1n part
already answered by hmtations of available records Frequencies of
pattern types in toes are known only 1n four racial samples (Table 17)
Racial distinctions are evident, but this matenal 1s too meager for com
prehensive compansons The situation 1s more satisfactory with regard
to data on plantar configurations, and still larger matenal 1s available for
palms Finger prints have been studied most extensively and are thus
favorable as the principal foundation for racial compansons Two points
are significant 1n connectton with this emphasis on finger pnints Twin
studies indicate that finger patterns may be more ngidly controlled
genetically than dermatoglyphics of other regions (Chaps 12 and 13)
There 15 a degree of correlation 1n pattern expressions of different regions—
fingers and patms, fingers and toes palms and soles (Chap 1), to that
degree, therefore, trends of palmar, plantar and toe configurations would
only reinforce conclustons drawn from analysis of finger patterns

A rough measure of interracial vanability 1n different dermatoglyphic

regions ts obtatned from the following analysis Finger patterns, palmar
main lines, palmar patterns, and patterns of the distal sole (but not tee
patterns) are all available from sufficiently diverse populations to provide
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for the desured caleul: Europ A Germans (or Italtans
1 the mstance of finger patterns and plantar patterns), New Mexcans
of Spanish descent (available in two samples, one of which shows signs of
Indian admixture), Jews, Eskimos, North Amencan Indians, Indians of
Mexico and Middle Amenca, Chinese, Japanese, Gilyaks, Oroks, Siamese
(for soles alone) Negroes (East Afncan Negroes for fingers and Libenan
Negroes for other features) Values for finger and plantar patterns are
calculated from 1indices of pattern intensity, palmar patterns from percent
frequencies, and palmar main bines from main hne 1ndices Tn the case of
palmar patterns calculations are made not only for all configurational
areas collectively (average of the percent frequencies of patterns in the
five areas} but also for the mdividual configurational areas, the same
precedure 1s followed for patterns of the distal sole, where four configura
tional areas are analyzed In each determination, e g, pattern intensities
of finger pnnts or main hne 1ndices, the eleven values are averaged
Dewiations from this mean are then averaged, and the result stated as the
average deviatton finger pnnts, 6 4%, palmar man hnes, 7 8%, palmar
patterns (collectively), 10 5%, plantar patterns (collectively), 18 6%.
Higher deviations indicate greater vanability among these racal groups

It 15 to be noted that unlike techmical methods are applied in different
dermatoglyphic regions Such technical unlikeness, for example between
the statement of total pattern intensity for finger prints and the evaluation
of palmar patterns in terms of percent frequency, mught mtroduce dis
crepancies in the weights of the different regrons The fact remans, how
ever, that the techmical methods applied in obtaining these results are the
same methods which are to be rehed upon m racal compansons

Two factors must be considered 1m interpretation of the data just pre
sented (a) It 1s impossible m this matenal to discnminate between
phenotypic vanation and genetic vanation Twin studres disclose a sinular
order of increasing phenotypic vanation i the sexeral regions, and inter
racial vanation 1s m all bkelihood equally subject to phepotypre mflu
ences (b) Whether the vanants are genetic or phenotypic in origin, mass-
1ng of the five palmar, or the four plantar, configurational areas obvtously
obscures the distinctions of individual areas The numencal values for
average deviations (Table 46) must mevitably be lower for the several
configurational areas collectively than for any single area In general
vanations of these values are related, inversely to some degree, with
pattern frequencies in the individual areas

Not all the analytic methods applicable 1 any one region ate used 1n
the varous samples Pattern type determunations in finger prints are
uniformly avatlable, but nidge counts, measurements of pattern form and
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simlarly speaalized analyses are made so wnfrequently that attention
1 here almost confined to total frequenctes of pattern type Consideration
of even these data in detail would require an inordinate amount of tabular
or graphic records

TABLE 46
AVERAGE DEVIATIONS AMoNG RACES 0 PATIERN OCCURRENCES IN tiE PALM Anp Sotr
Area Palm Sole
Hypotheoar 39 5%
Thenar/Interdigital I* w07 13 3%
Tnterdigital IT 583 458
Interdigital ITY 32 225
Intesd gital IV 176 543

* Hallueal 1n sole

All dermatoglyphic traits embodied 1n racial compansons are deter
mimed by objective methods Standard defimtions prescribe that a finger
pnint 15 to be imterpreted as a loop, & whorl or an arch, that a palmar or
plantar configurational area 1s of a specific configurational type and that 2
palmar main hine courses 1 2 particular manner There 1s common under
standing mn the use of such methods because both the methods and the
features to which they are applied can be preasely described

It 13 possible that racial differences occur also in features for which 2
descriptive technique has not been devised This possibility was recogmzed
by Galton, though with hus charactenstic caution he makes no final
pronouncement on the question After ponting out that finger prnt
patterns of Negroes are not definably different from those of the other
races examined, he continues

Still, whether 1t be from pure fancy on my part, or from the way m
which they were printed, or from some real peculianty, the general
aspect of the Negro print strkes me as charactenstic The width of the
udges seems more umform, their mtervals more regular and ther
courses more parallel than with us In short, they give an idea of
greater simplicity, due to causes that I have not yet succeeded in sub
mitting 1o the test of measurement

The same exp 18 10d dma by Bridges (46)

There 15 little doubt that skin patterns do display some general race
characteristics, especrally 1n pure-blooded groups of little mterminghng
This 1 notably true of Negroes and Orientals whose patterns are com
monly distinctive enough to be recognuzed in any accumulation of
mscell poats With the skilled technician finds 1t
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possible to discmunate, although the aptitude 1s more easily acquired
than described

In our own contacts with comparative racial matenal we have sensed at
tumes that there are some trends of vartation which elude objective treat
ment For instance, while exammng the dermatoglyphics of a seres of
Eskimos we were impressed by pecularities of the hallucal area of the sole

Open fields present 2 singular high frequency (23%] A further
pomt, which can be appreciated only by examination of the prints
themselves and comparison with other sertes 1s the frequent weak and
wrregular expression of the type forms of patterns especially the form
known as A{L9] One who 1s accustomed to the usual expanse and con
tour of A{L¢) patterns cannot fa:l to be impressed by the occurrence 1n
this collection of many configurations which are distinetly atypcal,
often appeanng as if they were about to be effaced as true patterns to
be superseded by open fields This irregulanty suggests that the same
factors conditioning the lugh frequency of open fields have operated to
suppress the full development of true patterns (Am J Phys Anthro-
pol, vol 16, pp 4149, 1931)

MATERIAL AND METHOD OF STUDY

RAC1AL SAMPLES A racal sample 1s composed of a number of persons
so chosen from a population as to represent farly the character of the
population as a whole The composmon of the sample by ages of the sub
Jects s P h as d lyphics are age stable To be
representative, a sample for analysis of dermatoglyphics must satisfy
certamn requirements

‘The sample must be selected at random It 1s obvious that derma
toglyphic traits can not be permitted to influence the selection In wview
of known differences among some constitutional types (Chap 16) and the
possibility of distinctive trends in others which have pot been investigated,
samples should not be obtarned from sources likely to have concentrations
of particular constitutional types (such as hosprtals for the mnsane and
penal institutions)

Sexual composition 1s important, since the sexes differ mn trends of
vanation The most satisfactory sample would contain both sexes, each
adequately represented 11 number (Many samples on record represent
males alone, or males and females combined 1n widely unequal numbers)

Exclusion of related individuals 1s particularly mmportant 1 small
samples, since introd of famihal 1} would produce devia
tions from trends charactenstic of the population at large Abel s sertes
of 68 Eskimos of eastern Greenland (265) may be d as an example
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of possibly distorted statistics attnbutable to familial ye In
the finger prints of this series there 15 a remarkable inadence of 72 2%
whorls and 0 8% arches This result 15 to be compared with respective
whorl and arch frequencies of 43 8% and 3 4% tn 273 Eskimos from other
localities (The latter values are obtained from three independent samples
collected 1n western Greenland St Lawrence Island and Point Barrow
The three samples differ insigmficantly among themselves the values
ated being weighted averages of their separately reported frequencies )
Abel s matenal comprises several families with as many as six seven or
eight siblings It seems quite possible therefore that this senes 1s not a
representative racial sample A high whorl frequency (with attendant
reduction of arches) in one or more of these famihes may have vihated
the charactenstic racial trend Accordingly Abels sample of Eskimos
as well as the Cummins and Steggerda sample of Dutch {the latter 113
mdividuals assembled designedly as a famuly series) are here omitted
from racial comparisons

Many of the recarded samples are from cnmnal populations Such
records consist of relatively enormous numbers but 1t 15 questionable
that the advantage of numbers in these instances compensates for the
lack of specific information concermng racial ongins (as well as the
possibility of statistical distortion by concentration of constitutional
types) Some reported racial samples especially those collected among
generally 1naccessible peoples are relatively small Dankmeyjer (280)
excludes from his comparative tables all samples containing less than 200
persons Such excl 15 not always advisable for there may be available
a small sample say only 25 rooindividuals from a population important
for racial companison Use of small samples calls for caution in evaluating
trends of vanation The standard methods of statistics may be used to
test the significance of results in small series Small collections may reveal
charactenstic racial trends as illustrated by several samples of Middle
Amenican Indians whete time after trme the same directions of vanation
are repeated This 1s not intended to indicate that a report of the der
matoglyphics 1n several individuals (e g Hill on three Veddahs or Abel
on six natives of Tierra del Fuego) would be a sigmificant contnibution to
racial dermatoglyphics The case might be different if races vaned n
morphological characters but a senies of several persons 1s patently useless
for revealing statistical trends

Rac1AL COMPARISONS

Figures 145 148 are records of data gathered from published sources
and adapted for graphic presentatton These records for the features
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selected form an essentially complete survey of known racial samples A
few reports, mostly Japanese publications remain inaccessible to us
Wastes European populations exinbit 1n therr finger pnnts {Fig 145)
a fauly defimte ordenng which conforms to the diviston into Mediter
raneans Alpmnes and Nordics Unfortunately the prease geographc
ongns of the individuals composing many reported samples ate not known
However, 1t 1s evident that Nordies are distinguished by low pattern
ntensity and Mediterraneans by higher intensity Alpines being probably
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termediate It 1s noteworthy that Hindus Arabs Symans (Mitwal))
and Jews show pattern intensities somewhat hugher than those of European
Mediterraneans Perhaps sigmficant 1s the level of pattern intensity m the
Ao a people of problematic relationship 1n pattern mtensity asin some
other physical traits this population closely resembles Whte stocks
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In palmar patterns (Fig 146) there 1s no opportumty for want of
matenal, to examine the possibility of distinctions among Nordics Alpines
and Mediterraneans It 1s suggested, however, that European Amencans
and Germans the only representatives of European Whites differ only
shghtly from Hindus Arabs Synans (Mitwal) Jews and Ano

With regard to plantar patterns (Fig 147) the matenal 1s imadequate
for broad compansons only European Amencans Italans and Jews
being represented Jews tend to have higher pattern intensity than otber
Whites this applies to finger prints most palmar areas and all plantar
areas

Palmar main lines (Fig 148) 1n Whtes both European and extra
agree 1n p: marked tra hty, as ind m the

Koo s IO T T BT
P16 147-—Companson of rac sl samples w th regard to percent frequencies of configurat onal
ypes o the four areas of the distal sole

Sources are 1sted as in the legend of figure 145 1—Cummuns and M dlo Montgomery
Wilder 2400 2—Sabatm $s2 3 Cummnsand Mdlo 100 4—Cummins, 76 s—Kanaseks
et al 796 6—Takeya, 1000 7—Mdlo and Cummns Cummass 95 8—Cummns 3rx
g—Cummins and Steggerda, 174 to—Cummins 96
main line mndex and m the high proportion of type 22 of line D In this
1tem the Aino show a less close relationship to the characternstics of Whtes
the frequencies of types 17 and 7 being more allted to Yellow browns and
Blacks

Yeirow Browns The general charactenstics of Yellow brown or
Mongohan peoples (as c 1 with Whites) are hugh pattern mtensity
1n fingers (Fig 145) reduction of patterns in palmar hypothenar second
interdigital and third interdigtal areas and n Indians of Middle Amerca
a spectacular nise of thenar/first interdigital patterns (Fig 146), reduced
pattern infensity 1n all four plantar configurational areas of the distal
sole (Fig 147), tendency of palmar main lines toward longitudinal ahgn
ment, the Eskimo bemng an exception (Fig 148)

Bracks Blacks are distingmshed by great disperston with respect to
pattern mtensity of finger prnts (Fig 145) The samples of typical
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Negroes present intensities within the range of European Whites Bush-
men have the lowest pattern intensity yet reported (g 87), and the Efé
pygmies are but hittle higher At the other extreme are the South Mela-
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Fic 148—A Prequencies of modal types of palmar main hines Percent frequencies of
types 7 and 1t are indicated type 9 being mmphed i the remaiders The racial samples ace
areaaged in the order of mcrease of the ratio Type 11 + Type 7 B A companson based upon
the mamn hine

Sources are Tisted as in the legend of figure 145 Japanese sources are sdentified by sersal
pumbers 1n the hst of Kanasek and Shima 1—Cummins 75 2—Keuh, 64 3~—Davenport
and Steggerda 67 4—Nos 69-71,79 s—Cummins and Cummuns and Goldstein 350 6—~Nos
63-64 281 7—Ride 133 8—No 75 170 9—Nos 66-G8 608 to—Nos 3861 6315 11—
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Cumnuns and Midlo Cummuns Leche ard MeClure 700 19~—Biswas 50 20-—Shankhin
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200 24~Loth 107 25-~\dlo and Cummuas Cummuns, 86

nestans and the Batwa of West Kivu with extremely high pattern inten-

sities Palmar hypothenar patterns, though less rare than in Yellow-brown
peoples generally, are less frequent than in Whites, while second and fourth



204 DERMATOGLYPHICS

mterdigital patterns tend to be especally abundant (Fig 146) In the
plantar configurational areas, especially hallucal and interdigital IV,
pattern intensity 1s high (Fig 147) Palmar main hnes tend toward
longitudinal alignment a character shared with the Yellow browns
(Fig 148)

INTERPRETATION OF Racial Drererences The ultimate objective
of racal compansons 1s the tracing of lines of raaal descent Questions
at once anse as to whether the resemblances here catalogued indicate
relationship, and whether differences may be relied upon 1n trzang racial
denvation The solution of these questions must awatt more extensive

ton but 1n the 1t 15 profitable to review the prospects
of such applications

A crucal problem 1s to determune the signs which suggest that one
stock 15 more generalized or “primitive,” than another Clues to ¢ pnimu
tiveness” of dermatoglyphics among races are furmshed by comparative
anatomy (Chap g) With regard to finger prints it may be concluded that
the sequence wukorl loop arch tepresents successive departures from the
primitive A race presenting a high frequency of whotls thus would be
more pnmitive {disregarding bodily traits generally, cultuse or any other
cnterion that might be used 1n human classifications) than a stock present
1ng a low frequency of whorls Some human populations are more pnm
tive, with regard to finger pnints than apes (e g, chimpanzee) Indeed
other dermatoglyphic regions in man also indicate a degree of primitive
ness suggesting that man stemmed from an ancestral stock more pnmtive
than any recent ape having dermatoglyphic traits more closely allied to
those of monkeys (Chap g) Even granting the assumption that abun
dance of whorls 1s a sign of primutiveness, 1t may not be justified to con
clude that two races having equally high pattern intensity are on a par
with regard to racal genealogy, or that a race presenting lower pattern
ntenstty 1s farther removed in the genealogical tree The factors under
Iying racial divergence are complex, and 1t 1s impossible to assign shares
to anaentness degree of 1solatson and other factors which render the
Tustory of races so mvolved The student of dermatoglyphics wall not fall
into the error of presunung that dermatoglyphic features now provide
ready answers for refractory questions in the history of races particularly
when be sees that attacks from many quarters have failed to yeld 2
completely knt scheme of the affintties of races

Dufficulties 1n traang racial affimties are multiplied when dermato-
glyphic regions other than fingers are considered It 1s not unwarranted to
assume that as an indication of primutiveness high pattern intensity m
palmar and plantar configurational areas has the same sigmficance as
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high pattern intensity mn fingers The dilemma ansing from this view 1s
that a population presenting lugh pattern intensity in fingers may present
relatively low intensity n palmar and plantar configurations, as 1n the

Chinese for le It seems, th that diff dermatoglyphic
regrons may have independent courses of spectalization 1 racial evolution
The situation b even more compl. d when the courses of palmar

mamn lines are introduced in racial compansons There 1s reason to think
that the trend toward longitudinal ahgnment (indicated in reduced
frequency of type rr and reduced values of the main hne 1ndex) 15 a
dertved condition, the tendency to transverse alignment being more
primtive As a rule, races having high pattern intensity 1n fingers exhibit
the longitudinal or specialized trend m palmar main lines

For reasons already stated 1t 1s possible that greater rebance mn traaing
racial affimties may be placed upon finger prints Accepting this, the
Yellow browns embrace the most primutive stocks, and the most speaialized
ate certawn components of the Blacks and, among Whites the Nordies
Whtes, 1 general, and typical Negroes may be regarded as representing
a fulcrum of patternintensity They show intermediate degrees of intenstty,
berng thus neither much specialized ner near the primtive

Gross geographic trends of pattern intensity are recogmzable In
Afrnica Asia and the Americas there 1s a tendency toward progressive
reduction of pattern intensity from north to south, while 1n Europe the
hine of reducing pattern intensity 1s from south to north

The possibility that ancient lines of dispersion mght be reflected 1n
dermatoglyphucs 1s suggested by these distributions of finger print types
Early human migrations have been traced by numerous mvestigators
Taylor? emphasizes that early migrations must be considered wath the
idea that the continents are three ‘ pemnsular’ offshoots from central
Asia The three pemnsulas are Furope Africa southeast Asta with Aus
tralasia, and northeast Asia wmith the Amencas Taylor suggests that early
migrations 1nto the three pemmnsulas were mamly 1n the order of accesst
bility Europe Afnica, Australasia and the Amencas Sigmificantly, the
postulated center of distribution 1n Asia coincides with recent populations
charactenized by high pattern intensity In passing northward in Europe,
southward in Africa and southward in the Amencas the populations
exhibit progressively reduced pattern intensity This reduction reaches
1ts maxmum 1n Africa, 1n the southern extremuty (Bushmen) and in the
central area (pygmies) Next 1n order of reduction of pattern intensity
are populations of northern Europe, espeaally the Scandinavian countnes

* Human Biol, vol x3 pp 390-397 1041
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Though 1n the A there 15 a p of ¢ pattern
wtensity from north to south, the level of mtensity 1s relatively high,
this 15 suggestive 1 the hight of the supposition that mugrations to the
Amencas were relatively late

INTRARACIAL VARIABILITY Expressions of vanabiity within a sigle
race, a race In the most comprehensive sense are conspreuous Whites
for example, are divisble into races showing distinctive differences
dermatoglyphics as well as other traits Within a single nation say Italy or
Germany, unlike trends of vanatton 1 dermatogly phics are mdications
of the b ] 1 of a pohtical region Only
1n Germany and Japan have local vanations been extensively investi
gated The German studies are ated to 1llustrate such local differences

Abel (267) reports vanations in finger prints 1n mndividuals from 40
locahties 1n Germany, though his results are presented in incomplete
form since the account 1s only prelimimary Poll (302) makes an exhaustive
study of populations from 19 arbitranly divided regions covenng all
Germany (as of 1937) and Germamic Poland The matenal compnses
8041 persons, each of whom 1s classified according to his barthplace
(1gnonng birthplaces of forebears) The data are analyzed by an elaborate
method, and to present the full results would require a lengthy descrniption
of hus procedure The populations of major geographic divisions of Ger
many may be charactenzed, however, i the simple terms of the descnp-
tive method adopted here Populations of the north and west have
relatively many arches and few whorls, while i the south and east there
are fener arches and increased whorls Populattons of the mddle sections
present wntermediate frequencies of these pattern types The descnbed

{ to the \ that whotls are found to

dummish 1n passing northwardin Europe It agrees also with the separation
of the German population nto two races, the Nordic and the Alpme on
the score of other physcal trarts

Steiner surveys finger prints 1n 3582 school children born and residing
1n the Tettnang district He analyzes the native matenal, using the whorl/
arch index 1n correlation with archeological and judiciary history The
local series which yield an index above 2 oo are from communities where
there are pre Roman relics and where the judicial system 1s distinctive
(lower courts being 1ndependent of the upper) The serses having ndices
smaller than 2 co ongmate from communities which were settled later,
communities lacking pre Roman relics and having the ordmary court
system It1s Stemner s opimion that the localities having independent lower
courts probably preserve the mfluence in this respect of pre Germanic
populations These populations, he beleves, were distingwshed by a
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higher whorl/arch index than that of the Germans who later occupied the
section Asa supplement, Stetner studied a few populations in Ravensburg
a Jocality having an historical background not much different from that of
Tettnang Here he found that senes ongnating from towns with old
names yield hgh indices while those from towns with recent names
yield lower indices Though Stemer’s results are 1n need of venfication,
they are suggestive that dermatoglyphics may have promise for correlation
with the istory of peoples

Raciar Hyerips

It 15 doubtful that any racial sample, of the sort here considered 1n
treating racial vanation, 1s strictly homogeneous, or pure Admixtures
of anknown kind and degree enter into the makeup of a race There are,
however, some recent admixtures which invohve groups having contrasting
charactenstics and 1n which there 1s opportumty to test the behavior of
the trends present in the two original races Observations m two hybnd
groups are here presented White X Black and White (Spanish) X North
Amencan Indans

The study on Blacks Browns and Whites tn Jamaica ts by Daven
port and Steggerda The results warrant attention, though the numbers
of individuals are too small to provide stable values Finger prints palmar
patterns, and palmar marmn lines are investigated For finger prints there
are 124 Blacks 213 Browns and 47 Whites, the numbers of subjects avail
able for the study of palms are even smaller Frequencies of whorl and
arch patterns of fingers form a graded series, Browns being intermediate
between Blacks and Whtes, the frequencies of whorls are 30%, 25%
and 229 for Blacks Browns and Whites respectively The corresponding
figures for arches are 11% 10%; and 79, Calculations of pattern inten
sitres have been made from the data of these authors and are here given
separately for the sexes For males Blacks 12 o1, Browns 11 63, Whites
11 69, for females Blacks 1176 Browns 11 39, Whites 11 16 These
data would suggest that there 1s 2 blending in the hybnd Browns of the
trends of Blacks and Whites Such mntermediate values 1n Browns occur
also 1n pattern frequencies of two palmar areas the hypothenar and fourth
mterdigital but the other three configurational areas show a different rela
tionship In Browns there are more thenar/first interdigital and second
interdigtal patterns than in Blacks while third interdigital patterns are
even less frequent than in the Blacks The frequencies m these last three
areas may indicate that in the Browns there i1s an accentuation rather
than a leveling of the traits distinctive of the Blacks
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‘The same accentuation may be present i the palmar main kines where
1t wll be recalled, typical Negroes differ from Whites 1n having more
longitudinal 2lignments Main line mndices calculated from the onginal
data are Blacks 8 43 Browns 8 38, Wlates 8 52

The results are not very illuminating, and 1n evaluating them two
factors must be kept in muind Furst the samples are too small to yeld
statistically reliable frequencies, second, the Blacks as well as the Browns
may carry admexture present 1n such degree as to vitiate the companson
This might be illustrated by reference to the main line 1ndex, which 1n
Libenan Negroes drops to 7 03, a value 1n keeping with the typical longt
tudinahity in the Negro while in nether Jamaican Browns nor Blacks
15 this figure approximated

‘Two senies of New Mexicans of Spamsh descent, and three groups of
Amencan Indians from the same locality, are reported by Cummuns (274)
The New Mexican samples are 1ro persons from Chamita and g7 from
Bernalillo The finger prints of the Bernahllo senes are representative of
other series of Spanish, but 1n the Chamita sample the high frequency of
whorls approaches that of the Indians Even the symmetry relations
as 1 1n the dactylod agree with the indication that there
1s Indian admixture in the Chamta sertes In the Chamita sample of
Spantsh as in Indians, arches and whorls conform to the rule of all patrs
rather than the pair group rule With regard to frequenctes of palmar
hypothenar and thenar/first interdigital patterns the Chamita sample 1s
mtermediate between the Bernahllo-Sparush and Indrans The third
interdigital area repeating the trend noted in connection with Negro
White hybnds, shows a higher pattern frequency than either of the two
onginal stocks Palmar man hnes, approaching the trait distinctive of
Indians are shghtly more longitudinal in the Chamita sample than in the
Bernahllo sample Cunously, and again recalling a situation noted 1n the
Jamaican Negro White material the Bernahllo senes does not reach
the expected high value—perhaps suggesting that there 1s Indian adoux
ture even here There 1s no question that the signs of Indian traits i
the Chamita senes are sigmificant, and 1t may be of interest to add that
the locality furmshing this sample 1s one figuring in the early Spamsh
domunation when according to lustonans interbreeding was frequent
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CONSTITUTION

ONSTITUTION comprises all the structural, phystological and
psychological tratts of an individual Constitution 1s determined 1n
part by mhented factors and in part by environment Different traits
vary 1n susceptibithty to environmental influences Certain ones, blood
groups for example, are immure to the action of environment For most
traits the genetic mechanism 1s not so ngid, and modifications are intro
duced in the phenotype The effective 1t must be und d
embraces not only agencies external to the individual but also complexes
within the body which constitute an mtnnsic environment Further,
the effective environment 1s not hmited to the period after birth For
some traits 1t extends into the prenatal period as far back as the unmon
of the spermatozoon and the egg cell which produce the individual, and
even includes action on these sex cells 1n the parent bodies
Dermatoglyphics represent a part of the structural constitution
They are hentable, though prenatal environmental influences may mash
or modify the genetically pmspecnve tratts (Chap 12} It 1s hughly
bable that can ntroduce any departures
from the dermatoglyphic genotype after about the muddle of intra uterine
existence (Chap 10} Investigation of constitution in dermatoglyphics
necessanly confines 1tself to a consideration of phenotypes—the traits as
P d 1 individual thout di ing the deterrunations of
the traits by inhentance and therr modification by environment
One aspect of constitution 1s represented by the racial charactenstics
treated in Chapter 15 set apart because of the special nature and bulk of
the matenal Indeed, all phases of morphology, asymmetry and the hike
concern constitution The present chapter 1s devoted to certamn more
speaal aspects of constitution, including sex differences, the unhke trends
of vaniation 1n nght handed and left handed persons, and the distinctive
trends associated with certain diseases
Constitutional trends are revealed only by statistical amalyais of
mass samples, as already 1ll d by racal Itis bl
269




270 DERMATOGLYPHICS

to recognize the race of an individual in the d lyplics and as a
parallel, dermatoglyphics 1n the individual do not indicate handedness
sex cnimunality or predisposition to disease It would be unexpected 1f
any of these non dermatoglyphic constitutional traits were 1nvanably
d 1n the d lyphies This would depend on a much more

consistent correlation 1n individuals than any yet demonstrated In
prnaple all constitutional trends are comparable to the racal distinctions
discussed in the previous chapter Even if 1t s true that a relatively small
proportion of ndividuals conform to the direction of vanation revealed
1 the mass sample, the existence of this proportion denotes a significant
deviation Ounce a correlation between dermatoglyphics and some other
aspect of constitution 1s substantiated 1t becomes clear that the con
stitutional bond 1s one dating to the prenatal penod In atself this finding
does not mdicate whether the correlation has a genetic or a non genetic
basis

Correl between d lyphics and certam diseases are to be
presented The dermatoglyplic traits concerned are morphological
vatants, which are in existence from the very first differentiation of
ndged skin in the fetus There 1s to be distingmshed a quite different
aspect of disease 1 1ts relation to dermatoglyphics which will receive
only this passing mention We reler to conditions m which the dermato-
glyphics are directly altered by the disease process The skin of the
ndged surfaces may show damage resulting from leprosy (36) f om 1n
creased deposition of cornfied elements (318) from fungus mfection
excessive sweating (328) and from cutting of nerves to the part (329
330, 331) Such structural damage to dermatoglyphics, like scarnng of the
ndged skin, invelves pathologicel alteration of features already formed and
15 Jated to the c 1 aspect of d lyphic morphology

CORRELATIONS WITH BoDy MEASUREMENTS aap Broop Groups

Bopy MeasuresMenTs Collins suggests that there may be 2 correla
tion between head form (as measured by cephalic mdex) and occurrences
of finger print types His matenal includes 5000 Chinese, 2000 Hindus
and 5000 English The Chunese (generally brachy cephalic) have total
frequencies of whorls and arches (38 7% and 4 2% respectnvely) distinct
from those of his English (dol hahic) sample (f 202%
and 3%) Tius suggested to Collins that narrowing of the head 15 asso-
aated with reduction of whorls and increase of arches a conclusion
apparently supported by his companons of brachy cephalic and dolicho-
cephalic Hindus The brachycephalic Hindus show 36% whorls and 3%
arches and the dolichocephalic group 30 5% and 4 5% respectively
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1t 1s probable, however that these mass compansons fail to differen
tiate all the factors concerned, because exacting statistical analysts does
not indieate a sigmficant correlation between head form and pattern
types, 1€, between cephalic index and the imdex of pattern itensity
Cummins and Steggerda (337) calculate the coefficient of correlation
m 72 Maya Indians as o 059 and mn 61 Netherlanders as o 032—coefh
cients so small that correlation 1s lacking or insigmficant (In the same
material there are no significant correlations of pattern intensity with
nose form and general body build) karl Likewise finds no correlation
between pattern types and cephabe index
Pattern size n the Maya and Dutch matenal also 1s apparently
independent of head form nose form and general body build Pattern
form as related to the same anthropometnc wmdices yields i this small
matenal statistically insigmificant correlations but with a suggestive
mdication that there may be a shight mnverse relationship r1e  that the
broader patterns tend to be associated with narrow head narrow nose and
slender body (Table 47) To substantiate this suggestion would require a
matenal large enough to give rehability to the low correlations
TABLE 47

CORRELATIONS OF PATTERN FORM AND CERTAIN ANTHROPOMETRIC InDICLs
(Cummsns and Steggerda)

Maya Dutch
Average pattern form—Cephal ¢ index 124+ o8 | — 159+ of
Average pattern form—™Nasal index ~ 113 % o8 -~ 205§ £ o8
Average pattern form—Index of body buld — 0% + o8 — 198+ o8

Broon Groups There 1s no convinangly demonstrated correlation
between dermatoglyphics and blood groups Hesch announced such a
correlation (between whorls and group B and posstbly betneen loops and
group A), which he claimed to be the first report of correlation of blood
groups with any physical character Actually he was preceded by Hahne,
who asserts (from a study of 100 persons) that blood group O 1s assoqated
with more loops and less whorls than blood group 4 The Blotevogels
also suggest that there may be correlations but neither their evidence
nor that of Hesch and Hahne 15 conclustve Geipel shows, 1n a sertes of
381 Germans the absence of sigmficant correlation

Group B—Whorls o47 + o2

Group A—Loops — o015+ o16
These findings are 1n agreement with Rarls failure to demonstrate a
correlation between group B and whorls or between group A and loops
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SEXUAL VARIATION

Rmce Breavts The first trart likely to suggest itself for companson
1n the sexes 1s ndge breadth Inasmuch as females generally have smaller
bodes than males 1t might be expected that their ndges would be nar
rower—and they are In young adult males (24) the mean number of
ndges per centimeter (considening all apical patterns and palmar areas
together}) 15 20 7, a value to be compared with 23 4 1n young adult females
(30) Rudges 1n the female are sigmificantly finer, since on the average

%
0

25

18 19 0 21 22 23 24 25 26 27 B
Ridges per cenhimeler
Pic 149 ~~Frequency distnbut ons of ridge counts per centuneter (sverage of all fingers and
palmar arvas) compared In the sexes

there are z 7 = og more ndges to the centimeter than i the male This
sexual difference, of course, expresses 1tself only 1n the general trend, with
which individual cases may or may not agree (Fig 149) The distinction
18 correlated with the tendency toward smaller hand sze w the female
but 1t 13 also partly independent of hand size, since ndges tend to be nar
rower in females even when under companson with males having the same
hand lengths It may be luded therefore, that the cond of
differential ndge breadth 1n the sexes involves both a direct genetic
mechamsm and an indirect one, through loose correlation of ndge breadth
and body size

Frvcer pRINT TYPEs  Among vanous racial samples (Table 48)
females almost umversally differ from males in having more arches and
usually they differ also 1 bearing fewer whorls The arch/whorl :ndex of
Dankmeyjer 1s almost without excephion igher i females Radial loops
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are fewer m females According to Geipel's observations (197) on 315
males and 287 females, there are no sexual distinctions 1 pattern form

TABLE 48
PATTERN TYPE FREQUENCIES AND ARCH/WHORL INDICES COMPARED IN THE SEXES
Males Females

a/w aw

AGRI Y™ s ARV T g

Tobabataks (Massland) 165 arejszavlaon arliorlarnjsssaiwor 48
Koreans (Kubo) 23 37 lsas Jsa7 | s1|as {26 ist2 [ass [ 62
Portuguese (Valadares) 24 65 1 137 4 74|28 68 1 20 0 97
Javasese (Dankmeyer) 27 (28 |s85 |3s9 | 75133 (21 férg jazy 101
Jews {Cummine-M dlo) 46 |97 js06 P21 [109(39 [33 o4 (434 | 0o
Chilean Spamsh (Hencke) (48 44 {sas }s63 |s323/78 37 Is6a 321 {343
Portoguess (de Pina) a2 £ %5 {15859 4 s |arg
Danes (Bugge} $4 1355 |s93 [s98 {18175 {44 619 262 |28 6
Negroes (Dankme er) $5 |33 622 1388 lip1 (85 |23 l6xs 79 [30s
Ressiens {Semenowsky) 62 617 |ix (19384 643 (23 |08
Portuguese (Lopes) 61 670 o |327[67 o |ira |26
Gercaans (Ka 1) 61 671 |63 (255|871 649 7o (300
Dutchand Belpians (Pebenga) (6 8 |59 615 |65 |as7 |80 (a6 632 fza2 {331
Angola Negroes (Sarmento} | 6 7 615 257 |20t |52 64 0 209 [171
Dutch (Dankme er) 77 [sa4 J607 [262 [294]|06 |31 (635 fmaa fare
Et6 pygmies (Dankme jer) {159 (28 (616 [t96 |8 t70 [20 607 [196 [887

There are indications 1n some races that the usual sexual distinction
may be leveled or even inverted However these exceptions to rule
noted 1n some racal samples may be due to inadequacy of numbers,
differences of method in classifying pattern types or lack of homogenerty
of race in the compared samples Since sex s but one aspect of con
stitution, a fully dependable companson of the sexes can be achieved
only 1f the samples are homogeneous n all respects except sex This
would require racal punty and consistence in all other phases of con
stitution an ideal which may not be attamable

The crude result obtained by dealing with total pattern type fre
quenctes and arch/whorl indices 1s substantiated by more refined methods
of analysis includmng the manuar, amt (348) and dactylodiagram
(356) Analysis of individual fingers 1s of further interest m sexual com
parison, stce the contrasts are more discrmurative

Pattern type frequencies 1n toes differ 1n the sexes 1n the same direc
trons as those of fingers (119) As n fingers, whorls are more abundant and
arches less frequent 1n toes of males than in toes of females

Females lly present less t 1 daff e than males The
level of this diff may be first plified by the values in Piebenga s
companson of 400 males and 400 females (299) In that series the sum of
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the differences of frequencies on nght and left hands of the four pattern
types (arches, radial Joops, ulnar loops and whorls) 1s § 3% m females
153% 1n males The corresponding values 1 Henckels (288) much
larger senes are 70% and 150% Another mamfestation of symmetry
which may differ 1n the sexes 1s conforrity and non conformty to the
pair group rule

Parayar CovriGuraTIOns The frequencies of patterns in the five con
figurational areas of the palm are unequal in the sexes like frequencies of
whorls and arches on fingers and toes In White stocks (four senes 86
333 and two unpubhshed seres Germans and German Jews) females
present consistently larger frequencies of hypothenar and fourth inter
digital patterns and lesser frequencies 1 the remaiming palmar areas
(thenar/interdigital I, interdigitals IT and III) In the palmar features
as 1n finger pnints, females present a lessened degree of bimanual asym
metry Ths distinction extends to pattern frequencies and to such dimen
sions as distances between palmar tnradu (86) and bimanual inequality
m alignment of palmar main lmes (336)

HANDEDNESS

TInvestigations which attempt to correlate dermatoglyphics with nght
handedness and left handedness face many difficulties As in other con
stitutional studtes, samples would be 1deal only 1f they were umform 1n all
respects except the trart which ;s to be studied 1n correlation with derma
toglyphics It 1s fortunate, since there ard sex differences i dermato
glyphics that the sexual compositton of the samples can be absolutely
controlled Racal composttion 15 not so readily standardized The racial
differences detailed in Chapter 15 mdrcate that a study of handedness
might be senously vitiated 1f the samples of night handed and left handed
subjects were not from a common racial source

Classifying the subjects as to handedness presents a major difficulty
Handedness 1s expressed vanably 1n its degree of fixation and the class:
fication must be founded on adequate tests These tests should be reliable

of handed and should d the degrees of fixation
The compared samples should be composed of individuals old enough to
exhibit defiitive functional handedness If a correlation between dermato
glyphucs and handedness is demonstrable at all subjects with most extreme
left handed and nght handed would be presumably the most

promusing
No mvestigator has worked with matenial selected as ngorously as the

1deal demands and 1t 1s not surpnsing that the distinctions between hand-

edness groups reported by several authors are at some points mnconsistent
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With the appearance of the studies by Rufe (357) and by Cromwell
and Rufe, unkke trends in the dermatoglyphics of left handed and nght
handed persons may be accepted as established These authors report on
the largest matenal yet assembled by any investigator The matenal for
the latter study includes 300 nght handed males, 300 nght handed females,
430 left handed males and 323 left handed females Handedness was
d d by the following ! operations wnting throwing,
sewing, hammerimg, sawing, shooting marbles use of kmfe, bowling, use
of sassors and spoon When all these acts were performed with the nght
hand the subject was classed as nght handed 2nd if the left hand was
used 10 one or more of them, the subject was assigned to the left handed
group The findings of particular interest are (a) Increase of patterns in
the third interdigital area in left hands of left handed subjects of both
sexes, this conforms to the results of all other 1nvestigators of the problem,
(b) Increased frequency of thenar/first interdigital patterns in both hands
of left handed females, (c) Lessened frequency of patterns n the fourth
mterdigital area of left hands of left handed females Cromwell and Rife
restate the compartsons in another form, this time 1n the light of bimanuat
daff of pattern freq {or 1n fingers in the frequency of whorls
as compared with other patterns) There are five areas charactenized by
large bimanual difference The ring finger with its large excess of whorls
on the night hand, 1s like the second and third interdigital areas in the
palm, where patterns occur more frequently i nght hands Left hands
have greater pattern frequencys in the thenar/first interdigtal and fourth
mterdigital areas For each of these five configurational areas, Cromwell
and Rufe refer to the hand which carnes the larger frequency as * supenior”
and to the hand having the smaller pattern frequency as * infenor ”
In each of the five areas the tnferior hands of left handed females present
increase of pattern frequency Also, in left handed males the nfertor
hands show increase of pattern frequency except in the fourth inter
digital area where the value temains as in nght handers In the left
handed groups there 1s a shght lessentng of bimanual difference 1n pattern
frequencies Cummuns (335) demonstrates such a decrease mn bilateral
asymmetry of fingers in left handed males and an increase 1n hilateral
asymmetry in left handed females the net effect being as in the palmar
features aleveling of the “normal ’ sex distinction 1n bilateral asy mmetry

ConsTITUTION AND DISEASE
Constitutional groups separated by race, by sex and by handedness
are defined 1n accord with what may be termed normal vanants of human
beings This section 1s concerned with subjects who are afflicted with
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certam diseases The central question here 1s whether persons so aflicted
are d hed from the d d by ch of the dermato
glyphics T such distinchions exist they are of the utmost moment in
analysis of the constitution of disease, because they demonstrate that
susceptibtlity to the disease Lke the distinctions i dermatoglyphics
with whtch 1t 15 correlated, 1s iborn

Thys aspect of investigation attracted early attention Some stucies
were made m the latter part of the nmeteenth and beginming of the
twentieth centunies at the tume when finger prints received wide notice
through their mntroduction for personal identification D Abundo de
scribes the finger prints of imbeciles and 1diots as bewng strmular to those of
monkeys, pornting out that monomorphic hands are frequent Forgeot
de Sanctis and Toscano, Fére, and Cevidall examined finger pnnts m
diots 1mbeciles and psychopaths of various types, clarming dishinctive
statistical trends As ponted out by Mgller, these pioneer workers were
handicapped by madequate methods Furthermore, pecultanties of
classification and lack of proper control make it difficult {o evaluate some
of the reported findings This account ts accordingly hruted to the more
recent mveshigations

NEUROFIBROMATOSIS This 15 2 hentable disease charactenzed by the
formation of multiple tumors of nerves Blotevogel examunes finger
prnts (as well as blood groups and body dumenstons) 1n 30 cased” 15 of
each sex The bimanuars show no departure from distnbution of patterns
1n the normal population It 13 cunous that the autbor, baving only 30
subjects, considers 1t probable that a laxgex\- material would not disclose
distinctive trends The finding of interest 1s the frequent occurrence of
central pockets Thirteen of the 27 patients finger printed present one or
more central pockets which are confined to the httle fingers of both hands
and the Jeft nng finger With 48% of tndividuals bearing such patterns,
as contrasted with 6% 1n his normal senies, and with the surpnsig fre
quency on digit V (compare Table 1), 1t 1s evident that an aberrant finger
prnt trend distinguishes this group

Psoriasts One hundred patients presenting this hentable skin discase
are 1mvestigated by Krieger, and compared with normals from the same
racal stock Palmar patterns as well as finger pnnts are considered The
following distinctions are reported in the psonass group more frequent
whorls on digit IV (50% and 41% for rght and left respectively as
compared with 465% and 38 5% 1 the control matenal), more frequent
patterns in the fourth interdigital area of the left palm (38% and 47%
for nght and left as compared with 38% and 39% tn the control) Other
distinctions, especially 1n symmetry relations, are noted, but 1t 1s doubtful
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whether any of the claimed distinctions are sigmificant, the matenal 1s
small and there 1s no separation of data for the sexes

ScurzorERENIA This 1s a mental disease in which manifestations of
sphit p ity are p The first comprehensive study of dermat
oglyphics 1n patients presenting thus condition 15 by Poll who analyzes
finger prints of 232 males and 545 females companng them with normals
of the same racial stock (Germans Berhn) The analytical method manly
utilized 15 the dactylodiagram, though even the total frequencies of whorls
and arches indicate a tendency to leveling of the normal sex difference
each sex showing either decrease or increase toward the value of the other
(Table 49) The dactylodiagram for males extubits a shifting to the left
and above, brought about by the decrease of whorls and increase of arches

‘TABLE 49
Frequevcies oF WHORLS AND ARcHES IN THREE SERIES oF
Coxpaven witn CoNrrols FxoM THE GENERAL POPULATIONS

East Prus-

Germans (Poll} wanet (Dam)

Danes (Mgller)

Schuzo- Schizo Control

Control | ) remes | phremes phrenics

(845) | (776) | (232) | (545) | (426} | (356) | (86654} | (r4857) | (450} | (583)
Fe Fe Fe- Fe

Male | male | Male | male | Male | male | Male | Female | Male { male

Whorls 33 6%[26 8%(28 %28 1%|30 2%|29 6% 20 8% | 25 3% [27 07|26 3%
Arches 43 |76 |s7 166 |s2 {78 | sa [ 75 |77 {82

* The geneaology of all these subjects was traced at least as far as through their grand
parents and East Prussian ongmn of each generation was established In the sbsence of a
control it should be explamned that the h gher whorl frequencies as compared w th Poll s
matenal are the expected associate of more frequent whorls 1 the general population of
this terntory

These results are antiapated in the earher study by Blumel and Poll
Here the bimanuar serves as the chn:f aualytlcal method and the materlal
differs 1n that various psyc hizoph are d

Mgller (353) confirms Poll s observations His findings in schizophrenic
Danes (Table 49) are closely parallel to the findings by Poll o schizo
phremc Germans Mgller observes that the schizophrenic Danes and
Germans retain the racial contrasts which dlsungmsh normal Danes and
normal Germans There 1s dingly no t;
but rather a schizophremc type confined within the hmts " of the racial
vanants
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Duss investigates a schizopt matenal t 416 males and
356 females (East Prussians) He claims that the sex difference 1s the same
as in the normal population an assertion hardly reconalable with his
own record (Table 49} of practically equal frequenaes of whorls 1n males
and females 30 2% and 29 6%, respectively (with arches § 2% 1n males
and 78% m females) Inconsistently he regards the schizophremcs
as showing no special distinction 1n total frequencies of patterns in the
face of data which agree with Poll and Mgller

Erriees¥ Brown and Paskind compare the finger prmts i 146
mentally detenorated emleptic patients with 11§ non-detenorated
epileptics Earlier studies by the same authors reveal anthropometnc
and other evidences of a constitutional distinction between these two
epxlephc types Arches are increased in the detentorated group and the
sex duff 15 lessened (g d males ¢79% females 10¢%
non-detenorated 2 3% and 7 2%) The detenorated patients show fewer
whorls than the d d The d ted group shows a sig
nificantly smaller quantstative value than the non-detenorated This
reduction 15 not merely the associate of increased frequency of arches
since the separately compared values of loops and whorls indicate an
actual difference of pattern size 1 the two groups The detenorated group
presents a larger frequency of anomahes of ndge construction mncluding
defects similar to those shown in figure 129

FEEBLE-MINDEDNESS Bonnevie (322) compares the finger prints in a
%enes of 535 feeble minded chuldren with joo mentally normal children
Tke 1ntelligence quotients of all these subjects had been determined by
the Stanford rewvision of the Binet Srmon test The quotients of the
feeble munded group are mainly clustered in the range 55 70 and the
normals 1n the range 8o-100

There 1s no correlation (001 % .0;) between mtelligence quotients
and quantitative values though when the quantitative values are ar
ranged 1n curves of distnibutron 1t appears that the feeble minded may
have a greater number of large patterns The feeble minded show more
vanability of quantitative values among the ten digits 1n mndividuals
Composttes appear 1n larger numbers 1n the feeble-minded and they are
more evenly distnbuted among the digits than 1n normals Poll also
1nvestigates the feeble minded companng 124 such subjects with g72

normal persons reporting that the number of mdividuals lacking whorls
1s greater 1n the feeble minded

TseciLITY Anp Iptocy Mgller (354) makes a study of 282 male
imbeciles excluding from lis matenal cases with infenor mentality
acquired through birth 1njury or other extrmsic causes A normal senes
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of 2000 males of the same racial stock 15 hus control Few dermatoglyphic
differences are found and they are not statistically sigmficant In imbeailes
the greatest difference 15 reduction of whorls on the right index and ring
fingers In the two groups the ummanuars of the left hands are pearly
tdentical, though 1n nght hands the unimanuars indicate a reductton of
whorls

MMongolord 1diots present outstanding distinctions n finger prints and
palmar configurations Studies on two independent senies, by Cummns
(334) and by Workman, agree 1n all essential respects Palmar hypothenar
patterns are pearly twice as abundant as in the normal and they are
distinctive 1n the large representation of expanded patterns (such as I*
and L*) and arches (4°) associated with an axral triradmus located centrally
m the palm (2"”) Thenar/first interdigital patterns are reduced m number,
size and complexity Second and third interdigital patterns are more
frequent than in normals, and fourth interdigital patterns are less frequent
Transverse coursing of palmar main lines 1s accentuated (the mamn line
index being unprecedentedly high 11 r1) and bimanual asymmetry of
ndge direction much reduced In finger prints whorl frequency 1s reduced
(19 8% 1n the Cummins senes of 54 cases) the compensation for this
reduction being hmited to increase of ulnar loops Radzal loops shift their
maximum frequency from the normal position on digit II to digits IV
and V

The peculiar conformation of the hand 1n mongolod idiots 1s cer
tamnly a developmental associate of vanants n the dermatoglyphics
Perhaps some of the distinctions in the palmar dermatoglyphics are
correlated speafically with the presence of the siman hne, a modified
distal transverse flexion crease coursing continuously from radial to ulnar
margins of the palm The suman lne, occasional in normal persons,
occurs quite frequently 1 mongolord 1diots (316)

PoriomverLitis Poliomyelitis or infantile paralysis 1s produced
by a virus which affects nerve cells 1n the spinal cord and brain The
sertes of 282 cases studied by the Blotevogels consists only of patients
Presenting sertous crippling as a result of this disease It may be assumed
that the series represents an extreme accentuation of predxspoﬂtwn
and that, 1f structural constitutional signs of this predisposition occur,
the signs would appear 1n a senes so selected The normal control, from
the same racial stock, 1s mainly the matenal of hirchmarr In diseased
males whorls are increased and arches dimmmished Diseased females also
show an ncrease of whorls and at the same time there 15 an increase of
arches, so that loops are reduced in frequency The number of males having

ten loop combinations 1s 5% greater than i the normal The normat
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difference 1n pattern type distnbution 1n right and left hands 1s absent
Kirchmair (349), working with 283 cases of infantile paralysis and using
his ambimanuar method confirms this finding of lessened asymmetry
The sex difference 1o quantities of whorls and arches persists, though
deviated from the normal There are no distinctive frequencies of rare
patterns (such as the central pockets noted 1n neurofibromatosis)

CRIMINALITY AND DEGENERACY

Ascarelli analyzes the finger prints of 100 prostitutes, whom he classes
as a type of degenerates Radal loops are increased especially i the
httle finger There 1s a higher frequency of what he terms primitive
patterns, forms similar to patterns of some non human prnmates (10 7%
vs 62% 1 200 women not classed as prostitutes) Mutrux Bornoz
insists that increased occurrence of such “pnmutive  patterns, of the
palm as well as fingers, charactenzes crimrnals also

‘The most extensive and recent study 1s that of Bugge and Poll, devoted
to an examination of 20,6 Damsh crimnals (offenses rape, 1mmoral
conduct, homosexuality) and 4000 German crimimnals (murderers, burglars,
thieves, etc) The Damsh sex offenders present fewer whorls than non
cnmipal Danes, though this difference 15 not statistically sigmificant
The Germans present the same contrast between cnmmals end non
cnnunals, and the difference 1s here sigmficant Shifting of the dactylo
diagram to the left {as 2 result of decreased whorls) 15 evident both 1n
Danes and 1n Germans as compared with the non crimipal controls
The b display diff showing conc of
frequencies in the fields of O whorls There are no distinctions of sym
metry between cnmmnal and nron cnmmnal groups i ether Danes or
Germans

It wll be recalled (Chap o) that Abel observes defects of ndge forma
tion (Figs 129-130) n some cnmenals, and 1n the non-cimmal population
only 1n association with imbecihty, insamty and the like

CHARACTER AND TEMPERAMENT

In 1ts broadest scope, dactylomancy (Chap 1) extends to the reading
ety presat, wb i’ 26 m s smilan pernsemre o palmistn,
To the extent that dactylomancy concerns mself with 2 search for
signs of constitutional makeup 1t ments attention as genutne screntific
nquiry As an object of mvestigation, this 15 not so far fetched as 1t may
seem to be at first thought Since flexton creases (341) and dermato
glyphics vary i other constitutional expresstons, a correlation between
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dermatoglyphics and the character-temperament constitution may be
ultimately demonstrated

Takashima (quoted from Kubo, 296) gives an account of Japanese
folk dactylomancy, claimung the following atintbutes of pattern types

The whotl signifies dextenity in handicrafts and 1s also a sign of
stubbornness

The composite 15 a sign of a liar, a faithless and unreliable character

The loop mdicates lack of perseverance

The arch denotes a merciless crude character

In making the reading of a male the fingess of the left hand are chosen,
and of a female, the fingers of the nght band Attention 1s paid to the
finger or fingers bearing whotls, and the combinations are made into a
code for reading ch and and for pred of the
future

Konma (quoted from Kubo) claims to have examned the finger
prints of 200,000 cniminals and to have evaluated character and tempera-
ment for correlation with the pnints His general conclusions are

A person with ulnar loops on all fingers 1s clear spinted, mld
mannered, strong willed, perhaps melancholy, and 1s likely to be cool
1 judgment and ruthless in business dealings

A person having whorls on all fingers 1s restless, vacillating doubt
mg, sensttive, clever, eager for actton and nclined to crime

A mxture of loops and whorls sigmfies a peutral character, a person
who 1s kind, obedient, truthful, but often undectded and impatient

Arches or radial loops occur on persons who are ambitious, cold
blooded stubborn, 4 , defiant and

Present information on the association of dermatoglyphics with
character and temperament 1s a mixture of folk lore and questionable
deductions lacking saentific control It s difficult enough to evaluate
character and temperament with the aid of truly scientific methods
This phase of constitution is mentioned pnmanly to mndicate that an
nteresting field of mvestigation remamns to be explored



SUPPLEMENT

IDENTIFICATION IN ACTION

HE term ‘ personal 1dentification applies to all the vanions means of

establishing the 1dentity of an individual, showing either that he 1s or 15
rot the person 1 question In everyday life, this 15 4 simple matter of sight

(or on) Sight 15 fallible, and

everyone bas had the expenence of mstaking one person for another In some
situations such a mistake 1s of little consequence, but there are many arcum
stances m which an error cannot be tolerated even a human life may depend
upon the 1dentification

Difficulties are compounded when the person to be identified and the
necessary Tecords are 1o different places Though a description and photographs
of the individual are helpful, there 15 a degree of possible error What 15 desired
15 2 foolproof and mechamically simple procedure that provides for identification
on a scale involving hundreds, or thousands, or milliens of 1ndividuals wherever
they may be Fingerprint sdentification, which meets these requirements, 15 now
1 virtual world wide use

An example contrasting the results of three different approaches in personal
identification may serve to show the shortcomings of sight recognition and of the
Bertillon method (based principally on body measurements) which was super
seded long ago by fingerprint wdentification The example goes back to 1903, a
time when fingerprint 1dentification was first gawng 1ts mented acceptance as
a positive method The scene was the federal prison at Leasenworth, Kansas,
and the principals were two Negroes, Wilham West and Will West William had
been confined, two years before, on a life sentence for murder Will, 2 new
prisoner, was brought to the record office for photographs and Bertillon measure
ments The clerk * recognized Will and remarked that he had been there before
When Wil stoutly dented this, the clerk proceeded with the regulation Bertdlon
measurements, then went to the file and secured the card mdicated by the
collective measurements The photograph pasted on the card was shown to Wall,
who “recogrized * 1t as his own picture and was puzzled as to how 1t could have
been cbtained But the card, despite the correspondence 1n features and mn body
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measurements, was that of Wilham, whose presence in the mstitution was
enough to prove that Will was not he Both sight recogmtion and body measure
ments had faded to distinguish these two men, who by strange coinadence had
virtually the same name and careers that led to imprisonment But the com-
adence ended at once with of therr fingerp Therr finger
patterns differed matenally and even a small part of one print was sufficient to
show distinctiveness

Fingerprints Never Lse 1s the title of the autobiography of Fred Chernll,
long time member of the Fingerprint Bureau of New Scotland Yard and 1ts
chref superintendent for many years preceding hus retwrement in 1953 Mr
Chernll s nght  fingerpnints tell the truth But they can do so only n theirr own
language, and one cannot hope to understand how they reveal truth without
having some acquaintance with this umque language

Fungerprints have spectal virtues as means of personal sdentsfication (1)
Therr features are permanent, unchanged through the lifetime of the mdivnidual
and perststing after death until the shin disintegrates (2) The finer characteristics
(minutize of single ridges) are so highly variable that one print or even a portion
of staisumique Each person and each finger, therefore has an absolute individual
1ty, an assemblage of charactenshics that has no match (3) The major features
lend themselves to classtfication Classtfication, which may be extended to
progressively subordinate ranks in accord with the demands of a large file,
provides for ready searching When a fingerprint card has been classified, the
prmts filed under 1ts class must be inspected to determine whether the person
question 1s represented 1f he 15 the earlier card provides information concerning
the person and establishes his dentification even if the name 1s falsified (4}
Although suitable precautions must be taken in fingerpninting to ensure that the
prints are complete and clearly registered the process of recording 1s simple
Furthermore, the prints are actual of the fingers th Ives, hence
they are not hable to the human errors that may be mntroduced in vanous
other forms of record (S} Finally fingers come into contact with objects and
leave therr mn criminal these chance prints supply
evidence

Some of the principles of fingerpriat varration are explained wm Chapter 4,
and Chapter 8 presents an elementary outline of how fingerprints are used in
wdentification However, 1t 1s desirable to review some of this material for
emphasis on working principles

FINGERPRINTS DEFINED

Even without magnification, one can see fine, closely spaced ridges on the
shan of the grasping surface of the fingers (including the thumbs, which are
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‘fingers” in the sense of fingerprint rdentification) These ndges are aligned
1n systems of patterning The terminal segments of the fingers bear the patterns
that are routmely used, when registered as prints, 1 ndividual 1dentification
However, any area characterized by similarly corrugated shin would be adequate
for establishing an 1dentification-—the other segments of the fingers the palms,
toes and soles Although this chapter 15 mamly concerned with fingerprints
1t should be understood that with the exception of descriptions of specific pattern
types the principles apply to all areas of ridged skin

A fingerprint 15 an ympression made by contact of the ndged skin Such an
1mpression might be a solid smudge useless for dentification, but under optimum
conditions {as when prints are made for purposes of record or when a chance
contact 1s favorable) the print 15 comparable to printing from metal type or a
rubber stamp Lihe the elevated type faces, the summits of the ridges come
mto contact with the ink and all their details are faithfully registered 1n prints
From the standpoint of their common use m identification, fingerprints are of
two classes record prints and chance prints

Record prints are those made for an identification file, or for a search to
determine whether the person has a previously filed fingerprint record, or for
comparison with chance prints discovered at the scene of cnime Record prnts,
as cistinguished from chance prints, are recorded with purpose and with attention
to thesr clear decipherability These prints, registered on white cards, are made
with an ik stmilar to ordinary prnter’s ink

The usual form of fingerprint card (Fig 41) has assigned spaces for the
two sets of prints, and space for various entries including the classification of the
fingerprint charactentstics that denotes the place of the card in the file The first
set of ten prints (upper part of the card) consists of “rolled impressions,
which extend part way along the sides of the digits and thus ensure registration
of the complete patterns The other set contamns ‘plamn or ‘dab impressions
made by contact of the mked digits without any rolling

‘The basic types of patterns are whorls, loops and arches (Fig 29,) but
intergrading forms occur (Fig 48), and there are occasional extreme deviations
from these types In Caucastan peoples, about two thirds of all patterns are
loops, of which the large majortty (ulnar loops) have their open ends directed
tawazd, the L finger, while the atbets (radial loops) open tbumbward
Identsfication practice makes use of two varables within the same pattern type,
namely counts of ndges and ndge tracng Counting the number of ndges
1ncluded 1n a pattern affords a conventent means of subclassifying the one pattern
type, this 15 espeaally useful for loops 1f one examines a large senes of ulnar
loops he will see that they vary widely 1o swze, suze being determmned by the
number of ridges composing the pattern The count of ndges along a prescribed
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line (Fig 53) thus makes 1t possible to deseribe an ulnar loop more specifically
In whorls, tracings of nidges onginating from prescnibed ponts (as illustrated
Fig 48, examples 2-8) are of similar value 1n providing for subclassification of
patterns belonging to this type Classification 1s a prime essential because finger-
punt cards must be filed 1n 2 systematic manner providing for the ready location
of cards that are to be compared with the card of the mdividual whose identity
1s under search (see pp 145-147) The magmitude of the search and the needed
refinement of classification vary with the size of the wdentification file, which
might range from perhaps a few hundreds of cards up to enormous proportions
The active files of the Federal Bureau of Investigation contamed (as of July 1,
1960) 36,333,153 fingerprnt cards of chmmals and 119,785,546 cards of non-
crimunals (These figures are avatlable through the courtesy of J Edgar Hoover )
The files of certam agencies, notably the Federal Bureau of Investigation and
the Department of Correction of the State of New York, are so enormous that
machine searching has been adopted With this method, of course, the pertinent
data must be punched on IBM cards and handled i the sorting machime for the
imtial phase of the search Regardless of the size of the file, the search for a
record corresponding to that of a card at hand involves direct visual comparison
with the several or many cards falling under the same classification In such
spection differing general ch of pattern confj are clearly rec-
ognizable to the expert though an untramed person might regard two or more
compared patterns as 1dentical More detailed examunation, with 2 magnification
of several times, reveals many fine detatls of individual ndges (minutiae, or
nidge characteristics—see Figs 28 and 98) Two patterns of the same type, ulnar
loops for example may agree exactly in their over all configuration and 1n nidge
count but companson of even small corresponding areas i the prints mm-
mediately discloses striking differences 1n these details

Up to ths point ref to files concern cards
carrying impressions of all ten fingers of mndividuals (with special provisions for
classifying cases 1n which digits are nussing or unprintable or 1n which malfor-
mations occur) Some identification offices have files of single finger prints, in
addition to the ten finger cards In this situation the ten prints of an mdwvidual
mught be wadely separated in the file because each is separately classified, using
Yeatures common to the ten linger system supplemented by coiting ot such details
as the minuhae of single ndges A file of this sort 1s designed to expedite the
search for 1dentification of single prints discovered at the scene of cnime

b 4

Th ds upon of 1ons are made datly
over the world The cases at issue, each origmating with a fingerpnint card
referred for searching, involve varnied elements of the population cnmunals and
n certain where national security must be

ploy
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safeguarded, personnel of the armed forces, the unidentified dead, etc A few
abbreviated histones of actual cases wll be presented to illustrate this vanery
and the procedure of the 1dentification

IDENTIFICATION ¥ROM TEN-FINGER RECORDS

One G C was under a four year sentence for obtamning money under false
pretenses He was confined, 1n 1916, 1 the Oklahoma State Pententiary, but
was soon transferred to a reformatory where he was assigned work at a farm camp
One mgbt he walked away and was not apprehended He first went to Missoun
and then, after three years, maved to Texas and assumed a new name Here he
led a respectable Iife as a farmer and famuly man Lattle did be realize that his
fingerprints would eventually reveal lus criminal history and escape from prison
authonty, thirty nine years passed before this disclosure In 1955 he suffered
an illness and was admitted to a Texas state hosptal, where fingerprinting 15 2
regular part of the admttance procedure On learming that fingerprnting was to
be done, he freely told about bis escape and expressed relief that this history had
come to hght. The hospstal prints, checked agamnst the oniginal record, proved
that he was G C though under another name Ths story has a happy endmng The
authorities, 1n view of hus long record of uprsght Iife, decided agatnst returming
him for completion of Ius sentence

An assault to kill resulted 1n a five year sentence for W M, and he was
confined 1n the Oklahoma State Penttenttary About a year later be was trans
ferred to the State Reformatory, from which he escaped with less than half of
his sentence completed Twenty five years after the escape he was arrested m
Kansas on a charge of theft He was fingerprinted, the record was sent to the
FBI, and there he was identified as the escapee who had enjoyed a gquarter
century of freedom W M did not fare as well as G C of the preceding account,
because he was returned to complete his sentence

Sometumes arrest on a petty offense leads to the disclosure of prior major
crime, as 1n the instance of EC (ahas) who was arrested in Phoemzx, Arizona,
on suspicion of stealing a watch His fingerpnints were recorded as a part of the
ordinary routine and refersed for identification He proved to be H C, wanted i
Califorma for the murder of 2 wornan and her teen age daughter

The next example concerns 2 man who was picked up m the radroad yards
1n Pueblo, Colorado Railroad officers took him to jail after discovering that he
had suffered loss of memory (amnesia } He was held m )ail for a week on suspt
cion that be was FC, an escaped convict from another state F C’s brother,
brought to Pueblo for the purpose, saw the amnesic man and found him to be
of the same size and general appearance as F C but did not make a positive
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dentification Fingerprints of the amnesic were made and sent to the FBI which
promptly reported the identification as TM H of Lawrence Ransas who had
served 1n the Navy Had it not been for the routine of fingerprinting personnel m
the armed forces T.M H would not have been thus dentified for return to his
famly

A binge resulted in trouble for WCB a Calforman After an attack on
a might watchman he was jailed and brought to court on charges of intoxication
and assault The judge sentenced hum to 30 days on the first charge and 150 days
on the assault When W CB started to remonstrate the judge halted him
and declared that the sentence was severe because of his record W CB insisted
that he bad no record but the judge retorted that the long record included an
arrest 1 Colorado for seduction and another mn Califorma for violation of the
Dyer Act W CB again denred having a police record Though the judge pownted
out that the description from the cited record fitted exactly, his confidence was
weakened and he postponed sentence until fingerprints could be taken and
compared with those of the record They did not match and W C B was relieved
of the onus of another man s police record

Mrs ET of Beaumont, Texas was murdered by two tchhikers Her
automobile when found at a roadside contamed preces of womans apparel
Several days after this 2 womans body was discovered 1n a thichet 100 mules
from the location of the abandoned car The body was tentatively identified
by shreds of clothing that fitted the description of garments worn by Mrs ET
when she left Beaumont Although the body had been extensively mutilated the
right hand and left hittle finger were intact prints adequate for identification wnere
obtained from the left little finger The police secured a lead indicating that Mrs
ET had worked at a shipyard m Beaumont during World War II and that
she had been fingerprinted as an applicant for employment Prints from the left
little finger were sent to the FBI for comparison with the fingerprints that had
been filed there mine years before The identification which up to this time had
been only tentative was thus conclusively estabhshed Both hutchhikers were
convicted one being sentenced to life imprisonment and the other to death in
the electnc char

Annther gruesome story 15 that af Miss BT a twmenty-ane year-old wadtress
of Dallas Texas Her murderer decapitated the body and amputated the hands
‘The headless body was found in a dry creek bed in Oklahoma the head and hands
were Tecovered from a nver six miles away There were no significant clues to
the identification and when the 1dentification officers printed the fingers of the

pi d hands 1t was dered unlthely that so young a woman would have
been printed pi ly However, her and the record
were arculated to local and state police in Texas Oklahoma and neghbonng
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states Her identity was quickly discovered because she had a crimimnal record
m Texas and Oklahoma her fingerprints were on file and the post mortem
prints matched them

PB a West Varginian twice convicted of murder had been jatled for a
year Developments showed that he was mnocent of the cime for which he was
charged and convicted Seven years previeusly CB (the same surname) was
arrested On his way to the jail accompamed by a Justice of the Peace and a
constable he requested and was granted permussion to stop at s home for a
change of shoes He emerged from the house with 2 gun fired and Lilled the
Justice The unarmed constable fled from the scene and the killer escaped
Later in Norfolk Virgma PB was arrested as the cla med murderer PB
demied knowledge of the crime and declared that he was not CB  but he was
ined twice and found guilty A tord tnal was mmmment but at Jong last he
was freed after proof that he was PB not CB The proof came through PB s
fingerprints that had been recorded when he entered military service This case
of mistaken 1dentity had serious enough consequences for its vict m and they
‘would have been grave indeed mn the lack of the positive 1dentification furmshed
by his wartime fingerprint record

ALRR a nuning engimeer was arrested under the impression that he was
MD a Chicage murderer who was bemg sought all over the United States
‘There was 2 physical resemblance between the two men and both drove the same
type of car M RR s car was followed through three Cahforma counties by
deputy shenffs who had orders to shoot first and atrest afterwards He was
taken into custody m Los Angeles luchily wnhoul being harmed Here his
fingerprints were recorded and they s
with the wanted criminal whose prints were already on record

A veteran of World War I P\ K spent hus final period of bard to mouth
existence 1n the Bowery arez of New Yorh City An illness requ red that be be
sent to Bellevue Hospital and there ke died His body unclaimed by relatives or
friends was buried in the city cemetery on Hart s Island Fourteen months after
the death PW K s brother John went to the Missing Persons Bureau m the
attempt to trace PW R from whom there had been no word for two years
He found PWh s photograph among the pictutes of persons whe had been
gaven pauper burial or whose bodies were 1n the city morgue awaiting ident fica
tion The body of PW K was exhumed and fingerprints were taken These
prnts were 1dentified 1y Washington as those of PW b who had enlsted
erghteen years eather P T K s body was given a milttary funeral and his mother
recewved the insurance and bonus money which only this posttive identification
could have released

A baby born to an unmarried gul was left in a truch that was unattended
while the driver stopped for coffee 1n Rochwille Commecticut The state pelice
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were called and the infant was placed 1n Rochwille Hospital Footprints of the
mfant were taken and within a week matching prints were located in a local
hosprtal where the child had been born The name and address, as given by the
mother, were fictitious but her thumb prmnt was on the footprint card No
matching thumb print was found in the file and none came through the 1dentifica
tion office But hospitals had been alerted to report any woman admitted under
circunastances out of the ordinary Finally, seven years after the baby was
abandoned, one such call turned up the elusive mother, her thumb matched the
print recorded at the birth of her baby

IDENTIFICATION BY CHANCE FINGERPRINTS

All the foregoing cases involve comparnison of a previously filed ten finger
set of prints with the prints of an individual hwving or dead, recorded for this
purpose The next group of examples mnvolves chance prints, prints left without
mtenhon by contact of the fingers A common form of chance print 15 demon
strated if one grasps a dnking glass or a polisked metal object The resulting
fingerprints are visible 1f the surface 1s examuned at a suitable angle and with
f: If ‘They rep an of the thin, otly film that
adheres to the fingers from their contact with the face and scalp Such a prnt
15 “ latent” 1n the strict sense of the word, for 1t can be ‘ developed 1nto a clearly
visible impression by one or another method—for example, dusting with fine
powder selected for dark and hight or color contrast with the bachground The
skin surface also carries a deposit from sweat which, like the aily film, can be
developed by chemical means Chance prints may be impressed 1in a clearly
visible medium, such as blood or pamt, and they may be literally sculptured as
n wax

Mention has been made of files of single fingerprints When a file of this
type 1s available the search for a matching print 1s expedited, but usually the
search must be made otherwise as 1n the following examples

Most commonly, latent prints figure 1o the hunt for lawbreakers, but
occasionally they serve other purposes The police of Maryswille, Cahiornia,
prched up on suspicion a man who was carryng an electne flatron  Several
fingerprints on the 1ron were developed Some of the prints were those of the
suspect and others did not match any of his fingers A search of the avihan
fingerprint file led to the identification of the remaning prints with a local house
wife, who f: had been d as a saft d The on
this occasion resulted only in the recovery of her flatiron, but prints on file may
some day prove far more useful to the housewife or her family

The notonous Jake Fleagle was in a four man gang that held up_a bank......
1n Colorado, killed the banh president and his son,fkldr}apped a physician to laye:ry
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him attend a wounded bandit and then murdered lnm When the physiaans
body was found, 1 bis abandoned car a usable print was developed on a window
glass ‘This print was forwarded to the FBI where Director ] Edgar Hoover

d the 1d worhers to 1ts and to be
watchful for the pattern on incoming cards Some twenty months passed a card
teceived fram Stockten, California, bore the telitale prnt Jake Fleagle was
soon under arrest Four men who had been falsely convicted were freed

A fourteen year-old girl was alone in her home one might sitting i the
mustc room with a book, when someone outside shot through the French window
wounding her The intruder npped the wire of the back screen door broke a pane
ol glass, and then reached through to remove a large piece of the glass which he
threw down After cnimunally assaulting the dying gurl, he fled Only two buts of
evidence were available, a print on the ptece of glass and the recovered bullet
A matching print was not found 1n the files and a call went out, ashing that all
males n the communuty over thirteen years of age appear for fingerprinting Over
three thousand were printed and ehimnated as suspects There remained a half
dozen who had not been fingerprinted and among them £5 who was thought
to be an ex-convict When his prints were examined the right thumb was identical
to the print on the piece of glass He confessed to the crime

Parys ANp SorEs

The ndge patternings nl palms and soles, and toes as well, conform tn all

of to those of fingers They are highly

vaniable 1n thewr major features and may be classified, though few rdentification

offices mawtain classified files of such prints Ordinarily, therefore, identifications
are approached as i the examples to be related

A senies of safe blowings, described as the most extensive m the history of
crime 1n Norway, was solved when one of the culpnts was identified by palm
prints Inmvestigating one of the cases 1n Oslo, the search for chance fingerpnnts
was frntless Impnmnts of gloves, on a glass topped desh, evplained the absence
of fingerpnints But the erininal had neglected the fact that a section of the palm
exposed at the glove opening provides for an dentification no less positive than
T Fiorded by fmgerprate Tie tad s Pectd bt bards on e etk o
leave tmprints of this exposed area The palm print files, which were started
Oslo 1 1947, werse searched without success and the identification was not made
untd three years after the madent reported above Three men were ar
rested on charges of safe blowing n communities outside Oslo When their palm
prints were recorded, one of the men was shown to be the glove wearer who
had impressed a patch of each palm on the desk glass in Oslo
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A killer m a London suburb left a palm print at the scene of his cime A
large scale project was undertaken wn the commumty, the palmprinting of every
male over sixteen years of age Scotland Yard experts were assigned the task of
comparing the chance print with each of some 9,000 palms that had been
recorded Success came with the 4,605th comparison The seventeen year old
youth whose record print matched the chance print confessed

Burglars may make their entries 1 bare feet, as did this crimnal 1n Flonda
He entered a house after removal of a plate glass panel from the kitchen door,
which he placed flat on the floor The 1nvestigators of the burglary considered it
hkely that fingerprints would be present on the glass However, dusting of the
margnal area, where prints would be expected from the handling, did not reveal
any mpressions Though no fingerprints appeared as the dusting proceeded
centrally, a clear nght footprint developed Within a few days, a man was
arrested for breaking and entering a store i the same town His footprints were
made, the ight one was identical to the latent print on the glass in the home that
had been burglanzed

Dismembered parts of a woman s body had been found in Boston Harbor
over a span of nearly a month The police were informed by a concerned friend
that Mrs GM A had been missing from her summer cottage in 2 Boston suburb
The police entered the cottage and found a shambles On the bathroom floor,
which had been carelessly mopped, there was a naked footprint 1n bloed Two
men were suspects, of whom one was apprehended His footprints were recorded
m pnson One foot was identical to the bathroom print, he was found guilty of
murder 1n the first degree, sentenced and executed

UNIVERSAL FINGERPRINT REGISTRATION

Step by step, there has been progress through the years in the fingerprint
tegistration of law alvding ©tizens Mhthons of persons, reahzing the benefits
of such have been d v Others have accepted
n good spint the necessity of recording their pnints men and women in the
armed forces applicants for positions of trust that requre this safeguard
Mothers of newborn nlants are gratelul lor the protection aftorded n the record
of their own fingerprints and the prints (usually soles) of thewr infants All this,
and more examples which might be mentioned, 1s gratifying because the potential
benefits of the fingerprint record are being extended to a rapidly increasing num
ber of people Furthermore, it 1s a good stgn of decreasing prejudice agamst finger
prints through their assocration with the cnminal element of the populatton The
existence of such prejudhce 15 difficult to explain, when the person has no cause
to fear that lus prints would lead to disck of a bl hed past The d
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1s on a par with objection to being photograpbed, 1f anyone ever so objected, on
grounds that criminals are routmely photographed

Constder some of the registrations of our modera lving  marmage license,
barth, death, census, voting, Selective Service Social Secunity The day will come
when fingerprinting will be likewise a commonplace, when every person will take
for granted that his fingerprints must be recorded in the mterest of himself, his
famuly, and the population at large So far, efforts toward securing legislation 1n
the direction of nation wide fingerpninting have failed but the legislation will
come eventually Perhaps it will be modeled along the prinaiple of an unsuccessful
bill introduced i 1943 by Senator Wilham Langer of North Dakota, which
provided for the mitial fingerprinting of persons twelve years of age or older
and, thereafter, the prninting of those reaching the age of twelve It 1s obvious
that any bill would set an age at which registration 1s compulsory and that
differences of opimen on the appropriate age are imevitable But whatever the
age proposed parents may still take advantage of earler registration of ther
children on a voluntary basis, just as many have done and are dong now Pro-
tests may be voiced by some en the basic 1ssue of compulsion, the argument being
that fingerprinting 15 a violation of personal! rights and hberttes Such an argu
ment loses foree in the face of the obvious fact that fingerprinting 15 for the
benefit of good people, both i 1ts use 1n combating crime and i its awvil
applications

The case histories recorded in this chapter 1llustrate .benefits recerved
through Identification by fingerprints Some of the cases imvolve protection to
sotiety by enmunal adentificatons Others are direct personal advantages
TMH, suffering from loss of memaory, was restored to his family W CB was
absolved from blame for another mans police record The confusion between
CB the killer and the tnnocent P B was cleared MR R was mistaken for the
murderer M D, and his prints proved the mistake The family of PW K was
assured of his death, the mother received his service benefits Such eases are
typical of thousands that occur every year And many other varieties could be
added, drawn from records of floods, storms, fires, explosions, and wrecks of
automobules, trains, and ships Fingerprint dentsfications of checks and docu-
ments and pochet dentification cards already are gamning headway An article
published 10 1937 1s headed “Finger Print Everybedy? Yes—says John Edgac
Hoover ” He and many others are still saying “Yes ”
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mbentance, 271-223
1n questioned patermty, 249-250
Civilan identification, 17, 19, 344
Q. finger prints, for
140, 1447347
Galton and Henry classes compared, 6o
handedness, 274
faces, 251352
Clay, pnntsn, §-7, 24, 2!
Cleansung furds, in 10k prmung, 455t
Cloud formations, hkened to dermato-
glyphics, 35
Composites, §3
Configurational ateas, 32-33, 85, 136-121
morphologic plan, 161-162, 172-173
Configurations, persanence, 19 70, 4o-42,
141, 147
Constitutson, 26g~270
Carss, 56, 59-69, 61
Corum (dermus), 38-39
Cormfication, excessive, 270
Counting of rydges, general rules, 74
a8 measure of ndge breadth, 76
triradual point te pount of core, 75
toradius to radiant, 75
Creases. Sce flexion creaser
Crmansls, 280
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Cushioning, 183
inhentance, 728229, 333
1n questioned patermty, 248

n

Dactylodugram, 73
Dactylomancy, g, 16, 280-28t
Dactyloscopy, 22
Danes, 260, 173, 277, 280
Deltas  See iriradns
Decmal papillae, 35
Dermatoglyphics, defined, 22
constitutional vanability, 260-270
cntena for racal companson, 254-255
diffesentsal reguonal vanabality, 238, 255~
256, 265
expressing embryonic condstions, 185
inhentance proved, 210-211
Permanente, 19, 30, 4942, 144, 147
racul vanability, 252, 253
vocations] damage, 41
Dermus (conum), 38-39
Designs resembling dermatoglyphics, 4-5
Digital areas, palm, 85 708, 209
sole, r21, 128, 208, 209
Digutal tnrady, palm, B5-86
sdle, 121, 127, 323, 130
Dugits, couplets of homologous fingers, 19,
par-group rule, 73, 196-197
relations with anatomical ams, z02-203
spontaneous amputation, 186
Discs for finger pnnt magmfier 55
Discase, 275 80
Dizygotic twins, 215, 216 235-237
Tocuments, ancient, 7
Double formulations, palm, mam hines, go
Double-cored patterns. See turssted potterns
Dual formulations, palm, kypothenar, 103
nterdapital areas IT TV 105-106
main Lines, go, 110
thenar/interdigital I, 05
sole, hypothenar, 127-528
Dutch, 259, 260, 271, 273

E

Eber, 16
FElispucal {narrow) patterns 81
nheritance, 221-223
1n questioned paternity, 249250
Entlosure (eyeler), 31
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knd (termination), 31
Enghsh, 67, 252, 260, 270
Engraved pants, wood, 8
Epidermal thickness. See guanisiative value
Epiderms, 38-30
embryology, 180-185
thickness varpng m embryo, 182
Epilepsy, 278
Equpment for prnting, 45-47
Eskimos, 258-259, 260, 261, 262, 263
Essen Moller's formulae, questioned pater
mty, 247248
twin diagnosis, 240241
European Amencans, 133, 261, 262, 263
Ewidence prints, 148 149
Evolution, 156-139, 176-177
Extralimital triradu, 59
Eyelet (enclosure), 3t

F

“False fathers,” 247, 248
Famubies 1n racial samples, 258-2,9
Faulds, 11, 15, 17, 20
Federal Bureau of Investigation 17, 144
Feeble-rindedaess, 278
Fetal membranes in twins, 236, 238
Freld mouse, 156, 157
Finger nail indentions, 7
Finger pnnts, in advertisements, 18
ancient documents, §
and anthropometne ndices, 270-271
2ssoc1ation, 188~18¢
whorls and arches, 72-73
bactenal, 24, 26
Bewick’s mark, 8
bigentnc and monocentnic patterns 135
170
and blood groups, 271
thante punts {iraces), 23
clasaificaion  for identification files
44147
Galton and Henry classes compared
6o

single finger print systems, 147
1n clay and other plastics, 57, 24, 2§ 26
comparztive, 168-271

cnmunals, distinctions, 280

cushiorang See exshsoming

in epleptics, 178

*family tree,” 65-66

in the feeble minded, 278

1 fiction, 16-17, 18

31t

Finger prnts, folklore, g, 214, 280-281

de Forest’s mark, 8

fortune telling g, 16, 280281

and handedness, 275

n identification, advantages, 143-r4q
147-148

ndex of pattern mtensity, 71

inhenitance, 21g-229

Juvenile interest 18

latent, 25

legible prints versus blobs, 27

maguar, 71-72

1n Mongolod diots, 370

mutilation, intentional, 41-42

pattern area, 57, 50

pattern combinations tn indiiduals, 73

pattem form See pattern form

pattern intensity See pattern snienssty

pattern types See pattern fyper and
under names of pattern vaneties

proneers 1n 1dentification, 15-~17

plain and rolfed prints contrasted, 48

1n poliomyelitis, 279-280

popular interest, 17-19

primary classification 145 146

primtve knowledge 3-0

prnting method 48-49

1n psoriasis, 276

Purkine’s types, 13

quantiaive value See
ralue

racial differences, 260-263

racuants, 57 49

rofled and plain pnints contrasted, 48

1n schuzophrenia, 277

secondary classification, 147

sex differences 272-274

skeleton of pattern, 57

topography, 57

transitions between types, 6366

transverse systems, proximal and distal,

quontitative

§7
taradn, 57-s0
twisted patterns See Leisted patlerns
type lines, 57 50
umiqueness of a print, 140-153, 281-212
whorl, loop and arch compared, sé-s7
Fingers, compared with toes, 135-140
differential frequencies of patterns 67-70
ustal phalanges, 3v
*“groups,” 13, 197
muddle and proximal phalanges 83
comparative, 173-174
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Fingers, middle and pmuml phalaages
slants related to ans,
1n twins, 240
“pars,” i bilateral sssocatton, 73,
196-197
1n identification practice, T45
pattern intensity related to axs, 203-204
*Fingo Printo,” Enger prot gace, 18
Flemush, 260
Flexon creases, 22, 36-37
palm, 85, 239, 280
Folklore of finger prnts, 9, 214, 280-281
de Forest, B, 9
Fork (bifurcation), 3¢
Formosans, 2
Formulations, alternative, o, 99-300
palam, configurationsl aras, soo-107
mun lines,

tests of methods, 107
sole, 128139
Fortune tedlng, g, 36, 214, 280-281
French, 260
Fnction skin, 23, 156
Fungus infection, effects, 270

G

Galtor, 15, 16, 19, 20, 252
classes of finger pmm, 6o
Game, finger prat, 18
Gerpel 5 rules for questioned patermity, 249-
250
Gene frequencies, 22239, 28§
Genotype, 218
Geographic trends, 265266
Germans, 72, 110, 133, 260, 261, 262, 263
266~267, 273, 277> 2
Gibbon (Hylobates), 166, 176 177, 18
Gilyaks, 260, 163
Gonilla, 169, 170
Graftng of nidged skin, 42
Grew, 10, 11
“Groups,” 73, 197
Growth, ndges and patterns, 18, 40, 147
embryomc stresses, 183-18;

H

Hayr patterns, hkened to demmatoglyphlcs,
3435

Jallyeal ‘area, configuration 1ypes, Y24-126

Handedness 274
pattern frequencies, 275

INDEX

Head, of a loop 57
Head form, and dermatoglyphics 276-a71
Hedgehog, 156, 157
Henry, 15, 16, 17
classes of finger pnints, 60
Herschel, 35, 17
Hindus, 252, 260, 261, 262, 263 170
Histology, skin, 3840
Hottentots, 260, 761, 263
Howler monkey (Alouatts) 162, 165
funganans, 2
Hybrids, racial, 267-268
Hypothenay, palm, classfication, 100-104
configuration types, frequencies, 116
119
whentanee, 217, 218, 233
transitions, 187
sole, clasafication, 127-128
configuration types, frequences, 13t

32
dval formulation, 137-128
1

Identical prnts, 2930
configurations never dupbcated 149
185, 211-212
Identical twins, 215, 216, 235-237
Tdentification, 17, 19 29, 143-154
attempts to frustrate, 41-42
dlassification, fngers, 140
palms, 108
anests, 15-17
wn primates, 159
sight recogmtion of indivduals, 143
by sweat pores; 27-28
uniqueness of # pruat, 14g-155, 3T 212
Identiiyng prat, 125149
Idiots {imbecsles), 276, 378-279
Imbrication of ndges, 23
Inapient ndges, 30-31
Index, fingers, arch/whorl, 71
pattera intensity, 71
pattern type, 75
whorl/loop, 75
paim, Yine D, 103
marn lines, tr4-t1§
Indian carvings, 3, 10
Indians, Middle Amencan, 152, 260, 261, 262,

263
North American, 252, 260, 261, 262, 263
South Amencan, 153, 260, 263

Indian Spansh hybnds, 268



INDEX

Infantile paralyss, 279-280
TInfants, pnnting of, 5152
Inhentance Sec also under fimger premts
and other tndividual configurational
areas, quantstalive value, cushsonsng,
pattern form
dermatoglyphics as objects of study,
213-214
false claims, 210, 252
heritable characters of finger prints, 218
munutiae, 230231
resemblance of dermatoglyphics in rela
tives aro-211
rules applying to questioned patermty,
7
use of family groups, 215
use of general population, 214~215
use of twins, 215-216
Ink, for punting, 45
Inking slab, for printing, 47
Inside whorls, 61
Toterdimtal areas IT IV, palm classification

195-107
frequencies of configuration types
117-118, 119

mhentance, 233
pattem intensity related to axis, 206

313

Latent prints 24, 25
Lateral pocket Joops, 63
of fingers, frequency 68
of hallucal area, 126
of toes, frequency, 134 135
Lemur, 158, 159, 162, 164
Leprosy, 41, 270
Liesegang nings, 36
Line D index, palm, 108, 112-113
Lines See Palms, mam lines, Soles, man
Iines
of palmistry, 85
whte, 36
Laops, compared with whorls, 56-57, 126
fingers, 57
frequency, 63
head, 57
imhentance, 223-234
opening, 57
plain and transitional types, 63-64
radial and ulnar contrasted, 57
slant of core, 81
lateral pocket and twn Joops, 63 126
rrrored asymmetry, 192-193
palm, hypothenar, 101
1 areas IT IV, 106

between
types, 187
sole, classification, £26-127
pattern intensity related to azis, 206
Tnterdigital intervals, 84, 123
Interdigital tniradu, palm, o799 207208
sole, 121, 128, 206-208
Tatermediate patterns, 51
nhentance, 221~223
1n questioned patermty, 249-250
Islands, 27, 31
Ttahans, 252, 260, 262

7

Jamaicans, White Black hybnds, 267-268
Japanese, 133 252 260, 261, 262 263
Javanese, 260, 273

Jews, 252, 260 261, 262, 263, 273

N
Kidd, 2r

Kinkajou, 157, 158
Koreans, 260 261, 263, 273

thenar/uterdigital T 505
sole, hallucal, 126, 131
hypothenar, 131-132
terdigitals T IV 127-137
Lomss, 562

M

MatArthur's formula for twin diagnosts, 238—
240
Magnifiers, §4-55
Main Lines palm, 86
abortive states, g1-92
accessory triradis as origins, 9497
alternatave formulation, 9o
bulateral differences, 111, 112-113, 115,
119, 174, 197-198
double fermulations, 9o
dual formulations, 90, 110
evolutionary trend, 26§
formulation, 88-g9
fusions, 97703
entance, 717, 233
line A, 111, 313, 114 119
lLine B, 1¢x 119
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Man lLnes, palm, Lme C, 1ri-grs, 1o,
28

hae D, 113, 111, 113, 114, 119
Lme-D mdex, 108
lme T, t1x
main ling index, 114-115
mirrored asymmetries, Y3194
tracing, 87-88
i twIn compansons, 439
sole, 122123
bilateral dufferences, 130, 200
Malpighi, 13, 12
Man, compared with other primates, 162—
17379
Manuars, 71-72, 138
Mark Twan, 16-17
Marmosa, 157, 159
Marmosets, 162, 165
Marsupuals, 157148, 159 137
Mayas, 252, 271
Mayer, 12, 13
Measurements, between palmar landmarks,
10
slants of plantar ndges, 124
Mediterraneans, 252, 261
Meet whorls, 61
Meeting of type lines, 61
Melanesians, 252, 260, 263
Minutiae, 30-31, 154-155
1 dentification, 149
hentance, 230-23¢
m nen human pamates, 159
11 questioned patermty, 223
Mirronng, 192-194
Mongolians (Yellow-brawns), 252, 262, 263
264, 265
Mongolord 1diots, 279
Mongols, 260
Monkeys, \ew World, 162, 165, 168, 172,
375, 176, ¥77
0M World, 162, 166, 168 173, 175, 176,
177,179
Manoceatnic patterns, of fingers, 135, 130
frequencies i fingers and toes 204
“onomarphic hands, 133, 276
3Monozygotic twins, 215, 216, 235 237
Morphologic plan, comparative, 177
configurational areas, 161-562, 172-173
pads, 160-162, 173
Mueller’s rules 1o questioned paternity, 249
Multiplication of ndges 106
Mutilation, intentional 41-42

INDEX

N

Nascent ndges, 30-31

Katural selection, 254

Negatve pnints 30

Negntos, 252, 263

Negroes, 133, 352, 957, 365, 273
ta, 260

Fast Alncs, 160
Jamauca, 260, 261, 263
Libena, 260, 261, 262, 263, 268
Portaguese calomes, 260
Neolithic carvungs, 4
Nerve epdings, 73, 39, 40
Nerves, effects of cutting, 270
Neurofibromatosis, 276
New World monkeys, 162, 165, 168, 172, 175,
376, 177
Night monkey (Aotus}, 16o, 162, 164
Nordics, 251, 261, 265
Norwegans, 260
Narnberger's rules 1 questioned patermty,
249

0

Old World monkeys, 162, 166, 163, 17, 175,
176, 177, 379
Open fields, 37
palm, hypothenar, 102
interdiptal areas I IV, 166
thenar/ipterdsgtal I, 105
0le, halincal, 126, 131
hypothenar, 131-132
mterdigitals L IV, 227 131
Orang (Pongo), 167, 168, 173
Oroks, 261, 263
Outer termmus, 58
Outsde whorl, 61

Pad, for pnting, 47
Pads, volar, 63, 157
function, 168
morphologic plan, 160-162, 173
palmar hypothenzr, 85
palmar mterd:mtals, 84
Pasr-group rule, 73, 196-197
' Pan,” m assocation, 73, 196-197
1n identsfication practice 145

Palan, 263
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Palms, snatomucal landmarks, 84-86 Psttemn 1ypes of fingers, and head form, 270~
comparative, 162~174 271
configurational areas, 35-33, 85 See also indices, 7t
henar, 3k A 219~211
snterdsgatals I-1V 1n questioned paternity, 248
evaluated for twin comparisons, 239, sex differences, 272~273
248 transtions, 64-66
formula, 100 1 twin. comparisons, 239, 241-243
digpital areas, 86 Pattermngs resembling dermatogiyphics, 4-5,

eminences, 84
m identification, 108, 144

main kines See 3 ain lines, palm
10 mongolowd 1drots, 279

pattern and b

34736
Patterns within patterns, central pockets, 63
of palmar hypothenar, 103
Penetrance, 227-228
of

275
pnntag, method, 49-50
racial differences, 262, 263, 264
sex differences, 274
trnradu, 85-86
Paper, for pnnts, 45-46
Papiltoe, dermal, 39
Parathenar pattern, palm, 103
Paratypic vanation, 211, 217, 238
Paternity, questioned, 247
rules for, Essen Moller, 247-248
Geipel, 249~250
Mueller, 249
Niirnberger, 249
Pattern, defined, 31, 5657
primitive, 166168
Pattern area, of finger print, 57, 59
Pattern form, fingers, 73-8x
2nd bodily propontons, 271
compared 1n the sexes 273
imhentance, 221-223
w0 questioned paternity, 249-350
statistics, 82
10 twns, 243
vartations related to axis, 204
palm, mterdigitals IL 1Y, s10

oes, 139
Pattern intensity, comparative, 174-177
fingers, 71
racial differences, 260-264
n twins, 243
Pattern size See grant:tatese volie
Pattern symmetry, intrinsic, 192-193
Pattern types, developmental explanation
of differences, 182-185
Pattern types of fingers, arch/whorl index, 71
asseciatian of wharls and grches, 32-73
classifications of Galton and Henry com-
pared, 6o
diptal differences of frequeney, 67770

5 19, 20, 49—
42,744, 147
Petroglyphs, 3-5, 10
Phalanger, 158, 150
Phalanges, mddle and proximal, 83, 173-174,
206, 240
Phenotype, 211, 255, 256, 269
Pictographs, Indan, 3-4
Plain arches, fingers, 31, 7, 64-66
hallycal, 126, 531
palmar bypothenat, 102
Pla loops, fingers, 63
Plain (dab) prints, 48
Pleotropy See association
Point of core, 60
Point of delta {tnradial pownt), 58
Parnter, fat nidge counting, 55
Poles, 263
Poliomyehtis, 279-280
Poll, 21
Polsterung See cuskioning
Polydactyly, 183, 184, 186, 206, 238
Pores, 27-28
Portuguese, 132, 360, 273
Pottery, finget prnts 1, §-6

Potto 162

Precipitation patterns, hikened to dermato-
glyphics, 36

Primary classification of finger prints, 145~
46

Primate affintties, 176-177
Primitive patterns, 166-168, 264, 280
Prints, 27, 20~30 See also finger prants, palms
soles, boes.

chanee {traces), 24-25, 144, 147, 148

forms for, 45-46

dentical, 2g-30

latent, 24, 25

legible prants versus blobs, 27
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Prats, methods of pnnting, 4748, 2
TQUIpTSEDY, 4547, 52
fingers, 48-49
wfants, 51-52
inkless, 52-53
palms, 49~50
soles, so-s1
toes, g1
X 12y, 53-54

negative prints, 30
10 plastic matenals, §-7, 2526

Probability, theory of, 551-155

Prosimsans, 158, 162, 173, 175, 177

Prosututes, 280

Pseudo-digital truradu, sole, 122

Psonasis, 216

“Padd'nhesd Wilsar,” 7

Purkinje, 13 14, 15

Puzeles, finger prist, 18

Pygmues, Ef¢, 260, 263, 265, 273

Q

Quantitative value fingers, 76~78, 185
2nd bodily proportions, 271
frequency of values mn loops, 77
wmhentance, 224228
pattem types contrasted, 77-78
1n questioned patermity, 248-250
m twins, 237, 243244

Quantitative value, toes, 139~140
iheritance, 231-232

R

Races, 257, 253 See also names of races and

national groups

affinitees traang of, 264-266

clasufication, 251252

concept of face, 251-252

costitutional aspects, 269

dermatoghyphics as entena, 354-255

differential regional varabibity, 238, 255-
256, 263

gene frequencies, 219-230

geographic trends 10 vanation, 265-266

hustongcal correlations, 266267, 268

bybnds, 267-268

intangible vanants, 257-258

ntraracial variability, 365«:67

INDEX

Races, statistical dufferences, 260-264
tots 134, 137
traits psed in classification
258
Radial (tbral} loops, frequencies on fingers
and toes, 203-206
radial asymmetry explamed, 205 204~
06

251-152

2
Radzants, 34-58
of fingers, 57-s9
tracing, s9
of palm, tracung 80, 87-88
of sole, 121-122, 120-130
Rudges, 3031
ding in touck, 14, 23-24
breadth, bilateral diferences, 199-700
comparative, 161-165
growth, 28, 40 147
hand lengih/ndge count index 163
164
inkentance, 731
regional varations, 24 208200
sex differences, 28, 272
counting 55, 74-76
m formulating palmar main knes, 107
tnner terminus, 60
meet and non meet whorls, 61
outer terminus, 58
defects in formation, 37, 181 182, 278
embryology, 180-185
evoltion, 158159
factors controlling aligoment 182-58,
g

frictional resistance, 15, 23
growth, 28, 40, 147
wnbrcation, 23
Inaipient (pascent), 30-31
salands, 27, 31
TIDUUEE, 031, 154-155
wm dentification, 149
isbentance, 230-231
an twins, 344
morphology, 27
prrmanence, 1o, 20, 40-42, 144, 347
short ridges, 31
Rife s formula for twin diagnosis, 235
Rught left differences, See bilateral diflerences
“Rings,”* 158-150
Rod cores, 5960
Rolled prints, 48
Roller. for onntine. 49
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Rugae See ridges
Russians, 260, 273

S

S-patterns, palmar hypothenar, 103
Sand patterns, Lkened to dermatoglyphics
35, 36
Scales, as precursors of ndges, 158
Scars, effects of, 41, 270
Schizophrenta, 277~278
Schlaginhaufen, 21
Schroter, 13
Seals, finger print, 7, 10
Secondary classification of finger prints, 147
Sex diffierences, bilateral compansons, 273-
274
constitutional aspects, 269
and handedness, 275
1mportance 1n racial samples, 258
paic-group rule, 197
palmar main lines, 108
pattern form, fingers, 273
pattern frequencies 272, 273
1n poliomyeltis, 279-380
ndge breadth, 272
m schizophrenia, 277
toes, 373
Short ndges, 31
Siamese, 261
Siamese twins, 238
Sight recogmtion, 143
Siman line, 279
Sumilanty method in twin diagrosis, 235-236
Single finger print systems, 147
Situs viscerum 1nversus, 194
Skeleton of pattem, 57, 58, 59
Skin, 22, 38-49, 156
conum (derm:s), 38-39
creases, 22, 36-37, 85
embryology of ndges, 180-185
epdernus, 3839
grafts of ndged skin, 42
nerve eadings, 23
thickness of layers, 39-40
Soles, 120-122
comparative, 162-174
configurational areas, 33 1z0-12r See
also Kallucal, kygothenar, sntcrdigi
tals I IV, thenar, and calcar
evaluations for twin COMPpansons 244

245
evoluttonary companson with palms, 162

317

Soles, in identification, 44
main Unes, 132-123
prating, method, so-51
racal differences, 262, 264
slant of ndges, 130
tread area, so
trurads, 121-122
Spanish, 260-273
Spanish Indian hybnids, 268
Sprder monkey (Ateles), 162, 165, 172
Squirrel, 156, 157
Staple cores, 59-60
Statistical methods, 70
Stacks’ formyla for twin diagnosis, 241
Subcutaneous tissue, 40
Sula, 27, 30, 38
Sumatrans, 260
Supernumerary digits, 183-184, 186, 206, 235
Sweat, composition, 40
Sweat glands, 22, 39~40
Sweat pores, 2728
Sweating, excesaive, 270
Symmetry, mtnasic pattern symmetry, 192-
193 See bilateral differences
Syndactyly, 183, 186, 202, 206-208
Synans (Mitwalt) 260, 261 263, 263

T

Table, for finger prnting, 47
Tabor, 16, ¥
Tail, dermatoglyphies, 175, 176
fumnction as a hand, 176
Tarsier (Tarnus), 162, 164
Tarsipes, 157
Temperament, 281
Tented arches, fingers 64
hallucal, 126
palmar hypothenar, 102
Termuination {end), 31
Termm, 58, 6o
Tettnang District, 266
'I'hemr, proximal, of sole, 128
1 1, palm

105
frequencics of configuration types, re7,
19
inhentance, 2t6-117, 233233
transitions, 187
n tnns. :17
Thompson,
Tibus (Culn), 260



218
Toes, 133135

and fingers compared, 135-140
form, 134, 130
{frequencies, 133-137
transitions, 133
1 rdentification, 143
patterns, combinations 1 individuals,
138130
printing, method so-5
quantitattve value, 139-140
sex differences, 273
twios, 238132
Touch, served by ndged skun, 14, 23 74 156,
Trating, palmat mwam bres, 87-8%
type hnes of finger pnnts, 39
Transitional loops, 63
Transitions, patteres, fingers, 64-66, 192
patm, hypothenar, 187
wterdigtals IL TV, 187
thenar/interdsgaeal I, 587
sole, ballucal, 126

toes, 133
Tread area sole, 50
Tree shrew, 157
Trradal point, 58
Tnradu, 34, 57
disupgmshed from deltas, 58
embryology, 184
extralimutal, 55
fingers, 57-59 »
palm, accessary, 86, 94-97, 99100
axial, 86, 99100, 315
digital, 85-86 go, 207208
interdigital, g7-9g, 207-208
1ntertniradial distances, 108
vadants of, 34, 58-5¢
sole, 121-122, 128, r29-130
digatal triradu, suppression, 208
interdigital, 127, 128, 206-208
ptal, 128
“True fathers,” 247, 248
True whotls, 60, 61, 65, 68
T loops, fingers, 63
frequency, 63
toes, 134-135
Twms, 215-216, 235-237
afterbirth, 236, 238
‘bilateral and homolateral ¢pmpansops,
236-137, 240
blood groups, 235, 136

INDEX

Twins, diagnoss, reliability, z37-238
formulae, 233, 238-241
fingers, minutiae, 231, 234
murtor 1maging 244
pattern form, 243
pattern intensity, 242
pattern type, 239, 241-243
prommal phalanges, 240
quantitative value, 237, 243244
palms, mamn Lines, 239
pattemns, 230-244.
thepar/interdigital I, 217
prints pever identical, 149-150, 152, 201~
212
sumilanty method 235-236
soles, 244~245
toes, 231-232
Twisted (bicenine, or double-corsd) patterns
fingers, 68
of chumpanzee, 170
mbefitance 221
1h questioned paternity, 249
toes, 135
Two-pomnt discnmunation, 23-24
Type knes, g7, 58, 61

U

Unimanuar, 72
Uniquenees of 2 pont, 49-155, 235-132

v

Vanatiott, constitutional aspects, 26g-270
intangible varants i races, 257-258
wmtegracal, 266-267
1 nature, 150
paratypic, 331, 317, 338
racal charactenization, 252, 253
regrona) dufferences, 238, 355 256 263

Vestiges, 31
palm, hypothenar, 102103

interdigatals 1 1V, 106

thenar/interdigital 1, 1o,
sole, bypothenar, 131-132

interdgitals 11 IV, 127

Volar pads, 83, 160162, 176177, 179-180
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IN ALL FIELDS OF INTEREST

W HAT Is SciercF? N Campbell
“The rate of experiment and meastrement the funcuon of mathematics the
nature of saientific faws the difference between laws and theorres the himita
ttons of science and many stmularly provocatne topics are treated elearly and
without technicahities by an eminent scientist  Sull an excellent introduction
to scientific philosophy  H Margenaw in Physics Today A first rate primer
deserves a wide audience  Scientsfic American 1g2pp 5% X 8
60043 2 Paperbound §1 2,

THF NATURF OF 11CAT AND GOIDTR v TuF OFFN A A Minnaert
Why ave shadows sometimes blue sometiues green or other colors depending
on the Iight and surroundings> What causes mirages? Why do multiple suns
and moons appear in the sky? Professor \finnaert explains these unusual
phenomena and hundreds of others in sumple €asy to understand terms based
on opticel laws and the properties of hight and colar \o mathematics is
required but artists scientists students and everjone fasonated by these

tricks of nature will find thousands of useful and amazing preces of informa
von Hundreds of obsenvational experiments are suggested which require no

spectal equipment 200 sllustrauons 42 photos xvi 4. 362pp 5% % 8
20196 I Paperbound $z 00

THE STRANGE STORY OF THE QUANTLM AN ACCOUNT FOR THE GENERAL

RFADER OF THF GROWTH OF IDEAS USDsRiving Oun PREsEny Avouic

Knowieock B Hoffmann
Presents lucidly and expertly with barest amount of mathematics the prob
lems and theortes whtch led to modern quantum physics Dr Hollmann begins
with the closmg years of the 1gth century when tentam infing discrepancies
were notced and with dtuminating analoges and examples takes you through
the brilliant concepts of Planck Einstern Pauli Broghe Bohr Schroedinger
Heisenberg Dirac Sommerfetd Feynman etc This edition includes a new
fong postsenpt carrying the story through 19,8 Of the books attempting an
account of the hrstory and contents of our madern atomuc phasics which hae
come to my attention this 1s the hest H Margenau \ale Unnersity
Amenican Journal of Plvsics 32 tables and hine llustrations Index 27 ,pp
5% x8 20518 5 Paperbound Sz.n

GRFAT Ibeas 0F Mopran MaTHrvatics THER Natuer avp Use

Jagpt Singh
Reader wath only high school math will understand main mathematical sdeas
of modern physics astronomy genctics psschology evolution etc beter than
many who use them as tools but comprehend iittle of their basic siructure
Author uses his wide knowledge of non mathematical fields in briltiant ex
position of differential equations matrices group theory logic statistics
problems of mathematcal foundations imaginary numbers tectors etc
Oniginal publication 2z appendines 2 indexes 6, ills 323pp 5% X &

20387 8 Paperbound S22,
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THE Music OF THE SPHERES THE MATERIAL UNniverse —FroM ATon
TO QUASAR, SIMPLY EXPLAINED, Guy Murche
Vast compendium of fact modern concept and theory observed and calculated
data, historical background guides intelligent layman through the materral
untverse Brilliant exposition of earth s construction, explanations for moon s
craters atmospheric components of Venus and Mars (with data from recent
By by’s), sun spots, sequences of star birth and death, neighboring galaxies
contnibutions of Galileo, Tycho Brahe, Kepler, etc, and {Vol 2) construction
of the atom (describing newly discovered sigma and xi subatomic particles)
theories of sound color and Iight space and time, including relatity theory
quantum theory, wave theory, probability theory, work of \ewton, Maxwell
Faraday, Eiastesn, de Broglie, etc  Best presentatian yet offered to the
tellgent general reader,’ Saturday Revien Rewised (1967) Index s3ig allus
trations by the author Total of xx |t 644pp 5% X 814
21809 0 218104 Two volume et paperbound $5 00

FOUR LECTURES ON RELATIVITY AND SPACE Charles Proteus Sternmetz
Lecture series, given by great mathematician and electrical engineer generally
considered one of the best popular level expositions of speaial and general
relativity theonies and related questions Steinmetz translates complex mathe
matical reasontng 1nto language accessible to laymen through analogy example
and comparison Ameong topics covered are telativity of motion location time,
of mass, acceleration, 4-dimensional time space, geometry of the gravitational
field, curvature and bending of space, non Euchidean geometry Index g0
Mlustrations x - 142PP 5% X 8% 617718 Paperbound $1 35

How 1o Know THE WiLp FLowErs, Mrs William Starr Dana
Classic nature book that has mtroduced thousands to wonders of Amernican
wild flowers Color season princtple of organization is easy to use cven by
those with no botanical traiing and the genial refreshing discusstons of
hustory, folklore uses of over 1,000 natne and escape flowers foliage plants
are informative s well as fun to read Over 170 full page plates collected from
several editions, may be colored in to make permanent records of finds Revised
10 conform with tg50 edition of Grays Manual of Botany xli 4 {38pp
5% x 814 20382 8 Paperbound $2 5o

AANUAL OF THE TREES OF NORTH AMERICA, Charles Sprague Sargent
vl 3t w0 TR ¥ okl sediy o Wk, fardcu.
tree charactenistics, precise locattons and distribution By dean of Amenican
dendrologists Every tree native to US Canada Alaska, i85 genera 717 speaies,
described 1n detall—leases flowers frumt, winterbuds, bark, wood, growth
habuts, ete plus discussion of vareeties and local yarants, immaturity vaniations
Over 100 heys ancluding unusual 12 page anahucal key to genera, aid 1n
wentification 783 clear ilustrations of fowers fruit, leaves An unmatched
permanent reference worh for all nature Jovers Second enlarged (1926) edition
Synopus of famslies Analytical key o genera Glossary of techmcal terms
Index 783 illustrations 1 map Total of gfzpp 5% x 8
20277 1,20278 X Two vohtme set paperbound $6.00
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IT s Fus 10 MAKE THINGS FROM SCRAP MATERIALS

Evelyn Glantz Hershoff
What use are empty spools tin cans bottle tops> What can be made from
rubber bands clothes pins paper cips and buttons® This book provides
sinply worded msiructions and large diagrams showing you how to make
cookie cutters toy trucks paper turkeys Halloween mashs telephone sets
aprons Imoleum block and spatter prints — i all 399 progects! Many are easy
enough fot young children to figure out for themscives some challenging
enough 1o entertain adults 1l ate remarkably ngenious ways o make things
from matertals that cost pennies or less' Formerly Scrap Fun for Everyone
Index 214 ilustrations 373pp 5% % 814 21251 3 Paperbound $1 7,

Sysmovtc Locic and THE GAME o Loctc Lews Carroll
Symbolic Logic 15 not concerned with modern symboltc logic but is mnstead
a collection of over g8 problems posed with charm and 1magination using
the syllogrsm and a fascnating dragrammatic method of drawing conclusions.
In “The Game of Logic Carroll s whimsical tmagmation devses z logical game
played with 2 diagrams and counters {included) 10 mamputate hundreds of
tricky syllogisms The final section  Hit of Miss 15 a lagmappe of 101 addi
tional puzzles in the debightiu} Carroll manner Uil this reprnt edimon
both of these books were rartties costing up to $15 each Symbolic Logic
Index xxx1 4 199pp The Game of Logic. gbpp 2 vols bound as one 5% x B
20492 8 Paperbound $2 50

MATHEMATICAL PUzzZLES OF SAM Lovp FART I
selected and edited by M Gardner

Chouce puzzles by the greatest Amencan puzzle creator and novator Sclected

from his famous collection  Cyclopedia of Puzzles they retan the umque

style and hustorical flaver of the ongmals There are posexs based on arithmettc

algebra probability game theory route tractng topology counter and slidtng

block operations Tesearch geometrical dissection Includes the famous 1415

puzzle which was a national craze and his Horse of a Different Color which

01d muhions of coptes 117 of his most ingentous puzzles m all 120 line

drawmgs and dragrams Solutions Selected references xx £ 167pp 5% X 8
20498 7 Paperbound $1 35

STRI%G FIGURES AND HOW T0 MAKE THEM Carolinie Furness Jayne
107 strung figures plus 1ariations selected from the best primune and modern
examples deseloped by Navajo Apache pygmies of Africa Eskimo 1 Europe
Australia China etc The most readily understandable easy to follow book 1n
English on perenmally popular recreation Crystal clear exposttion step by
step diagrams Everyone from kindergarien children to aduits Jookmg for
unusual diversion will be endlessly amused Index Bibliography Introduction
by A C.Haddon 17 full page plates g6o illustrations xxul - 401pp 5% X 84

20152 X Paperbound $2 2,

PArER FOLDING FOR BEGINNERS I D Vurray and F | Rygney

A delightful ntroduction to the varied and entertaming Japanese art of
onigamu {paper folding) with a full crystal-clear text that anticipates every
difficulty over 27, cleatly labeled diagrams of all important stages 1n creation
You get results at cach stage since complex figures are logically developed
from simpler ones. 43 different preces are explaned sarlhoats frogs roosters
etc 6 photographic plates 27y dagrams g5pp 534 x 8%,

20713 7 Paperbound $1.00
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PRINCILES OF ART HISTORY

H Wolffn
\nalyzng such terms av  baroque  clasac  neoclasic  primmtne
picturesque  and 163 different worhs by arusts ke Botticelll van Cleve
Durer Hobbema Holbein Hals Rembrandt litran Brueghel \ermeer and
many others the author establishes the clasufications of act kustary and <tle
on a firm concrete hasis This dassic of art cntcsm shous what really
occurred hetween the 13th century primutines and the sophstication of the
1ith century 1 terms of basic atudes and philosophies A remarkable
lesson m the art of sceng  Sat Rev of {iterntusr  Franslated from the jth
German edition 130 1llustrations 2,3pp 6l4 \ 9% 20276 8 Paperbound S22,

PRIMITIVE ART

Franz Boas
Ihes authoritatne and exhaustne work by a great American anthropologist
wners the entire gamut of prumitnve art Fotters leathernork metal work
stone work wood Dasketry are treated m detail [heones of primitise art
ftstonical depth in art histon technical virtuosits unconscious Jevels of pat
terning symbolism styles literature music dance ete \ must hook for the

layman the pologist artist of un
usual motifs) and the historian Over goo illustrations (0 ceramic yessels
12 totem poles etc) 376pp 5% ¥ 8 20025 6 Paperhound $2 ro

THF GENTLEMAN AND CaBINGT MakFr s DIRFCTOR

Thomas Chippendale
A reprint of the 1562 catalogue of furntture designs that nent on 10 mfluence
generations of English and Colomal and Earhy Republic Ameican furnitore
makers The 200 plates most of them full page suzed show Chippendale s
designs for French (Lows \V) Gothic and Chinese manner chans sofas
canopy and dome beds cornices chamber argans cabinets shaving tables
commodes picture frames frets candle stands chimney preces decorattons etc
Lhe drawmgs are all elegant and highly detailed many nclude construction
diagrams and elevations A supplement of 21 photopraphs shows surviving
pieces of origmal and Chippendale style pieces of furnsture Breef biography
of Chippendale by \ T Bienenstock editor of Furmture World Repioduced
from the 1362 edition 200 plates plus 19 photographic plates vt 4 249pp
G4 X 1zl 21601 2 Papetbound Sg 30

AMFRICAN ANTIQUE FURMITURE L BOOR BOR AAATFURS

Fdgar G Muller, Jr
Standard sntroduction and practical gwde to wlentification of valuable
American antique furniture 2115 1llustrations mostly photographs taken by
the author 1 148 private homes are arranged in chronalogical order 1 exten
stie chapters on chairs sofas chests desks hedsteads mirrors tables clocks
and other avticles Focus 1s on furnsture 2ccessible to the collectar mcleding
simpler pieces and a larger than usual coserage of Frpire siyle Introductory
chapters sdentify structural elements ¢haractenstics of vatious stvles how 10
avoud fakes etc “We are frequentdy ashed to name some book on Amencan
furniture that will meet the Tequirements of the nouice collectar the begm
wing dealer and the general public We behieve Mr Millers two
solumes more completely sausfy this specification than any other work ™
Antiques \ppendic Imdex Total of vi A 110dpp 57,4\ 103

21599 7,216004 1w solume set papertotiml § 30
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THE Bab CHILD § BOOK 0F BrasTs MORE BFASTS FOR 1 ORSE CHILOREN
and A MoRAL AiPnARNT H Belloc
Hardty and anthology of humorous verse has appeared 1n the last o vears
without at least 2 couple of these famous nonscrse verses But one must see
the enure sol with all the delightful orgmal by Sir Basil
Blackwood ~ to apprecate fully Bellocs charming and wilty verses that play
sa subacidly on the platitudes of life and morals that beset his dzy - and ours
A great humor classic Three books m one Total of 157pp 5
20749 8 Pzpcrbound $100

IHE DFVIL S DICTIONARY  Aribrose Bierce
Sardonic and irreverent harbs the p an of
American politics husmess religion hterature and arts by the country's
greatest satirast n the classic tradtiion Epigrammatic as Shaw pierang as
Swift American as Mark Twain Wil Rogers and Fred Allen Brerce wiil
always temain the favonte of a small coterie of enthusiasts and of writers
and speakers whom he supplics with some of the most gorgeous witticismms
of the English language (H L VMenchen) Over 1000 entnies in alphabetical
order 141pp 5% ¥ 8 20487 1 Paperbound $1.00

THE COMPLETE NONSEASE OF EDWARD LEAR
This 15 the only complete edttion of this master of gentle madness asatlable
at a popular price A Book of Nonsense Nonsense Songs Move Nonsense
Songs and Stories n their entrety wath all the old £avorites that have delighted
children and adulls for years The Dong With A Luminous Nose The Jumblies
The Owl and the Pussycat and hundreds of other bits of wonderful nonsense
214 Wmericks 3 sets of Nonsense Botany 5 Nonsense Alphabets 516 drantngs
by Lear himself and much more 3zopp 5% x 8 20167 8 Paperbound $:1 75

THE Wit Axp HuMor oF Oscak Witoe ed by dlun Redman
Wude at hus most brillant in 1000 epigrams expostng weaknesses and
hypoctisies of crviluzed saciety Devided mito 49 categaries—sin wealth women
America etc —to ard wiiters speakers Includes excerpts from his trials hooks
plays crisasm Formerty The Epigrams of Oscar Wilde  Introduction by
Vyvyan Holland Wildes only lving son Introductoty essay by editor 260pp
5% x 8 20602 5 Paperbound $1 50

A Citito s PisEr oF NATURAL History Olwer Herford
Scarcely an anthology of whimsy and humor has appeared m the Last 50 years
without a contribution from Oliver Herford Yet the works from which these
examples are drawn hase been almost impossible to ohtamn! Here at last are
Herford s improbable definittons of a menagere of famibiar and werrd animals
each verse allustrated by the authors own drawmgs 24 drawmngs 1n 2 colors
24 additional drawings vii + g,pp 644 X 6 216470 Paperbound $1.00

THe Browsies THEIR Book Palmer Cox
The book that made the Brawnies a household word Generations of readers
have enjoyed the antics predicaments and adventures of these jovial sprates
nho emerge from the forest at mght to play or to come to the aid of 2 desersing,
human Delightful illustrations by the author decorate nearly cvery page
24 short serse tales with 266 illustrations 155pp 654 X 914
21265 8 Paperbound §1 50
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EAsY TO b0 ENTERTAINMENTS AND DIVERSIONS WiTh Cons Caxbps

StRINC PATFR AND Matenrs R M Abraham
Oher 300 tricks games and puzzles will provide young readers with absorbing
fun Sections on card games paper folding tricks with comns maiches and
pieces of strng games for the agile toy makmg from common houschold
objects mathematical recreations and go miscellaneous pastimes Anyone in
charge of groups of youngsters including hard pressed parents and i need of
suggestons on how to keep children sensibly amused and quietly content
will find this ook indispensable Clear simple text copious number of delight
ful line drawings and illustratve diagrams Oniginally titled  Winter Nights
Entertainments  Introductton by Lord Baden Powell 329 illustrauons v 4
186pp 535 € B 20921 0 Paperbound $1.00

AN INTRODUCTION 10 CHEss MovFs aAnD TACTICS S1aPLY EXFLAINED

Feonard Barden
Beginner s imntroduction to the royal game Names posstble moves of the
pieces definitions of essentral terms how games are won etc explamned in
30-otd pages With this background you I be able to sit night down and play
Balance of book teaches strategy — operungs middle game typical endgame
play and suggestions for mmproving your game % sample game 15 fully
analyzed True middle level introduction teaching you all the essenuals with
out oversimplifying or losing you 1n a maze of detal 58 fgures 10zpp
5% X 814 21210 6 Paperbound $1 23

LASKER S MIANUAL OF CHrss  Dr Fmanuel Lasker
Probably the greatest chess player of modern tumes Dr Emanuel Lasker hetd
the world champ p %8 years mdependent of passing schools or fashions
This unmatthed study of the game chiefly o1 ntermediate 1 salled players
analyzes basic methods combinations position play the aesthetics of chess
dozens of different openigs etc with constant reference 1o great modern
games Contains a brilliant exposition of Steimitzs important theories Intro
duction by Fred Remnfeld Tables of Laskers tournament record 3 indices
308 diagrams « photograph xxx + 349pp % > 820640 81 aperhound $2 50

CousiNaTIONS Tur HEArT oF Cuess fromg Chernev
Step by step from simple combinations to complex this book by a well
Lnown chess writer shows you the ntricacies of pius counter pins hnight
forks and smothered wates Other chapters shaw alternate lines of play to
those 1aken in actual ¢ games classic
examples of brifhiant combmation play by Nimzovich Rubanstein Tarrasch
Botvinmk Alekhine and Capablanca Index 3,6 duagrams i 4 25,pp
BY x 814 21744 2 Paperbound %2 00

How To SOLVE Gurss Prosrsms A § Houard
Full of practical suggestions for the fan o the beginnes — who knows onty the
moves of the chessmen Contains prelimuinary section and 58 twomove 46
three move and 8 four move prohlems composed by 27 outstanding \merican
Pprohtem creators m the last 30 years. Fxplanation of all terms and exhaustive
index  Just what 15 wanted for the student Bran Harley 112 problems
solutions Vi 4 171pp 5% % 8 20748 X t aperbound $1 50
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FAIRY TALE COLLECTIONS edited by Andrew Lang
Andrew Lang s fairy tale collections make up the richest shelf full of tradstional
children s stories anywhere available Lang supervised the translation of stosses
from all over the world—familiar European tales collested by Grimm anumal
stories from Negro Afria myths of primitie Australia stortes from Russia
Hungary Iceland Japan and many other countries Lang s selection of trans
lations are unusually h gh many authonties consider that the mest familiar
tales find their best versions in these volumes All collections are nchly deco-
tated and illustrated by H ] Ford and other artists

Tie BLuz FAlRy Boox 37 storres 138 allustrations ix 4 300pp 5% X 814
214370 Paperbound $135

Tue Green FAtry Boox 42 stories 100 illustranons Xim - 366pp 5%

x 814 21439 7 Paperbound $175
Tre Brow~ FAIRY Book 32 stortes 5o allustrations 8 in color xi +
2,0Pp 5% x 814 21438 5 Paperbound $1 95

THE BEst TALEs OF HOFFMANN cdited by E F Bledler
10stones by E T A Hoffmann one of the greatest of all wrrters of fantasy
The tales include “The Golden Flower Pot  “Automata A New Years Eve
Adventure  ““utcracker and the King of Mice” “Sand Man and others.
Vigorous characterizations of hughly eccentric personalitses remarkably 1magt
native situations and intenscly fast pacing has made these tales popular all
over the world for 150 years Editor’s introduction 7 drawings by Hoftmann
XXXI - 419PP 5% X B4 21793 0 Paperbound $= 25

GHosT Anp HORROR STORIES OF AMBROSE BiERcE

edited by E F Bledler
Morhid eetre horrifying tales of possessed poets shabby aristocrats revined
corpses and haunted malefactors. Widely acknowledged as the best of their
kund between Poe and the mwoderns yeflecting therr authors mnner torment
and bitter view of hife Includes “Damned Thing ™ “The Middle Toe of the
Right Foot  The Ejes of the Panther “Visons of the Might  Moxons
Master and over a dozen others. Editor s introduction xxu - 199pP 5%
x 814 20767 6 Paperbound $1 50

‘Turee Gotstc \oveLs cdited by E F Bleder
Onginators of the sull popular Gothic novel form mfluential sn usherng i
early 19th century Romanticism Horace Walpole s Castle of Otranto Willam
Beckford s Fathek John Paldoris The fampyre and a Fragment by Lord
Byron arc enjoyable as excting reading or as documents in the hustory of
English lerature Edutor s mtroduction x1 + 291Pp 5% X 84
212327 Papervound $2.00

BEST GHOST STORIES OF LEFANU edited by E F Bletler
Though admired by such criticsas V § Praschett Charles Dickens and Henry
James ghost stomes by the Insh novelist Joseph Sheridan LeFanu have
never become as widely known as hus detective fiction About half of the 16
stories in this collection have never before been avarlable tn Amenica Collec
tion tncludes Carmilla  (perhaps the best vampure story ever written) The
Hautted Baronct” “The Fortunes of Ste Robert Ardzgh " and the classc
“Green Tea Editors 7 Portrait of
LeFanu xu 4 467pp 5% x 8 204154 Paperbound $250
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EASY To po ENTERTAINMENTS AND DIVERSIONS WITH CorNs CARDS

STRING PAPER AND MATCHES R M Abraham
Over 300 tricks games and puzzles will provide young readers with ahsorbing
fun Sections on card games paper folding tricks with coms maiches and
pieces of string  games for the agile toy making from common houschold
olyects and 50 pastumes Anyone in
charge of groups of youngsters including hard pressed parents and 1n need of
suggestions on how to keep children sensibly amused and quietly content
will find this hook tadispensable Clear stmple text coptous number of delight
ful line drawings and illustrative diagrams Originally utled Winter Nights
Entertainments  Jntroduction by Lord Baden Powell 329 illustrations v
186pp 5% x 814 20921 0 Paperbound $1.00

AN INTRODUCTION TO CHEss MOVFS AND TACTICS SIMPLY EXPLAINED

Leonard Barden
Beginners introduction to the royal game Names possible moves of the
pieces definitions of essential terms how games are won etc explamed in
30-0dd pages Wath this background you Il be able to sit nght down and play
Balance of hook teaches strategy ~ openings middle game typical endgame
play and suggestions for mmproving your game A sample game 15 fully
analyzed True muiddle level introduction teaching you all the essentsals with
out oversumplifying or losing you wm a maze of detail 58 figures rozpp
5% X B 21210 6 Paperbound $1 25

LASKER s MANUAL OF Cuigss  Dr Emanuel Iasker
Probably the greatest chess player of modern umes Dr Emanuel Lasher held
the world 28 years of pasung schools or fashions
This unmatched swudy of the game chiefly for mtermediate to shilled players
analyzes basic methods combinations posiion play the aesthetics of chess
dozens of different openings etc with constant reference to great modern
games Contains 2 brilliant exposttion of Steimtz s important theories Intro
duction by Fred Remfeld Tables of Laskers tournzment record 3 tndices
308 diagrams 1 photograph xxx 4 $19pp 5% X 820640 8Paperbound $z 50

ComeiNaTIONs THE Heart of Cusss Iruing Chernev
Step by step from simple combinasions to complex this book by a well
known chess wnter shows you the intricacies of pins counter pins knight
forks and smothered mates Other chapters show alternate hnes of play to
those taken in actual p games classic
examples of brilliant combination play by Nimzovich Rubinstein Tatrasch
Botvinnik  Alekhine and Capablanca Index 8,6 diagrams ix 4 24,pP
5% X Bl 21744 2 Paperbound $2 00

How To SoLve Cnurss Prosirms A 5 Houard
Full of practical suggestions for the fan or the hegimner — who Lnows only the
moves of the chessmen Contains preliminary section and 58 two move 46
three move and R four move problems composed by 27 outstanding American
problem creatars 1n the last su years Fxplanation of all terms and exhaustive
tndex  Just what 1 wanted for the student Brian Harley 1z prohlems
solutions vi 4 17app 5% x 8 20748 X 1aperbound $1 50
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SociaL THOUGHT FroMt LORF TO SCIENCE
H E Barnes and H Becker
An immense survey of sociological thought and ways of viewing studyng
planning and reforming soctety from eathiest times to the present Includes
thought on society of preliterate peoples ancient non Western cultures and
every greal movement in Europe \merica and modern Japan Analyzes hun
dreds of great thinkers Pla Avgusine Bodin Vico \fontesquien Herder
Comte Marx etc Weighs the contrthutions of utopuans sophists fascists and
Jurists and every agth
and zoth century school of scientific sociology anthropology and social psy
chology throughout the world Combines topical chronalogical and reganal
approaches treating the evolution of social thought as a process rather than
as a serics of mere topics  Impressne accuracy competence and discimna
ton eastly the hest single survey Aatron Thoroughly revised with new
material up to 1960 2 indexes Over 2200 hibliographical notes Three volume
set Total of 1580pp 5% x 8§
209016 20902 4 20903 2 | hiree volume set paperbound $9.00

A History of HistowicAL WrTNG Harry Elner Barnes
Virtually the only adequate survey of the whole cousse of historical writing
im a single solume Surveys deelopments from the beginnings of historiog
saphy 1 the ancient Near East and the Classical World up through the
Cold War Covers major historians 1 detml shows nterrelatonshup with
cultural makes clear evaluates ard
estmates importance alse enormously rich upon mmor authors and thinLers
who are usually passed over Packed with scholarship and iearning clear eastly
wiitten Indispensable to every stadent of history Revised and enfarged up
10 3961 Index and hbliography XV 4 442Pp 5%s X 8%

20104 X Paperbound $2 75

JoHANN SerastiaN Bacu Philipp Spiuta

The complete and unabridged text of the defimtive study of Bach Written
some 70 years ago it 18 still unsurpassed for its coverage of nearly all aspects
of Bach s Iife and work There could hardly be a finer non technical introduc
on to Bachs music than the detailed lucid analyses which Spitta provides
for hundreds of tndividual preces 26 solid pages are devoted to the B minor
mass for example and so pages to the glortous St Vatthew Passion This
smonumentat set also inchudes 2 major analysis of the music of the 18th century
Buxtehude Pachelbel etc  Unchallenged as the last word on one of the
supreme geniuses of mustc  John Barkham Saturday Review Syndicate Total
of 181gpp Heavy cloth linding 5% x 8

22278 0 22279 9 Two volume set clothbound $15.00

BEsTsovEN And His NIAF SYapHosEs George Grove
In this modern middie Jevel classic of musicology Grove not only analyzes all
nine of Beethovens b very m terms of ther musical
structure but alse discusses the circumstances under swhich they were written
Becthosen s stylistic development and much other background matenal This
15 an extremely rich book yet very easily followed 1t 1s haghly recommended
to anyone seriously mierested 1 music Over 250 musical passages Index
v f 107pp 5% X B 203344 Paperbound 2 25
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THReE SciEncE FicTioN Novers

John Taine
Acknowledged hy many as the best SF writer of the 1920 Tame (under the
name Ertc Temple Bell) was also a Professor of Mathematics of considerable
renown Reprinted here are The Time Strear: generally considered Tatne's
best The Greatest Game a iologucal ficton novel and The Purfile Saf phire
msolving a supercivilization of the past Taine s stortes e fantastic narratnes
to frameworks of oniginal and logteal scientific concepts Speculation s often
profound on such questions as the nature of time concept of entropy cvchcal
unwerses et 4 contemporary tlustrations v - 532pp 5% % 8%

21180 ¢ Paperbound $2 50

SEVEN Scievce Fiction Novers
H G Wells
Full unabridged texts of 7 scrence fiction novels of the master Rapging from
hiology physics chemistry astronomy Lo sociology and other studtes Mr
Vells extrapolates whole worlds of strange and intnguing character  One
will have to go far to match this for entertainment excitement and sheer
pleasure New York Tumes Contents The Time \Machine The Island of
Dr Moreau The Fyrst Men 1n the \foon The Invisible Man The War of the
Worlds The Food of the Gods In The Days of the Comet 1015pp 5% X 8
20264 X Clothhound $., 00

28 Scrence Fictiov Storres of H G WELLs
Two full unabridged novels Men Like Cods and Star Begotten pli's 26 short
stories by the master science fiction writer of all ime' Stories of space time
mvention exploration futunistic adventure Parual contents The Countn of
the Bliind In the Abyss The Crvstal Egg The Man W ho Could Work Miracles
A Story of Days ta Come The Lmpure of the Ants The Magic Stop The
Talley of the Speders A Story of the Stone Age [ nder the Antfe Sea Raders
etc An indispensable collection for the library of anyone interested n science
ficton adventure g28pp 5% X 8 20265 8 Clothbound $5 00

THREE MARTIAN NoOVELS
Edgar Rice Burroughs
Complete unabridged reprinting 1n one volume of Thuvia Maid of Mars
Chessimen of Mars The Master Mind of Mars Hours of science fiction adven
sure by a modern master storyteller Reset 1n large clear type for easy reading
16 dllustrations by J Allen St John 31 4 4gopp 5% x 814
20039 6 Paperbound $2 50

AN INTFLLFCTUAL AND CtLTURAL HISTORY OF THF W#STERN 1) ORLD

Harry Elmer Barnes
Monumental 3 volume survey of sntellectual deselopment of Eutope from
primitne cultures 10 the present day Esery signtficant product of human
wntellect traced through history art lierature mathematics physical sciences
medicine music technology social sciences religions junispridence education
etc. Tresentation s Jucid and speatfic analyzing m detaid specific discovernies
theories hterary works and so on Revised (196,) by recognuzed scholars in
specialized fields under the direction of Prof Barnes Revised libliography
Indeses 2q wlustravions Total of xxix 4 1588pp

QU275 0 21276 9 21277 7 Three rolume sct paperhound $82,
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La BourMe ey Gracomo Puccing

translated and introduced by Ellen H Bierer
Complete handbook for the operagoer with everythung needed for full enjoy
ment except the musical score itself Complete Italian hbretto with new
modern English line by line transtation~the only hibretto printing all repeats
biography of Puceini the hibretists background to the opera Murgers La
Roheme ewc of and plot summary
and pictonal section of 73 lustrations showing Puccins famous singers and
performances etc Large clear type for easy mdmg  Ipp 5% x 814

0404 9 Faperbound $1.25

ANTONIO STRADIVARL His LIFE AND WoORK (.r,“ 737
W Henrv Hill Arthur F Hill and Alfred F

Sull the only book that really delves into Iife anrl zn of the incomparable
Italian craftsman maker of the finest musical sstruments m the norld today
The authors expert violin makers themselves drscuss Stradivari s ancesiry his
construction and finishing
of his mstruments and their locations Included too 1s story of introduction
of his wnstruments into France England first revelation of their supreme
ment and smiormation on tis labels number of mstruments made prices
mystery of ingredients of fus varmish tone of pre 1684 Stradivart violn and
changes between 168¢ and 1690 An extremely interesting informative account
for all music lovers from craftsman to concert goer Republication of original
(1902) edition New mtroduction by Sydney Beck Head of Rare Book and
Aanuscript Collections Music Division New York Public Library Amalytical
index by Rembert Wurlizer Appendixes 68 tllustrations 30 full page plates
410 color xxv1 4 315pp 5% X 814 20425 1 Paperbound $22,

MUSICAL AUTOCRAPHS FrROM MoNnTEVERM Yo HinprMitu

Emanuel Winterniz
For beauty for intrisic intercst for perspective on the composer s personahty
for subtleties of phrasing shading emphasis tndicated 1n the autograph but
suppressed i the printed score the mss of musical composition are fascinating
documents which repay close study 1n many different ways This 2 volume
work reprints facsimiles of mss by virtually every major composer and many
minor figures—196 examples 1n ali A full text points out what can be learned
from mss analyzes each sample Index Bibliography 18 figures 196 phates.
Total of 170pp of text 7%, x 10

213129 213137 Two solume set, paperbound $5.00

J S Bacu

Albert Schueitzer
One of the few great Tull Tength stucies of Bachs hfe and work and the
study upon which Schweitzer s renown as 2 musicologist rests On first appear
ance {1911) revolutionized Bach performance The only wiiter on Bach to
be musicologist performing musician and student of history theology and
phaloswphy Schweitzer contsibutes parncutarly full sections on hustory of Ger
man Protestant church music theories on motivic pictoral representations
i vocal music and practical suggestions for performance Translated by
Ernest “cwman Indexes g llustrations 6,0 musical examples Total of xix
+ 928pp 5% X 814 21631 4 216322 Iwo solume set paperbound $1 50
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‘THE METHoos oF ETHics Henry Sidguick

Propounding ne organized system of its own study subjects every major
methodologacal approach to ethics to nigorous objective analys s Swity dis
cusses and relates ethical thought of Hato Arnstotle Bentham Clarke B tiler
Hobbes Hume Mill Spencer hant and dozens of others Sidgwich retains
conclusions from each system which follow from ethical premrses rejecting
the faulty Considered by many n the fiekl to § ¢ among the most smportant
treatises on ethical phrlosophy Appendix Index xIvit 4 528pp 5% » Blj

21608 X Paperbound $2 50

‘TEuTONIC MYTHOLOCY Jakeb Grimm

A milestone ;m Western culture the nork nhich established on 2 modern
Dasis the study of history of religions and comparatne religions 4 volume
work assembles and interprets everythmng available on religious and folk
lonstic behefs of Germantc people (including Scandinavians \nglo Saxons
etc) Assemblmg matenal from such sources as Tacitus surviving Old Norse
and Icelandic texts archeological remains folktales sursiving superstitions
comparatne traditions lingwistic analysis etc Gnmm explores pagan detties
heroes folklore of nature religious practices and every other arca of pagan
German helief To this day the unrnaled defimtive exhaustive study Trans
lated by J 5 Stallybrass from 4th (1883) German edwon Indexes Total of
T o 1887pp 5% x 814

21602 0 21603 9 21604 7 21605 5 tour vulume set paperbonn | $11 00

Tue I Cuine translated by James Legge

Called The Book of Changes mn Englsh this is one of the Fine Classics
edited by Confucius basic and central to Chinese thought Explains perhaps
the most complex system of divination known founded on the theory that all
things happening at any one time have charactersstic features which can he
wolated and retated Significant in Oriental studies sn history of rehigions and
philosophy and also to Jungtan psychoanalysis and other areas of modern
European thought Index Appendixes 6 plates Xxi - 448pp 5% X 814

21062 6 Paperbound $2 75

HIsTORY OF ANCIENT PHILOSO1MY IV M indelband
One of the clearest most accurate comprehensive surveys of Greek and Roman
philosophy Discusses ancient philosophy 1n general intellectual Lifc 1 Greece
in the 7th and 6th centuries BC Thales Anaximander Anaximenes Herac
litus the Eleatics Empedocles Anacagoras Leucippus the 1ythagoreans the
S:phlsu Socrates Democritus (20 pages) Plate (50 pages) \nstotle (70 pages)
the

Stoics E Sceptics Neo pl Christian Apolo
gists etc 2nd German edition translated by H E Cushman xv 4+ 393pp
5%x8 20357 $ Paperbound $2 23

Tur PALACE OF PLFASURF Hallia & Painter

Elizabethan versions of Italian and French novels {rom The Decameron
Cinthio Straparola Queen Margaret of Navarre and other conlinental sources
— the very work that provided Shakespeare and dozens of his contemporaries
with many of ther plots and sub plots and therefore Justly consudered ane of
the most influential books 1n all Fnglish Juterature It s also a book that any
reader will still enjoy Total of cvin . 1.22{pp

21691 § 21692 6 216934 Ihree volume sct paperbound $675
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AN INTRODUCTION TO THE GEOMETRY OF N DIMENSIONS

D H Y Sommermille
An g no prior k ge of the field the only book
n English devoted exclusively to higher dunensional geometry Discusses
fundamental 1deas of modence paralichism prrpendiculanty angles between
hinear space enumerative geometry analytical geometry from projectuve and
metric pomnts of view polytopes elementary ideas in analyas situs content of
hyper spacial figures Bibltography Index 6o diagrams t96pp 5% X 8

604042 Paperbound $1 50

ELEMENTARY CoNCEPTS OF TororLocy P Alexandroff
Farst Enghish translation of the famous brief introduction to topology for the
begtaner or for the mathematiaan not undertaking extensive study This un
usually useful mtuitive approach deals primarily with the concepts of complex
cycle and homology and 1s wholly consistent with current imestigations
Ranges from basic concepts of set theoretic topology to the concept of Betts
groups  Glowing example of harmony between intustion and thought  David
Hilbert Transtated by A E Fasley Introduction by D Hilbert Index. 25
figures 73pp 5% X 8 60747 X Paperbound $1 25

Ereacents oF Non EUCLInEAN GEOMETRY,

D M Y Sommernlle
Unique 1n proceeding step by step n the manner of waditional geometry
Enables the student with only a good knowledge of high school algebra and
geometry to grasp elementary hyperbolic elliptic analytic non Euclidean grom
etres space and 1ts theory of radical
axes homothenic centres and systeras of circles parataxy and parallelism
absolute measure Gauss proof of the defect area theorem geodesic representz
tion much more ail with exceptional ¢larity 126 problems at chapter endings
provide progresuve practice and familarity 133 figures Index xvi 4 274pp
5% x8 60460 8 Paperbound $2.00

INTRODUCTION TO THE THEORY OF NUMBERS L E Dickson
‘Thosough comprehensive approach with adequate coverage of clawical hitera
ture an ntroductory volume beginers can follow Chapters on drvssibihity
congruences quadratic residues & reciprocity Diophantime equations etc Full
treatment of binary quadratic forms without usual resttiction to wtegral coef
fictents Covers infinitude of priues least residues Fermars theorem Eulers
phi function Legendre s symbo) Gausss lemma automorphs reduced forms
recent theorems of Thue & Sicgel many more Much matenal not readily
available elsewhere 239 problems Index 1 figure vur 4 183pp 5% x 8
60342 3 Paperbound $1 75

MATHEMATICAL TABLES AND FORMULAS

compiled by Robert D Carmichael and Edwin R Smuth
Valuable collection for students ete. Contains all tables necessary in college
2lgrhra, apd gpnametry. wich 2s five glace commen Ingantbme
stnes and tang f smmall angles functions natural
trigonometric functions four place antogarithms tables for changing from
sexagesimal to cicculat and from cireular ta sexagesunal measure of angles etc
Also many tables and formulas not ordmarily accesuble tncluding powers
roots and and functions ten place loga
nthms of pnme numbers and formuh.l and theorems from analytical and
elementary geometry and from calculus Explanatory introduction viti 4
26%pp 5% X 8 60111 © Paperbound $1 50
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A Source BOOK IN MATHEMATICS

D F Smith
Great discoverses in math from Renarssance to end of 1gth centurv English
translation  Read announcements by Dedehind Gauss Delamain  Pascal
Fermat Newton Abel Lobachevshy Bolyar Riemann De VMonre Legendre
Laplace others of discoveries about mmagmary numbers number congruence
shde rule equations symbolsm cubic algebraic equations non Euclidean
forms of geometry calculus function theory quaternions etc Sucemct selec
tions from 125 dufferent treatises articles most unasailahle elsew here in English
Each article preceded by biographical introduction Vol 1 Fields of Number
Algebra Index 32 1llus 338pp 5% X8 Vol II Fields of Geometry Probability
Calculus Functions Quatermons 83 illus 432pp 5% X &

60052 3 60553 1 Two volumesset paperbound §p.00

FounpaTions oF Prasics

R B Lindsay & H Margenau
Excellent bridge between sem: popular works & technical treatises A discussion
of methods of physical description construction of theory valuable for physicist
with elementary calculus who 1s interested 1n 1deas that give meamng to data
tools of modern physics Contents include symbolism mathematical equations
space & ume ol p physics & continua_electron
theory special & general relativity quantum mechanics causaltty  Thorough
and yet not overdetailed Unreservedly recommended Mature (London)
Unabndged corrected edition Last of readings 3o
xi 4 537Pp 5% x 8 60377 6 Paperbound $3 50

FUNDAMENTAL FORMULAS OF PHYSICS
ed by D H Menzel
High useful full inexpensive reference and study text ranging from simple
fo highly soph s nto text—each
thapter stands as short textbooh of field represented Vol 1 Statistics Physical
Constants  Sperial Theory of Relatvity Hydrodynamics Aerodynamics
Boundary Value Problems in Math Physics Viscosity Electromagnetic Theory
etc. Vol 2 Sound Acoustics Geometrical Optics Electron Optics High Energy
Phenomena Magneusm Biophysics much more Index Total of 8oopp 5% X 8
60395 7 60396 5 Two volume set paperbound $1 75

THEORETICAL PHYSICS

A S Kompancyets
One of the very few thorough studies of the subject m this price range 1 mvu:lu
advanced students with a comprehensive theoretical background Esp;ﬂa y
strong on recent expenmentation and developments i quantum ("eory
Contents Mechanics {Generalized Coordinates Lagrange s Equation Colhsion
of Particles etc) FElectrodynamics (Vector inalysis Maxwells rquzlmr;‘s
Transmission of Signals Theory of Relatvity etc) Quantum Mechanics (t ?
Inadequzcy of Classical Mechames the Wave Equation Motion in 2 Cenlrz‘
Field Quantum Theory of Radiauon Quantum Theones of Dispersion and
by etc) and Physics D, o
in an Id:zl Gas Boltzmann Staustics Bose and Fermu Distnbution 1:«:::»
dynamic Quantities etc) Revised to 1961 Iranslated by Gu;ﬁrg: 5"/24" osshy
auth 6 figures. 520pP 5

onized by Kompaneyets 137 exerases 56 figu 5 ;1; D etbound $350
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MATHFMATICAL PHysics D H Menzel
Thorough one volume treatment of the mathematical techmques wital for
dlassial mechames electromagnetic theory quamnm theory and relativty
Written by the Harvard Professor of Astrophysics for junior semsor and grad
1ate courses it gaves clear explanations of all those aspects of function theory
vectors matrices dyadics lensors parial differential equations et necessary
for the understanding of the various physical theones Electron theory rel
auwvity and other topics seldom presented appear here in considerable detarl
Scores of definiion conversion factors dimensional constants etc  More

detailed than normal for an advanced text  escellent set of sections on
Dyadics Matrices and Tensors Journal of the Frankln Institute Index tgs
problems with answers X 4. 412pp 5% X 8 60056 4 Paperbound $2 50

“THF Thioxy of Sound Lord Rmvlegh
ost vibrating systems likely to be encountered tn pracuce can be tackled
successfully by the methods set forth by the great Nobel laureate Lord
Rayleigh Complete coverage of experimental mathematical aspects of sound
theory Partial conlents Harmoric mouons vibrating systems in general lateral
sibirations of bars curved plates or shells apphcations of Laplace s functions to
acoustical problems fluid friction plane vortex sheet vibratsons of sotid bodies
etc Thus is the first mnexpensive edition of this great reference and study work.
Bibirography Historical introduction by R B Lindsay Total of 1010pd o7
figures 53 x 8 60292 3 60293 1 Two solume set paperbound $6.00

Hypropy~asuics Horace Lamb
Internationally famous complete coverage of standard reference work on
dynames of hiquids & gases Fundamental theorems equations methods solu
uons background for classical hydrodynamics Chapters include Equations of
Motion Integration of Equations i Special Gases Jrrotational Motion Motion
of Liquid 1 2 Dimens ons Motion of Solids through Liquid Dynamical Theory
Vortex Motion Tidal Waves Surface Waves Waves of Expansion Viscosity
Rotating Masses of Liquids Excellently planned arranged clear lnad presenta
tion 6th enlarged revised edition Index Over goo footnotes mostly biblogra
phical 119 figures xv - 738pp 644 x 914 60256-7 Paperbound $4.00

DYNAMICAL THEORY OF GASES James Jeans
Dusided into mathematieal and physical chapters for the comvenience of those
not expert 1 mathematics thas volume discusses the mathemaucal theory of
gas m a steady state thermodynamics Boltzmann and Maxwell kinetic theory
quantum theory exponentials etc 4th enlarged edition with new material on
fuantum theory quantum dynamics e1c Indexes 28 figures aypp 634 x 944
60136 6 Paperbound $275

THFRMODYNANMICS Envico Fermi
Unabnidged ot 1937 edition E i treatment
for clariy organization Requires no knewl:dge of advanced math beyond
caleulus_only
Partial Contents Thermodynamic systems r.m & Second laws of thermo-
dynamics Entropy Thermodynamic potentials phase rule reversibie electric
cell Gascous Teactions vant Hoff reaction box principle of LeChatelier
“Thermodynamics of difute solutions osmotc & vapor pressures boiling &
freezing points Entropy constant Index 2, problems. 24 illustrations. x -
t6opp 5% x 8 60361 X Paperbound $2.00
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CELESTIAL OBJECTS FOR COMMON TELESCOPFS
Ree T T8 Webb
Classic handbool. for the use and pleasure of the amateur astronomer OF
inestimable ard 1 locating and idenufying thousands of celestial of jects Vol 1
The Solar System  discussions of the principle and operation of the telescope
procedures of observations and telescope photography spectroscopy ete precise
locanon formation of sun moon planets metcors Vol II The Stars
1ph al listing of on double stars ¢l sters stars
with unusual spectra varables and nebulae et Nearlv 4,000 objects noted
Edited and extensively revised by Margaret W Mayall director of the American
Assn of Variable Star Observers New Index hy Mrs Mayall giving the location
of all objects mentioned 1n the text for Epoch 2000 New Irecesudn Table
added New appendices on the planetary satellites constellation names and
abbreviations and solar system data Total of 46 1llustrations Total of xxxi¢
+ Gobpp 534 x 8 20917 2 20918 0 Two volume set paperbound §; 00

PLANETARY TaEORY

E N PBroun and C 4 Shook
Provides a clear presentation of bas ¢ methods for calculating planetary orbits
for today s astronomer Begins with a careful exposition of specialized mathe
matical topies essential for handling perturbation theory and then goes on to
indicate how most of the previous metheds reduce ultimatelv to two general
calculation methods obtaming expressions either for the coordinates of plane
tary positions or for the elements which deterrmne the perturbed paths An
example of each 1s given and worked in detail Corrected edition 1 reface
Appendix Index xit 4 302pp 534 \ 814 61133 7 Paperbound S22,

STAR NAMES AND THEIR MEANINGS

Richard Hinckley Allen
An unusual book documenting the various attributtons of names to the
indwidual stars over the centuries Here 1s a treasure house of mformation on
2 topic not normally delved into even by professional astronomers provides a
I'ascmmng bachground to the stars m folk lore lierary references ancient
witings star catalogs and maps over the centuries Constetlation by constella
t1on analysis covers hundreds of stars and other astersms including the
Pletades Hyades Andromedan Nebula etc Introduction Indices List of
authors and authortics. xx - 563pp 5% X 844 21079 0 Paperbound $300

A SHORT HisTorY OF AsTRonoMY A Be
Popular standard work for over 50 years this thorough and accurate volume
covers the science from primiive tmes to the end of the 1gth century After
the Greeky and the Middle Ages 1ndwvidual chapters analyze Copernicus Brahe
Galleo Kepler and Newton and the mixed reception of thar discoveries
Post Newtonian achievements arc then discussed tn unusual detail Halley
Bradley Lagrange Laplace Herschel Bessel etc 2 Indexes 1og sllustrations
9 portrasts. Xxxi 4 440pp 5% X 8 20210 0 Paperbound $275

SoME Turory of Sasrrise B F Deming
The purpose of this book 15 to make samphng techniques understandable to
and useable by social scientists 1ndustrial managers and natural scientists
wha are finding statistics increasingly part of thar work Over 200 exercises
Plus dozens of actual applications 61 tables o fgs Xix 4 60Ipp 534 X 8Ly

617556 Paperbound <3 50
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HEAR ME TALMN 70 YA edited by Nat Shapiro and Nat Hentoff
In therr own words Louts Armstrong hung Oliver Fletcher Henderson Bunk
Johnson Bix Beiderbeche Billy Holiday Fats Waller Jelly Roll Morton
Duke Ellington and many others comment on the onigins of j2zz tn New
Otleans and its growth n Chicago s South Sle hansas City s Jam sessions
Depression Harlem and the modermsn of the West Coast schools. Taken
from taped comversations letters magazine artic es other first hand sources
Editors introduction xvi 4. $20pp 5% X 814 21726 ¢ Paperbound Sz.00

THE Journat oF Henky D THozEAL
A 2, year tecord by the great Amernrcan obsener and entic as complete a
record of a great man s inner hife as 15 anywhere available Thorean s Journals
served hum as raw material for his formal preces as a place where he could
develop hus ideas as an outlet for his mterests m wild ife 2nd plants in
writing as an art n classtes of Jiterature Walt Whitman and other con
temporaries 1n pol tics slavery indniduals relation (o the State etc The
Journals present 2 portratt of a remarkable man and are an observant social
history  Unabridged republicaion of 1906 edition Bradford Torrey and
Franas H Allen edutors. Hiustrations. Total of 1888pp 8% x 1214
203123 203131 Fwo volume set clothbound $30.00

A SHAKESPFARIAN GRAsMARX E A Abbott
Basic reference to Shal and hrs P plaming through
of from Shak Jonson and Fletcher
North s Plutarch and other sources the grammatical ussge differing from the
modern First published in 18,0 and wnitten by a scholar who spent much of
his life 1solating principles of Elizabethan language the book 1s unlilely ever
t0 be superseded Indexes. Xx1v ++ 511pp 5% x 814 21582 2 Paperbound $3.00

FoLx LORE oF SHAKssPEARE T F Thustelton Dyer

Classic study drawing from Shakespeare a large body of references to super
natural bel ¢fs tesmunotogy of falconry 2nd hunting games and sports good
luck charms marriage customs folk med cnes superstiuons about plants
anmmats birds argot of the underworld sexual slang of London proverbs
dunking customs weather lore and much else From full compalation comes
a muror of the 1jth-century popular mind Index 1x 4 526pp 5% X 814

216144 Paperbound $2 7,

THE NEW \ARIORUM SHAKESPEARE edited by H H Furness
By far the richest cdiions of the plays ever produced 1n any country or
language Each volume contains complete text {usually First Foho) of the
play all vamants in Quarto and other Folio texts editoral changes by every
major editor to Furnesss own time (1900} footnotes to obscure references or
language extensne quotes from literature of Shakespeartan cnticism essays
on plot sources (often reprinting sources in full) and much more

HAMLET edited by H H Furness

Total of xXv1 4 90,pp 5% X 814
21004 9 210057 1wo solume set paperbound $52,

TWELFTH NIGHT edited by H H Furness
Index xxu + 434PP 5% X 844 211894 Papcrbound $2 75
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THE WONDERFUL WizARD OF Oz L F Baum

Al the ongimal W W Denslow tllustrations i ful} color—as much a part of
The Wizard as Tenmiels dranings are of Alice t Wonderland  The
Wizard 1sstill Amernica s best loved fairy tale 1n which as the author expresses
tt The wonderment and joy are retamed and the heartaches and nightmares
left ont ™ Now today s young Teaders can enjoy every word and wonderful pic
e of the ongmal hook Mew mtroduction by Martm Gardner A Baum
ibliography 23 full page color plates viu 4 26%pp 5% x 8

20691 2 Paperbound $1g,

TitE MARVELOUS LAND oF Oz L F Baum
This 1s the equally enchanting sequel 1o the Wizard  contimung the adsen
tures of the Scarecrow and the Tin Woodman The hero this ume 1s a hutle
bay named Tip and all the delightful Oz magic 1s sull present This 1s the
Oz hook with the Animated Saw Horse the Woggle Bug and Jack Pumplan
head All the ongmal John R Neill sllustiations 50 in fuli color 28-pp
5% x8 20692 0 Paperbound $1 75

ALICE s AbvEnTURES UNDER GROUND Leuss Carroll

The original Alice 1 Wonderland hand lettered and illustrated by Carroll
himself and origmally presented as a Christmas gift (0 a chuld friend Adults
as well as children will enjoy this charming volume reproduced fathfully
n this Dover edition While the story 15 essenually the same there are shight
changes and Carroll s spritely dranings present an ntngumg alternatne to
the famous Tenmel tllustrations One of the most popular books m Dover s
catalogue Introduction by Martin Gardner 38 iliustrations 128pp 5% x 814

21482 6 Paperbound $1 0o

THF Nuwsexy ALICE  Lents Carroll
While most of us consider 4lice 1 Wonderland a story for chuldren of all
ages Carroll tumself felt it was heyond younger cluldren He therefore pro
sided thes simplified version illustrated with the famous Tennel drawings
enlarged and colored 1n delicate unts for children aged from Nought to
Fne  Dovers edition of this now rare classic 13 a fasthful copy of the 1889
printing including 20 illustrations by Tenntel and front and back cosers
reproduced 1 full color Intreduction by Martm Gardner xxut 4 67pp
614 x 9y 21610 1 Paperbound $175

THE STORY oF hine ARTHUR ANp His haicmis Houard Pyle

A fast paced exaiting retelling of the best known Arthurian legends for young
readers by one of Amemnicas best story tellers and lustrators The sword
Excalsbur nooing of Guinesere Merkn and huis downfall adsentures of Sir
Pelbas and Gawaine and others The pen and ik illustrations are 1vdiy
'magined and wonderfully drawn 41 ilustrations xvilt + 313pp 614 > 914
21445 1 Paperbound $2 00

Prices subject to change u ithout notice

Asaitable at your hook dealer or 1 rite for free catalogue to Dept Adsa
Doves Publications Jnc sBoVanck St NY N 1001y Dover publishes more
than 1,0 books each year on stience y and adianced

hiology music art Iierary history social sciences and other areas




