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[ Reprinted from THE AMERICAN NATURALIST, Vol. XLIV., November, 1910.]

HEREDITY OF SKIN PIGMENTATION IN MAN

GERTRUDE C. DAVENPORT awxp CHARLES B. DAVENPORT

Carwecre InstiTuTion oF WASHINGTON, STATION FOR EXPERIMENTAL
Evorvrion, Coup Serixg Harsor, N. Y.

A, Introduetion .......oiuv. i W M R T T A M L 642
B. Anatomical Relations and Kinds of Skin Pigment................. 642
C. Heredity of Skin Pigment in Typical Caveasians. ................. 643
{a) Blond ¥ Blond (Table I) ......c..cennuaavs W e e 644
(b)) Bronet 3 Blond (Table TI) ... ... ciamiiiaeicinsaniaes G647
{¢) Brunet ¥ Brumet (Table TII) ......coiveviveivinas e G50
(d) Intermediate » Intermediate (Table IV) .......ooiveueenn. 652
{¢) Intermediate X Blond (Table V) . ..ccviiiieiiciimevnnnns 658
() Intermediate * Bronet (Table VI) ....cccvaicinevianacaas Ho8
(#) Comparisons and Conelusions {Tables VII, VIII}........... 661

D. Heredity of Skin Pigmentation in Crosses between Whites and
T e S o e Rl e e o e e D BG3
E. Inheritance of Albinism ........c.c0uen. e R e T05
I. Both Parents are Albinos (Cases 1-3)........ ST R 706
T Naither Farent  ATINDY G o e s v e s s Alaia keace o 707

(a) Albinos in Caneasian Families with Admitted Consan-
B ey Tl Y e e o o e Wire b 707

(b) Albinos in Families with Suspected Consanguinity
L e e walwisee OB

{e¢) Albinos in Caucasian Families with no Evidence of Con-
muguinity (Cases 8=28) . ... oo i il aeiiiiihian 708
(d) Colored Families {Cases 24, 85) ......oiuriaeennanas 714
III, One Parent Albinic (Cases 30, 31) ..........ccocieuounn.. TG
IV. The D.GV. Family ....00004. e e e I i -

V. The Condition of Hair and Eye Color in the Pigmented
Parents of Albinos (Tables IX, X, XI) ...ovvveneennenes 720
VI The Origin and ‘‘Cause’’ of Albinism (Tables XII, XIII) 722
VIL Conelamions  ; «ueevanseins ssessinsesss T e 27

F. Literature Cited



642 THE AMERICAN NATURALIST  [Vou XLIV

A. INTRODUCTION

Ix the modern discnssions on heredity there are those
who, without undertaking experiments themselves, as-
sume an attitude of hostility to the work of the experi-
mental investigators of heredity and have taken a last
stand in the phenomena of inheritance of human skin
color. Pearson (1909), who has urged that the collection
of extensive statistics is a prerequisite of deduetions in
the field of heredity, has actually published the non-
quantitative impressions of a medical correspondent in
the West Indies concerning the method of inheritance
of skin color in negro < white erosses and concludes that
““in view of the opinion”’ eited ‘‘the suggestion that skin
color ‘mendelizes’ should not be vaguely made.”” He
thinks his correspondent’s ““views’’ establish ‘‘the main
point’* ““that the segregation in the second generation
to pure white or black skins does not oceur.’”” On the
other hand, a writer in the Mendel Journal, No. 1, has
also a correspondent in the zone of intermingling whose
observations indieate partial, if not complete, segrega-
tion. Altogether the subjeet seems to deserve a more
extended, less biased treatment.

B. ANATOMICAL RELATIONS AND KINDS OF
SKIN PIGMENT

The pigment of the skin, at least the melanie pigment
which alone concerns us here, has its basis in the fine
granules lving in the deeper layers of the stratum
mucosum of the skin. The granules themselves are of
mesodermal origin and the pigment cells—melanoblasts
—seem to penetrate from below into the mucosa. Ehr-
mann (1896, Taf. XI, Fig. 24; Taf. IX, Fig. 19) has fig-
ured these melanoblasts in sections of the skin, both of
brunets and of negroes. They are much the more abun-
dant in negroes. The anatomical facts are that black
skin pigment is made up of many discontinuous elements
—the pigment granules. But the mosaic is so fine that,
to the naked eve, the color is apparently uniform and a
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unit. The anatomical differences between the skin of a
brunet and a blond suggest that the grades of color may
be due to more or fewer of the elements of the mosaie,
and that would seem to be a discontinuous variation;
but, on the other hand, since these granules inerease in
size and number during melanogenesis the difference in
skin color between a negro, a mulatto, a brunet and a
blond may be merely a difference in the point at which
the essential melanogenetic process is stopped.

Besides the melanic pigment a yvellow-red pigment is
often present in skins of all races. This pigment is
commonly considered a lipochrome and, in hair at least,
is quite different in structure from melanie pigment.

C. HEREDITY OF SKIN PIGMENT IN TYPICAL
CAUCASIANS

The data for the study of inheritance in ordinary skin
pigment of whites were obtained from two sets of in-
quiries. The first set was supplied chieflv by school
children on cards 127 mm. by 203 mm., which called also
“for data on the form and color of hair and the color of
eves. The second set was derived from the Familv Ree-
ords filled out for over 300 families, largely by adult
persons, including many men in professional life, geneal-
ogists and students, as well as farmers and men of af-
fairs.

The directions as to use of terms were necessarily
brief. In the first set they ran as follows: ‘4. Natural
complexion or skin color. Use terms as follows: blond,
brunet, intermediate, vellowish-white, olive-vellow, dark
vellow-brown (dark olive), copper colored, chocolate,
sooty black, full black, three fourths black, one half black,
one fourth black.”” T willingly grant that terms are poor
means of expressing degrees and quality of skin pig-
ment. Nevertheless, blond and brunet are understood
widely in the same sense and it was hoped that ‘‘inter-
mediate’” would be freely used in doubtful cases. This
expectation was not fully justified, since of 1.275 off-
spring recorded only 513, or 40 per cent. of all. were re-
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corded as of ‘“‘intermediate’’ color, while 460, or 36 per
cent., were given as blond and 302, or 24 per cent., as
brunet. In the “‘Family Records’’ the nomenclature sug-
gested was: “‘ Complexion or skin color: f (fair), i (inter-
mediate), br (brunet), d.br (dark brown),’”” ete. The
returns in the family records are for 1,098 children, of
whom 326, or about 29.5 per cent., are given as of ““inter-
mediate’” color; 635, or 58 per cent., as fair, and 137, or
about 12.5 per cent., as brunet. Evidently “‘blond’’ is
used in a more restricted sense than ““fair’’ by the pop-
ulation who filled out the blanks in question. All records
together are of 2,394 children. Of these there are 843 in-
termediates, or 35.2 per cent., 1,129 ““blond’’ or ‘‘fair,”’
or 47.2 per cent.; and 422 ‘“‘brunet,’’ or 17.6 per cent.
We thus see that only a little over one third of the chil-
dren are recorded as having an intermediate skin color,
while to nearly half are assigned the term ‘‘blond’’ or
““fair.”” The ‘““brunets’’ are a relatively small propor-
tion of all children in the families under consideration.
“Blond’’ and *“‘fair’’ have certainly been used too
broadly and this must affect somewhat the clearness of -
our results. However, taking the returns as they come,
we shall be able to deduce certain conclusions of im-
portance.

In the following tables we have entered the grand-
parental data as given. We have, however, not used in
the statistics the grandparents as parents, not only be-
cause in that case only a single child of the family is
known, but especially, because the order of aceuracy of
the grandparental data is, on the whole, inferior to that
of the parents and children. By and large, the grand-
parental data are highly snggestive, but exeeptional cases
must be lightly weighted.

(@) PBlond % Blond (Tables Ia, IB).—From two
“Bhlond?? or ““fair’’ parents 526 children were altogether
recorded, of which 472, or 89.7 per cent., were ‘‘blond,”’
40, or 7.6 per cent., were ‘‘intermediate,”” and 14, or 2.7
per cent., were ““brunet.”” Owing to the fact that the
number of brunets given is very small and beeause it
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38 families.
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TABLE Ia
CoMPLEXION: BLoND ¥ BLOND
b T —ACR I |
I 1
Family Name. ——— f—mﬂ‘?“"' =l F. MM. | MF. | FM. | FF.
Blond, | Inter. | Brun. e

Bry. 3 1 bl bl hl br hl hl
B:&;. ! 2 ' | bl bl bl bl i ]
afe indadiaale e ba i el
Cap. 1 1 | 1 ! 1 1
Ga':. 3 2 | bl bl bl — br —
Cla. 1 hl bl hl bl i bl
Deg.! 2 bl bl o i b bl
Edw- E | 1 1 b] h]- —— T — —
Eli. Sk il ! bl bl br bl br bl
Fay. [ I bl bl bl Ll b h_l
Fir. | 4 | bl bl i bl bl i
Fou. fe ko hl bl i i bl i
Fue. 3 | [ bl ] ¥ | hl ] kil
Gra, b I LR 1] kil bl i i bl
Hal—A: 1.3 ] 2 bl bl br i bl bl
Hed.—D | & { bl hl bl bl bl bl
How—C | & o G hl bl bl bl bl bl
Ker. 3 1 | bl Tl bl | i bl
Klo. 4 bl bl bl bl —— bl
Koao. 1 1 bl bl Ll Il bl hl
Kra. | 8 bl bl bl bl bl bl
Lav. 3 | hl bl bl hl bl hl
Len. B bl bl br br br hr
Lit.—B. 3 hl hl hl hl bl i
Aol 2 bl bl bl —_— Tl hl
MeG. 7 1 bl hl bl bl bl kil
Mye. 4 hl bl bl bl bl bl
Pad. | B ksl bl i kil — —
Pla. | 6 hl bl sl bl bl bl
Reg. IR bl bl bl i bl bl
Hha, ] bl bl hl bl i bl
Sim. 3 1 Il bl kil [§] bl -
Ste—I 2 bl bl hl bl hl hl
Bite.—0G 1 1 hl hl br bl br —
Sto—D | 2 bl bl bl bl i br
Sto.—E | 2 bl bl i i i i
Str.—A 5 bl Wl i bl Tl i
Str.—E 2 hl bl 5] bl hl i
Totals (135) 121 10 4

seemed likely that the rule established for hair color
would hold here (namely, that two light parents have no
dark children), I asked for further details from all fam-
ilies returning dark children of two blond parents.
Only two replies were received. In the case of a family
returning two brunets and four blonds from two blond
parents the new record gave the father as brunet instead
of blond. TIn the case of the second family said to con-
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TABLE I®

Far ¥ Falg

COMPLEXION :
Children

Fair. |IJ.1Ie=r. HBrun,
2
1

(|
. | E b b=
= _rumffalﬂ.lﬁ _.,l-_..___‘.l.._.u_..-.._-_....__.I.._.I..I_.I;li.r...._......I...I_.|.h......l.,l.,l._....__._._.._.._.l._.I_.I_.I..|..|..l...._..._..I-n"._-...l__-.._q.ﬂ.__...4,,_-._..1r
-
|
L i - ————— - —
= " = - rlffffnfff;lfffrffﬁlf.
M ff.l.—l...l'..l— —._....._._.-.._ﬁ._r_...-l_ll.._l..l.rllm..n—ff"f'.'ffhffx“ ._ - = = l
=
e 1= o B
= .-....:-....I..'..l..'..l_:l._._......-....__rl.r[.l_._.l-..._.lrf"f.l._..l.[._lr._lff..l"_.l ..t-.lfrl.—l..-lb..l....'ul..l...ﬂ..l.l..l ..l..lb......
_ — — —
M. r-.___.l.l_._._.._f-.....l._l.,l_l_fff.l_:I-W{{rlrlm.l.lfrrr_..rﬂ._.fﬁ..]
H B s ..I..l”..._-l_m _.:l...l_.,l.fl__...-.._]..l....ltlf s a8
= “.-..-_I_.|.l_.l.r._.ff._....__l_I..l.....-.,_I_.1_._.1..[..__.._,_....f_.|..I.,.|,[....._....—I.|..I..|.f_fff:l.l.lrrfrlffffffff.rltl.l.l.l.l
F
> 1
" _ff'l'f{{f[ffffil[ffi'ff{i..-r...—-l_.lrr..i...ff-—l'l'fffl.fffffffllfffffrrr.
i

Family Name.
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Children.

Family Name. M. F. MM MF. M. FF.
Fair. | Inter. | Brun.

Row. 8 i f i i f f
Toud. ] f | br f f {
Sch. 10 i i f  § f 1
Sco.—2 6 | f f br | f f
She.—2 5.0 f f f f f f
Shi.—1 2 ] f f f i T i
Him. 4 f f br i f f
Emi—1 2 1 f f i i —_ i
Spa. 2 4 1 f f bir f f e
Btr.—2 4 2 { f i i f 1
Sve. 6 ! f f br f f f
Tau.—2 3 sl f f f —_ i i
Tud.—1 3 f f f f f f
Vel. Bedo1 | | f f i i i
Ver. i [ f f f f f i
Wan. 3 | f i i f i i
War.—1 3 1 f f bir i hr br
Wes, 4 | { br f i f
Wha.—1 a i i f f f f
Whi.—1 3 | f f f i i 3
Win. 7 f f i f - - —
Waf. 7 f i f i f f

[+
=

Totals (378) 348 | 2

77 families.

sist of two blond, one intermediate and one brunet off-
spring, the new record gave the mother as intermediate
instead of blond, and the brunet child as light brunet or
intermediate, but somewhat darker than the mother,
These two families and a third (which 1s inacecessible)
comprising five blonds and four brunets, were therefore
struck out from the blond < blond table, leaving only
four brunets, or about 3 per cent., among the 135 off-
spring, recorded in Table Ta. Tables Ia and Ie give 9
brunets among 513 children, or 1.75 per cent. Keeping
in mind the probability of oceasional blunders on the
part of the recorders, it seems doubtful if these nine
cases are properly included. The econclusion seems
Justified that when both parents have blond complexion
or fair skin all of their children will have a similar fair
skin.

(b) Brunet X Blond (fair) (Table II).—The off-
spring of dark by light skin color is of importance be-
cause it should throw additional light on the question of
dominance, if any. The families of two such parents are
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TABLE II
CoMPLEXION : BLonD ¥ BRUNET

= = e | = o <
Family Name. | £ | 2 | g | M. | F. | MMJ{ MF. |FM | FF B R

o ] 2| E| &
And. 10 br | bl | br It.blo| bl | bl
Bex.—1 2 2 | br| 1 i f f i
Bin—1 Dl | 1 f | br | br f br | br
Boh —2 2 T [ I B el T :
Boy.—1 4| 2] 1 f | br| br f f f
Bra.—3 5 3 |be|bl |br| br | br br
Bro.—C gl 1|8 |bc|B || b |br i
Bro.—35 a| 2 br| f|—| — |—| —
Bul. br | bl | bl br | bl | Hl 2
Bur.—2 811 £ ] b ). 1 f br | br
Byn.—1 1 1 [br| f | br f ] R
Car.—B br | bl | br i bl i 1|4
Car.—1 b 2 br| 1 i br i £
Cas. 2 br | Bl | bl br Tl br
Cla.—1 br | I | br i I‘ i 2
Clo. 1 bl | br| 1 i br br
Cor. 4| 2 2 1lbr| £ | br i 3 f
Coz. d[-1 br | B | i br | br br
Cro. 3 br | Bl | i i 3 bl
Cur. br | bl | bl | br Bl | § 4
Cuw. W 1 | bl | b | i Il br hr
Dig.—A 2 Al R T e e
Doo. Bl | br| i | br br | Bl 1| 4
Dra. i a e ‘ i ;
Dye. 2|12 |1 |Hb|br|H | bl be
Edw, 3 2 | br | F|i f f. | af
Edw. " IO (A B | i v br
Eld. 3 1 f |br| 1 | f br | br ‘ |
Eve. 4 1 f {be| £ ]| 1 i (R
Fal. sla |y |s|be|Bi]| B fBE| BI | |
Gla. 1 2 | br| 4 |br| br i f i
Gla—B s{1|a|br|ba|bi| e |BI| & | |
Gioe. n [ 00 | | £ b | b br | br br
Gre.—E 1 2 | h | br | br br | br br | |
Gri. 5| 1|1 |br|bl|Bbl i bl | br '
Hag. br| £ | 1 br |—| — | | 4
Hal.—E br | bl [ br| br | Bl | bl 5
Han.—1 | be| £ | bo| br £ f | 3
Har.—D 1 | 1 | Wl br| B | br br br ||
Hof. 4| 1 | Bl | br | Bl | Br | br hr
Hom.—B 4 | 2 || bx| KW Bl | — | — |
Hur. 2 o 1 bl 1 be { | G e ¢ |
Hyd.—1 4|11 |br| {1 f br | br | |
Jul. 1 4 |br| £ | £ | br | { e it
Jem. br | bl | bl br br bl | 2 1
Jen, 1| = |2 | e £ | b f | — |
Jon.—B 3 2 | b | br | bl bl br bl |
Jon.—1 a [dbe| £ | i i br £ -
Jon.—3 | £ (dbr} f br | br ] S |
Koec.—1 1| 3|8 |br| [ | br i f f .
Koc.—2 bl | br | ki i i | br | 4|1
Lot.—A 3 2 | br| bl | br br br b
Lym.—1 be | Bl | br br br | W | 3
Lym.—2 3 f | br| 1 | | i I i |
Mai RIS (T e ) TR R I D
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: Tlald ] | v B E| 8
Family Kame. g ‘ z E lm. F. |MM.| MF. l-\:i FF | E.; | B E
Mat. 2 | bl | be|me] be [ W] br |

McC. 5 j br | f | br | br i br |

NTil. 3| 2 | br | bl | W — | H i

Mil.—B g1 ] a8 be e bl he | br

Moo. { br | bl i br | i i 2
Owe.—1 br | I f e = | = -
Par. g g e e f f br

Pat. br | Bl | be | 1 br br 1 3
Pre. gl2|l1|bc|B]| 1| bre kl br

Red. 2 | be | Bl | be | i bl bl

Rei.—1 I T TR T i f ld.br f

Rel. 1] 2 | br| bl | — —_ - —_

Ril. gl 1|2 |mpt|be|d | W | & ]| i

Sea. 3 1 |l | br| B bl bl br

Emi.—E br bl | bl —_— =] - 4
Bpr. 2 2 | bl | br|— - — | dark

Bte.—C 2 8 |H [br)| 1 bl br i

Ste.—2 | 2 br | £ | 1 f £ | f

Be=p- {2 bl [br| i | br | br| Wbl

Bvk. | 6| 1|1 !Bl |br|—| — [{br| br

Tat. | 5 1 |be| bl |br| br bl bl

Van.—1 ! br| f f b f i 2 1
Yen.—1 4| 1 I £ br i i br br

Vos. ‘ 1 2 | bl | br i i bir br

War.—A 1 1 |br| bl | br i i i

Wen. 4| 2 ;.2 br f i — 1 f

Whi. | | { |vbr| f v.hr | £ | v.br 2
Whi. o2 | PO O I e T

Whi—3 3] 2 2 f bir f i i br

Wil. 2 | 2 | bl | br| i bl bir br

Wal. 2 1 1 f bir f d.br i f

Wor. g | 1 bl | br | bl br - -

Wyh. 4 be | £ | i i f f

Total (342) | 193 | 58 | 91 [ (G0 | 0O 30 | -31

Total: 88 families. 70 families. wv.br, very brown. 18 families.

given in Table II, and are divided into two classes, viz.,
those containing blond offspring, on the left side of the
table, and those containing none, on the right side. The
division 1s made in accordance with the hvpothesis that
“hrunet’’ ig dominant to “‘blond’’ and that the brunets
may be of two sorts, either duplex or simplex. in respect
to the pigmentation character. If the pigmentation fac-
tor of the dark parent is duplex no blonds are to be ex-
pected, but if the dark parent is simplex in pigmentation
half of the children will have little or no black skin-pig-
ment. By hypothesis the simplex parents should be
about twice as numerons as the duplex. In Table IT
there are 70 families with blond children to 18 without
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blonds. Some of the latter are doubtless without blonds
by chance, owing to the small number in the family, just
as there are 30 families in the entire 83 without brunet
offspring or 39 without intermediates. That all of the
families without blonds are not so by chance is probable
from the following considerations: (a) blonds are al-
most (11:12.8) as numerous as the other two classes
together vet the latter are both absent in the offspring
of only eleven families; (b) there are more large fam-
ilies that are blondless than that are without brunets
and intermediates, and when a large family is without
offspring of a particular class the result is less probably
due to chance. Finally, owing to the fact that the de-
velopment of potential pigment is frequently retarded,
some of the families with **blond’” offspring wounld later
be without blonds. We may conclude, then, that some
of the blondless fraternities are so because all of their
members have the determiner for skin pigmentation and,
eonsequently, in the brunet < blond matings some of the
brunet parents are duplex in skin pigment. But the off-
spring of these duplex parents are not all alike; half of
them are ‘“‘intermediate’’ and the remainder ‘‘brunet.”’
This result suggests that brunets may earry the ‘‘inter-
mediate’’ grade of skin pigmentation as a hidden—
hyvpostatie—factor.

In the families containing blond offspring, expectation,
on the hypothesis of segregation, is that half of the off-
spring shall be blond and half pigmented in full or
intermediate grade. Actually blonds are to non-blonds
as 193:149 or as 1.3:1. The excess of blonds suggests
that some of them are immature and potentially pig-
mented, the families really belonging to the right hand
side of the table.

(¢) Brunet x Brunet (Table IIT).—When both pa-
rents are brunets there may, on the segregation theory,
be two classes of families, namely, a class in which both
parents produce germ-cells without the pigment deter-
miner and a class in which at least one parent produces
no such germ-cells. In the former case only are blond
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CoMPLEXION : BRUNET » BRUNET

TABLE III

- ) | -'!:|r [ -
B ¥ 'E E‘ 2 e 5 =l '::; I'."-E ?; E E E
Family Name. | &q ‘ E E | = | = | § ‘ = e I 15| &
Ait—1 2 | N5 R o B R P
Alt. 1 4 |br | br | bl bl br —
Arn.—2 br| br |br| i | be i 2 1
Bal.—3 1 | | 4 | br| br | f br | i br |
Ban. 1 1 1 | br| br | i | br [ br| br |
Bay. ‘ ' be | br | br i br br | 1 4
Blo.—1 | br | br | — | br b — | 2 b4
Bro—B 2 | 1 | br| br | be | br br i
B 1 1 |br| b br| H — | br
Can. br | br | br | br bir kil 2
Cla.—D 2 1 d |br|br|br| be It It
Col.—D 2 | o |be|br| i | be |1 br
Eni. [ be| br| 1 | br br br | 3
Fie. 3 1 1 | be|br| 4 | br br 2 |
Fis. br | be | br | br | i = 3
Gim 1 g |de|de | 1 dk | dk dk |
Gre.—( 1 4 | br | br | br — | i —
Hen. br | br | br br bir bir 3
Hen. br | br | br i br -— 1 5
Jae,.—1 | 21 1 | br | br | br f i f
Jor.—2 1 1 1  br| br — —_ br br
Kay. ' br | br | br br i br 2 2
Kel. | 4 3 | br | br | br f br i
Kil. 2 1 br | br i -—— —_ —
Kuh. br | br | br | br | br 1 2
Lan. 1 2 bre? | be? | Bl hl kil bl
Lan. b 3 |br| br | br| br br br
Mel3. br | br | br| br | br | br 5
MeC. = 1 | br | br | hl br — —
Mel. 2 & |br| br| i f | br br |
Mor.—A | br | br | i i | br br 2
Par.—B [ di | dk | i br | br | br- | 1 a
Pib.—1 br | br | br | br bir br 7
Pil.—2 br | be | br b i | br 5
Pon. 2 1 ke | br | br | bl br —
Ham. br | br | br br | br br 3
Rob.—B br | br | i i | br br 1 3
Sin.—D br | br | br | br ‘| br br 3 1
Was, br | br i bir i bir 2 3
Wri. 3 2 2 br | br | br | br Bl | i
Wro.—B br | br | br bl b bl 2
Yo, 2 1 1 br | br | bl i bl br
£in. 1 | 4 | br| br | — hl — —
Total (96) | 42 | 11 | 43 | an | o | 19| 58

Total: 43 families.

23 families,

20 families.

offspring to be expected. Among the 43 families of
Table I1I, 20 produced no blonds, although some of them
comprige four to seven children.
highly probable that some brunets are duplex in skin pig-
mentation. In the families that produce blonds there are

Consequently it is
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only 54 children out of a total of 96 that are either
brunet or intermediate, or about 56 per cent, of all. With
simple segregation and dominance 75 per cent. of dark
offspring are to be expected; the deficiency is, I suspect,
partly due to the exclusion from the left side of the
table of some families with both parents simplex merely
because they failed (in their small families) to produce
blonds, although they were potential blond producers.

(d) Intermediate > Intermediate (Table IV).—The
intermediate class serves to include those whose skin
has not the clear, transparent, pink quality of the typiecal
blond, on the one hand, nor the rich dark shade of the
brunet. It was intended to include a considerable range
of eolor from 10 per cent. to 18 per eent. of black in the
color wheel. As already stated, however, collaborators
assigned less than a third of the offspring to this class.

The distribution of skin color in the offspring of two
intermediates offers, it must be freely admitted, great
diffienlties, There are several possibilities. It might
be that the **brunet’’ type of skin color is typical for
skin pigment. Accordingly, the intermediate condition
may bhe conceived as having been stopped part way in
color development. This stoppage may be dne to the
fact that the nnits essential to the later phases of color
development are lacking, or to the fact that the stimu-
lus to full pigmentation is weak. The first alternative
assumes many units for pigmentation; the second, one
unit that fluetnates widely. Again the intermediate con-
dition might be the consequence merely of its simplex or
heterozyzous nature. If the latter were the case two
intermediates should produee light and dark offspring
again in nearly equal proportions as well as intermedi-
ates. But if either of the two first-named hypotheses
is correct, in accordance with results found by us in
hair eolor, the offspring should not exceed in pigmenta-
tion the more pigmented parent; in the same way that in
the offspring of two blond parents the parental eolor is
not exceeded.

Table TV gives the data precisely as reported. As in
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. ' ;
Family Name. | isiricul i S | p. | MM, | MF. | FM. | FF.
| Fair. | Inter. | Brun. | | | b
Sam.—A | 1 [1isd S SO .
Say. | 2 JAECH (i i i i br
Bea. 1 1 iie i f i i i
Bil.—B a i | i br i i br
Sil.—C oL ol B o RSN TR R o
Hin. I 2.1 ! A TR [ | | i i 1
Bmi.—3 4 | B g i i i i
Smil. 3 g T T8 A i 1
Ene. 2 | f0 (VoA i i i br
Sob, 1 L | ] A br | hl bl i
Sequ. 6 | A B i i br i
Ste.—1 2 | 2 | prefin br | br
Sti.—1 2 | i 1 e 1 i
Sto.—C 1 1 i i i i i i
Str.—C. 2 L3 ‘ R e =) (R 8 T
Str. 9 i | S = i bl
Etr. 2 i R — — -
Bny. 4 | i i | R T i i
Tay.—D | 3 | i i i i i i
Th. | 2 2 i i ! bl hr br i
Tre. | 4 | i I | i i i
Tru. 2 2 [ e B i i bl 1 i
Wal. 4 1 [ e s i i i
Wal.—2 T e A R T i i i
Wan. | 3 i | Y (R | i i i
Wan.—B 1 i - i i i
War.—C, | 2 S i f f dk dk
Wes, 2 1| | & i | b bl bl i
Whe.—D 1 1 | | 1 i bl 1 1 1
Wil. 2 | i i i bl br i
Wil. | 1 3 1 0| | — -— bir i
wi—B | 1 o B o o T (o
Win. B 2 g ped i i i i
Wol. e 1 2 I B br br bl i

Totals (591) 128 | 403 | 60

the case of the other tables, a certain allowance has to be
made for errors in reporting due to vague and incorrect
recollection and to other mental lapses. In such fam-
ilies as Keh., MeC.—2 and Rob. the color of one of the
parents is probably incorrectly reported. Sometimes the
probability of the record can be tested by considering
the associated hair ecolor, since there is a fairlv high eor-
relation between the two. Thus in the case of the Keh.
family both ““intermediate’” parents have ‘“black’’ hair,
while all but one of the *‘brunet’ children have hair
that is recorded as of some shade lighter than black. In
the MeC.—2 and Rob. families both parents and children
have “‘dark brown’’ hair, but, in both families, the skin
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TABLE V
IHNTERMEMATE ¥ BrLonNn
Children. '
Family Name. - - -] M. F. MAM. MF. FM. FF
Blond. | Inter. | Brun.
Ave, & 1 i bl i i 1 bl
Bal. a3 1 1 bl i kil br —- —
Bar. 2 i bl i bir Ll i
Bon. 4 i hl i i kil [}
Bow. g | 2 - ] (S | e
Col.—C. 2 | & bl i il br i bl
Dav.—C AL Il i -— — bir i
Diru. 2 i bl i br br —
Ege. 2 bl i bl - bl -
Ews:. 2 il i i i i i
Fin. 1 1 i bl i br i i
Fra. 3 1 2 i bl - —_ — —
Fra—D 2 i hl - - s s
Fri—B 1 2 i bl i i i bl
Gen. 3 bl i i i i i
Gil.—B 3 1 i bl i br bl i
Gor.—A 2 T 2 bl i bkl i i i
Gae, b 1 i bl b Il bl bl
Hal.—B 4 bl i br Ll i br
Hal.—D 1 1 hl i i bl 1 i
How—D | 3 | kil i '. i Ll i | i
Hur. [ 3 hl i i i i i
el 1 1 | hl i bl i i | Hl
Kir. 1 1 ki i i i i i
Lat.—B. 3 | ®l i bl i i i
Ma. 1 1 1 bl i kil bl (] i
Mil.—D 2 bl i br i bir bl
I GEN 2 a i bl i i i bl
FPie. 2 i bl i i br i
Pla.—C 1 i bl br kil i bl
Pra. 4 4 bl i b i dk dk
Ras.—B 1 4 | bl bl br - —
Rob. 3 4 i bl i i | W i
Seo. B o 1 Il i hl br bl br
Beo.—B 2 hl i | o Il i i
Zha. 2 bl i gl | | i bl i
Str. 4 2 | bl i bl bl bl | —
Suo. T i bl bir bl _— bl
Tw.  Jol] [ | bl i bl bl | — -
TR 2 1 bl i br hi i i
Wal. 4 | bl i i 3] bl kil
Web. (i1 1 bl i bl br br br
Wri. 3 i bl fair i bl i
Wro.—C 1 ey i bl i

Tamts:{l'?‘.-)}; g8 | 76 | &

44 families.

color of the parents is given as ‘‘intermediate,”’ while
that of all or most of the children is given as ‘‘brunet.”
Tt seems probable that in applying the ferms that were
available the difference in skin color between parents
and children has been unconseciously exaggerated.
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Total {229}| 128 | 83 | 18 |

46 families.

! Mediom brown to dark brown hair,

*¢¢Black’’ hair, hazel eyes.
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Applying no correction at all, however, practically 90
per cent. of the offspring agree with the rule that they
are not darker than their darker parents. Nevertheless,
the hypothesis that intermediate skin color is sometimes
due to the imperfect dominance of the simplex deter-
miner must be admitted as plansible.

(e) Intermediate ¥ Blond.—The results of this mat-
ing are given in Table V, showing the distribution of
gkin color in the offspring. If all intermediates were
simplex in skin pigmentation we should expect blonds
and intermediates in equal numbers. Also on the hy-
pothesis that the higher grade of pigmentation is epi-
statie we should expect blonds and intermediates, but no
brunets. The actual distribution agrees nearly with ex-
pectation on either hypothesis: where the term ‘‘blond”’
i1s used 54 per cent. of the offspring are blonds; and
among the ““‘fairs’’ 56 per cent. are fair. Most of the
remainder are ‘“‘intermediate,’” the exceptions consfi-
tuting only about 6 per cent. of all offspring. In some
of the most aberrant families, like Dar.—1, one finds in
the hair color reason for doubting if classification was
always made with judgment. It seems probable that
when the parentage really falls into this elass brunet
offspring rarely, if ever, oceur.

(f) Intermediate X Brunet (Table VI).—If intermedi-
ate skin eolor is simplex then brunet is duplex and ex-
pectation is that half of the offspring shall be brunet,
half intermediate and there shall be no blonds. But if
intermediate and brunet represent two different stages
of pigmentation either of which may be epistatie to
blond, then a eertain proportion (sometimes less than 25
per cent.) of the offspring should be blonds. Aectually
there are many blonds (about 24 per cent. of all off-
spring) and consequently the second hypothesis is fa-
vored again.

Of the 80 families 39 have no blond offspring; we may
inquire if the ancestry of such families differs in the
proportions of the blonds from those that produce blond
offspring. We find that in the families with blond off-



Family Name. n'ﬁlﬁﬂflr. Inter. | Brun. | M. I MM,
Bea. 3 2 5 | br | i i
Bis.—2 1 1.1 br i
Boh.—3 5 1 3 br i —
Boy.—2 1 4 i br -
Bro.—7 2 1 i be | I
Bat. | 1 z i br br
Clu.—A I ] i br e
Clu.—B 1 1 1 i br i
Con. 3 o a br i hl
Cur.—A v 1 | br i hi
Cur.—1 4 2 i br f
Dav.—A 1 4 2 i bir =
DEP+ 2 j h:‘ 1
Dev. 2 i bhr bl
Dey.—A 2 1 | br i | br
Don. 1 1 5 br i bl
Don.—B. 1 a i br i
Dow.—1 & br i f
Diru.—B 2 1 br i —
Eas. 2 i br br
Fyt. 2 3 i br =
Gar.—A 2 g | i br br
Gar.—1 2 3 1 br i i
Gan, a 3 br i i
Get. 3 2 i bir i
Gil. 2 2 br i b
Gla.—A i 2 i hr i
Girn.—D 3 2 br S MIERES:
Gre 2 B br br
Had. b br i i
Han. b br i hl
Har. o b i br
Hay 1 2 lor - i -
Hen.—A 2 1 i b br
Hew. 3 2 3 b i i
Hir. 1 1 br i br
Hit. 2 i br | i
Hop. 1 1 br i |i
Jor.—1 2 1 bir i i
Ker. 1 1 br i i
Kro.—1 1 2 1 br i br
Leo. 2 1 br i bl
Lon.—C 1 2 br i br
Lue 1 P 1 bir i br
Mel. i 1 br i i
MeK. 2 | hr £ i
MeL. 2 3 i br | i
Mar. 1 2 bir i i
Mil.—A. 1 1 1 br s 3
Mie.—A 1 1 a i br i
Nie.—1 a2 3 el "
O, b i br i
' Pal 1 Lidebe | il ]t
Poe. 2 1 | O

SKIN PIGMENTATION IN MAN

TABLE VI
BRUNET ¥ INTERMEDIATE
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Family Name. 'UI;']['_‘:::_ Inter. | Brun. i b | I MM MF FM FF
| | | | |
Pyn. ! A [ | i | br i I be | i b
Ric.—3 | 2 | | 2 br i f | br br i
Roc. | a | 2 i br i | i br br
Ral. 6 | 1 br | i br | br i i
Bay. {3 1 br i br | i bl | dk
Seh. | -1 2 bir i be | o f  §
Bagmi, 1] Vea 1 | be | i | i i
Hal, | 1 2 | 1 | be i br i br
Ser. | R B R A T
Sho. 1 2 1 br J. i i hl | br—| 4
Ski. 2 1 2 1 4 br | i br br | bir
Bmi. 2 | 1 | be i i i i i
Spi. 1 3 | br i i f T [
Ste.—D 2 500 b i br i i | =
Sto—B 1 I & br i 1 br br
Tho. 3 i 1 br 1 br IR (S
Tre. | 2 I | b | E br be: | 4 | =
Tue. | | be | i i i | Nl hl br
Tyd—1 | 2 R TR oo [ T (M | PR [
Ver. . 1 PR 1500 ] | | O [ T br
Way. 2 1 1 | @ b — | — | i i
Web. 1 THSE i 16 ) M| i i
Wei. [ 1 R S S B | br | bl br
Woo. 5 6 T | T [ R T br

Totals (307)) 73 | 129 | 105 | i | |
| |

80 families. Certain grandparental terms are printed in italics to indi-
eate our doubt as to their correctness.

spring 24 per cent. of the known grandparents are re-
corded as blond or fair, whereas in families without
blond offspring only 13 per cent. of the known grand-
parents are blond or fair. In families with blond off-
spring 9 of the 34 complete sets of grandparents (or
26.5 per cent.) show blondness on hoth the paternal and
maternal side, whereas in families without blond off-
spring, of the 36 complete sets of grandparents only 4,
or 11 per eent., show blondness on both sides, and the size
of the families in these four eases is small, viz., 2, 2, 2,
4, so that there is a large chance that the families are
potentially blond producing and really belong in with
the blond producing families. It appears, then, that
both the intermediate and brunet parents may contain
hypostatic blondness, and where they do they will have
blond offspring, but not otherwise.

If the brunet parent is, in any ease, duplex-brunet and
contains no hypostatic intermediate or blond then ex-
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pectation is that all of its offspring shall be brunet.
This eondition is apparently not realized even in the 29
familieg that yvield no blonds. Only in seven cases are
both [grand] parents of the brown parent ‘‘brunet,”’
but there is no evidence that they were not simplex. At
any rate, in all these seven cases some “‘intermediate’
offspring were produced.

(g) Comparisons.—The relations of the foregoing
facts are better brought out by the compact table where
the results of the various matings can be compared.

TABLE VII
THE NUMBER AND DISTRIRUTION OF THE OFFSPRING OF Various MaTiNGS

Fregqueneoy, Proportions.
Nature of Mating.

Taotal. | Blond. | Inter. | Brun. | Blond, | Inter. | Brumn.

Blond*blond. .. .......... 513 | 460 ] 9 | 914 0.8 1.5
Blond X intermediate . ... ... 408 224 | 158 26 54.9 | 387 6.4
Blond>*brunet. ............ 403 193 55 122 479 | 21.8 | 20.3
Intermediate X intermediate .| 501 1258 | 403 60 | 21.8 | BR.5 9.7
Intermediate ¥ brunet . ..... 307 T3 | 128 105 238 | 420 | 342
Brunet X brunet. . .......... 173 42 a0 101 24.3 17.3 | 584

e e e e e R 2,404 | 1,120 | 843 423

Considering alone the proportions of blonds in the
families of the various matings, some striking fizures are
obtained. Three classes appear:

L. Class comprising about 90 per cent. blonds ap-
proaching 100 per cent.—blond % blond (91.4 per cent.).

II. Classes in which the blonds constitute approxi-
mately 50 per cent.—blond < intermediate (54.9 per
cent.), blond > brunet (48 per cent.).

III. Classes in which the blonds constitute approxi-
mately 25 per cent.—brunet > brunet (24.3 per cent.),
brunet < intermediate (23.8 per cent.), intermediate
intermediate (21.8 per cent.).

In the first class neither parent shows skin pigment ;
in the second class one parent only shows snel pigment ;
in the third class hoth parents show skin pigment. The
proportions of blonds in the first class are those ex-
pected from Mendelian crosses of R % R; of the second
class those expected from R % DR erosses, and of the
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third class those expected from DR x DR matings.
Shall it therefore be concluded that all brunets as well
as intermediates are simplex in skin pigment? This
does not follow ; but it does seem to be a fact that duplex
“brunet” and “‘intermediate’ are not common;' indeed
80 uncommon as not to alter materially the proportions
that would be given on the hypothesis that they are al-
ways simplex.

The principle of the non-transgressibility of the upper
limit to which we have called attention elsewhere? seems
to hold for skin pigment also although the result is less
clear-cut, probably becanse the terms were less aceu-
rately assigned. To see how closely the law holds Table
VIII has been constructed. The three cases: (a) darker
parent blond; (b) darker parent intermediate; (c¢)
darker parent brunet—are chosen and the distribution of
offspring in each ecase indicated at the right.

TABLE VIII
BHOWING THE DISTRIBUTION OF THE DIFFERENT CLASSES oF SEIN CoLor Iv

THE THREE CASES WHEN THE Darger PAreNT 15 BLoxb,
IXTERMEDIATE AXD BRUNET

Offspring.

Grade of Darker Parent. Frequency.

—_— Proporiions,

Totals, | Blopd, | Inter. | Hrun. | Blond, | Inter. | Brun,

Blond s e 513 | 469

| 33 ! 91.4 .5 1.8
Intermedinte. ........ e 004G | a2 : ol 83 5.3 463 | B3
Bromeb. . cvosesaiiasicis | 883 | 308 | 247 | 328 34.9 | 28.0 | 37.1

Table VIII shows that exceptions to the rule of de-
limitation are, considering the vagueness of terms,® rela-
tively rare, only about 8 per cent., and, consequently, the
rule seems verified. -

The significance of the intermediate grades of skin
color 1s a question of prime importance. There is some
evidence, for example in Table IV, families Har. A, Keh.

! For examples of probably duplex ‘¢ brunet '’ see Table I1I, Eni, Hen,
MeB, Ram. Of duplex intermediates there seem to be examples in Table IV,
Bal.—A, Dol.—1, Don.—1, Ran.—B, and Kee; and in Table V, Suo.

2G. C. and C. B. Davenport, 1909, p. 208.

*The proportion would be substantially reduced were returns that show
intrinsie evidence of error eliminated.
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and Rob., that the intermediate condition is sometimes a
simplex or heterozygous condition, But, in most cases
the evidence is clear that the ‘‘intermediate’’ grade (or
grades) is simply epistatic to blond and hypostatie to
brunet and that intermediate may carry, and usunally
does ecarry, hypostatic ‘“blond,’’ while brunet may carry,
and usually does carry, either or both hyvpostatic blond
or hyvpostatic intermediate. There is nothing unpre-
cedented in the eoneeption that a given condition may be
in some eases simplex and in others act as a unit. Some
cases of barring in the plumage color of poultry belong
to the one eategory and others to the other.

The meaning of the case of skin pigmentation, like that
of hair pigmentation, is not perfectly clear. There is a
possibility that pigmentation stops at certain well-de-
fined points, each of which is determined by an hered-
itary unit; on the other hand, it seems even more prob-
able that there is a continuous gradation in depth of
pigmentation and that the strong internal conditions
that lead to deeper pigmentation dominate over the
weaker conditions. In the one case the varving char-
acteristic is composed of a series of steps; in the other
of an inclined plane. But a series of steps ean not he
distingunished from an inclined plane if the steps be taken
small enongh.

D. HEREDITY OF SKIN PIGMENTATION IN
CROSSES BETWEEN WHITES AND
NEGROES

The behavior in inheritance of the very dark skin pig-
mentation characteristic of negro races now deserves
consideration. It is remarkable that despite the abun-
dance of material available the facts of the inheritance
of pigmentation in such ecrosses should have remained
so long in dispute. To settle the question whether segre-
gation occurs, two essential conditions must be met.
F_‘irst, the parentage of the children must be unques-
tioned and, second, the degree of pigmentation must be
quantitatively expressed. Through the kind coopera-
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tion of correspondents in the south and above all of Pro-
fessor H. I, Jordan, of the University of Virginia, who
furnished all of the quantitative data, T am able to meet
these conditions.

The quantitative data were obtained by means of the
Bradley color top, using the standard colors of the Mil-
ton Bradley Company, of Springfield, Mass, The num-
bers given are percentages of the entire area of the dise
occupied by the corresponding colors on the revolving
dise. All color determinations were made of the dorsal
aspect of the forearm slightly above the wrist. The de-
terminations by the eolor top indieate that human skin
color ig obtained by mixing black (N}, vellow (Y), red
(R) and white (W). The first constituent is the melanic
pigment, the second probably is due to a lipochrome pig-
ment so wide-spread in animals and found in the human
hair and iris, the red is chiefly that of hemoglobin; and
the white is reflected from the opaque skin. The color
formula of the skin of the wrist of a slightly tanned
“‘white’’ skin—the writer’s—is as follows:

N Y R W
8 o 50 33

The determinations by the color top are fairly deli-
cate. The formula 10-12-41-37 gives a decidedly dif-
ferent color from the foregoing and not red enough for
any wrist-skin. The skin color of a very dark negro,
about 18 vears old, measured by Dr. Jordan gave: N 75.
Y 3, R 20, W 2. Dr. Jordan thinks the skin color of this
boy’s face would be given by N 90, R 10. Another black
negro is given by N 68, Y 2, R 26, W 4.

We may now consider the pedigrees of skin color col-
lected by Dr. Jordan.

As to the question of legitimacy, Dr. Jordan writes:
¢‘Phere isn’t the least doubt, I think, about the legitimacy
of the children in the families of ‘H.,” “W.,” ¢J.” and ‘F.”

* The quantitative data on this family were not obtained, as the members
were too inaccessible. The ‘¢C.?? family was obtained after Dr. Jordan’s
lotter was written, and his remarks are doubtless applicable to that family
also,
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W. FaMiLy

2 (white) = @ (negro) & (mulatto) l. @ (mulatto)
—
3'!' (mulatto ; — 9 (mulatto; color & (mulatto) = ¢ (mulatto)
“ color of of 12-year old grand-
son’' ) daughter)
2 (mulatto ; = @ (mulatto, ““ very dark’’;
13-17-35-35) | 45-12-33-10)
| | I | | ) 1 | |
é ? L i 3 d _é A
19 yrs. 17 yrs. 16yrs. 13yre. 12yrs. 10 yre. B yrs. 7 ¥rs, O ¥yIs.
absent ; ““ecolor of N 23 32 46 31 (i 23 33
color of father” Y 20 14 7 15 4 17 !i?.
12-year absent R 30 37 40 a0 30 35 28
old sis- w25 17 7 24 G0 25 33
ter
H. FaMILY

& (mu-= @ (mu- J (white)= 9 (negro) g (negro)= P (white) J(?)=9(?)
latio) latio 7)

& (mulatto, color= ¢ (mulatto) 4 (mulatto) = ¢ (mulatto)
of ‘*Harry ")

& “Harry''; yellowish 2 Light mulatto

brown mulatto J02--32-18

J6-14-32-18 |
| | | | | | |
¥ g d & i B P

(22vyrs.) (20 yrs.) (18yra) (16ym.) (12yrs.) (Syrs.) (6 yra)

30 absent, a ahsent, 32 23 30 28
20 little lighter &kin color 13 18 12 18
s than father; like 20- B 33 a8 32
18 alightly voar-old 19 22 10y 22

darker than brother
oldest sister

C. FPaMmiLy

5 9
(mulatto) = (mulatto) (white)= negro (white) =(mulatto) (white = (negro)
and
Indian)

g (mulatto; color— ¢ (mulatto; lighter & (mulatto — ¢ (mulatto :
of Charles) than Charles) lighter than | color of
Chas." wife) | Charles’ wife)

4 ‘*Charles " ; dark yellow — @ (mulatto; slightly ruddier
mulatto than Charles)
43-13-22-22 34-17-36-13
¢ ¢ :
(16 ¥rs.) (15 yrs.) (7 ¥yrs.) (5 yrs.) (3 ¥rs.)
31 35 32 30 i
17 15 17 21 20
a2 a5 31 a1 33

20 15 20 18 16
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J. TAMILY

3 e
(white)= (mulatto) (white) = (negro) (white) = (white) {mim} = [nl:é}]'u}

4 (mulatto = @ (mulatto lighter & (white) = SRR
colorof John)] than John) J e

& “John" {mulatto) = @ (almost white)

H-20-33-18 I 18-15-36-36

| | | 1 !
S a & ¢ d
(31 yrs.) (27 wrs.) (23 yrs.) (21 yrs.) {18 ¥rs.) (11 yrs.)
absent ; 1 10 K.5 absent ; 2%
like ] B 16.5 * darker 17
eldest 37 36 32 than John? 33
brother 48 459 43 22
Dr. F—— for years a resident of this section, and health

officer of C——, supports me in this belief. Moreover, I
have explained to each family the necessity for my study
of absolute certainty on this point, have asked them the
direct question, and each about the other, and can get
only the assurance that the family life in each case is
entirely chaste. Omne man is a minister, one prineipal of
the colored school, one a thriving merchant and one a
barber, and all seem considerably above the grade of
morality and intelligence of the ordinary stupid and ir-
responsible negro. 1 think you may be absolutely cer-
tain regarding the chastity of the several mothers con-
cerned.”” Those who know Dr. Jordan will appreciate
the better the great weight to be given his conclusion.
It seems to ns we mayv proceed to discuss these cases as
experimental data.

Of the four families the W. family is, perhaps, the
most striking. The father, the grandson of a white man,
has himself a grade of pigmentation (black, 13 per cent.)
no darker than that of a brunet. His wife is very dark
(black, 45 per cent.). The children range from white
(black, 6 per cent.) to as dark as the mother (46 per
cent.). The entire series of percentages of black runs:
6, 23, 25, 31, 32, 33, 46. We have here 1 light inter-
mediate: 5 of mulatto tint and 1 “‘very dark.”” None of

* These measurements were made an hour apart, after shifting of the color
Miges and the later without reealling the earlier measurement.
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the children show a significantly greater pigmentation
than the darker parent, and one is lighter than the
lichter parent. There is clear evidence of segregation
of the skin pigmentation.

The J. family is important because of the mating of
an “‘almost white’* first generation mulatto with a male
mulatto who is more than twice as dark. Of the four
children measured three are nearly white, whiter than
the mother, and one is as dark as the father. The series
runs: 3.5, 10, 10, 28, A segregation of practically white
and half dark (grandparental colors) takes place here
also.

The H. family has also several points of interest. A
lighter and darker mulatto parent (black, 30 per cent.
and 36 per cent., respectively) from four mulatto grand-
parents have children ranging in amount of black pig-
ment from 27 to 39; these extremes being somewhat
lighter and somewhat darker, respectively, than the pa-
rents. No white appears. This result is like that ob-
tained in many Caucasian families with ‘‘intermediate’’
skin color; where two “‘intermediate’’ parents (that
apparently do not have hypostatic ‘“blond’") breed true.
They behave like ““pure dominants.”’

The C. family gives muech the same result. Two second
generation mulattoes of rather dark tvpe have children
of this dark type only. None of them exceed the darker
parent ; some of them run lighter than the less pigmented
parent. These parents also seem ‘‘pure dominants,
or, better, contain no hyvpostatic white.

The significance of the data of these four families is
perfectly clear in view of the studies that we have made
on the inheritance of hair and skin color in ‘‘Caunecas-
ians,’”” There are many grades of pigmentation—more
or less definite stopping points, perhaps, in a continnous
pigmentation process. A tendency to proceed far in the
pigmentation process is dominant over the less progres-
sive condition, but imperfectly so. Consequently, first-
generation mulattoes are not as dark as the negro pa-
rent. Whether in the offspring of two such mnlattoes
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the “‘extracted dominants’’ would ever return to the
original pigmentation of the dark negro parent is doubt-
ful; first, because neither ‘‘white’” nor black is a single
unit. Only in rare instances will the ‘““extracted’® blacks
be free of some white unit. We are dealing in this case
not with two unit characters only but perhaps with a
myriad of them. A chanee combination of a lot of lower
grades will give “*white’’ skin; a combination of ‘‘dark
units' free of any ‘‘white units’’ would give a dark
skin, but most of the offspring will show the various
intermediate grades due to diverse combinations of the
black and white units. As a rule, even in the first hybrid
generation, the darkest grade that is potential in the
protoplasm tends to show in the offspring; and so, as a
general rule, offspring are rarely darker than the darker
parent.

To the foregoing quantitative data may be added
some qualitative evidence concerning inheritance of
gkin eolor in black > white crosses. This testimony is
all that I have been able to collect of a definite nature
and it has all come from persons possessed of negro
blood.

Professor W. T. DuBois, of Atlanta University,
Georgia, writes:

Strietly speaking a mulatto is a ehild of a white person and a full-
blooded negro. . . . [Their] children are liable to vary greatly. . . .
They might be light in eolor or dark in eolor . . . or freckled, with
red curly hair.

Maj. R. R. Moton, of the Hampton (Va.) Normal and
Agrienltural Institute, writes:

Mulatto parents very often have children that are practically white
so far as external appearances are concerned, and the same parents
may have ehildren that are black or very dark brown. This is very
common. Indeed, I think it is more often that the children vary

than not.

He cites three examples, all of families whose fathers
hold positions of trust in Hampton; two in the institute.
A. ““ig a mulatto and so is his wife. Their first child was
a oirl . . . a distinet blond in hair and complexion.
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The second child was very dark, darker than either
father or mother.”” B. “‘is a mulatto and his first wife
was a mulatto. Their first child, a girl, was . . . just the
complexion of the father and mother. The second child,
a boy, was very dark.’”” (. ““is a mulatto, and his wife is
also a mulatto. Their first child, a girl, is darker than
either mother or father; not black, however. The sec-
ond, a boy, is much lighter than either mother or father;
almost white. The third, a girl, is a distinet blond with
Saxon eves and eomplexion.”’

Professor T. B. Williams, of Hampton Institute,
writes:

I know two large families in which both parents in each family are
practically white. All of the children are like the parents, practically
white. In fact some of them have left home and are * passing for
white ™ in other sections.

These cases are important as indicating that the lower
grades of pigmentation do not produce the higher grades
(exeept that some mulatto tints produce darker children
by extraction of the white). Professor Williams con-
tinues:

In another family the mother is praectically white, the father, a
mulatto, is darker. They have six girls. Five of them are practically
white; one is a very light yellow. In another family the father and
mother are as nearly pure mulattoes as are commonly found. One
parent 15 in each case, I am pretty sure, white, and the other in each
ease is a pure or nearly pure negro. The children of this couple vary
from the parents both ways. The older ehild is fairer than the parents
and even has blue eyes, while theirs are dark. The younger child is
darker than the parents, thongh not “ black, or nearly so.” I could
multiply these illustrations may times, There are, too, settlements of
mulatto people who for some generations have taken pains not to
marry among darker colored people but have gone on intermarrying
vet I have never seen a black person as a result of these unions.

In addition to these data from eolored people we have
the following from Professor H. V. Wilson, of the Uni-
versity of North Carolina. The family was reported to
him by a physician.

Parents, fairly light mulattoes. Woman virtnous. Several ehildren.
All children but one, the ordinary type of mulatto; characteristies inter-
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mediate between negro and white. One child shows segrezated char-
acters, has blue eves and other characters elose to those of white race,

Finally we give sundry fragments of pedigrees fur-
nished by two reliable and highly intelligent colored per-
sons. Owing to the slight social sentiment among most
colored persons against unchastity, they have little mo-
tive to hide from one another the facts of parentage of
children. Consequently the faets as given below are
probably correet.

B. FAMILY

& (white brunet;: = @ eolored ; dark & white ; Cancasian = ¢ colored
Jewish) brown r l light brown
& yvellow — 9 brunet 2 yellow
| |
brunet hlond

E. FAMILY

& “colored! = 9 *colored” & Cauvcasian = § *colored”
mulatto ] light white mulatto
| - ;
& very light == ¢ white
almost
white
@ M. E.
white ;

blond hair

G. FaMIiLy

T PG =%00G. o H R = R
colored colored LCancasian mulatto
brown very light white brown

I
2 J.G. = 9 M.G.
very light | mulatto brown
I [ | i
d g & ;
mulatto light mulatio light
brown ? brown

P. FaMiLy

& “eolored” = @ M. H. *eolored™ & Caucagian = @ Caucasian
white brown white white
|
2G.P. = g
mulatio white
oD P

white
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8. FauiLy

FR.B. =9QA W 208 =QP8 2J.W. =0¢“olored’
Caucasian “oonlored mulatto | mulatto Voglored'
hrunet | dark brown white | lightyellow yellow
il 4
@ 8. 2J.8. gM.B8 =9 EBS&
light brown vellow *‘colored” “ eolored '
white vellow
; | i [ 3
Jl‘ C. B ol s 2 QM. S 4 BB
white hrown white light brown
W. Fauiny
2IW. =¢—W. 2ZRB =9AW 3CC=9AC
Cancasian Caucasian Caucasian | colored colored culn‘red.rlmi
blond white brunet dark brown brown Indian brown
I P — -
caucasian | vellow light yellow dark brown
bilond
white dark brown

The following families are the product of North Amer-
ican Indian and white crosses.
Bes. FAMILY
2 A B=¢EB.

L Indian | white
brunet | blond

I I ] |
& L. B. é L. B. o M. B. a EoB. o N B.
blond blond brunet brunet brunet

Coo. FaumiLy

af=% 0. 3 IT=A, K
very lizht Indian
tﬂnl“'ﬂ

2D B.=9 N. M.
very ]igln‘.l brown

e e I I o
2 D.( g C o E. C. L C 2 I
intert, dark light interm. [—

twins

blond, blond

In some of these families segregation is apparent,
notably, in B., G. and 8., and Bes and Coo.

Finally, we may refer to an observation made by
Louis Agassiz (1891, p. 532) in Brazil which bears upon
the matter of segregation, both of skin color and other
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characteristiecs. After referring to the striking differ-
ences between the white > negro, the Indian < negro
and the Indian < white hybrids, and stating that the
Indian characters are the more deeply impressed on the
offspring, he says:

I have known the offspring of an hybrid between Indian and negro
with an hybrid between Indian and white resume almost completely
the characteristies of the pure Indian.

The conclusion from these various data, qualitative as
well as quantitative, is that skin eolor in negro > white
crosses is not a typieal “*blend’’ as conceived by those
who oppose the modern direction of research in heredity,
but that, on the contrary, the original grades of heavy
and slight melanogenesis segregate in the germ cells—
often imperfectly because of the multiplicity of units (or
arades) for skin pigmentation—and thus the original
color characters are more or less perfectly restored.
All studies indicate that blonds lack one or more units
that brunets possess; that the negro skin possesses
still additional units; that individoals with the heavier
skin pigmentation may have slight pigmentation covered
over— hvpostatie, evidence of this condition appearing
in the light offspring of such hybrids in the second or
third generation; and that first-generation hybrids fre-
quently show, somatically, a color grade less than that
which they earry potentially and may segregate in their
germ cells,



[ Reprinted from THE AMERICAN NATURALIST, Vol. XLIV., December. 1910.]

HEREDITY OF SKIN PIGMENT IN MAN. II

GERTRUDE C. DAVENPORT axp CHARLES B. DAVENPORT

CARNEGIE INsTITUTION OF WASHINGTON, STATION OF EXPERIMENTAL
EvorurioN, CoLp Serixg Harsor, N. Y.

E. INHERITANCE OF ALBINISM

Albinism is the absence of pigmentation through lack
of either, or both, the chromogen and the oxidizing fer-
ment. The condition oceurs widespread among animals
and plants. In man it is rather rare, probably not oceur-
ring (if one mayv hazard a mere guess) in the population
of the United States, as a whole, in more ‘than in one
ease in 10,000 people.

Of true albinism in man there are all degrees, Aside
from the piebald condition occasionally found in colored
persons there are various grades of uniform depigmen-
tation—hair color varying from light yellow to pure
white; irides varying from pale blue to absence of blue,
and pupils varying in the intensity of the pink color.
Indeed, there is abundant testimony that persons born
as albinos may acquire a slight pigmentation. Suech a
case was cited by Dr. H. B. Young (1905) from Illinois.
Albino eats also vary in the pinkish glow of the retina.

Despite variations in the completeness of depigmenta-
tion albinism can usunally be clearly distinguished, at
least in its more marked grades, and so we can study its
inheritance. The cases given below were mostly col-

705
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lected by ourselves alone, or with the aid of a medieally

trained assistant, Dr. Sumner Everingham, and many of
the albinos were seen by us.

I. Bora ParexTs ARE ALBINOS

1. Lo, FaMmiLy

¢ (—Ll= 9%

albino I albino

| |
© 3
albino Joseph L.
albing

Note.—This case is on the anthority of Mr. Rob Roy, an albine who seems

entirely trustworthy, and has met many albinos in the ‘‘show*’ business.

2. Pri. FamiLy

g (=L} == 82— d =W)=%2()

‘ancasian l Cancasian NEETo I NegEro

I Vi |
&(C.P)= @ (N. W.) g
albino | albino black
albino
Note.—This ease also on the anthority of Rob Roy.
3. R. FaMiLY
(—R)= ¢ (=)
brunet
3 (—W.)="? d(J.R) =9 (A. w.)
hair very liair
dark brown sandy
| LAL [ | I | 0 . L B
I Ipi!gn:ilcnlfd allh!u:m 9(:‘:."-\'.']::3(}{.}{.) 2 (JLR.) nl!plgmmml
albino albing  hair jet
black
S{K.C.R.)
albino

Note—R. R. seen by me.
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NerraER ParexT ALBINIC

IT.

(a) Albinos in Caucasian Families with Admitted Con-
sanquinity
4. SBHE. FaMILy

g (—8)=¢(=) @ (—F)=9(——)

intermed. hlond bronet brunet
H: brown®| H: vell. br. H: black | H: It. br.
I: brown I: blue [:brown | I: bloe
1st consins | i | [ ]
d (J. 8.)=¢(—F) o' Q ?
intermed. brunet H: light H: light H: br. H: golden
H: brown |H: dk.br. I: blue 1: blue I:br. I: Il br
[: brown |l: brown
I =) I N N I - { N
d (J.8.) Q (F. 8.y o (M. 8.) 2 (M. 8)
brunet albino blond brunet
H: black H: llaxen H: well. br. H: black
I: brown I: light blue I: blue I: hrown

5. Exx. Paviny (IrisH ORiGIN)

g(H.E)Y =2 (B. D) g (J. M.) =9 C. D
H: light vell. br. | H: black H: yell. br. | H: black
I: dark blue I: dk. br. I: H. br. |I: dlk. br.

] ] |
? LS o e T s T R
H:veryli. H: dk.  fair-in‘erm. blond
brown brown H:bk. (+4red) |H: bk. ( 4+-red) several children: noalbinos
I: brown I: dk. br.
| T [ [ e ] | I [ | |
Elmen&e:i dlea 2] %] a o ¥ o ?Q = g
pigmented albinos (C. E.) (A.E.) (F.E) (W.E) (E E) (H.E) M. D, | (J. E.)
albino brunet bino int'rm’d. int'rm’d. albino pig- |albino
H: white H: black H: white H: black H:black H: white men- |H:white
I:lt.blue (4red) I:lt.blue { Sred) ([ -Ered) I:palebl. ted |I: It bl.
I: dk. br. [:dk.blue 1: dk. br.
(+br.)
a (F. E.)
H: brown
I: dk. br.

Note—Three generations known; no other albinos. The father and

mother, JE and MM, are distant cousins (not first) ; and father’s mother
and mother’s mother bear the same surname and come from the same place in
Ireland. The youngest son (JE) married a distant cousin having the same
surname as both his grandmothers, Seen by €. B. D.

*In the pedigree tables H indieates hair eolor: T iris eolor.
Hair faintly yellowish; irides pale blue; retina, medium pinkish glow;
nystagmus moderate; congenital myopin: school work satisfactory; father
and mother first eousins. Seen by 8. E. §
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. Par. FAMILY

|
o {!II. Py= 9 [(—) a (4. A.) | 2] (M.II‘.}
| ] I I 1st consins
no InllJIinI:rsl I I I .:!I‘Jﬁ II!.UP.?'!}{M.A.} I I I In!:r IIIII.‘EL-I:LI I I I
brunet brunet

H : black H : black
I: hlue I: blue

blond

cousing

I I I
Q(A.P) Q(A.P) F(M.P) +I'.>{ILP',} f;I(.-t.l'_J QES.P.) Q(A.P.)= g(C.F.) &(J.P.)

H: black albino  lt.bronet albino  It.brunet brunet pigmen- brunet

H: black 1: blue blond H: black blond H: black H: black ted H: black

1: blue

H: golden I: blue H: golden I: blue  1: blue I: blue
white white
1: pink I: pink

(b) Albinos in Families with Suspected Consanquinity
7. Bac. Fasminy

3(G.8) = 9Q(8.8) 2(P. J. B.)' =9 (A. P.)
blond intermediate brunet intermediate
H: golden I : brown H : black H : {E'Iluw br-
I: It blue I: dk. brown I: black I : blue-gray

| ]
© (M. J.8) ,;I (H.8.) — ¢(J.B)
nﬂ“—ﬂ.“]inil‘. I'I'Ii_“:lli. ITIO|1[!
; H : golden H : golden
1: med. blue I : medium-bloe
| |
2 (G.8) ¢ (H. 8. ¢ (E S.)

blon:d albing’ albinot

H : 1t. golden H : pale yellowish H : silvery gold

1 : med. blue I: no blne I: no blue

Note.—Seen by C. B. D. and 8. E. * and * have the same middle name.
3 and * show reddish glow through pupil.

(¢) Albinos in Caucasian Familics with no Evidence of

Consanguinity
8. Dox. Faminy (IRISH ORIGIN)
& (0. D.) = § (E. G.)* & (8 C)Y= ¢ (D.C)
H: dk. br. H : brown H: flaxen H: chestnut br.
I: bloe I: blue 1: blue I: blne
| | e e I 1 |
g (A. D) = '!*_{l".:, C.) 3 of these 12 'I:lrutll:er.u _um.ll
blond intermediate sisters have red hair
H: brown; | H: It gold.
beard sandy brown
I: blue I: blue
| [ e |
A D)=9F Q (A. D.} QB D)=4d ¢ (M. D.)
albino H: dark goldenbr. H: very It gold. br. albino
H : white I: blue I: light blue H : white

I: light blue,

I: llght blue, [-"“l’i! |1|i|:|k

pink pupil
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Note—Seen by C.B.D. No relative on either side known to be an albino.

8. Ep. FaMILY

& (—E) = ¢ (=) (=) =g ()
brunet intermed. intermed.
H : black H : brown H : chest. br.
I: brown | I: brown I: gray-blue
——
g (B. E.) ';5 (=)
bronet intermed,
H : black H: chest. br.
I: brown [: blue
| | I I
o (B. E) i o g
albino H : chest. br. intermed. brunet
H : flaxen white 1: blue H : chest. br, H : black
I: noblue I: bloe I: brown
Note.—Seen by 8. E.
10. Fag. FAMILY
&(—F) e A=) =i
intermediate brunet brunet intermed.
H : chest. br. H : brown H: dk. br. H : chest. br.
I: blue I: brown I: brown : blue
[ 1 | ] J e [ |
Q g &9 F(W.AF)=9(—L) @ (JL)
s ahest he { H : dark brown intermediate intermediate H : dk. br.
? e I: brown H : chestnut H : brown [: brown
I: chest. br. I: brown
| | - Jemen | | Pt | g
g(H.F.) g(B.F) g(EF.) 4 (8. F.) aW. F. e M Fn
intermed.  intermed.  intermed. intermed.  intermed. albino
H : chest. br. H : chest. br. H: chest. br, H : chest.br. H : chest. br. H : white
I:brown I:brown 1:brown I: brown  1:brown I:pale blue
* Bome relatives with sandy hair,

! Many of his relatives have red hair.
** Hair white as smow; retina with bright pinkish glow; nystagmus
moderate; shortsighted; ean read 9 pt. Modern (Roman) type at three
inches from eyes; school work middling. Red bair in ancestry, three genera-

tions back,

“Heen by 8. E. Retina, medium pinkish glow; nystagmus slight; reads,
No. 9 Modern (Homan) print at nine inches; sehool work satisfactory. No
eonsanguinity known,
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11. FER. FAMILY (ITALIAN)

d(—) =9(-) g (—) =g (—
I: black H : black H: light br. H: ;;ﬂuck
I: black I: light gray I: dark br.
g (F. F.) =¢lA-)
H : brown H : black
I: blue + a I:dark br.
little brown
clf‘ (A. F.) ‘11' I 1
A F. 0] o
ﬁlhmn
1: white H : brown H : light br. H: brown
I : hlue I: dark br. I: blue I : dark br.

retina pink

Note.—Seen by C. B. D. No consanguinity so far as known. No other
albino relatives reealled,

11a. Hro. FAMILY (BOHEMIAN)

o = ¥ a = 9
H: brown | H: It. br. H: brown | H: brown
1: brown l: blue I: blue ’ I: blue
I
" = -
H : 1t br. H : brown
I: blue [: blue
eyes crossed and weak in sun
. [ l
o N, " 2 E. H. One son (which?)
albino albino is cross-eved,
12, Hor. FAMILY
M—H.) = ¢ (L K. @ (E. M.) =
H: med. br.] H: dk. br. H: light as child | H: dk. br.
I: gray I: dk. br. v. dk. br. I: blue
I: brown

|
g (J. E. H.) = g (8 M.)
H: dk. br. H: chestnut
I: gray I: brown

| | | I | |
Q(CLH)Q(V.H) ¢ (EH) J(A.H) &(G.H) ¢ (D.H)
H: silver- H: yellowas H: yellow H: yellowas H: yellow as albino

white child; 1: blue child child; H:originally
as child; dlk. br. I: blue 1t. br. white; at
It. br. I: brown I: blue 10 years
I: blue getting
yellower

I: very It.bl.;
pupil pink
Seen by C. B, D. Nystagmus present.
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13. Hur., FamiLy (GERMAN ORIGIN)

| |
g (—H.)=¢ (=) (=) =12 () 9
brunet brunet brunet blond H: light
H: black | H: brown H: black | H: yellow [: blue
I: brown I: brown I: brown | 1: blue
| |

| |
9 ? =] g(BH,) o (B.H)=¢

H:dk.be. H: dk.br. H: dk.br. H: black brunet brunet

I: blue I: blue I: blue I: blue H: brown | H: dk. br.

I : brown I: brown

I | | I | |

¢ (8. H.) ¢(MH)Y ¢ (L. H.) e D.H 92 Q
brunet brunet albino™ intermed.  brunet hrunet
H:dk.br. H: black H: faintvel. I1: brown H:dk. br. H: brown
I - }lrﬂ“‘ﬂ I H I}!ﬂck I a I]'II_HI.. E}.'FI.“J I H tlﬂl“’ll I H }men I H I}mwn

Seen by 8. E.
14. Lie. Faminy
&=Ly =9 () F(=) =29 (=)
Elomd intermed, bruanet brunet
H : flaxen H : brown H : brown H : brown
I: blue l: brown |l : brown I : brown

NLL] =T
blond brunet
H : flaxen B : black
l: blue-gray 1: dk. br.
& (B. L)
albing'
H: white

| : pale blue
Been by 8. E.

15. Mcg., FasminLy
g (P M) o

Inter. inter.
H: brown | H: brown
I: It. br. L: 1t. br.
|
& (P. M.) = @ (A.M.)
blond interm,.
H: It. br. H: dk. br.
I: 1t. blue I: chest. br.
albcii.qno“
H: white
L: blue-gray
Been by 8. E.

* Retina with slight pinkish glow ; nystagmus present in moderate degree;
congenital hypermetropia.
* Retina pigmented; nystagmus present : nearsighted.

" Retina pinkish; nystagmus present:; very slight internal strabismus;

general intelligence; average at sehool work, reads readily ; sight good exeept
in bright light.
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16. Mox. Fawminy

a8 -
brunet intermediate
H : brown H : chestnot brown
I: brown I : bine
i ] [
Q o g
albino' albino!® intermediate
H : dark brown
I: blue
Seen by 8. E.
17. Moo, Faminy
i o i
dark dark intermediate | intermediate
'« bhlue I: blue H : light br. H: black
I: blue I: blue
—] ﬁ“ﬂ-
a" i
brionet intermediate
H : black H : chestnuot brown
[ : blue [: blue gray
[ |
S(E.H.) =¢ (—M. ]
intermediate | albine’ intermediate

I: dark brown
I : dark brown

H : dark br.
I: dark br.

intermediate
H : brown
I: dark brown
BSeen by 8. E.
18, NEa. FaMminy
o —y]
H : yellow ; red | H: black
1 : hazel I : brown
|
g = g 1
H : light brown | H : very light red
I: blue I: Blue
I I
g ot
albino®™ (M. N. A.) H : jet black
I :sky blue

= Hair white; iris pale blue; retina pinkish as seen through pupil; nystag-
mus present; slight internal strabismus; work at school very diffienlt, sight
growing weaker,

* Dietails as above. Eyes stronger, can read No. § point at 18 inches.

% Hair white; iris light blue, retina dark (almost black), nystagmus
present, has congenital high degree of myopia. Fairly good at school, can
gee to sew at night, bright in conversation.

® Complexion very fair, hair white, iris elear blue.
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19. Noa. FaMmiLy (ITALIAN)
d = g o

intermed. | intermed. intermed. intermed.
H: brown | H: brown H: brown | H: brown
I: brown I: hrown [ : hrown I: brown

F(B.N)=9 (A.N.)

intermed. intermed.
H : chestnut | H: dk. br.
I: brown I: brown

I |
Jﬂu?, N.) d!-‘(c.:c.: ;!'1-:. N.) s;':(E.H.} q!'(F. N.) @(M.N.) Q(A.N.)

albino H: brown albino H: brown H:brown H: brown albino
H: white I:brown IH:white I:brown [I:hrown I:brown H: white
“‘eye pink’ “eve pink'’ ‘eye pink"

20. Rip. FaMminLy

- Q A (JGC)= 9 (H.C)
intermei, intermed. intermed. brunet
H : brown H : brown H: dk. br. | H: dk. br.
I: gray blue | I: gray blue I: brown [: brown
| | | 1 | | | | ] ] ] |
14 9 a a d g g = g d g ¥ ]
(E.L)(M.R.) (R.H.R.) |[(E.C.R.)
e (L == S e [ il o p Sl o L e BT o o 0= e = e o - Bl =< = <
BLORL R BL P Famc B i RiEE el el e
5 EF EE E% R F EFE |258 ET dF dF &F
Do @ i 2 e =N g = Z<E Bt ®o A
5 g - g?'r EE =5 = S3= = BEg 5y Bg
L5 | | | |
R R RN Q Q =g
H:lt.br. albino” albino®™ | H:dk. br. albino® intermed. | H: sandy
I: bloe 1: brown H:dk.br.| I: blue
l: brown
e |
o 0
H:dk.br. H:dk.br. H: dk.br. pigmenteﬁ
I: blue I: blue I: blue
Seen by 8. E.
21. Tao. FaMILY
[ |
O=0 O=0
o o) @ (G T.)=p
albino albino blond H: dark
H: red
I b il lamsls el
5 TR o T o DER o' o T = S & T = H o
4 albino 5 pigmented

* Hair, faintly yellowish; iris, devoid of blue; retina with medium pinkish
glow; nystagmus moderate: myopia, school work satisfactory; read a good
deal; sparetime spent in weaving seats of cane ehairs.

* Hair faintly yellowish; iris devoid of blue; retina with medium pinkish
glow; nystagmus moderate; myopia; sehool work middling.

* Hair faintly yellowish; iris pale blue; retina with medinm pinkish glow:
nystagmus moderate; myopia; sehool work middling.
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23, Win. Paminy

Intérm. interm. brumet interm.
H: sandy | H: sandy H: jet black | H: chest. br.
I: blue-gray I: black I: light blue
| I
L a - el
interm. nterm.
H: lt. br. H: dk. br.
I: blue I: blue
| |
& : !
albing= interm. interm. interm.
H: chest. br. H: It br. H: chest. br.

I: blue I; blue I: brown
Seen by 8. E. :

23. The P-W family. The relationships of the mem-
bers of this family, so far as worked out, are shown in
the diagrams 23qa, 23b, 23¢ and 23d. The persons in these
diagrams come from the same general region and sev-
eral surnames are common, especially those indicated by
the initials P and W. The frequent recurrence of the
same four surnames in the paternal and maternal sides
of the ancestry of most of these albinos is testimony to
a wide spread consanguinity. Further details are re-
served for a later paper when it is hoped the pedigrees
ean be extended and connected,

(d) Colored Families

24, Mer. FaumiLy

g H. R =
hlond
H : light vellow-brown
[: blune
I
o (M. R.) g J. R - @ (8. M.)
H : light blond H : dk. red or auburn
H: jet black
I:gray

2 (M. M)
partial albino®
white skin
H : light reddish-brown
I: blue

2 Hair white; iris pale blue; retina bright pink; nystagmus marked;
eyes sensitive to bright light, sees better in half light. ‘Kept up with the

rest in school,’’
= geen by C. B. D. Retina not pink. Slight nystagmus.
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25, Max, FasmiLy
a(—>M.) e gi{—=M)=2¢
(4 negro) ( white) { Indian | (& negro)
copper color | intermediate H: black | H: black
H : brown H : brown [ : black I : brown
I: brown I: blue
!
g (E. M.) ?(A. M. P.)
intermediate copper color
H : brown H : black
I: blue I : black
| | I | I | | = I
o a i * Q Q({OM.G.)Q e h
dark albine albine albino albino albino albino interm. bronet
mulaito e H : H: H : H : white H: H :
—————— white white white white 1:colorless black black
l"l'i'.'i!'l!- I. H {'.[}I- I H 1!"" I F l_:”-l- I :. [‘,‘{JI' l < I -
orless  orless  orless  orless brown brown

Seen by 8. E.

25. Under this head may be cited the observations of
Dr. Hrdlicka, who has eollected data concerning ten al-
bino Hopi Indians and two albino Zuni.

It appears from his data that ‘‘albinos marry full-
colored individnals of the opposite sex. They seldom
raise any children and never have large families of their
own.’” All of the albinos whose data follow have a pink-
ish-white skin and gray-blue or blue eves., The color of
hair varies from flaxen to light brown.

A summary of the data relating to inheritance of al-
binism is given in Tables a and .

TABLE A

Giving THE CoLok CONDITION OF THE FRATERNITY oF EACH ALeino De-

SCRIBED. THE PARENTS ARE, IN ALL CASES, oF NorMAL COLOR.

3 g ';'h"um_lmr of Fraternity. Mo S }«ium}lur of Fraternity,
Normal. Albinic, Normal. Albinie.

1 " 2417 1 7 =} 4 or 5 1

2 L+ 141 1 5 9 2 1

a3 ") 2 1 a b 1 1

4 o 3 1 10 a 3 1

i | a 4 1 11 a T 1

: (] | Q 4 2 12 o 4 3

“otal 37+ or 14

i 35+

* Hetina pinkish; nystagmus present ;

. myopic; ean read nine point print
at five inches,
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TABLE B
GIVING THE NUMBER OF NORMAL AND oF ALBINIC OFFSPREING OF AN ALBINIC
IxpIviDUAL MARRIED TO A NORMAL.

N, normal; A, albinie, D, the dominant character; R, the recessive.

D it DR | \.] . RR (=A)
N§ A qgh 0 0
Ng' ATQ 0 0
Ng ADQ 1 0
Ne Alla | 1 0!

| 2 | 0

If we consider botlh parents of the fourteen albinos
listed in Table a as simplex in pigment, i. e., as having
not only normal but also albinic germ-cells, they were
“DR’s.”” When two such simplex (DR) individuals are
mated, we expeet 25 per cent. of the offspring to be
duplex (DD), 50 per cent. simplex (DR or RD), and 25
per cent. without pigment (RR). Only the last will be
albinie, 75 per cent. will be of normal color. We actually
find that with fourteen albinos there are associated in
their fraternities 37 4~ or 38 <4~ normal individuals, ex-
pectation being 42. The deficiency would doubtless be
accounted for by the unincluded normal children. Since
the proportion of albinie offspring in the given fraterni-
ties accords with expectation on the assumption that
albinism is recessive that assumption is justified.

Second, if albinism is recessive, it should not appear
in offspring of albinos with normal consorts. Unfortu-
nately the sterility of the cross makes it diffieult to get
the desired data, but so far as they go, they are not in
disaccord with hypothesis.

III. OxeE Parext ALPINIC

26. Epp. FAMILY

F =
normal ? I normal ?
| [
g = g 2
pigmented 1 albino albino

] I
I i:a.ll normally pligment{-!il

= These numbers refer to the serial numbers of the cases as given in
Table A.
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27. Fxx. Faminy (CoxtinvaTion of No. §)

@ (J. B) = ¢ (M. D)

717

albino “! black
I: dk. br.
o
H : hrown .
I: dk. br.
23, Man. FamiLy (CoNTINUATION oF No. 24)
2 (0. M. G.) d" : :
albino igmented Crucasian
[: brown
I: brown
0
albino
+ 5 yrs. old
20, Moo. FaMmiLy (CoNTINUATION OF No. 17)
Q (—M.) = & (E. H.)
albino intermed.
H: dk. br.
[: brown
-
intermed.
H : brown
I: dk. br.
30. Nea. FaMmny (CoNTINUATION oF No. 1B
QIM.N. A) X &
albino pigmented
| | I |
g g e g
H: It. br. IH: brown H: blond H: jet
I: 1t. blue 1: blue 1: blue black
31. B, FaminLy (CoxTiNvaTION OF No. 209
g (B.H R)=72 (E C R.)
intermed, interm.
H: It. brown H: brown
I: gray blue I: brown
| I | | Ly
d %4 ? = g e Q
interm. albino albing H: dk. br. albino interm.
H: 1t. br. I: brown H: dk. br.
I: blue I: brown

o g g
H: dk. br. H: dk. br. H: dk. br
l: blue l: blue I: blue
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[V. Tre D. G. V. FamiLy (see Plate)

This remarkable family comprises a great mixture of
white, negro and even Indian blood, as well ag many con-
sanguineous marriages. The Max family comes from the
same rural community, but its connections with the D.
G. V. family have not vet been established. It will be
observed that every albino has the blood of all three
families D., G. and V., so it ean not be said, at present,
from which family albinism originally came. Tt will be
noted, also, that both of the youngest family (whose his-
torv 1z best known) arise from cousin marriages. Con-
sidering only those families in which albinism actually
oceurs there are 8 albinos in 22 children, which is a
greater proportion than the expected 25 per cent. (5 or 6
albimie offspring). It 1s clear, however, that i1t may well
be that there is potential albinism in one or more of the
families with 3 to 5 children, in which by chance it fails
to appear—the 22 ehildren are merely a minimum.

Details about some of the persons in this family follow :

V. 7, Yellowish complexion, brown hair and iris.

V. 8, Yellowish eomplexion, light brown hair, blue iris.

V. 9, An almost white mulatto, very light brown hair,
blue iris.

V. 10, An almost white mulatto, brown hair, blue iris.

V1. 4, Intermediate complexion, light brown hair, gray
1ris.

VI. 5, Yellowish complexion, light brown hair, blue
iTis.

VII. 1, T. V., aged 3, albino, hair white, iris colorless,
retina with pinkish glow, nystagmus present, intelleetu-
ally bright and well developed.

VIL 2, F. V., aged 4, intermediate complexion, hair
and iris dark brown.

VII. 3, M. V., aged 1, brunet, hair and iris black.

V. 20, J. V. (Indian, French and negro blood), yellow
skin, very light brown hair, yvellow iris.

®a The Homan numeral refers to the generation; the Arabic to the

individuaal.
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V. 2y, ML (Irish origin), hrunet, black hair, blue iris.

VL. 10, J. V., Brunet, brown hair, blue iris.

VI. 11, S. G., Intermediate complexion, brown hair
and iris,
. VIL 15, A. V., Aged 18, albino, white hair, colorless
iris, retina pinkish, nystagmus present, mentally quick,
.FH. 18, L. V., Aged 24, albino, white hair, colorless
iris,

V. Tue Coxortion or Hatr axp Eve Conor 1§ THE Pla-
MENTED PARENTS oF ALBINOS

Assuming all pigmented parents of albinos to be sim-
plex in pigment we may inquire if such simplex parents
differ from the population at large in their hair and eye
color. To get an answer to this inquiry Table IX has
been drawn up.

This table is summarized in Table X, so as to bring
out the relative frequency of the different types.

TABLE X

THe RerLaTivE FREQUENCY oF THE DIFFERENT T¥PEs oF HAlR Axp EvEe
CoLOR IN THE PARENTAGE OF ALBINOS

Hair Color. [ Exe Color,

Types. |F. M. FF. FM. MF.|MM. Total.| Types. |F.|M|FF. F3.| MF ML/ Total.

N (black)

32 3| 3 8] 5| 19| N (black) | 2 2| o G
dk. br. 28 1] 1 | 2 16 | dk. br. & 3 2 B
br. 5 3 6] 10 4 3 .'-Iill br. G 6] 4 5 T 5 3z
It. br. 4 | 20 1 7| It. br. |2 1) a1 4
golden 22 1] 1) 1 8| chest. br. | 1| 1 [ a
yellow | 1 1| hazel I 1 1
flaxen 1 1 | 3| gray | l| 1 1 3
red+N 1 1 I 2| blue-gray | 2| 1| 1| 2| 2| 8
red+dk.br.| 1 | 1| blue 7|9 6| 4| 4| 7| 37
chestnut | 2 4 1 | 3 10 | 1t. blue 1 1 | | 1 3
red 1 1| | 1 3 I .
Total 21/21/14 | 15| 14| 16| 101 | Total 2020115 | 17 | 16 1?_| 105

If Table X be compared with the proportional dis-
tribution of the different types of hair color in the pop-
ulation at large, certain differences are seen. Thus while
black, dark brown and brown hair constitute in a random
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population (IHolmes and Loomis, 1909, p. 55) 695 ouf of
853 persons, or 81.5 per cent., in Table X, they consti-
tute only 65 per cent. On the other hand, while, accord-
ing to Holmes and Loomis (1909, Table III), red and
anburn constitute only about 5.5 per cent. of their popu-
lation, the various forms of red constitute 16 per cent. of
the population of Table X, or three times the typical
proportion. It appears then that, on the whole, the pig-
mented ancestry of albinos shows an excess of red and
the weaker grades of melanie pigment.

The distribution of eye color, on the other hand, shows
little that is abnormal. The *‘‘blacks’ are somewhat
deficient, about 70 per cent. as abundant as in the popu-
lation as a whole, the browns are in excess, and the blues
occur in nearly normal proportions. The last result was
hardly anticipated as it might have been expected that
the pale blue iris of the albino would be specially apt to
proceed from blue-eved parents, but this 1s not so. As
a matter of fact, dark brown eves are quite compatible
with recessive albinism as Table X1 shows. The general
teaching of Table X1 is that the heterozygous or simplex
pigmentation of the offspring is not always clearly less
than that of the darker parent. But, on the whole, blue
iris predominates slightlv and the hair tends to run

TABLE XI

BHOWING THE Halr A¥D IrI2 COLOR OF THE OFFSPRING OF AN ALBINOG AXD A
PIGMENTED PARENT

arenis. _ Offspring.
Family. i ! Pigmented Parent, |
| Alhino, Hair Color. | Iris Color.
Hair Color. Iris Color.

Enn. o’ | N dk. br, br dk. br.
Moo, Q dk. br. dk. br. br. dk. br.
Nea Q | pigmented pigmented It. br. It. br.

br. blue

! . blond blue

: | jet black —

Rid. Q dk. br. | br dk. br. blue

dk. br. blue

e AW ECE S : : | dk. br ~ blue
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lighter than, or at least not to exceed, that of the darker
parent.

VI. Tae Oricix anp ‘‘*Cavse’’ oF ALBINISM

The question remains to be discussed: What is the
origin and ‘‘cause’’ of these albinos. The general con-
clusion seems justified, as in other mammals so in man,
albinism is due to the fortnitous union of two germ-cells
lacking this factor so that it is absent in the zygote
whenece the albino proceeds.

The objections to this view are three: (1) The usual
absence of any history of albinism in the family; (2) the
improbability of so frequent unions of two persons bear-
ing albinism recessive; (3) the lack of statistical accord
of the results of human breeding with those of animals.

The first ohjection is not valid for any one who has
done experimental breeding, because he knows full well
how the recessive condition may be carried unexpressed
in the germ-cells for many generations awaiting that
chance conjugant that also earries the recessive condi-
tion. Absence of any history of albinism in a family has
the less significance in a country like ours where a large
proportion of the population can not tell the names of
their grandparents and know little of their cousing, who
may, indeed, live one to three thousand miles away.

The improbability of so frequent unions of two or
three persons having albinism recessive has been re-
ferred to by Pearson. With a mathematical showing,
he tells the story of an albino who married successively
two pigmented (?) husbands and had some albino chil-
dren by each. *“All three stocks, according to Mendelian
hypothesis, ought to have albinism in a recessive form.
You can caleulate the chances against that becaunse an
albino oecurs in Italy about 1 in 30,000, in Norway, about
1 every 20,000 of the population, in Scotland, 1 in 24,000.
What are the chances that a woman of albinotic stock
should marry two stocks affected with albinism and not
related either to her or to each other?’’ The inference
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seems to be that Pearson would be content with ¢‘calen-
lating the chances’” and, because the ratio was small, in-
sisting that the three stocks could not all have albinism
Trecessive. Such a method of procedure is, I fear, all too
characteristic of the ‘‘carefnl work’’ which alone, ac-
cording to its editor, is admitted to the pages of Pio-
metrika.® Of course the facts are that we have here no
data for ealeulating the required chances. In the first
place, the term “‘not related’” has only a relative signifi-
cance in the statisties of hmman qualities; it usually
means not first ecousin or nearer relative, more rarely
extends to second cousin, or at the outside, to third
cousin. And vet two persons of the grade of tenth
cousin may easily carry recessive an albinic condition
derived from a common source. A fairer question
would be, what are the chances that a woman shall
marry in suceession two men related between the grades
of third and tenth cousin, supposing, further, all three
come from the same rural distriet, long settled and rela-
tively stable? I think the conditions that Pearson does
not cite might easily render the chances several million
to one in favor of the three persons being less distantly
related than tenth eousin. An actual illustration of this
condition of affairs is shown in the D. G. V. and P. W.
families. The three family names represented by D.,
G. and V. occur again and again in this family, as the
pedigree table shows. Some of the consorts are recog-
nized as ‘““first cousins’’; but in most other cases they
are stated to be ‘““unrelated.”’ If the inquiry is pressed
the admission is made ‘““were perhaps distantly,”” One
may ‘‘calculate the chances’’ that in the same mountain
community, of perhaps 300 inhabitants, who are all
segregated by color from the surrounding population,
two persons of the same name (uncommon outside the
community) are absolutely unrelated, or unrelated out-
side the degree of seventh cousin. But even in a flat

*In justice it should be added that the remark was not made in
Rigmetrika.
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country, penetrated by a railroad, we find, as in the
P. W. family, a large proportion of consanguineous mar-
riages. The argument against the probability of unions
with recessive albinism has not yet been presented with
any foree,

The third point—the lack of statistical accord between
the results of human breeding and those of animals—has
been often remarked upon. Bateson (1909, p. 28, foot-
note) believes the descent of albinism in man to be com-
plicated by some unascertained disturbance. A ecareful
consideration and analysis of the statisties indieates, T
think, that this disturbance is to be found in the method
of collecting the statistics. From the matings of two
persons that are simplex in pigmentation, two sorts of
families are to be expected, namely, those with albinos
and those without. Sinee in the long run, from such
parents, only one albino is produced in four offspring, it
is clear that the chances are that in all families of one,

TABLE XII

GIvING ALL FaMILIEs CoNTAINING ALBING OFFSPRING FROM TWO PIGMENTED
CAUCASIAN PARENTS

" Oifspring. ispring,
3 A =l = T e
g E -g < E'E Reference E %' = "E'_E
2 = g | 2| == B 5 g =
= i = = 2= = = e
She 1 3 4| 25
Enn T T | 14 50 | Tho. | i 4 0 Gl
Sac 2 1 | 8 7 | Wil P! 3 4| 25
Don. L RS |1 4 50 P-W.a. P 11 12 8
Ed. 1 | 4] 25 | EWaE DL & 3| 8| a2
Far. 1 5 6 | 17 P-Wb.IL.2Z | 2 7| 9| 20
Fer. 1 3 4 | 25 | P-Wh.IV.3 1 2 3| a3
Hlo. 2 1 3| &7 P-W.e. I 1 R 0 B
Hor, | 1 | 5 | @ | 17 | PwvEl | 1 5 0. 4| =25
Huf, 1 5 6 | 17 | P-wd @I 11 1 T
Lie. 1 0 1 = P-W. IV. 1 1 12 18| T
MeG. 1 0 T = D.GY.IL 1 4 1 5 80
MeK. | 2 1 3| 87 D.G.Y.IV. 5 1 2 3| 338
Moo, 1 1 2 | BOD DGV.VIL10 | 2 8 | 10| 20
Nea. 1 1 2| 5 | DGV.V.24 | 1 8 | 4| 26
Nog. 3 4 ri 42 Men. 1 0 ‘ 1 —_
Ria. | 8 | 2 5| 60 | Man. i 3 9‘ 67
| I | Totals. | 64 | 107 |171 ] 374
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two or three children albinism will not appear. Even in
families of four or more the possible case of albinism
may fail to oceur. All such eases of an actual low ratio
of albinism are omitted from any ealenlation of propor-
tions; chiefly the accidentally high ratios are brought
under consideration. The actual proportions of albinos
to all offspring of two pigmented parents are given for
each family in Table XIIL.

These 33 families together with two not plotted in the
diagrams are summarized in Table XII.

TABLE XIII

THE PROPORTION OF ALBINOS IN ALBINIO FAMILIES oF DIFFERENT SIZES,
WHEN NEITHER PARENT 18 ALBINIC

Wo of | z ol
Children | .r'hl:iﬂn-it. Iﬁr,,i:?;g'l Families. { Fufﬁﬁf::'uf
in Family, | Families

1 1 100 Lie., Meg., P.W. (his) { 4

2 1 1| Moo., Nea. { 2

3 2 67 Sac., Mck. { 2

3 1 33 Vin., D.G.V., P.W. | 3
4 2 50 Dion, [ 1
4 1 20 | EI],I{;'I.‘I.PLI Fer., Gur., Wil., D.G.Y., T

O 4 =0 | D.GY. 1
5 a (i1] Ria. 1
i 2 33 Wes A, | 1
fi 1 17 For., Hor., Huf. | 3

7 1 | 14 P.W. (not platted) | 1

7 3 | 42 MNog, 1

8 5 63 P.W. 1

9 i 67 Man. 1

9 4 44 Tho. 1

] 2 22 P.W. 1
10 2 20 D.G.Y. 1
12 1 8 P.W. 1
13 T 54 Enn. 1
13 1 8 P.W. 1
| 33

— s |

Taking Table XIII in its entirety there is an average
of 44 per cent. albinos to a family where expectation is
25. If we consider only the families with four or more
children we find the average proportion of albinos to be
34 per cent. If we take families with six or more chil-
dren the average proportion of albinos falls to 22 per
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cent.; with 10 or more children to 23 per cent. On the
average, with the larger families the proportion of al-
binos tends to approach expectation.

A second source of error is not to be neglected. When
the attention of the parent or acquaintance is focused
by the questioner upon albinos the albinie children are
all recalled, while some normal children (such as were
still-born or died in infaney) are more apt to be for-
gotten. I have repeatedly had the experience of bringing
to mind by further questioning children that had not
been at first mentioned, and they were always normal
children. The records of families with only one child
and that an albino are frequently due to the fact that the
peculiar ehild is the only one recalled. Considering the
high frequency of infant mortality the omission of nor-
mal children forms an important factor tending to raise
the proportion of albinos.

A third possible source of error lies in imperfection of
dominance, i. e., the occasional failure of the pigment to
show itself in the voung chlidren who have it simplex.
Of this imperfection there are all degrees. Thus
the albinos in the Lie (No. 14) and Moo (No. 17) families
have a dark retina with white hair, washed-out blue iris
and nystagmus. In other cases, such as the Rip family
(No. 20) and P-W,a (XI1I, 24, 25), the hair 1s yvellowish,
while the retina is pink, or the pinkish retinal glow and
nystagmns may be slight. Another fact that favors the
view of frequent failure of the simplex determiner to
activate fully is the progressive inerease in pigmentation
shown by some albinos. This 1s a common phenomenon.
Seligsohn in Eulenburg’s ‘“‘Real Eneyclopidie,”’ 1880,
p. 162, states: *‘ Bei einem vongesunden Eltern mit allen
Merkmalen einer Albino geborenen Kinde schwand die
rothe Farbe der Iris von Jahr zu Jahr.”” This inerease
in development of a simplex character has been observed
bv Lang in snails, by one of us in poultry and by others.

In conecluding this diseussion of the causes of the aber-
ration in the proportion of albinos I wish to urge that
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what is needed in these studies is not so much a vaster
number of families as more families that have been com-
pletely and aceurately studied. Human pedigrees, like
breeding records, are full of imperfect statements. The
whole truth is to be gained only by visiting the families
and carefully eross questioning them.

VII. CoxcLusioxs

What conclusions can be drawn from a study of the
foregoing study of albinos?

1. Two albinie parents have only albinie offspring.
This holds for the families Nos. 1-3, comprising four
children altogether. These cases were all given us by Mr.
R. R., an intelligent and reliable albino. He married an
albino and had one gon still, or until recently, living; al-
binie like his parents. These cases are, so far as I know,
the first that have been published.

Dr. R. A. Gortner tells us that he formerly knew
of a family of two albino parents and five albino chil-
dren near his home in Nebraska, but attempts to trace
this family have proved unsuccessful. The probability
that this rule will hold generally is enhanced from ex-
periments on animals where two albinos always vield
only albino offspring,

2. Even when neither parent of albinos is an albino
they are apt to be related. In 33 such families 11 are al-
most certainly from consanguineous matings. This is
33 per cent., a proportion that is certainly vastly greater
than that of the population at large.?” The fact that
consanguinity even when present must frequently he
unknown heightens the probability that parents of al-
binos are usually related. The importance of this con-
clusion is that it tends to bring these cases under the
general rule that a recessive condition appears only
Wh.e'n both parents earrv the same defect; and the prob-
ability that both carry the same defect is heightened
when both belong to the same strain, |

# Lagleyze (1907) finds in 48 families of albinos consanguinity in 10, with
collateral antecedents in T, non-consanguinity in 26, and unknown 5. .
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3. The proportion of albinos in any family probably
accords in the long run with Mendelian expectation, as
in other mammals, From two non-albinic parents the
proportion for families of four or more children is 34
per cent. albinos instead of the expected 25 per cent.
But various causes result in an omission of normal in-
dividuals and tend to swell the proportion of the abnor-
mal. When one parent is albinic and albino offspring
oceur at all we get (Rip and 4 cases in P. W.), a total of
16 albinos and 15 pigmented, which accords with expec-
tation,

STATION FOR EXPERIMENTAL EVOLUTION,
CoLp BrrING Harvor, N. Y.,
September 8, 1910,
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