
AUTO-SEXING IN THE DOMESTIC PIGEON
W. F. HOLLANDER*

EXTERNAL differences between
male and female pigeons are

slight and variable. Even breeders
of considerable experience are often mis-
taken in separating the sexes, especially
in the case of immature specimens, and
they consider it practically impossible to
sex squabs. It would seem therefore that
some of the methods by which poultry
breeders have succeeded in sexing baby
chicks might be applied to advantage in
the case of pigeons.

One method of sexing chicks which
has been very successful is the sex-linked
mating. With pigeons there are plenti-
ful opportunities to use this method.
Nearly every breed has common sex-
linked color factors, so that an almost
endless number of crosses within and
between breeds permit sexing of the
squabs by the age of two weeks. Never-
theless, the sex-linked mating has not
become popular with pigeon breeders.
One reason seems to be that the method
is too technical to appeal to pigeon breed-
ers ; another, the fact that only a certain
proportion of one's matings can be of
this kind. In commercial squab produc-
tion there is a third reason (although
here the method has won a certain
amount of favor) : many sex-linked mat-
ings produce squabs with dark skin —
a feature not detrimental to edibility but
disliked in most markets.

A second method of sexing chicks is
the "Japanese" or "look-see" method.
By partial eversion of the chick's cloaca,
an expert can recognize differences be-
tween male and female structure, as the
male possesses a rudimentary copulatory
organ. This method is not quite so sure
as the sex-linked mating, but obviates
the necessity of crossing and certain
other difficulties.

An application of this method to pig-
eons was made by Iwata," who claimed
to be able to sex both old and young

with ease. Unfortunately his report is
limited to claims and drawings, with no
substantiating data. A careful test with
squabs from sex-linked matings has dem-
onstrated to my satisfaction that Iwata's
method is erroneous. Furthermore, as
•the male pigeon 'has not even a vestigial
copulatory organ like that of the male
fowl, a "look-see" method seems unlike-
ly to be perfected.

There remains a third method of sex-
ing chicks, which is now known as auto-
sexing. This is a genetical method, in-
volving a sex difference in appearance of
the chicks, but it is unlike sex linkage.
The inheritance is more like that of sex-
limited characters. That is, in sex-linked
crosses son is like mother, daughter like
father, while with auto-sexing this "criss-
cross" effect is absent — son is like sire,
daughter like dam. And instead of be-
ing a one-generation phenomenon like
sex-linkage, auto-sexing continues indefi-
nitely without attention.

The elimination of technical complica-
tions makes auto-sexing a desirable
method. The accuracy is often lower
than with the preceding methods in the
fowl,10 but errors are seldom over 10
per cent.

With pigeons there have been occa-
sional suggestions of sexual dimorphism,
but until very recently auto-sexing
seemed an impossible dream. It is the
purpose of this paper to show the possi-
bilities of the method.

Auto-sexing in General
The term "auto-sexing" was origi-

nated by poultry geneticists within the
last decade. In the reports of Lamo-
reux10 and previous workers it has been
demonstrated that a sex-linked dominant
factor for barred plumage coloration is
the basis for auto-sexing varieties of
chickens. The males are homozygous for
the "Bar" factor, and the females also

*The data here reported are from a project under the writer's care at the Palmetto Pigeon
Plant, Sumter, S. C.
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have the factor, but as the females have
only one sex chromosome they must be
termed hcmizygous rather than homo-
zygous or heterozygous. The difference

'between homozygosity and hemizygosity
is associated with a corresponding dif-
ference in coloration between male and
female chicks. The heterozygous males
are not distinguishable from the females.
From the genetic facts it seems unlikely
that sex hormones play any role in the
dimorphism; in addition, the fact that
the differences are quite apparent in in-
fancy before the gonads become active
leads to the same conclusion. Not all
sex-limited differences in gallinaceous
birds are dependent on hormones, as
shown in experiments by Danforth.1

As there are several other known sex-
linked factors in the chicken, it may be
asked why "Bar" alone can be used in
auto-sexing. This question may best be
answered by considering the facts in the
case of the fruit fly, Drosophila, where a
similar situation exists. Of the numer-
ous sex-linked mutants in Drosophila,
very few show a dimorphism between
the homozygous and hemizygous condi-
tions. Those which do show dimorph-
ism may be dominant (e.g., "hairy
wing" and "beadex") or recessive (e.g.,
"eosin"). Incomplete dominance, which
Lamoreux considers the most important
feature of the "Bar" factor in fowls, ap-
pears to have nothing to do with the
dimorphism in Drosophila; the sex-
linked "Bar Eye" factor is incompletely
dominant but not sexually dimorphic.
An experimental analysis of the prob-
lem was undertaken by Muller, League,
and Offermann,11 using chromosome de-
ficiencies and duplications. They con-
cluded that dimorphism is simply a dos-
age effect, and to be expected, while the
more common lack of dimorphism is ap-
parently due to some unknown compen-
satory mechanism. The question with
which this paragraph began cannot there-
fore be answered satisfactorily at this
time.

A condition like auto-sexing has been
known in certain breeds of geese for
many years.12 Unfortunately the genetic
basis here has not been analyzed. Dar-

win8 commented on the same sort of
sexual color dimorphism in the wild
Rock Goose, Bernicla antarctica, but
whether the difference is apparent in the
young of this or of other wild birds does
not appear to have been discussed.

Sexual Color Dimorphism in Pigeons

Nearly 70 years ago Darwin mused
on the possibility of creating a sex dif-
ference in color of pigeons. He conclud-
ed* that, provided the initial variation
were limited to one sex, "there would
not be the least difficulty in making a
breed with the two sexes of a different
color, as indeed has been effected with a
Belgian breed in which the males alone
are streaked with black" (p. 247).

In spite of Darwin's statement that
this sexually dimorphic "Belgian breed"
had been produced, nothing further is
known of it. Probably it never got
beyond the promising stage, according to
our present knowledge of the condition
"streaked with black." The mutant fac-
tor involved was almost undoubtedly the
common "ash-red," a sex-linked domi-
nant. Males heterozygous for "ash-red"
and wild type ("blue" and black) gen-
erally show a number of scattered flecks
and streaks of wild-type coloration in
the plumage, while the "ash-red" female
(hemizygous), shows few if any flecks,
and even these differ from those of the
heterozygous male, as they are brown in
color.8 To that extent there is a sexual
dimorphism, but no pure "breed" could
be established to maintain it because the
homozygous males are indistinguishabl<
from the females.

Two other common sex-linked factors
in pigeons do not permit auto-sexing:
"brown" or "chocolate", a recessive, al-
lelic to "ash-red"; and "dilution", a
recessive, situated at a considerable dis-
tance from the "ash-red" locus on the
sex chromosome.

There are two remaining known sex-
linked factors, "almond" and "faded",
and with them auto-sexing is possible.
Both are dominant to wild type, and ap-
pear to be alleles not only of one another
but also of "ash-red" and "brown."8

Downloaded from https://academic.oup.com/jhered/article-abstract/33/4/135/819648
by University of Durham user
on 08 March 2018



Downloaded from https://academic.oup.com/jhered/article-abstract/33/4/135/819648
by University of Durham user
on 08 March 2018



138 The Journal of Heredity

progeny being generally Mealy Cheq-
uers, Chequered Duns, or bull-eyed
White Splashes."

The heterozygous nature of ordinary
almond males is clearly indicated by the
above quotations. Other evidence that
the homozygous males are white is avail-
able in unpublished data obtained by Dr.
H. W. Feldman. In breeding tests, no
males of ordinary almond coloration
were found to be homozygous, while
matings of almond X almond generally
produced some white offspring. Al-
though further study is advisable, it ap-
pears that auto-sexing can be accom-
plished with the "almond" factor, and
that breeders have long missed the op-
portunity because of their peculiar breed-
ing rules.

The utility of the "almond" factor for
auto-sexing may be hindered, however,
in several ways. There is some indica-
tion that the eyes of the homozygous
males are abnormal, at least in certain
families. Fulton4 describes individuals
with black "bladder eyes," and similar
specimens are being studied by R. E.
Gilbert. These birds are blind or nearly
so. Wriedt and Christie13 also found de-
fective eyes in an almond variety. These
authors furthermore consider the "al-
mond" factor deleterious to the vigor of
squabs, especially in combination with
the "dilution" factor. Both of these fac-
tors reduce the length of the nestling
down, so that the squab is less well pro-
tected than normal, and the homozygous
"almond" probably is even closer to
nakedness.

Faded
The "faded" factor is the last of the

known sex-linked factors, having been
first reported by the author only about
four years ago.0 Little breeding informa-
tion was available at that time. In 1940,
Hollander and Cole8 presented addition-
al facts, and concluded that "faded" is
allelic to "almond" and "ash-red." The
phenotype of the "faded" female is indis-
tinguishable from that of the male het-
erozygous for wild type, and is about
what the name suggests: a general,
though often not very conspicuous, fad-

ing of coloration in comparison with wild
type. Flecks of wild-type coloration may
occasionally occur in the plumage. No
homozygous individuals had been pro-
duced for study before the spring of
1940.

At that time the only birds known to
be of the "faded" type were in the Uni-
versity of Wisconsin laboratory. How-
ever, a few specimens of unrelated origin
but apparently of the same type had been
found and were being tested at the Pal-
metto Pigeon Plant in Sumter, S. C.
They had been produced in matings of
"self-white" Carneau males with blue-
black Homer females. Identity with the
previously known "faded" was soon
shown, not only by phenotypic similarity
but by the fact that it is dominant and
sex-linked, and has given no crossing-
over with "ash-red" or "brown", but
abundant crossing-over with dilution.

Matings of "faded" individuals of the
new stock inter se have consistently pro-
duced a novel coloration in a certain pro-
portion of the offspring. Superficially
the new type appears white, but closer
inspection shows a slight general pig-
mentation, from a dusty gray to a yel-
lowish or reddish tinging or tipping of
the feathers, especially those of the neck.
In addition there are usually scattered
flecks and streaks of ordinary "faded"
coloration, and in a few cases small
patches of "faded" feathers. It was not-
ed also that squabs which developed this
coloration had shorter than normal nest-
ling down, though not so short as with
the "dilution" factor.

The novelty of this type, and the fact
that it was produced in all matings of
"faded" X "faded" indicated that it was
the homozygote. Without exception
these birds (about a dozen in number)
were males, as the homozygote must be.
Two of these males were outcrossed to
non-"faded" females, and over twenty
offspring resulted, all "faded."

The males of the new type were nor-
mal in fertility and vigor, and gave prom-
ise of being excellent material for found-
ing an auto-sexing strain. Accordingly
matings with "faded" females were made
up and all healthy offspring raised to
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maturity. The offspring were either like
the father or the mother, as predicted.
Twenty-five of them have been sexed
definitely by breeding tests or by post-
mortem observation, and without excep-
tion the "faded" individuals were fe-
males, while the whitish birds were
males. In addition several squabs which
died before plumage coloration had de-
veloped but which had pigmented beaks
were all females.

Down length of the young squab has
proved to be a very reliable sex indicator
in such matings, the males having short-
er down .than the females (see illustra-
tion). Beak coloration was also an ex-
cellent indicator, at least for females.
The presence of pigment in the beak
classifies the individual as a female, no
males having such pigmentation. How-
ever, non-pigmentation of the beak is not
always the sign of a male, for white-
spotting or piebaldness, if present in the
stock, may also eliminate pigmentation.
It should be mentioned that piebald
young were frequently produced in some
of the above "faded X "faded" and
also in some of the auto-sexing matings,
but classification of the young was not
prevented. Furthermore, two of the
auto-sexing matings produced a few
"self-white" squabs, which were classi-
fied correctly on the basis of down
length. The segregation of the "self-
white" condition was expected in view
of the fact that the birds were only two
or three generations removed from the
"self-white" Carneau. This type of white
is extremely common in pigeons; its in-
heritance is not yet clearly established,
as it appears to be closely related to
white-spotting or piebaldness, but there
is no connection with sex. Piebaldness
and "self-white," as well as other mutant
color factors, seem best eliminated from
an auto-sexing strain, to make sex dis-
tinction most obvious and clear-cut.

The iris coloration of the homozygous
"faded" males deserves comment. The
bright pigment is slow in appearing, and
never becomes rich. The final appear-
ance resembles somewhat the mutant
"pearl." studied by Hollander and Owen7

though the former is more dusky. Some

of the males had practically no anterior
iris pigment, but this probably was due
to the presence of piebaldness and was
not typical. By contrast, the iris of the
female or heterozygous "faded" is usual-
ly yellow or orange, indistinguishable
from that of the wild type.

The greater prevalence of flecking in
the homozygous as compared with the
heterozygous and hemizygous "faded"
supports an argument made in the gen-
eral study of flecking in birds by Hol-
lander and Cole.8 There it was suggested
that flecking is due to somatic mutation,
and that where the phenotype of the
homozygote is distinct from that of the
heterozygote, as in the case of the Anda-
lusian fowl, the homozygote will show
approximately twice as much flecking as
the 'heterozygote. That is, there are
twice as many mutable factors in the
homozygous bird, and the flecking should
be correspondingly increased.

Practical Applications
Exploitation of "almond" in auto-

sexing will probably not prove worth-
while except for laboratory study because
of the undesirable features accompanying
the homozygous condition, as discussed
above. On .the other hand, "faded"
seems to be the answer to the commer-
cial squab producer's prayer. Not only
is the sexing practically foolproof, but
the squabs' skin color is light—never
•dark enough to be disqualified in the
market.

At the present time the factor is being
introduced into several breeds for com-
mercial use; when the process has been
completed these breeds may be used in a
variety of cross-breeding programs to
obtain Fi vigor. It is planned not to
use new breed names as poultry geneti-
cists have done (e. g., "Cambar," "Leg-
bar," "Ancobar," "Oklabar"), but to use
the present breed name and the descrip-
tive term "dual-colored," or "auto-
sexing."

Summary
Auto-sexing is shown to be possible

with two dominant color factors in the
domestic pigeon. These are "almond"
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and "faded." The latter appears to have
the greater utility as sex distinction can
be made at hatching on the basis of down
length and beak color, and vigor is nor-
mal. The adult homozygous "faded"
male is described.
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Science and Technology
It seems high time to break up this ancient

tradition of intellectual royalty and substitute
a group of the sciences based upon the more
democratic conception of the division of labor.
The two main functions of science are explana-
tion and control or application. In such a
grouping explanatory science must always
have a place of central importance. But ex-
planation for the sake of explanation, or ex-
planation as mental exercise, or mental disci-
pline, can hardly be considered moral in an
age so beset by life-and-death problems as is
our own. The pedagogy of such a pursuit is
also open to serious criticism.

Explanatory science deals with cause and
effect relations, and has as its aim the estab-
lishment of facts and laws. Applied science or
technology, on the other hand, deals with prob-
lems of means and ends, and should aim at the
production of values. Mr. Aldous Huxley
thinks that it is a mistake to separate problems
of scientific techniques from those of social
values in professional training. Besides teach-
ing young men to be mechanicians, for exam-
ple, he thinks that we should teach them "to
understand the ways in which machinery af-
fects, has affected and is likely to affect, the
lives of men and women." Certain it is that,
in the absence of any feeling of responsibility
in such matters, the more highly specialized a
professionally trained person is. the more of

a menace to society he can turn out to be.
Technology should assure responsibility for

two somewhat distinct problems. In the first
place it should seek to ascertain what sort of
means will produce what sort of ends. This
problem is as simple and as clear-cut, and as
factual as are the problems of cause and effect
with which explanatory science undertakes to
deal, and the methods of inquiry called for in
tfie case are not different from those employed
in theoretical science. In the second place
technology, or applied science, must, if it is to
carry out its part of a joint undertaking, de-
vise ways and means of determining which
ends are good and which are bad. This is the
crux of our problem. Granted that this is a
field of inquiry from which by common con-
sent science has for the most part in the past
been barred, does this settle the question? It
is not a new event in the history of science to
explore hitherto unexplored territory.

Can the knowledge and the technical skills
of our time be brought to bear upon the con-
fusions that characterize human relationships
everywhere? Upon the answer to this ques-
tion depends the unsettled issue concerning
man's ability to govern himself, for, in spite
of our miracles of discovery and achievement
we have been accused of living in a Stone
Age sociology.—JOHN M. FLETCHER, Scientific
Monthly, March, 1942.
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