
MOSAIC EFFECTS IN DOMESTIC BIRDS 
BY W. F. HOLLANDER 

INTRODUCTION 

IN THE mythology of some ancient peoples, 
notably the Greeks, one reads of composite 
creatures such as centaurs, the griffin, the 
chimaera, the sphinx, and the nature god, 
Pan. Since they were supernatural the 

biologist is not interested in their anatomical and 
physiological arrangements. But composite or 
"Cmosaic" creatures do exist, on a less fantastic 
plane. Some are the result of the grafter's art, 
or other human manipulation. Still more in- 
teresting, however, are spontaneous mosaic con- 
ditions; they are rare, but a diligent observer 
can find an astonishing array of such oddities 
over a span of a few years. Many have been 
described or illustrated in scientific journals, 
breeders' magazines, and newspapers. 

Like other kinds of variation, mosaicism is al- 
most entirely found in domesticated species. It 
would seem absurd or astonishing to find a crow, 
for example, with buff, white, and black plumage, 
or a crest on its head, or feathers growing on its 
feet. Yet an ornithologist who would devote 
hours of study to such a crow would probably dis- 
miss similar variations which can be found in 
almost any flock of domestic pigeons as "effects 
of domestication." So plentiful is variation in the 
barnyard that only the most bizarre attracts spe- 
cial attention. Likewise with mosaicism: com- 
mon sorts such as the tortoise-shell cat, the calico 
goldfish, and the variegated flower receive a pass- 
ing glance, while a gynandromorph honeybee or a 
half-green and half-blue parakeet or a bud sport 
on a fruit tree is a cynosure. 

Ordinary variation, including both individual 
and varietal differences, has yielded to genetic 
analysis by relatively simple Mendelian methods 
during the years since 1900. Mosaicism, varia- 
tion within the individual, has been a harder 
nut to crack. Its erratic occurrence baffled many 
students, and seemed to preclude the existence of 
any law. Prolonged and careful studies of mosaic 
phenomena in laboratory animals and plants have, 

however, produced some illuminating results. 
Birds have contributed to some extent in such in- 
vestigations, but are less favorable than lower 
forms because of slow breeding and difficult 
cytology. The one great advantage possessed 
by birds is the capacity to grow many successive 
feathers from a given follicle. 

Our understanding of mosaicism in birds is 
far from complete, and, such as it is, has trailed in 
the wake of progress made with lower forms. As 
will appear below, the problems encountered are 
often very complex and sometimes unique. It 
is the purpose of this review to bring together what 
bird material exists, to point out explanations, 
relationships, and differences, and to suggest pos- 
sibilities for future study. Since no survey of 
mosaicism in general has appeared, I include a 
number of key references to work on other forms. 

The subject of spontaneous mosaicism may be 
best introduced by a consideration of artificially 
produced mosaicism. The latter kinds sketch 
the possibilities and reveal important principles 
of development and regulation of growth. Two 
entirely different means of producing mosaicism 
are available: the old method of grafting, with 
some modern refinements; and the new and less 
precise method of irradiation with high-frequency 
radiation, such as x-rays. 

Grafts may be made from one part to another 
of the same individual, or from one individual to 
another. In the former case there appears to be 
little difficulty, and the analogy may be made of 
a gardener transplanting shrubbery. Integu- 
mental structures such as large pieces of skin, the 
comb and the spurs (of the fowl), and feather 
primordia or portions of them have grown in 
various new locations; except for failure of innerva- 
tion and the occurrence of some distortion, they 
maintain their characteristic features and do not 
de-differentiate (Danforth, 1928; Kozelka, 1929; 
Lillie and Wang, 1941, 1943). 

In grafts from one individual to another more 
difficulties arise, but there are more oDDortunities 
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286 T6E QUARTERLY REVIEW OF BIOLOGY 

for increasing knowledge. At least with integu- 
mental grafts, antagonisms often develop, leading 
to death of the grafted tissue, soon after the opera- 
tion or perhaps after several weeks. Many show 
little or no antagonism, however, even when the 
donor and host are of widely different types. In 
general the grafted tissue retains the donor char- 
acteristics and is not seriously altered by the host, 
except in the case of certain sex-limited charac- 
ters, whose appearance depends on the hormone 
supply of the host. But such influence is limited; 
Kozelka (1929) notes that a male spur primordium 
grafted on a female host develops as in a male, and 
a female comb grafted on a male may not take 
on masculine character. With breed differences 
such as plumage characters-"silky," "henny- 
feathering," various colorations, and contrasting 
growth rates-the hosts showed no influence on the 
graft, and vice versa, in the experiments of Dan- 
forth and Foster (1929). Landauer and Aberle 
(1935) came to the same conclusion in reciprocal 
transplants between "frizzle" and normal fowls. 

Danforth and Foster (1929), and Danforth 
(1935, 1937, and 1939) noted that in skin grafts 
differing in plumage color from that of the host, 
feathers along the graft line are occasionally 
themselves mosaic in coloration. The explana- 
tion of this phenomenon as the result of the migra- 
tion of melanophore cells came later in studies of 
the behavior of these cells in embryo transplants. 

Grafting in early embryos affords wider possi- 
bilities than are possible with older stages; antago- 
nisms appear to be absent, and whole organs such 
as the eye or a limb bud can be accommodated by 
the host (Hamburger, 1941; Gayer and Ham- 
burger, 1943). Chicks have even been hatched 
with the leg of a duck growing from the side, 
after early embryonic transplantation (Eastlick, 
1941). With some characters it is clear that the 
graft is not influenced by the host, but frequently 
the host appears to regulate the growth of the 
graft; or mixture of host and graft tissue may occur 
to some extent so that interpretations are difficult. 
Melanophores and their precursors in particular 
have great powers of migration (Watterson, 1942; 
Foulks, 1943; Rawles, 1944). When melanophores 
of the host and graft differ strikingly, one can 
easily see that they govern pigmentation quite 
separately (Willier et al., 1937-1941; Rawles, 
1939; Dorris, 1939; Eastlick, 1939; Hamilton, 
1940; Ris, 1941). 

The ability of x-rays and other types of high- 
frequency irradiation to produce mosaicism has 

been recognized for only about 15 years. The 
radiation induces various genetic alterations in 
cell nuclei, such as mutations, loss of parts of or 
whole chromosomes, and rearrangements of 
chromosome structure. Since these changes are 
apparently random, and hardly any two nuclei 
will be affected identically, growth from irradi- 
ated tissue is usually mosaic. The most striking 
results follow treatment of embryos in early cleav- 
age stages, or even of spermatozoa. With the 
use of "marker" genes the changes induced by the 
treatment may often be identified. This method 
offers unique possibilities in the study of embryol- 
ogy and morphogenesis. The work of Patterson 
(1929) and of Muller (1930) with the 'fruit fly, 
Drosophila, is of special interest in this line. The 
only related study in birds appears to be thaf of 
Munro (1938), who irradiated three-day-old chicks 
with a dosage of 1100-1400 r units, on only one 
side of the body. The result was lopsided growth, 
the treated side being somewhat stunted. This 
approach is too crude for genetic interpretations, 
especially since no "markers" were employed. 

Artificial mosaics often so closely mimic spon- 
taneous types that one is easily persuaded their 
origins are very similar. Thus, in place of the 
grafter's manipulations, it is conceivable that 
two zygotes might develop in one egg, and fuse. 
And instead of an x-ray treatment, cosmic radia- 
tion might disrupt the chromosomes. But there 
may be other possibilities. 

Whatever the precise inciting agent, mosaicism 
usually consists of a genetic diversity of tissues. 
By study of the character of the diversity, it is 
sometimes possible to reconstruct the events in 
its production, or to eliminate one or more pos- 
sible events from the explanation. A thorough 
knowledge of the ordinary variation, heredity, 
and embryology of the species is of fundamental 
assistance in such analysis of mosaicism. 

The present survey is organized rather arbi- 
trarily into four gr9upings: (1) sectorial mosaics, 
showing conspicuous asymmetry or patchwork of 
characters; (2) sex mosaics, or gynandromorphs; 
(3) variegation, showing a sprinkled or freckled 
effect; and (4) dubious conditions, such as pie- 
baldness. As is evident from the existence of the 
last group, true mosaicism cannot always be dis- 
tinguished from pathological or purely physio- 
logical differentiations between parts. The at- 
titude I adopt is to consider these borderline cases 
possibly mosaicism until the evidence is more 
decisive. 
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SECTOAL EFElCTS 

The most striking kind of sectorial mosaic 'is the 
"half-and-half" effect. Usually the median line 
of the body is the boundary separating the differ- 
ent characteristics, though some cases show a more 
zigzag division, or even anterior-posterior separa- 
tion. The origin of such types is thought to be 
some event producing diversity at the first cleav- 
age division of the fertilized egg: a genetic change 
may distinguish one of the two blastomeres, or 
polyspermy may occur. An example of genetic 
change is afforded by the "claret" stock of Droso- 
phila simulans (fruit fly); eggs from the females of 
this stock very often develop as mosaics of various 
sorts, and Sturtevant (1929) showed the cause to 
be non-disjunction (unequal distribution) of 
chromosomes. Polyspermy has been demon- 
strated to occur in several cases of mosaicism, 
again in insects. Apparently certain females 
have a tendency to produce binucleate eggs, and 
both nuclei attract sperms (Whiting, 1928; 
Goldschmidt and Katsuki, 1931; Crew and Lamy, 
1939). Development of a haploid half of an 
embryo from a supernumerary sperm is also 
possible. 

Other sectorial mosaics, showing one or more 
smal areas of "unusual" character, are attributed 
to genetic alteration in such areas. Generally the 
origin of the change is thought to be relatively 
late in the development of the embryo, though 
certain characters which can be expressed only in 
particular organs furnish unsatisfactory evidence 
as to the time of origin. For example, if the feet 
differ in a claw characteristic known to be hered- 
itary as a rule, one could not limit the possible 
mosaicism to the foot only-the origin might have 
been even at the first cleavage. Several kinds of 
genetic change have been found or indicated in 
cases of patchy mosaics. Wright and Eaton 
(1926) thought simple mutation the best explana- 
tion of a mosaic guinea pig; Sturtevant (1929), 
as noted above, found chromosome non-disjunc- 
tion responsible for mosaicism in offspring of cer- 
tain females of Drosophila simulans. Some sort 
of somatic segregation of traits initially hetero- 
zygous has been the explanation favored in cer- 
tain cases of mosaicism in rodents (Pickard, 1929; 
Feldman, 1935). Jones (1937) has advocated 
somatic segregationof some sort to account for a 
number of types of mosaicism in plants. But 
proof of an explanation is difficult to obtain in 
most typical cases of patchy mosaicism because of 

the rarity of repetition. When recurrence is at 
all frequent, the condition may be better treated 
as variegation (q. v.). 

In birds, clear-cut sectorial mosaics have been 
reported for the chicken, the pigeon, the turkey, 
the budgerigar (parakeet), and the canary. 
The cases for each species will be taken up in turn; 

The first example reported in the chicken ap- 
pears to be that of Crew (1928). He describes it 
as having "unusual crazy-quilt distribution of red 
pigment in its white plumage and with the right 
leg, yellow in color, so much shorter than its fellow, 
the color of which was white, that the bird not 
only looked lop-sided but was forced to adopt a 
most peculiar gait." It was a cock, from the 
mating of a Light Sussex hen (white-skinned) with 
a Rhode Island Red male (yellow-skinned). This 
cross was popular in England; the F1 chickens had 
white skin, as a rule, and the males had whitish 
plumage (due to the dominant sex-linked "silver" 
gene). Three unexpected features occurred there- 
fore in the mosaic: red in the plumage, yellow on a 
leg, and size asymmetryl Breeding tests failed 
because the bird did not fertilize any eggs. At 
autopsy the testes appeared normal; all the bones 
of the right side except for the head were found 
to be smaler than those of the left. Crew sug- 
gested loss or non-disjunction (unequal distribu- 
tion) of an entire chromosome, bearing the genes 
for white skin and white plumage, from the right 
side of the early embryo. Size asymmetry would 
be a natural consequence of abnormal chromosome 
proportions. However, the true explanation may 
be elsewhere; skin color is not sex-linked, while 
plumage color is, so that more than one chromo- 
some seems involved in the mosaicism. 

Lambert (1929) described a female, probably of 
the Leghorn breed, which also showed yellow skin 
on the right side and white on the left, but with- 
out evident size asymmetry. He proposes non- 
disjunction as the basis. Hutt (1929) suggests 
that since there was no size asymmetry, a less 
drastic cause, such as simple mutation, was in- 
volved. 

Knox (1931) briefly mentions another case like 
Lambert's, and also a fowl with white legs, one 
streaked with yellow. Both were F1 from a cross 
of Black Langshan X White Plymouth Rock. 
Knox devotes more attention to a hen having one 
shank yellow, the other green (yellow plus dark 
melanic pigment). This bird was also an F1 
hybrid, from White Wyandotte hen X Rhode 
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Island Red cock. The Wyandotte breed may 
occasionally have green shanks, but is ordinarily 
yellow-shanked. Knox favors simple mutation to 
green as the cause of this mosaic. 

Crew (1932) and Crew and Munro (1938, 1939) 
have described about ten additional cases of skin- 
color mosaicism, most being from crosses of Rhode 
Island Red X Light Sussex. Some were not 
half-and-half, but patchy; the yellow side might 
be the left as well as the right; and the sex could 
be either male or female. Two of the birds were 
gynandromorphic, however, and will be treated 
more in detail in that connection. Body size 
asymmetry was observed in the "half-siders," 
but was either very pronounced (10-15 per cent 
difference in bone lengths) or slight (2-3 per cent 
difference). The yellow side was the smaller 
except in the gynandromorphs. Crew and 
Munro (1938) believe that two sorts of chromo- 
some aberrations can explain all the findings, as 
follows: (a) Loss of the chromosome bearing the 
dominant white-skin gene, in a heterozygote, 
would leave the yellow-skin recessive gene in the 
other chromosome unopposed in determining skin 
color. Some (slight?) size asymmetry may be 
expected to result as well, the chromosome loss 
producing growth deficiencies. (b) Non-disjunc- 
tion would be expected to result in a more exag- 
gerated size asymmetry, and two possible skin- 
color effects: if the chromosome bearing the 
white-skin gene failed to enter one daughter cell 
in mitosis, this cell would possess only the yellow- 
skin gene, and the sister cell would possess two 
white-skin genes and a yellow. From such an 
origin would arise a bird with one side small and 
yellow-skinned, the other side large and white- 
skinned. On the other hand, if the chromosome 
bearing the yellow-skin gene failed to enter a 
daughter cell, this side of the bird would be small 
with white skin, and the other side, having two 
yellow genes and one white, would be large and 
(Crew and Munro assume) yellow-skinned. Fur- 
thermore, they believe that even the gynandro- 
morphism can be fitted into this scheme: if the 
right side of a female embryo gains the additional 
chromosome, the gonad of this side (normally 
degenerate) will become testis-like. 

The apparent frequency of these skin-color 
mosaics may be due in part to prevalence of breed 
crossing in recent years; chromosome aberrations 
in pure breeds would not be expected to attract 
much attention, since the effects on skin color 
would be slight. Crew and Munro (1939) note, 

however, that more than one case has occurred in 
one family, so that a familial tendency to aber- 
ration of this particular chromosome may be sus- 
pected. 

Two of the remaining cases of fowl mosaics are 
biological puzzles of the highest order. The first 
was described by Roberts and Quisenberry (1935). 
The head and left side of the body were charac- 
teristic of the Light Brahma breed-large body 
size, feathers on the foot, and "columbian" (mainly 
white) plumage color; the right side of the body 
resembled the .Plymouth Rock breed, with smaller 
size, no foot feathering, and "barred" plumage 
color. The bird's sex was not recorded. Its 
pedigree also was cloudy; its mother was a Ply- 
mouth Rock, but cocks of both breeds were in the 
flock. Roberts and Quisenberry discussed vari- 
ous possible explanations. Hybrid origin seems 
unavoidable, yet the parental characters failed 
to unite as usual, or else were exposed by loss of 
the dominant traits from each parent on one side- 
a hiighly improbable coincidence. The ordinary 
appearance of hybrids from these breeds would be 
mainly like the Brahma parent except in plumage 
color, which would be barred in males, black in 
females. Castle (1935) thought origin from a 
binucleate ovum, fertilized by both kinds of 
sperms, was the best explanation, but as Roberts 
and Quisenberry (1935b) pointed out, the Colum- 
bian plumage color should not appear on the hy- 
brid side, since it is recessive. Munro (1938) 
suggests non-disjunction as an alternative; he 
assumes that the original zygote was hybrid, 
and that the genes for foot feathering and plum- 
age color (columbian) are borne on a single chromo- 
some. Then at the first or second cleavage divi- 
sion, if this chromosome failed to enter one cell, 
the mosaic condition would follow, including 
size asymmetry. However, the additional as- 
sumption is needed that the side gaining the extra 
chromosome could thereby show the columbian 
color, by overcoming the dominance of the other 
allele. 

The second "impossible" composite was re- 
ported by Vecchi (1936). As indicated in fig. 1, 
the right side differed from the left in having 
feathered foot, naked neck, red ear-lobe, brownish- 
black plumage color with little white, normal 
male reproductive system, larger wattle, and 
larger skeleton. The left side had no feathers on 
the foot, but normally feathered neck, white 
ear-lobe, mottled plumage, smaller size, and partly 
feminized reproductive system-ovotestis, but 
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no oviduct. In general the features of the right 
side resemble the "Transylvanian Naked-neck" 
breed, while the left side is like the Leghorn. 
Since both of these breeds occurred where the 
mosaic appeared, Vecchi considered the bird a 
probable hybrid by origin. No progeny were re- 
ported. Crew and Munro (1938) reviewed this 
case, and again proposed non-disjunction of a 
single chromosome to explain the whole condition. 
In such a case it is necessary to assume linkage of 

foot feathering, naked-neck, ear-lobe color, and 
possibly other genes; origin from a binucleate egg 
and double fertilization seems a less risky explana- 
tion. But at the present time no explanation 
seems very probable; it is to be hoped that any 
similar specimens in the future will be more thor- 
oughly studied and progeny-tested. 

One other sectorial mosaic in the fowl was re- 
ported by Crew and Munro (1938). This was an 
Old-English Game Bantam hen, whose plumage 

was spangled (white-tipped) on the right side 
but not on the left. Mated with a spangled cock 
she produced both spangled and non-spangled 
young. Since the spangled character was shown 
to be recessive in other tests, the mosaic was con- 
sidered heterozygous, at least on the left side 
(plumage and ovary). The mosaic condition 
may have originated by loss of the chromosome 
bearing the dominant allele, on the right side. 

One mosaic turkey has been reported, by As- 

mundson (1937). It was a crossbred (F2) female 
of Bourbon Red and Bronze origin. She showed 
both ancestral color conditions separately: wings 
and most of body plumage red; head, neck, and 
tail bronze. Ordinarily a cross of these colors 
gives a blended effect. The bird was mated with 
a Bourbon Red male, and produced only red off- 
spring; the genetic constitution of the ovary seems 
to agree with that of the body plumage. As- 
mundson discussed several possible explanations, 

FIG. 1. A SKETCH SHOWING THE APPEARANGE OF VECCHI'S (1936) GYNANDROMORPH-mOSAiC 
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and considers non-disjunction in an early cleav- 
age stage in a hybrid most probable. But no 
size asymmetry was observed. In my opinion 
the true explanation remains to be found, and it 
will probably be the same as the basis for the 
fowl mosaics of Roberts and Quisenberry, and of 
Vecchi. Before leaving this case it should be 
noted that at the junctions of the large differing 
regions of color, some feathers were themselves 
mosaic, varying in appearance from a patchwork 
to more intimate mixture of the two colors, remi- 
niscent of the mosaic feathers obtained by Dan- 
forth at the junction of graft and host areas. 

In pigeons many sectorial mosaics have been 
reported, and undoubtedly many more have "hid 
under a bushel." Holmes (1921) says that in 
Italy breeders refer to specimens colored dif- 
ferently on opposite sides of the body as "scherzo" 
(oke) pigeons. 

Since a majority of the mosaics in pigeons have 
involved genetic characters, usually color types 
whose inheritance is well established, it seems 
best to group the cases according to the genes 
concerned. For present purposes a minimum of 
of background information about these genetic 
factors is given: first, the descriptive name of the 
gene; and next, whether it is dominant or reces- 
sive in crosses with wild-type, or normal standard 
type, whose plumage color 's blue-gray with a 
black pattern. For more detailed descriptions and 
illustrations of the types and their genetic inter- 
relations, the reader is referred to Levi (1941, 
chap. V). 

"Ash-red" (dominant, and sex-linked). This 
factor commonly shows a tendency to have dark 
flecks in the feathers, and will be considered more 
intimately in connection with variegation. Nearly 
a dozen cases showing obvious sectorial mosaicism 
involving this factor are known. Lyell (1887), 
describing a pigeon as "mealy with black shoul- 
ders," was probably the first to put one on record, 
but he gave no data such as sex or pedigree. All 
the remaining cases known have been males hetero- 
zygous for the ash-red factor (by pedigree, progeny 
test or both). Most of them have been described 
and illustrated, by Levi and Hollander (1939), 
Hollander and Cole (1940), and Levi (1941, on 
color plate). Several have not been published, but 
have been examined by me; they were called to 
my attention by Mr. W. M. Levi, and Major C. E. 
Goodwyn, among whose birds the mosaics ap- 
peared. In all cases the arrangement of the dif- 
fering areas has been irregular, even haphazard, 

like camouflage daubing. Nevertheless, these 
areas persist through repeated moults, with one 
exception noted by Levi and Hollander (1939), 
where a large part of a wild-type area was invaded 
by ash-red. In only one case did the wild-type 
area exceed the ash-red in size, and this bird was 
so largely white otherwise, that the true arrange- 
ment is unknown. The presence of white plum- 
age (piebaldness) was noted in at least half of 
these mosaics; and most of the cases were in the 
Homer breed. Both piebaldness and ash-red are 
very common in the breed. The explanations of- 
fered for this group of mosaics have been very 
tentative, but center around the idea of loss or 
reverse mutation of the ash-red factor. The lack 
of females is noteworthy, and may be suggestive 
of some sort of somatic segregation in the origin 
of the mosaics. But there is probably a connec- 
tion with the variegation process, which will be 
considered later. 

"Brown" (recessive, sex-linked). One mosaic 
showing brown and wild-type regions, as well as 
white, or grizzling (see below), was found in the 
King breed by Levi and Hollander (1939). Sub- 
sequently this bird, a male, was proved by progeny 
test to be heterozygous for brown and wild type. 
For further comment on this bird, see "grizzle,"I 
below. 

"Dilution" (recessive, sex-linked). Two mo- 
saics involving this factor have been reported, 
both in the red Carneau breed, by Keesling (1924), 
and by Hollander and Cole (1940). In the latter 
case there was some piebaldness. Both birds 
were males; no breeding tests were made, but 
Keesling's specimen was heterozygous for dilu- 
tion, since one of its parents was yellow (dilute 
red). Two more examples have been called to 
my attention by Mr. C. F. Graefe. One is a 
male yellow (dilute recessive red) Giant Homer 
with scattered red feathers on the head and neck 
regions, chiefly. Some of the feathers are mosaic 
themselves. This bird's sire was heterozygous 
for dilution, and the dam was dilute. Progeny 
test has shown that the mosaic breeds as homozy- 
gous dilute. The final case is a female yellow 
mongrel Homer with a patch of red feathers on the 
back. In this case also the dam was dilute, the 
sire heterozygous. No breeding test is available 
for the mosaic. It seems difficult to make any 
conclusion as to the genetic origin of these cases, 
at present. 

"Grizzle" (dominant). A female Homer-Car- 
neau mixture, showing the grizzle trait except for 
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one wing, was reported by Levi and Hollander 
(1939). Breeding tests as well as her pedigree 
Droved that she was heterozygous for grizzle. 
Some piebaldness was also present. 

The male brown mosaic (above) also was found 
by progeny test to be heterozygous for grizzle 
(not published). Since his brown areas were 
phenotypically free of grizzle, the mosaicism ap- 
pears to be compound. Piebaldness was also 
present, enough to confuse the issue, perhaps. 
It is not certain whether the grizzle factor involved 
here is typical, on that account. As will be 
brought out under variegation, there appear to 
be two different types known as grizzle, but 
genetically distinct, the typical form seemingly 
the more stable in the soma. 

"Recessive red" (recessive). With this factor it 
seems advisable to divide the mosaics into two 
groups: one of preponderantly wild-type color 
with small regions of red, and the other having 
the reverse arrangement. In the first group about 
half a dozen cases are known. Metzelaar (1926) 
mentions a case; this was more carefully described 
in correspondence (Hollander and Cole, 1940). 
The red areas were chiefly limited to the primary 
wing feathers of each side, and to the neck. The 
bird was a female F1 hybrid from Silver King X 
Red Carneau. There was apparently no pie- 
baldness. Hollander and Cole (1940) described 
three males with red areas located mainly in the 
shoulder regions. Two were sibs and showed the 
grizzle character; the third, having the most ex- 
tensive red areas, was piebald. No progeny 
tests were made, but these birds presumably were 
heterozygous for red, since the color was segregat- 
ing in their families. Two additional cases of 
unknown sex and origin have been noted by Mr. 
R. WV. Donady (information from correspondence, 
1941, courtesy of Mrs. N. E. Mehringer). Both 
were specimens of the Flight breed, which is always 
piebald; one was described as "black with one 
solid red wing," and the other, "black and white 
mottled with a perfect deep yellow V on the back 
of the neck." As a working hypothesis one can 
assume loss or mutation of the wild-type allele 
in a heterozygote has occurred in this group; 
some sort of somatic segregation is equally prob- 
able, though. 

In the second group of red mosaics, where the 
wild-type areas are small, it seems necessary to 
look for a different explanation. About a dozen 
cases are known. Four are mentioned by Hor- 
lacher (1930), and were more extensively treated 

by Hollander and Cole (1940), who also discuss 
three more cases. Frequently only one wild-type 
feather was seen on a specimen, so that they hardly 
seem to justify the name sectorial mosaic; but 
they seem best considered here with others having 
larger areas affected. None of these mosaics 
showed piebaldness; most were of the Tumbler 
breed. The parents of one (male) were both 
recessive red; for four of the others the dam was 
red and the sire heterozygous. Four of the mosaics 
were relatives, though not very close. A male and 
a female were progeny-tested and bred as red 
homozygotes. Two more mosaics of this kind, 
but in the Homer breed, have been bred by Mr. 
E. A. Klotz (personal communication); they are 
mother and son by a recessive red male. Each 
has one or two wild-type feathers, and there is 
no piebaldness. Mr. C. F. Graefe has bred three 
such mosaics. One is a male of the King breed, 
recessive red except for most of the tail region, 
which is wild-type. The sire was heterozygous, 
the dam homozygous for red. No progeny test 
information is available. The second mosaic is 
a male Giant Homer having a few wild-type 
feathers; both parents were red. The third case 
is a female Giant Homer having one wild-type 
feather; her sire was heterozygous, her dam homo- 
zygous for red. This mosaic is partly piebald. 
We may conclude for this group that reverse 
somatic mutation from recessive red to wild 
type is the most plausible explanation. There 
may be a slight familial tendency involved. 

"Spread" pattern (dominant). The first mo- 
saic of this factor was reported by Hollander and 
Cole (1940). It was a Homer, black on the right 
half of the body and wild-type on the left. Both 
parents were black, the sire (and perhaps the dam) 
heterozygous for wild type. This bird was dis- 
covered by Mr. W. Van Riper. It proved to be a 
female, and produced, with a wild-type male, at 
least eight young, all wild-type (data obtained 
by Dr. L. J. Cole). Her ovary thus appears to 
agree with the plumage of that (left) side of the 
body in not having the spread-pattern factor. 

A female of the Florentine breed, piebald but 
otherwise very similar in character to the Homer 
just discussed, was reported with a photograph 
by Levi (1941, p. 232). No othe'r data were 
secured for this specimen, unfortunately. An 
apparently similar "half-sider" was figured in 
Robert Ripley's "Believe it or not" feature in 
newspapers of Nov. 16, 1942, except that the 
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spread-black is shown on the right side; no infor- 
mation has been obtainable as to sex or breeding. 

In the two "half-sider" females above, it was 
observed that the division line between the differ- 
ent color regions was roughly median, but not 
regular. A number of feathers near the boundary 
were themselves mosaic, usually showing longi- 
tudinal striping. When plucked, such mosaic 
feathers regenerated with almost identical pat- 
terns of striping (Hollander and Cole, 1940). 

The above cases showed no evident asymmetry 
of body size. Perhaps they arose from binucleate 
eggs; at any rate, non-disjunction seems a very 
unlikely explanation here. On the other hand, 
non-disjunction or some other chromosome aber- 
ration may explain another case described by 
Hollander and Cole (1940). This specimen was 
asymmetrical, the side with wild-type color (right) 
having much shorter bones, and the feathers show- 
ing defective structure on this side; numerous 
feathers were mosaic, with longitudinal striping. 
The bird was not a typical half-sider, however, 
since only the ventral regions showed a median 
line of division, and there was much irregularity. 
The sex was female; no progeny test was made. 
Its dam was heterozygous for spread black, and 
was piebald, while the sire lacked these factors. 
Piebaldness was present in the mosaic, and quite 
asymmetrical. 

The only other spread-pattem mosaic known to 
me is a male Carneau-Homer mixture, wild type 
except for several black and striped feathers on the 
shoulder and breast of the right side. Its parents 
were both heterozygous for the spread pattern. 
A progeny test of this bird gave over twenty 
young, none showing any sign of the factor (data 
furnished by Mr. W. M. Levi). A possible 
explanation of the mosaicism may be that super- 
numerary sperms survived to contribute some 
tissue to the embryo. No other basis seems very 
plausible. 

"Checker" pattern (dominant). A female of 
the Starling breed, given to the author by Dr 
J. D. Reynolds, showed the checker pattern on 
the left wing, while the right wing showed the 
recessive barred pattern. None of her nine off- 
spring showed the checker pattern, so that the 
ovary seems to have been genetically different 
from the wing of that side. Nothing is known 
of the parents of the mosaic, unfortunately. 

Spruijt (1931) described a male Dutch Cropper 
pigeon, mosaic for plumage structure: most of 
the plumage was "silky", only a few groups of 

normal feathers occurring. Mated with a sister, 
the bird produced only normal young, typical of 
the breed. Hollander and Cole (1940) suggest 
that somatic mutation from normal to the known 
dominant "silky" factor may have been responsi- 
ble, but a different, recessive, factor could also 
be invoked. 

Before leaving sectorial mosaics in pigeons, we 
may note that patchy mosaicism is common with 
two sex-linked dominant color factors (in addi- 
tion to ash-red, above): "almond", in females and 
heterozygous males, and "faded", in homozygous 
males. Since these effects seem to be merely an 
extension of variegation, they will not be treated 
further here. 

In the budgerigar or shell parakeet (Melopsit- 
tacus undulatus), at least eighteen mosaics are 
known. Crew and Lamy (1935) reviewed seven- 
teen of them, all except one being "half-siders." 
Each specimen was blue on one side (patchy in 
the exception), and green (wild type) or related 
color on the other side. No obvious size asym- 
metry was reported, and the sexes were about 
equally represented. The blue side was the right 
in twelve cases. Very little or no pedigree or 
breeding-test information is available, but Crew 
and Lamy assumed that all were initially hetero- 
zygous, the dominant green allele of the blue 
factor having been lost on the one side at the first 
cleavage division. Another factor, "dark", linked 
in inheritance with blue and green, was also in- 
volved in some of these birds, and it also appeared 
to be lost along with green. Therefore the au- 
thors concluded that the entire chromosome was 
lost. It is strange that no other chromosome 
seems inclined to such misbehavior. 

Steiner (1938) reported a mosaic of related char- 
acter, but quite unique. Its right side was white, 
the left mottled white and yellow (see Fig. 2). 
Many of the feathers of the left side were mosaic, 
striped longitudinally. When these were plucked, 
the succeeding feathers had exactly the same pat- 
terns. This bird was a male; one of its parents 
was white, the other yellow. Crossed with a 
white, the mosaic produced eight young, all white, 
and mated with one of his daughters he again 
produced only whites. The genetic explanation 
advanced by Crew and Lamy for the previous 
cases may be applied to this mosaic also, since 
white is the compound of the blue factor with 
yellow. Steiner suggests repeated loss of the 
chromosome carrying the non-blue factor, to 
account for the mottled effects. 
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A mosaic canary was reported by Crew and 
Munro (1938). This was a male of the Yorkshire 
variety; its right side was yellow, the left buff, 
with median line boundary. Its father was yel- 
low, the mother buff. The mosaic had been a 
large nestling from a very large egg. Some size 
asymmetry was noted, the bones of the buff side 
being about 4.3 per cent smaller than those on the 
yellow side. The bird was fertile, but no breed- 

ing-test infornation was given. Since it came 
from a large egg, one may suspect binucleate origin. 

Looking back over these sectorial mosaics, one 
sees that no one explanation is adequate for all; 
many seem comparable with similar types found 
in other organisms, but a few seem to have no 
counterpart elsewhere. It is fruitless to argue 
much over the explanations at this stage, however, 
since critical evidence that would limit the possi- 
bilities sufficiently is usually lacking. 

GYNANDROMORPHS 

Although numerous reports of "hermaphroditic" 
or gynandromorphic birds are available, it isoften 
difficult to decide whether they are true mosaics, 
because asymmetry is a normal condition in the 
bird reproductive system, and because the effects 
of sex hormones cloud the issue. In a genetic 
female embryo, the ovarian cortex and the ovi- 
duct of the right side usually degenerate; in a 

genetic male, these structures usually degenerate 
on both sides, but generally later on the left. 
However, sex hormones strongly influence the 
course of events, though the left-right gradient 
is still evident. Administration of estrogenic 
hormone to an embryo favors persistence of the 
ovarian cortex and the oviducts. A genetic male 
may thus artificially, and possibly also in nature, 
be feminized more or less, according to many 
studies (see Riddle and Dunham, 1942). On the 

FIG. 2. STEINER'S VARIEGATED MosAIc BUDGERIGAR 

The areas shown in black represent yellow, the remainder of the plumage being white. Reproduced from 
Steiner (1938). 
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other hand, the rudimentary right gonad of a fe- 
male bird may develop into a testis, producing 
sperms, if the left ovary is destroyed by disease 
or removed surgically (see Miller, 1938). 

From such considerations, Riddle (1924) felt 
that no genetic (mosaic) explanation of sex mix- 
tures was adequate in birds. He knew of no 
cases showing female characters on the right side 
and male on the left. It happens that the same 
is true for cases subsequently discovered, but one 
was overlooked by him: Bond (1914) described a 
pheasant (Phasianus torquatus) whose left side 
was of larger size than the right and had male 
plumage and a spur, while the right side was more 
feminine. The gonad of the left side was an ovo- 
testis; on the right side there was no gonad. Lillie 
(1931) also discounted genetic mosaicism in ex- 
plaining gynandromorphic birds; he pointed out 
that size asymmetry might lead to apparent 
gynandromorphism through different feather- 
growth rates, which are important in determining 
the threshold of sensitivity to sex hormones. 
Size asymmetry itself, however, may be due to 
genetic mosaicism, so that it is quite possible to 
have true sex mosaicism. Furthermore, size 
asymmetry may be found without sex disturbance 
(Crew, 1928). Finally, Danforth (1937) has 
shown by grafting experiments that sex difference 
in plumage of pheasants is partly genetic, and not 
wholly under the control of sex hormones, and in 
some other species such as finches, sex hormones 
appear to play no role in plumage sex differences 
(Crew and Munro, 1938). Bond originally gave 
genetic mosaicism as the probable explanation of 
his gynandromorphic pheasant, though in a later 
review of the case Huxley and Bond (1934) modi- 
fied the opinion slightly to include some physi- 
ological effects. 

Macklin (1923) described a supposed gynan- 
dromorph chicken. It was apparently of the 
Barred Plymouth Rock breed; there was very 
marked size asymmetry, the bones of the right 
side being larger than those of the left. On the 
right side a normal testis was found, while on the 
left there was an ovotestis. Not much else of 
genetic significance was known about the case. 

The complex sectorial mosaic chicken reported 
by Vecchi (1936) has been discussed already above. 
In this case the left gonad was an ovotestis, the 
right a testis. 

Hutt (1937) mentioned a case resembling Mack- 
lin's: a purebred Barred Plymouth Rock with 

larger bones on the right side, a testis on this side, 
and an ovary and oviduct on the left. The bird 
showed somewhat male behavior, and produced 
motile sperms, but these failed to fertilize eggs by 
artificial insemination. Hutt notes that the 
plumage and "shank" (foot) color was darker on 
the left side, and that the females of this breed 
are darker than the males. This sex difference 
is due to the sex-linked barring factor, which is 
homozygous in the males and has a greater lighten- 
ing effect than where heterozygous. From this 
genetic situation Hutt infers that the gynandro- 
morph was female on the left side-having only 
one sex chromosome-and male on the right, with 
two sex chromosomes. 

Crew and Munro (1938) describe two other pos- 
sibly gynandromorphic fowls. One was a pure- 
bred Rhode Island Red with bones of the right 
side about eleven per cent larger than those of the 
left. The left foot was of paler yellow color than 
the right. A normal testis was found on the right 
side, and an ovary on the left. The ovary was 
functional, and an egg was in the oviduct at 
autopsy. The second bird was a hybrid from 
male Rhode Island Red X Light Sussex female. 
The bones of the right side were about thirteen 
per cent larger than the left; the head and right 
side of the body had yellow skin, while the left 
side had white skin, to the median line. The 
plumage color was entirely of the female type 
expected from this cross by sex-linked inheritance, 
except for a few whitish feathers on the right side. 
The right shank had a spur. The bird was a 
functional female; mated with a Rhode Island 
Red male it produced 26 young, all normal and 
none showing plumage color involving the "Silver" 
factor from the Light Sussex ancestor. Unfor- 
tunately no record was made of the skin color of 
these chicks. When the gynandromorph died at 
the age of six years, it was found to have a large 
testis on the right side, with abundant spermato- 
genesis. As already noted in connection with 
sectorial mosaics in fowls, Crew and Munro ex- 
plain these gynandromorphs by non-disjunction 
of the pair of chromosomes bearing the skin-color 
factors. They believe that the extra chromosome 
in the right side of a female embryo will induce the 
rudimentary gonad of that side to develop as a 
testis. In the case of the Rhode Island Red, 
which was presumably homozygous for the yellow 
skin factor, they suggest that non-disjunction pro- 
duces skin-color mosaicism anyway-three yellow- 
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producing factors would be on the right side and 
only one on the left, so that the left side should be 
paler. 

Crew and Munro (1938) also describe two Goul- 
dian finches (Gouldaeornis gouldiae) with male 
coloration on the right side and female on the left. 
The bones of the right side were about two per 
cent larger than the left. Both specimens be- 
haved as females and laid eggs. One was ex- 
amined at death and showed no testicular struc- 
ture. By means of other tests with birds of the 
species, the authors showed that sex hormones 
have no effect on the sexual differences in plumage 
color, so that the above mosaics must have a 
genetic origin. 

Gynandromorphs have been most thoroughly 
studied in insects, where sex hormones and natural 
asymmetry of the gonads are not present to con- 
fuse genetic effects. Morgan and Bridges (1919), 
working with Drosophila, concluded that gynan- 
dromorphs resulted from loss of one sex chromo- 
some of a pair, at the first cleavage division. 
Their use of sex-linked "marker" characters for 
following the chromosomes gave convincing evi- 
dence. An alternative theory for some cases is 
origin from a binucleate egg. This possibility 
was tested by L. V. Morgan (1929), and found to 
be unlikely. On the other hand, in the wasp, 
Habrobracon, gynandromorphs seem generally the 
result of double origin, according to much evi- 
dence obtained by Whiting (1928). Origin from 
a binucleate egg may be a possibility for some of 
the bird gynandromorphs; but the fowls described 
by Crew and Munro (1938) seem not explainable 
on this basis. The fortunate presence of such 
"marker" factors as skin color and plumage color 
is extremely helpful in following chromosome dis- 
tributions and in ruling out some explanations. 

The use of x-rays greatly increases the incidence 
of chromosome aberration, and by this means 
Patterson and Stone (1938) have produced many 
gynandromorphs in Drosophila. Loss of a sex 
chromosome or a large portion of one is the ap- 
parent basis for the sex mosaicism. Perhaps 
a similar technique will prove useful in studying 
gynandromorphism of birds. Another approach 
not yet attempted is to investigate the cytological 
constitutions of the differing parts of the mosaic 
birds. The chromosomal basis of normal sex 
determination in some species of birds has been 
fairly satisfactorily worked out (see Painter and 
Cole, 1943). 

VARIEGATED CONDITIONS 

Flecking, ticking, and mottling or harlequin 
effects are known to occur with some predictability 
in certain varieties and in certain crosses in chick- 
ens, turkeys, pigeons, ducks, and perhaps geese. 
The condition may even be responsible for the 
common name of a variety. Such crazy-quilt 
effects were distressing to Whitman, and gave rise 
to the following outburst (1919, vol. 2, p. 4): 

"Nothing in the experience of breeders is more 
certain than that long-continued, promiscuous 
intermixing of stocks leads to instability and 
chaotic confusion in the transmission of char- 
acters. Characters are thus, as it were, churned 
up until their typical distribution in the develop- 
ing organism is more or less deranged. Of course, 
chance results are then conspicuous, and laws are 
masked under distortions. Mixture is random, 
characters are placed in unnatural relations, 
broken up, and scattered as if sprinkled from a 
pepper-box.... Such conditions are graphically 
pictured in the colors of the thoroughly mon- 
grelized domestic pigeon, and even in some of the 
so-called 'pure' breeds, described as 'mottled,' 
'mealy,' 'grizzled,' 'splashed,' 'spangled,' 'well- 
broken,' etc." 

Most of these conditions referred to by Whit- 
man, as well as the less obvious flecking, are so 
similar in appearance to variegation in plants that 
the term will be used here. Extensive studies 
have been made on the basis for variegation, not 
only in plants but in such insects as Drosophila, 
and some acquaintance with this background in- 
formation is of great value in gaining an under- 
standing of the conditions in birds. 

It is often difficult to draw the line between 
patchy mosaics and variegation, and as might be 
expected the basis of the conditions is generally 
similar. Two general sorts of bases are known: 
somatic segregation, and somatic mutation. 
These terms are used in a loose way, as the pre- 
cise details are often varied. At any rate, with 
variegation there is almost always an inherited 
predisposition or instability, which can be assigned 
to Mendelian factors or to chromosome anomalies. 

Several different mechanisms of somatic segre- 
gation have been demonstrated or deduced. In 
maize, the well known "calico" variegation of 
seed pericarp has been studied by several inves- 
tigators; Eyster (1925, 1927, 1934) has noted that 
in homozygous plants paired stripes of divergent 
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color are often found. From this and much 
other information, he reasons that in these types 
of maize a compound gene exists, made up of 
several units ("plus" and "minus") of opposing 
types, and that the compound may not divide 
equally at mitosis, so that the two daughter 
cells obtain different amounts. 

Stern (1936) made an elaborate analysis of 
variegated conditions in Drosophila induced by 
the "Minute" factors, which somehow promote 
chromosome aberrations. He found that in, 
heterozygous flies the component characters would 
appear in spots-usually paired-of divergent 
homozygous phenotype. From evidence with 
linked genes, Stern showed that a process occurred 
in somatic cells that segregated factors very much 
like meiosis, and involved crossing over. 

Other types of variegation in maize than that 
studied by Eyster have their basis in chromosome 
anomalies: Beadle (1932) reported a mutant type 
characterized by faults and stripes of defective 
tissue, due to complications and aberrations at 
mitosis, the chromosomes tending to tangle 
("stickiness"). McClintock (1938, 1942) notes 
the occurrence of variegation in plants having 
ring-shaped chromosomes, or chromosomes with 
terminal reverse-repeat duplications. Such 
chromosomes at mitosis occasionally produce 
joined daughter chromosomes with two spindle- 
fiber attachments (dicentric). As the cell divides, 
the dicentric chromosomes are stretched between 
opposite poles, and generally break, the resulting 
fragments usually being unequal. A progressive 
segregation process may follow, with marked 
variegation, scarring, and irregular growth. 
Rhoades (1940) has obtained somewhat similar 
effects in plants having another unusual chromo- 
some structure -a completely terminal spindle- 
fiber attachment (telocentric); this condition 
seems to be unstable. 

Somatic mutation has been called on to explain 
many cases of variegation in plants, especially in 
flowers. The variegated types have generally 
been found to differ from normal in being homo- 
zygous for a recessive gene, and the speckles seem 
to be points of reverse mutation to the normal 
dominant condition. Therefore the variegated 
types are considered the effect of a "labile" or 
highly mutable gene. Reviews of work on such 
types are given by Stubbe (1933), Demerec (1935), 
and to some extent by Chittenden (1927) and 
Showalter (1934). Rhoades (1938) found that a 
mutant factor in maize could be induced to become 

labile when combined with a certain other mu- 
tant,- but was otherwise stable. 

A remarkable type of variegation has been 
found occasionally among descendants of irradi- 
ated spermatozoa of Drosophila. Muller (1930) 
called it "eversporting displacement," since all 
examples were associated with chromosome trans- 
locations or inversions. At present the condition 
is generally referred to as mottling. Patterson 
(1932) believed that the chromosome rearrange- 
ment in such types was unstable, and cytological 
evidence was advanced in support of the idea. 
Apparently this could not be verified in other 
laboratories. Stern (1935) suggested that a du- 
plicated piece of a chromosome attached as a 
branch to the chromosome might erplain mottling, 
but such a structure has not been found. Stem 
also pointed out that the rearrangements generally 
involved the spindle-fiber region of the chromo- 
somes; this region is cytologically distinct, being 
known as heterochromatic, and in common with 
the Y chromosome of Drosophila, seems to be 
mainly "inert" or lacking genes. Gowen and 
Gay (1933) had observed that addition of a Y 
chromosome to a mottled-type female fly's consti- 
tution would result in almost complete reversion 
to wild-type appearance. These facts led Schultz 
(1936) to another (now abandoned) theory: 
that non-specific attraction and merging of hetero- 
chromatin at mitosis might produce ring configu- 
rations which would tend to drop out fragments, 
and thus give mottling. 

Mottling in Drosophila is now almost a synonym 
of "position effect." In Dobzhansky's (1936) 
review of such effects, it is pointed out that in- 
stability of phenotype is common for factors 
located at or near a point of breakage or rearrange- 
ment. The dominance of wild-type factors may 
be weakened or lost. In the studies of Demerec 
(1939, 1940) and his associates (Kaufmann, 
1942; Sutton, 1940a, b; Hinton and Atwood, 
1940), mottling has always been found to involve 
rearrangements with heterochromatic regions, and 
factors at some distance from the point of break 
may show effects. The studies of Morgan, 
Schultz, Bridges and Curry (1938) and Morgan, 
Schultz and Curry (1939-1941) have attempted to 
elucidate the relation of mottling to heterochro- 
matin. The following notes seem specially signifi- 
cant: (1) Low temperatures, which accentuate the 
position effects, produce an increase in nucleic 
acid content of euchromatic regions transposed 
into heterochromatic regions. (2) Loss of a re- 
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gion of heterochromatin (not necessarily the one 
involved in the rearrangement) accentuates the 
position effect. These investigators believe that 
position effects result from a sort of inactivation of 
the euchromatic material, by conversion into 
heterochromatin, with large deposits of nucleic 
acid; reactivation should give mottling. 

At any rate, the consequences of the mottling 
mechanism are much like somatic mutation, as in 
variegated flowers; however, some types are trans- 
mitted as dominant to normal, so that mutation 
is toward the recessive; and mutation may be of 
several different grades (Demerec and Slyzinska, 
1937). 

It should be obvious from the variety of pos- 
sible causes for variegation that the analysis of 
examples in birds may run into great difficulties, 
even though a superficial control may be attained. 
I shall take up the several species in turn. 

The earliest scientific note known to me on 
variegated conditions in birds is that of Hadley 
(1913), who was studying crosses of the White 
Leghorn breed of fowls. These generally are 
white with flecks or speckles of dark color. He 
states that the flecking is scanty in F1 of both 
sexes from White Leghorn cock X White Silkie 
hen, while the reciprocal cross gave abundant 
flecking. No other study of this point has been 
made. 

Serebrovsky (1926) observed that flecking is 
commonly found in many sorts of crossbred fowls, 
but also in purebred females of the Barred Ply- 
mouth Rock breed and in White Andalusians 
(homozygous for the "blue" factor). In chickens 
having the "blue" factor, Serebrovsky says, 
"Among the blue feathers we can always find 
parts of feathers and even whole feathers of an 
intense black color.... The same occurrence is to 
be observed with the . .. homozygotes, and it is 
here even more striking. The exceptional feath- 
ers are not black among blue ones, but blue among 
dirty white ones." It should be noted here that 
the presence of black flecks in blue chickens was 
overlooked by Lippincott (1921); as a consequence 
his theory of the inheritance of this color type was 
based on the misconception that "splashing" is 
limited to the homozygote. Serebrovsky ac- 
counted for the flecking here and also with the 
dominant white factor (White Leghorn crosses) 
by assuming that the dominant factor is "lost" in 
small areas. He might equally well have consid- 
ered these dominant factors labile, reverting to 
recessive wild type. 

In the Barred Plymouth Rock breed Serebrov- 
sky encountered a slightly different situation. 
This breed's coloration differs from the jungle- 
fowl type mainly by reason of three dominant 
factors: two sex-linked, one known as "Bar" and 
the other as "Silver"; and a third not sex-linked, 
known as "Black." We may ignore the last fac- 
tor, since it seems to play no part in the aberra- 
tions. When homozygous males are examined, 
no flecking is to be found, as a rule (very rarely a 
black fleck occurs); females however cannot be 
homozygous, since they have but one sex chromo- 
some and must be termed hemizygous, and in their 
plumage black flecks and entire black feathers are 
found rather commonly. When Serebrovsky 
crossed this breed with others lacking Bar and 
Silver, the heterozygous Bar Silver sons showed 
many flecks and exceptional feathers. These 
fell into three classes: (1) feathers showing Silver 
but not Bar-seldom; (2) feathers showing Bar 
but not Silver-seldom; and (3) feathers showing 
neither-frequent. These class frequencies were 
greatly altered, however, when he made up the 
heterozygous males so that the Bar and the 
Silver factors came from different parents and 
thus did not occupy the same chromosome-the 
parents being Bar (without Silver) X Silver (with- 
out Bar). Class (1) exceptional feathers were 
most prevalent here; class (2) was seldom, and 
(3) never observed. From these striking results 
he concluded that "in the development of excep- 
tional feathers there would appear to be some 
form of somatic segregation whereby some feath- 
ers get one set of genes and other feathers another 
set; and as in the normal segregation the genes .... 
localized in the same chromosome, show linkage, 
this same linkage is also to be found in the 'somatic 
segregation'." But he qualifies this statement 
with the opinion that crossing over is less frequent 
in the somatic cells than in the germ cells. 

Hertwig and Rittershaus (1929) also crossed 
Barred Plymouth Rock fowls with other breeds 
lacking the Bar and Silver factors, particularly 
with the Orloff and the Gold-spangled Hamburg. 
The F1 males all showed exceptional feathers, but 
much more plentifully in the Hamburg crosses. 
In contrast to Serebrovsky's findings, these authors 
state that the majority of the exceptional feath- 
ers showed loss of the Bar effect but not of the 
Silver, and the same result was found in females. 
Therefore the theory of son~atic segregation was 
rejected; the authors concluded that if loss is an 
acceptable explanation, then that region of the 
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sex chromosome carrying the Bar locus is pecul- 
iarly subject to such loss, and not the chromosome 
as a whole. But the Silver factor is not nearly so 
stable as Hertwig and Rittershaus imply. Mac- 
Arthur (1933) says: "Though silver is clearly 
dominant over gold, practically every S s [hetero- 
zygousJ male bore numerous feathers partly gold, 
due probably to somatic segregation as described 
by Serebrovsky." Further study of the whole 
matter with more refined methods seems required. 

Hertwig and Rittershaus noted that plucking of 
the feathers did not increase the incidence of 
exceptionals. Juhn (1933) made a further study 
of this point, by plucking and comparing feathers 
successively regenerated in particular follicles. 
She used capons from the cross of Barred Ply- 
mouth Rock X Brown Leghorn (lacking the Bar 
and Silver factors). Practically no correlation 
was found between the aspect of any given feather 
and that of its successor. Montalenti (1934) 
used purebred Barred Plymouth Rock hens; he 
found similar unpredictability in succession, ex- 
cept when entire feathers were exceptional, (black), 
in which case the regenerated feathers were also 
of this sort. Danforth (1937) found quite com- 
parable results in succession of feathers with 
mosaicism induced by skin grafting. Juhn be- 
lieved that her evidence eliminated any genetic- 
mosaic explanation for exceptional feathers, and 
therefore suggested a sort of physiologically con- 
trolled reversal of dominance, or suppression of 
the effects of the color factors inherited from the 
Barred Plymouth Rock. This idea seems negated 
by the more recent evidence on the migratory 
activities and self-determination of melanophore 
cells, which control pigmentation. The experi- 
ments of Foulks (1943) are most pertinent in this 
connection. The irregularity of color type in 
feather succession must be attributed to the mov- 
ing of melanophores, but the exceptional colors 
are best explained as the result of genetic changes 
in some of the melanophores, or as mosaicism. 

Another type of chicken with variegation is the 
"mottled," "fig-pudding," "almond," or "span- 
gled" color variety of the Old English Game fowl. 
Colored illustrations are given by Wright (1902) 
and by Johnson and Brown (1904). White 
Games showing a few scattered colored feathers 
are also known, and may be the homozygote, but 
no studies of the inheritance of these colorations 
have been made, apparently. Other breeds show- 
ing possible indications of variegation are the 
Hamburg, studied by Landauer and Dunn (1930) 

and by Taylor (1932); the Houdan; and the Mille 
Fleur Bantam. All these show a certain amount 
of irregularity of pattern which may be attributable 
to mosaicism. 

The turkey was among the first species of birds 
in which a study of variegation was undertaken. 
The known facts are set forth by Robertson (1925) 
in an abstract. There are two factors, both 
dominant to the wild-type bronze, which are 
accompanied by variegation: "Black," and "Blue." 
As in the chicken, the variegation consists of 
flecks, stripes, blotches, or even entire feathers in 
which the effect of the dominant factor seems to 
be lost. Only heterozygous turkeys show variega- 
tion. Robertson suggested somatic non-disjunc- 
tion of chromosomes as a possible explanation. 

"Blue" coloration accompanied by flecking in 
the heterozygote is also found in two species of 
domestic ducks, Anas bosckas and Cairina mos- 
chata. Some comments on the genetics of these 
types are given by Jaap and Milby (1944). 

The reviewer has observed some dark flecking in 
the whitish ganders of the Pilgrim variety of geese. 
The females are of different color-gray with some 
piebaldness. The genetic basis of the coloration 
in this type has not been analysed (Quinn, 1939). 

Studies of flecking and exceptional feathers in 
pigeons have been reviewed to 1940 by Hollander 
and Cole, but several additions and revisions are 
now necessary. The present review is intended 
to be complete, but for further details and back- 
ground information on the genetic factors involved 
the reader should consult Hollander and Cole 
(1940) and Levi (1941). 

Flecking in pigeons was known to Darwin (1874), 
and interested him particularly because he knew 
of it only in males. Apparently he was dealing 
with the dominant "ash-red" color factor, which 
was shown by Cole and Kelley (1919) to be sex- 
linked and to be accompanied by flecks. Steele 
(1926) investigated the sex difference in the fleck- 
ing, and concluded that females do show some 
flecks, though less often, fewer, and more brownish 
in color than those of males. The flecks in males 
are ordinarily black-pigmented (wild-type), but 
Hawkins (1931) found that only brown flecks were 
to be found in ash-red males heterozygous for 
a sex-linked recessive brown color, and linkage 
tests indicated that brown is allelic to ash-red. 
Hawkins concluded that flecking was simply a 
consequence of heterozygosis. This explanation, 
reminiscent of Whitman, becomes tenuous when 
we consider flecking in ash-red females, which 
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have only one sex chromosome and are therefore 
hemizygous rather than heterozygous. Hollander 
and Cole (1940) state that the flecks found in ash- 
red females are always brown, but very rarely I 
have found exceptions to the rule; Mrs. R. Frisch 
has shown me a large blackish fleck in a female's 
tail feather. In connection with the sex differences 
of flecking with ash-red, it is desirable to recall 
that the sectorial mosaics involving the ash-red 
factor were all males. It is quite possible that 
the same sort of genetic change underlies both 
types of mosaicism here, when occurring earlier 
in ontogeny producing the sectorial effects. 

A second well known coloration accompanied by 
variegation in pigeons is known by the name "al- 
mond" in the Tumbler breed, and "magnani" in 
the Modena breed. Many breeders have dis- 
cussed this coloration, with the general conclusion 
that the flecking increases with each year's moult, 
and is more pronounced in males than females. 
Ghigi (1908) stressed the sex difference, with 
observations on Modenas. Wriedt and Christie 
(1925) first investigated the inheritance of the 
character, in Tumblers, and showed that it is 
sex-linked and dominant to wild type. They ap- 
parently did not suspect genetic change in the 
soma, but considered the variegation part of the 
almond character. Dr. H. W. Feldman (unpub- 
lished data, 1934) initiated a study of the rela- 
tionship between almond and ash-red. Hetero- 
zygous males were of light almond color, but their 
flecking was ash-red instead of wild type. In 
brief linkage tests no crossing over was observed 
between the factors. Feldman also noted that 
almond males with pronounced flecking were 
never homozygous; almond X almond matings 
produced some white offspring, which probably 
were the homozygous phenotype, according to 
later studies. Mr. R. E. Gilbert has found that 
such white males may develop a small amount of 
flecking (personal communication, 1940). 

A third dominant sex-linked coloration accom- 
panied by flecking has recently been discovered 
and is named "faded." The first known pigeon 
of this type was a son of an almond female in 
Feldman's colony. By sex-linked inheritance the 
bird should have been almond, and breeding tests 
indicate that it is allelic to almond. Faded has 
also been found in a small percentage of White 
Carneau pigeons crossed with wild-type individuals 
of other breeds. When homozygous, the faded 
factor produces a whitish plumage with numerous 
faded flecks, but the heterozygous male and the 

female show only a slight. flecking with wild type. 
This striking contrast is analogous to that in 
Andalusian fowls, as discussed above, and its 
practical application has been described by Hol- 
lander (1942). 

Hollander and Cole (1940) produced male pi- 
geons heterozygous for almond and brown, and 
noted the occurrence of both brown and wild-type 
flecks in the plumage. From this fact, and others, 
it was tentatively concluded that brown, wild 
type, ash-red, faded, and almond constitute an 
allelic series, in ascending order of dominance, 
and that the three upper members are unstable, 
or labile genes, tending to mutate to one or another 
of the more recessive alleles. Hollander (1942) 
further suggested that the direction of this muta- 
tion is in part governed by which of the other 
alleles is present-i.e., mutation is toward the 
latter type. However, this idea was retracted 
(1943) because of the discovery of a crossover be- 
tween the assumed alleles brown and faded. The 
crossover is a male combining the phenotypes of 
both factors, and it is homozygous for brown and 
heterozygous for faded by progeny test. He has 
two sons which are homozygous for faded and 
heterozygous for brown; their plumage is whitish 
with two types of flecks: faded and faded brown. 
The original assumption of a series of five alleles 
is therefore untenable, and now two closely linked 
sciries are postulated: brown, wild type, and ash- 
red in one, and wild type, faded, and almond in 
the other. Further discussion of the flecking 
with these factors will be given below. 

In addition to the sex-linked group of factors, 
at least two autosomal dominant color factors in 
the pigeon are accompanied by flecking. One of 
these is "Indigo," described by Levi (1941); a 
small amount of flecking can be found in most 
heterozygous individuals. The second is "Griz- 
zle," which when heterozygous produces a coarse 
whitening of the plumage, like hoar-frost. Occa- 
sional feathers of such birds, particularly around 
the head and neck, are either completely wild type 
or completely white. Homozygous birds are 
much more whitened than the heterozygote, and 
off-color feathers are not clearly evident. The 
variegation with grizzle has not been studied. 
Wriedt and Christie (1929) have described several 
grizzle-like conditions found regularly in certain 
breeds, but differing from grizzle in their tendency 
to "whiten" with maturity. The names of some 
of these types are suggestive: "tigered," in Norwe- 
gian Tumblers; "mottled," "rose-wing," or "white- 
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side," in red Danish Tumblers; and "whitened" 
in Danish Branders. It is possible, but unlikely, 
that the same grizzle factor is involved in all 
these types. Some evidence is available on a 
"tigered" condition derived from White Carneau 
pigeons in my studies, indicating that it is not 
allelic with the grizzle factor. Some specimens 
in this family rival almond in the abundance of 
variegation shown, but the frequent presence of 
the factor for piebaldness is confusing. It seems 
clear that investigation of such types may yield 

significant and interesting additional information 
on variegation, especially since there seem to be 
decided differences in the genetic changes as 
compared with ordinary flecking. 

If we may now return to flecking with the sex- 
linked factors, and ignore the autosomal types 
like grizzle, since so little is known about them, 
let us consider some additional details. The 
abundance or scarcity of flecking must be taken 
up-there are not only sex differences in this, but 
also age differences and individual differences, 

often very marked. Very little study has been 
given to the basis for such differences. Hawkins 
(1931) compared feathers of ash-red males before 
and after castration, to see whether male hormone 
had any effect; no significant change in fleck fre- 
quency was found. Hollander and Cole (1940) 
point out that the element of chance seems to 
play a large part in flecking; small flecks are al- 
most never duplicated in regenerating feathers, 
and even where half or more of a feather is altered, 
the succeeding feather may show only an approxi- 

mately similar appearance (see fig. 3). Most of 
this irregular and unpredictable behavior is readily 
explainable on the assumption that the variegation 
is a melanophore effect: some melanophores be- 
come genetically different and their migratory 
movements result in a variety of patterns. 

The essential problem that remains seems to be 
the nature of the genetic change which is responsi- 
ble for flecking. It seems possible to eliminate 
certain conceivable explanations. First, hetero- 
zygosis is not necessary, although it may permit 

FIG. 3. EBXAMKPLES OF FEATHER SUCCESSION IN ALMOND PIGEONS 
Each vertical column consists of four successive feathers grown from a single follicle; dates of plucking are 

given above the feathers. Female E283U (right column) is the mother of the two males, which were sired by a 
homozygous brown. Solid black = wild-type (black) pigmentation; cross-hatching = "faded" coloration; 
stippling = brown; and white = basic almond effect (whitish). Sketched from the author's collection. 
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phenotypic expression of the genetic change more 
readily than in the homozygote (e.g., ash-red). 
Second, since ash-red females have brown flecks, 
while almond females do not, and since females 
have only one sex chromosome, we can be sure 
that chromosomal loss or non-disjunction is not 
the correct explanation. Third, since almond 
males heterozygous for brown show brown flecks 
as well as other colors, and since almond is not 
allelic to brown, as shown by crossing over, simple 
gene mutation will not cover the facts. Fourth, 
somatic crossing over and segregation, impossible 
in the female, seem unlikely even in the almond 
male heterozygous for brown; these factors appear 
to be very closely linked in the germ cells, yet the 
"crossover" type of flecking (wild type) is rela- 
tively frequent, and furthermore, there is no 
indication of "twin-spots." Fifth, an initially 
aberrant chromosome structure, such as translo- 
cation, ring shape, or reverse-repeat duplication 
seems unlikely because reproduction is normal- 
a higher embryonic mortality would be expected. 
Also, for the last two possibilities, one might ex- 
pect somatic structural faulting, scarring, and 
asymmetry, and these are not observed. 

Variegation associated with position effect is 
not eliminated as a possible explanation so far, 
although two facts reduce its probability: since 
embryonic mortality is normal, the postulated re- 
arrangement is not likely to be a translocation but 
more probably an inversion of a segment. And 
since meiotic crossing over between these factors 
and another sex-linked factor, "dilution," is 
frequent, the inversion would have to be small. 
In fig. 4 a diagram is given of a possible explana- 
tion on the basis of small inversions involving 
heterochromatin. The variegation might then be 
considered analogous to that with position effects 
in Drosophila, but the real nature of the genetic 
change involved remains enigmatic. 

Cole and Finley (1942) have tried to get at the 
mechanism of flecking in ash-red pigeons by means 
of x-rays. They plucked feathers from the wings 
of males heterozygous for wild type, and immedi- 
ately subjected one wing to irradiation (750 r to 
1000 r units), the other wing serving as the con- 
trol. A very marked increase of flecking appeared 
in the regenerated feathers of the treated wings, 
and three successive pluckings without further 
treatment showed no decrease. The success of this 
experiment was attributed to increased mutation 
of the ash-red factor to a recessive allele under the 
influence of the x-rays; but for a particular gene 

to mutate so frequently with such a low dosage 
seems very improbable. X-rays are very effective 
in producing chromosome rearrangements, how- 
ever, and Kaufmann (1942) has shown that in 
Drosophila "reverse mutation" frequently is ob- 
tained by x-raying a type involving a position 
effect. The analogy here is encouraging, and the 
use of irradiation as a tool in analysing variegation 
in birds will undoubtedly be very informative in the 
future. Other agents which may be tried include 
heat and drugs, since some physiological influence 
seems to be indicated in age and individual dif- 
ferences in flecking. 

It may seem significant that all the variegated 
conditions known in birds involve pigmentation 
rather than structural characters. One might 
conclude that some condition in the melanophore 
cells predisposes genetic change of the pigmenta- 

a I 

NORMAL ASH- RED ALMOND 
FIG. 4. DIAGRAMS OF THE SEX CHROMOSOME OF THE 

PIGEON TO ILLUSTRATE HYPOTHETICAL REARRANGE- 
MENTS WHCH MIGHT AccOUNT FOR VARIEGATION 
wIT ASH-RED AND ALMOND TYPES AS POSITION- 
EFFECT MOTTLING, BY ANALOGY WITH CASES IN 
DROSOPHILA 
The approximate loci of two recessive sex-linked 

colorations, brown (b) and dilution (d), are represented 
by spots. Stippling represents the assumed position 
of heterochromatin. 

tion factors. But in "almond" pigeons genetic 
change has occurred in the germ cells also, in at 
least three instances. It is my opinion that the 
very conspicuousness of color variegation has 
been the chief reason that it seems the only sort- 
we are blinded to the occurrence of structural 
"tmottling" as yet. 

PIEBALDNESS AND OTHER ERRATIC CONDITIONS 

Piebald varieties occur in almost every domestic 
species of bird except probably turkeys and chick- 
ens. The condition has a hereditary basis as a 
rule, but the variation is often so extreme that 
genetic analysis has not been completed. Asym- 
metry is very common, though rarely of high de- 
gree. Bond (1912) observed that heterochromia 
of the iris often accompanies piebaldness; his 
breeding-test results reveal some of the difficulties 
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in genetic study of the "trait." Cole (1914) 
also studied the inheritance of piebaldness and 
heterochromia in pigeons with similar results-the 
condition was too complex for final conclusions. 
He illustrates a common type of heterochromia in 
pigeons: one eye with bright-pigmented iris, the 
other iris black (no bright pigment). Such asym- 
metry is suggestive of mosaicism, but another pos- 
sibility will be shown below. 

Pigeons exhibit a remarkable array of piebald 
patterns that have been fairly well "fixed" by 
selective breeding. Numerous fanciers over long 
periods of years-even centuries-have devoted 
much attention to these ends. Kuhn and Kuhn 
(1932) have surveyed the types, and photographs 
of many are given by Levi (1941). Perhaps the 
most notable are the "Magpie," the "Nun," 
the "Baldhead," the "Turbit," and the "Spot." 
In these pure breeds variation is at a minimum, but 
in crosses and mongrels the condition well merits 
the common descriptive name "splashed." The 
"White-side Tumbler" is unusual in showing little 
or no white plumage in youth, and in some other 
varieties the amount of white increases with suc- 
cessive moults (Wriedt and Christie, 1929). 

Studies of piebaldness in other species of birds 
are few. Jaap (1933) distinguishes several genet- 
ically distinct types in ducks.. Crew and Lamy 
(1935) suggest that the pied condition in the par- 
akeet may be due to somatic change, since 
"all the recorded instances of this condition are 
explicable on the assumption that the yellow 
chromosome is eliminated late in development." 

It is remarkable that the chicken, which is 
abundantly variable in most respects, has no 
piebald varieties. On the other hand, white 
feathers seem unusually easy to induce in chickens 
by traumatic or other physiological means; the 
mere plucking of large feathers may result in 
failure of pigmentation of the successors. 

Piebaldness is essentially the co-existence of 
pigmented and non-pigmented areas of integu- 
ment. Since absence of melanophores (pigment 
cells) or their failure to function is the basis for 
whiteness of skin and plumage, and since the 
melanophores do not originate in situ or even 
remain indefinitely in one place, but migrate from 
the neural crest region of the embryo (Dorris, 
1939; Watterson, 1942; and others), genetic 
mosaicism is difficult to prove in piebaldness. 
Very likely there is some hindrance to the migra- 
tion of melanophores in some regions of prospec- 
tively pied embryos, or some other reason for 

failure of melanophores to establish residence in 
such regions. Grafting experiments will be of 
value in clearing up these questions. 

A connection between the occurrence of color 
mosaicism and the presence of piebaldness has 
been suggested for mammals by Feldman (1935) 
and previous investigators. The prevalence of 
piebaldness in pigeons with sectorial mosaicism 
may also seem significant. It is not invariable, 
however, and piebaldness is so common among 
pigeons that coincidence is very probable. No 
relation has been observed between piebaldness 
and variegation, except possibly with the "grizzle" 
conditions. 

Polydactyly, a dominant character in fowls, is 
notably inclined to asymmetry, but more so in 
crosses than in purebreds. Bond (1926) crossed 
Houdans (polydactyl) to normal Andalusians. 
Variation of the polydactyly in the descendants 
was very great, and apparently not related to the 
plumage colors (blue, etc.) involved. Punnett 
and Pease (1929) used Houdan, Dorking, and 
Silkie fowls (all polydactyl) with normal Brown 
Leghorns and a few others. In each cross cer- 
tain families had a high proportion of asym- 
metrical and also apparently normal young, so 
that a genetic modifier was postulated, probably 
being introduced by the normal breeds, and tend- 
ing to suppress the character. Genetic mosaicism 
may exist in asymmetrical specimens, but another 
explanation seems quite likely: Sturkie (1942) 
has shown that environmental conditions during 
early embryonic stages may decisively affect the 
differentiation of the feet in genetically polydactyl 
individuals, even to suppression of the trait. 

Bond (1914) noted asymmetry of spur develop- 
ment in a gynandromorphic pheasant. Appar- 
ently true genetic mosaicism was responsible 
(see section on gynandromorphs). He also studied 
spur asymmetry occurring spontaneously in 
several Brown Leghorn hens (1937). Normal 
hiens show only a tiny rudiment of a spur, but these 
hens each had one spur of considerable size. In 
crosses with an unrelated Brown Leghorn cock and 
a Houdan, the asymmetry was transmitted to a 
fairly high proportion of the female offspring, and 
in addition, some daughters had symmetrically 
male-like spurs. In connection with the spur 
enlargement, Bond notes that the lower leg bones 
were also larger than normal. Whether the asym- 
metry here is due to mosaicism can not be de- 
cided at present. 

Other sorts of erratic development which may be 
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considered as possibly mosaic are often encoun- 
tered. For example, a pigeon with a tail feather 
growing out of the middle of the back has been 
studied by Dr. L. J. Cole (unpublished). No in- 
heritance was obtained. One might account for 
the condition by assuming that an embryonic 
"transposition," equivalent to an autoplastic 
graft, had occurred. The permanence of feather- 
type differentiation in grafts has been demon- 
strated by Danforth (1932), Lillie and Wang (1941, 
1943), and Rawles (1944). 

CONCLUSIONS 

From this review it is clear that we have only 
reached the threshold of a real understanding of 
spontaneous mosaicism in birds. The field seems 
a fertile one for further research, and it is to be 
hoped that students will make the most of rare 
opportunities, such as half-and-half specimens. 
As much information about such cases as can be 
secured is needed to deduce their origin: analysis 
of ancestry, progeny tests, and complete records 
of phenotype. As yet there is no good evidence 
for origin from a binucleate egg, though it may 
have occurred. There is fair evidence for non- 
disjunction of a chromosome in several cases 
where the pedigree is informative, or other genetic 
evidence is available. 

In addition to deductions from genetics, we 
find that grafting has afforded considerable insight 
into natural mosaicism. Probably the greatest 
difficulty to the comprehension of the nature of 
color mosaic conditions has been the erratic 
nature of the patterns and the rather unpredict- 
able results in feather regeneration. The clue 
to the mystery came from grafting studies, which 
showed that the pigment cells (melanophores) 
tend to wander. Color mosaicism not involving 
melanin pigments is more comparable to structural 
mosaicism, giving more logical patterns and repe- 
tition in regeneration. Examples of the latter 

type are afforded by Steiner's parakeet and the 
pigeons mosaic for the "spread" pattern. 

Variegation is perhaps the most intriguing 
category of all types of mosaic effects, and the 
most complicated. Although many of the diffi- 
culties of interpreting the phenomenon have been 
cleared up, and we feel certain that genetic change 
in the soma is involved, the central problem re- 
mains: What is the nature of the genetic change? 
If, as seems likely at present, "eversporting" asso- 
ciated with "position effect" is responsible, it 
will be the first instance of this phenomenon occur- 
ring naturally. If it is not the explanation, then 
an entirely novel state of affairs must exist, as 
compared with variegation in other forms of life. 

The use of x-rays to produce mosaicism at will 
should greatly expand our possibilities. It may 
even furnish clues as to linkages between heredi- 
tary factors, and thereby speed up the tedious 
work of mapping chromosomes by breeding tests. 
Serebrovsky (1926) commented that by examining 
the types and frequencies of "exceptional feathers" 
occurring spontaneously in chickens, one can infer 
the genetic constitution of the birds almost as ac- 
curately as by a progeny test, at least for a num- 
ber of color factors. Perhaps the genetics of the 
soma may eventually be as well elucidated as that 
of the germ line. 

It seems fair to conclude that, although the 
precise mechanisms and ultimate causes of spon- 
taneous genetic diversity of tissues are still rather 
nebulous, a fairly extensive and useful body of 
information has been accumulated. From this 
foundation we can expect to develop a far more 
complete perception of the processes of growth, 
differentiation, and the activities of genes and 
chromosomes. Instead of the chaos envisioned by 
earlier biologists, we begin to see a semblance of 
order and control. After so many years of con- 
temptuous disregard, the motley fowl and the 
lopsided freak have achieved a special dignity. 
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