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INTRODUCTORY 

Some years ago one of us (COLE 1912) reported that the factor 
producing intensity of pigmentation in pigeons is inherited in characteris- 
tic sex-linked fashion, the female being the heterogametic or heterozy- 
gous sex. At that time only a few typical examples were presented and 
T. more complete report was promised. Since then our breeding experi- 
ments have been continued, and we are now able to present numbers which 
are really very considerable for such a relatively slow-breeding animal as 
the pigeon. In this paper we include a fuller report on this factor and a 
first discussion of another sex-linked color factor of peculiar interest 
and also give what data we have on the mutual linkage of these two. 
The second factor, which frequently produces a condition termed for 
1 Papers from the Department of Genetics, WISCONSIN AGRICULTURAL EXPERIMENT 

STATION, No. 15. Published with the approval of the Director of the Station. 
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convenience “dominant red,” was mentioned in an earlier report (COLE 
1914, p. 347). Its identification explains why investigators have pre- 
sented conflicting evidence on the inheritance of red in pigeons. 

Our breeding experiments with pigeons have been continuous since 
1907, having been begun in that year at the RHODE ISLAND XGRICUL- 
TURAL EXPERIMENT STATION and continued there until 1910, when they 
were transferred to Wisconsin. The present tabulations include all per- 
tinent data for the entire period. The junior author became associated 
in the work in 1911. 

DESCRIPTION O F  THE CHARACTERS 

I. Intensity 
The differences between the intense and the dilute series of colors 

in pigeons have been quite fully discussed in one of the reports mentioned 
(COLE 1g14), and consequently need not be considered in detail a t  this 
time. The intensity factor, which we have designated I ,  acts as in 
mammals, with equal effectiveness on both black and red pigment. 
LLOYD-JONES (1915, p. 481) has shown that in the pigeon the effect of 
I is to increase the amount of pigment in the feathers, whether black or 
red, to approximately three times what it would be if I were absent. The 
factor affects the pigment in all parts of the plumage.’ 

As a consequence of the above we have in domestic pigeons the in- 
tense series of colors, black, blue and red, corresponding respectively to 
dun, silver and yellow of the dilute series. In most cases there is no 
difficulty in differentiating the two conditions, even though there are 
cnly one or two pigmented feathers in the plumage. It sometimes hap- 
pens, however, that a black bird will show a lower grade of pigmentation 
in the juvenal plumage than after the first moult. In a few cases there 
may be some uncertainty as to whether a bird dying young is black or 
dun. In  other cases the pigment in certain parts of the plumage may be 
altered by modifying factors so that its condition with respect to inten- 
sity is likewise uncertain, and these cases may be further complicated if 
:he birds are nearly all white with the pigment confined to such modified 
regions. Practically no cases arise, however, in which the condition cannot 
be definitely determined by careful examination and comparison. Doubt- 

2 XTo noticeable difference has been observed in the color of the eye in the living 
bird, the pupil appearing jet black in those that are dilute as well as  in those that are 
intense. In  this respect the case is similar to that of mammals (see footnote, p. 1%). 

It is possible nevertheless, that microscopic examination might reveal differences in the 
amount of pigment in the retina. 
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ful cases were checked, whenever possible, by subsequent breeding tests, 
and the breeding test is, of course, the only method of determining the 
presence or  absence of I in birds whose plumage is entirely white. 

There appears to be a rather definite correlation between amount of 
down on the newly hatched squab and the intensity of the definitive 
plumage. A complete study of this has not yet been made, but our 
records reveal 64 cases in which the down condition was noted and the 
plumage color is known. Among these there are only four positive ex- 
ceptions to the rule that intense birds had (‘abundant” down when 
hatched, while on the dilute birds it was (‘sparse.” Whether the recorded 
exceptions are real or  due to lack of uniformity in description we are not 
a t  the present time prepared to state, for while the differences in amount 
of down are usually quite distinct, in other instances they appear to 
intergrade. 

This marked correlation of sparse down with dilute pigmentation was 
brought to DARWIN’S attention by TEGETMEIER and is mentioned by 
him in “Animals and plants under domestication” (1868) and elsewhere. 
He  says: 

“Mr. TEGETMEIER has informed me of a curious and inexplicable case of 
correlation, namely, that young pigeons of all breeds which when mature be- 
come white, yellow, silver (i.e., extremely pale blue), or dun-coloured, are 
born almost naked; whereas pigeons of other colours are born well-clothed 
with down.”3 

- I t  is a matter of much interest that STRONG (1912 b) has noted a simi- 
lar relation of intensity of pigmentation to abundance of natal down in 
the Ring-dove (Streptopelia risori~~), the blond variety having much 
down while the whites have little. STRONG makes this as a general state- 
ment and does not say whether exceptions ever occur. We also have 
noted the same difference in Ring-doves. The matter of exceptions is of 
importance, since if the two conditions are really completely correlated 
it would indicate either two factors completely linked or  else two very 
different physiological effects of a single factor. If true exceptions occur, 
it would appear that abundance of down depends upon a separate sex- 
linked factor, closely, but not completely linked to I .  The fact that a 

TWO SEX-LINKED CHARACTERS IN PIGEONS 

3 Reference to this observation occurs in the unpublished DARWIN-TEGETMEIER cor- 
respondence deposited in the library of the New York Botanical Gardens. It seems 
probable that the whites referred to were genetically dilutes; for  if the correlation 
is between the down condition and the factor for intensity of pigmentation rather than 
the condition of expression of that factor, whites carrying I would be expected to have 
abundant down in the nestling stage. .Our records do not permit a decision at present 
on this point. ~ 
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parallel condition occurs in the Ring-dove suggests that the difference 
between the blond and white types is really an intensity difference and 
that the sex-linked factor which is responsible is homologous to the fac- 
tor I in the domestic pigeon. 

2. Dominant red and gray 

That the uniform red color found, for example in the Tumbler breed 
of pigeons, is a simple Mendelian recessive to black was first reported 
by the senior author (COLE 1909) and later (COLE 1914) elaborated 
in more detail. The differentiating factor was given the symbol B. In  
the presence of B, the plumage color is black, blue, dun or silver; in the 
absence of B a uniform red or yel10w.~ 

At the time the 1914 paper was being written, it had become evident 
that a second factor is capable of producing reddish pigmentation in 
pigeons, this fact being referred to on pages 326, 335 and 347 of that 
paper. This factor alters the expression of B so that a t  least some birds 
carrying both B and A are a distinct but not uniform red. Such red 
birds mated to homozygous blacks have red offspring, and therefore red 
of this type may conveniently be referred to as “dominant red” to dis- 
tinguish it from the recessive red (type bn) mentioned above. The A 
factor, like I ,  is sex-linked in inheritance, the female never being homo- 
zygous for dominant red. The recessive red is of course inherited inde- 
pendently of sex. 

As we at present interpret our breeding evidence, the primary char- 
acteristic of the A factor is its modification of black and not the produc- 
tion of red pigment, for we have secured a series of sex-linked gray 
colors, dominant to black, produced by what is apparently this same A 
factor. Whether an A bird shows red or gray probably depends on 
some unidentified factor or factors which modify the action of A ; al- 
though the possibility that the gray-producing A is a third allelomorph in 
the set must be considered. If either of these interpretations proves to be 
true, no confusion will result from combining the reds and grays in dis- 
cussing the A factor and its linkages, and this we have done in our tables. 
If further work should show that neither is tenable, and that the two 
conditions are produced by separate sex-linked factors, tables 2 and 4 

4To make the interpretation analogous to that now current in mammals, B may, if 
desired, be considered an extension factor for black pigmentation. In the absence of 
B, black is confined to the retina. This view may prove useful in the explanation of 
certain recessive red birds which bear a few dark-colored (black?) feathers, this 
unusual condition behg interpreted as partial extension of black. 
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of this paper would lose some of their value and table 3 become meaning- 
less. However, our limited evidence indicates that the two general con- 
ditions are not produced by separate factors, a point which we hope to 
discuss on another occasion. 

Red and yellow birds carrying A but lacking B (formulas bAI and 
bAi) are indistinguishable in appearance from ordinary recessive reds 
and yellows ( b a l  and bai) . We have not found such birds among any of 
the recognized breeds that we have experimented with but have formed 
them without difficulty in recombinations. Pigeons of the dominant red 
type of coloration ( B  present) commonly show an admixture with blue 
of a peculiar shade usually quite distinct from the blue (which is really 
a light gray) seen in the familiar blue with black wing bars that occurs 
in various domestic varieties and in most specimens of the wild Rock 
pigeon. In the dominant red the relative amount of red and blue is 
subject to much variation, individuals occurring in which the red is 
very greatly reduced. The individual feathers are seldom a uniform red 
but show bluish towards the base where the red color runs out. The 
red is somewhat deeper than the color of recessive reds. The difference 
between the blue on these birds and that of the ordinary blue (a, with 
black bars) appears to be due to varying amounts of reddish pigment 
which occurs in most of the blue feathers, giving a somewhat “warmer” 
tone than that of the ordinary blue. In  very clear red-barred birds this 
difference is not very considerable if attention is confined strictly to the 
clearest areas, such as the lesser wing coverts. In birds that are more 
red the blue takes on a distinctly brownish tinge. 

A characteristic of all birds bearing both A and B is a peculiar lighten- 
ing of the color of the tail that we have often in our records referred 
to as a “washed-out appearance.” The tail is in all cases noticeably dif- 
ferent from the body, even in birds which without A would have their 
pigmented areas uniformly colored. This peculiarity is frequently use- 
ful in classifying white splashes as it is the most persistent characteristic 
of A birds. 

Some of the red and apparently all of the gray A B  birds show black 
flecks or patches or both scattered over the body. This condition has, 
however, not yet been analyzed. We have seen nothing corresponding to 
it in n o n 4  individuals. 

Among pigeons bearing the B factor but not A,  there are three general 
types, the uniform black, the check and the blue-barred. These have 
been described in some detail by COLE (1914). Each exhibits certain 

TWO SEX-LINKED CHARACTERS I N  PIGEONS 
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variations. The uniform black may be glossy or dull. The checks show 
differences in the relative proportions of black and the lighter contrasting 
colors, while the latter in turn may be blue or a dull somewhat grayish 
black generally called “smoky.” The barred types have two black wing 
bars and a black terminal tail band; the rest of the wing and the contour 
feathers may be a clear gray blue or a dark smoky blue. These categor- 
ies are perhaps not as sharp as might be inferred from the above state- 
ments, as there are certain intergrades which may, however, for our pur- 
poses be ignored. 

Both the dominant red and the gray series have types corresponding 
more or less closely to those of the black series. Birds of the red series 
that would be uniform black in the absence of A have wing coverts, head, 
neck and back of a fairly uniform red. They are light in the outer 
primaries, rump, tail, flanks and lower belly. These light areas are 
sometimes a rusty blue, sometimes a palish brown. Red checkers are 
readily recognized. The contrasting color on the wing coverts is either 
a rusty blue or a lighter brownish red, which we think correspond re- 
spectively to the blue and smoky contrasting colors in black checks. 
The red checks do not show a terminal tail band, the tail being approxi- 
mately as in the “uniform” dominant reds. The type in the dominant 
red series corresponding to the blue-barred of the black series is called 
silver5 by Homer fanciers, at least in this country, but we shall call it 
red-barred. I t  has two distinct red wing bars but the general body color 
is bluish. This blue is sometimes very pale, sometimes dark and mixed 
with red. These differences doubtless correspond to the gradzticn f idln 

clear blue-gray to a dark smoky color found in barred birds nf the black 
series. The tail is generally light bluish or brownish blue and faded in 
zppearance. There is usually a deposition of brownish pigment on the 
under side of the tail feathers in a poorly defined area just anterior to 
the region that the terminal band occupies in blue-barred birds. This 
pigmentation may usually be seen from the dorsal surface. In the red- 
barred birds, then, the tail-band region commonly shows up lighter than 

The term “silver” is used in other publications of this series of studies for the dilute 
blue, a type of coloration in which the wing bars and tail band are dun, and this is the 
usage of most fanciers. Those who call the birds with red bars “silvers” sometimes 
refer to the birds with dun bars as “silver-duns.” In this paper we shall continue to use 
the term silver in the same sense as heretofore so as to avoid misunderstanding, since 
io use silver in the sense of the Homer fanciers would introduce very great incon- 
sistencies into our terminology. “Red-barred” is the best descriptive term that has 
occurred to us. Adopting this however we should, to be consistent, call blue birds 
“black-barred” and silvers “dun-barred,” but the change hardly seems necessary. 
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the rest of the tail. The statement made by COLE (1914, p. 326) that 
the terminal band is red was inexact and should be corrected. 

A similar series of types presumably exists among the grays though 
these have not been as yet thoroughly worked out. We however have 
not yet secured gray checks. The most nearly uniform grays are very 
nearly the same shade in all parts of the plumage, even the primaries and 
tail being but very little lighter. As already mentioned we have not yet 
secured any of this type which were entirely free from black flecks, and 
although the red pigment may be reduced to little more than a trace in 
the position of the wing bars, this also appears never to be entirely ab- 
sent. When more red occurs in the wing bars, red pigment appears also 
cn  other parts, particularly the head and neck, resulting in a red-barred 
gray corresponding to the red-barred blues.6 

Mention has been made in the foregoing discussion, of the effects of 
the A factor only on the intense series of colors, red, black and bluc. 
In  other words, the presence of the intensity factor, I ,  has been assumed 
in all cases. What has been said of the effects of A applies, however, in 
the same way to the dilute condition of these colors. A B A  bird lackirg 
I is yellow, just as an ordinary red bird ( a b )  is yellow if I is absent, and 
the dilute condition of the bird with red wing bars (BsAI )  is similarly 
a modified bluish or grayish, with yellow instead of red wing bars. 

The A factor is undoubtedly of wide distribution in different breeds 
of pigeons. By breeding tests we have identified it in Homers, in white 
clean-legged Tumblers, in white-muff ed Tumblers, in white Fantails and in 
red-and-white Tumblers showing the Baldhead pattern, all of which were 
secured from widely different sources. It was apparently present in many 
of the birds which BONHOTE and SMALLEY (1911) used in their experi- 
ments. The birds referred to by them as “dark mealy,” “light mealy,” 
and “white mealy,’’ all of which are figured on plate XXV accompanying 
their paper, obviously carry the A factor, the first-mentioned either being 
identical with, or at least resembling very closely, what we have termed 
red-barred. On the other hand, their “blue,” “silver” and “chequer,” 
figured on plate XXIII, correspond to the types for which we use the same 
terms, and as obviously do not carry A. Furthermore the birds they 
designate as “grizzles” (Zoc. cit., plate XXIV) are apparently modified 
a types, a fact which is rendered more conclusive by a comparison of the 
grizzle and mealy feathers depicted on plate XXVI. This interpretation 

6 Descriptions in some detail of specimens selected to represent several of the domi- 
nant red and gray types will be found as an Appendix to this paper, p. 202. 

GENETICS 4: Mr 1919 



LEON J. COLE AND FRANK J. KELLEY 190 

accords with their statement that mealy is dominant to grizzle and, in 
the light of our own investigations on the A factor, helps to clear up 
their difficulty in explaining “the predominance of one sex in certain 
colours.” In a footnote on p. 617 they say : 

“This most interesting question has not been dealt with in the present 
paper, as we have not yet fully investigated the results ; but we may mention 
that a large proportion of the White Grizzles are O’s, and in the Light 
Mealies by far the larger number are 8’s; we have also bred a certain num- 
ber of Cream Mealies, and these have all been 0 ’s.” 

If BONHOTE and SMALLEY had tabulated their results by individual 
matings they doubtless would have found that in certain matings all the 
males were mealies and all the females grizzles, since this would be the 
expectation whenever grizzle cock was mated to mealy hen. Their last 
statement, that all the (‘cream mealies” bred were females, is difficult of 
explanation, since by hypothesis, if these birds also carried the A factor, 
they would be expected to be males if there were any restriction as to sex. 
W e  are not certain, however, just what the authors mean by “cream” 
mealies, since they do not appear to be described or mentioned elsewhere 
in the paper. 

Evidence that the A factor was involved in STAPLES-BROWNE’S ex- 
periments on inheritance of color in pigeons is not so definite, although 
his statements ( STAPLES-BROWNE 1908, p. 70) that possibly “two types 
of reds may eventually be demonstrated,” and ( STAPLES-BROWNE 1912, 
p. 133) that the question of the inheritance of red and yellow is a com- 
plicated one, may have been induced by complications due to the presence 
of this factor in some of his birds. Among other breeds he employed 
Fantails in his experiments, and, as already stated, we have identified the 
A factor in individuals of this breed. 

A series of experiments recently reported by NUTTALL (1918) also 
involves this same factor. Nuttall worked with the “Racing Pigeon,” 
which is probably the same as our Racing Homer. H e  divides his birds 
into four color varieties, viz., blue, blue checker, mealy and red checker. 
H e  finds red (of the red checker or mealy) dominant. His use of blue 
is the same as ours, namely blue birds with black wing bars and tail band ; 
blue checkers are blues plus checking. Regarding the mealies and red- 
checkers he states : 

“The colour of the so-called mealy birds is difficult to describe. The ground 
colour is somewhat like that of fine oat-meal ; the wing-bars are reddish-ap- 
proaching the colour of damp sand. The mealy birds differ in two salient 
points from the blues-the wing- and tail-quills are, as a rule, pale in colour, 
and the tail-bar is absent. 
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“The red-chequered birds stand in the same relation to the mealies as the 
blue chequers do to the blues, i.e., they are mealies with the addition of 
chequering. The wing-quills and tail-quills are generally pale in colour, 
there is no tail bar.” 

NUTTALL finds the red (of the red checker or  mealy) dominant to 
blue. and check dominant to its absence,’ and assumes two sets of allelo- 
morphs to account for the four color types. These are: R, presence of 
red; r, absence of red; C, presence of checking; and c, absence of check- 
ing. The types may be represented by phenotypic formulae as follows: 
RC, red checker; Rc, mealy; rC, blue checker, rc, blue. On the strength 
of the descriptions quoted above and the behavior of red in relation 
to black (of the blues) in the breeding tests, there can exist no doubt 
whatever that NUTTALL’S red checker is the same as our dominant red 
check, and that his mealy corresponds to the mealies of BONHOTE and 
SMALLEY (1911) or what we have termed red-barred. NUTTALL’S 
iactor R is therefore identical to our A,  but owing to the fact that he 
lumped his data and did not consider the results of individual matings 
separately, he apparently gained no inkling of its sex-linked nature.’ 

TWO SEX-LINKED CHARACTERS IN PIGEONS 

EXPERIMENTAL RESULTS 

I .  Inheritance of the I factor 
In the case of a sex-linked factor, only three. types of matings pro- 

I .  0 I- X 8 I i ;  expectation, 2 intense d d to I intense 0 to I dilute 0 .  
2. 9 i- X 8 Ii; expectation, I intense 6 to dilute 8 to I intense 0 

3. 9 I- X 8 ii; expectation, I intense 8 to I dilute 9 .  

Table I gives a summary of the results obtained from all three types 
of matings. This covers the offspring of 78 matings or families of 
type I,  70 families of type 2,  and 60 families of type 3. A detailed 
presentation of the results from individual matings is omitted in the 

vide evidence of segregation. For the I factor, these are: 

to I dilute 9 .  

7The dominance of check was first mentioned by BATESON in 1909 on the authority 
of STAPLES-BROWNE, and later verified by BONHOTE and SMALLEY (1911) and by COLE 

8 NUTTALL summarizes his results according to phenotypes crossed and assumes that 
the possible genotypes in each phenotype are present in equal proportions-in itself a 
dangerous assumption with such small numbers. Unfortunately, furthermore, in con- 
sidering the possible genotypes of red checker he makes an error (considering R o c  
and RcrC as different) which vitiates his calculations throughout. Consequently, while 
his expected appearances are correct as to classes, they are faulty with respect 
to numbers. 

(1914, P. 335). 
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present report as it would occupy considerable space and would serve 
little purpose. It is to be understood that all matings meeting the re- 
quirements and showing segregation with respect to intensity have been 
included, whatever the color. In some cases the A factor is involved, 
and in many the birds may have been entirely white except for a few 
feathers by which the intensity could be determined ; or in some instances 
they were entirely white and the question as to whether they carried I 
was determined from breeding results. 

The first thing to be noted from this table is that with one possible 
exception all records fall into the classes which would be expected from 
the nature of the respective m a t i n g ~ . ~  The doubtful case is a single 
dilute male recorded in type I .  As a matter of fact the descriptions of 
this bird show uncertainty, for it was described on September 15, 1908, 
when somewhat less than a month old, as “apparently a good white bird 
except for flecks of red at the tips of some of the primaries, secondaries 
and greater primary coverts.” After molting, however, it was again de- 
scribed on January 23,  199, as “pure white except for a very little 
yellow at the tip of one greater primary covert, in secondary of right 
wing, and in one primary of left wing.” This individual was included 
as dilute in the earlier report on the basis of the later description, but it 
now seems extremely probable that the first description is the correct 
one. On account of the uncertainty, however, the bird is not included at 
all in the present computations. I t  is clear, considering the contradictory 
descriptions, that it should not be counted as an exception to the sex- 
linked segregation of I .  We thus find for the intensity factor in pigeons 
no cases of “partial sex-linkage” such as those reported in the Ring-dove 

9 There are two matings, not included in the table, in which dilute birds appeared 
where they were not expected at all. A white female (364A) with only a few dark- 
pigmented feathers was bred to a homozygous black male, and among the offspring 
was a female (687B) which was white except for a few y d o w  feathers. She in turn 
was bred to a black male homozygous for intensity, and among their offspring also 
there was a white bird, this time a male (-A), with a few yellow feathers. We 
have noted these birds as “aberrant yellows” and as yet have no explanation of the 
case. I t  is complicated by the fact that the birds were so largely white, and it is 
known, furthermore, that some of them carried the A factor, which complicated mat- 
ters still further. It should perhaps be mentioned furthermore that these early results 
were obtained at a time when the matings were not controlled as closely as they have 
been in the later years of the work. Until 1911 the mated pairs were not isolated but 
were kept together in large pens, though special care was taken to prevent cross- 
mating and to detect it if it occurred (COLE 191.4, p. 318). Beginning in 1912 the use 
of separate pens for pedigreed matings was begun, and this practice was extended so 
that there were very few non-isolated pairs in 1914 and all matings have been strictly 
controlled since that time. 
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by STAPLES-BROWNE (1912) and STRONG (1912 b) .lo The attempt was 
made by BRIDGES ( I  913) to explain these exceptions on the assumption of 
a pair of sex chromosomes in the female dove and a discrete “sex- 
differentiating factor” located near the factor for plumage color. Later, 
however, he puts forward the opinion that “non-disjunction offers an al- 
ternative explanation which seems more plausible” (BRIDGES 1916, p. 
157). We are inclined to believe that the records are more probably 
in error. 

Even a casual examination of the table reveals an almost consistent 
excess of males and of intense birds beyond expectation; only in a few 
instances is this not true, and then the differences are very slight. An 
excess of intense birds was noted and commented upon at  the time of 
the earlier report on the segregation of the I factor (COLE 1914, p. 360). 
Tn that report sex was not considered. I t  was then suggested that the 
discrepancy between observed and expected ratios might have been due 
In part at least to errors in determination of the color in some instances. 
This explanation has now, however, been definitely ruled out, since it has 
been found that such errors were at mpst exceedingly infrequent in the 
earlier records, and there is even less probability of their occurrence 
since that time. Nevertheless, although the total number of cases has 
been more than doubled since reported in 1914, the excess of intense 
birds is in general even greater in proportion than it was then. 

The fact that there is an excess both of males and of intense birds, 
suggests at once a causal relation between the two, especially as the 
intensity factor is sex-linked. I t  seems very probable, in fact, that 
this is the true explanation of the excess with respect to intensity. It 
does not, however, explain why the males should be so much in excess 
in many cases. If the normal ratio of males to females in a hetero- 
geneous population of pigeons be accepted as 105: IOO (COLE and 
KIRKPATRICK 1915, p. 465),11 it will be seen that in the matings of 

10In ta’ble I1 of STRONG’S paper (I.c., p. 301) and on page 313 he states that he 
obtained three blond females from mating of white male to blond female, from which 
only blond male and white female offspring would be expected. Tables XXI and 
XXII, however, which present his results in detail, show only two recorded exceptions 
(in mating 3) and this is the number he himself states he obtained in another paper 
(STRONG 1912 a, p. 443). This may perhaps cast some doubt on the validity of the two 
recorded exceptions. 

11As stated in a footnote on the page referred to, a count of all sexes determined to 
December I, 1914 gave 919 males to 881 females, a ratio of 104.31 : 100. A tabulation 
of all sexes recorded up to January I, 1918, shows 1632 males to 1537 females, or a 
ratio of 106.18: 100. This again indicates that the average ratio for our population 
tends to vacillate around 105. 
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type 2 the results came fairly close to this norm; but in the other two 
types of matings the ratio was much higher. Particularly is this so for 
type I ,  where the males to females are as 125: 100. The numbers on 
which this ratio is based are too large for this to be a chance deviation. 

In presenting for comparison the expected results with those actually 
obtained, the expectations are given based both on normal, unmodified 
Mendelian segregation of sex (ratio 100: 100) and of the factor for 
plumage intensity and also on the assumption that the average sex ratio 
is for some unknown reason 105 : 100. It will be observed that the latter 
figures tend to correct in considerable degree the discrepancies which 
occur in the case of the former. Even so, however, a decided excess 
still remains to be explained. We are unable at present to suggest any 
well substantiated explanation, but a careful study of the individual 
matings, particularly of type I ,  where the excess noted is greatest, brings 
Gut certain facts which are suggestive. These are not definite enough 
to warrant the inclusion of the detailed data here, but it is hoped by 
further breeding in selected families to secure large enough numbers for 
more adequate analysis. The most significant fact apparent is that the 
great excess of males, and consequently of intense individuals, appears 
to be due mostly to widely divergent ratios in certain families and not 
to a general tendency in all. If we were to assume a sex-linked lethal 
factor in such families, closely associated with I ,  the excess of male 
cjffspring could be accounted for. The ratio of males to females in lines 
carrying the lethal should be 2 : I, and in a few matings where there is a 
fair number of offspring the proportions approximate this ratio. The 
closer the associhtion of I with the lethal factor, the nearer would the 
ratio of intense to dilute offspring also approach that of 2 : I .  The pro- 
portions of the sexes and of intense and dilute birds in any population 
would accordingly depend upon the relative number of lines carrying the 
lethal and the closeness of association between the lethal and the factor I .  
While this hypothesis is admittedly hung on a very slender thread of 
data, it  at least has the advantage that it can be tested by definite and 
known experimental methods. 

TWO SEX-LINKED CHARACTERS IN PIGEONS 

2.  Inheritance of the A factor 

In table 2 are shown the’data on the inheritance of the A factor. Here 
again it will be noted that all fall in the expected categories, with two 
possible exceptions,12 a recessive ( a )  male and a dominant ( A )  female, 

12An exception not included in the table occurred in the case of 0 687B, one of 
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in one of the matings of type 3. The records themselves in this case con- 
tain no indications of confusion, but it seems significant that the two 
birds in question were nestmates, and that if the sexes were simply re- 
versed, they would fall into their proper clas~ification.~~ This happens, 
iurthermore, to be one of the relatively few instances in the earlier part 
of the work in which the recording of the sex was done by an assistant 
in the absence of the senior author, and before the junior author was 
associated with the work. All things considered, the probability of a 
reversal of the sexes having been made in recording seems strong enough 
to warrant these birds not being counted as exceptions; instead, they 
have simply been omitted from the computations altogether. 

There is a striking difference in the sex ratios in table 2 as compared 
with table I. In table I there was an excess of males in all three types 
of matings, as has been seen. In table 2 just the opposite is the case in 
the first two types of matings, while in the third there happens to be exact 
equality. While in most cases the observed numbers are fairly close 
to expectation on a basis of equality of males and females, they are still 
farther away from expectation on a basis of 105: 100. The very low 
ratio of males in type I cannot be given great weight because of the rela- 
tively small numbers, but larger numbers are involved in the other 
matings, and there can be no doubt that the general deficiency of males 
in table 2 as compared with table I is significant. The theory suggested 
to explain the excess of males in the former instance cannot be used to 

LEON J. COLE AND FRANK J. KELLEY 

the “aberrant yellows” already referred to in the footnote on p. 192. The recorded 
male parent of this bird was a black (.a) and the mother (presumably A-) was 
white with a few dark-pigmented (dominant red?)  feathers. In such a mating none 
of the female offspring should carry A,  but 9 6 8 ~ B  evidently did. Two other birds 
(1533B2 and 16o8V) having the A factor are recorded from parents neither of which 
had it. These birds also are related, the father of I M V  being a brother of 1533B2, a 
fact which may have significance. Since, however, these cases are so irregular, and 
as no explanation is at present apparent, they have been omitted from consideration 
in the present connection. Cross mating or confusion of records is possible, but we 
have found nothing except the discordant results to indicate that anything of this 
kind is responsible. 

13In this connection it might also be mentioned that in the early work at Rhode 
Island the letters A and B were used to designate the squabs hatched from the first 
and second eggs respectively, the records being intended for use in a study of the rela- 
tion of order of laying of the eggs to the sex of the resulting offspring (‘COLE and 
KIRKPATRICK 1915). When the identity of egg and squab was lost the symbols X and 
Y were used to indicate that fact. I t  is possible that this may have some bearing on 
the apparent reversal of the sex records in the present case, for the nestmates in 
question were an X and Y pair and the assistant who made the record of sexes, 
knowing that they would be useless in that investigation, might not have made the 
entries with his usual care. 

The later cases are being continued for further investigation. 
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explain the deficiency of them here; but if the suggested lethal were 
entirely absent the ratio of males should not be higher than roo. If the 
two sets of data are combined, duplicates being counted only once, thus 
making up a larger sample of the total population of the lofts, the total 
numbers are 898 males to 832 females, or a ratio of 108: 100. This 
number is fairly close to 105, which has been taken as the average of 
the general population. I t  would doubtless have approximated it even 
more nearly had the number of birds involving the A factor been as 
large as that included under I .  

The foregoing illustrates how general population averages are derived 
from composites and in themselves may have little if any direct bio- 
logical significance. 

3. Linkage relations of I and A 
Since I and A are both sex-linked in their inheritance, it is naturally to 

be expected that they should show some linkage to each other. W e  
have been endeavoring for the past four seasons, by experiments de- 
signed definitely for that purpose, to obtain sufficient data to establish 
such linkage beyond reasonable doubt and to obtain a reliable measure 
of its intensity. GOODALE (1917) has recently reported crossing over 
of sex-linked factors in the fowl, where it occurs in the male as is the 
case in Lepidoptera. This is apparently the first published record for 
birds. We have been aware of crossing over in the male pigeon ever 
since the second sex-linked character was recognized in 1913 ; our di%- 
culty has been to demonstrate that there was any linkage. Only relatively 
few matings could be devoted to this purpose, and reproduction in pigeons 
is so slow that our numbers are still inadequate to give anything like an 
exact measure of crossing over. While, therefore, we do not claim that 
the figure obtained to date indicates the precise amount of crossing over 
between these two factors, we do feel nevertheless that the divergence 
from equality of crossover and non-crossover types among the off spring 
is sufficient to indicate that an appreciable, though probably relatively 
slight, degree of linkage exists. 

In  table 3 the details are given of those matings used in the linkage 
computations. In  the upper part of the table are matings of males who 
received both dominant factors from one of their parents and both 
recessives from the other. The combination given first is that received 
from the father and the second is that from the mother. Thus 8 8g6B 
in mating 1320 received the recessive factors ia from his father and the 
dominant factors IA from his mother; and so for the others. The results 
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TABLE 3 
I99 , 

Matings showkg linkage of Z md A. 

8 parent 9 parent Non- Crossover 
Number I( 

11 Number 
II 

Formula 

ia- 
IA- 
ia- 
ia- 
ice- 
io- 
ia- 
icr- 
ia- 
& 

1320 
13291’ 
I450 
1511 
1512 
1580 
I602 
1617 
1620 
I624 

1 1- 

IA 

0 
0 
2 

5 
4 

6 
2 

I 
I 
I 

W B  
711 A 
W B  
I470 B 
I457 B 
1 6 1  H 
I457 B 
1457 F 
1061 H 
1511 E 

ia.IA 
ia.IA 
ia.IA 
ia.IA 
IA.io 
IA.ia 
IA.ia 
IA.k 
IA.ia 
IA.io 

Totals [I 

1028 B 
655 A 
450 y 
847 A 
I332 B 
781 B 
I304 K 
I325 c 
1471 E 
I470 K 

II 

2 
I 
0 

0 
2 
I 
I 
0 
I 

I 
Formula ‘I Number 

0 I 
0 0 

0 0 

4 3 2  
2 0 
0 I 
3 4 
2 I 
0 0 

I 

ia- 
Ia- 
ia- 

I 
2 

5 

I 
903 A 
I432 A 

I1 crossover 1 

Summary : 4 non-crossovers, 29 crossovers. 
Percent crossing over, 39.72 

of these matings tend, therefore, to show “coupling.” The three males 
in the lower part of the table received one dominant and one recessive 
factor from each parent, and their offspring accordingly indicate a 
corresponding “repulsion” of I and A .  Of the 73 offspring obtained in 
these 13 matings, 29 were crossovers and 44 non-crossovers. Thus cross- 
ing over occurred in 39.72 percent of the cases. Although with such 
small numbers a few records one way or the other may change the per- 
centage value considerably, it has been noted as the records have accumu- 
lated that this value has tended to remain somewhere near 40 percent. 
For the present, therefore, until larger numbers have been obtained, it 
may be assumed that the crossover value of I and A is roughly 40 
percent. 
No special demonstration of the absence of crossing over in the female 

is necessary, since it is sufficiently demonstrated in the matings recorded 
in tables I, 2 and 3. If crossing over were to occur in the female it 
would result in exceptions to the expected relations of sex and the sex- 

14 Only female offspring considered. 
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linked characters, but no such undoubted exceptions were found. Fur- 
thermore, crossing over in the female would make possible the Occurrence 
of females homozygous for the sex-linked characters, and no such have 
ever appeared. The reported cases of exceptions in the dove and canary 
are doubtful, and if valid, are probably to be accounted for on another 
basis (BRIDGES 1916). GOODALE (1917) reports no crossing over in 
the female domestic fowl, so it seems legitimate to assume that it does 
not occur in birds. This means that if the sex chromosome of birds 
has a mate, as in Drosophila it does not bear any factors. 

The best test of crossing over in the female is obtained when males 
recessive for both the sex-linked characters (iaia) are mated to females 
carrying them both (IA-). Under these conditions all the male 
offspring should carry both I and A, while the female progeny should 
be double recessive (ia). In our records there are three matings of this 
type. These are shown in table 4, and as far as they go they show results 
entirely in accord with the expectatians on the assumption that crossing 
over does not take place in the female. 

LEON J. COLE AND FRANK J. KELLEY 

Number 248 

830 
I470 

TABLE 4 
Demonstrating absence of  crossing over in the female. ,F- ~ N ~ ~ ~ r ~ l a  E Crossover 0 

697 B iaia 548 A IA- 0 

1285 U k.ia 1333 A IA- 0 

Mating /I Off spring 

Totals II 9 I I2 II 0 

Crossing over, o percent. 

SUMMARY 

I. Two sex-linked characters of the domestic pigeon have been studied, 
namely intensity of pigmentation (factor I ) ,  and an alteration in the ap- 
pearance of the black pigment (factor A ) .  

2.  The A factor has a variable effect on the color of the bird, the 
differences depending, presumably, upon combinations of individual fac- 
tors. There are apparently two main categories, dominant red and 
gray. The dominant red presents an interesting contrast with the reccs- 
sive red described in previous publications. 
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3. In the case of I ,  while the results were in accord with expectation 
as to the association of the character with sex, there was a considerable 
disturbance of the sex ratio, the males being much in excess of expec- 
tation. This seems to be due largely to excess of males in particular 
families, and may be the result of a recessive sex-linked lethal factor, 

4. In the matings involving the A factor there was a deficiency rather 
than an excess of males. No explanation is apparent. 

5. The two sex-linked factors I and A show a slight but appreciable 
mutual linkage. Crossing over in the male occurs in roughly 40 percent 
of the cases ; there is no crossing over in the female. 
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APPENDIX 

Descriptions of dominant red and gray types 
The following descriptions of individual birds selected to, represent the 

more striking types of dominant reds and grays may be of value to the 
reader who desires to get a more definite notion of the colors referred 
to as resulting from the action of the A factor. Only brief and relatively 
incomplete descriptions are given at  this time as it is planned to present 
much more detailed descriptions of these types after the genetic relations 
of the various conditions have been more thoroughly worked out. The 
color names in quotation marks are those given by RIDGWAY (1912). 

1533B,. Dominant red, light rump. Head, neck, breast, upper back 
and wings (except flights), dark reddish brown. Feathers taken from 
lesser wing coverts are slightly lighter than “Vandyke brown”-between 
that and “Rood’s brown,” but nearer the former.I5 On the head there 
is a slightly bluish cast, and the same is true on the lower breast and belly. 
Flights (except at  tips) and primary coverts mealy (red and blue mix- 
ture). Tips of flights, rump and tail light steely blue (“gull gray”). 
In  these parts there are prominent flecks of black. 

Distribution of red as in pre- 
vious type; darker in color, apparently on account of numerous fine 
intermingled specks of black. Lesser wing coverts match very closely 
with RIDGWAY’S “bister.” Lower breast and belly very dark, almost black. 
Flights slaty (with reddish cast), not conspicuously lighter at tips. Rump 
and tail slaty, without the reddish. Rump a dark gray difficult to match, 
but somewhere near “dark mouse gray.” Patches of black occur in upper 
tail coverts and tail, but not so many small flecks as in former case. 

Head, neck, upper breast and wing bars 
red. On the darkest part of the breast this is close to “burnt umber”; on 
the tertiaries, where it forms part of the wing bars, it is lighter, about 
“Vandyke brown.” The proximal parts of the flights and their greater 
coverts are mealy. These mealy areas are continuous with the wing bars 
when the wing is open. Most other parts of the bird are a light bluish 
with a slightly reddish cast, the lesser wing coverts matching fairly well 
with “pallid mouse gray.” The rump is lighter, almost white. Black 
flecking practically absent. 

A7 shows some modification from this type. The distribution of red 
is less extensive, the head being a slaty blue (near “light neutral gray”) 

15The color of recessive reds (be  or bA) is lighter, commonly very close to “pecan 
brown” (COLE 1914, p. 320). 

1487B,. Dominant red, dark rump. 

A8o. Red barred, clear. 
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and practically free of red. The red of the breast is of about the same 
shade as in ASo, but that of the wing bars is more brownish, the red 
bar on the tertiaries being close to “mass brown.” Very little of the 
mealiness in the flights. The blue parts differ in lacking the warm tone of 
the other, owing to much less of the reddish cast mentioned. The color 
of the lesser wing coverts is nearly the same as is common on ordinary 
blues with black bars, namely “gull gray.” Rump almost white. Black 
flecks and patches moderate in amount. 

1456A. Gray. Fairly uniform gray, but darker on head, neck and 
breast, due in part to minute reddish specks in the feathers. The dark 
breast feathers are fairly near to “dark mouse gray” (not considering the 
inconspicuous brownish flecks). Lesser wing coverts “pale neutral 
gray.” Incomplete reddish wing bars due to red-mealy patches in ter- 
tiaries and inner secondaries. Rump nearly uniform with back and tail. 
Numerous conspicuous black flecks and patches on nearly all parts. 
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