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'.~ weird and bizarre appearance of eyclopean monsters in early times gave rise to 
~e{ends and mydls. Later, when men began to think in terms of more concrete causality, 
.~hdit. urge to understand such out-of-the-ordinary evenZs often produced mutual suspS 
6i0m Witness the following aeeoua~ of proceedings had at a 'gem'll ecru'5 for New Haven, 
~e th~h of January,  1652': 'The Gonerne r aequainged the Towne ~that the cause of 
calling ym together this day is about a mons~erous pigg, w r was brought, forth by a sow 
~fJ&n Vineons: it was like a pigg in the body & leges, but w~out haire, the skin being 
wliite; ~he head something like a piggs head, bug ye nether ehapp, something like the 
~e~her chapp of a man, one sure something like a piggs care, ~he other like two little 
~ea~es hanging downe, one grea~ red eye in ye face of it, and from the forehead a peece of 
�9 ;td~ey flesh h~nging downe, hollow like ye member of a man, weh hath made the Magistraee 
!~.whom it was first showne feare that  some bestialitie hath bine comi~ted: iS was now 
s~0wne to ye Towne, and every man was desired to locke vpon it, to see if by the visiage or 
~y other m.arkes ~here may bee anything discovered tha t  way: but  after some time of 
e0~sideration, no man spake so as to accuse any, wherefore ye Marshall had order to 
~X7 it ' (Dexter, 1917). 

In modern times ~nd perhaps still because, as Ballangyne (1904) put it, cyctopia is such 
Very monstrous t y j e  of monstrosity', descriptive and experimental teratologists have 

t~alt ex~ensively with this Lype of malformation. The experimental production of oyelopia 
~g~'arious physical and chemical means was reported for chicken embryos, ~he use of 
.Lr~ys being especially successful. (cf Ancel, 1950; Wolff, I948). I t  remains kn. doubt, 
~0wever, if these experimental methods d.upIic~te the manner of origin of spontaneously 
~riiug cases of eycIopia. 

~s far as hereditary transmission is coneerJzed, our knowledge is limieed to the exten- 
Sive studies on otoeephalic guinea-pigs (Wright & Ea~on, 1923; Wright, 193'1-;. Wright & 
~gaer, 1934) in which eyclopia occurred as one step in a graded series of mafformations. 
~aee our discovery of famkIial eyclopia in fowl seemed of re.ore than passing ineeresL The 
Nesent report will present a brief description of the gross morphological appearance of 
~hse malformed embryos and a discussion of their genetic history. Note deCMled 
~Counts of structure and development are to follow in anot]~er place and at a later 
dat~. 

. SUpporLed :by ,~ gra,nb from the  AmerJcm~ C~ncer Society, on recommendation of ~she Committee on Growth, 
~'a~ion~i Research Council  
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The malformations with which we are concerned can be arranged in a series that reaches 
from relatively minor facial defects to nearly complete absence of the head. Within this 
series we find types of abnormalities that severally can be distinguished ~nd, in fact, al.a 
being used as taxonomic nnits of teratology, such as arhinencephalia, synophthalraiai 
eebocephalia, ethmoeephalia, cyelopia, otoeephaly, mierocephaly and acephaly. Fo~, 
classiilcatory purposes and as a descriptive short-cut, terminologies of this kind may be 
usef~ll and unavoidable, bat fl'om the developmental point of Mew their significance is 
limited by the fact that they grade into each other. It will be seen in the present material 
that what appears to be a succession of snail and blending, quantitative steps, probably 
results from one fundamental aberration which in its process of reaIization stops at an 
earlier or later stage according to the presence or absence of numerous modifying 
factors. 

The lowest grade of defect with which we have to deal here is characterized by absence 
of the premaxilIae (P1. 1~, fig. 1). The whole premaxillary bone, including its nasal, 
palatine and maxillary processes, is lacking. The nasal bone has a blunt anterior surface: 
It is covered with a narrow margin of horny skin. In some cases a small horny tLp projects 
downward into the oral cavity. In other instances the lateral ramas of the nasais is 
defective, leaving ~he nasal orifices without artterior border. The eyes are normal in stze 
and location. Such embryos usually complete development, but faiI to break the shell:'. 
On occasion; however, chicks of this kind hatched.. They always appeared to be entirely 
blind, indicating that even in these low-grade defects the central nervous system i~ 
involved. By 'spoon-feeding' we.raised one such chick to the age of abou~ .3 montNg 
when it was killed (P1. 14~, fig. 2). Complete absence of the upper beak, with grossly norma~ 
size and position of the eyes, occurred as a rare variant. 

In succeeding steps, the eyes are transposed forward until they touch each other in t~ie 
midline (P1. 14~, fig. 3). In addition to lack of the premaxilla, the nasal bone is reduced i 
size and its shape is abnormal The next steps in this sequence of increasing abnorm~Iity 
are represented by eyes that have developed from primordia in varying conditions of 
fusion or, perhaps more correctly, from contiguous anal defective primordia which corn; 
bine to form eyes with a grea~er or lesser extent of doubling in their constituent strueture~. 
These eyes are within one orbit,. The coalescent corneas often give the appearance.:0f 
a horizontal figure co. There is a typical proboscis above the orbit, usually with a sing:[e~ 
nasal opening (P1. 1~, fig. 4; P1. 15, figs. 5, 6). 

In a still more extreme condition one finds a single median eye on the roof of the orei 
cavity (P1. 16, figs. 7-9). These truly cyolopean eyes often are of normal size and shape. The 
probOscis is usually smalier than in the lesser degrees of abnormality and may tack ~n 
opening. The lower beak to all appearances may st.iI1 be entirely normal The e~rs are 
little, if at all, displaced toward the ventral miclline. The tongue is curled upward. Tti~ 
forebrain is not separated into hemispheres. The midbrain is frequen.tly herniated, a t~rge 
fluid-filled vesicle overlying the forebrain. Embryos of this kind usually d~ed begwee~ 
16 and 18 days of development; some succumbed even earlier; a few were foun.d tiring in 
the shell at the end of the incubation period. 

Among embryos surviving the ti~irteenth day of incubation, the most extremely 
deformed in the present series represent a gradual transition, to nearly complete aceplia.Iy~ 
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~,single median eye is reduced in size; there may only be a pigment spot below the 
~i~termis or no sign of any visual organ (P1. 16, fig. 10). The proboscis disappears. The 
~ddble is reduced in size or lacking. The ear openings are approximated toward the 
~ r a l  midline. Finally, there is no visible indication of nose, eyes or month; the skull 
:~-bram are mere vestiges. Such embryos generally died at about the end of the second 
._~ek of development. 
[-~ae embryos with low-grade defects probably are, in the great majority of cases, 

~ven~ed from hatching because the defectiveness of their beak interferes with their 
~e~l~ing through the membranes and egg shell. In ~he presence of more extreme 
~tmormalities ~he whole oral cavity is grossly abnormal or may even be entirely lacking. 
Neath of such embryos may, at least in par~, be due to starvation on account of their 
~lbility to swallow albumen (WRsohi, 194.9). 

Because of the transgressive nature of expression of the malformations under discussion, 
.~wfll be impossible to present the resuRs of our breeding experiments in terms of closely 
[tmumseribed teratologieal categories. In what follows, we shall refer by the non- 
e0mmittal term of peroeephaly to the whole array of defects, extending from abnormalities 
~N~k grossly involve only the upper beak to mieroeephaly. We shaK subdivide the data 
m~o ~wo groups under the headings of 'rudimentary upper beak' and 'cyclopia'. All 
~brgos and chicks in which the premaxillary bones were absent, but in which the eyes 
,~ze normal in size and location and in which the nasal openings occupied their normal 
~!~ce, will appear under the classification of 'rudimentary upper beak'. 3_11 other 
~malformations, reaching from noticeable synophthalmia to microcephaly, will be included 
gghe 'cyclopia' grouping. 

~ embryos with perocephalic malformations, covered by the present report, appeared 
among the descendants of crosses of our stock of recessive rumpless fowl to ~hree different 
~md u~elated breeds. The recessive rumpless mutation Rsetf (Landaner, ]945) had t~rned 
~1) in the E 2 generations and subsequent progenies of crosses between White Leghorn and 
D~eeper chickens and between White Leghorn and Silver Spangled Hamburg fowl. The 
}feeding history of these crosses made it clear that the genes for recessive rumplessness 
~d been present in the Leghorn flock in a submerged condition, and. that they had only 
~0me to pheno~ypic expression after pins modifiers had Been removed by outcrossing. 

Penetrance and expressivRy of recessive rumplessness were low. 1)zte~" se rantings of 
recessive rum]?less birds produced many 'normal overlaps', and complete absence of all 
~ail vertebrae was relatively rare. The majority of birds with an abnormal tail skeleton feI1 
i~to a series of conditions intermediate between total lack of the tail and its normal 
~evelopment. It  was evident that the expression of recessive rumplessness was still nnder 
~8e influence of mnRiple modifying genes. 

In experiments, the principal rear.Its of which have been reported elsewhere (Landauer, 
!955), we sought to determine if incidence and degree of expression of recessive rumpless- 
~e~s could be raised by transferring the mt~tation into the genotypes of certain other 
a~ocl~s. Three breeds were need in these crosses, vim Silver Gray Dorking, Rhode Island 
Red and[ Jungle fowl. It will be shown that mal:%rmations of the peroeephalie type made 
~]~eir appearance in the descendants of each of the three resulting families or of e:rosses 
between them. 
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C%'osses ,tvitl~ Do,rTci~,g Stock In 1.948 we made reciprocal crosses between Silver G.ray 
Dorking and recessive rumpless foM, M1 of the latter being of the i~termediate rumplesa 
kind. No mmsual malformations were found in the progeaies of these matings. In sub~ 
sequent years descendants of th.is cross were bred to each other. The F z and F. a generations: 
in.eluded a few embryos wid~ cyctopia a.nd kindred abnormalities. We decided a~ thug 
time to make systematic observations on the occurrence and possible genetic inter- 
relationship of these malformations. 

In 1951 we had five pens of descendants of the orighml crosses, these being/<~ genera- 
tions. There were sixV-three females in a, lL Sixteen of ~hesc produced progeny with 
peroeephMy as shown in Table 1. The forty-seven females whose recorded progenies 
(numbering in size between 1 and 126) did not include embryos wish mMformations of the 
type under discussion had a total of 15t{ offspring. It is IikeIy, as will appear hereafter, 
that ma~y of these female~ were actuaUy carriers of these defeats. I t  is remarkable that 
Mlfiveeod<sasedinthematingstransmittedthemakformations. Four of these mMes were 
Nll brothers, ~he fifth being a half;brother. They had had no ribs wid~ peroeephMy. 

Table t. 

11 me%hers producing progeny with eyeiopia 
or rudimentary upper beak 

5 mothers producing onty progeny with 
ruddmentary upper beak 

F~ :progenies of c~ cross between Siiver G,ray Do,rking an~Z ,recessive ,rump{ess foM 
Sm'vivors of l~udJ- 
13~h d~y of men~ary Peroeephaly 
in~ubat,ion Cyclopia upper beak (%) 

594: 12 4 2,7 

120 0 5 4"2 

In t952 we had four pens with F 5 makings derived from the original Dorking x recessive 
rumpless crosses, in  two of ~hese pens (pens 2 and 3), ~he females were from madngs tfla~ 
had produced oEspring with eyclopia .as welI as rudimentary upper beak; the females in 
the other two pens (pens 4 and 5) came from those 1951 mothers whose progenies ha4 

2 

Table 2. F~ yogenie8 from cros'ses of Do~'king and ,recessive rum21ess load, 
The 2rogen,ies rep~'esent the survivors of the 13t~ day of incubation 

No. of mo~hers producing Progenies 

Oyclopia and Rudimentary Neither iRudi- 
rudimentary up;per beak, but type of mentary PerooephMy 
upper beak not  eyelopia defect No. Cyclopi~ upper beak (%) 

3 . . . .  i16 4: 0 3-4 
-- Ii 103 0 0 0 

3 - -  - -  143 3 4 4-9 
2 -- 94; 0 2 2-1 

- -  16 786 0 0 0 

I -- - -  57 t 0 1.8 
3 - -  96  o 4 4 .2  

- -  15  3 2 2  0 0 0 

2 - -  - -  138 6 0 i , 3  
1 - -  38 0 1 2.6 

-- 17 98Z 0 0 0 

included embryos with rudimentary upper bea];, but none wieh cyelopia. The mabs:~ 
pens 2, 3 and 5 had been used in ~he previous year and were known to give peroeephal/e 
progeny; ~,he cock in pen 4 had had ribs wit, h rudimentary upper beak, bu~ aaone wi~h 
eyciopia. The resulbs of these marinas are shown in TaMe 2. 
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~ e n g  thirty-five daughters of perocephaly-producing parents mated to sons of the 
~e-derlvation (pens 2 and 3) eight progenies yielded embryos with p erocephalic defects; 
~r eight progenies contained a total of 853 survivors of the 13th day of incubation, 
Nl~ding seven embryos with eyclopia (2.0%) and six with a rudimentary upper beak 
~g:~o), the total incidence of pcrocep?xaly amounting to 3-7%. Among the twenty 
~ i e s  which were daughters of rudimentary upper beak (but not cyclopia) producing 
~mgs (pen 5) three had perocephaIic abnormalities in 5heir progenies; these three 
~Ners had a ~otal of 176 off'spring, six of which had cyclopia (3-~i ~/o) azad one a rudi- 
~,n~ry upper beak (0-6%); the total incidence of peroeephalic embryos was ~-0~/o. 
gin-ally, among nineteen females -whose ribs had included individuals with rudimentary 
N~er beak (but act cyclopia), when bred to a cock with a similar history (pen 4), four 
~0duoed progenies containing perocephalic individuals; in a total of 153 offspring one 
sl~swed cyelopia (0.7 %) and three a rudimentary upper beak (2.0%). The incidence of 
,p~rdcephaly in this type of rantings amounted to 2.6 %. There is no indication that the 
s~veral types of matings had yielded signitieantly different results. 
'i)uring 1953 our matings from the Dorking-recessive rump!ess stock were limited to 

~est'mg sixty-three daughters of parents which, during the previous, year, had yielded 
~slgker cyclopia nor rudimentary upper beak. These sixty-three hens were mated to cocks 
~eh  with other females had t~'oduoed the perocephalic malformations. In forty-nine of 
@sse rantings sibs ranging from two %o seventy-one in number (M=30) contained no 
embryos with perocephaly in a total of 1~8t sm~vivors of ~he 13th day of incubation. The 
fourteen other females produced five cyelopic individuals (1-8 %) and eleven with rudi- 
mentary upper beak (3-9 ~/o) out of a total of 281 embryos and chicks, the %oral incidence 
4perocephaly anaounging to 5"7 %. 

O~vsses invdvi~\q Rhode Ida,~d Red s~oeh. In 1950 we bred a l~hode Island tZed ben 
(:~ose mother had been of the sporadic rumpless type) to a cock of our recessive rumpless 
s~ock. Twezaty-four F i daughters from this cross were mated to a male from ]~he Dorking- 
~esessive rumpless 1ins who was known ~o transmit peroeephaly, Ten of the resulting 
~ibships (numbering from 52 to 14~) contained among a total of 968 individuals no 
embryos with perocephaly. The remaining fourteen sibships (33-127 in size) included in 
~gOga? of 1305 survivors of the lath day of incubation nineteen embryos with cyclopia 
;(1:~%) and six with a rudimentary upper beak (0.5}/o). These perocephalic embryos, 
~gerefore, were produced by females of l~hode Island P~ed and recessive rump]ess ancestry 
bred to males wRh Dorking and recessive rnmpiess progexiitors. 

C~'osses i~vo~i~z 9 Y,u~zygeCb~d stools. In 19g8 we made reciprocal crosses between l~ed 
~mgle fowl and birds from. the recessive rumpless stock. F o and F a generations from 
~hese crosses were raised in 1949 and 1950 without yielding pe:rocephalie embryos. In 
I95I we bred twelve 2~ s females from this Jungle~recessive rumpless stock to cocks of the 
])0rking-recessive rumpless line, knowJr to transmit the perocephalie malformations. 
~hree of these fexaaJes produced progenies with a total of 185 survivors of the 13th day of 
hc.~hation, including two cyclopic embryos (1.1 o~) and one with a rudimeLatary upper 
beak (0.5%). The remaining nine females had. 53~ offspring in progenies of between 
b~isty-eight and eighty-four diagnosed embryos, none of which had[ perocephalic defeces. 

~e~,sti~ o~"i~i~z of ~he ~me![o,rmc~ions. Thus ~here were three types of marinas in which 
e~bryos with perocephalic malformations made their initial appearance. The first of 
~hese is represented by the F~ and later generations of crosses between Silver @ray Dorking 
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and recessive rumplsss fowl. The second and third types of makings consisted of females 
from t~hode Island l~ed • recessive rumpless or Red Jungle x recessive rumpless ancestry 
bred to males of the Dorking x recessive rumpless family. The only ancestry which all 
~hree kinds of rantings have in common is that derived from the recessive rumpless stock: 
It may, therefore, be safely concluded tha~ the principal genetic ingredients which pro, 
vide the basis for the development of perocephaly were presen~ in om�9 stock of reeessiVa 
rumpless fowl. 

It was pointed ottt easier that the recessive rumpless muta6ion was recovered in two 
independent outerosses of White Leghorn fowl. There are reasons to believe that the 
perocephalic malformaions also trace back to the same White Leghorn stock. The few 
instances of '  sporadic' perocephaly which we have found, during the p~st 30 years in tli~ 
course of the routine examination of embryos that had died in late s~ages of development 
have aE been from our White Leghorn stock. The fl'equency of occurrence of sporadic: 
cases of eyelopia and allied defects was probably in the neighboarhood of one in t0,000, or 
less. Secondly, a few additional instances of  perocephaly were observed following the 
treatment of embryos in early s~ages with various teratogenic substances, and these again: 
were all fl'om White Leghorn s~ock. In the latter case it must be admitted, however, tha~ 
much larger numbers of White Leghorn eggs than of eggs of other breeds were used in the 
experiments, In any even~, it seems certain that a low~grade disposition, for the formatio~ 
of perocephaly-like abnormalities was present in the White Leghorn stock. This disposi- 
tion presumably made its appearance as a hereditary trait following a history of extensive 
outerossing. 

ltdditio~a~ interfam.@ crosses. The peroeephaly-produeing families which have been 
discussed so far were brought together in subsequent crosses. We shall limit otu'selves here 
to a discussion of the data obtained daring 1954. The birds involved in these rantings were 
either of Dorking-reeessive rumpless by Rhode Island Red-recessive rurapless or Of 

Table 3. Res~dts of crosses between famigies 
The mothers  either werB -kno~a ~o produce I~eroeephaly ( t e s t ed ' )  or were daughters of tested parents, 

With in  these two main groups are lisbed iirst the  sibships which produced high- at well as low-grade peroeephaly~ 
next  sibships containing eyclopean, but  not  rudimentary  upper beak embryos; nexfi sibshipa w%h rudimentary 
upper beak, bu t  not  cyelopean embryos;  and fmally sibships not  containing embryos wit& either ~ype of defer& 

I~u&i- 

NIothers 

Tested hens 

To~ul 

Pullet daughters of tested parents  

To~al 

Size of Survivors menta ry  
examined of upper  Perocephal~ 

No. sibships I3 th  day Cyclopia beak (%) 

6 23-68 B68 27 14 I5-3 
I 51 51 3 0 5.9 
1 4d 41 0 2 4.9 
2 16 and 19 35 0 0 0 

i0  - -  395 30 16 11-6 

15 5-85 782 80 43 15-7 
5 13-57 149 6 0 4-0 
I 17 17 0 t 5,9 
1 20 20 0 0 0 

22 988 86 &4- 13"4 

Dorking-recessive rumpless by Jungle-recessive rumpless origin. Since no differences 
were found between these crosses, the data are presented together in Table 3. There were 
ten hens whose progenies in the previous year had contained perocephalic embryos an~. 
twenty-two pallets whose mothers had produced embryos of this type. 
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/i~ comparison with the original three families, ths incidence of malformations was 
~ l l  increased in these crosses, In the progenies of the ten previously tested hens 7"6 ~/o 
~f,;[tie st~r~-ivors of She 13th day of incnbation were cyclopic and 4.1 ~ had a rudimentary 
~l?per beak. In the progenies of the twenty-two daughters of tested parents 8.9 % cyclopic 
~[ryos ~nd 4-5 ~/o with rudimentary upper beak were found among 968 survivors of the 
t~5 day. This represents at least a doubling of the incidence observed in the Dorking~ 
~r rnmpless line which among She three original types of rantings had produced the 
l~{~tiest incidence of these defects. 

TJae data of Table 3 suggest, furthermore, that  a~l offspring of known producers of 
~:er0esphalic progeny in turn have in their progenies individuals with these defects, 
provided that  numerically adequate tests are made. The ten h.ens in the 19S'~ rantings all 
Nd in the previous year produced some offspring wRh cydopia as well as rudimentary 
~pper beak. Yet, during 1954 one of these hens had three eyelopsan offspring, but  none 
~i~h a rudimentary upper beak; another hen had ~wo embryos with rudimentary upper 
~eak, but none with cyclopia among her offspring; and two of the hens produce& small. 
~rogsnies without defects. The twenty-two daughters of ~ested paren~.s showed a similar 
~tributiom Only one of them had no defective offspring in a small prbgeny, and most of 
~Jae progenies of the six pullets which among their offspring had either cyclopic embryos 
~ t  none with rudimentary  upper beak or the reverse distribution were also quite limited 
innumber. I t  is presumably significant tha t  the nine largest of the thirty-two sibships all 
included embryos wRh both types of defect. 

~easona~ va.~'ic~t~ons i~z ir Our early observations on perocephaly suggested that  
~hs incidence of these malformations may show seasonal flucNations. An analysis was, 
t/~ersfore, made for the data of each of the years 1951 ~. The nmnber of weekly settings 
~f eggs during the hatching season was as nearly, as possible :divided into equal halves and 
hioidenee of the malformations determined for the s and second 2art of gas season. The 
~st part of the experimental season was in each year from the middle of Febrnary ~o the 
middle of April, the second part from the latter part of April to the middle of J~ne. The 
results are shown in Table 4. 

Table 4. I~side~,ce of peroGep]~a~y j'or al~ ~'devant me, tings during 1951-{ 
aCCOfd~qzg to sea,son 

Size of Embryos with 
Year Part of season progenies  peroeeI~ha[y Significance 
195i First ] 236 15 X ~ - 6-094 

Second ] 115 29 /~ = 0.014 
1. 952 First 989 12 X ~- = 18-382 

Second ] Ir 52 P <0-001 
1953 [First 842 58 X ~ -- 0.358 

Second 921 57 7 '~ = 0.563 
195~.[ First, 610 34 X ~ = 19-757 

Second 753 138 P <0-001 

It can be seen tha t  [u three of the fonr years the incidence of perocsphalie real:formations 
rose sharply during late spring, with highly significant differences in each instance. 
baring 1953 the differences were not sign.ifi_eant. Calculation of the combined prob abilities 
for the four seasons gave a X s wRiff P < 0.01. 

A search was then made for the causes of these seasonal fluctuations in incidence of 
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peroceph~Iic malformations. These efforts have not been suecessftfl thus far. They will be 
briefly discussed, in what follows. Among :factors of the internal environment maternal qqe 
might piny a role. A chalice to test this ~as wovided in one of our 195-r pens which was 
composed of eight hens and :five pullets. The data are shown in Table 5. t t  is evident thus 
age of the laying mothers made no difference in occurrence of the seasonai trend. Another 
possible Nctor influencing incidence of perocephaly might be 2)arit~, i.e. the position of 
particular eggs with reference to the preceding mtmber of eggs laid by the individual 
mother. This question was studied by calculating for pens 1 and 2 of 195~ the regression 
of the number of eggs produced (~) i~om the beginning of the laying year to the end of the 
experimental season on relative :frequency of peroeephaly during the second h~lf of the 
season (y). Per pen t the coeglcierrt b.~u= +0.155 and for pen 2 b~u= -0-I01.  elearlyi 
there is no relation between preceding egg production and the chances of an embryo to 
bear the perocephsdie defects. 

Table 5. Incidence q~ 2eroceiJha~ic malformatio~s aocordin 9 to season 
fo,r yea~'lin 9 and 2-yes, r-old ]~e~s (Pen 1, 195~[) 

size of Embryos wi~h 
Age of me,her Par~ of sea.son progenies peroeepha~ly Significance 

1 year Flu'st 112 7 X"~ ~8"179 
Second 1~17 27 P <0-01 

~. years First 165 Ii X -~ = I0-240 
Second 195 35 P <0.01 

Among external factors, ~ut'rition is unlikely to have had an influence on trends in the 
incidence of peroeephaly since our~ breeding loirds are kept in pens without runs (the 
2-year-old hens having been off range for about 18 months) and are given the same ration 
at all times. I t  is equally improbable that conditions of insubatios were responsible for 
the observed changes in incidence of perocephaIy: temperature variations were slight a~d 
not influenced by the season; changes in relative humidity, though somewhat under the 
influence of seasonal trends, do not seem sufficiently pronotmced or consistent to account 
s the existing facts. 

Another possible source of variation in externa.1 conditions is the a@ temperatures cZurin 9 
the da 2 eggs ~ere laid. Eggs are taken once a day (in the aRernoon) from o ~  breeding pens 
to an air-conditioned sto}age room. There is no doubt that  the developmentaI processes 
that  have gotten under way at thg ~ime of laying are brought to a stop more promptly in 
early spring than later on. I4enee it can be taken for granted tha t  the eggs laid aM 
imcttbated chtring Kay and June were at a somewha~ more advanced stage at  the b eginn.ing 
of incubation than those produced during late winter or early spring. In experiments wi~h 
Creeper fowl, it was found that  such differences accounted for differentiai survival of letM] 
homozygotes (Landauer, 194~). 

I f  the seasonal trend in incidence of perocephalic malformations is brought about by 
temporal changes in the developmeutaI stage reached prior to incubation, it migM be 
possible to obtainsupporting evidence i~ one of two different ways. t~ixst, and assuming 
that  the temperatltres of the external envh'o:~ment dttring late spring favour the sarviv~i 
of perocephaIie embryos that  die earlier in the season, corresponding differences in the 
opposite direction could be expected to obtain in early embryo mortality. Secondly, os 
the assumption that  high air temperatures on the day of laying and a consequently mo~e 
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$vanced condition of the btastodisk prior to incubation are detrimental to embryos that 
~odd otherwise have developed into normal overlaps, it might be possible to duplicate 
~i~s conditions experimentally by pre-incubating eggs at relabively low temperatures 
;Nfore exposing them to the normal incubation routine. 

In.testing the first hypothesis, we scrutinized the data for the years 1953 and 1954 with 
~f~eace to mortality during the first 13 days of incubation. These ~wo seasons were 
/,h'.0se~ because no seasonal ~rend in incidence of perocephaly was found im one of the two 
~rs  (1953), whereas in the other year (1954) the ~rend was highly significant (see Table t). 
}[sans of embryo mortality during the first 13 days and for the first and second half of the 
s~asons of each of the two years were found to be as follows: 1953, first ha.Js of season 
~t!~/o, second half 20.0%; 1954, first half of season 16.8%, second half 15.4%. tn 
~eit.her of the two years was the difference significant. In view of the relatively low 
0.~er-all incidence of perocephaly this negative result cannot be considered decisive. 
010set mspeetion of the data showed, however, non-linear relationships. If, for instance, 
~he t954 data are used to express, for each sibship, 1-13~day mortality during the second 
g~ of the season in percentage of mortality during the whole experimental period, 
,~highly significant heterogeneity is found between individual mothers (Xe=231-97, 
]if. 25, P <  0.00I). If the mortality data are partitioned according to whether the sit 
iddence of peroeephaly during the whole breeding season was low (not more than 16 %) 
0r:high (above 16}/o), it was found that in the group with low incidence early mortality 
~as 11.23 + 1-89 ~/o, whereas in the highdncidence group it amounted to 20.10 + ~.21 ~/o. 
-~he difference between the two groups amotmts to 8"83 • 4.61 ~/o. The evidence, therefore, 
points against the conclusion that high incidence of perocephaly was accompanied or 
brought about by reduced early mortality; there is, in fact, a suggestion that early 
m0r~ality was higher in the group with the greater incldence of peroeephaty. It is true 
~at among the sibships with low incidence of perocephaly early embryo mortality was 
10wer during the second part of the season as compared wRh the first part, and the 
~ifferenees may be significant (X~=4.334, P=0-03), but no such changes %ook place in 
~he sibships with a high incidence of perocephaly. The suggestion provided by these data, 
~:.ghat a rise in incidence of perocephaly tends to occur 2ari 2assu with increased early 
embryo mortality is reinforced by data which will be discussed below. 

Experiments in which the second hypothesis was tested by preoincuba3ing eggs at 
I0wer than normal, temlJeratm.e , followed by cooling and subsectuent normal incubation, 
g~ve entirely negative recurs, i.e. the incidence of perocephaly was ~ot raised. We are 
~h~s left witliout explanation of the factors which account for ~he seasonal variations in 
h~Cidsnee of peroeel?haly. Experimen% are now under way inquiring into the possible 
Nuenee of changes in length of daylight and of oxygen tension in our incubators on 
incidence of perocephaly. 

Sex. Durk~g 1953 and 1954 we determined the sex of the perocephalic embryos. The 
following data were :found: 

Rudimenbary u]?perbeM; Cyelopia 

Year 4 ? Sex? ~ ? 

1953 39 36 - -  27 16 
1954 54 52 7 30 29 

TeaMs 93 88 7 67 45 

~ere is no suggestion of an abnormal sex distribution. 
15 

To~al 

d ~ Sex~ 

56 52 - -  
84 81 7 

1.50 138 7 

Gene~ 54 
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denetic variance. Our raaterial s'hows clearly that  there is a graded series of malforma. 
tions which by imperceptible steps leads fro:m a rudimentary condition of the upper beak 
(associated with blindness) to approximation of the two eyes toward the frontal mi.dline, 
to the presence of two eyes within one orbit, to typical cyclopia, and in the most extreme 
conditions to otocephaly and microcephaly. 

I t  is of interest to compare various rantings in regard to the to~al incidence of these 
defects and also with reference to the relative frequencies of different forms of expression 
The incidence of all ~ypes ofperocephalic abnormaIRies was analysed for our two 1954 pe~ 
rantings. There were fifteen females in pen 1, inchtding two which had small progenies that 
were free of defective embryos. In pew 2 we had seventeen pullets, eli s or haltsister~, 
and one of these had twenty offspring, all of which were normal. Within both pens the sits 
showed highly significant heterogeneity with reference to the incidence of perocephalie 
malformations. For the fifteen sits of pen 1 ,X'~ 84.91, and for the seventeen sits of 
pen 2 X 2 -  99-72, with a probability i~ each case of < 0-001. Omission from calculation of 
the few sibs containing no perocephallc embryos had litCle effect on the results (the X2 
being 80-52 and 94-45, respectively, with P < 0.001 in each case). I t  appears, thereforei 
that  the groups of females in our two pens were heterogeneous in regard to ~he conditions 
which permit perocephaly to come to expression. 

A similar result emerged when the data from the eighteen pen rantings, which betwee~ 
I951 and 1954 contained our perocephaly-produeing birds, were analysed with reference 
to ~he proportion of the more extreme kinds of abnormalRies (i.e. excNsive of rudimentary 
upper beak) in the total of embryos with perocephalic malformations. Significant hetero- 
geneity was found to exist between these pens, with X~-= 32.80 and P be~wee: 0-0t and 
0-02. There was no indication, however, of a constant relationship between the incidence 
of the more extreme and of the less pronounced forms of peroeephaly. The relative 
frequency of the more grave defects (otocephaly, cyclopia, synophthalmia) and the 
percentage incidence of the less severe forms of abnormality (rudimentary upper beak.} 
showed for the 1951-~ pen rantings a correlation coe~cient of +0.103 + 0.218, i.e. entire 
absence of a mutual relationship. This was to be expected if the modifying genes governing 
'expressivRy' had been distributed by chance following the original ontcrosses. The 
detailed data are shown in Table 6. 

Data of particular interest were secured when the same ~hirteen females were mated ~o 
hMf~brothers in 1952 and to a distantly related cock in 19.53. The results are given in 
Table 7. As compared with the half-brother-sister marinas of 1952, the data for the much 
!ess closely :tinted rantings of 1953 show the following significant changes: 

Embryo mor~a.lRy during ~he first 13 days + 10.3 • 
Number of chicks h~gehed - 30"r177 % 
Incidence of l~erocephaly among survivors of 13th day + 5,7_+2-22 % 

The coefficients of variation for the two years were as follows : 

1952 t953 
MortMity I~,13 days 60.9 69'2 
Ha~ctt 12.~ 36-5 
Perocephaly 49,7 91.6 

I t  will be remembered that  the perocephallc defects first made their appearance in the F~ 
and sabseqttent generations of otttcrosses between our recessive rumptess stock an8 
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~lg~eil breeds of fowl. The data of TaMe 7 demonstrate tllat a higher degree of on~- 
,~chng, i.e. more pronounced dilation or diversification of protective modifiers, led ~o an 
~eze~sed incidence of perocephaly and 1,o reduced vitality. A similar increase i~ the 
~lenee of perocephalic monsters, and presumably for ~he same reasons, was formd when 
~g~original three perocephaly-producing lines were crossed with each other (data of 
N~les 2 and 3). The heightened variability in outcrosses is a concomitant of the same 
o~es 

~Ie  6. Records for t951-4 yen matinys, showing incidence of cydopia and rudimentary 
upper beas among the survivors of the 13th day of incubation. Data for females with arty 
Urocephalie progeny. Incidence of perocephdy in percentage of survivors; incidence of 
~ydopia i~z 2e~vsntage of perocel)haly 

~ear 
i95t 

1952 

1953 

i954 

Tot,al 

Cyelopia among 
1Rudimentary l%roeephaty M1 peroeephMic 

Pen Survivors l a th  Cyclopia ul~per beak {%) (%) 

4 350 6 4 2-9 60"0 
6 678 9 a 1-8 75-0 
6 796 10 5 t-9 ! 66"7 
7 386 4 2 1.6 66.7 
8 260 4 2 2"3 66'7 

2 117 4 0 3"4 100'0 
3 288 3 6 3-8 33-3 
4 154 1 3 2-6 25-0 
5 179 6 1 3,9 86,7 
6 665 5 9 2"5 35,7 
7 743 I0 t0 2,7 50.0 
8 t00 2 3 5'0 66,7 

1 192 4 4 4'2 50-0 
~9 122 i 3 3'8 25-0 
3 193 5 3 4-1 62-5 
4 21I 6 2 3-8 75-0 
5 180 1 4 ~-8 2,0-0 
6 113 3 I 3.5 75-0 
7 755 51 29 10-6 63.8 

1 619 52 28 12.9 65'0 
2 689 61 31 13'4. 66'3 

7635 248 163 5-3 61-8 

){O ~,].lel'8 
672, 
696 
729 

1213 
1221 
i228 
1246 
1278 
~1298 
131;3 
1319 
]321 
1336 

I~%,m % 

Table 7. 

t 

lPertiJe 

Records of tidy'teen females bred to hc~!f-brothe+'s in 1952 
and to a distantZy ~'dated eoc/c in 1953 

eggs 

48 
58 
99 
30 
74 
50 
63 
40 
6t 
76 
87 
60 
60 

1952 1953 

De~d Pero~ Fertile Dead Pero- 
1-13 da,ys s ce~haly eggs 1-13 days Ra tehed  cepha,ly 

4: 39 1 50 3 36 0 
51 3 52 ].1 14 

0 90 1 103 22 45 7 
3 22 ] 56 14 27 5 
7 56 1 61 6 32 3 
4 38 2 57 13 18 3 
0 51 I 7I 4 55 4 
2 21 1 27 10 10 0 
6 44 2 56 18 10 7 
2 ~6 1 80 2 59 0 
1 79 1 79 2 45 18 
1 45 3 58 ].0 26 4 
4 47 2 52 3 23 2 

5'8:i:0-98 78-6-!~2-70 2 '9 f0"40  t6"]:L3'09 48-2:~4.88 8.6~2-18 

15-2 
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DISCUSSION 

In the series of malformations that has been discussed, the most common stages are 
a rudimentary condition of the upper beak (absence of the premaxillary bones), syno~ 
phthalmia and cyclopia. The more extreme defects, varying from cyclopia anopb.thalmica 
to microeepha]y, are relatively rare among suivivors of the 13th day of incubation, but ifi 
should be noted ffhat with an increased incidence of ]?eroeephalic defects embryonic 
mortality became high (luring early stages of development. The possibility remains open, 
therefore, that our data do not include the .most extreme abnormalRies. 

The synophthatmic and cyc]opean monsters of our material, grossly at any rate, bea~ 
a close morphological resemblance to corresponding malformations which have been 
described throughout the vertebrate phylum fro~ fishes to man. ][11 humans, cyclopia is 
often, ~hongh by no means invariably, associated with o~her defects, among which poly- 
dacfiylism, lack of the adrenal glands, horseshoe kidney and atresia ani are particularly 
common. No such associated abnormalities were found in mtr material. 

There are, strictly spealdng, no reports dealing with the inheritance of cyclopia as a UnR 
~rai~. The literature of human pathology contains some case reports suggestive of the 
hereditary transmission of cyclopia and allied defects. In. one of ~hese case histories 
(Ktopstock, 1921) a first-cousin marriage produced sibs one of which was eyetopean and 
the o~her was a ceboeephaNs, with the awe eyes in a common orbital carry .  Van Duyse 
(1898) reported on a sib from urn'elated parents in which ~hree consecutive abortions (at 
three months of pregnancy) were followed by two children with cleft palate (~he first lived 
for 5 days, ~he second died at birth), a normal child, and then cyclopie twin foetuses. 
Another twin birth that is of in~erest was recorded by Ellis (t866). The mother in question 
had, as primipara, and with her first husband, produced a child with eleR palate and 
imperforate anus. The nex~ delivery, with her second husband, resulted in twin foetuses~ 
of which one was described as an ethmocephalus, the other as a rhinocephalus. 

The sl~udies of Wright and his associates on hereditary otoeephaly in guinea-pigs 
command partiGal~r interest in relation to our material. The two series of abnormalities 
converge from seemingly unrelated low-grade conditions toward closely similar defects 
in their most extreme express[on. In chicken embryos the series of perocephalic defects 
begins wRh lack of the premaxillary bones as the principal external symptom; in guinea~ 
pig foetuses the corresponding initial stages exhibit a reduction of the mandible. With the 
appearance of synophthatmia and cyolopia in the ab~ormaI guinea-pigs (Wright's 
~ades 7 and 8) the similarities with the chicken material become manifest, although even 
ia these stages the ears are little, if at all, involved in chicken embryos, whereas the = 
guinea~pigs are completely otocephMic. In ~heir most pronounced expression the monsters 
of both kinds of animals lack all signs of eyes, nose, mouth and forebrain. 

The genetic and environmental forces which in embryos of guinea-pigs and chickens: 
conspire ~o produce these malformations of the head are in part similar, in part quite 
dissimilar in the ~wo groups of animals. As far as otocephaly of guinea~pigs is concerned, 
Wright (Wright & Eaton, 1923; Wright, 193t) arrived ag the following conclusions: 

(1) In the foundation stock otocephaly occurred as a rare (<0.05%) sporarlie 
malformation. 

(2) Some, though not all, inbred families, derived from the original stock, gave a some ~ 
what higher incidence of otocephaly. 
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(3) One inbred family in particular showed in some of its branches sudden increases in 
the frequency with which otoeopha.ly occurred. One such jump raised fhe incidence from 
1 Co 5 %, another from 5 to about 9,7 %. 

(4) The genetic i~ctors were zygotic. The inbred fatuities presumably had become 
komozygous for genetic factors providing the basis for a tendency toward ogocephalic 
development, with a.t least one major mutant  step responsible for increased incidence. 

(5) There was some indication of strain differentiation with reference to particular 
pecuIiarities of otoeepha]y. 

(6) With increasing frequency of otocephaly incidence of the extreme types tended to 
decrease. 

{7) The incidence was about twice as high in females as in males. 
(8} Unfavourable environmental conditions (winter) had a slight ~endeney go raise the 

i~oidonco of otooephaly. 
(9) There appeared to be little, if any, i~crea~3ed foetal death rate in otocephalp 

producing ms@rigs. 
Our own data may be discussed briefly in the light of these obgorvations on and 

interpretations of the gaines-pig material. 
(1) The one ancestral stock common to all perocephaIpprodueing families was a line of 

recessive rnmpless chickens which in turn had been derived from outcrossos of White 
Leghorn foM. These White Leghorns had on rare occasions (probably 0-0I % or toss) 
produced sporadic cases of cyclopia and allied defects. 

(2) As the recessive rumpless mutation had made its initial appearance in the /r 
generations of crosses between White Leghorn x Creeper and White Leghorn • Silver 
Spangled Hamburg fowl, so the peroeephalic malformations were first encountered among 
the descendants of crosses between recessive rumpless fowl and unrelated stock. 

@) I~'olIowing crosses between recessive rumpless and Dorking fowl, the 2~ and subse- 
quent generations contained 2-8 % perocephatie progeny among the survivors of the 
i3~h day of incubation. About ~he same incidence of these malform.ations was found when 
/~2 females from crosses of recessive rumpless x t~h.ode Island Red fowl or recessive 
mmpless • Jungle fowl were mated to males (E~ or later) from the recessive rump- 
less x Dorking fowl stock. When two of the three lines were brought together the incidence 
of peroeophalic defects rose to about ~-8 %. When the geno~yl?es of all throe sources of 
origin were combined, ~here was a further rise in frequency of perocephalic embryos to 
about 13 %. 

@.} .g3t the results of our breeding experiments indicate that the genetic factors for 
~erocephaly were present in the fonndation stock, that  by outcrossing plus modifiers 
Were removed or made heterozygous, and. that  by ~he continued admixture of unx'elated 
genes the factors for perocephaly became increasingly released from their cryptic existence. 
As long as the incidence of perocephaiy was low, no relationship could be discerned between 
the size of ribs and the presence or absence in them of peroce]?haHc individuals (Table 2). 
But after the incidence of monsters had once risen to a more appreciable level, only small 
Nogemies failed go include them (Table 3}. I t  is equslIy noCabte that  of twentpone  cocks 
from perocephaly-producing matings which were tested between I9r and t954 every 
single one transmitted the defects. Taking into recount the data o:o incidence of the 
abnormalities (viz. the impossibility of accounting for them on the basis of segregation), 
the only explanaeion which covers all the facts appears to be glhe assumption tha t  the 
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perocephaly-proctadng parents were actually homozygous for %he genetic factors pro- 
ducing these malformations, and that the incidence of perocephaly in their progenies 
depended solely on what proportion of zygotes produced by them ]sad fewer than the 
number (and kinds) of protective modi.fmrs required for normal development. 

Nnch additional evidence is in harmony with this ooneNsion, and some of it should here 
be poineed out. As the i'requeney of peroeep.halio defects increased in our material, 
the proportions of high-grade defects (synophthalmia, eyclopia, microeephaly) and of 
relatively minor abnormalities (rudimentary upper beak) remained constant among the 
sm'vivors of the 13th day of incubation. This is contrary to what would be expected o~ the 
assumption of increasing homozygosity for a multil'ac~orial complex with graded expres- 
sion, but is readily understood on the basis of gradual and chance elimination of protective 
modifiers. _&t the same tim.e, early embryo mortality increased p~'i pessu with rising 
incidence of peroeephaly among the survivors, presumably as anon, her effect of the dilution 
or elimination of plus modifiers. 

(5) t~ was shown, that highly significant heterogeneity existed within groups of females, 
Bred to the same male, in regard to tke relative incidence of cyclopia and rudimentary 
ll.pper beak. In conjunction with the fact that the proportions of ditferent grades of 
perocephaly remained approximately constant over the years, these observations may be 
taken as evidence for the random distribution (elimination) of modifiers. There is l~t~Ie 
doub~ that separate lines, producing varying perocephalie phenoeypes, could be estab- 
lished by selection. 

(6) It  has already been pointed out that the freq~leneies of different grades of pero- 
eephaly tended to remain stable during the period of ouz' breeding tests. 

(7) In contradistinction {o otocephaly in guinea-pigs and eyelopia in other mammals 
(ineIncEng man) the two sexes of chicken embryos showed no difference in incidence (0r 
severity) of the peroeeptTaIic malformations. 

(8) In three out of four years the incidence of perocephaly showed a signif[eant and 
very pronotmeed seasonal trend, incidence increasing fromearly spring toward summer. 
Tke proportions of different grades of perocephalio defects were not affected by this trend. 
The-trend appeared also to be independent of the over-all inddenee of perocephaly 
d~_ring a particular year or in a specific type of mating. 

(9) There was no excessive early embryo mortality as long as the incidence of pero- 
cephaI.y remained low (g-3 % of ~he survivors of the lath day), bug a pereep~ibIe rise in 
the frequency of perbeel?halic monsters was accompanied by excessive early mortality. 

In Wright's guinea-pig material the genetic tendencies for production of otoeepha~y 
were isolated, and fixed in particular inbred strains, and the incidence of animals bearing 
~hese malformations was enhanced by the occurrence of one or more mutations in certain 
branches of one inbred family. In our material, on the contrary, the genetic factors for 
perocephaly were unmasked by outcrossing, and incidence of the defeats rose as a conse- 
qttence of the eontinrted, dilution of the original genotype in crosses of different p e t e r @ @  
proclaeing strains. 

Ig is evident, however, ~hat even in those of our matings which yielded the highes~ 
incidence of peroeephaly, m~*ttiple modifier's were still at work in producing the variance 
of expressivity and probably also i:a determining the level of penetrance, I~ is q m~e 
conceivable, though, of course, beyond the possibility of proof, tha~ the initial, sleep in;ilie 
history of the peroeephalic malformations was a single-anne substitation (or other mu~- 
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~0n~l change) with detrimental heterozygous effect, and that  this was followed by a tong 
.~tory in the accumulation of plus modifiers. I[ may be surmised that  these modifiers 
[zve ~o ~specifi.c' adaptive relation to perocephaly, but in a more general way are 
~m'integrai part of the complex system of genetic units contributing to and reinforcing 
~0rmaI development. In this connexion, it is of' some interest go point out r the 
.~ecessive r~mpless condition (i.e. the stock to which the perocephalic mMformations 
c0uld be traced) was from its first emergence associated with reduced adult body size. 
~lds rda t ivdy  small body size has persisted in our peroeephaly-produeing families. 
~e  diminution of genes affecting body size may well hays been the first step in the 
p~0cess of unmasking the hereditary basis of peroeephaly. 

R is well recognized thafi ~he fund of equilibrating genes varies in its composition 
:between individuals of a species. This variance presumably accounts for the increase in 
wriabilRy often eneonntersd in the presence of mutant  genes. I believe that  failure ~o 
�9 te0ognize this has often led to a misunderstanding of the actual situation. In discussing 
~he genetical control of stability in development Mather (1953), for instance, says: 'The 
expression of, for example, the gent "eyeless" in Drosophila is much ~aore variable both 
between individuals and between the two sides of a single individual than is that of its 
~ormal alldomorph. The geno~ype appears to hays been adjusted by nat~'M selection to 
give a relatively unihorm development of eye size in the normal fly, bat  the stability 
vanis]:es once the course of development is changed by the introduction of the mutant  
gent.' In our view, the stability vanishes because, even in inbred stocks, individuals vary 
in theis assets of genes with quantitative effects {" modifiers') one of which was probably 
the 'normal allde' .  In our view, the peroeepb.alic conditions became manifest when a 
sufficient number of such ~minor' genes had been diminated or had become ineffective 
by Jaetero~ygosity. 

The situation revealed by our present studies on oyclopia and allied defects is by no 
means unique. It has already been pointed out that we had encountered a close]y similar 
situation in the history of ~hs recessive rumpless mutation. We have also reported earlier 
{hat multiple recessive genes are commonly found in stocks of domestic fowl which in 
e0nsert will completely prevent the phenotypic expression of dominant rumplessness, the 
'short upper beak '  lethal, and still other mutations. I t  is readily understandable that  
�9 recessive genes of this type should have become widely distributed. 

In his discussion, of obligate heterozygosity as a competitively advantageous condition 
for the ma.intenance of equilibrating processes in. development, Lerner (1954), in a com- 
Parison between D'ro.so~lsile and pmflery, comes to the conclusion that  <in ~hs species 
which are more economical in $heJr reproductive behaviour the margi:o for elimination of 
]i0moz.ygotes may not be adequate to enforce heterozygosity a4 more than a limited 
number of loci'. Perhaps it was precisely this situation which ms, de the development of 

aifferent type of protection against detrimental mutations a matter of life or extinction 
and which led, in poultry at a~y rate, to the accumulation and wide distribut,ion of genes 
which in proper combination wigl reduce or entirely overcome the phen.otypic expression 
of daeh ~dverse mutations. 

SUM~[AI%Y 

0ydo]?i.a and related malformations have been observed s,s a lethal condition of :['owl. The 
raore important facts aud eonehsions may be sunnnarized as l~llows: 

1. The morphologicM expression varied fl'on~, a condition in which the upper beak was 
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rudimentary to microcephaly. The whole gamut of defects is referred to as perocepMly~ 
This is s~bdivided into two groups, vim 'rudimentary upper beak', comprising the Iowa. 
grade defects, and 'cyelopia', under which heading we include malformations xangi~g 
from synophthatmia to microcsphaly. In the rudimentary upper-beak condition ~]ae 
preraaxillary bones are lacking. 011 rare occasions such chicks haeched; they were always 
blind. SynophthaImia and eyelopia are associated with a proboscis above the median 
orbit. In more extreme conditions only a median pigment spot was present, there was no 
oral opening and the ears were closer to the ventral, midline than normally (otoeephMy)~ 
The most extreme eases were mieroeephalie withozrt any indications of eyes, mouth 
or ears. 

2. Peroeephalic malformations made their fixst appearance in./T~ and later generations 
of crosses between recessive rumpiess fowl and representatives of the iblIowing three 
breeds : Silver Gray Dorking, t{hode Island Red and. Jtmgle fowl. In sibships which included 
any embryos with these malformations, the incidence was about 2-3 %. When familie~ 
with a different breeding history were intercrossed, the incidence of perocephaly rose to 
about 5 ~/o, and upon combining the genotypes of aI1 sources of origin the fi:equeney became 
about 13 %. The proportions of rudimentary upper beak and. eyclopie embryos remained 
nearly constant during these changes in total incidence of perocephMy. After the 13 ~/o 
levet of incidence h~d been reached, all but the smallest sibships contained perocephali~ 
embryos. Significant heterogeneity of incidence continued, however, to exist between the 
individual sibships of pen musings. 

3. Twenty-one sons of perocephaly-produeing parents were tested in our experiments: 
All transmitted the malgormations. 

4. A rismg incidence of p erocephaly was associated wif.h increased early embryo 
mortaKty. 

5. The sex ratio appeared to be normal among perocephaIic embryos of all grades, 
6. A scrutiny of the data obtained during fern' years showed in three of them a highly 

signifie.an~ seasonal trend, the incidence of perocephaly rising from early toward late~ 
spring. The causes of this ~rend remain uncertain. 

7. The results of our breeding tests Ied to the following interpretation. The genetic 
factors responsible for the occurrence of perocephaly (possibly a single reeessi~/e gone 
substitution} were present in the stock of recessive rumpless fowl Except for ex-~remely 
rare %poradic' occurrences, the mutation was completely suppressed by modifying genes, 
The mutation came to light after o~tcrosses to u~related stocks and the incidence rose 
with continued dilation of protective modifiers. I t  is evident that even in later generations 
many embryos which were homozygous for perocephaly developed normally. 

8. It  is suggested that, in fowl at least, the accumulation of recessive modifying genes 
with individually small effects, but  which in concert can completely suppress the actio~ of 
deleterious mutants, represents a common and important mechanism of e51uilihration and 
genetic self-defenee. 

I am grateful ~o Dr W. F. I-Iollander for calling my attention to the incident recorded 
in New Haven Town l~ecords. 
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EXPLANATIOlg O17 PLATES 

:PL~t~ 14 

~g, L l-Iead of embryo, living at 22 days, with rudimentary upper beak. 
Fig. 2. A chicken wi~h rudimentary upper beak, raised to t.he age of three months by artificial feeding. The 

animal was blind. 
Fig. 3. Head of 20-day chicken embryo with rudimentary upper be~k; eyes ~ramsposed forward (synophthalmia). 

])own removed. 
Fig, 4. ~ead of embryo, living al, 22 clays, eyes contlguous and in one orbl~ proboscis. 

PLAW~ 15 

Fig~, .5, 6. Ventral aspect of head of two embryos ~d~h synoph~hahnia. 

PLA~ 16 
Fig. 7, ~ead of 18-day embryo wi~h cyclopia and proboscis. 
t'ig, 8. Head of 20-day embryo with cyclopia and proboscis. Tongue p~shed l~pward. 
Fig. 9. tIead of 17-d~y embryo wi~h eyclopia and proboscis. Lower beak reduced in size. 
~g. 10. Ventral aspect of head of embryo living at 22 days. Whole head reduced ~.a size, l~udJinent of be~k. 

No nasal or oral openings. A :pigmenf~ spot in ventral raidJJ~e. ~ars transposed ~;owa.rd ventral midli_ne. 


