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ABSmCf

Data are reported m fertility and hattdiabillty atudlea

tSie 19^48 az»l 19^^ hatoMag aeaeonsit ifaii etndy «aa carried out ivlth

©pea-bred Ifear Baapehiro* Ihita Pljawtttb Rooki Single Conl> Ihlto Loghona#

and labrod Barred Plymouth aook ohletame, lavolvlag ll,H2 egg» fr«ia

62 open-bred blrda and 295 Inbred blrda# During theee two year*,

data were recorded im fertility, hatehablllty and the nmber of lottl-

poeltlone and anmallo* enoouattred in I919 broken out eabryo*,

aie fertility of all egg* set In 19lj6 was 75,1 percent eonpared

to 58»9 la 19i^9f Is a deoreaee of 16,2 peroent, She perosait

fertility for the open-bred line* la 19i# waa 79»it idiioh approodinated

that for igiiS* She pereent fertility wa« found to deereate a* the

Intsoislty of labreediag laoreated,

Hatehablllty studios for the Inbred lines reewiled a 55*2 per

eent hatch of all eggs set In IpiiS ooa^red to 35*3 pereent for 19li9i

a decrease of 16,9 pereeat. the pereent hatch of all eggs eet I9ii9

for the open-bred stock was 61,7 pereent# the Inbred line* showed a

73*5 percent hatch of all fertile egg* In 19ij8 ocaspared to 58,9 for

the I9I4.9 seaaon* the open-bred llnee gare an 82,14. percent hateh of all

fertile eggs. It was found tbnt as the Intensity of Inbreeding increased

the percent hatch of all eggs set decreased, the ssme was true when

poroent hateh of all fertile eggs was considered.

Of all the broken ©wb embryos In I9I4B, 51 percent exhibited some

malposition. Position 2, head la large end over rl^t wing, and position
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22f in ibbuiU md ttenr«re4 witik 1)«^ war* I'ovnii aoili tr9*

quaatly* Of th» reportad 22 oAlpoaitlona daaorllHid for baiii ha-tohing

aaaaoxisy 19 wara found in 19iiS«

Similar raaults vara oblnixMd in a $tudy of br<do«i out mbryoa

during I9i(9« A total of 51«3 paruant of all bndton out anbryaa fra»

tiie inbrad linea vare in malpo«ltioa« Tb0 ineidanea of position 2

again occurrad fraquontly« baing found in 9*6 peroant of all brol^ out

ambryoa* Posititwi 13» hoad in ai&all and undar right aing^ ma ob«

aanrad in 10«6 paroent of all brolcan out smbryos idtile position 22

ooeurrad in 7*U pareant* Of tha 22 raportad malpoaitiona daaorlbad

for both ysars, 20 ooeurrad In l9t^«

nio incidaooa of oalpositiona failed to inoraaaa aa tha dagraa

of inbraoding Incraaaada

Stadias in 19i|8 ravaalad '^t 6*0 peroant of all brokan ont

apaoifliena ahoaad aauo almormal condition* Of this total* 15*0 par*

eant wwra found in eondition 1* thin apindlo and undaraloped* This

aendition vaa obsarrad stoat frequantly during the 19i49 hatching

aaaaon. Of the 5^ abnorBal oonditlons repcnrtad and daaorlbad foi*

both yaars* 20 ware fousad in 19i4B«

Baeordad data en tha inbrad linea for 192|9 ravaalad that 11*3

paroant of all broken out embryos axhibitad aoma abnormality* Of tide

total* 33*1 peroant veora found in a thin spindly and undevalopad eon*

ditiou* Mieromalia aas found in 13«3 paraont and Chondrod^stropihy in

21*2 peroant of all brokan out embryos* Of the 5^^ abnormal oondltliuaui

raportad wad daaorlbad in 19^ aud 1949s 34 Wtra found in 19!^*

Zha inoidanoa of abnonoalltioo for tha Inbrad stock of 1949 was
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oonsidsrabXy higher than that for tha inbrod stook of ISiiijBa! Ihia

faotor it oonsldMrtd at oridonot that b3*Mdlng la an ii^rtoiit i^urtor

in ths ooourrenoa of ahoomal «ahryoa«

Studita of amhcyo malpoaltiona trm tha Idth day throng tha

SSxA day iduMmd that 17*5 pax*o«at of all brokan out acvbryoa uort ixm

aoxttal hatohing poaltion* This fLgora Inortattd fitia ̂ *5 pareaot

for tha 00th day to 77»7 paroent for the ̂ ad day*

fb» niortallty ourra for all dead ambryoa ohoamd minor peaks of

mortality m -td^a 6th, I2th and 15th daya of inoubatlont siajor

period of mortality «aa ancountered frcm tha 18th to 22ad daya of

inaubation* A total of 65i»9 paroent of all dtmd amhvyea died during

thia major mortality period*

In I9i^, the prodxwtion'of malpositions and anotnalies by

daughters oould net be aaaooiated arlth the perfamanaa of their

On Ihe basis of the data presented, it eas eonoluded that

dfloetive izdireading must be praetiaed in order to obtain desired

inbred line*#
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IHTEODtJCIIOI

Sinoe vhen the first poxiltry shosr was held in the United

States# the poultry industry has resorted to the use of pure-hred or

standard*hred poultry tw inereased meat and egg produotiont

For tte last sereral years relatiTS little progress has been

made by the use by atandardobred poultry in inoreasing egg produtetion#

The broiler and egg producing Industry# In an effort to secure greater

^ins, increased produotion# and more effioient feed utilization# has

resorted to oross breeding* Many of these erosses hare girsn signifi»

oantly greater production*

To seeure more uniform breeding stock inbreeding of Tarlous

strains has been resorted to* These strains have been crossed in the

same manner as the corn breeders have crossed inbred lines of com*

Little experimental evldenee has been preeented giving the val\ie of In*

breeding or the reoomblning value of Inbred lines*

To stud^ the desirable and undesirable features of an inbreeding

program# and the reoombining value of inbred lines# this study sras initla*

ted* ihls breeding pro;}eet is a pcrticai of the Southern Regional Poultry

Breeding Project which was approved in 19ij.7# fiie data reported in this

stvidy involved a study of fertility# hatchabillty and the occurrence of

anomalies and embryos in malposition# The breeds involved were inbred

Baired Plymouth Roeks and open bred Hsv Ihmpshires# ̂ ite ̂ ks# and

Single Comb White Leghorns#



Wmm OF LITSRATOIB

fvm. th« of invostlgations reported^ it io o-Tidont that

physioal, ohejaioal and nutritionai faotora as wall as gsnatlo factors

Influcncs fertility, hatchability and tha produotion of abnormal am-*

bryostt

Studies by Olsen and Haynea {19i»8), worldng on the optimal tempera-

txires for tdxe storage of hatching eggs, led to the conolusion that eggs

stored at a ten^wrature of JO® p, for a period of 2 to 8 days gawe an
inor<Hkse in the incidence of embryo abnormalities*

Landauer and Baunam (1943) reported a decrease in hatchability

of eggs due to shipping and that the incidonoe of all types of owaoonly

occurring malformations was inoreased after the shaking of eggs prior

to incubation*

Taylor, Chnms and Moses (1953) observed that after twelve hours of

cooling during the stages of Incubation, the number of deformed and wwak

chioks was about doubled* Romanoff and Faber (1933) further reported that

incubating eggs at sub-normal temperatures from the sixteenth day throu^

the balance of the incubation period resulted in delayed and irregular

hatches.

Romanoff (193®) found that oarbon dioxide oonoenti^tion above a

1«0 percent level resulted in slow growth, formation of abnormalities

•3ad early embryonic death.

A number of studies on the effects of inbreeding in fowl have

revealed 8os» Interesting information on problems oonoerned with hatcha

bility, Cole and Halpin (1922), Donn (1923)« dbll (1929a), l929b).



3

(1935)» Doitowly (1950)# Hay« (1929# 1954)# Warren (1954)# and ShaffiMr

(194B) reported a doorea«e in hatohablUty a« the ooeffiolont of in»

breeding inoreaeed* watere and LsiQbert (1936a) (1936b)» citing reeulte

of a ten year inbreeding experlmentu found no general deoreaee In hatoba*

bility due to inbreeding# mters (1945) and Encot (1945) indicated that

linee of Inbreds oould be produced eithout a deorease in hatehability

provided eeleotlon «aa initiated and maintained to control the direction

of honoeygoeity during the inbreeding eiqwrtaents#

Ouofcorly (1930) and Bayi (1929) found a deoreaee in fertility for

certain Inbred linee a# the degrM of inbreeding was inoreaeed* Watere

and Lambert (l936a)|i (1936b)* and dull (1935) reported no apparent de

orease in fertility as a result of close inbreeding* Waters (1945) and

Knwc (1946) indicated that lines of inbreds oould be produced without a

general deorease in fertility if selection was rigidly maintained*

dull (1925^)* (1929b)* (1933) reported that close inbreeding

affected embryo zoortality from the Idth to idie Slot days to a greater

extent than snbryo mortality from the let to 17th days* He also found

that hatohability was affeoted to a greater extent during the first year

of inbreeding when the inbreeding ooeffioient was fwan 0 to 12*5 poroant*

From data ooUeoted on various breeds and lines* Shoffner (1948) oal-

oulated that the regression of hatohability on inbreeding was -•43^ *132*

iridch indicated that for eatdx 10 percent increase in the ooeffioient of

inbreeding there was an average decrease of 4*4 percent in hatohability*

^Tarren (1934# 1942) observed that crossing breeds iii?)rovod hatch-

ability as compared with Intra-breed matings* Similar data wore reported
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1)y fiorlaohern Smith «adl WiXay (I9iil) had Byerly^ Knox and Jull (195U}

who workod with birds in whioh the initial hatohability was low# If

hatohability in mating# within broods was hi^, crossbroeding was as

llkoly to decroaso hatehability as to increase it« More recent vca>k

by Cudley (19ijU) supported this viewpoint#

Intercrossing of inbred lines of ehiokens bas in most instances

given favorable results# Jull (1935)» (1951+), Waters (19i^5)»

Knox (19^16) all reported an increase in hatohability by crossing cer

tain inbred lines# »Jull (1955) oi»o reported a decrease in fertility

due to Ihe crossing in inbred lines#

Waters (1938) produced evidence which showed that the crossing

of highly inbred White Leghorn cooks to open-bred or random-bred white

Leghorn females io^>roved hatohability# He further stated that from the

evidence presented on this subjeot, it would seem that results in

inbreeding could be determined by the amount of suocess in seleotion

acoompenying Inbreedix^# rather than on any other factors already dis-

oussed#

Landauer (19)48) desoribed vdiat is eommanly known as the normal

position of the embryo before time of hatoh*

Before hatching# chicken embryos normally assiame a char
acteristic position within the egg so that the long axis of the
embryo coincides with the long axis of the egg and the beak is
located underneath the right wing# with the tip of the beak di
rected toward the air space in the blunt end of the egg#

It was first recognised by Sanctuary (19^3) that among chicken

embryos idiioh had either died after the eightemath day of development#

or which were still alive at the end of the incubatltm period but had

not emerged from the shell# somewhat more titiaa ^0 percent were found to
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la positioa# differeat froa thai: doscrlbed a< normal. Just prior to

hatehiag timo.

On th« basis of S«notuary (I925), Hutt (1929), Salth (1931),

Dovo (1935)# Waters (1935) Byerly and Olson (I936), the following

olassifloatlon of taalpositloas has boon aooeptod by the jaajorlty of

InTestigators working oa these problams#

Malposition I Bead between thighs
Malposition II • Head In small end of egg
Malposition III Head to left Instead of under right wing
Malposition If Embryo rotated with beak away from air cell
lalpositlm V Feet over head
Malposition VI Beak above right wing instead of under it

Byerly and Ols^wi (1936) observed that among embryos sdiieh hs4

died between the eighteenth day and the end of incubation perlodji that

iil»2 percent assumed a normal position before death that 25«7 3?or«»

oent wwe found in malpoiition II#

There is serious disagreement ameaig various invostigatcars re»

garding the oonslstmaoy with tdiioh malpositions prove lethal to the

developing embryo# Butt (19S9) and Hutt and Cavers (I93I) oonoluded

that atlpositims I, II# III, IV, or VI ahcost invariably proved lethal#

Dove (1935) aud Byerly and Olsen (1936) reported that position as such

is not always, and aiay only occasiomlly, be the real cause for failure

to hatch# Waters (1935) revealed that an exanlmtlon of live smbryos

from Inbred and out-bred lines of poultry shoved that nearly all were

in one of the so-called malpositions during about the 18th day of in

cubation, and, if death occm'red at this state of developraeat, the em

bryo would not be in a normal hatching position# Thus embryoaio cliange#

in position took place after the 18th day of incubation and certain

alleged Haalpositions were actually normal in the development of the
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smbryo*

Other more general factors stoich increased the ocoxnrrenc# of scbmi

of the malpositions hare been r^orted. Byerly (1958) reported that

exoesslirely high Inoubatlon teraperatures would raise the frequency of

malpositicme 1 and shereas malposition 11 was fomd to be more

than ordinarily easmcNa at ten^ratures below as well as above the opti*

mum# Znsko and Martin (1953) observed that frequ«it turning of eggs

during incubation tended to reduce the incidence of malpositions#

Smith (1931) revealed that low hatohabllity# Induced by poor

par^tal rations^ snss aoooapanled by an increase in the ooourrsnoe of

malpositions# Byerly and Olsen (193^) ^ agresmont with Smith^^

eapeoially in xegard to malposition III# Polk and Sipe (19^^) observed

that vitamin A deficient diets caused a hi^er frequenoy of all malposi*

tions except malposition VI# Similiarly, Sasko (193^) found that

dietary vitamin from cod liver oil« would decrease the frequency of

malpositions# l^p (193^) found that inbreeding traded to increase the

incidenee of malpositlone#

Ae BMuqr as sixteen lethal mutations, or hereditary faotcars causing

death of the embryo, have been reported at various times# Cme of the

sMist common and well known lethals, the Creeper fowl, was reported by

Sana and I«andauer (1926), Isuodaiaa* and Dinm (1930) and landauer (1932)#

ffae dharaoteristic external trait of Creeper ehiokene was desoribed as

being a shortness of their extremities# Due to the histologloal fea*

tures of the limg bones, the Creeq>ers were plaoed in the category of

skeletal abnomallties laacen as ohondrodystrophy# ^ey further ob-

sezved that true*breeding Creeper ohiokxms failed to materialise, an
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indioaticm that the Croopor mutation was lethal in a hmozygous state*

fheii* work with outerosses to normal stock showed ttet the Creopwr traits

were due to a dominant mutation hut that inter se matinga of Creepers

produced Creeper Mid normal offspring in tie ratio of 2*1 instead of the

esqpeoted 3il# This suggested a lack of the homosygous class of Creepers*

lendauer (1932) further obsearred that most of the homoxygous Creepers

died after only three days of incubation but ttot a few of these were

able to live into the late stages of smbrycmio development with none

ever hatohing# The older sudiryonio homosygous Creepers showed extan**

sive ahaomalities of the eyes, the head in general and especially of

the extremities*

Aanundson (1936) reported a lethal mutation in poultry in vhioh

the embryos exhibited deformed maxillae# The maxillae wwe absent or

muoh reduced in else, while the pre«maxlllae wes>e present but often re»

duoi^ in size# The mode of Inherltanee appeared to be a simple autosomal

recessive* A suggested reason for the lethal nature of this condition

was that -^o beak of the eminrye was too weak to pip the shell, thus pre

venting idle ohiok from hatching*

A mutation producing a variable reduction in Idie lengidi of -aie

upper besfc and a shortening of the long bones of extrotaities was reported

by Imndauer (I9l4l)* The majority of the "short upper beak" smbryos

died during the last days of incubation althou^ a few did manage to

hatoh, iMs condition suggested the presence of a semi-lethal gsnetie

factor* The multiple oharaoteristics of this mutation wetQ reported ftf

heing caused by a single, autosoaal, recessive factor*
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Assiundsou (19^* 19^) obgerved a lothal mioraaella whioh appear*

ed to be a iumozygoug azprosBlon o£ two recossiTo gKuifl* Aa ciabryo la

this oondltioa waa markod by very short extroKultiesj, a short and currod

upper beak and a defeotire loirer beak* A large nvoaber of these embryos

suznriTed to the third eeek but none ever hatched*

IKaters aad Byeaters (1943) deseribed a lethal mutatioa of the fowl

uhloh they desigoated as "wingless"* The wings were generally mtirely

lacking but oeoasionally wing vestiges oould be found on one or both

sides of the body* lisay of these "wingless" embryos survived to the end

of the incubation period but none 9W hatched* This condition waa

thought to be brought about by (uie recessive geaae substitution*

Marble* KsBmers and Hax^er (1944) described a lethal mutatioa In

poultry in which Cerebral hernia was a regular featwe and the lower

mandible usually zoissing* The upper mandible was usually abnormal*,

being reduced in size and curving v^pwarde* The eyes were generally ab*

normal and the facial parts red\ieed in size* This oondition was inheri

ted as an autoscmal reoessive*

A lethal mutation in poultry involving a shortening of the lower

mandible was reported by HoCUbbon (1946)* The shortened lowsr mandible

rarely exeeeded one half the length of the iqppwr mandible in unhatehed

embryos* This condition was considered semi-lethal since approximately

one-half of the affected embryos hatched* though many perished imme

diately following hatching* This oondition was inherited as an auto-

somal reoessive*

It is of interest that Landauer (1946) reported successful attempts
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to toleet against aacpresaioa of the "short upper beak" nmtatlon in fowl*

He found that by eeleeting agalnet the lethal action of and the produo*

tion of beak defects by the "short upper beak" arutation he was able to

increase the peremtage of hatehed chicks to nearly normal showing little

if any of the beak defects previously mfflitioned* He oonoluded that

"modifiers" w«B*e a part of the normal genie make-up of bMk dsrvelopment,

particularly in White Ijoghoms*

Embryo mortality is not distributed at random ow«r the entire

incubation period but occurs more frequently at eertain periods of de»

velopmeacb than at others* %erly (1930) fout^ three mortality peaka^

occurring maizily on the third, tenth, and last three days of incubation*

ByerXy, Knocx and dull (193U)* working with various inbred lines, re*

ported two principal peaks of mortality, 0x10 on the third day of inou-

baticai and the other during the last three days of incubation* Thsy

concluded that the effects of crossbreeding and iiabreeding could be seen

at these two critical peaks in embryo developmsnt* (193^), working

with various types of matings, reported two principal periods of oabrye

mortality, one during the first five days of development and a second

from the 17th to 2l8t dayw*



HATEHULS AHB METHODS

Ito 8our09 of the Barred Plyeou^ Rocks used in this study ori*

giuated from the Wilcox and Coohran strains# Prior to 19l+7t these two

strains were crossed and reorossed with inadequate records kept regard*

ing the parentage of each individual# For this reason^ it was oonsi*

dered that this project was initiated with open*bred stock#

During 19L{6» pens consisted of brother x oixber^ son x damg and

half-obrother x half-sistw matings# Pea raatings consisted of 10 peas

containing a total of I50 hens# Individual pen asatings ranged frtm 8

to 22 hens per isale#

During 1949# poas consisted of second generatim brother x sister#

son X dUm# son x grandaa# and half*brother x sister matings* Diarlng

1949# open*brod stock of Hew Hampshires, Single Comb White licghoms# and

White Plymouth Rocks wwo included# Pen matings consisted of l4 pens of

inbred Barred Plymouth Rooks involving 11^5 hens, one pen of White Ply*

mouth Rooks consisting of 16 females, me pea of Hew Bmapshires consist*

ing of 15 hens, and two pens of Single Ccmb White Leghorns consisting

of 51 birds were used# Xndividxial pen matings ranged from 6 to I6

females per male#

An all*purpo8e ration, considered adeqmte for the various nti*

trients, was fed to all birds during the two years reported here# In

1948, the birds were kept in ssmi-oonflnement, but in 1949, oou^jlete

Qonfinement during the breeding season was resorted to#

Eggs were set at weekly intervals# The hatohing season for 1943

extended from February 23 to May 4, and for the 19^49 hatohing season



from Pobruary J to June 2^# AH ogg# woro Idmatifiod as to parentago

and date of pjroduotion* Eaoh egg was pedigreed hatohed* All clear eggs,

at time of testing oa the 18th day of Inoubatlon, were oonsldered infer*

tile and dtsoarded* At eompletlon of the hateh, ohloks were reDurred from

the pedigree baskets, wing banded and the menber of strong azid weak

chicks reoorded. All mhatohed eggs wsare broken out to detemlne the

position, age at anbryonlo death and physieal appearanoe of each embryo

and data recorded for future analysis* A total of 11,112 eggs were set

during the two year period*

For ready reference and clarification, some of the teras xuied in

this thesis are defined or describedi

Chondrodystrophy • a condition tndiere the smbryo exhibits a parrot*
liko beak, shortened extremities, bent bones and the long bones
of the leg are more reduced in length than those of the wing*

Club down • A tight matting or curling of the down which gives
the appearance of a ntmber of small knobby clubs over the body
of the chick*

CraniH hernia • An incomplete enclosxire of the brain, part of
whick may be seen exuding*

Inbred • Mating of related individuals*

IflLcromelia • Abnomal smallness of the limbs*

Opett*bred * Refers to stock that is not related but within the
same ^reed or variety*

Out-bred • Refers to a mating of inbred Individuals to those un-
relatod*
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Results end dscussion

During the 19li8 hatohing seasonj, a total of 5968 ogga wiira iat

from 10 pens of inbred Barred Plymouth Rocks, representing I50 hens#

The fertility of all eggs set was found to be 75*1 percent# This figure

is somosdiat lower than is normally expeoted from open-bred stock in

corameroial hatohories# Fertility reeords for individual pmas ranged

from a low of 5i«l peroent for pen R-7# "to ® high of 93*3 perossat for

pen C»5« Individual pen reeords ea fertility are presented in Graph 1#

Dtaring the I9i(9 hatching season, a total of 5I70 eggs were set

from 111. pans of Inbred Barred Rocks, 0 total of IL^ hens# In addition

to eggs used from the inbared lines, there were included I97I4. eggs frm

four pens of open-bred birds, consisting of Sew asmpshires, mte Ply

mouth Rocks, and Single Cco^ White le^oms, a total of 6S hens# Fer

tility for the inbred lin-n snas found to be 58*9 percent as compared

to 7U#9 percent for the open-bred stock# The fertility figures for the

inbred lines are considerably lower than figures for a similar period la

l9ljS# Attention should be called to the fact that the peroent fertili-^

for 19J4B approximated the percent fertility for the open-bred stock in

19h9* 'Qm degree of inbreeding in 19^48 wes small and may account for

this condition# The open—bred lizu>s gave a pmrosnt fertility somewhat

lower than is normally expected, but it was still much hi^er than that

produced by the inbred lines in 19149# On the basis of this limited data,

it may be expected that the percent fertility would decrease as the co

efficient of inbreeding increased* This is in agreement with Haye
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(I929) and Duakerly (1950) ♦ Portility figures for individml pens In

the Inbred lines for 19U9 ranged from a low of 18»2 percent for pen h-2

to a high oP 86»1|. percent for pen Fertility reoorded for the open-

bred lines ranged from a low of 148.9 percent for the ?fhlte Hock pen to

a high of 92.2 percent for White teghorn pen (>2). Individual pen re

cords for I9I49 are presented in Graph II.

The ecflsaercial hatoheryman is interested in the total number of

chicks that hatch from all eggs set and usually eiqpeots at least ft 70

percent hatch under ordinary operating conditions. In a study of hat-

chability« it is essential to consider the porcsit hatch of fertile eggs

set as well as the percent hatch of all eggs set.

For the ten inbred pens of 19li3|i the porcent hatch of all eggs

set was 55«2 while the porcent hatch of all fertile eggs was 75.5. This

reveals that even though only a little over one-half of the total eggs

set actually hatched, almost three-fourths of all fertile eggs set

hatched* The peroent hatchability of all eggs sot ranged from a low

of 9*7 For pen R-7 to a high of 76.1 percent for pen C-5. The percent

hatch of all fertile eggs set ranged from a low of I8.9 for pen R-7 to

a high of 82.9 for pen C—1. Individual pen records for peroent hatch

of all eggs set and for peroent hatch of fertile eggs are presented in

Graph I.

Frcm the II4. pens of inbred birds used during the I9I49 season,

the percent hatch of all eggs set was only 35,3 while the percent hatch

of all fertile eggs was 58.9. This shows a severe decline in hatchability

from 1938 to 1949* Fhis is in agreoaaoit with Cole and Ealpin (1922).
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Item (1925), mi (1929&)« (1929b), (1935)# Dwdwrly (1950)# Hiyi (I929)#

(I95U), Warrea (1934)# Shoffnar (191^8), wbo reported that a decliaa

la hatehahility was obsorvod as tho aoaffiolent of iabraeding Inoraaaad*

5lie paroant hatahability of all agga sat for idio inbrad linas remgad

frcBi a low of 5*3 ̂ 0** P®» 1^ ® high of 60#5 ̂ or pan L-9« 1"^ i» of

intorast to note that pan ]>5 «diioh was hlph lo parooat fertility was

saoond high i» 'this category with s. 37•h percent hatch of all eggs sat*

The percent hatch of all fortila eggs for tho inbred linos raagad frqa

a low of 18»6 for pen 1,-3 t:o a high of ̂ ,7 for pen C-3«

For tho foxir pens of opan-hi«Mi Tjlrds, tho pero«t hateh of all

eggs sot wna 6l»7, while the paromtfe hatch of all fertile eggs was

Those resnlts are lower than eonaidorod desirable for brooders, but de

finitely higher than either of the two inbred groups in 19148 or 19i49#

The percent hatch of all eggs set ranged frcsa a low of 39*8 for the

lidte Hocks to a hi^ of &)*5 for one pen of lilhite hoghoms (3-2), She

perosot hatch of all fertile eggs ranged frcm a low of 75*9 fer mo pea

of sshite heghoms (pm J;#»l) to a high of 87,14. for a second pen of >i/hlte

leghorns (pm 3^)* Individml pen records for both inbred and open-

bred lines may be found in Graph II.

After all chicks were rmoved frcm the incubator, each egg that

failed to hatch was broken out to determine the embryo position, age

at mbryonic death and physical appearanoe* A total of I919 eggs were

broken out during the two year period, A complete list of all embryo

positions and abnormalities was ocmplled for l9hQ and 1949, suBoarized

and described in Tables I and V,
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TABLS X

POSITIOH OP CHICK EIIBRYO IH BROKEN EGOS AT BHD OP INCUBATION
PERIOD DURING HATCHING SEASON OP I9l48 AND 19ii.9

'osition
Naab«r Description

1 Embzyo in normal position

2 Head in the large end m over the right wing
Head in the large end m on the right side
Head in the large m under the right foot

5 Head in the large end «» under the right thigji
6 Head in the large end m under the left wing
7 Bead in the large end «e under the left foot - •
8 Head in the large end «e on the left side

9 Head in the large end ei» over the left wing
10 Head in the large end «» under the left thigh
11 Head in the large end m covered over with both feet

12 Head in the small end as over tlie right wing
15 Head in the small end em under the right wing
lU Head in the small end « on the right side •
15 Head in the small end e» mder the right foot
16 Head in the small end m under the ri^t thi^
17 Head in the small end over the left wing
16 Head in the small end e* under the left wing
19 Head in the small end on the left side
20 Head in the small end•under the left thigh
21 Head in the small end m under the left foot
22 Head in the small end m covered over with both feet
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OootureneAn ttad lnold«ind« of embryonic positions are presented in

Tables II and Illji wblle the ocourrenoe and inoidanoe of ebnorml aa»

bryog are presented in Tables IV imd Vli

It is of interest to note that percent of all broken out

embryos in 19iiB irere foimd in a "nonnal" hatching position, while 51

percent of the «»abryo8 exhibited some malposition. Position 2^ head

in largo end over right wing, was obsorved meet frequently, being

found in 12,2 percent of all broken out embryos# Another m&lpositlcn].

of frequent occurrence during I9J4B was position 22, head in small and

covered with both feet, found in 12,0 percent of all broken out eanbryos#

Positl<m6 1 and 22 laay be observed In Figures 1 and 6, Plate I# Of the

reported 22 positions described for both years, nineteen were found in

broken ovtfc onbryos during 19l48»

Similar results for the 1949 hatching season were obtained for

broken out embryos, Hie inbred lines for I9I© had ijB*7 percent of all

broken out embryos in a normal hatching position# This loft 51#5

percent of tiio (sabrj'os showing some form of malposition. The incidence

of position 2 a^in occurred frequently, being found in 9#6 percent of

all broken out embryos# F'ositicn I5, heed in small end under right

wing, was observed in 10,6 percent of all broken out embryos, while

position 22 occurred in 7#!; percent# Of the 22 reported positions

described for both years, 20 occurred in I9i^#

Results for the open^bred lines showed that 49*^ percent of

all broken out embryos were found in a normal hatching posititm#
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fUimt

Explanation

Top row • IcMft to right

Fig« 1 •■ Ehibryo in 8o->call9d normal hatching position
Fig, 2 • Babryo with hoad in largo end of ogg-under loft wing
Fig* 3 Embryo with hoad in small end of ogg-on right sido

Botton row • loft to right

Fig* I4, • Babryo with hoad in largo ond of ogg-ovor right wing
Fig* 5 • Babryo with hoad in largo ond of ogg-twistod to tho

loft and turned away frcaa air ooll.
Fig* 6 •» Embryo with hoad in small end of ogg-covorod with

both foot*
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Siia figiare is «lightly uoder that o£ tha iubrsd stock £ae bot^ years

of iztbreediog* Position 2 appesred most often la the open-bred stoek^

being found in 12*7 peroent of all broken out mabryos* Position I3

ens found in 5*7 percent of all broken out embryos, sAiile Position 9

was observed In 5«2 peroent of the oases* Of all the broken out em«»

bryos for both years. Positions 2, I5, and 22 were feisad most oftsns

aoeountini; for 26«i4. peroent of all malpoaitlone*

A study was made of smbryo malpositions from the 16th day through

the 22nd day of inoubation for the ptirpose of deteotlng possible ohaziges

in snbryo position during this period* On the 18th and 19th daye of

inoubation, it was found that of all snbryos broken out, approximately

17 *5 peresnt were in a normal hatohing position* From the 19th day

through the 22nd there was a definite increase in the percent of em*

bsyos in norml hatohing position* This figure Inereased fm ̂*5

perosoat fcs* the 20th day to 77*7 peroent for the 22nd day* This is in

partial agresment with llhters (1955) who observed that nearly ell live

smbryos examined wwe in one of the 80»called malpositions during about

Idie 18th day of inctibation*

33he imidwioe of malpositions in 19b9 did not materially inf*

orease over that for a similar period in 19i48* From the limited data

available, it appeared that olose inbreeding did not increase the inei*

dUuitte of malpositions frcm one generation to another* This observa*

tion fails to agree with D^p (195U) sAio stated t^t olose inbreeding

resulted in an increase of embryos in malposition* lowever, it should

be pointed out that the 19149 breeders were seleoted from dame producing



25

a low incldOQC© of embryoa in malposition.

B^caa a total of I9I9 broken out CEibryos for both l9li^ iKftd i9li9«

there were found 50 so-called abnormalitiesj many of which have betoi

described by other investigators as being of a lethal nature# Ineuffi-

dent work has bwsn initiated to detemine the mode of inheritanee or

geoetio backgrovBid of many of these rs^rtod anomalies# Due to a lack

of exacting infosnaation^ workers have made certain assuaptions regard

ing the natwe ad lethality of certain reported malformations or ab-

nomalities# A ctanplete list and description of all abnormal smbroyOS

observed in this study and their positions is givsm in lable V#

Studies in 19it8 revealed that a total of ijD smbryos, or 6#0 per*

cent of all broken out specimens showed seme abnormal oondltion# Q£

this total 15#0 percent were foxaad in condition 1, i#e#, thin, spindly

wad ̂ developed smbryo# Ihis oondltion is illustrated in Plate II,

Figure 1# Conditions 20 ad 22 were also found in 15#0 percent of all

alsaormal embryos# Together, tliese three eoditions make about one*

half of all ancmalles obeerved# Of the 5® ateoraial embryos reported

and described during the two years, 20 were found in ISd^S#

Studios of the inbred lines for 1949 ahowsd that a total of 118

Speeitneiui, or 11*5 percent of all broken oirfc embryos, exhibited some

abnormality# Of this total, 58*1 porcont were fouod in condition 1#

This condition by far exoetdd any that was reported during I9l0* Con

ation 20 was observed in 4«2 percent of all abnonaal embryos# Condl-

tlon 44 occurred In 5#1 percent and condition 48 in 13,5 porcont of all

abnormal smbryos# Both of these conditions wore ooncerned with short

shanks# Condition 49* described as chondrodystrophy, was observed

in 21.2 percent of all almoymal embryos# Hone of these hatched#
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tABLB ?

ABNORM&IJTIBS MD POSITIONS OP BMBRT03 IK BROKES BOGS AT BSD OP
IHCOBATIOS FBRIOD DOBINO H&TOHIBG SEASCBIS 3.914644.9

GOQUtim
Ifunber DBgerlptloa

2

I
5
6
7
8

10
11

12

15

t.<

17

18

19

20

21

22

23

Thizif spindly mad mdvralopgd «Bibryo

Cross bsftk • oabrye in nomal position
Cross bosk •* ho«d in largo ond^Ksvor right wing
Cross b«kk «• hood in small ond«oTor right wing
Cross boak • hoad in small tnd-coTorod ovor with both Poet
Cross beak * head in small ond«>tindor loft foot
Cross boak « thin, spindly, \mdwreloped smbrye
Cross boak •* loft eye missing<<»hoad in small and*oovorod
ovor with both foot
Cross boak •• right oyo missing^dioad in soall ond-ooTorod
over with both foot
Cross boak « both eyes inissing*<«mbryo in normal position
Cross boak «• oranial homia-left oyo misaing-otto too only
to oaeh foot-visoora protruding*ombryo in nomal position
Cross boak • four logs»two bodios<4toad in small ond-owor
left wing

Parrot bMk ̂  hoad in largo ond*oror rij^t wing
Panrot boak • thin, spiztdly, uodorelopod oeibryo

Head throu^ the yolk sao in the largo ond«K}Tor the
right wing
Head throng the yolk sao * in tho largo endiMMmirod oror
with both foot
Bead through the yolk sao •» in the small end-H>n the right
side

Head through the yolk sao * in the sbaII end»on tho left
sido
Head through the yolk oae «> in the small ondooomrod ovor
with both feet

Chabsorbod yolk sao * oabryo in normal position
thiabsorbod yolk saO •• hoad in small ond'Hon right tide

Club down • embryo in normal positixni

Club foot » head in small end-under left wing
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ABKORM&LIf XSS AND FOSIIIOBS OF MBRYOS IN BR(^N EGGS AY END OF
INCOBAYION PEEIOS WRim H&TCHIM SS&SO!^ 19l4Bmlt9 (Co&tiaxiad)

Ntmber Doaorlpttcxtt

2^

25

27
26

29

30

31

32

33
3U
35
36

37
38
39

ho
ill
I42

is
115
116
117

1|8

50

Craoiftl
Cmilal

Crsinlal
Cranial

haraia <» iMiad la •aall (Udi^oovaraa or«r with batiOi

hamift • both eyoa al»cing->thin» spindlymdovalopod
hornla « elub doim*heAd la aaalX ead>i»id«* right Foot
hamia « pairot baak^hoad la tmall oad-oa laft slda
hernia <» thin*^ «pladly«, uodeveloped embryo

Short v^per mandible • both OF®e missiag*h«ad in largo ind-
erer the right wing
t^per mandible and both eyes mlsslagohead la mnall end<»
ooTTored over elth both Feet
Upper mKxdible and both eyes stiesing-head In small «aid«
vmder llFt thi^
Ipper xaandible and both eyas miseing<<thln, spindly^
undeveloped aabryo
Short loeer mandible •• thlui, spindly^ undeveloped embryo
X<o«or mandible sdasing <* head in large end-on leFt side
Right ving missing » head in largo end-over right wing
Headless embryo • ri^t wing missing-head in large end-over
right wing

Short shanks - head In large end-over right wing
Short shanks - head In large end-under right thigh
Shcrt shanks - both eyes and t;^por mandible missing-head
in large end-ever right wing
Short shaniks - head in small end-on the right side
Short shanks - head in somll end-over ri^t wing

head in small eid-tmder right wing
head In small end-under right Foot
head In small end-on leFt side
head in small end-tmder leFt wing
head in small end-oovered over with both Feet
parrot beak-oranial hemia-head in small stnd

on ri^t side
Kiercmelia
Chondrodystrophy
Chondrodystrophy - head through yolk sao

Short shanks

Shert shanks
Short shanks
Short shanks
Short shanks
Short shanks
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Plate 2

Explanation

Top roar » left to right

Fig« 1 - Thia spindly undsvelopod onbryo
Fig. 2 • Cranial hernia • Mioromelia <• Club dowa
Pig. 3 • lihibryG choked vdth yolk aao

Botton row - loft to ri^t

Fig# I4. •» Cranial hernia thin spindly undeveloped embryo
Fig. 5 •• Crossed beak - Miorcmolia
Fig. 6 • Micromelia
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Cosiiitiozul I and I4B my b« som In Hgures I and 6 of Hat* 2» Oon^*

tiott 149 i» illuatratad in Flguro Piato 5# Of tho totalg 50 al»«

normal ambryonio oonditlona roported and doaoribod tov 19^ XSi^,

3I4. of thaae «»ro fonnd in I9l^*
t

Studios of tho open-brod sto<± in 191^9 rovoaiod tl»t 7#5 

oont of all brokon out oaibryos wore fotaad in scnao abnomal oondition*

Oaaly X6 of 212 smbryos oaddbited any atoomal condition abon brokon

out* Condition 1 vas most of ton obserred^ -fdiis occurring 3 tiaos cr

19*0 poremt* Ibo ̂ oqueneo at iMoh abnormal eadnryos might oeour in

thoso brooders cannot be prodiotod duo to ths small nmabors aTailablo

for study*

She incideneo of abnormalities for tho inbmd stock of I9lj9

mas oonsidorably higher than that for tho inbred shook of 19148* Thle

factor is oonsidered as evidcnee that brooding is m Important fac

tor in the ocourrenoe of atmormal embryos*

She ago of the embryo at time of death for both years was de

termined and recorded* Shis laaformation is presented as a mortality

ctirbt tn <h*a£h ill* Two minor peaks of mortality were observed on

the 0th luxd 12th days cdT incubation* A ̂ ird peak of mortality

eoeurred on the 15th day of ineubation* It ie of interest to note

that a large number of thin* spindly and undeveleped embryos died on

this day of inoubatioa* A fourth period of mortality ooourred trm

tho 16th throu^ the SSnd days of ineubation* with the peak reaeln^

on the 19th day* Of all the embryos brokon out for both years* 22*5

peroent died an the 19th di^« All embryos that were still alivi
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Flat# 5

Explaziation

Top row • left to right

Pig, 1 - Left wing missing • Tsstigo rwcaains
Pig* 2 - Upper mandible missing
^'ig« 3 ■" Lower mandible missing

Bottcm row •» left to right

Pig* h " Chondrodystrophy
Pifi* 5 ** Fifteen day old headless embryo
Fig* 6 «» Cross beak - one toe only to eaoh foot*»vi6oera

protruding
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Kim larokwo. out woro listed a* dying on the 22xd day as it was fslt

that '^sse snbryos would nsrer hsTS hatohed under eonditiohs generally

aoeepted as good inouhatitm operations* Of the embryos broken out on

the 22aili day, 19*1 peroent were still aliwe* Of all the embryos

broken out 8;^*9 peroent died during the fourth period of mortality*

Byerly (1930)# Byerly, Knox and dull (193U) had Bpp (193U) reported a

similar period of mortality* Byerly (1930)# Byeriy, Knox and «hill (193^)

and Opp (193^} reported one period of embryo mortality on the Mh,

and daye* Ihis early embryonie morality period failed to material*

lee in this study* Ihis was probably due to the faot that examinatione

were made caaly on the 22nd day, thus fev embryos dying at an early age

were suitable for examination at that time*

Za 19it9 breeders wers seleoted en the basis of performanoe* All

poor breed«*8 wave disoarded* In 191)9# the produetion of malpoBitifms

and anomalies by dau^ters eould not be associated with Idie performanoe

ef tiieir dams* In this re^>eet, it should be noted that hens number

695* 1109, and 1168, all full sisters frcaa dam number 389# produced a

large number of embryos showing ohondrodystrophy* All fertile eggs

from this dam (389) hatehed and thus no dead ena>ryoe were available

for eximainatlon*

On the basis of the data presented in this study, seleotive Izt*

breeding must be praotioed to obtain ttw desired results*

She teohnique in ueing inbred lines of poultry to soeure homo*

aygous lines of breeding stook is a relative new proeedure in poultry

breeding work but has been well established by eom breeders* She
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Ihftt « poultry broodor might expoet in initiating an inbrtodc*

tag program aiU d«p«E»l oa th» giaatle oimstitution of th« original

•tooks* Tho data {nraseatad iadioata a Mgh poreeataga of malpoaitlona

and abnormal orabryoa bo aspaetad vithia tha firat two ganarationa

of an tnbraading program* Throu^ rigid solactiona ntora milfonn braod»

lag atoolc should davalop* fraa frcm those oharaotaristlos which appaar

to ba carried as reeassiTe factors«

More rapid progress in producing effioiaat indlrlduals shoiiXd

logically ba aapaotad if one might prediot the performanoa of a ftxtura

ganM'ation* Ihls would reduoa to a degrao the nacassity for tha

time oonsuaing practice of progeny tasting* IhaoratioaHy It mij^t

ba possible to produoa outstandls^ offspring throu^ reoombiidng er

orossing inbred lines within a giyan braad* Another uae of inbred

lines that locdca higbly praotioal is orossing inbred llnee of differ

ent breeds*

this problem is merely a basis for stuh a program^ ths results

of which will not be known until good inbred lines have been developed

and the reccmbining value of the lines detsn&tnad by looattng dseir*

able lines with which the inbreds will be OGopattlbls*
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ORtft are roporttd m. fwtllity and MtahaMlity atudlaa for

19ii8 and I9li9 iavolvlag 11,112 egga from opan-brad Wm

Vliita Flyaevth Book, Slnglo Ooak Ibito Lo^om and inbrad Barrad

Plyaottldk Book obiokona*

i£n tha inbrad llnea, tha paroant fertility daeraaaad 16*2 p<w»»

eant from 19ljS to I9i49* It tma found Htmb aa tha Intanai'fy of inbread<»

Ing Inoraaaad, tha paraant fartility daoraaaod*

Tha peroant hatah of all agga aat daoreaaad 16*9 paroant frooi

tha lS>i|8 to tha l$l$ hatehing aoaaon, addla tha paraant hatah of all

fartila agga daoraaaad 1^*6 for this ama period* A dafinita daoreaaa

in hatohabllity oeeurrad aa tha dagraa of Inbraading inarMaad*

A total of 22 lulpoaitiona and 9^ abnomal asabxyo oondltlena

»wa reoozdad and daaoribad for both hattdiing aaaaona, inrolTlng I919

broken cut agga* Tha inoldanea of laalpoaitionf la 19l;9 failed to

aaeaaad those of 19l}fi« Tha data indioatad that oloaa Inbraading did

not loorMsa 'ttia inoidanea of laalposltions*

d study of anbryonio positions raraalad that m tha 18th and I9th

days* 17*5 peraont of all broken out aaibryo# imra in a nonoal hatching

positioni this figure ineraasad from 52*9 paraooit for the 20th day

77*7 poroant for the 22nd day*

Position 2* head in large end over right wing* and position 22*

head in small mui oovared with both foot* ooourrod most freqimrntly

durixig tha two years study*
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the incideaoo of abnoxtoal wabryos in 19t+9 Inoroased 5»5 porcont

OTor those foimd In I9i4fl» Abnomal condition 1 (thin spindly and

xmdeveloped}^ condition I46 (Miercmielia)^ and condition ii9 (Chondro-

dystrophy) were found most frequently in broken out cmbryoa during both

hatching seasons* The incidence of abnomal embi^e increased ae the

intensity of inbreeding increased*

Three minor peaks of embryo mortality were observed on the 8th,

12th, and 15th days of incubation* A major period of embryo mortality

occurred frcm the 18th throu^ the 22nd days* The mortality peak was

reached on the 19th day of IrMSubation* Of all broken out ambryoa# 85*9

perowit died during the latter mortality period*

la 19ii9f the production of malpositions and anomalies by daugh

ters could not be associated with the porformanoe of their dams*

On the basis of the data presonted in this study. It Is be

lieved that rigid selective inbreeding must be practiced to seoxire

optlmua or desired results*
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