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IHTHO0OCTI0H

The chicken thyroid gland is e bi-lobed endoorinf gland 
located at the base of the neck and lies in close proximity to 
the sub-el&vi&n and common carotid arteries* The two lobes are 
completely separated and have a rick blood supply from the carotid 
arteries* Each lobe consists of a collection of. closed vesicles 
which are lined with epithelium and are filled with colloid*
Among the vesicles is connective tissue which contains the many 
small blood vessels. The metabolites of the thyroid gland are 
released into the blood of the jugular vein from which they are 
e&rried to all o&rts cf the body*

The thyroid gland has a close relationship with the 
anterior pituitary gland, the so-called ♦master1 gland of the 
body* The anterior pituitary gland secretes thyrotrophin, other­
wise known as thyroid stimulating hormone or £SB# which has a 
stimulatory action upon the thyroid* gland* thyroid gland in
turn produces a liormbn'e called'; thyfoxine which, influences the 
metabolism of body tissues. The relationship between the 
anterior oituitary gland and the thyroid gland is similar to that 
between a thermostat and a furnace. If the'level of - thyroxine 
in the blood falls below the level required by the anterior 
pituitary gland, additional TSH is produced which stimulates the 
thyroid gland to increase its production of thyroxine# T

It is now well known that the feeding of thiouracil \
; 7"
f i ■ !
. ' . a  

> .

i
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inhibits the normal -production of thyroxine ty the thyroid
plana. The anterior pituitary gland then produces additional
thyrotrouble hormone a hi ch causes the thyroid gland to
ihcroc se in height. Considerable variation in the magnitude
of the res ;onse to thiouracil has 'been observed. Presumably,
the individual variations in res onse are due to differences
in ;..he amount of thyrotro .hic hormone released by the
anterior eituitary gland, and/or a difference in the ability
of the thyroid gland to res pond to thyrotro .-hie hormone*
If either of these factions is genetically controlled it

*

should be possible to develop strains of animals differing 
in their response to thiouracil.

Lines of chickens exhibiting differences in thyroidal 
activity would be valuable, not only to further the study of
the inheritance of this characteristic, but also to furnish 
experimental material for the study of other characteristies 
known to be influenced by thyroidal activity. Such lines 
would be useful in studying variations in rates of growth, 
feathering, reproduction, lisease resistance, and other 
factors*

A



REVIEW OF L1TEI ATURE

Inheritance of Thyroid Response to Thiouracil

The Population
The fact that the thyroid gland of the fowl becomes 

enlarged when thiouracil is iministored is well known*
This phenomenon was observed by Astwood, Bissell, and Hughes 
(1944)i Mixner, Feineke, and Turner (1944)* Schulte© and 
Turner (1945), Andrews end Schnetsler (194&), and later 
by many others. The enlargement of the thyroid gland was 
shown to be the result of an increase in production of 
thyrotrophic hormone following the cessation of thyroxine 
oreduction brought about by the action of thiouracil upon 
the thyroid gl.nid* Maximum enlargement was shown to occur 
when thiouracil wa.s given as 0.1 percent of Cue feed by 
weight, and or etieally the same res oonse y,,v,s obtained with 
0.2 percent thiour cil. Toxicity a. s produced with high 
levels of thiouracil uUt not at the 0.2 percent level*

Fra.uency distributions of tnyroid gland weights have 
been observed to follow a positive skewed pattern* Hollander 
;aid Riddle (194&) oresented this type of distribution for 
a copulation of pigeons in axeh goiter was common. A 
similar distribution was reported by Mulligan and Francis 
(1951) in a population of normal male dogs, El-Ibiary and 
Shaffner (1951) reported two positive skewed distributions 
for thyroid weights of Mew Hampshire chickens. For one 
distribution the chicks had been fed thiouracil as 0.2
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percent of the ration from hatching time until 10 weeks of 
age, while the other distribution was for 10 week old 
controls* The distribution for the thiouracil fed birds
was skewed to a much greater degree than that for the 
controls*

The variability of thyroid weight was shown to be :;uite 
high by Juhn and Mitchell (1929) 'who noted that the thyroid 
gl and weights of Brown Leghorns were more variable than 
body weights -md weights of the brain, kidneys, spleen, 
hyoophysis, znd parathyroids* Aberle and Landauer (193$) 
co.iouted thyroid weight as a percentage of body weight in 
lay old white Leghorn and Frizzle chicks. The coefficients 
of variation were 32. 2± 1.23 percent for males and 31.$ £  
1.21 percent for females. Bergman and Turner (1939) 
observed considerable variation in the thyroid weights of 
White Leghorn chicks* The coefficient of variation of 
thyroid glands of normal male dogs computed from the data 
of Mulligan and Francis (1951) was 38*95 £  4*66 percent.

juhn and Mitenell (1929) reported that the left lobe 
of the thyroid gland of adult Brown Leghorn chickens h«~d a 
tendency tovr-ard greater development than trie right lobe*

The relation of the thyroid gland to sex has been 
examined by numerous workers, ana the majority of re aorts 
indicate that the female thyroid is larger than the male 
gland, particularly if examined on a body weight basis. 
Latimer (1924) reverted no apparent sex difference in
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thyroid weights of Whit® Leghorns on a normal diet except 
in the larger chickens, in *hich .esse the males «er# superior* 
Jubn fend Mitchell (1929) found the thyroids of sale adult 
Brown Leghorns were larger.then female glands, both on an 
actual weight and a relative weight basis* Brememtti* (1941) 
reported the thyroid glands of 30— iay^^old White Leghorn 
male chicks rere larger then those of females, shorese 
&l«»ZMary and Shaffner (1953) found the male thyroids of 
10 week ©Id Mew Hampshire® to be slightly' larger than female 
glands* On thi© other hand* female thyroid glands were found 
to be larger than male glen is !>*•• Atoerle and Lunds. u*r (1935)
In Whi te Leghorn® end Frlsslesi Bergman and turner (1939) 
in White Leghorn®| Crile; -and Quiring (1940) in Whi to Leghorns 
Brenesaan* (1941) in Eh ode island Redsj Monro # &osin, and 
KeCartney (1943) in White Leghorns, Hew lamp shires, Light 
'teesex, White Plymouth Bocks, and White Wy&ndotte'si Andrews 
and 3chnet2l*r (1946) in Barred Plymouth Bocksi •ll-Xbi&ry 
and Shaffner (1951) In lew Samphires & end. Hoffmann, Bhsff&er, 
.and Comstock' (1953) in t e  Samphires, White Plymouth Rocks, 
Rhode Island Beds, Columbians, and Crossbreds from White 
Plymouth look x Btocde Island led matings*

Ch&udhuri (1926) examined the iodine content of thyroid 
gland* from Old .English Came birds, the percentage iodine 
o** gland tas higher in females than, in males, but only 
'Severn birds of m & h  sex were examined and the difference m s  
not. signifleant*..■ , - ^



Bwipwm and .Turner ( I f  39) * and Bunro* ICosla# and 

McCartney (1943) found that the f$m&le. thyroid gland responded 
.nor# than the male gland to the administration- of thyratrophic 
h o m o M «

Hutt (1930) reported that females were hotter able to 
withstand 1-f-rf© ioets of desiccated thyroid than mXes*

feeler and Hoffmann (Xf4§b) reported that ferna!© chicks 
ha# significantly larger thyroid glands than male chicks 
at hatching time* ■dm their d»i wort fed 10 grams of thyro* 
rretoim per 100 pouiris of feed fro® the lay they mere hatched* 

Although thyroid weight response to thiouracil feeding 
was greater in mules than in. fw&lei, according .to Jindrew# 
r*nd Helmet tier (1946)# a greater response of females aver 
neles wus obtain## by Mixaer* Reinekc* and turner (1944)#
Schalts# and turner (1945)# 01#goner and Jull (1944a)# and 
H-IMary and Shaffner (1951)* '>■

Although Alice arid itithereah' (1940) found no effect m  -;A 
thyroid, weight of ‘dhite leghorn. ■ pullets by subjecting i h m  [ 
t% a tempera t e t % W  6O'-0*~- for store... than 100 deyr# :dndiwtionfi. 
of environmental effects on thyroid weight were "reported 
by Crulclcshank (Xf2f)y .at̂  Cruidlwhaaik- (1930) shea she noted, 
marked sea some X differences livdtgBNjftd weights of laying 
females* ft# thyroid was 35 percent smaller from April’to 
July than from January to larch*' Gal pin (1938) & l m  noted the
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thyroi ds of layinr hens vere 1,.:: ,.e in winter and decreased in 
size up to mid summer, after which they increased again in 
size# Heine Ks an1 Turner (1945) showed tuat thyroxine secretion 
of Thite Plymouth Rock chicks as highest in October and 
November and was low from March to August# Turner (1943a.) 
found that the daily thyroxine secretion rate of two year 
old hens v--. s highest from November to March and had declined 
at least 13 percent by May. Hoffmann and Shaffner (195-J) 
found tnat seven week old Hew Hampshire cockerels with a 
45° F. environmental temperature for tnree or four weeks 
had larger thyroid glands than similar birds held at 30° F# 
for like serious#

The gre,..t variability in thyroid weights led Aberle and 
Landnuer (1933) to suggest that is8 factors res onsible for 
this variability ”are to be locked for in the composition of 
the eggs from which they hatched as well as in genetic 
factors affecting thyroid size”. It is of interest at this 
point that Scharrer and Schror-p (1932) were able to Inc re-:, se 
the icniine content of eggs more than 100 times that contained , 
in ordinary eggs bp feeding two mill!grs.,as of iodine daily 
to their Hhite Leghorn hens for more tnan a year# nsmundson,
Aim uist, and ftlose (1936) noted that the iodine content 
of t/ie egg varied according to the source of the iodine in 
the hen* s diet. Andrews and. Scimetzler (1943) produced 
eviie.ee that thiouracil fed to laying hens was transmitted



* 8 

to 't'hmlf eggs '-'that were h r ©ducted there*
; ;r ' ■■; ' . .: > ,'. . , ; j « •' "■ - ' ; *  ' : ■'

ffbou t " -■•■■ -
The h«ri tabili ty of thyroid- weight in domestic fowl 

apparently has been' reported' only''by Sl-Iblary and Shaffner 
(19SX)* The herltability ©f thyroid weights in It week 
old Hew Hampshires on a normal ration was 62#7 percent in 
females and 43.S percent in'males as estimated from the 
effects of sires and dams combined# The estimate from Hires 
alone was 13*9 percent for females and 8*1 percent for males*
In similar birds fed a diet containing '0.2 percent thioara- 
cil the her!tab!11ty estimates based- on sires and dams 
combined were 0*61 percent in females and 0*71 percent in 
males* while the estimates based only on sires was aero 
for both sexes*

g£fA£-t§.,.a£-£fiIsfeS.t.aa
Apparently* the. only previous selection experiments 

Involving the thyroid gland in birds were conducted by 
Riddle and his associates with pigeons and doves and 
summarised by Riddle (194$# end by El-Iblary ■ and Shaffner 
(1950).with Hew Hampshire chickens* Riddle (1947) was 
able to select races of pigeons and doves differing in the 
weights of antreated thyroid glands* However* goiter 
became fairly common in moat of his doves and practically 
all his pigeons. It was- concluded that one or more genes 
were involved in the susceptibility to goiter* .Il-Ibiary
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and Ghaf frier (1950) ^ere able to select two lines of 11 ev/ 
Hampshire chickens which, af ter one generatio •. of selection, 
differ el -ignii i cantly in their thy r cil weight raw onse to 
the feeding of thicuracil as 0.2 oercent of the ration 
J* r O iul. Oii S O JL ct ̂ ̂ to 10 weess of age.

Evidence for a differential thyroid activity of birds 
and mammals was presented by .Cha.udhuii(192 &) who reported that 
tne average percentage iodine content of thyroid glands 
in ducks and fowls was significantly higher than that in dogs, 
goats and rabbits.

Genetic variations in weight of the untreated thyroid 
gland 'were resorted indirectly by Landauer (1929) and by 
Mayhem and Upp (1932), Upp (1932) and Upp (1934.) L&nduuer
(1929) re "orted a tyoe of dwarfism in Rhode Island Reds
associated %ith abnormal, enlarged thyroid glands. Mayhew 
and Upp (1932), Upp (1932), and Upp (1934) resorted the 
occurrence of a tyre of dwarfism due to an autosomal 
recessive gene. They did not report an examination of the 
tnyroils but they concluded their cases of dwarfism were the 
same tyre as that of L&ndauer (1929).

Cruickshank (1930) reported a difference in average 
weight of untreated thyroids of Br wn Leghorns and White
Leghorns, although the thyroid weight per kilogram of body
weight was the same. Munro, Kosin, and McCartney (1943) 
found no significant differences in thyroid gland weights



among I M t #  Leghornf Row Hampshire* Ms^V-Skkaeat* thi t#
Plymouth Reck and Ihii# tjyaadette .Chicks at 18 days of ag#i 
but Abefle and Landauer (1935) and Landauer and Aberle 
(1935) i found the thyroid gl&ads of Fritsle fowl were 
significantly larger than those of leghorns* Hoffmann, 
Shaffner* and.Comstock {1953) found highly significant 
hrmod differences among the thyroid weights of 12 week old 
broilers of How Hampshire®* Rhode Island Reds* Whit#
Plymouth Rooks* Columbians* and White Plymouth Rock x 
Rhode Island Red crossbreds*

Oanforth (1933) produced evidence that th# nature of th# 
response of th# plumage of any particular breed of fowl to 
thyroxin# depends* primarily* not on the hormone itself* 
but on the. genetic nature'of the 'bread in question*

thyrotrophia was found by Bates* Riddle and Lahr (1941) 
to elicit a markedly different thyroid response in two 
strains of Whit# Leghorn cockerels* Chicks - from on# source
re ulred four times as much tbyrotrophih as those from the 
other source to produce an equlvlent thyroid weight increase* 
Monro* Ko&in* and McCartney (1943) found significant 
differences among White Leghorn* *#« Hampshire* Light Sussex* 
Whit# Plymouth Rock and White Wyandotte chicks in their 
thyroid response to injections- of an anterior pituitary 
extract containing thyrotrophic fractions*
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Breed or strain differences in the thyroid response 
to the feeding of thiouracil have been reported by Mixner, 
Reineke, arid Turner (1944), Schultxe and Turner (1945),
Mixner and Upp (1947), GTxener, Shaffner, and Jull (1949), 
Andrews (1950),Boone, Davidson, and Belnek© (1950), and 
El-Ibiary and Shaffner (1950).,,

Tii® Crossing of High and Lon Lines
Aberle and Landauer (1935) and Lani&uer and Aberle 

(1935) reported that thyroid glands of Frizzle Fowl were lurg* 
th^n those of White Leghorns, and in reciprocal crosses, 
the Fj_ with the Frizzle as the male parent had much larger 
glands than either parent variety. The from the other
cross produced glands which were practically the same size 
as those of the Leghorns. Biddle (1947) reported the 
results of crossing races of pigeons and doves which had been 
selected for large and small thyroid glands. In general, 
measurements made on Fx hybrids tended to show metabolic 
levels which wereintp'J%edia te to those of the parental 
races# However, a few pigeon and dove hybrids apparently 
tended to have a higher metabolic rate than had either of 
the respective parental races. These results indicate 
that hstenosis as well as dominance or ©sistasis may be 
a factor in the ’weight of the thyroid gland.



The weight of the thyroid gland has. been sho?*n by 
Sselser (1937), and by hergman and Turner (1939) to vary in 
proportion to the amount ox exogenous thyrotrophin. It 
would seem that the thyroid glands enlarged in this manner 
would have greater function than smaller glands, but some 
controversy has oeemred concerning this problem.

Galpin (1938) found that tne chick embryo seemed to have 
the highest metabolic rate in the summer at the time that 
thyroid sloe in the hen was smallest* She assu>._.\ that 
thyroid function las inversely proportional to its mass, 
an o inicn shared by Hutt and Gowe (19*48) * Hon ever, the 
bulk of evidence in one literature favors the view that 
normally the sire of the thyroid gland is proportional to 
its function. Winchester (1940) reported that tne thyrotrophic 
hormone content of hens* pituitaries was highest during 
the month of February, and that heat production was 
maximum in February or March and was at its low point in 
late summer. Keineice and Turner (1945) observed that the 
thyroxine secretion rate of White Plymouth Rock chicks 
was highest in October and November and was lor/ from March 
to August, and greater thyroid weights have been observed 
in winter than in summer in laying hens by Cruickshank 
(1929) and Cruickshank (1930), Galpin (1938), and Turner



(1943a) • I t vould seem that greater demands mould be placed 
on the thyroid glands in the winter months than in summer 
for body heat production and greater activity*

Aberle and Landsuer (1935) found thet Frizzle fowls had 
larger thyroid glands than white Leghorns* Frizzle fowls 
have an abnormal feather structure and were found by 
Landauer and Aberle (1935) to have a higher loss of body 
heat and higher metabolic rates than normal chickens at 
low environmental temperatures* Munrcp Kosin, and McCartney 
(1943) noted that, in general, the bread with the largest 
thyroid glands under normal conditions exhibited the greatest 
thyroid weight resoonse to anterior pituitary extract and vice 
versa* This did not occur in all cases, however* Schultz* 
and Turner (1945) observed that the thyroid weight increased 
in about the same ore sort!on as thyroxine secretion rate 
in growing fowl, and Hansborough and Kahn (1951) noted 
the same trend in chick embryos from the eleventh day of 
incubation to hatching time* Although Allee and Lutherman 
(1940) f ound no effect on thyroid weight of White Leghorn 
pullets when subjected to temperatures of 6° C, for more 
than 100 days, Hoffmann and Shaffner (1950) found larger 
thyroids in Ken Hampshire cockerels exposed to environ- ^
mental temperatures of 45° F* for three or four weeks than 
in similar birds held at 80° F. for like periods* \

\



Iielati■-'■nshi'i to economic Characteristics

Sexual Maturity
Chaulhuri (1928) founi that the iodine content of 

thyroid glands from sexually immature White Wyandotte 
cockerels was lower than in those of the sexually mature•

Crow and Huxley (1923) found no noticeable difference 
in sexual maturity between controls and experimental birds 
which were fed two grams of desiccated thyroid per bird 
daily from three months of age until seven months of age* 
However, desiccated thyroid was reported by Turner, Irwin 
and Eeineke (1944) and Glazener and Jull (194&) to decrease 
the testis weight of males*

Scharrer and Schroop (1932) fed approximately two 
milligrams of iodine daily to White Leghorn hens and noted 
that !fbreeding tendency11 occurred earlier than in controls.

Thyronrotein has had variable results on sexual maturity 
-heeler and Hoffmann (194&&) reported that the feeding of 
thyroprotein as 10 grams per 100 pounds of feed during the

to Rhode Island Pied pullets retarded the 
onset of egg production from the 20th to the 25th week 
whereas McCartney and Shaffner (1950) recorded a significant 
increase in comb area of Hew Hampshire pullets fed a 
similar level of thyroprotein. Wheeler, Hoffmann, and 
Graham (1948) fed 10 grams of thyroprotein .>er 100 pounds 
of feed to Rhode Island Red chicks from one day of age to 
12 weeks of age and founi the control males had adopted



15

ifcocky *Tbehavior whereas the treated males had not* The 
testes of treated males 'were only J as heavy as those of 
controls* On the other hand, Kumaran and Turner (1949) 
found a slight ;■timulation of up © x*uicj. t o g on sis in Vs n it© 
Plymouth Hock cockerels fed 0*08 percent thyroprotein in 
the feed.

McCartney and Sn&ffner (1950) fed thiouracil as 0.1 
percent of the ration to dew Hampshire pullets and found a 
s J. x -i nt, but non-signi x i cant o, s c r $ & s s in comb area «
Schultze ::;.ai Turner (1945) noted no significant change in 
tee weight of she testes of 15 weeks old Barred Plymouth 
Rock cockerels fed with 0.1 percent thiouracil for the 
last three weens, but in 12 weeks old Fhite Leghorn cockerels 
fed with 0.1 percent thiouracil for the last two weeks the 
testes decreased significantly in weight. Decreased 
development of combs or testes or both in male chicks of 
various breeds and varieties were noted by As twee d, Pols sell, 
and Hughes (1944)» Glazener and Jull (1946a), Briggs and 
Lillie (1946), Andrews and Sehnetaler (1946), Shaffner and 
Andrews (1948) 9  Jaao (1948), and Kumaran and Turner (194§«

Thyroidectomy of Brown Leghorn cockerels was reported 
by GreerFood ond Chu (1939) to cause a marked regression 
of comb and testis development. However, thyroidectomized 
oullots were not affected as to age of sexual maturity on 
the basis of age at first egg. V-in Chester, Corner, and 
Davis (1949) resorted the destruction of thyroid glands
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of New Hampshire pullets with radioactive iodin 0 , and "tii© 
awe of first egg was not adversely affected when thyroid 
replacement theraoy was used.

£gg Production
belch (192 5) reported that ooultry in goiter districts 

in Montana seeded to nave normal egg production, even though 
the thyroid was frequently as large a the thumb. Wilgus, 
Gassner, Patton, and Harshfiold (194&) reported the experi­
mental production of goiter by iodine deficiency, but 
egg production was not improved by the addition of iodine to 
the ration.

The thyroid weight of adult female bbite Leghorns was 
resorted by Cruickshank (1929), and Cruickshank (1930) to 
be maximum immediately prior to the period of maximum egg 
production. Cruickshank (1929) and Galpin (1938) found that 
the a/eight of the thyroid gland of laying fowls decreased 
following the period of maximum egg production. C m  J ckshank 
(1929) reported that histological appearance cf the thyroid 
gland suggested a :tate of relative inactivity in laying 
birds compared to that of growing birds, and Galpin (1938) 
suggested that an inverse relationship existed between 
thyroid sire and reproductive activity in the fowl*

Booker and sturkie (1959) found that White Leghorn pullets 
laying four egg cycles secreted more thyroxine than those
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1 3 ■/1 nr in two Cj!clst, . n:i su' ge.-tea. t/u t tre rate
of thyrndlne secret ion ita y >1, y a role in the determination 

or cycle length, but net the interval between cycles*
Tee feeling of loiine has occasionally resulted in an 

iiicr ease .. in. egg _ ̂ reduction, although this has not always 
been true. Foriaes, Kerns, Bechdel, hi Ilians, Kath,
Callenbach, and Murphy (1932) , and Johnson, Pilkey, and 
Edson (1935) observed no consistent results from the feeding 
of iodine; but Simpson and Strand (1930) observed greater 
egg production than expected of their two and three year old 
hens* Following the feeding of iodine increases in egg 
production of 3.5 percent were noted by Scharrer and Schropp
(1932), 25 percent by Klein (1933)» and 12 percent by 
Zajtay (Zaitschek) (1934)*

0-esiccit tel thyroid has given variable results uien 
fel to laying fowls, oretally because of different dosages 
and lifferences in laying condition of the birds. Crew 
(1925) retorted a marked atimul .tion of egg production in 
age! females fed l^rge loses of desiccated thyroid, but no 
effect on egg produetion of hens was observed by Col© and 
Hutt (1927). Egg production was only slightly reduced 
by large doses of desiccated thyroid according to Crew and 
Huxley (1923), whereas egg production was greatly reduced 
or even stopped by large amounts of desiccated, thyroid as
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>rted by Sainton . n:l ^eynet (1926), nsmunoscn (1931),
Asmuni son air- Pinsky (1935) -nd /.smundson, Almauist and 
Klose (1936).

Toe feeding of 9.45 grams of thyroxine daily tc New 
H.-. Tip shire pallets from August to February r..s reported cy 
Glcirsner rad Jull (1946b) to have no effect on egg production 
vhen compared nith controls.

The feeding of thyroprotein, usually at the rate of 
10 grams per 100 pounds of feed, has received much treat­
ment in the literature in regard to egg production.
77r: etically all the resorts of increased egg production
have originated at the Missouri Agricultural Experiment
Station in the papers of Schultze and Turner (1945), Turner,
Irsin, and Fieineke (1945), Turner, Kempster, Hall and
Peineke (1945), Turner, Kempster, and Hall (1946), Reineke
(1946), Turner and Kempster (1947), Turner (l94$e), Turner 
"nd Kemp3ter (1948), and Turner and Kempster (1949). 
.-apparently aha only exceptions to the above statement are 
the resorts of Oe Man and Bos (1946) aha reported that toe 
feeding of 20 grams of iodinated casein per 100 kilograms of 
mash raised the egg production by 20 percent in Rhode Island 
Rods, this stimulation being obtained in spite of she fact 
that articiei&l lights had already brought egg production to 
s. higher level than normal$ .:,nd of Moore and Reas (1948) 
oho fed 10 grams of iodized casein per 100 p ■ u n d s of feed 

t© laying Rhode I si .and Red yearling hens and reported that



average egg production was 25.4 percent higher than that of 
controls* I© effect of thyroprotein on ©gg production was 
noted by Gutteridg® and Pratt (1946) 9 Gutterldg® and Bovikoff 
(194?), -McCartney and Hhaffner (1950), S&ftp, Turner,
Kempster, and Hogan (1952), and Lilli©, Si swore, Milligan, 
and. Bird (1952)* Wilson (1949) found that the feeding of 
io-Msated casein did not prerent the decline in egg production 
of $?hlte Leghorn, Bhode Island Bed ^nd Hew Hampshire pullets 
subjected to high ambient temperatures# On the other hand, 
S©cr©a»es in egg production in response to thyroprotein 
feeding were recorded, by Temper ton. and Dudley (1947), Hutt 
and Gewe (1948), Hoffmann and Wheeler (1948), Berg .*ad Bears® 
(1948) , Godfrey- (1949),/and Bey* and Be&rse" (1951) .• Booker 
and Sturkie (lf3C) noted'thet the egg production of' the 
control birds used by the Missouri group was rather lew 
conpsred to that of control birds used by Hutt and Go we (1946), 
for example, and suggested that iodinated casein might increase 
•gi nroduettofn of low r̂educing hens but have no effect on 
high produciag hens•

The feeding of thiouracil w\a observed to produce no 
effect on egg production by Andrews and Sehnetsler (1945), 
n nd Otar©her and Jull (1946b) * McCartney and Shaffner (1950) 
observed no effect 00 egg production when thiouracil was 
0.1 percent of the ration but when the dosage was Increased 
to 0.3 percent, egg production decreased# Oeeresi'ie# in 
egg production In response to thiouracil feeding were also 
noted by Berg end Bears® (1948)» and Berg and Boars® (1951)♦
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Thyroidectomy v;as reported by Winchester (1939) > and 
Winchester (1940) to reduce the egg pro due ti on from 3*77
0.39 eggs per hen per week to 0.42 ±  0.18 eggs. Injections 
of tlyroxine brought the egg production back up to 40 to 
60 percent of that of controls * Egg production declined 
when excess thyroxine was administered. Taylor and 
P.uim.ester (1940) reported that thyroidectc/ny reduced egg 
oroduction by 2/3 to 3/4 > while production of incompletely 
thyroidectorn!wed birds was reduced by 1/3. They were unahl 
to raise egg oroduction of thyroidoetcmired birds by 
thyroxine injections, but their dosages and timings were 
different from those of Winchester (1939) and Winchester 
(1940). Winchester, Coaar and Davis (1949) reported the 
destruction of thyroids of Uew Hampshire chicks by 
radioactive iodine and noted no adverse effects on egg 
production of the few females which reached maturity.

Fertility
Crew (1925) found that senile females were markedly 

stimulated to egg production by large doses of desiccated 
thyroid, and the aged cocks in the pen were able to 
fertilise these eggs by natural matings,

Dotasium iodide was fed to White Leghorns by Johnson, 
°ilkey, and M s o n  (1935) and no consistent effects on 
fertility were found.
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Thyroxine a as fed by H^ys (1948) to Rhode Island fed 
males varying: in are fro.*2 12 months to 4$ months or &ge, hat 
there -̂ er-e no significant differences in fertility* However, 
the thyroxine treatment prevented a sea serial decline in 
fertility experienced by the control males. Gone and 
Host's (1951) added thyroxine to semen samples and noted a 
lowered survival tine in the oviducts of female*, but the 
decrease was not signifleant*

Shaffner (1943) reported that the feeding of 'thjW'O- 
protein to Barred Plymouth Rock m ales reduced, th# fertilising 
e m s d  ty of sperm, but no effects of thyroprotein on fertil­
ity were notai by bheeler and Hoffmann (19481), VvheeLer 
, sd Hoffmann (1948c), Huston and hheeler (1949), M l  son
(1949), end heCrxtney ,nid Sftsffner (1950).

bo effect of thiouracil feeding on fertility uus noted 
by Andrews .• nd fchneteler (1945) ■-til McCartney and Siiaffner
(1950). Shuffner end hnireas (1948) fed thiouracil as b.2 
and 0.5 percent of the ration to Barred Keek moles and 
reported s significant reduction in actual male fertility 
at both levels. Hanover, Kumar an and lurair (1949) fed 
thiouracil to Whit© Plymouth Rock cockerels from on© day of 
are uni noted precocious development of sspermatogeiiOsis, 
although some disorganisation p-s evident. They suggested 
thet the reduce! fertilising capacity of the cockerels of 
chr ffnor rad tnbr-erg (1948) m-,y >v v« bran due to lack
of maturity of tap sp-.rmsglss at the time they parsed fros



the tubules of the tastes* and to the reduction in the 
secretion of » 1 #  afw -hormone*

Hatchabl.lt ty.
The feeding of loiina supplements to Whit® Leghorn 

hens was reported to improve h&tchablllty eight to 12 
percent by Sch&rrer and Schropp (1932), and.13 to 14 
percent by Zajt&y (Zaitachete) (1934)-* However* no effect 
mas noted by Johnson, Pilkey, and idson (1935)*- As&und&on, 
Alatqulst* and KXese (1936), Wheeler and Hoffman (1949a) j 
and Wllgus, Gassner* Patten* and Harshfield (1943) reported 
that hatehabillty was unfavorably affected by large a m o u n t s  
of iodine in the hen1® diet*

Although the addition of thyroprotein to the diet mas 
resorted by Gotterldge and Kovlkoff (1947) to increase 
h&tehebllity* no effect #»e noted '-.y.Wheeler and Hoffmann 
(1943c) * Godfrey (1949)'* Huston and Wheeler (1949)*
Wheeler,, and M e t  Maim-, (1949a), McCartney.- dnd.- Shaffntr, (1950) , 
and Lillie/ dfeeifceriy tillig&n, and A r d #  (1952)* ’*

Hanan (1920a)* and Renan (1923b) reported reduced 
hatohftbillty In eggs in which‘large doses of thyroxin# 
wore introduced Into the air cell on the seventh day of 
incubation*

thiouracil in thd ration had no effect on h&teh&bility 
when fed by Andrews and Schnetaler (1945) to White Leghorn



23*
hens ts 0,2 percent of the ration. Similarly, no effect 
on hatcha'bility was noted by McCartney and Sh&ffner (1950) 
when the drug was few at the 0,1 percent level to Hew Hampshire 
outlets, but when the dose was 0,3 percent, hatehability v;&s 
decreased about 25 percent, then the females on the 0*3 per-* 
cent ration were placed on a 0,1 pereent ration, hatchability 
increased to within 10 percent of that obtained during the 
oretreatment period• In ordev to obtain maximum hatchability, 
it s necessary to keen the eggs from thiouracil-fed females 
in the incubator for two extra days*

Incubation Period
Wheeler and Bofbmwnn (1949a) , and Wheeler and Hoffmann 

(1949b) con eluded from unpublished data of Brcoke and Wheeler 
that the feeding of desiccated thyroid to hens failed to alter 
the incubation time of their eggs, Their own data showed, a 
delay in t.-.ie hatching time of chicks from hens fed potassium 
iodide,

The feeding of t'nyroorotein to hens resulted in a delayed 
incubation period according tc the reports of Wheeler and 
Hoffmann (1943a), Wheeler and Hoffmann (1948b), Wh e e 1 e r a n d 
Hoffm&nn (1948c) , Wheelei and Hoffmann (1943d), Wheeler and 
Hoffmann (1949a) , McCartney and Shaffner (1949a), McCartney and 
Shaffner (1949b), and Savage, Turner, Kempster, and Hogan (1952)« 

H a m m  (1928a), and McCartney and Sh&ffner (1949b) reported 
that the injection of thyroxine into the air cell did not 
aoprociably aoiify the incubation period. However, Beyer 
(1952) injected thyroxine into barrel goluiabi&n eggs



prior to incubation and noted. a ..decrease in the incubation 
period of from one to on© and a half days.

The .feeding of .thiouracil delayed the incubation 
period of eggs according' to reports of McCartney and 
Shaffner (1949a), McCartney and Shaffner (1949b) , Bomijn, 
Fung, and b©Ichorst (1952),, (and- Adams and. jiuAai (1952) * "

Delays in hatching time by the administration of 
thiourea 'were reported byv&r©snowies (1946):, and Adams 
and Buss (1952).

Hoffmann and Shaffner (1950) modified the incubation 
temperature and found that chicks hatched from eggs incubated 
at 96.8® F# had markedly heavier thyroid glands and required 
four more days to hatch than chicks from eggs incubated 
at 102* 2® F.
toag.,.ISA8M,

Much has been written about the relationship of the 
thyroid gland to growth and body weight* Positive corre­
lations between thyroid weight and body weight have been 
reported by X»a timer (1924), Cruickshank (1929), Brody and 
Kibler (1941), Schultz,© and Turner (1945), and El-IMary 
and Shaffner (1951)* A negative correlation between 
thyroid weight and body weight was inferred in the case of 
dwarfism reported by landauer (1929), in which large thyroid 
glands were found* This case was quite abnormal, however* 

Wiliier (1924) successfully implanted small pieces of



thyroid gland of the fowl on the chorlo-mllantoic membrane 
of the developing chick at seven to ten days of incubation* 
When examined at 17 to IS days of incubation the body of 
the chick was emaciated imd small., end the segments of the 
wings and legs shortened*

-'The- administration of; desiccated thyroid .to feels has 
produced various results, usually reducing growth and body 
weight, defending upon the dosage of thyroid material and 
the age of the bird* Cole and Hutt (192f) and tjpp (if32) 
observed no effect on body weight when desiccated thyroid - 
m s  fed whereas Crew and Huxley (1923) .-recorded a decreased 
growth rate which was of doubtful significance* However, 
reduced growth or body weights were reported from the feeding 
of desiccated thyroid by Giaeominl (1924), Sainton and 
?eynet (1926), Martin (1929), Hutt (1930), Amundson (1931), 
Asmundson and Pinsky (1935), Asmundson, Almqui at and Elose 
(1936), and Taylor and Bttrmester (1940)*

Somewhat diverse-'results were obtained by the use of 
thyroxine. Henan (1928b) reported that growth of chick 
embryos was not affected in hen eggs Injected in the sir 
cell with small doses of thyroxine on the seventh day of 
incubation, whereas Beyer (1952) injected thyroxine into 
the eggs prior to incubation and noted an increase la 
weight of treated embryos over the controls# Markowitz and 
fater (1932) studied the effect of thyroxin© on cultures of 
pulsating fragments of heart muscle removed from two~day
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old chick embryos and reported an increase in frequency 
of oulsations of fr O SI 1 J u permniinute to 126 per minute, 
thus demonstrating the fact that thyronine operates directly 
upon tissues without the aid of nerves, which are absent 
from chick heart tissue t that early age. Danforth
(1933) observed that the administration of thyronine to 
foals of various genotypes was followed by a slight loss 
in weight, but this was quickly regained# Ko effect on 
body weight p a. s noted by Radi and barren (1938) following 
the Injection of thyroxine into the pectoral muscles of 
three reek old Rhode Island Red chicks.

Variable results sere also obtained when iodine or 
iodides were administered# Forbes, Karns, Rechdel, Williams, 
Keith, Callenhach, and Murphy (1932) observed no certain 
effect on the growth of Single Comb White Leghorn pullets 
fed iodine at a rate of 50 milligrams per 100 pounds live 
weight from hatching time until 32 weeks of age* Zajtay 
(Zaitschek) (1934) reported slightly greater body weights 
of 110 Leghorn hens fed small quantities of potassium iodide 
for 365 days than of controls, whereas Asmundson, Almquist, 
and Klose (1936) reported a loss of body weight among White 
Leghorn hens receiving large amounts of sodium iodide*

When thyroprotein or iodinated casein was fed to young 
growing chickens in small or moderate amounts, increased 
growth rate was usually obtained# Parker (1943), Irwin,
i.eineke, and Turner (1943), Wheeler, Hoffmann, and Graham
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(1943), Quisenberry and Kreuger (1948), Glasener , rid Shaffner
(1948) • 111 Xumaran and Turner (1949) were among those who 
resorted growth, increases. Go effects were noted by Bocne, 
Davidson, ana Be in eke (1950), or by /-cl: arson, Borchers, Temper, 
and Mussehl (1950), where a. s, reduc ti on s in growth rate were 
reported by Turner, Train, and Beineke (1944)$ Glazener, Shaffner,
: rai Jull (1949), and by Boone, Davidson, did Beineke (1950) who 
ud'I very high levels 01 thyroprotein,

"hen thyre motein or ledinntel casein was fed to adult 
chickens, cine result nos more often that 01 reduction in body 
weight, probably from the metabolism of stores cf fat in the 
body, ibncng the .orders ,ho resorted decreases ir; weights of 
1 dult birds fed thyroprotein or ioiiru.ted casein were Turner, 
Irwin, and Beineke (1945), Turner, Kempster, and Hall (1946), 
Boone, Beineke, and Davidson (1947), Hoffmann and aheeler (1948), 
Shaffner (1948), Berg and Be&rse (1948), Turner (1948c), Turner 
nd Kempster (1949), McCartney and Shaffner (19-50) , Berg and 

Bearse (1951), Savage, Turner, Kempster, and Horan (1952), and 
Lillie, Si remare, Milligan, and Bird (1952). No effects were 
observed by Temperton and Dudley (1947), Hutt and 0owe (1948),
Turnar and Kempster (1948), Vil sen (1949), Kuiac i* an an o. Turner
(1949), and Godfrey (194-9); whereas Turner, Kempster, Hall, and 
Beineke (1945), Turner and Kempster (1947), and Huston and Wheeler 
(1949) reported increases in body weight from the use of thyrc- 
sreteiu or iodinute i casein. Wheeler and Hoffmann (1948b) fed
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thyroprotein to hens and noted that chicks hatched from their 
eggs had enlarged thyroid glands, hut nc differences in post- 
hatching growth were noted when compared ith controls*

The feeding of thiouracil has invariable decreased the 
growth rate of growing chickens as reported by Astwood, Bissell, 
and Hughes (1944)9 Mixner, Beineke, and Turner (1944),
Schult.se and Turner (1945) , Kempster and Turner (1945) Andrews 

and Schnetzler (1946) 9 Glazener and Jull (1946a), Briggs and 
Lillie (1946) , Andrews and Bohren (194*7), Moreng and Shaffner
(1948), Morengand Shaffner (1949), Kamaran and Turner (1949), 
and £1-1diary and Shaffner (1951). The injection of thiouracil 
into Whit© Plymouth Bock chick embryos retarded growth within 
seven days according to Adams .and Buss (1952) •

On the other hand, the feeding of thiouracil to adult 
birds usually resulted in increased body weight. Ho effect 
was noted by Glazener and Jull (1946b), but increases in 
body weight were recorded by Mixner, Tower, and Upp (1946), 
Shaffner and Andrews (1948), McCartney and Shaffner (1950), 
end Berg and Bears© (1951)•

Partial or complete thyroidectomy w&s repor ted by 
Winchester (1940) and Morris (1951) to reduce body weight. 
Winchester (1940) found that the effect of thyroxine 
administration on body weight in throi sectoral wed hens was

osage. Winchester, Corner and Davis (1949)



and :‘:inch-;it^r ;.wd Davis (1952) reported m a t  fiê  Hampshire 
chickens with their thyrci ■ s destroyed by radioactive 
iodine could be maintained at near normal growth rates by 
in lections of suitable amounts of thyroxine.

Bate of Feathering
The effect of the thyroid gland on rate of feathering 

has been examined by numerous investigators. An abnormal case 
of ”thyrogenous dwarfism” in a. six month old Rhode Island 
Bed pullet was described by Landauer (1929) • The thyroid 
gland of this dwarf was much larger than normal and a general 
retardation in feather regeneration \as noted* Schultze and 
Turner (1945) resorted that White Leghorns have a higher 
thyroid secretion rate ana are more raoid feathering than 
White Plymouth Rocks. However, Boone, Beineke and Davison
(1947), contrary to expectations, found no significant 
difference in the thyroid secretion rate of fast and slow 
feathering strains of Rhode Island Reds.

The administration of desiccated thyroid generally resulted 
in accelerated feather growth, although this was not invariably 
true, Horning and Torrey (1923a), and Horning and Torrey 
(1923b) resorted a delayed feather growth, while Crev; and 
Huxley (1923) found no effect from feeding desiccated thyroid.
Stimulation of feather growth from feeding desiccated thyroid, 

was noted by Cole and Reid (1924), Torrey and Horning (1925a), 
Torrey and Horning (192 5b) and Cole and Hutt (1927).
Feather growth w s also stimulated



by feeding fresh thyroid according to Giacomini (1924), 
and Cole and Hutt (1927)9 although the latter workers 
stated that fresh thyroid was net as effective as desiccated 
thyroid of anproximotely equal thyrci1 activity.

The injection of thyroxine was reported by Frans 
(1936) to increase the fre- uency. of barb formation in the 
back: and saddle feathers of the Bro-wn Leghorn capon, and 
wadi and barren (1933) reported an increase in the feathering 
of Rhode Island Red chicks injected with thyroxine from, three 
to seven weeks of age. Winchester, Ccm&r and Davis (1949) 
destroyed the thyroid glands of New Hampshire chicks „ith 
radio-active iodine, and Blivaiss (1951) thyroidectoiaized 
Brown Leghorn hens and noted that feather development was 
•quickly resumed after the initiation of thyroxine therapy in 
these birds.

The feeding of iodine and its compounds to adult male 
Brown Leghorn fowl v:as resorted by Cole and Reid (1924) to 
produce no effect on feather growth. Radi and Warren 
(1938) resorted a slight increase in rate of feathering in 
Rhode Island Red chicks by the feeding of ootassium iodide. 
Thyroorotein feeding has resulted in increased rate of 
feathering according the retorts of Parker (1943)> Irwin, 
Eeineke, and Turner (1943), Turner, Irwin, and Beineke
(1944), Turner, Irwin, and Reineke (1945), Boone, Beineke, 
and Davidson (1947), Wheeler, Hoffmann, and Graham (1943),
Quisenberry and Kreuger (1943), Glazener, Shaffner, and Jull



(1949)? an3 Boone, Davidson, and Beineke (1950)*
The feeding of thiouracil, on the other hand, has pro­

duced & decreased rate of feathering as reported by Astwood, 
Bissell, and Hughes (1944)? and Briggs and Lillie (194&)•

Mortality
Welch (1928) noted that goiter was very common in poultry 

in goiterous areas, but no bad effect on the health of these 
fowls was observed.

The addition of iodine to the ration had no effect on 
the mortality of chickens according to Forbes, Karns, Bechdal, 
Williams, Keith, Callenb&ch, and Murohy (1932), Klein (1933), 
Scharrer end Schroop (1932), and Wilgus, Gassner, Patten, end 
Harshfield (1943)• Simpson and Strand (1930) stated that two 
and three year old White Leghorn hens fed potassium iodide 
appeared to 'be healthier than expected of hens of that age, 
but Johnson, Pilkey, and Edson (1935) fed potassium iodide tc 
Single Ccrab White Leghorns and concluded there vere no differ­
ences in mortality compared to the control group.

Hutt (1930) fed large doses of four milligrams of thyroid 
iodine per 1,000 and 2,000 grams of body weight to Black 
Minorca pullets and cockerels and found that this dosage 
proved lethal to both sexes.

Irwin, Reineke and Turner (1943) found severe mortali ty 
resulted from the feeding of thyroprotein at high levels to 
White Rock chicks. However, low levels of thyroprotein in the 
diet produced no effect on mortality according to Turner,Irwin
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and Beineke (1945)9 Turner and Kempster (1947), Temperten
and Dudley (1947) , Hutt and Go'we (194^) > Moore and Bees 
(194&)9 Wheeler, Hoffmann, and Graham (194-3)> Wheeler and 
Hoffmann (1943a), Turner and Kempster (1949), Savage,
Turner, Kempster, and Hogan (1952), and Lillie, Sizemore, 
Milligan, and Bird (1952).

Thiouracil feeding, on the other hand, vas reported by 
McCartney and Shaffner (1950) to increase the embryonic 
mortality in eggs laid by hens fed thiouracil as 0.3 percent 
of the ration.

Disease Resistance-
Parhon and Parhon (1914) fed thyroid powder to fowls 

and noted increased, resistance to fowl cholera. Two out of
five treated birds survived the outbreak while only one out 
of nine non-treated birds survived.

Wheeler, Hoffmann, and Graham (1943) resorted an out­
break of coryza in which higher mortality occurred among a 
grouo of Rhode Island Reds receiving thyroprotein than among 
controls. Moreng and Shaffner (1950) altered the metabolism 
of Hew Hampshire's with thiouracil, thyroprotein, or thyroxine 
before inoculating the birds with the fowl cholera organism, 
and concluded that thyroid activity had little or no influence 
on resistance to fowl cholera. Mayhew and Upp (1932) resorted 
a zyoe of. dU.&rfisra in Single Comb Rhode Island Reds which 
seemed to have u lew resistance to the common diseases of
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poultry* Tkmy concluded their dwar4* wmr*. the s&m# typm as
that reported by Land©uer (1929) which was characterised by 
a large abnormal tyroid gland* However» the relationship of 
disease resistance to thyroid activity is unite indirect and 
questionable In this case*

Wheeler and Hoffmann (l94&e) reported that mortality 
following., outbreaks of mcolds11 was much less among birds fed 
thyroprotein than among controls, and suggested the possibility 
that tnyroorotein may increase- resistance to colds* Wheeler, 
Hoffmann, and Barber (1949)» and Todd, Cult on, Kelley, and 
Hanses (1949) reported that the rat# of gain of growing 
chicks infected with coceidiosis was greater in groups fed 
thyroprotein than in groups fed control rations* Todd (1949) 
reported that the rat# of gain of chicks .infected with round­
worms was greater when fed tliyrop.ro twin than in infected 
controls* Shaffner and Andrews (1949) reported that Barred 
Rock males fed thiouracil appeared to be more susceptible 
than controls to- common poultry diseases such as respiratory 
disturbances and Seweastle disease. Francis ima Kish (1952) 
reported that chickens of different genetic constitutions 
reacted differently to Bewcastle disease. They suggested that 
*some other inherent factor controlled by heredity may b# 
present that has a function in causing the time at -shich the 
birds die after challenge*»



MATERIALS AMD METHODS

Various matings of New Hampshire chickens at the 
University of Maryland poultry farm produced the chicks
used In this investigation. Uo pedigree records of the 
parents rere available, and she amount of inbreeding in toe 
flock was unknown* Eggs were incubated at two week intervals 
and were held at tenpcintures of 50° to 60° F. until incubated. 
The chicks were maintained in conventional five-deck broiler 
growing batteries equipped with wire screen floors, &&.cii 
leek was heated by an electric element in a hover in the 
center of each deck. The chicks were fed the Maryland 
Experiment Station chick star ting mash except that It contained 
thiouracil as 0.2 percent of the diet by weight* Thiouracil 
as (XL percent of the ration has been shown by Astwood,Bissell, 
and Hughes(1944)# Mixner, Reineke, and Turner (1944)$ Tchultee 
and Turner (1945), and Andrews and Schneirler (194&) to pro­
duce maximum thyroid enlargement. However, toxicity n ;s not 
produced when the level was as high as 0.2 percent. The higher 
level was used in these experiments In order to reduce 
probability that some cMcks nirht be able to resist the effects 
cf the drug. The thiouracil aas thoroughly mixed with the 
mash frequently and In small lots of 100 pounds or less in a 
small nee.n. nic:! mixer in order to insu: e a fresh supply at 
11 tames. Fresh water was kept before the girds and lights 

were on continuously.
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.At four weeks - o f a g e ^ « f r #  neighed on a Toledo 
seal® to the n-£&re*t gran ,*fii were ’sacrificed by dislocating 
the ,.e@rylenX . vertebra® in thf r t h ® ^  %tl&s and eplstro~'-- 
tifieusr# .Due'"'-•to * t W  iferg* ̂ number of elUeks" In.. each e&perlment*,.' .. . >■' ? ■ c
it fees necessary to preserve, them fey freezing* Small group#

3 ' ' - S
were then thawed out'Vn^, the. thyroid ..glaiidf removed, car# 
feting taken'to trim assay «*lir fat and surplus tissue# The 
glands were then weighed immediately with a Boller-Balth 
torsion balance to the nearest tenth of a milligram* lech. lobe 
of the gland was'weighed separately# Chicks treated In this 
manner until four weeks of ago will hereafter' fee referred to. 
as *thiouracil treated* chicks.

Except for such natural selection factors as egg production* 
fertility* h&tckablllty *md viability, the sol# hasia for 
selection was the average thyroid weights • of full~sib 
families# Since it was necessary to sacrifice chicks to 
obtain the'thyroid weights, additional hatches were obtained 
for breeding purposes from the matings which produced 
extremes • in thyroid weight# fho families whose average 
tbyrcld weights were largest were designated as the high line#
A low line was established with the families whoa# thyroid 
weights vzere smallest# the chicks to be used for breeding 
were reared in brooder houses in %hlch a radiant heating 
system was used# At approximately 10 weeks of age the 
chicks were placed on range, and were moved to breeding pens
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at approximately 20 weeks of age*. Matings within lines were 
mad© on a rotation system designed to keep inbreeding at a 
minimum*

The analysis of variance for percentages based on unequal 
numbers as described by, Cochran. (1943) was used ,as an aid to 
interpreting disease resistance data*- lRstif.ates of hexit~ 
ability were made by use of techniques described by Lush 
(1940) $ Lush (1943) i Lush- (194?) $ -and. Lernor (195Q)* "Other 
methods of analysis were based on techniques described by 
Snedecor (1946).

In, June 1950 a plan was initiated designed to produce 
two lines of chickens, one with a high and one with a low 
thyroidal response to the feeding of thiouracil* Only 21 
birds were available from the high and low response groups 
described by Sl-Iblary and Shaffner (1950)* They consisted 
of four cockerels and seven pullets from, the high response 
group and four cockerels and six pullets from the IXom response 
group* Matings within each line were made by 
insemination, and a limited number of offspring was obtained*
All offspring were raised for breeding purposes, and none 
were used for determining thyroidal response to thiouracil*
Thus, one generation was produced'without selection* however, 
because of the small number of breeding stock available 
and because of the -inbreeding which would have resulted 
from mating' these individuals, it was decided to.
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reinitiate the .work and establish nev; families from the 
Mb® Hampshire flock maintained -t the University of Maryland.

In Hovesaber 1950 six breeding pens were set up at the 
University of Maryland Poultry Farm* Six sires were mated to 
eight dams each* three ha tehee were fed a'mash containing 
0*2 percent thi©uracil to four weeks of age, at which time 
the chicks were sacrificed and their thyroid glands weighed* 

two additional hatches fed normal diets were raised to maturity 
and high and low families based on the thyroid weights of 
their full sifes were retained for breeding stock*

Later in the hatching season the six sires were replaced 
by six other sires, four of them being unselected progeny of 

the original two lines described by &L«*XMary and Sh&ffmer 
(1950)* Two of these four sires were from the high thyroid 
fMjllies* .-tbife cither two,, fre» lo w ' thy raid *f ami 1 £m # * _

In the fall of 1951 six mating pens were made up for 
the high and low line matings selected from the University 
of Maryland Mew Hampshire flock the .preceding . season* Males 
for each pen were selected in such a manner that inbreeding 
was kept, as low as possible* Later, four additional pens 
were made available for the birds whose pedigrees contained 
ancestors selected by El-lbi&ry and Shaffner (1950)* These 
males wer© also distributed so that inbreeding was kept low* 
Thus a total of 10 breeding pens were available for the project 
during this season*

During the spring of 1952 an'-opportunity t© study the



reldtienshtp.of. thyroid response to thionracil and resistance 
to kaKe&stle.. dlsee** presented itself wheir the University' ©f 
Maryland poultry flock was accidently exposed to this i.ise&m *  

Two hatches of selected vrepl&cement Chicks fro® the high -ami 
low thyroid response lines wore two and four weeks of age, 
respectively, when, the iise&s# outbreak occurred* The usual 
symptoms of Hewc&atl© disease were noted such as the wave 
of mortality* paralysis* etc* Furthermore, several of the 
chicks which succumbed to the disease were examined by the 
pathological service of the University, and the causative 
agent of 8eweastie diseas# was found to be present*

Ten breeding pens were - made available for this project 
i n the fall of 1952* breeding birds selected from the 
previous generation were housed In August* Males were placed 
in the pens in such a manner that the chicks produced were 
crosses between high and low lines* One large hatch of 
crossbred chicks was obtained and given the usual thlour&ell 
treatment* Then the males were moved to other pens so that 
the selection for high and low lines was continued* latinos 
again were made so that inbreeding was kept low* Due to the 
large number of chicks produced in each hatch m variation 
from the usual procedure was followed in brooding and 
sacrificing th© chicks for assay* All chicks for assay were 
reared on the floor in a typical broiler house until four 
weeks of age* The feed was prepared in the usual way so that 
it contained thi©uracil as 0*2 percent by weight* The chicks



were sacrificed by administering overdoses of ether rather 
than by dislocating the cervical vertebrae* Body weights 
were taken at the time the £|jyroid glands were weighed*



BSSULTS AH0 Discussion

Inheritance ©f Thyroid Besponse to Thiouracil

The frequency distribution of thyroid gland weights from 
472 chicks from an unselected pepssrl&tion of Sew Hampshire 
chickens fed thiouraell as 0*2 percent of the ration until 
four weeks of age is given in Figure 1* The figure was pre­
pared by arbitrarily grouping the thyroid gland weights into 
groups of' 20 milligrams each* It will be noticed that the 
distribution is asymetrical or skewed, with the majority of 
observations to the left of the mean and toward the small 
sim €  gland* This type of distribution is known as a positive 
skewed distribution and seems characteristic of'thyroid 
■weights in chickens and other' animals* Similar distributions 
were shown by Hollander and Biddle (194&) in pigeons,
Mulligan and Francis (1951) in normal male mongrel dogs, and 
Bl-Xbiary and Shaffner (1951) in 10 week old lev/ Hampshire 
chickens* In the latter report distributions were given for 
chicks on a normal diet, and on the same diet containing- 
thiouracil as 0*2 percent of the ration* rThe authors stated \ 
that the distribution bn the Control ration was normal, but 
a critical examination shows an obvious,, although slight,
?>osi tive;> skfwness* , the skewness .washmiob more, •*
extreme in the thiouracil fed birds than in‘ the normal birds)*
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The first moment of the aoaulaticn of thyroi:: weights, 
otherwise known os the mean or average, mas 135 milligrams*
The median, or central observation, aas 120 milligrams* and 
-a-e node, or nest frequent weight mas esti.rac.tol us 108 
milligrams* These statistics --id in describing the skewness 
of f.e 11 attribution, since they would all cci ici :e i :f she 
11 a trioution -ere normal, or symmetrical*

The second moment, or variance, of hie population mas 
5,132 mi H i  Ta m- and too standard deviation was 70.9 mi H i  grams* 
These statistics are descriptive of the variation of the 
population*

The third moment of the population prosuced onow.er 
measure of skewness -aid totaled 508,137 milligrams. This 
quantity, when divided by the variance and. multiplied by the 
standard deviation, produced a quantity known as gq which v,as 
eequal to * 1*4474 in this case. The fact that gq was positive 
is confirmation that the distribution was skewed in the 
positive direction and that the mode was to tae left of the 
mean. The degree of skewness of this distribution was highly 
significant with a t value of 12.87. The 1$ level of t with 
infinite degrees of freedon is only 2.576*

Table 1 presents the tmyroi .1 weights of the original 
copulation of thiouracil treated birds groused according to 

Iv a  i'L .r:;.ilios, th e  o v e r a l l  a v e ra g e  o e in g  lS S - #  ? r i l l l g r u s i s .

’Hie variation amoria thyroii v.eiijiets was uite hi eh as shown by



T *B1P 1# Thyroid gland weights, coefficients of variations, 
and standard errors of sire families of thiouracil 
treated chicks in the unselected nooulation*

ivG. of Thyroid C. of V.
Blrg___________chicles wt. (mg.')________ ($)

8 100 149 * 6 /2.7 ±  3.0
9 59 156 * 10 51.4 Jt 4.710 101 120 £ 4 36.4 i 2.6

11 60 148 jr 10 50.9 t  4.6
12 S3 14-2 ±  9 58.0 ±  4.5
13 68 96 ± $ 70.2 * 6.0

471 135 £  3 52.4 £  1.7

the coefficients of variation. The coefficient of variation 
for the entire population w:,s 52.4 ±  1.7 percent. This is 
somewhat higher than the 32.2 * 1.23 percent for males and 
31.5 * 1.21 percent for females re norted by Aberle and 
Lcniauer (1935). However, their chicks were killed at 
hatching time, were net fed thiouracil, and the thyroid 
weights were considered as percentages of body weight* 
Considerable variation in chicken thyroid weights was also 
noted by Juhn and Mitchell (1929), and Bergman and Turner 
(1939).

In analysis of variance of the main effects of the 
anselected population cons!lering the individual lobe as the 
smallest unit of measurement is given in Table 2. Only the 
main effects 'cere considered in this analysis. In order to 
estimate all the interactions accurately it would have been



TABXjF 2. Analysis of variance of thyroid gland weights 
of thiouracil tier,ted chicks in the unselected 
copulation.

Source of 
variation

Degrees of
il m iT m ___

he an

total
Pot- v;en lo l . e s  

•. t sen sexes 
t. o h tot e a 
j i oilw I a. c t e r y c x e r s 
1: on w /'ires 
Among leans w/in. sires 
Error

3o , 
6,539** 
3,217**

13,373*
7,141**

5,888**

31 
39 S 999

in every battery tier in each hatch. The chicks aere not
.‘■wxei at to ten In-* tana na. ; this requir eaent was not met., 
Therefore, it was impossible to estimate the effects of 
interaction? accurately, end all interactions vere included 
in the experimental error.

The right lobes of the thyroid glands averaged 65
milligram? while the left lobe3 weighed 70 milligrams. The
;U ffa-r^nee tea s highly signixicuni as saown in Table 2, Thi
i? in harmony with one observation of Junn ana Mitchell
(1929) that the left lobe of the thy reid gland of adult

:;we f e m a l e  t h y ? o i d  3 1 a n  1 « ■ e l . g n i n g  1 1 6  milligrams c o o p e r e d

(1946) found, a greater thyrolu r espense to thiouracil in 
males than in females, but results more in accordance with 
those resorted here were found by Mixner, Eeineke, and 
Turner (1944)% ochaltse and Turner (1943), Glawener

A hi ghly 3 1 gux 1 leant sex G.xi 1 or w:ct v*<*.s 30 16c also,

tc 123 milligrams for the males. Andrews and Gchnetiler
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and Jull (1946a), and El-Ihiary and Shnffner (1951) ♦
That the weight of the thyroid gland is easily influenced 

by various environmental conlitions was evidenced by the 
highly significant variations among hatches and among battery 
tiers* There were no consistent trends in thyroid weights of 
the different hatches, the weights being 126, 144# and 131 
milligrams for .he first, second, arid third hatches, res 'actively. 
lor v-as Caere a real tread in cattery tiers since the avoir.ges 
cere 121, 136, ly3, •. nd 133 milligrams from the top tier to 
tae bottom. This is evidence tnat r v. aarch corkers should 
tale care that differences sue to differei.it hatches are 
controlled in -chair experimental designs, especially when 
working with a eh&racteristic as easily influenced by differ­
ent environmental conditions s the thyroid gland* This is 
probably true for different rooms and for different batteries 
sithin a room, since it was true for different tiers within 
the sane battery in these experiments. It will be noted in 
the .• n&lysi«? of variance given in Table 3 that the statistical 
si eni lies nee "ue to various factors is not the earne at that 
given in Table 2. This is due, principally, to the increased 
number of degress of freedom in Table 2 produced when each 
lobe was consi 5©red separately, which brought about a marked 
■1 e c i' e a s e in th e error ae an s qua re.

jd1 a nos rent paradox to the laige environwental effects 
desc: ihed a bcve appears i n w ?  com para Lively high her i lability 

estimu tes cbtai net. for thyroid sisaia . ei.aats at four weeks of



T ; 3. /bv-iy-?:er: of vr.ri.• .rice of r : / lex t, xn-i ccxxfinea lo:,es of tne 
tf.yrcil -.’l-jnis of tficuincii tr-., tei clicks in the unxeieefed 
;C' -:iIo.tioiu

Source of Decrees of S .?:ireon squares Corneasi lion of
vnrl a .. freedom Left lobe lobe ..Combined___. . ;u,.c wii, s.q û-.r.;?_s .....
lotol ,.70
between sexes 1 22,233** 9,397** 61,796**
f;ccng hx teles 2 1,668 5,409-* 13,073**
loony In tiejy
ti ers 3 3,137* 2,138 10,434*,c!i- sires 5 9,189* 9,774* 36,725* Q * 12.73 D * 70.54

xenons w/ir
si^es 31 3,608** 3,6$9** 14,202** Q * 12.73 D

■' rror 428 1,073 1,000 0,783 Q



&g* given in fable 4. The herlt&hllity estimates were 
computed according..to the method of intra-class correlations 
among full sibs ,ahd half sibs described by Leraer (Xf59|*

TABLE 4* ■■ Estimates of her liability for right, left, sand
; combined ;ldhe® of thy r bid glands' of ̂thiouracil 
treated chicles in the unselected population*

Basis of Left Bight Combined
s a U %&£*>  ----------------- M M ------------- la fe t----------- --------- ...a & k m ,,,

40/Q ♦ 0 ♦ S 59.3 64.9 6 7 . 4

4S/Q * 0 * S 21.2 24.2 23.4
2(0 + S)/Q * 0 * 3  40.2 44.6 45.4

Taking the right and left lobes separately, the herltsMllty
estimates for the 'left lob© were 59*3, 21*2, and 4)*2 per­
cent depending on the method used for obtaining the 
estimates* For the right; lobe the estimates w e r e 64*9,
24*2, and 44*6 percent* "When the.two lobes for each 
chick were pooled into a single thyroid gland weight per 
chick, the herltsbility estimate* were 67*4, 2-3*4, and 
45*4 percent .

The difference between the first and second 'estimates 
in each case may be due to (l) non«*sdditive gene .action, 
or (2) .maternal effects, or. (3) sex-linked effects* It 
will be shown later that non-edditlve gen# action has very 
little, If *fcy, effect on the thyroid response to thiouracil 
at four weeks of age* And since sex linkage would tend to



make the second estimate larger than the"first* we may 
assume that the differences between the first and second 
estimates are largely due to maternal- effect* which is 
estimated as 38,1 percent for. the left lob©, .40.7 percent 
for the right lob©* and 44*0 percent for the two lobes 
combined. It is not surprising that a larg#' Maternal• 
effect should persist to four weeks of ago* since Simpson 
end Strand {19’30) * Seh&rrer and Schroop (1-932) *. and 
Asmundson* Almquist* and-Klose (1936) showed that the iodine 
content of the egg varied according to the.amount, and source 
of iodine in the hen*? diet* Andrews and Schnetsler (1945) 
produced evidence that ..thiouracil fed to laying hens was 
transmitted to their eggs* and numerous, investigators have 
reported the production of goiterous chieks by the feeding 
of .thyroprotein or thiouracil to the dams*

It would appear froM the herliability estimates that 
the right lobe of the thyroid gland would have produced 
slightly better results than the left lobe as a basis' ofl •; ■ y- T .• - ;• -% y " •. ... -  ̂ -. 'P
Selection', \ahd.:̂ lmbst.-as: goed^resuitb s*b‘vth#• ©esibimed lobes*

 ̂ i- f  - P -. -

The reasons for this are not clear. One can imagine a 
greater bloody atspj$y■«to.. one ■'■lobe than to the other* thus 
permitting the'favored' lob®- to receive More stimulation 
from thyr-otrophic ■ hormone*. This argument becomes untenable 
when it .is recalled that the left lobe - is larger than the 
right* However* these differences in herliability, estimates 
are quite small and may'easily'be.due to sampling error*



At any rate, it is apparent that one could .save time and/or 
«&s»ay more -birds by weighing, only the right Or■ the left 
lobe of the\thyr6Id"‘gl:andf rather than weighing both lobes* 
¥©ry little, if.any,greater .accuracy is obtained by 
using both lobes-'combined* However, since the lata for 
both lobes combined are available for the entire experiment, 
and since it appears this value may have a' slight advantage 
over one lob® or the other alone,' the values for combined 
lobes are used, throughout this report in the- various, analyses.

Effects of Selection
The selection experiment began quite late in the 1950 

breeding season with only 21 birds available from the high 
and low response groups described by El~Ibiary and Shaffner 
(.1950) ♦ These birds consisted of four cockerels- and seven 
pullets fro® the -high response- group and four cockerels 
and six pullets from, the low response group. They had been 
selected on the basis of average thyroid weights' of their 
full sibs which had been fed a mash containing thiouracil 
as 0.2 percent of the ration fro®'the time of hatching until 
10 weeks of age* These averages ranged from 2.86 to 4.68 
grams for the high-.response group and fro® 0.21 to 0.85 
grams for the low response group .

Matings v.ithin each line were made by artificial 
insemination and only a few offspring were obtained* All 
off soring were raised for breeding.-purposes and non© were



used for determining thyroidal response, to. thiouraell•
Thus, one generation was fjrodueed without selection#
From this generation, only two • females from the lo& line 
and three.-from the high line produced enough progeny for 
testing.# One low line male w&&■ mated to the two low line 
females- and one high line male was mated to the three high 
line females with the results given in Table 5«

TABLE 5# Thyroid gland weights, coefficients of variation, 
and standard errors.of thiouracil treated progeny 
of birds selected-fey El-Xbiary ^nd Shaffner (1950)*

. m..im .uriwnn u,i .it - ntr-r-Trrr-rr-̂ ni m> r ~r ~ ~ r~r-------  r~-*— r— 1— — — f— — - —

„______High lln* ' " .:■' >,...■:....L s m  11a*_________
Ko* of ThvroiS C. of ¥ • Ho, of -Thyroid C* of Y»

D m  ohtck^ t.Gag.-) (ft . Dt# chicJc* ...HQ___
*6 15 82.0 * 15.0 > /, 3 2 37 4 13 48,0*24.0412 ; ® 342 4 123- 1015.̂  * 25.4' - '5 ; 5 "' 6 4'* 6 *9.7 * 6.2A1 4 7 453 ± 181 106.1 * 28.3

30 296 * 58 107,4 * 13.9 7 56 * 7 32.1 * 8.6

The overage, thyroid gland weight 'of the high line was 
296 £ 58 milligrams, almost six times more than that of the 
low line which averaged 56 ±  1 milligrams, but the variation, 
was large and the number of individuals Quite email* The 
difference between the two lines was not statistically 
significant, as shown in Table 6, even though the two sr; .ns 
were quite different in magnitude* The variability of the 
high line was much'larger than that of' the low line, and
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and the .other two progeny.of low response birds produced 
by El-Ibiary and Shaffner (19501 These sires were of the 
same breeding -as those -which .produced the progeny described 
in Table 5* The dams-.were eixtirely free from selection 
for thyroidal response to thiouracil#

Table 7”"'isha?;i results-'qf theX dialled; Sht lings* -Most 
of the' data in the left half of this table were given in

• • V

Table 1, but are.repeated here for ‘̂ase 1^ comparison#
The average thyroid, weight of the j,;second series was higber\

; h
than in the first series whether ^|gh or low line sires

-; ’■ \ v were-used* The second series was;!produced from one toi .\ !three months after the first, amd-\it was at first suspected
that environmental factors raised the level of allyp.ens in
the second series# However- an eJfca&ination of pens 12

v \

-and 13 which contained unsalecbed^ and different, males'
for both series showed that this not the case* In.

\ . > fact,, the second series of these two\pens gave lower
thyroid gland weights than the ff^stbdfries* The possibility

1 \  -■

remains, however, that the &iffer<$nces\ be tween series
\ ' , in or 12 and 13 .were due.-to unfortunate

sampling errors in the choice of  ̂ ales*> The low response v.’\
males lowered the variability whjkie the response. ■, •.
males raised the variability of - of dams to which \
tb«y were mated. , .\

I -! \

Although no selection had practiced on the
-■' \ '• \

generation in which they were habited, the high response



T7BLE 7. Thyroi'i --rlcrid vvel p.:b fcs, coefficients of variation,
,'5 s a n  1 crb errcrs of th ioui"ac1I ire-,.t~ 

oroliicel by 1 1 ell'.?! :im troys.

1 hi u P i J, hi C Gii'j. hhil'ISS
v..- 1 . i

b c, o f 
•ire criicks

aoel-c ( _ q

of a C. of V.
iiliul  Lt)___

w .f*. c;x>,y l« j. JLOfcv V 0  hi O H S 6

. i O »  O X  f b y T ' O i U

chi cks h
o . ox 

• ( • )  (%)

8 1 0 0 1 4 9 ± 6 41 • 7 jh J « 0 1 0 5 1 6 6 ± 8 £ 1 P „■*-' 1. # ± 3.5
9 59 1 5 6 f 1 0 5 1 . 4  4  4 . 7 7 0 1 >nJl ' v ± 1 0 4 8 . 6 ±  4.1

1 5 1 ± 6 X 6 ■ 1 Jr. 0 « 6 1 7 5 1 7 1 ± 5 3 9 . 0 ± 2.1

“> q g @ r» y  Q f Oi. i 1 .•> / • ^ o  y vr f A  yjT ;.y- j■ -,vr -f , ~ , y r  o  s  c Xi S G  llrlG S
mi- o . o ,

'ire chj cks ~ t. (my.)
p  u

m
ib, of 
chicks

Thyroid C. of V .
(:)

10 101 120 jh 4 y 6.4 i 2.6 107 236 * 1 / 62.8 ± 4.3
11 60 I4S ±  10 50.9 i 4*6 54 169 ± 16 71.6 ± 6.9

161 130 * 5 £5.1 + r • 5 161 213 ± 11 67.1 Ji 3.7

Zr_Q.il:m y ci X. '■ X ■ ■. ̂ '' ■ ■ X"' ‘-v1 '■ 1.' —i amirs rxvogenv of unseloc te sal.

Sire
So. 
c Si 1 (

~ r- nr»'' J -I ŝX Xiiv X ui i
h.vs t. (mg.)

1..' * O 1
...(b).

v • i t c * Gi 11 iy X’ c 
chicks rt. (/:.

ild
p; • y

C * c 
(>
> *f'f *i- 
)

V.

12 142 ± 9 58.0 £ 4.5 106 117 * 9 r/f - n < 7 * £ 5 * 4
13 6 b 96 £ 8 70.2 * 6.0 52 94 ± 7 t. p •S' 5.1

1; ( \ A ■ O J . -C J 1 5 8 74 ■S" 4



au JLe-g rui se& the- progeny -of ■' the dams;' to- ‘which tbey were" 
mated' much nor® than did the low /response males* '.The 
iifferenee between the thyroid,weights of '.progoî f of the 
high ■&&$- low'response males wee not significant as seen in 
Table ft*

TABU- $* Analysis of Variance of thyroid, gland weights 
of .thiouraeiX’ treated chicks-/ ‘in the second 
series 'present#4:\in.tT#fei« f;»- - ,

Source of
i i i k a a .

Degrees of

Total
Between seres Between ha. tehes 
Among battery- tiers 
Among sires--

Selected vs* 
Sires S~li ■ .

' Between lines 
Among :sires w. 

Sir® 12 vs. sire 
Among dams .w/in ■' s 1 res 
Error ' ■"

lines

493
1
1
3

12
1

420,726**#
-71,739**,

146,57483,690
17,307
33,095**
8, 442

This is hot! surprising when it is noted'that the high 
response males were mated to females- whose 'progeny by other 
sires were lower - than vthe progeny’ of females to which./the

response'-males were mated* Male thyroid glands averaged-- 
milligrams .while, those- frost'.femalff averaged 173 milligrams

■■■ " :f. ' # ; ’ •■ •• - -s ■• ■' ■’ ■_
difference, being significant* ' The differences 'among'

hatches- and.- battery, tiers - w a r h i g h l y  .significant ̂ which"• * •■-, - 1 v t ", 1 Vi. / V- % A 4 . I p * '  ̂v<; ' I '{ -X
po£tVtmB /tfrtf cohelusion^.fiferf'/%:abi^ Hfritebilitf* isss&lm&tes
,. . • . • V  *  . -f • ■ ■’ •-? - • ' • - •'

the



from these-: data hrei'presented lnBf&b£@-9 a&cL,&r# (|uite 
similar to those . given--: in 'Tal^o \ 4 ’

ttBLS 9* Her! tab! 11 ty estimates for-'toroid' gland weights

From this '-point until the . ©nd of the : experiment the 
orajeot was conducted In "two parts* The first part con si sted

of the .breeding birds. H©reef ter the s e - two different 
experiments y:ill be designated A and B # respectively* That 
is* the pedigrees of birds in, experiment. B possessed as 
ancestors some of the'birds selected by Il-lbiary and 'Shaffner 
(1950) # while.. those: i n . experiment A ' did ■ not*

Selection was; continued during the- 1951-1952' season 
by choosing families - with highest thyroidal- response for 
the high line and lowest response for' the low line. Results 
obtained' in the- spring of £952 -for .experiment A after one 
generation, of selection - are', shown In Table 10. Thyroid glands

computed $

Basis of
eftinato

'4 0 /t-* 0 '* $ T

W Q  * 0 ♦ a- '; : ‘
2(0 * s y  Q * 0 eia

of a simple-" selection experiment, whereas the second part 
was domplicated by' the fact that-"the birds selected by 
fcl-Ibiary and Shaffner (1950) .were represented in pedigrees



TABLt 10. Thyroil gland weights, coefficients of variation, 
e.d standard errors of thiouracil treated chicks
t n :ent A h 0.10 aero ti.cn cf selection.

ul s:i ne hoc lane
Are to. of T
 — a

12
19
24

syroi-i 0* os V*
 Ll)____

Sire too. ox 
chicks

Thyroid C. of V.
iik». ik l» i LSI___

64
81
17

U 3  i 16 
154 ±  9S'" * 8i ■-?

o / o . 7 0' 'y lU T < • J
e t«u ± s«3
49»8 i o.5

i:
15
26

63
65121

102 ± 7  55*4 ±  4*9
131 ±13 78.4 ±  6.9
145 ± 3 67.2 ± 4.3

162 165 ± 9 69.0 ± 3.8 249 130 ± 6 70.6 ± 3*2
of the Ice line averaged 130 ± 6 milligiv.ns end those of the 
high line ever ..gel 165 ± 9 nilligrans. Those axe weighted 
means, and the nigh and Ice lines would actually he higher 
a ud loner, rruretc tivcly on an urinal .ohted rnrn hr sz s. It 

this stage of selection the coef.fi. oi ent n of varintl on v-cre 
nrvcticully the seme for both lines. Thin i e cnorn gri;i iiy
by the frequency di str! buttons in Figure 2 . The analysts of 
variance in Table 11 she vs that the difference lines

T.AI'LF 11. a m  lysis cl variance of thyrcid gland vsrghts of 
tsii our a. c 11 tree ted chicks in Experiment A of ter 
one gcner- tion of selection.

source ox Degrees of 
Xttlikhn:n.___

To til
between sexes 
between ha■echos 
Between lines
Among sir os w/in l ines 
Among dams w/in sires 
Error

410
1
1
1
4

53
3 50

.a ears 
Jklinre

11,415
240,273** 
118,969 
64,78 3** 
16,0143 
6,107
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Is not significant at this- stag© of selection* Male thyroid 
-glands averaged lS^ milligrams whereas those of fern les 
averaged 150 illlijgrums, hut the difference was nqt sighi- 
fleant* --'The--, difference ‘■between hatches %a& highly'significant 
and the differences .among sires ' v-i thin lines and among dams 
within sires were highly 'significant*: "-th© herit&bility 
estimates in Table 12 are much the same as in previous 
generation®. *

TABLE 12* Her!tability estimates of thyroid gland weights 
of thiouracil tre ted chicks in Experiment A 
after one generation of selection*

Basis^of ' ' 'T 'H^itabll;f:̂yrr'':'’r'a'a;T_l' YTr‘
sa.Ua & & § .............................. M l ,   ____ ____________________

40/Q * 0 * 8  45-6
4-S/Q * D * S 28.6
2(D * ♦ D * S 37.1

Selection of Experiment A continued into the 1952*-
1953 season with the results given in Table 13* At this 
stage of selection the progeny of the high line aver..gad 
slightly more than twice that of the low line with thyroid 
weights of 214 ±  10 milligrams and 1G0. j£- 4 milligrams 
respectively* As in the previous .generation* the vari­
ability in the two lines was practically the same, with, 
coefficients.of variation of 52*7 £  3*2 percent for the



59.

TAELT 13. Thy roll gl-.n-d weights, cc-ef fici rats of vs ri.. t'- on, 
• nd st:n.'h::.rd errors of thi curve 11 treated chicks
In Exeerimeiit 1 nfter i:c eente- tions cf selectj on.

!’1 eh li.n.e.... ........ .. __ _ ...ko_vv.line... .......

fire h, of f :\ o T Oil C. Of s. hire N0. of Thy cold C. of V .r; ’ ra V c o v — .)...._cs) .. cricks t, v . i  :;)

12 23 263 + 27 54.8 ♦ 7.3 13 127 !. .? * 5 i:4.a * 3.1
19 5 o 193 * 14 53.3 # 5 . 0  25 49 94 jr 9 66.2 * 6.7
If 3 9 228 * If 46.5 ±  4.7 26 61 93 i  6 51.9 ± 4.3"

12 5 ...L s 10 5 r • 7 ± 3 . 2 217 100 ±  4 52.6 ± 2 . 5

hi on line 1 51.6 ±  2.5 pore e,it for the los line. Xhi is
"ho n gr inic; ,lly In she ire isncy iistri but!ons in Fi gure 3.

The ene lysis of v.-.ri .see in Table 14 shoo. s the difivre nee
hetnesn lin- s is non highly eignificent. The dif forornce between

r n  • g ; T  p I4. sn‘lysis of vari ..nee of thyroid s i hi 5 weights
of thiouracil v  v  ted chicks in Experiment A 
hter too gener ti.ons of selection.

source of 
O  V h h O

Degrees of
l £ a g & a a____

ife:. n 
squere

T o t a l
set sen seres 
setnoen lines 
vrvng -ires \ /ln lines 
snonn 2:rv- s/in sires 
Error

3 51 
1 
1 
4

/.%. C.)
297

51,455*'* 
1,0 58,418-** 

25,592 
12,484** 
5,177

snies is .Iso hi eily si nil; i c e,t A is A.o :s Is os -ei ■ n vi.
131 rilii r v rr 1'eaAe gl< .ivis 155. Too her 1 tub! 11 ty
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61
estimate in Table 15 continue to be much cue same as before#

I/o Lb 15# fieri labili ty --stime cos of thyroid gland heights 
of tliioui"-.: cil treated chiefs in Experiment A 

of tor tvo fonerations of selection.

B a s i  s of ’ H e ri to'b i l l  t y
e s t i 5i L t e ____(% )
4D/C ♦ D ♦ 3 63.74
AS/Q * 0 + 5  13.70
A(D ♦ Ci) /- ■!* U + S 4I .

f / e s u l  ts  cf '"/oer i-Xicnt B f o r  th e  1951-1952 sc;-son are pre­
s e n te d  i n  T a b le  1 6 .  After a nnuni.Qc- te . ly  s o  gonnrw tbens  o f

TABLE 16. Thyroid gland weights, coefficients of variation, 
end standard errors cf thiouracil treated chicks 
in Sxmerir.-ent B nf ter o.pproxi^s toly too generations 
of select! c m

  Hish line _________________Low line —
Ire No, of Thyroih C , of V. Sire Ho, cf Thyroid C* of V.
_____ chicks wt. (n,ry.) (f)  chicks wt. (tm.) (%)

7 5  4 3 8  £ 3 6  70.4 ± 5.8 20 57 9 2  £  6 48.3 £  4•
23  7 2  4 1 5  *  4 4  89.? 7 . 4  21  1 4 7  1 1 9  *  5 5 1 . 8  *  3#

147 426 £ 28 79.5 £  4.6 204 111 £  4 52.6 £  2.6

selection the aver- go thys c-irod. aht? of if s chicks from 
the high line were almost four tdues l-orner anon* those 
of the cnicks from ;,he lo-■ line v, i th. toy r oil rsightt of 
426 £ 28 milligrams, . .hi 111 £ 4 milligrams respectively•
The an&ly 3i s 01 v̂ .r 1 nee is shown



in-fable 17 and. the &i fferene#V;: between *th» -two' line# .is
highly -significant* The difference: be tween, sexes ’ is also

!
highly significant, the •kyeragb>thyroid weight for . males 
being 196 milligrams and for females. 2$'§- milligrams* The

TABLE 17* Analysis of .variance-''of - thyroid gland' weights ■.
of thi©uracil treated chicks in- toperimeht B

' : ' ■ .v--- , '
after ■epproxiaatalyl twofgenerations of selection*

irĉ g of v „ . :. 1 Of V**V V

Between- sexes 1 750*002#*
Between hatches ,• a • : 1 9,SS7
Between lines i ‘ :- ' ': h 1 8,489,511**
Among-sires w/im lines

yAmong - dams w/in sires
Error 304 47,150
fr =*cuency distributions of the thyroid 'glands for the. two 
lines o.re given, in Figure 4* Each line each! hit# the same tyjM 
of shewed distribution as the original population shown in 
Figure 1, but the variability is much greater in the high 
line than in the low line* The greater variability of the 
high line.is-also shown -in Table 16, the coefficient of- 
variability of the high line being 79*§. Jf4v6 &hd that for 
the-low line 52*6. j* 2*6* The difference between the coef-ft- 
cleats of variation for the two lines is highly, significant* ' 
The estimates of heritabi 11 ty shown in Table 18 have reduce# 
considerably.

Selection in Experiment B w a s  carried'.on into the 1952- 
,1953 season . iid the results are shown in Table 19*- The high
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TABLB 18. Berilability estimates of thyroid gland weights 
of thicurreil trcotoi chicks In ^yperirnent B 
alter eoorcxima tely tao generations of selection.

Basis of Her!tafcllit'
a s tiKaae

40/Q + 0 + & 8.90
4S/Q + 0 * 1 0.00
2(0 ♦ s) /c ♦ D * s 4*45

1 f.; .19. mt O X fl a lan a e 1ah+• t;' * p Of l‘i cients of Tar la ti an,
r 'I .0 C * J -;v *y* --S 0ri'or s of thi ouracil tin1 a ced ciiicks

in *v n r:,r!./V a*1 '•-• V-imen v- 5 at** [“/er a :> ororinia 13 ly ihr 3 0 f. 0-■*• S' "1- " 4* * -ah r-** « i "W* — 1-- W --

of salec ti on *

Hiyh line Let line
fire  ̂o . O x Thvp n i d C. O•f V • ire No. of Thy1old G. of ¥

chi p'̂ 2 yt. (mp *) (Z chi cks >■ t . (my.../......, (/)
22 9 *31*— 9 540 Ji 57 50.2 ± ry

•A 20 56 104 ± B 85 *1 ±  5, a
23 i. 4 /■■46 ± 59 A r o o ± Qy •6 77 107 i: 5 43 ±  3< 5

47 t492 ± 41 «7 ^ ±  ̂•9 133 108 ± 4 48 .2 + 3.. 0

line s a t4- - f1/ c> X no 0 a Vx ;■ y" x O e i ■nt a "1, • *:ost 1ive t L me S £7X0a ter
t o a n e low 1in e v. i trx -Vid 1ght s of i, 41 all(l 106 ±  4
nilligr h.ms V1 • T; • > ac t i te.i.y • The high ■1_L J. ix& x S also 10 re a a ri a Dl e
"t" ̂v't 't ■pi WliCi ii th 9 lO W 1 in 1 y Xhe cosOf i c i rtv 4. A V Q J. var i at! oil be ing
57.3 £ , 5*9 ani t4 O O 4- ° y ^ *0 ?'"S ;; -j p c a*r-t, re s ,a k-' w mIwv e l y . The a n a l y s i s
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of variance is given in Table 20, and the difference 
between lines is highly significant. The male thyroid

TABLE; 20. Analysis of variance of thyroid gland weights of 
thiouracil treated chicks in Experiment B 
after approximately three generations of selection*

Source of 
variation

Degrees of 
freedom

Mean

Total
Between sexes 
Between lines 
Among sires w/in line, 
Among lams w/in -sires 
Error

179
1
1
2

26
149

14,671
5,167,721**

51,750
34,151*
20,133

glands averaged 200 milligrams and the females 217, but the 
difference between sexes was not significant* The frequency 
distributions are given in Figure 4* The heritability 
estimates continue to foe low, as shown in Table 21.

TABLE 21. Heritability estimates of thyroid gland weights 
of thiouracil treated chicks in Experiment B 
after approximately three generations of selection.

Basis of 
estimate

Heritability
-  i n

4£3/Q ♦  0 ♦ S 

4S/ Q 0 S 
2 (Q ir 0) /l a U •§» S

40 .38 

6.64 
23.86

It is apparent that El-Ibiury and Shaffner (1950) were 
able tc make greater progress in selecting for high and low
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thyroidal response to thiouracil than was attained in 
experiment A. There are three possible reasons, for this.
In the first place their selections were made on the basis 
of thyroid weights at 10 weeks of age, whereas in this 
experiment, four week weights were used* It would seem that 
any non-genetic maternal effects would be more likely to 
affect thyroid weights at four weeks tiuin at 10 weeks of age*
As a matter of fact, an increase in heritability with increased 
age was indicated by the heritability estimates of 60 to 
70 percent for the 2(0  *  S)/Q + 0 *  S method of estimation 
by Sl-Ibiary and Shaffner (1951) for 10 week old chicks, 
which were much larger than the estimate of approximately 
45 percent arrived at here for four week old chicks. Also, 
it has been shown by Baker, Hazel, and Reinmiller (1943) 
that the heritability of body weight in pigs increases 
gradually from zero at birth to a maximum at 112 days of 
age, and El-Ibiary and Shaffner (1951) showed that herit­
ability of body weight of Hew Hampshire chickens was higher 
at 10 weeks of age than at six or eight weeks. Hay. it 
seems reasonable to -expect. lower heritability and consequently 
loss progress Hrcm.selection at four weeks than at 10 weeks' 
of age 1- * : :

Secondly, the experiment conducted by El-Ibi&.ry and 
Shaffner (1950) utilized a larger number of families for th© 
initial experiment. In their experiment eight sires were 
mated to eight dams each, whereas in the present experiment
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only six sir© matings were available*.
Finally, chance may have- been a factor in the final 

choice of sires and dams used to produce the high and low 
lines. The great variability in thyroid weight would make 
it unlikely that the sires and dams in each- experiment would 
have comparable genotypes for thyroid .gland weight*

A S' suggestions for future experlmantatioii, It would be 
desirable to determine the age at which heritability of 
thyroid response to thlouracil is highest, and use that 
age for assaying the families. However, the four week age 
has an' advantage over later ages' in early testing, and & 
much greater age might'-have the disadvantage of lengthening 
the generation-interval so that rate of"progress actually 
would be reduced*

The crossing of M e h  .&qd low linea
It was decided that a control would be desirable when 

the time case for crossing the two lines* Therefore pens 
13 and 26 of the low line and pens 19 and 24 of the high 
line were mated so that the sires were the same for the-
two hatches used for assay during the 1952~19&3 season* In \

' ' . ■ . . ' f
all other pens-, the sires of chicks hatched during the first' 1
hatch were placedwith, females^of.':-the* other line* That is,
the sires which'had been selected to head pens 20, 21, and h
2-5 were placed; in. ,22,^23/; 12, respectively, for
producing the crosses * hAfter one hatch was -obtained the sires'..

\
\
\\v
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were re -X; o£ 2. i a:e wen
res s scfc1v© lla fa C; i-. cl-:
'v1̂ '“s’ *y tv c* 's’- ■ i'*'>T © s vet. for
• no h- :a war -O? T» 1.. tl on of se

>ens containing outlets from their
rig aerlow of too weeks was allowed,

:rols were used for two reasons* In the first 
■el-nee, the controls would show up any large difference between 
n-..tcli.es, end s eccndly, they ccu-d be used as a basis for 
comout!no correction factors if a large difference between

The results are presented in Table 12.»C-1... c c u r r

Thyroio gland weights, coefficients of vari-ati on, 
and standard errors of triiouiv,oll tre,.tad chicks
from two hatehe 
of selection*

of e x p e r i m e n t iter two venerations

lieth line

19
o /

c-:p| y5 fC3fc

lo
26

first hatch facond hatch
fire ho. of Thyroi a

chicks at. (mg.) (d)
wo, of 
chicks

rnyro- 1. of V
.« (lid,*..)___Lf )..

60
67

127

213 £ 13 
226 + 15

J. £.6 ± 4.2 53
55.3 + 4.3 49

193 ± 1 4  53.3 ± 5.0
208 ♦ 14 46.5 + 4.7

1 *o £ o *2 107 ^00 jr 10 5o• 0 4̂ 0.4.
L o w L i n i _______       .

at h Sc ft Second hatch
o. ‘-■! 4' . a x

chicks
Thyroid C
W t ♦ C iU li */} .

of V.

66
102
106

6
6

26 * 6 * 4.0
4 B * 0 £ 4*2

107
61 ±

*
44*6 _Jh 0.1
51.9 ± 4.7

168 103 £ 4 53.1 it 2.9 168 102 ±  4 47*4 * 2,6



The lata in the right half of this table were ore sen ted pre- 
vis as iy in Table 13 but -re repeated here for purposes of

area ter tnnn these of the secorh hatch, particularly in the 
hi an line. The difference between hatches was significant, 
but only at the five percent level of probability as shown 
in Table 23. Apparently the unfcnovm factors rhich reduced 
the thyroid weights of the second hatch below those of the

TABLE 23. Analysis of variance of thyroid gland weights of

first hatch affected the high line much more than the low line. 
Therefore any correction of the crosses for differences 
between hatches should be approximately midway between the 
corrections for the two lines. It is estimated that such a 
correction would amount to little, if any, more than five 
percent, end since this small amount would h-ve little effect 
on the final results, no correction factors were computed•

The difference between sexes was highly significant, thus

c :monrison. The thyroid weights of the first hatch were slightly

thiouracil treated chicks from two tches of
Experiment A after two generations of selection

Source oi 
variation

Degrees of 
freedom

mean
square

569

5 1 7

1
1
1
2

47

624*-*
*- / ,95 6~* 

1,653,514** 
5,195 

11,093** 
5,752
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confirming the conclusions arrived at from Table 14 when only 

one hatch was considered.
A'berle and Lani&uer (1935) reported that In reciprocal 

crosses between Frizzle foal and White Leghorns, -which have 
Isrp-e and sma 11 thvroi i rO r<rvl s . resoeeti ve.lv 3 the cross in•*'“ -• O “■ "• «* «-v  # i. ■' J

which the male parent was Frizzle produced thyroii glands
which were larger than the Frizzle parent, whereas the other 
cross produced thyroid glands v;Lich were the ŝ .me sice as 
those of 'White Leghorns. El-1 hi a ry and Siuiffner (1951) 
ccnclu 1 oh fo. t nnone of the additive variance is concerned 
with the goiterogenic capacity of the gland and that dominance 
la to be susoocted* in the genetic control of thyroid gland 
weight of thiouracil treated ID-week-old New Hampshire chickens, 
Fipure 6 is net in agreement with either of the works cited 
shove* If non-additive genes completely controlled thyroid 
weight, the crossing of two lines differing in goiterogenic 
capacity should oroduce results approximately the same as 
either one or the other parent stock. On the other hand, if 
the gelterogenic capacity were controlled only by additive 
genes thyroid weights of the crosses would be expected, to lie 
midway between those of the two parent stocks. In Figure 6 
the mid-point between the parent stocks would be 162 milligrams 
which is quite near the observed value of 169 milligrams. 
However, in Experiment B the thyroid e.eights of the crosses 
ware nearer those of the low line than of aha hi ah line parent. 
The mi d-narent value would be 300 milligrams virile the observed
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value was 188 milligrams. The difference between the observed
value -.a! the value expected on an assumption that all genes 
affecting thyroid response to thiouracil are additive produced 
a chi square value of 8.36 ahich is highly significant. This 
may be taken as evidence that some dominant or epistatic genes 
for small thyroid size are involved. Although an undetermined 
amount of this difference may be found in the difference 
between the first and second hatches discussed previously in 
connection with Table 22, and although it would seem that if 
a transformation could be found which would make the frequency 
distribution symmetrical the crosses would be more nearly 
centered between the awo parent stocks, it must be concluded 
from the available evidence that thyroid response to thiouraeil 
feeling was affected by dominant or eel static genes in Experime
f.-> *

It is interesting that the offspring of the high line 
in Experiment B produced larger thyroid responses to thiouraeil 
in 1950-51 and in 19 51-52 than full sibs of their parents. Thi 
could be due to different environmental conditions for these 
years, or the parents chosen for the high line may have been 
genetically disposed toward higher response to thiouraeil than 
their full sibs vaich were used for assay* This could easily 
occur with the large natural variation which affects this 
trait*

The crossing data for Experiment A are given in Table 24* 
The cross using the high line male on low line females produced
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:4* Thyroid gland weights, coefficients of variation, 

uni stundard errors of thiouraeil treated chicks 
from reciprocal crosses between the nigh .uni' low 
lines of Exoeriraent A.

ia line male x low line females how line male x high line females
'en bo. of Thyroid C. of V. Pen Do. of Thyroid C. of̂  V.
 chicks at. (sigj (/£)_________________ chicks at. (mg.)
25 71 187 ±  15 66.4 ± 5.6 12 23 116 ± 13 54*6 * 8.0

larger thyroid glands than the reciprocal cross, but the difference 
between reciprocal cresses aas net si gnifleant as shewn in Table 25*

TABLE 23. Analysis of variance of thyroid gland weights of 
reciprocal crosses between the high and low lines 
of Experiment A.

Source of Degrees of Mean
variation_____________________ freedom________________ snuare___
Total 93
Between sexes 1 10,103
Between sires (crosses) 1 86,357
Among dams w/in sires 16 34*217**
Error 75 8,111

Furthermore, in this case only one sire was used for each 
cross and the sire effects were confounded with the effects
of the different types of cress. Therefore, the large glond^ 
resulting from the hi gh line ms Is crossed with, low line ferrules

i \
may be entirely due to chance differences between the two 
sires used, regardless of fee line freni vhich they ceme. For
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> *»<. ? O. ‘ he heritability astimate for m e  sire component

iven in Table 26 has little meaning• However* it is noted 
that the heritability estimates in general are much larger

TABLE 26* Heritability estimates of t.ayi oil gland weights of 
reciprocal crosses between the high and lov: linas 
of !‘fao-eriment a *

Basis of 
estimate

Heri ta.b.i 11 ty
._._cjq.... ...__... .................._

40/0 ♦ 0 ♦ (S * L) 140.67
4(s ♦ :..) /; * D * (S * L) 3.1 * 20
1 |jj *|*  ̂ui 4" L / Q •§* D 4> (s * L) 8 5 . 93

i.monr the c.rocsed prog env than among meir half sins widen
r. suited frI ..-N VTf'i X* . J'-'V VS. 'Nv./ili O in w a. •w.. 1 x ,rr ■> 11ons 01 sdect1on•

Table 2 7  presents t f i e: . - ta ior reciprocal ciossss of
Ex p eriment B * Here it 1 s iiO L h i that there is very little

ABLE 27* Thyroid aland, weights, coefficients of variation, 
and *tandera errors of thiouraeil treab d chichs 
from reciprocal crosses between high and low lin^s 
of Experiment B*

H i 5r b line d* X low line Low line x hi gh. line
Den Mo* of 

ch icks
Thyroid C. of V, h n  Ho. of 

SJU.-.U.?.J_...0 0 .. .... .£P 1 cits .
Thv
—  - “1/

it.
i--old r;. of V.
(.man...._(1I

>0 26 236 i  23 61.4 £ B.5 22 48 137 £  23 116.3 * 11.9
1 36 164 £ 17 62.3 ± 7.3 23 25 273 £ 39 71.1 £ 10.1

£  16 64.9 £  5.8 73 183 £  16 74.2 £ 6.1
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1.1 f  f - r o n e s  b e t w e e n  t h e  r  eci. o r c c a l  c r o s s e s  ? but- t h e r e  . r e  g r e a t  

1 i f f a s  , m o n g  s i r e s  ? i t h  r e g a r d  t o  t h e  t h y r o i d  g l a n d  w e i g h t s  

c l  t h e i r  o r o g e n y ♦ T h i s  i s  e m p h a s i s e d  s t a t i s t i c a l l y  i n  T a b l e  2 8  
w h e n  t h e  m e a n  s q u a r e  t o r  b e t w e e n  r e c i p r o c a l  c r o s s e s  i s  e v e n  l e s s  

t h a n  t h e  m e a n  s q u a r e  f o r  e r r o r .  O n  t h e  o t h e r  h.- nci, a c e  d i f f e r  a c e s  

b e t w e e n  s i r e s  -b t h i n  c r c c  n - n  i n  h i g h l y  s i g n i f i c a n t .  T h i s  c o n f i n e s

T A B L E  1 1 *  Analysis of variance o f  thyroid a l a n d  weights of 
reciprocal crosses between high a n d  low l i n e s  o f  

a x e c r i m e n t  B *

Source of Degrees of Mean
variation freedom______________ square
T o t a l  1 3 4
Between sexes 1 10,856
Between crosses 1 3,980
.among sires w/in crosses 2 191,659**
Among dams w/in sires 27 18,637
Error 103 13,614

t h e  s u e  fro a 11 o n  m a d e  previously that t h e  dif Terences between 
reciprocal crosses I n  Ixo-riuieiii A umy h . ve b e e n  d u e  l a r g e l y  to 
d i f f e r e n c e s  b e t w e e n  s i r e s .  The h i g n  h e r i t a b i l i t y  e s t i m a t e s  i n  

T a b l e  2 9  c o n f i r m  t h e  expectation t h a t  heritability i s  higher in 
T a l L i B  2 9 .  H e r i t a b i l i t y  e s t i m a t e s  of t o y  roil gland w e i g h t s  o f  

r e c i p r o c a l  crosses b e t w e e n  high a n d  low lines of 
Experiment B.

Basis" "of Heritability
esti.ffl.ate  (%)

4D/Q ♦ D * & 23.21
4S/C * D * S 103.16
2(0 ♦ 3)/Q + D * S 63.19
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eressed eoeul^tions obtained by mating airiiviciu. Is from 
stocks in which selection h., s been practiced.

Thyroil height cnl Function
■then a number of full sibs of the high and Ion lines 

cere fed a control notion luring trie 1951-1952 se uson, m e  
high line «as founi to have smaller thy roil glands tnan One 
low line at four weeks of age. Tabid 30 shoes that the nigh

T5BLB 30, Thyroid gland mights, eoefficiouts of variation, 
and standard errors of untreated and thiouraeil 
treated chicks in Experiment A after one generation 
of selection for high and loo thyroid weight response 
to t'hioumcil.

______ S&B&a2l-fcr-&gB______________________ Thi our-.- c 1.1 r«.:.tion
Sire f% o , of Thyroid C , of V. S o ,  of Thyroid C • of V.

chicks. y.t> .(gig.) (j) chicks at-, (mg.) Of)

■ m  37 25.3 i 1 .2 . 23.3 + 3.5 64 153 + 16 64.6 + 7.5
iih 19 42 27.8 + 1.3 3J.8 + 3.4 81 154 i 9 55.2 £ 4.3
ine 24 27 25.4 + 1.4 3 3.2 + 4.1 17 263 + 32 49.8 ±  8.5

106 26.3 + 0.8 30.0 £ 2.1 162 165 * 9 69.0 + 3.8

13 23
ow 2 5 18
i n e  26 73

27.3 ± 1.1 15.4
29.3 ± 0.9 19.3
29.8 * 0.9 25.1

± 2.6 63 102
♦ 2 , 4  65 131
♦ ,c.l 1/.-1 1 /.:■ 5

♦. 7 "5.4 ±  4.9
♦ 13 78.4 ±  8.9
±  9 67.2 * 4.3



line thy rolls .;ver.. ged 26*3 f 0.8 mi H i  grams ahile those of 
the low line over-.:ged 28.8 * 0.6 milligrams. The data in the 
right half of the table represent the thiouraeil fed full 
sibs and sere presented previously in Table 10. It will 
be noted that for sire family averages sithin each line the 
negative relationship between types of rations loss not noil* 
and within the low line there is a direct positive correlation 
between thyroid sire of birds on thiouraeil and those on control 
rations.

Table 31 shows that the difference between lines is not

TlBliT 31. Analysis of variance of thyroid gland weights of 
untreated and thiouraeil treated chicks in Experiment 
A after one gener .lion of selection’"for high and low 
thyroid weight response to thiouraeil.

Source of Degrees of 
____

Mean
.? I M 1

Total
between saxes 
Between hatches 
Between lines 
Among sires v/in lint 
Among Ianis w/in sires 
Error

229
1
1
1
4

28
194

152
699**
414
84 a
43

significant, and the evidence presented here is not sufficient 
to justify any conclusions regarding thyroid aeight and Tuncti on, 
Thus, this problem, about vvhich chere is so much confusion 
in the literature, remains unsolved. It will be no red that
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her©, as in thiouraeil fed^/bird^ environmental conditions 
are important as shown by the highly- significant difference 
between hatches#

\
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RELATIONSHIP TO CONOMIC CH.h ACTEBISflCS

Sexual Maturity
Very few data on sexual maturity were collected during this 

investigation. The first indications of a difference in 
sexual maturity of the two lines occurred when a. few pullet 
offsoring from the high and low lines selected by El-Ibi^ry 
and oh  a finer *v i  v y u ̂  w e re  m.i. s e n  m  u a i i « r  i e s i a  i e  in u n iy

four pullets from i/ie hign line lli three from cue low line 
were avallaLie for this study. The dale are presented in Table 
32, The low lino averaged seven days less than the high line
in age at first egg. It shcu.' « L O V lb -u. m a t  two of the low line

T* V J. T? '*'7 of 1 "^  r, r% 1 pv<  1 i

ctea by El-Ici^ry and Shaffner (1950).

J.UEU lit* Low line
Pullet

A 6 A 11 
A 12
A 14

Sexuai. Mafcuri ty

149j ^
149

156

Pullet

A 3
x. 5 
A. 2;

Sexual aatur1ty 
t ci a y s )

158
136

149

•outlets , A3 a n d A5, were 0 o n c. 11 zed by not receiving the Benefit 
of lights until they were 149 lays old. Al 3 were
131 days of age when lights m r e  applied. Thus, It is reasonable 
to assume that the difference between lines would have been
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greater if limits had been appli ed to ,..11 birds at the same 

However, Lae number of pullets was quite small, and 
the difference between lines was not significant*

He sexus 1 maturity data were obtained for the pullets 
hatched in the spring of 1951* The difference referred to 
in the -previous aaragraah was not confirmed by the pullets 
hatched in the soring of 1952. Xhe data are presented in 
Tables 13 and 34 os the ■ ges at which the first egg was recorded. 
However, ege? production records were not obtained until pullets 
from the two hatches were 185 and 172 lays of age, respectively, 
m a  many of the birds had aireadar been in production for some 
ti-e* fbu~!, those late, are more indicative cf late sexual

"I "TXT
0 ..i 01

shri' - r

-r>

•-.i

C i - l:-ly sexual maturity, TV:<' t : in the
for the two hatches* In Experiment A

33, the average age at which the first
recorded 1 1;.V • .  11I t in both lines. In

Modified estimate of c.ge at sexual maturity of 
Uti ui aa ifcci _,uj.lets -Liix l x ■lex'iiiiei'it A after on© 
generation of selection xor high and low thyroid 
weight response to thiouraeil*

High line hotv line
!en Ho. of 

nullsts
xual atari ty 
Xlays)_______ _

12
19
24

9
If
16

s a

185
1 S2 
184

13
o /fCO

pullets
18
13
13

44

ru a1 m n tiri ty 
(days)
179
132
188
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TABLE 34* Modified estimate of age at sexual maturity of
untreated pullets in Experiment B after
*p -roximately two generations of selection for
high and low thyroid weight response to thiouraeil*

fljgyJiAM ......     how liniL
Pen '.lo* of Sexual maturity Pen Ho, of Sexual maturity

  Caay g)     .

22 14 182 20 14 200
23 11 192 21 11 190

25 186 25 194

Experic-nt B, shown- in Table -34* .the-:bigh line averaged 1S6 
days compared tc 196 days to maturity "'for the low line* The

■& j. .:*

difference .was . in. tzfror ..of‘the- h i g h line# but^thif difference
'■ ' - v 1V 1 I '

was not significant* " ' Ti ■-
Although the literature contains esridmice that sexual 

maturity may be affected by’-differences i& thyroid activity, 
these data provide no ;consistent evidence for.a difference, 
in sexual maturity between the - two lines*.



^roauction
Tlie egg production of the Nsv; Hampshire pullets milch 

produced the unselected population of Experiment A in 
1953-1951 was recorded for tiie period from December 1950 
to Juno 1951. The a vei uge percent -reduction for each of 
too . ir oens lo given in Table 35.

TABLE 35* Percent egg production of untrue, ted pullets in the
un->eleeted peculation.

Pen Ho. of Pro.taction
outlets

a a 59.9
9 7 55.1

10 7 60.aT ■ *7 / ’’’ p
12 3 51.5
13 3 42.6

45 51•8

a o n e  generation of selection for thyroid response 
to tniour, cil, the high line everaged 56.1 torcent egg pro- 
suction whereas the lew line averaged 53.7 percent os shown 
In Table 36. The difference between lines was not significant, 
The period of egg production was somewhat different from that 
of the unselected population,having been recorded during the 
period from October 1951 to *h„y 1952*

ifter too genera tions of selection she low line ws s found 
to be superior to the high line in egg production as shown in 
Table 37, Egg production was recoiled fr m August 1952 to 
February 1953. In this Case, UUe high lino uveiv.gea ^3*0 perc*; 
and the low line 53.0 percent production, but tre difference 
between lines was not significant*

83.
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TaBLE 36, Egg production of untreated pullets in Experiment 
n after one generation of selection for high and 
low thyroid weight response to thiouraeil*

High..line Low line
sen Mo. of 

... _ _ pull e t s_
V n  hua ti nr, 211

_ h h C M )  .3
Mo.
ouile

of Production 
ts ... . (A)_______

o

19

10 
14 
, 9

56.2 10 
p 4.1 11
5 ̂ .0 13

11
13
11

51.5
57.5 
52.1

L 56.1 35 53.7

Ts-apr ys Pgg produe Lion of un •: s , cei pullets in Ixperin ant
3 after too ;sener.,ticos of a o 13 c t i on for Is 1 h s nd
low anyraid reignt r 5 SO) i 2e to t'liour oil.

_ ... lign line kQvv _WUie.... ......
■3en Lo* ox Pro ruction Pen To. of Production

null Ots ____ (%)_____________ nullets_(j|)____

12 9 39.4 13 16 59*4
19 14 4-1*3 2 3 13 14*9
24 16 47.8 26 13 44*7

39 43.0 42 33.0

The egg pro suction in -o.oerimBut 1. i ur ing thin period 
of selorti on is xesente: gra shicully in figure 7.

T h e  a t u  o n  c o g  i r o - n e t i o n  o f  t h e  o u l l e t s  s s l o e  t e d  b y  

El-1 M a r y  a n d  B h a f f n e r  ( 1 9 5 0 )  a r e  v e r y  f e e  a m  a r e  g i v e n  i n  

T a b l e  3 a .  T h e  p r o d u c t i o n  o f  t h e  h i g h  l i n e  d u r i n g  July 1 9 5 0  

v-a s 3 9 . 1  o e r c e n t  cornu,, r e s  w i t h  3 3 . 4  a sin: a a t  f o r  t h e  1.0v l i n e ,
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86
T'BLE 33. Egg production of high t.nd low lines selected by

El-Ibiary and Shaffner (1950).

Hi eh l ine . Low line
H en Dr0lucti on

m _____
Hen •. Production 

______________ (*)______
63 3 
617 
6.30

60.9, * fn, X •  ̂
O. / 53

39.1

632 39.1 
629 ,1.7 
634 30.4

n . Hr ..Ip

■ ' (ji tu t-i . * al .„i. *- a. 1. of suli•:t? wa s r. 111.1,e small end the difference
6eft:©qn lines was not sign! fleant.

The eng 1roiu-'tion of female progeny of the pullets descr
in Table 39 is era floats 3 in Table 39. The egg production from

TABLE 39. Baa '■jT07.UC ti Oil O1 orogeny of high and ioa lines
 ̂ 1j j-so ted by £1-1bi.rry .iid Shaffner (1950) .

tx r t 5 .... 0Ui K,i* 1J.UO Lot? li ne
H en Production

e n ......
Hen '"’reduction
.... ..............  (2)

A 6 60 * 6 « a 26*0
All 12.5 H. 5 43♦3
iil a. 51.9 A22 47.1
A14 g'A • 3

41.8 38.8

J<i IIU JL” If to , - - «  4 1la. al iX  ̂■f' 1951 aas 3.0 percent hi gher In one L i gh
th an 1n the low 11 ne .again the number of pud.la 4“ *-4 •! V'-LfC2> ’.VaifcJ snal
and th e a r e i' e a c€ "0ctween 1:Ine s aas not si gni €1cunt. Otne
than 0.. c oullet ) °xos rimera t H had no egg or01 U *—• a* ."X V.12 -i. 0: cl *1/ <■'.
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1950-1951 since most of the pullets mere the same as re sorted 
in Table 35.

after approximately ts.vo generations of selection for thyroid 
response to thiours oil in rxneriment B, the egg 'production of
ills'll line millets avert eel 52.2 nor cent for the mo nth s of January, 
April :nd May 1952 as shown in Table 49 > while that of low line

TABBE AO. fry rro';uctlon of untrvr ted. null0ms in Experiment 
B aftrr a ~rcxinr: uej.y Pro renera. tl ons of selection 
for high : nd lo^ thyroid weight response to 
tv i cure oil.

22 0 a

hi oh line
Pen ho. o. Product!on

- ( p ....
11
i

52.2

20
21

1,0 v; line
'en ii c • ox Production
  ( ’)

13
14

27

60.6 
57.6

59.1

pullets a s  59.1 percent. The difference between lines *as 
not significant.

Table 41 shows that after approximate iy three aenerations 
of selection, the low line bra* again superior to the high line, 
with averages of 45.8 and 37.3 percent production, respectively. 
The situation is shown graphically in Figure 7. Evidence m  trie 
literature indicates that egg production may be affected by

eronees m  thyroid activity. However, in no case was th<
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TABLE 41* E?g production of untreated outlets in Experiment
B after aporoximately three generations of selection 
for high and low thyroid weight response to 
thicuraeil.

High line________________________Low line
Pen do, of Production Pen No. of Production

pullets C/c} oullets ^
2 2  14 37.5 2 0  15 40.7
23 12 37.2 21 12 50*8

26 37.3 27 45.8

>rence between lines significant in percent egg production,
and the evidence presented here is not sufficient to justify 
concluding thet the low line had greater egg production than
the high line.

Fertility
The fertility was not recorded for the original population, 

hut in Experiment A the percent fertility w .s slightly higher 
in the Ion line than in the high line after one generation of 
selection for thyroid response to thiourv,eil. The high line 
ayerased 92.5 percent fertility while the low line averaged
95.4 percent as shown in Table 42, However, in th..e following 
genera tier, the high line had slightly better fertility than 
the low line with 93.8 percent and 92.8 percent fertility, 
respectively, as shown in Table 43. In neither case ;n,s trie 
difference between lines significant. These results are 
shown gra ihicnlly in Figure 8.



89

"ABLF 12. Fertility in Fxoeriment A fter one generation of 
selection for high end low thyroid weight response 
to thicurscil.

High line Lot, line
Pen Im q . of Fertility 
   pullets
12
19
24

14
910

96.8 
97 *0 
79.5

Pen No. of Fertility 
 oullets_____

25
10
9

13
97.0
98.5
93.2

33 32 95.4

TABLE 43. Fertility in Experiment A after two generations of 
selection for high end low thyroid weight response 
to thicuracil*

.High line Low 4ine *
Pen Bo. of 1Fertili ty Pen No. of I"ertili ty

' pullets m ..... pullets (:') ......._
12 b 91.9 13 16 9Z.5
19 11 92.5 ■ ■ 5 13 93.3
24 11 97.1 26 10 92.7

a 93.8 39 92.8

In Experiment B, the fertility of the high line seemed to 
he superior to that of the low line in most cases. However, 
among the six females selected by El-Ibiary and Shaffner (1950) 
the high line pullets averaged only 41*3 percent fertility 
comorred to 50.5 percent for the low line under conditions of 
artificial insemination. These results are presented in Table 
among the seven female progeny of these birds, tne high line 
averaged 92.5 percent fertility while the low line averaged



TfBLs 44. Fertility of eggs laid by high -.no. lov. line
gullets selected by El-Ibiary ..nd Shaffnsr (1950)•

..High.line.......... ............. ..... Low line
Hon Fertility Hen 

(%)
Fertility

..... ......(i)....
633
6X7
630

48,8 632 
16*7 629 
58*4 634

41*6
100.0
10*0

.41*3 50 * 5

7:3.6 sarcest as shorn In Table 45.

T37LFr. 45• Fertili ty of eggs laid by progei 
birds selected by El-Ibiary and

ry of nigh and low !

Shaffner (1950*

High line Lot? line
c~h;-î Fe r t i 11 ty H en

- .............. - ........................ ................................................(D- .......................

Fertili ty
.... ..... .............................(ill...

A 6 
dll
A -< r-\am . a

*  1  /  
a  J . / 4 -

97.8 A 3  
50*0 A 5 
97*4 A22 
90.0

73*7
89.7
14- * 1

92*5 70.6

The sans trend held true when full brothers of the oullets 
described in Table 45 were use! in matings rith unselected 
nullot-s. Table 4-6 sheas the hi =?h line ns las orcduced 95* 8 
oorcmt fart:: 11 ty a'ail-'- the loa line sial.es sere able to or educe 
only 91 .bioarea:at farts 11 ty * In the faliening generation the 
■■ve.r se fertility ox tee high lino was 81*9 percent a..! of the 
Ion line a,t 73• 8 percent• Those cl&v . a.re shorn in Table 47*
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3L3 46. •til •f” -\r ien hign low ere uated
to unselect' female

'igh line Low line
Pen No,

null
of Fertility 
ets....0 0

Pen No, of 
pullets

Fertility
......m _________

10
11

7
7

91.6 
100.0

8
9

7
6

93.1
91.2

14 95.8 13 92.2

rp h x ■' T 47, Fertility in Sx?eri merit B after approximately two
generations of selection for high . ud low thyroid
'weight res nonse to tli i our acil .

. High line Low line
Pen No. of FertI11ty 

pallets (%)
Pen No. of 

pallets
Fertility

($)

■1 oa.* rfC.
23

11
12

Art c;
95.3

20
21

13
14

49.1 
98.4

o ̂ 31.9 yi ry 73.8

Hov/ever, cfter aoproxins tely three generations of selection,
fh ̂ c{ t T* ̂ U ̂ ras reversed as shovm in Tat ole 48. The high line
, ver .red only 88.6 percent while the 10w line aiveraged 97,6
oercent. The results are shorn eraoh ie lly in Figure 3.
The 11 ter:, tare contains evi lence that iifterences in thyroid
C. CtiV I ty rar-.y effect fert j li ty in chicnens. Hoy,ever, it must
re c r n 1 ud *•*> *'% **'-1 ** t- /-x • .at--A W KJ . , ■„ J '-w- X e no consi stent lift ererces in



TABLE 48* Fertility in Experiment B after approximately
three generations or selection for high end lor 
thvroid aeirht response to cAiOurc/cii.

-• •yy>) 1 i rt ft Low line
Ho. of Fertility 
'0 all o t s (yc)

Pen ho. of 
pullets

I* ox' 1/j.xx vy

•"*5 '**»rr
12 82.1 
11 95.1

20
21

9
7

96.0
99.3

23 88.6 16 97.6

Hotche bility
R; tcb.ab.ility of fertile eggs ;,vp c*= ; ■ C*. W not record ed separately

for Hr serinent A in the original population, but after one
$? e ri e r *'.tlon of selection the Ion 1ine 1ia:i setter hatchabili ty
a i th 95.0 percent than the hir'd line *el th 90.4 'ereent. The
rax.;-., are eraser;tad in Table 49. After tea genei ... tions of

T £ FT, R 49. Hatch ability of fertile eggs in fxpariuieut A after
one goner.- ti on of selectic.n for high and lovs thyro
aeiaht res rnse to thiour;.  ̂a. x •

Hi Ah line Lor line
ho. of IF tchability 
pullets (%)

Pen Ho. of 
pullets

Hatchability 
(%)

12
19
a A

14 86.8 
9 93.1 

10 91.2
13
25
26

10
10
13

92.5 
97.1
95.6

33 90.4 33 95.0
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sel ection the hatchability was again better in the low line 
than in the high line. This is shown in Table 53, anl the 
low line had c. hatchability of 91.9 percent of fertile eggs 
conn- rad to 81.8 percent for the hiah line. These results ; 
oho wn ni'e oh 1 e lly in Fi.aur e 9 •

tciicfoiiity of fertile eggs in Experiment A after
two generations of selection for hiah and 
tnyroii eignt response to thiouracil.

low

High line Low line

12
19? /

no. of Hatchability 
nullets

6
12
13

76.5
90.4
87.5

Pen Hoi of Hatchability 
wallets______ [jQ_____„

13
2526

16
1312

93.9
87.6
9 1 * 3

of . 6 41 91*9

In Experiment B, the hirh line was usually superior to tin 
low line in hatchability of fertile eggs until the last year 
when the trend was reversed. Ho.ever, among the six females 
selected by El-Ibinry and Shaffrier (1950) the low line wallets 
ore :uc.€d a hatchability of 100 percent compared with 66.7 
oorcent for the high line, as «ho-j;n in Table 51. The hatch­
aw.11 i ty of the fenwHe orogeny of these bills is shown in Table
52, In this case the high line had a hatchability of 66.1
percent coma, red with 53.3 percent for the low line.



TABLE 51. Hatchability of fertile eggs laid by high and lev;
line outlets selected by El-Ibiary and Shaffner (1950)

. . _ .Hish line ...Low line........ ...
H en Ha t cha bl .1 i ty
.............. ... CS)......

Ren Ks Icnsbl lit}
............. (f>......

6 3 3  100.0 
617 0.0 
6 3 0  100.0

632
6 2 9
6 3 4

100.0
100.0
100.0

6 6 .7 100.0

TABLE 52. Ho tchubility of fertile 
low line birds selected 
(1950).

eggs c 
by 11-

f progeny of high and 
ILiwry and Shaffner

High line .Low line....
Hen Hatchability
.... .......... ....(1)......

Hen Ha tchabi. li ty
cm

A 6 75.6 
All 100.0 
A12 59.5 A14 51.9

A 3 
A 5
a. 2 2

85.7
65.4-
15.0

66.1 53.3

a l ie n  f u l l  b r o t h e r s  -.*f t h e  f e m a l e s  d e s c r i b e d  i n  T a b l e  52 

mere  n a t a l  t o  u n s e l a c t e d  pullets thc r e s u l t s  mere  as shewn in 
T a b le  53* The h i g h  l i n e  bad g r e a t e r  h a t c h a b i l i t y  w i t h  9 4 * 9  

a e r c e n t  o f  f e r t i l e  e r g s  c o m oa red  t o  8 6 . Q p e r c e n t  f o r  t h e  l o w  

l i n e .  The f o l l o w i n g  y e a r ,  a f t e r  a p r o x i L i n h o l y  tw o  g e n e r  t i o n s

o f  selection f o r  t h y r o i d  response to t h i o u r a c i l ,  t h e  high l i n e  

was again s u p e r i o r  to the l o w  line in ha.tchablllay o f  fertile 
e g g s .  The results are shown in Table 54 > end the h i g h  line 
e r o e u c e c i  a hatchability of 94*9 p e r c e n t  of f e r t i l e  eggs compared



TABLE 53* Hatchability of fertile eggs when high end low line
sides ere mated to unselected ien.les*

JjO-\ l iAfi.
Pen ho, of ili. tcin: oi 1:1 ty 
_______ gullets  (4)_______

8
9

7
6

86,9
35.1

13 86,0

No. Ol‘ riPen No. of Herehabi 11 ty
l U d B ___

10
ii

7
7

96.0
93.8

14 94.9

TABLE 54* Hatchability of fertile eggs in Experiment B
after a?rvroximatoly two gerror ,tions of selection 
for high :.n:i loi thy roil v;ei ght res-'onse to 
t'hiouracil*

Hisfa. line_____________________________ Low, lice__________
pen No. of Hatchability Pen No. of Hatchability

. millets______ CO .....   ’juiistis (: ) ...
22 11 95.4 20 13 60.3
23 12 91.5 21 14 96.7

23 94.9 27 73.6

to 78.6 percent for the low line. However, in the 1952-1953 
season shown in Table 55> this trend vet reversed and the low 
line had 34 .9 oerceut hatchabi 11 cy come,, red to 67.2 percent 
for the high line. These results are sho^n era shically in 
Figure 9. Although there is evidence in h e  11 terature thst



TABLE 55. Hatchability of fertile eggs in Experiment B
fter approximately three generations of selection
for high and low thyroid v.eight response to
thlouracil*

Pen Mo. of Hatchability 
, . . pullets ______

Hi girt H u e Low line
of Hatchability

mallets, (%)

12
11 70.9

63.6
20 o 1

67.2 16 84.9

eggs.

Incubation, Period
The first indication that the high, and loa lines might 

differ In length of incubation period occurred during the 
1951-1952 hatching season. Normally, the chicks \-ere removed 
from the incuba tor on the 22nd day of incubation, at which 
time practically all those 'which were strong enough to do so 
had emerged from the shell. However, luring the second replace 
ment hatch of thi« s*dson it was decided to remove the chicks 
on the fist lay of in cube tl on. This was clone, but a large 
numoer of eggs remained anhutched* These eggs were left in 
the ineabater until the next day, at which time several 
mere chicks had hatcried. The results of Experiment A are 
presented in Table 56. It will be noted that 23.2 percent of
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Figure 9* Hatchability of fertile eggs of birds selected for high and low thyroid 
weight response to thiouracil.



56* Percent of chicks *!M c h  he. tched t hi an! 22 
•ttys of incubation after one *;enor. ticn of 
selection Tor hi eh .-/id low tnyroi :i .-eight res ense
to thie-urael 1 *

Hi eh i *• tvp ...r .....Lc)w.... line......r... .. .
Sire Incubn then aeriol a. A %0t liicub̂ .tiori uerlod7 1 V s._22 Bays .21 icy s 22 irbs
12
19: 1

54.9 
89*1
58.9

26.5
7.3

35.7
13
25
26

60.4
72.7
88.8

10,5
12.1
9*9

67.6 23*2 76*6 10.8

the high lino- ■"hietc hatenei jU.ta, n n n a3 sjil.i.y 10. 8 ./OncWi.it of
the low j b n chicks ..’ere late in hutching. In Ex. verineat B the
results were even m o r e extreme as shown in Table 5v, In the

TnBcr 57, Percent nf chicks which htteueh , 1 21 ana 22 cays 
of incubation after a ^roxi-im te i y tec gener tiers 
oi selection for nigh ami low thyroid ^einB’t 
res eonse to tniourceil.

High ^ i n e ___________
re ' I i-c u a a t .1 o n ; ? e r 1 o 1 

■ŝX ./-aUjCS. «0<c> uctjr S
re

bow line____
Xneubt-sh; on
11 days 22 lays

7^.6
67.1

43.8
•cty , 4

cO
11

50*99 C By is.. «
9*4
4.1

24.1 71.8 6.

high line 24.1 percent of tie chicks ha teneh late while only
8.8 percent of the lo^ line chicks were 1 . te•
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In ord^r to investigate this point further, an experiment 

was designed th# following i-i&stm t© me&tmre the extent to 
which the low line hatched earlier than the high;line. . The 
chi cks which had'hatched cc#oletely. were counted at six hour 
imt^rmlis during'' the;".hatching/ process, end the results are- 
e i w m •in -fable 56 for Experiment. A and in Table 59 for Experiment 
;SftJ&£!$6« * Incubation period in Experiment A after t»6

generaCions of' selection for high nnd low. thyroid 
weight response to thi©uracil.

n r - . l i n . # . .......... ■■ r .r, ,, ,r ,| „ -,l1t minidunrnrnr ■ nr.Him rr  n  - , i n n r l f f f E  11Sire
12 21*20 13 21*26
if 21*17 25 21*48
24 21*34 26 21*29

21*26 21*32

1* In Experiment -A. the incube t-l on ..period of the high line 
wig actually leas then that of th.® low line with 21*26 and 
21*32- lays, respectively*, The®# results were Incoapatlfel# 
with the theory that the low line'ess earlier hatching tbair 
th# high tine* In Experiment. B th# low line hatched slightly 
earlier than the high-line with .£1*36 and, 21*56 days, 
respectively* The difference between lines'«is not significant* 

Experiments reported In the literature indicate that 
length; -of anc^hation jMtrtbd is increased ;|fcjr bath fiypo*r .- 
thyroid!sot and hyperthyroid!sm In the dams*

\
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The evi lence presented here does act justify a conclusion 
th-it the hiph and low? lines differ In length of incubation period. 
Ho-ever, no chicks fro® unselected stock were included in 
t his investigate on and it is not known ah ether the .1 ~\ cub ri tiers *
period was normal, or was p@rhii.ps retarded' to t.h* *«si* or.tent 
in both lines.

TABLE 59. Incubation period in Experiment B after approximately 
throe generations of selection for high and low 
thyroid weight response to thiouracil..

S i r e " ^  S ire  r ':r Trcufci*tion/#perioS

22 ■• j : ; 1 21i6l ' - * ■ —  26 • -..-..‘21*52
23 21.55 - A ’ 2X«2'6

:l. 56 V  ,- 21*36

Body weights s;er« taken at four weeks of age- on. all birds 
assayed for thyroid weight response to thiournoil* For the un­
selected population the results are .presented in Table 60, the

h
average body weight being 205 grams. The analysis of variance 
is given in Table 6*1. The differences among hatch*** sex*** i
sires, and dams within sires were all highly significant* 0$f&y 
the differences among battery tiers war* not -significant* This
Is interesting in view of the fact that the thyroid glands ;■: \.
removed from zlm same bird at the same age exhibited highly* 
significant differences among battery tiers*

mailto:p@rhii.ps
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TABLE 60* Four week ccdy weights of thiourucil treated chicks
in the unselected peculation.

Sire ho. of 
chicks

Body
.w:t*. C.£m*..)...... _..

fti 100 xd U 9
10
11
12

39
101
60
83

aUU
212
205
193

13 68 170

471 205

TABLE 61. wi- iy;g s of vari«YiC€ of four -eel•: weighto of th:1 our .■ >
cvk- c-tS-i cn ic.<cs in tire m s  aloe tod ij o : j a a. a w j. on«

Source of Degrees 
vc r la Men................£ meAom

cf Mean
r ...sou are... .... _.. ..

Total 470 
Between sexes 1 
.H.uiOiig iit..-- vcnK.f s 2 
Among battery tiers 3 
Among sires 5 
Amng laws w/1.n sires 31 
Error 42 8

13,1 M — 
39, r00';*':~ 

981 
31,905** 
2,219** 648

An analysis of covariance Bataeeii bony weigrit end thyroid 
weight at four weeks of age is given in Table 62* This technique 
allows the eorraariscn cf the various w i'l ? css on cue variable 
with tee other variable held constant. In this case, with 
thyroid weight held constant, body v/elght m o  still found, to 
be significantly affected by different hatches, sires, end dams 
within sires. However, the inear square for between sexes was 
olccri reduced tc zero by this treatment. The correlation 
coefficient between thyroid weight and body weight was * 0.328k



aas highly eisnific.aat.
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TABLE 62* Anahysi s of cov«rJ aasce between thyroll weight and 
body aeiebt at four w t k s  of acre of thiourucil 
tree ted chicks in oho unA&Xcc -.ed oooolaiicn#

Source of

Total
between sexes 
.Among ha tetris 
Am ono battery tiors

sirs a
01 * cr

,ms w/in. sire

Degrees of 
freedom Errors of estimate 

______ iiL&SM_SSlqJX^
469

1
2
3
5

31
427

35,452**
74517*607**

2 ,621**
710

In Tier of the aiyaiy s I f;ni .2 ; c ;: n t positive correlation 
bo tv:'-oil t*hyroii . eirht ,,uai body walnut on a tit i cure oil ration
it ha oaaactei that selection for hwhi an! low thyroid
* oe ao.u . c to th lour a o.1 I aculd result in correspondingly r-\i sing 
..aa l-v-arar::T bear reek body welbhta* In fact, this raanit
. a. a o b t ■ 1 La -' * 1 n K > .»a r i a. cat A * After one b a n u r: at i on of a e I action 
too shah lino uv, ;,....;; .c a ?23 ccsaaaral to 205 gr^ma for thus
loa line ;u srioun in T,.*blo 63* In the folloainy a cue. .at ion

TABLE 63, Fom- ho :-y icibhto of thicurs call, traatah chi "ks
in Fxa-eria,eat a ■uft̂ r cne m a r .  t\ an. tl, an
for blyh ni leu thyxcti meiaht "to or sc to bolcnra-cil *

3.1 .gh line Low line
'ir<

si
a*H. •'"V **"V* 'Tl tf-V,■> * -i . - yC b 4 rVrg ’. ■ f B f |f ?»;• , )

12
19

64on 213 XJ

2* 6
63
65

1 O ' "

...: JO-"t

162 249
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the nigh line averaged 193 grains and tre low line 160, 
as shown in Table 64. These resales are shown graphically 
in Figure 10.
TABLE 64* Four week body weights of thiouracil treated 

chicks in Experiment A after two generations 
of selection for high and low thyroid v,eight 
response to thiouracil.

High line Low line
lire No. of Body

chicks wt.fgau).
12
19
2 4

28
5 3 
49

200
190
189

ire

13
25
26

No. o f  
chi cks
107
49
61

t.(gm.)
168150162

135 193 217 160

However, '.he fact that this trend does not necessarily 
follow is demonstrated by Experiment B. The high line
averaged 220 grams compared to 218 gr; ms when male or
of the birds selected by El-Ibinry and Shaffner (1950) 
were mated to unselected females as shown in Table 65* The 

following generation the high line was again slightly 
heavier than the low line at four weeks of age with averages 
of 202 and 196 grams respectively as shown in Table 66. 
However, after ldproximotely three generations of selection 
the high line weigtltd slightly less than the low line with 
average weights of 166 and 172 grams respectively, as shown 
in Table 67. These results are summarised grs biic...lly in 
Figure 10* The four week body weigh os showed no consistent
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Figure 10* Four week body weights of chicks selected for high and low thyroid weight 
response to thiouracil.
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TABLE 65* Four week body weights of thi.oure.cil tree.ted 
chicks in Experiment B when mule progeny of 
birds selected by El-IMury and Shaffner (1950) 
were mated to unselected females*

High line Low line
Sire No, of Body Sire No* of Body

chicks wt*. (gm.,1 chicks Wt• (gffl
10 107 215 8 105 217
11 54 a ̂4 9 70 220

161 220 175 218

TABLE 66* Four week body weights of thiouracil ti•eated cl
in E•\r W' T »  *1 m  i<7* v ,s +" T k•d£K. ;-wf 1. «4» x a after aoorcximately tac> genera/
of aelection for high nd lo-w thyroid vweight
res aonse to thiouracil.

High line Low line
Sire So* of Body Si re No. of Body

chicks wt*lgm*_). chicks w.t*..(.gm*
22 75 220 20 57 197
23 72 185 21 147 195

147 202 204 196

Ji, l. Ji Is' W' is ''S X U  X 1951 a broiler exoeriment was conducted
4- V

differences between the high and low lines*
7* Y' "4- I"' Vi i-t 5 » 'if; *r~ a-k « . i i * v.̂  A  w  ^

using one hutch of the high and low lines. At ten weeks of 
age the chicks were weighed and sexed. The results presented 
in Table 68 show that the high line chicks were somewhat 
heaver tuan the low line chicks* High line mules weighed 
1204 grains compared to 1177 gr^ms for low line males* Female 
weights were 981 <.nd 967 grams for the high and low lines, 
respectively* However, hue difference between lines was not
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TABLE 67. Four uee'c bedy -.••■'eights of thicuiv.cil treated
c h i e f s  i n  T : x a a r i a e n t  B  ni t e r  •. i m : ;h ;:a toly 
t h r e e  generations o.f e e l . e e t i o n  for h i g h  m d  

L o t .'* t h y r o i d  s e i a h t  r e ? p e n ? e  to t h  l o u r s  e i l .

job line Lov line
Sire No. of Body 
______ C: lc;;s... Y - t .  (gn:.)

Sire Ho. of Body 
______ chicks at * ( r;m.)

22 23
23 24

47

TABLE 68.

161
172

166

20
21

56
77

133

ISO 
>5l6f

17:

Ten week body »; eights of untruled bills in 
py -^eriment A of tor one generation of selection
for h i gh and lo ; thyroid ael ah t res sense to
thiouracil*

t.Hi.&h .line

l 
£ o .line

fire P o E 7 a cirht (rr.) Sire Bc .. y iaht ( Th * 1
Meles.. Fbtair? Males... .herul-s

.. PQ. at. Ho* wt. No*. it* Oq *.- v 4 *,
12 39 12 40 / p 1003 13 25 1156 34 1010
19 29 1150 30 950 2 5 34 1189 26 965
24 A 1254 7 989 26 61 1179 al 936

72 1204 79 981 120 1177 101 967

sigrii.i icr- at*
T h i * e g  s  o u  t.hs l o  t -v } 1 0  e a i  so S y  a e  i g h o ?  o f  trie t r o  

r e  ?1,. cere at h a t c h e s  of Experiment A were r e c o r d e d  and ere 
oresented in Table 69* Tnese chicks .ere full sibs o f  those 
described .in Table 68. High line uc.les weighed 1118 grams



TABf»E 69* Ten week body weights of untreated birds la
Experiment A after one generation of. select!on
for high, and low thyroid weight response to 
thiouracil.*

w line ,  ̂ -"-'V '
BQdy_„TOi.ght. IkjuJ "■

JjL<K . ««&* ;
12 72 1172 59 955 13 47 1222 47 992
19 27 1040 28 884 25 31 1135 19 91#24 51 1143 43 902 26 86 1219 79 950

150 1118 130 914 164 1192 145 953

and low line males weighed 1192 grams, whereas, females. of \ \K 
the high and low lines weighed 914 end 953 grams,- 'respectively 
In this case the low .line birds were somewhat''larger than 
those from the high line* This may be the result of an out­
break ©f Newcastle disease which occurred when these birds 
were two to four weeks of age* As will be noted later, the 
high line chicks were more severely'affected.'than the low 
line chicks, and the' deleterious effects may have persisted: 
to affect 10 week, bddyy weight! - ^

In Experiment B the low line chicks -were again superior 
to the high- l^ne -chicks^- .in 10. we ok;- body sweigjht^;#f ehpwp. 
in Table '70* These' bfrds 'had also* boon affected. %  Newcastle' 
disease at the same time. ss. those of ■Experiment A* However ' 
the differences .be tile eh lines, were "not significant in either

vh line
Sire agdx...,,lale^ i s o s * !

Zsaals.5
Lo

i x s
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fABLE 70, Ten week body weights of untreated birds in
Txonrinent B after -mnjroniaa. nely two genei-l... tions
of :elec tioii for high oii low thyrci1 .eight
r :;sn:nse to tniouracil.

Hj.gh 1ine Low line
Bod"/ wei olit (gm.) Body weight

Sire Pales Fernales Sire Males Fenjo.les
ho. wt * ri 0. Wt. hO. w t» h o . wt.

22
23

52
57

1021
946

49
51

846 20 49
705 21 104

1061
1068

38
106

876
834

109 984 100 776 153 1064 1h ̂ 855

experiment.
It must be concluded that no consistent difference in 

10 body weight existed between the tvx'o lines.
The pullets of Experiment A hatched in trie soring of 

1951 after one gener, tioo of selection sere vveiglied at 
ad :-roximately 10 weens of age to get a .measure of the adult 
body weiqiit. The results are presented in Table 71, and 
TABLE 71. Adult body teights of untreated pullets in

Experiment A after one generation of selection 
for high u h  low thyroid weight response to 
thiouracil.

High, .1.1,na. how line
bn B o . of 

aullet;
Body
o-t. ( g.-.n . )_

12
19
24

10
7
9

2497
2633
2729

Pen No. of Body
______ -pullets nt.(itm.y

3
12 574

26 2615 23 2570
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the high line had a slight advantage over the low line in
adult body weight aith an average of 1620 grams compared to 
2515 grass for the low line*

In the saring of 1952 after two generations of 
selection the high line 'tullets of Experiment A again weighed 
sosevhiat sore than those of the low line with averages 
of 2.415 and 2356 grams, respectively, as shown in fable 72*

TABLE 72. Adult body weights of untreated pullets in 
Experiment A after two generations of 
selection for high and low thyroid weight 
response to thiouracil.

Hi&h line Low line
Den No. of

Bullets
Body 
w t . C&mJ

Pen Ho. of
pullets

Body
. wt

12 10 2433 13 17 2597
19 14 2465 25 13 2388 ̂/ /-f 15 2356 26 14 2193

39 2415 44 2356

In neither year ;,ere the differences between lines significant 
In Experiment B after approximately two generations 

of selection the low line pullets were slightly heavier than 
the high line pullets with weights of 2252 and 2188 grams, 
respectively, as shown in Table 73. However, the following 
year pullets of the high line exceeded those of the low line \ 
in adult body seight, as shown in Table 74. The average



TABLE 73. Adult body weights of untreated pullets in
Experiment B after approximately two generations 
of selection for high and Ion thyroid weight 
response to thiouracil*

111

O a p. gh line
en No* of Body

 pullets at* (re *)
12
12

2 /■

2102
2079

2188

20
21

Lev-, line
Pen Mo* of 
______ pullets wt* (gim)

13
14

2 I *2 p-1 4  o

22 5 2

TABLE 74* A.iult body weights of untreated pullets in 
Experiment B after approximately three 
generations of selection for high :nd low 
thyroid v.eight res ponse to thiouracil.

i szh line
Pen Ho* of Body 
______ oullets wt* (gi.)

15
14

2102 
20 88

20
21

Low 1 ine
Pen Ho* of Body 
______ pullets wt* (aa)

15
1748

2097 27 1934

weight of high line pullets was 2097 grams compared to 
1934 grans for the low line*

In all cases, trie differences oetween lines were small, 
r?:- t --se data do not furni sh convincing evidence of a 
difference between l.lnee -1 to. regard to adult body weight* 
The evidence in the literature indicates that body weight
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may be uf footer' by thyroid activity* However, in spite 
of a highly signifiesnt oos 3 t1 ve correlation between 
thyx-old weight and body weight at four weeks of age, the 
evidence is net consistent enough to justify concluding
Lh<* L oaa nigh : - rid Ion lines differ in body vveiko t at four 
weeks of age, 10 necks of age, or at maturity.

Hate of Feathering
hr; estimate 01 che rate of feathering of Kxperluient A 

was obtained a f ter teo genera tiens of selection for nigh ,„n& 
low thyroid response to thiouracil by removing zae longest 
feather from the tail of the four v:ee.k old bird and measuring 
tne 1 c <1; ver x rcm cue e ji.tiv©me to tne o tner * Taix i tnex*s of \ 
hue i*xgii line were longex* aaan those oi fc.u© low i m e , ueing

uu centime oer s, respecti'v cry, cxa ».ho ♦vu six r a d e  /pi•*% r- r»

lcn&ths of thiouracil tre- u. CillCju.8TAP.T.F! 75. T-il death:
in feoerlnent A at four 'weeks cx ag# s...'car a,o 
genera tl ons of selection for high rxd low tnyroid 
v.eight response to thiouracil.

XjiOih. .-HHSl.
Sire Flo. of Feather

chicks length (cm.)
i»
19

28
58
4-9

3 •
, 1 • d 1
3.96

S e. 
26

ho. of Feather 
chicks len&th (cm.)
107
49
61

3.10
3.111.01

3.57 .17 c: o
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The difference between the two lines va s not significant*
In Experiment B an estimate of feathering was obtained 

two different years. In the 1951-1952 season, after
,o of s e l e c t i o n  for h j  sis e n da i m  a tel y  t,y-o . ... a   L/.

lea- thyroi :1 response to thi o u r a oil, this estimate m s  
obtained by measuring the longest tail feathers without 
removing them from the bird. The measurement was t-ften 
by placing one end of the rule at the tip of the 
and recording the measurement at the ti" of the longest 
feather. These results are given in Table 76. The high line

" /-S, C* 4* a i 7  C*.. *3 w j h.

Jl'.-, >„ i- u. h

i n  ^x'oeri;

, -i- of thiouracil treated chicles 
t four we-ohs of asre after

. ;jpro:<i mat sly two generations of solection for 
iign and low thyroid weight response to thicuracil

.in©
liro

o o 
23

> -,l r~« O  ■t~

 l.eiig.th , ca.j
75
72

147

3*60
3.14

a

Low line
b 1 j ‘ t? s o . o i
     — .. , ...— ■■ ..W.. —-t-—-tt.Sk,,
20

147

J4

feather
- ~ vj- A c J

O 0*- * U u
2.69

.60

in had the louses eatiers *ith •s of 3.3f centi­
me tors com enr-ei to 2.60 centimeters.. f oi Lue low line but the 
-iifferai.ce was not significant. The foil yt: r, af tsr
aaoroxina te"iy taes generations of selection, the feather 
lengths were eaten after the feathers had been removed from 
the caicas ana the resales are shown in Table 77. The



TABLE 77, Tail feather lengths of thiouracil treated chicks 
in Experiment B at four weeks of age after 
aaoroximately three generations of selection 
for high and low thyroid weight response to 
■r a. louracil •

High line ________;________________ Lon line________
Sire b o , of Feather Sire JSo. of Feather
___________ c h i c k s  length ( c m , )   chicks length (cm#)
22 23 3.30 20 56 3.3S
23 24 3.66 21 77 3*21

47 3.49 133

line again had longer tail feathers than the low; line with 
averages of 3.49 and 3.28 centimeters, respectively. Again, 
th. 9 d 11 * f 0 r 9 n c e c 6  tv? 9 en lin e s \¥cis not si ani f i cant *

At f 1 rst ^1-nee  ̂t vrould po?n a>v4;-t tv,e "hi-̂ h line 
i '-i f 1 ni tel v h ;; d 1 cner tail fee th0r s a t f'c-’!,r v e0 v ** of age 
than the low line. However, in the last generation of 
Experiment B when the thyroid gland weight of the high 
line was almost five times greater than that of the low 
line, the tail feather lengths were practically the *
Therefore, it must be concluded that selection for high and 
low thyroid weight response to thiouracil had no consistent 
effect on t-11 feather length.

Disease. Resistance
During the spring of 1952 an oooortunity to study the 

relationship between thyroid, activity and resistance to
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;"Ci-.stl0 i i aee . e ore 
i 'Use s. e o c c u •' r e 5

.T,ei Itself viien an outbreak, of 
t tee University of Maryland poultry

n vy y~ <2. •-w  * v J-

e s  o f  r e a l a cement edicts from :iig:
linns r e r e tv0 nd four seeks of .-■ge,
n tne vises ae outbreak oecurr*oQ • The

high response line vas represented by 606 chicks and the 
Ion response line by 666 chicks• The usual symptoms of 
Here stle disease ei e noted such as the •*.ave of mortality, 
paralysis, etc. Furthermore, several cf the ffeeted chicks 
were examined by the pathological service of the University 
of Maryland, and the causative agent of Nev,castle disease 
was found to be present.

The mortality percentages of both hatches of the two 
lines of Experiment A are presented in Table 73. The pooled

TtBLE 73. Mortality of untreated chicks in Experiment A
following an outbreak of Newcastle disease after 
one generation of selection for high and low 
thyroid wei ght r espouse to thiouracil.

high line Low line
ire

la
19
24

N o. ox 
chicks
157
88106

Mortalitya'

15.9
36.4
11.3

Sire No. cf Mortality 
chicks ( *

13
25
26

97
59

177
3.1 

15.36.2

351 21 • 2 333 8.2

mortality for both hatches 7.as 21.2 percent for the nigh lia0.
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and 8.2 percent for the lew line.
In. Experiment B the low line ago in had less mortality 

than the high line as shown in Table 79. The mortality of

TfBIT 79. Mortality of untreated chicle in Experiment B 
following an outbreak of Newcastle Usesse 
a f tar a > ero.Kiaa taly two generations of selection 
for nigh and lov- thyroi ;1 weight resoonse to 
thiour icil.

High line____________________________ how line_________ ____
Sire Mo. of Mortality fire No* of Mortality 
______ chicks (%) ______ehicks ___ (1)____-
22 122 16.1 20 99 11.1
23 133 17.3 21 234 9.8

255 16.8 333 10*4

the high, line was 16.8 compared tc 10.4 for the low line.
In neither experiment was the I 1ffe r e a c e  between lines sig­
nificant, nor wr're the 51 f ferew css hot ween lin-s el ;;>r i : leant 
when tea results for the two e;x aeriiae/ats were cooled. Thus,
• elthough these results suggest that the low line is more 
resistant to Meansstle disease than the high line, the evidence 
Is not sufficient to justify such conclusions. In fact, if 
resistance to Newcastle disease were closely rela ted to thyroid 
response to thiouracil, one would expect wider bifferences 
between lines In Ixo-'rinent B than In Bxpariment A, out the 
reverse was true. More research on this point would be 
desirable since the literature contains evidence
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t\:h t 5 is ease re -a stance may be affected by differences in 

thyroi 3 ectivi ty.

dortallty
lortality data of chicks from the unselected population 

reared to four weeks of age on thiouracil as 0.2 percent 
of the ration are oresexited in Table 80. The average mortality

TABLE 80. Mortality of thiouracil treated chicks in the 
unselected population to four weeks of age.

Sire No. of
chicks

[or tali ty
- c a _____

9
101112
13

10562
103
66
88
69

4.76 
4 • 84 
1.94 
9.09 5.68 
1.45

493 4-63

3 4*^3 oercent. After one generation of selection in 
oeriment A. the mortality of the high line was zero while 
at of fee low line w.s 0.47 percent as shewn in Table 81

* 31. Mortality of thiouracil treated chicks in
Experiment A to four weeks of age after one
generation of selection.

High line Lov, line
are No. of 

chicks
12
19
2 L

64
81
17

Mortality

0.000.00
0.00

i r e

13
25
26

No. of 
chicks

dortali ty

64
65122

0.90
0.00
0.50

162 0.00 251 0.47
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The 1 o l i n e  continued v.ith tie highest 'mortality the next 
generation with 7,71 percent compared to 1,23 percent for 
toe high line as shc/.n in Table 32, This is also shorn

TABLE 82* Mortality of thiouracil treated chicks in
Experiment A to four weens of age after two 
generations of selection.

High line 
Sire Ho, of 
_______ chicks
12
19
a 4

28
59
50

nor t

0.00
1.692.00

 how_line_________
Sire Ho. cf Mortality 
_______ chicks_____ (j|)____

13
2526

112
58
63

k. 46 
15.51 
3.17

137 1.23 Oi o -2 *LJ J? 7.71

graphically in Figure 11. \
In Experiment B the situation was reversed in the early -■ 

generations. At first the chicks sired by male progeny of 
birds selected by El-Ibiary and Shaffner (1950) suffered 
mortality of 10.42 percent for the high line and 4*54 percent 
for the low line as shown in Table 83. The next year after 
a ?"■ oa ima tely two genert-i ons of selection the high 1 ine 

na.i ; mortality cf 0,66 percent compared to 0*34 Percent for 
the low line shown in Table 84. After approximately three v 
generations of selection P t Wj* C-'- "w 3*- W' li i-i cd, s r ever sea, as show&
in Table 85, being 6.30 percent for the high line and 9*45

i
percent for the low line. The results are shown graphical!^;
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weight response to thiouracil.
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83. Morts 11 ty of thiQuracil treated chicks in 
Experiment B to four reeks of -.?e after
kaaorexiaia tely one generation of selection 
for sirh end lo ■■ thyroid \ eight response to
t h i o u r a c i l .

.High jLine... __.__..... . . Low.line
S i r e h e *  of M o r t a l i t y S i r e .No. of M c r t a l i ty

...c h i c k s  ....... (h) .. . . c h i c k s .. (%)....
10 12.0 10.83 8 105 0.00
11 60 10.00 9 rjrj 9*09

180 10,42 182 4.54

TABLE 84. Mortality of thiouracil tr•aa a at chicks in
Experiment B to four yjeeks of age after
approximately two gene:ations of selection
for high and loa thyroid weight response to
thiouracil.

Hi eh line ..Lee. line.. ......
Sire No. of Niortali ty 

.chicks..... (%) . .
Sire So. of Mortality 

chicks (%)

■"> '"v A A0 P 76
72

1.32
0.00

20
21

57 0.00 
148 0.68

143 0.66 205 0.34

in if ■ :j" e 11.
ho COnsi start :ii ,t"i ereuces betwee n the t; 0 lines wct S

found rega rdirg tortali ty to four weeks cf age on a ra tion
Cent aini ng thiouracil as 0.2 percent by ..eigiat*
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T~,i:, :<S 'ortality of thiouracil tr 1 c; fees m

■riraent B to four weeks of age after
i eroxiT-a *ly three aeneix. ti on 

for high - rid low thyroid weigh 
thiouracil.

of selection 
res sense to

High line Lov; line
re No, of Mortality 
_____ chi cks_____ ('})

22
23

26
18

71

11.13
2.08

6.80

lire

20
21

No. of Morta.1 i ty
chicks_____ (IB____

66
80

.46

11.15
3.75

9.45

Accumulative mortality to 10 weeks of age was obtained 
during the broiler experiment during Lie oaring of 1951 
referred to previously in the body weight investigations. 
These data are presented in Table 86. The high line had.

TABLE 86. Mortality of untreated chicks in Experiment A 
to 10 weeks of acre cf ter one generation of 
selection for high and low thyroid weight 
response to thiouracil.

line Low line
S ire H o . 

b 1 r ■
of
Is

Morcallty
....(fl ..

Sire He, of 
birds

1*1 O 1 Cm 
(?:

s? c '-i j 4.7 63 6.4
19 61 3.3 25 62 4.8
24 13 23.1 26 110 7,3

159 10 • 4 ■ 35 6.2



higher mortality uith 10.4 psrce at than the low line with 
6.2 percent but the difference was not si ani f i c •. nt • A short 
tine Is ter two additional hatches were choc Iced at 10 weeks of 
age with the results noted in Table 87. The mortal:!ty of the

TtBLE 37. Mortal!ty of untreated chicks in Experiment A, 
to 10 weeks of see follow!rip a Newcastle 
disease outbreak after one eerier... ticn cf
0 1r> C'

res •;-o
tion for hia
n t:, e to thiou

h and low 
r a c i 1 ♦

thyroid weight

High line - ....low line
lire fto. of dortality C? -T •v-' 0Ju -t. \-» No. cf Mortal!ty

bir is ..(h). ... birds ...a n ____

12 162 18.52 13 97 3.09
19 90 37.78 25 60 16.67
24 10$ 11.32 26 180 8.33

357 22.54 337 9.36

high line was greater with 22.$4oereent than that cf the 
lov; line with 9.36 percent. Although not statistically 
significant the difference between lines is large, and 
way bo exr-.la incd. by the A’ewe as tie disease outbreak which 
occurred when the birds were two to four weeks cf age.
A, large percentage cf tap scrt,,lity of both lines occurred 
si that tire.

The data for Experiment 3 in Table 38 were also affected
ay t a. s ft e a- ca s tie 1 i s e a a e on tor a a. a. hoi' tali ty o f :,he hi gh
x j. 110 W .76 •rceat compared to 11.76 pereast for the
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TABLE 88. Mortality of untreated chicks in Experiment 13 
to 10 weeks of age following a Newcastle 
disease outbreak after £ooroximately two 
generations of selection for high end low 
thyroid, cel ght response to thiouracil.

t ire
ill ,gh line 

No. of 
birds

lak
135

A 59

Mortal!ty
„ - L Q _ ..

18.1019.12

18.76

________ Lov- line
Sire ho. of ! 

birds
20
21 99

237

336

Lor tali ty
 i£)____

12.12
11.39

11.76

1ovv line, and the difference between lines ,as not 
sign!fi cant•

In view of the results noted here, it can only be 
said that no evidence exists for a difference between 
mortality of the two lines up to 10 weeks of age on a 
normal ration.

From the time the pullets » ere placed in the breeding 
pens until after several months of egg production, a record 
-ms kept of those which died, or vere called because of 
poor •-'hysic-: 1 condition. In Table 89 che records for each 
of the pens of unselected pullets are expressed as percentages,
a i th Li v :e of 6.5 5 percent laying house mortali ty from
December 1950 to June 1951. After one generation of selection
in Experiment A the nigh line had slightly less mortality
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TABLE 29. Laying house mortality of untreated pullets in 
the unseleeted population from December 1950 
to June 1951.

Pen He. of 
pullets

Mortality
(i)

3 8 0.00
9 7 14.28

10 r*O 0.00
11 3 12. 50
12 O 0.00
13 8 12.50

4-7 6.55
•• i th 29.0 percent than one low line with 35.7 percent as 
slicon in Table 90. Table 91 shows the results after two

fiiBLE 90. Laying house mortality of untreated pullets in 
Experiment A alter one cenei •..-.tion of selection 
for high and low thyroid a eight response to 
thiouracil.

High line_____________________________ how line_______
Pen No. of Mortality Pen No. of Mortality
______ pullets_____ (%) _______pull :;ts____
12 15 37.5 13 13
19 10 27.3 25 12
24 10 22.2. 26 13

35.7
64.3
7.1

35 29.0 33 35.7

generations of selection air* this tine the high line had 
greater mortal! ty with 3-6.7 percent compared to 21.9 percent 
for the lov. line.
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TA.BLS 91. Laying house :;ior tali ty of untreated auliets 
in Experiment A after too generations of 
selection for hi oh and lov thyroi i weight 
response to thiouracil.

_ _ j u ^ 3 J , a e°en No. of
hi! le t s

12
19
24

lor ze11 ty

10
15
15

50.0
26.7n a a

__________t.o-' line________
Pen No. cf Mortality 

•mullets (P)
13
2 5
26

10
1.416

26.3
14.3
25.0

6.7 49 :1.9

la ixeerin-nt it, no I ilon reuariing l.-ying
aouoe noi tall ty nos obtained ui'tar .. jn-c airnntely two 
gnner tiens of seine felon. f̂t-er- e oorcriiiiately three 
gener.' tions of selection, the high line also fen a er u, ter 
mortality than the low line as shoni in Table 92 with

TfBLE 92. Laying house mortality of unselected pullets in
Experiment B after a.poroximately three goner...tions 
of ."••election for nigh and low thyr oi a weight 
response to thiouracil.

aie-h line.
a-w  _L_

?U
s: or tali ty
-(.a ....

Low line
? 6 n n o .

) U .

of lie r tali tyr n

17
16

23.5
37.5

30.5

1512 20.0
8.3

27 14



30*5 percent and 14*2 percent, respectively* However, the 
laying house mortality results are inconsistent, and no 
clear evidence tor a difference between the high and low 
lines was found* Reports in the literature indicate that 
mild hyperthyroidism or-^pothyroidis® has little or no effefcfc 
©n mortality* The results reported herein provide no 
consistent evidence that selection for high and low thyroid 
response-to thiouracil affects mortality*



■nd c o n c l u s i o n s

New Hampshire chicks sere fed thiouracil as 0*2 percent 
cf L:...s rot ion from the time 01 hatching until they were four 
weeks of age, at which time they were sacrificed and their 
thyroid glands weighed. Full sibs of the families which 
exhibited the largest and the smallest thyroid glmds, respec­
tively, were raised for breeding purposes and were used to 
establish lines differing in their response to thiouracil.

The mean thyroid weight of the low line in Experiment B 
was decreased to about SO percent of the mean of the unselected 
no'oulation, but the thyroid weight of the high line was increased 
to about 365 percent of the mean of the unselected population* 
These results were obtained after aoproxima tely three generations 
of selection. Reciprocal crosses between the two lines indicated 
that tee genetic mechanisms controlling thyroid response to 
thiouracil were largely additive, although some evidence for 
do ml rw-.oee or epi s fa si s was found.

then full sibs of two high and low response chicks were 
fed a thiourccil-free diet, the thyroid gland weights of high 
line chicks were loss than those of low line chicks. The 
difference was net significant, however, ,wnd the evidence was 
not sufficient to justify conclusions for a negative relation­
ship between thyroid weights of thiouracil treated and non-treeted 
birds.

hecomcanying data on sexual me tur i ty, egg production, 
fertility, hatchabili ty, incubation period, body weight, rate
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cf featnering, disease resist: nee, and mortality were accumulated. 
Although the evidence suggested that trie lev, line chicks cere 
later featherlng and ere more resistant to Newcastle disease 
than trie high line chicks, no significant differences between 
the t^o 11 nas ..ere found regarding any of tne economic char­
acteristics. Therefore, it is concluded th a t any nyoerthyroid!sm 
or y othyro 1 dism nrciuced by this selection orogram was not 
sufficient to be of economic irrrooi tance.
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