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Development and Performance of
Inbred Lines of Chickens'

R. N. Shoffner, H. J. Sloan, L. M. Winters, T. H. Canfield, and A. M. Pilkey

HIS IS A REPORT of inbreeding investigations of the fowl. The
material reported represents investigations carried on in 1937 and sub-

equent years. Our intent has been to study inbreeding as a method of
.reeding and as a technique to aid selection.

Until recently poultry breeders have
voided inbreeding. It was and still is
ooked upon with disapproval by some
•ecause of its general adverse effects.
:ut within recent years this attitude
as changed so that now some breeders
ave inbreeding as an objective.
We anticipated at the outset of our

-xperiments that lines might be de-
eloped which would ultimately cross
ogether to produce progeny with su-
• erior performance. Preliminary ex-
• erimental evidence indicates that we
ave been reasonably successful, and

:ome success has been demonstrated by
ommercial producers.
The heredity mechanism is such that

once a mating is made the genetic
ake-up of an individual comes about
n. an entirely random fashion. It fol-
ows that the breeder's only control
•ver heredity is simply to allow onl3r
ertain types of birds to mate. The off-

.pring from these matings are the cul-
ination of his selection efforts. If he
as made the right choice of parents
hen selection has guided inheritance
n the desired direction.
The egg of the female parent carries

o ne chromosome of each of the several

pairs, while the sperm of the male par-
ent carries the matching chromosome
of each pair. These chromosomes and
their constituents determine what the
new individual shall be. On each of
these chromosomes are genes which
have their counterparts on the match-
ing member of each pair of chromo-
somes. The exceptions to this paired
condition are the sex-determining chro-
mosomes of which the female has two
types while the male has only one.
The genes may be thought of as the

determiners of heredity since each one
affects one or more of the characteris-
tics of the individual. When the genes
from two gametes are brought together
by fertilization, the members of each
matching pair may be alike (homozy-
gous) or unlike (heterozygous). Be-
cause related individuals probably
carry more than an average number of
genes which are alike, the mating of
relatives (inbreeding) increases the
likelihood that the members of match-
ing pairs of genes will be alike.
The effect of inbreeding is to lower

the percentage of heterozygosity in the
population, and this reduction is often-
times accompanied by a lowering of

1 R. N. Shoffner is associate professor of poultry husbandry, H. J. Sloan is Director of the
• gricultural Experiment Station and former head of the Department of Poultry Husbandry,
. M. Winters is professor of animal husbandry, T. H. Canfield is associate professor of poultry
usbandry, and A. M. Pilkey is instructor of poultry husbandry at the Northwest Experiment

.tation, Crookston, Minnesota.
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Fig. 1. The noninbred flock at the top has eggs and sperms which are variable in inheritance
and this variability can be expected in succeeding generations. The three lines of brother an.
sister matings developed from the open strain become genetically separated from each other
although these lines are usually not as different as breeds. Within the line uniform heredity

more dependable as inbreeding progresses because the eggs and sperms
become more alike in their genetic make-up.
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performance. It is generally agreed
from breeding evidence that few if any
individuals are perfect in their genetic
make-up. Because of this fact, genes
with undesirable effects are fixed along
with the good ones, hence the decline
in performance. One .would be very for-
tunate indeed if he were to find an
individual or individuals which were
free of undesirable genes. However,
some individuals do have a high pro-
portion of desirable genes, and it is the
selection of these individuals that en-
ables us to make progress.
The fact that the mated birds are re-

ated increases the probability that

they will transmit like heredity to the
progeny. Consequently the similar
heredity is not dependent on the breed-
er's ability to recognize the birds which
have like genes.
Inbreeding results in a separation of

the population into rather distinct fami-
lies and lines, with individuals much
alike among themselves but distinct
from those of other lines. There is op-
portunity for selection between fami-
lies, and the individuals with 'a high
proportion of desirable genes (insofar
as they can be recognized by perform-
ance) can be used to reproduce the
population.

PREVIOUS INBREEDING INVESTIGATIONS IN POULTRY

Many of the reports on inbreeding
in poultry, particularly the earlier ones,
ere discouraging. The investigation of

Cole and Halpin (1)2, Dunn (5, 6), Hays
(8, 9, and 10), Goodale (I), Jull (12, 13,
14, 15), Dumon (3), and Dunkerly (4)
• id not successfully produce an im-
•roved line through inbreeding.
Except for the later experiments re-

•orted by Waters and Lambert (23),
Waters (19, 20, 21, 22), and Wilson
(24, 25), the approach was merely to
observe the results of inbreeding.
Some investigators concluded that
atchability suffered to the greatest ex-
ent, others reported that egg produc-
ion seemed to decline more readily,
• nd others observed a decline in some
• ther aspect of performance. The de
line of performance was not of the
iame magnitude even in experiments
hat showed similar trends.
These reports, while seemingly at
ariance, are only describing a natural
•henomenon. The difference in the re-
ctions is to be expected since stocks
• f different genetic constitutions should

not be expected to respond in the same
manner. Selection intensity varied con-
siderably, too.
Some experiments such as Cole and

Halpin, Hays (8), Goodale, Jull (12, 13,
15), Dunn (5, 6), Dumon, and Dunkerly
were designed primarily to compare
systems of mating such as brother x
sister or father x daughter. Of this
group some progenitors were selected
on the basis of number of females avail-
able at the breeding season and others
on hatchability and chick livability and
other criteria of performance.
The inbred populations frequently

ran out or deteriorated to such an ex-
tent that they were discarded. One of
the main shortcomings was the fact that
the populations were limited in num-
bers so that there was little opportunity
for selection and too much opportunity
for misfortunes of one kind or another
to eliminate a line. Many experiments
followed an inflexible system of mating
such as brother x sister or father x
daughter and undoubtedly excluded su-
perior individuals.

2 Numbers in parentheses refer to Literature Cited, page 33.
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EXPERIMENTAL DATA

Objectives

The data used for this study were
gathered on a project initiated in 1937.
The primary objective of the experi-
ment was to study various systems of
breeding in the improvement of the
fowl.
Other objectives, as outlined in the

original project statement, were as fol-
lows—"to determine the effects of vary-
ing intensities of inbreeding on the
fowl; to develop more nearly homozy-
gous strains of fowl; to breed a superior
strain of fowl through the development
of inbred lines and subsequent synthesis
of inbred lines; and to study the funda-
mental factors involved in reproduction
in the fowl." These objectives were
modified somewhat when experience
showed it was necessary.

Management

There were many influences that
could not be controlled, so that there
was sometimes considerable variation
in different years. As an illustration the
years 1943, 1944, and 1945 were gen-
erally unfavorable to the raising of
chickens, while 1946, 1947, and 1948
were more advantageous. Five of the
lines• reported here (the 200 series)
were developed at the Northwest
Branch Experiment Station at Crook-
ston, the remaining ones at University
Farm, St. Paul. The management de-
scribed below was followed at both
stations.
The chicks were hatched in a six- to

eight-week period during March and
April in modern electric incubators.
The chicks of each hatch were more or
less randomized into brooding units of
150 to 300 chicks. The inbreds competed
not only among themselves but with
outbreds of the same and other breeds.
When the chicks were about 10 weeks
of age, the pullets and cockerels were

removed from the permanent broode
house and put in open air shelters o
colony houses on separate green pastur a
ranges until mature.
The chicks were fed a starting mas

during the brooding period. While o
range, growing mash and corn and oat.

were fed free choice. The housed fe

males were fed a laying mash, whic

was usually fortified during the breed

ing season. It is believed that gradua

improvements were made in the feedinl

and management program during th a

experiment.
Disease did not present a seriou

problem to the experiment. There wa
a mild outbreak of coccidiosis almosi

every year, but these have been les
severe in recent years when deep littei
and controlling drugs have been used
Respiratory disorders such as bronchi

tis, coryza, and colds occurred to
rather mild extent almost every year
These outbreaks had their effects ovei
all the houses so that all lines werc
about equally exposed at the statio
affected.

Birds were vaccinated each year foi
fowl pox at both stations and for laryn
gotracheitis at University Farm. Al
breeders were blood tested for pullo
rum disease and all positive reactors re
moved. The pullets were graded an
housed during the month of September
The use of both morning and evenin
lights was started about the first of Oc
tober and continued through the fol
lowing spring.

All diseased or decidedly inferior fe
males were culled, as they were con
sidered a menace to the health of th
remaining birds. These were killed an.
counted in the mortality figures. IV(
other culling was done. Since all non
diseased birds were housed and testes
from each of the lines, it is believe.
that the sample was fairly representa
tive of the lines each year.
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Method of Mating

It would be well at this point to de-
ne line and family as used in this pub-
ication.
A line is a population set up as an

ntity and handled separately from
thers. It may be large—having several
ales and females—or it may be
mall—such as that developed by a
rother-sister mating.
A family is given a narrow range. The

• rogeny of a sire and dam (full sib
roup) are referred to as a family.
Originally the inbreeding study in
innesota was to be conducted accord-
ng to a set plan or method of mating,
uch as a continuous brother x sister
ating in one line, a half brother x
alf sister in another, and so on. But
xperience gained after the first few
ears indicated that mating to get the
Teatest degree of inbreeding was
orking against the best interests of
he stock.
Consequently in 1941 the fixed sys-
em of inbreeding was discarded and a
ystem of breeding by lines was fol-
. wed. The basis for a line could then
e either related or nonrelated indi-
iduals. There has been no introduc
ion of other stock into the lines in sub-

-

equent years.
The usual mating has consisted of 1

lale and 25 females in a pen. In the
ost recent years, and particularly af-
r a line has become fairly well estab-
shed, pairs of brothers have been often
sed in a breeding pen. A number of
e lines were developed by a single
en each generation, others have varied
om two to five breeding pens per year,
epending on the birds available.
The female breeders for a line con-

isted of from 2 to 15 groups of sisters.
hese groups of sisters were usually
ssorted in such a way that brother x
ster, half brother x half sister, and
,sser related matings could be found in
ach pen. The most highly inbred fami-
es did not provide the males for the

7

succeeding generation; instead a lower
inbred family provided the key mat-
ing group. Occasionally deliberate fam-
ily crossings were made, but since these
families were closely related, the de-
gree of inbreeding usually was not de-
creased.
There was no set pattern of mating,

and neither was an increase in the co-
efficient of inbreeding a goal. Selec-
tion was made as much as possible on
merit, and the inbreeding increased
only as selected matings were related.

Selection and Culling

Selection was a continuous process,
taking place throughout the year. For
purpose of discussion, we can use the
hatching season as a starting point since
that is the beginning of a new genera-
tion.
In order to economize on hatching

and brooding facilities and get as many
progeny as possible from the birds
which were desirable phenotypically,
the lower 50 per cent (approximately)
of the females in a line were culled on
the basis of individual and family per-
formance up to hatching time. Particu-
lar attention was paid to egg produc-
tion, egg and body size, and livability,
and while this constituted a short-time
test it was reasonably accurate from
the family average standpoint.
During and after the hatching season

both parent and progeny which pro-
duced eggs with low hatchability were
culled. The culling of such females
was done by removing their eggs from
the incubator and subsequently discard-
ing their chicks. It was during the
hatching season that we were able to
utilize the progeny test to a •degree.
Since the measure of hatchability con-
stitutes an immediate progeny test, we
could keep reproducing from hens
which gave the best reproduction.
Unfortunately the progeny test,

which is a means of evaluating an in-
dividual by what its offspring do, is
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not very compatible with inbreeding.
This is because the progeny test for
performance other than hatchability
means holding over old birds, while
inbreeding gets its greatest impetus
from the mating of new individuals
each generation. Because the progeny
test has not fitted in well with the in-
breeding program, we have tried to
make use of other devices of family
selection to insure good selection.
In a few, instances two-year-old hens

have been used for line propagation.
The progeny of the selected hens usu-
ally were somewhat superior to the
progeny of the pullet parents. The de-
gree of inbreeding was slightly less in
the progeny of the older breeders than
that of the progeny of the pullet breed-
ers. Whether or not the difference in
performance of the two progenies is
due to differences in selection or to the
degree of inbreeding is difficult to
ascertain.
When the chicks reached eight weeks

of age culling was done on the basis of
weight and livability. This evaluation
was made largely on a family basis.
Only those cockerels from desirable
families were retained to go on the
range; the remainder were discarded.
The pullet members of the poorest
families were also sometimes culled.
A large portion of the females from

the less desirable groups were kept
since a large number of females were
needed to test line performance. In ad-
dition test crosses were sometimes
made, and pullets from second-best fam-
ilies were usually used for the crosses.
Because of the physical arrangement

of housing facilities and other difficul-
ties, the breeding birds were usually
placed in breeding pens at the fall hous-
ing. Surplus individuals were delegated
to testing pens. In general, each line
used an equal proportion of the total
number of birds available in the breed-
ing pens.
At the time of housing there was at

hand for each line a population which

had previously been culled or evaluate
for reproductive performance, chicl
livability, and early growth. Furthe
selection was made at this time on pedi
gree (performance of dam and her im
mediate family), in which adult mor
tality, egg size, egg numbers, body siz
and reproductive ability are considere.
Everything else being equal, th

progeny groups from dams with super
ior qualities and particularly those fro
a high average family will have a pri
ority for the breeding pens. Most o
this selection was made on papei

though there was some selection o
physical appearance, size, maturity, an
general vigor. We have found that i
general the birds which grade the high
est at this time excel in subsequent per
formance and consequently the effici
ency of the breeding pen is increasec
Such defects as crooked keels, ke

cysts, and other physical deformiti -
more or less automatically eliminate
birds from the breeding pens. Famil
groups with a high incidence of suc
defects were detoured to testing pen
rather than breeding pens.
Potential breeding males were save

from several of the most promisin
families—those in which the femal*
had performed the best to January. Th
sib testing of males was an importa
tool in the inbreeding program. Withi
a group of selected brothers, the on
possessing the best physical characte
istics were used in the breeding pen

Measurements of Performance

1. Coefficient of inbreeding (Fx)
calculated after the method of Wrig
(26). It is an estimate of the percenta:
decrease in heterozygosity. For e
ample, in an outbred population t
heterozygosity is assumed to be 50 p
cent. If a mating is then made whereb
the progeny have an Fx of .25, the he
erozygosity is assumed to have d
creased 25 per cent of .50. Hence t
remaining heterozygosity is 37.5 p
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ent. The coefficient of inbreeding for a
ne is simply the average from all in-
ividuals of that year.

2. Hatchability of eggs refers to the
ercentage of chicks which hatch from
e fertile eggs.

3. Chick mortality to eight weeks is
e per cent that died from hatching

*me until eight weeks of age. This is
xclusive of accidental deaths.

4. Eight-week weight of chicks is
ieasured in grams. This measurement
ives some indication of the early
rowth rate.

5. Age at sexual maturity is the num-
er of days after hatching that an in-
ividual lays the first egg. The fact
at all pullets were housed at nearly

le same time probably handicapped
e early-maturing birds and placed the
te-maturing individuals at somewhat
f an advantage.

6. Egg weight is computed as an
verage of 10 consecutive eggs laid dur-
g the month of April. It is recorded
ounces per dozen.

7. Body weight is the mature body
eight in pounds of an individual. It
as taken at about 300 days of age.

8. Egg production refers to the total
umber of eggs laid by an individual by
e time she was 500 days of age. Only
lose birds alive at the end of the 500.

day period were considered in the line
average.

9. Adult mortality is the percentage
of birds that died or were removed be-
cause of obvious illness during the
time from housing until the end of 500
days.

The following information, though it
does not concern measurement of per-
formance, aids in the description of the
lines.
The number of pullets saved at hous-

ing is the total number of pullets that
are of keepable quality. Usually only a
portion of those saved become parents.
The type of mating refers to the mat-

ing from which that year's birds were
derived. Nearly all matings have some
brother-sister or half brother-half sister
pairing, while the other individuals are
related to a lesser degree.
The number of males per line indi-

cates the number of males which sired
the birds of that year. In almost every
instance a single male heads each pen,
so that one male mating indicates only
one breeding pen for the line, and two
or more males per line indicates a cor-
responding number of breeding pens.
The exceptions to this are the years
1946, 1947, 1948, and 1949 in which two
males (full brothers) were used in the
breeding pens. In these years the num-
ber of breeding pens is one-half the
number of sires.

DESCRIPTION OF LINES AND RESULTS

A common trait for all lines was the
.ndency to appear more refined as in
reeding advanced. This was more no-
ceable in physical appearance than in
ody weight. The birds within the line
ere much alike and the similarity was
articularly noticeable when observing
le pens of the various lines. It would
e difficult always to pick out individu-

als of a certain line from a mixed group,
but those working with the stocks could
usually identify a group or pen of fe-
males as belonging to a certain line.
In the following pages the origin,

method of development, and other in-
formation about the lines will be given.
The accompanying tables show the per-
formance of the various lines. Slightly
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Table 1. Line 200—White Leghorns

Measure of performance 1936-37 1937-38 1938-39 1939-40 1940-41

Coefficient of inbreeding (per cent) 0 25 31 34 31

Hatchability of fertile eggs (per cent) .................................... 76 80 68 90 67

Chick mortality to 8 weeks (per cent) .............................. •••••• 10 17 33 48

Age at sexual maturity (days) 179 188 176 202
......... 3.8 4.5 3.4

Egg weight (ounces per dozen) ...................................................... 24.5 22.8 23.4 25.0

Egg production (500 days) .................................................................. 201 149 110 116

Adult mortality (per cent) .....................................................................
..............................................25

67 11 33
Number of pullets saved at housing 25 24 19 6 2

Type of mating ......................................................................................... ......... outcross SxD SxD, non-
related

SxD BxS, rel

Number of males per line .................................................................. 1 1 1 1 1

over 25,000 chicks were hatched for the
propagation of the lines. Of these, about
9,000 females were housed and tested.

Performance of Inbred Lines

Line 200—White Leghorns—This line
was developed from an outcross of
Northwest Experiment Station stock
females to a nonrelated strain male.
During the three years following, the
same male was mated to his daughters
of the previous year. The introduction
of nonrelated stock at the time of the
second sire-daughter mating prevented.
the loss of the line and reduced the in-
breeding somewhat.
The 1939 mating had a very low fer-

tility, due apparently to the age of the
male. However, the hatch of fertile eggs
was excellent. This is one example of
the type of misfortune that may lead to
the loss of a line even when perform-
ance is still at a fairly high level.

In 1941 too few breeders and too hig
a chick mortality left only two rathe
poor females at housing time and con
sequently no attempt was made to con
tinue the line. (See table 1 for inform
tion on this line.)

Line 205 — White Leghorris — Whit
Leghorns obtained from the Northwe
Experiment Station closed flock forme
the basis for line 205. No known i
breeding occurred until the 1939 ma
ing.
Even though this line showed no seri

ous decrease in performance the pulle
at the 1940 fall housing were of suc
poor quality that the line was disco
tinued because of competition for hou.
ing space with more promising line
(See table 2 for full information.)

Line 210—White Leghorns—This lin
of White Leghorns was begun by a to
cross of a strain-crossed male to i
bred Northwest Experiment Statio

Table 2. Line 205—White Leghorns

Measure of performance 1937-38 1938-39 1939-40 1940-41

Coefficient of inbreeding (per cent) ........................................................................

Hatchability of fertile eggs (per cent) .................................................................

Chick mortality to 8 weeks (per cent) ..................................................................

Age at sexual maturity (days) ....................................................................................

82
15

198

0
71
19

171

15
87
21
190

24
69
28

3.8 4.4 3.9

Egg weight (ounces per dozen) 22.9 23.4 21.8

Egg production (500 days) .................................................................................................. 136 118 140 ••••••

30 42 26

Number of pullets saved at housing 59 50 23 46

nonrel. nonrel. BxS BxS &
1/2 BxS 1/2 BxS

2
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Table 3. Line 210—White Leghorns

Measure of performance
1939-
40

1940-
41

1941-
42

1942-
43

1943-
44

1944-
45

1945-
46

1946-
47

1947-
48

1948-
49

1949-
50

oefficient of inbreeding (per
0 15 22 28 38 41 46 51 53 58 64

atchability of fertile eggs
(per cent) 85 54 54 78 62 67 51 56 72 75 78

hick mortality to 8 weeks
(per cent) 22 25 4 7 10 9 7 15 2

ight-week weight (grams) ..... ......... 473 526 544 552 547 614
ge at sexual maturity

186 174 169 189 193 197 189 183 177 181 167
•dy weight (pounds) 4.1 4.3 4.6 4.3 3.9 4.4 4.5 4.4 4.3 4.7 4.3
.g weight (ounces per doz-

23.9 24.1 25.0 24.4 24.2 23.6 24.7 23.5 23.1 23.1 23.Z
• g production (500 days)

dult mortality (per cent) ......

umber of pullets saved at

pe of mating

139

35

125 135

28 8

148 140 165 172 180 191 121 181
8 13 11 33 34 40 36 21

70 62 33 48 75 81 66 65 35 28 43
out- rel. rel. rel. rel. rel. rel. rel. rel. rel. BxS
cross

mber of males per line ...... 2 2 2 2 2 2 4 4 4 2 2

ock females. The line at the North-
est Experiment Station was main-
tined.by a pair of brothers, each head-
g a pen.
Progeny of the better families were
gected and distributed to the two pens
ch year. In this way reliance was not
laced entirely on one male and there
as more chance for selection. Even
ough there was some brother-sister
d half-brother—sister mating in each
n, the average inbreeding increased
ily moderately because of the lesser
lated matings.
Egg production has always been rela-
vely low in this line, but this may be
station peculiarity since the produc-
e n of the birds hatched in 1944, 1945,
ld 1946 was considerably higher when
e line was moved to the Central Sta-
in. These birds have maintained a
irly early sexual maturity and their
)dy size and egg size have held at
)out the same level. (See table 3 for
formation on this line.)

Line 220—White Leghorns—This line
White Leghorns originated from an

across of Northwest Experiment Sta-

tion females to a male from the same
stock as line 520. The progeny of the
first two years came from single-male
matings. After that two pens were used
each year—the same procedure as was
followed with line 210.
Part of the low level of egg produc-

tion, as shown in table 4, is very likely
a station peculiarity. Birds in this line
were characteristically slow to mature
and they laid at a slow rate. The hatch-
ability has remained at a fair level as
inbreeding progressed.
There was a tendency in this group

towa.rd crooked keels. Another unde-
sirable. feature was a tendency toward
considerable positive enamel white in
the face. (See table 4 for information
on this line.)

Line 230—White Leghorns—The basis
for this line was an outcross mating of
a male from line 520 stock on North-
west Experiment Station stock females.
The birds of this line are of good size
and have a rather rugged appearance.
The birds have short, round shanks

as compared to the birds of other Leg-
horn lines. The keels are proportion-.
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Table 4. Line 220-White Leghorns

Measure of 'performance
1938-
39

1939-
40

1940-
41

1941-
42

1942-
43

1943-
44

1944-
45

1945-
46

1946-
47

1947-
48

1941
49

Coefficient of inbreeding (per

cent) 8 24 32 36 40 45 52 58 60 63

Hatchability of fertile eggs
69 89 72 89 88 81 79 54 71 68 83

Chick mortality. to 8 weeks
(per cent) 20 15 30 2 8 7 12 8 14

Eight-week weight (grams) ..... 480 520 540 505 502

Age at sexual maturity
(days) 172 194 182 191 206 205 235 210 215 193 211

Body weight (pounds) .................. 5.3 4.1 4.2 4.3 4.3 3.8 4.3 4.2 4.1 3.8 4

Egg weight (ounces per doz-
24.2 24.1 22.6 25.3 24.1 24.0 24.1 24.9 24.5 23.9 23

Egg production (500 days) ...... 161 128 131 127 119 90 122 162 155 161 113

Adult mortality (per cent) ...... 18 28 49 15 20 22 25 36 32 35 42

Number of pullets saved at

housing 40 69 73 44 87 78 44 59 59 37 31

Type of mating .................................... out- rel. rel. rel. rel. rel. rel. rel. rel. rel. re

cross

Number of males per line ...... 1 1 2 2 2 2 2 4 4 4 2

ately long and well fleshed. Egg pro-

duction of the later generations was

higher but was due to the apparently

more favorable environment of the

Central Station.
The line seems to be staying at about

the same level of performance through

each generation. The mating system

was the same as followed for lines 210

and 220, using two pens headed by

brothers. (See table 5.)

Line 410-White Leghorns-This line

of White Leghorns was selected from

the same foundation stock as line 420

(Central Station plant stock). The e

cessive adult and 'chick mortality du

ing the second year gave practically
opportunity for selection.
Out of the eight pullets housed i

the fall of 1939 only two were alive •
the breeding season. And since the
individual performance was poor,
was decided to discontinue this lin
(See table 6.)

Line 420-White Leghorns-This li
of White Leghorns was originated fro
a line thought to be susceptible to le
cosis. Until 1940, first importance

Table 5. Line 230-White Leghorns

Measure of performance
1940-
41

1941-
42

1942-
43

1943-
44

1944-
45

1945-
46

1946-
47

1947-
48

19,
4•

Coefficient of inbreeding (per cent) ................. 0 13 21 27 31 34 41 43 4

Hatchability of fertile eggs (per cent) .......... 83 79 82 66 74 70 70 74 7

Chick mortality to 8 weeks (per cent) ............ 19 5 ......... 3 12 11 4

Eight-week weight (grams) ......... ......... ......... ......... 468 452 519 493 43

Age at sexual maturity (days) 168 169 190 194 192 183 185 182 17'

Body weight (pounds) 3.8 4.3 4.1 3.9 4.5 4.4 4.4 4.4

Egg weight (ounces per dozen) 23.4 24.4 24.7 24.0 23.3 23.6 24.1 24.0 2

Egg production (500 days) 143 122 141 124 153 168 165 171 9

Adult mortality (per cent) 25 10 30 14 6 17 32 16 5

Number of pullets saved at housing 84 46 63 70 82 84 63 37 3

Type of out- rel. rel. rel. rel. rel. rel. rel. r

cross

Number of males per line 1 2 2 2 2 4 4 4



oefficient of inbreeding (per cent)
atchability of fertile eggs (per cent)
hick mortality to 8 weeks (percent)
ge at sexual maturity (days)

gg weight (ounces per dozen)
gg production (500 days) .....

umber of pullets saved at housing

election had been based on suscepti-
ility to leucosis (as judged by pedi-
Tee and consequent progeny tests), but
nsofar as possible birds were also se-
cted for utilitarian purposes.
The line has been maintained at
bout the same level of hatchability,
gg production, and body size to the
resent time. There is a definite trend
oward late sexual maturity and small
gg size.
The very low hatchability of the 1944
ating can be accounted for largely
n the basis of insufficient vitamin D.
n oil of low potency happened to be
sed just preceding and during the
atching season, and all Leghorn stock

167
4.0

23.4
170
25
44

outbred

suffered to some extent on account of
the insufficiency. (See table 7.)

Line 430—White Leghorns--A White
Leghorn mating was selected in 1938
to begin an inbred line. This was a
promising foundation stock with good
performance. The ultimate downfall of
this line was due to faulty incubation
or to some lethality brought out by in-
breeding.
A total of 35 out of 62 chicks were

killed outright at the 1940 hatching
time because of weakness. Conse-
quently only four pullets were available
at housing time and the line was dis-
continued. The chick mortality in this

ig. 2. Line 420—Single Comb White Leghorns. The birds of this line are small and compact
with little variation in physical appearance.



Table 7. Line 420—White Leghoms

Measure of performance
1936-
37

1937-
38

1938-
39

1939-
40

1940-
41

1941-
42

1942-
43

1943-
44

1944-
45

1945-
46

1946-
47

1947-
48

1948-
49

1949-
50

Coefficient of inbreeding (per cent) 7 4 22 33 40 48 55 58 60 60 62 64 65 67

Hatchability of fertile eggs (per cent) 75 76 79 59 62 83 74 21 59 48 62 73 65

Chick mortality to 8 weeks (per cent) ..... ... ..... ................... ............... ..... .. 7 12 8 9 20 17 18 5 12 8 9 11

Eight-week weight (grams) 333 343 330 458 456 459 386 455

Age at sexual maturity (days) 190 175 209 231 216 217 229 224 229 210 207 210 209 196

Body weight (pounds) .. ..... .... ........ .................._ ...... ............................. ...... ..... ........... 3.3 3.8 3.5 3.6 3.8 3.5 3.6 3.3 3.7 4.0 3.7 3.8 3.5 3.5

Egg weight (ounces per dozen) ..... ......... .......... .......... ..... .................................... 23.3 25.0 23.6 24.3 23.8 22.5 22.5 22.0 22.6 22.7 22.4 22.8 23.1 23.4

Egg production (500 days) ....................._........ ........... ............... ............ ...... .... 176 167 165 169 154 185 165 144 171 175 192 179 139 183

Adult mortality (per cent)  50 42 22 41 15 28 25 9 6 13 25 37 13

Number of pullets saved at housing 74 183 59 67 76 53 38 96 10 50 55 71 73 71

Type of mating ....... ..... . .... .. ......... _ ......... ....._:. ..... .. ..... ......... ........ .... ..... ................ .. ..... BxS, rel. rel. BxS, rel rel rel. rel. rel. rel. rel. rel. rel. rel.

nonrelated rel.

Number of males per line 1 2 1 1 1 1 1 2 2 2 4 4 4 4
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Table 8. Line 430—White Leghorns

1938- 1939- 1940-
Measure of performance 39 40 41

Coefficient of inbreeding (per cent) 0 25 31
Hatchability of fertile eggs (per cent) ............ ..... 84 85 66

Chick mortality to 8 weeks (per cent) ......... 20 15

Age at sexual maturity (days) 217 184
3.8 3.5

Egg weight (ounces per dozen) 22.8 23.1

•

dult mortality (per cent) 
.....

umber of pullets saved at housing

174 164
46 44
78 45

outbred BxS & 1/2 BxS
.........

BxS & 1/2 BxS
& rel.

1

ase is calculated on the number of

hicks banded and placed in the

rooder. (See table 8 for information

n this line.)

Line 440—White Leghorns—This line

f White Leghorns originated from a

ross of purchased stock of superior

uality (the same as that used in line

20). Following the first outcross there

ere two years of sire-daughter mat-

ng followed by two years of brother-
ister and half brother-half sister mat-
ngs.
The very poor fertility of the second
ear (sire-granddaughter) mating was
ue to the advanced age of the male.
rtificial insemination was used to pro-
uce a few chicks. Poor fertility and
oor hatchability, along with high adult
Ind chick mortality, so reduced the
umbers that adequate selection was

impossible. So few pullets were avail-
able at the 1942 housing that the line
was discontinued.
The one outstanding characteristic

of this line was the very late sexual
maturity, which undoubtedly contrib-
uted largely to the reduced egg produc-
tion. (See table 9 for information on this
line.)

Line 520—White Leghorns—This line
of White Leghorns originated from a
superior outbred stock. Other birds
coming from this strain, but not neces-
sarily related to line 520 more than the
flock average, were used in the strain
outcross to Northwest Experiment Sta-
tion stock for the foundation of lines
210, 220, and 230 at different times.
The first year of inbreeding in this

line was essentially sire-daughter with
some less-related mating. Hatchability
has been a problem in this line, and

Table 9. Line 440—White Leghorns

Measure of performance

oefficient of inbreeding (per cent) ..... .... 
atchability of fertile eggs (per cent)....................................................
hick mortality to 8 weeks (  
ge at sexual maturity. (days).............................................. ..... ............................
ody weight (pounds) 

dozen)...............................................
..................... 

gg weight (ounces per ..... ........................................

gg production (500 days) ............................................................
dult mortality (per cent)
umber of pullets saved at housing

umber of males per line ............................................................

1938-
39

1939-
40

1940-
41

1941- ,
42

0 25 38 41
79 76 42 43
11 9 30 13

209 219 230 253
3.7 4.4 4.8 4.4

23.9 24.0 24.6 24.3
144 144 93 67
40 44 80 40
122 50 10 20

outcross SxD SxGrd. BxS & 1/2 BxS
1 1 1 1
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Table 10. Line 520-White Leghorns

1940- 1941- 1942- 1943- 1944- 1945- 1946- 1947- 1948- 1949-
Measure of performance 41 42 43 44 45 46 47 48 49 50

Coefficient of inbreeding (per cent) 0 16 19 24 31 34 35 39 43 47

Hatchability of fertile eggs (per
62 62 54 35 47 61 62 79 85

Chick mortality to 8 weeks (per

cent)12 21 19 13 7 17 15 7 7

Eight-week weight (grams) ......... 434 396 383 374 524 530 521 562 549

Age at sexual maturity (days) ............ 194 198 218 205 184 193 186 184 179 187

Body weight (pounds) .................................... 4.7 4.3 4.3 3.5 4.1 5.0 4.8 5.0 4.4 4.2

Egg weight (ounces per d.ozen) ......... 24.1 24.8 24.9 23.7 24.0 25.8 27.2 26.6 24.3 24.6

Egg production (500 days) 214 200 152 145 184 197 219 214 199 195

Adult mortality (per cent) .................. 31 52 47 55 13 27 40 11 57 62

Number of pullets saved at housing 61 96 36 74 39. 64 55 70 77 183

Type of mating  non- SxD BxS, rel. rel. rel. rel. rel. rel. rel.

inbred 1/2 BxS

Number of males per line  1 2 1 2 2 2 4 4 4 4

comparatively rigid selection has ap-

parently helped in improving it.

Adult mortality has been consider-

ably higher in this line than others, ex-

cept for 1944-45 and 1947-48, when it

was somewhat lower. Egg production

has continued to be excellent after a

slump in 1942 and 1943. (See table 10.)

Line 400-Barred Plymouth Rocks-

This line of Barred Plymouth Rocks

was started from a selected group of

sisters. In the spring of 1937 a full

brother was mated to the group of sis-

ters. The following year a few non-

related females were mated in the

same pen with the second brother-sister

mating. Consequently, some of the

progeny had inbreeding coefficients as

high as 37.5 per cent and others were

zero. The following year some of the

better yearling hens were kept in the

lireeding pens in the hope of improving

the late sexual maturity. The limited

number of birds in the line, and the

very late sexual maturity, combined
with the fact that there was no inbred
line suitable for crossing with these

Barred Rocks made it impractical to
carry them further. (See table 11.)

Line 500 - New Hampshires - This
line of New Hampshires originated from
the _same stock as that which entered
the crossed lines 530 and 540. The pres-
ent line is the remaining one of the
three sublines begun in 1941-42. One
subline was discontinued after the first

Table 11. Line 400-Barred Plymouth Rocks

1936- 1937- 1938- 1939-
Measure of performance 37 38 39 40

Coefficient of inbreeding (per cent) ........ 0 25 28 33

Hatchability of fertile eggs (per cent)............................................... ..... 80 74 72

Chick mortality to 8 weeks (  ......... ........ 17 16

Age at sexual maturity (days)................................................................................. 225 216 277 269

Body weight (pounds) 3.8 3.7 4.4 3.9

dozen).............................................
........................ 

Egg weight (ounces per .......................................... 24.1 23.2 22.8 24.2

Egg production (500 days) ........................................................... 219 146 108

Adult mortality (per cent) 47 12 34 .........

Number pullets saved at housing .................................... 17 85 35 46

outbred BxS BxS, nonrel. BxS, ½ BxS,

son x dam

Number of males per line ............................................................ 1 1 2 2
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Fig. 3. Line 500—New Hampshires. The birds have a somewhat refined appearance and are
characteristically darker in plumage than most New Hampshires.

inbred mating, and no line number was
allocated to it.
The low egg production of 1944-45

may be partially accounted for by the
fact that, aside from a few breeders,
the birds were in a house that under-
went considerable remodeling. This
threw them out of production for a
time.
Sexual maturity of this line is quite

late and appears to be a fixed attribute.
Performance in other respects has re-

mained at •a satisfactory level, with the
exception of egg size which has dropped
in the later generations. (See table 12
for information on this line.)

Line 505 — New Hampshires — This
line of New Hampshires was the poorer
of the two New Hampshire lines and so
was discontinued because of the lack
of housing facilities. The performance
of line 505 birds decreased sharply in
1943-44. Perhaps the sharp increase in

Table 12. Line 500—New Hampshires

Measure of performance

Coefficient of inbreeding (per cent)
Hatchability of fertile eggs (per

Chick mortality to 8 weeks (per

Eight-week weight (grams) .........
Age at sexual maturi (days)..............
Body weight (pounds)..................................... 
Egg weight (ounces per dozen) .........
Egg production (500 days)
Adult mortality (per cent)
Number of pullets saved at housing
Type of mating

Number of males per line ........................

1940- 1941- 1942- 1943- 1944- 1945- 1946- 1947- 1948- 1949-
41 42 43 44 45 46 47 48 49 50

0 0 14 25 29 31 38 38 42 48

71 78 81 85 70 69 70 78 87 83

7 9 9 9 9 8 7 5 4 11
......... 581 400 408 435 540 539 563 548 536
182 215 223 237 219 218 198 202 223 210
5.9

25.0
5.9

25.4
5.2 4.6

24.5 23.5
5.0

24.2
6.0

25.4
5.7

, 25.1
5.7

23.5
5.3

22.4
5.4

24.0
198 18 156 130 104 153 203 198 165 168
30 16 23 18 8 25 8 9 14 24
95 55 71 136 110 147 94 87 113 68
non-
in-
bred

non-
in-
bred

BxS, BxS,
1/2 BxS 1/2 BxS

rel. rel. rel. rel. rel. rel.

..... 1 1 2 3 4 4 4 4 4
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Table 13. Line 505—New Hampshires

Measure of performance
1940-
41

1941-
42

1942-
43

1943-
44

Coefficient of inbreeding (per cent)

Hatchability of fertile eggs (per cent)

Chick mortality to 8 weeks (pe cent)............................

Age at sexual maturity (days)............................................

0
71
7

182

0
81
5

204

14
83
8

221

25
64
33
244

Body weight (pounds)

Egg weight (ounces per dozen)

Egg production (500 days)

Adult mortality (per cent)

Number of pullets saved at housing 95
Type of matin

Number of males per line

5.9 6.0 5.3
25.0 26.2 25.1
198 171 153
30 36 26

73 92
noninbred BxS &

1/2 BxS, rel.
1 1

4.5
24.4
112
37
57

BxS &

1/2 BxS, rel.

2

the inbreeding brought about deleteri-
ous combinations of genetic factors, or
perhaps the unfortunate choice of
breeders was responsible for the de-
creased performance.
The number of satisfactory breeders

was so small at mating that only a very
fortunate mating would produce enough
chicks to continue the line.
However, in line 500 a sufficient num-

ber of pullets with a satisfactory level
of performance for selection were avail-
able.
The matter of a sufficient number of

birds with a high level of performance
from which to make selection is im-
portant. When poor individuals were
used to reproduce the line they almost
invariably proved to be worthless for
producing satisfactory progeny. (See
table 13 for further information on this
line.)

Line 510—White Plymouth Rocks—
The foundation birds of this White
Plymouth Rock line served for line 510,
the purebred stock, and line 530, the
crossbred stock. Because of the late
maturity and the general slow rate of
lay the line lost out in the competition
for the limited housing space.
There were a number of outstanding

individuals in the line so that it is
entirely possible that if space had al-
lowed and further expansion and se-
lection had been made, a fairly good
line might have developed from this
stock. (See table 14 for information on
this line.)

Line 530—New Hampshire x White
Plymouth Rocks—The original mating
which comprised the basis for this line
was a reciprocal cross between the
White Plymouth Rocks and New Hamp-

Table 14. Line 510—White Plymouth Rocks

1940- 1941- 1942-
Measure of performance 41 42 43

Coefficient of inbreeding (per cent) 9
Hatchability of fertile eggs (per cent) 75 73 84
Chick mortality to 8 weeks (per cent) ................................................................ 9 17 35
Eight-week weight (grams) ....................-.................:••••••••••••••••••••••••••••••••••••••••••••------ ......... 512 452
Age at sexual maturity (days) 195 236 233

6.4 6.1 6.0
Egg weight (ounces per dozen) ................................•••••••••••••••-••••••••••••••••••••••••••••••-- 24.3 25.5 26.5

166 152 125
Adult mortality (per cent) 54 21 27
Number of pullets saved at housing ........................................•••••••••••••••••••••••••••• 35 38 48
Type of noninbred noninbred BxS, 1/2 BxS, rel.

2 1



Table 15. Line 530—New Hampshire X White Plymouth Rocks

1941- 1942- 1943- 1944- 1945; 1946- 1947- 1948- 1949-
42 43 44 45 46 47 48 49 50

Coefficient of inbreeding (per cent)

Hatchability of fertile eggs (per cent) ....

Chick mortality to 8 weeks (per cent).................

Eight-week weight (grams)

Age at sexual maturity (days)

Body weight (pounds)

Egg weight (ounces per dozen)

Egg production (500 days)....-....................

Adult mortality (per cent)

Number of pullets saved at housing ............

Type of mating ...........................................................................outcross rel.

Number of males per line ............................................. 4 4

0 10
80 81
11 , 21
554 476
217 217

6.4 6.1
26.1 25.3
183 147

18 22

163 254

shires. The reciprocal sublines were not

intermated in 1942 when the line as a

whole had an average inbreeding of

9.6 per cent.

In the 1943 matings, part of the re-

ciprocal lines were intermated so that

about one-half of the progeny carried

no inbreeding. White-plumaged males

were used whenever good individuals
occurred in the superior families. Con-
sequently all of the 1949-hatched chicks
have white plumage, although the adult
males have some red ticking in the
outer plumage.
The incidence of keel cysts has been

a perplexing problem, especially in the
male birds. The incidence of broodiness
in this line has averaged less than one
per cent. (See table 15.)

Line 540—New Hampshire x White
Leghorn—This line resulted from the

4 10 13 17 22 25

80 72 74 83 83 84

15 7 2 5 6 9

501 533 613 680 668 645

218 195 202 184 183 182
5.5 6.4 6.3 6.3 6.1 5.8

25.0 25.5 26.7 27.0 26.0 25.1
149 166 176 199 182 170
43 19 25 13 14 36
198 318 190 145 121 144
rel. rel. rel. rel. rel. rel.
4 5 5 4 6 6

reciprocal mating of White Leghorns
with New Hampshires. The progeny of
each mating saved for breeding pur-
poses were assorted among the several
pens each fall at housing. Consequently

some matings as close as brother-sister
and half brother-half sister were made
each year. All individuals had some
known relationship with each of the.
others although in some cases it was

very small.
The plumage color has been predomi-

nantly white or white with red or black
showing through. The egg color at the
beginning was intermediate between
the brown of the New Hampshire and
the white of the Leghorn, but in later

generations the color is gradually be-
coming whiter.
There has been some tendency to-

ward abnormal egg shells, both in shape
and texture. The incidence of crooked

Fig. 4. Line 530. The birds of this line are indistinguishable from White Plymouth Rocks in
general appearance except for occasional red surface ticking of the plumage.



Table 16. Line 540—New Hampshire X White Leghorn

Coefficient of inbreeding (per cent)

Hatchability of fertile eggs (per cent) ............86
Chick mortality to 8 weeks (per cent)

Eight-week weight (grams) .............................534
.202Age at sexual maturity (days)

Body weight (pounds)

Egg weight (ounces per dozen)
Egg production (500 days)
Adult mortality (per cent) ................................................
Number of pullets saved at housing ............219
Type of mating outcross
Number of males per line 4

keels has been quite high in this line,
especially in the male birds. Broodiness
has been virtually absent in this line.
(See table 16 for information on this
line.)

Changes in Performance

As indicated in tables 1-16 the inbred
lines generally declined in over-all per-
formance. Some lines fell off rapidly,
though there were some that had even
higher performance in later years than
at any time in their development. Rec-
ords kept over several years probably
may be interpreted to indicate a real
trend in performance as inbreeding ad-
vances. The foundation stock (the gen-

1942- 1943-
43 44

6 11 14
77 68 59
12 16 8

502 492 492
214 218 207

5.3 4.7 5.6
25.9 25.0 25.0
170 149 150
46 43 20
275 357 290

rel.
6

1947- 1948-
48 49

24 31
84 80
5 4

664 602

191 193
5.5 5.0

24.5 24.4

197 183
10 23

115 132

rel. rel.

6 6

eration when inbreeding was zero) wa
used as a base and subsequent genera
tions subtracted from it to determin
differences from the members of th
initial generation.
Of course such a comparison can b

criticized because the foundation stock
may not have been representative in
performance. Environmental circum-
stances and sampling error may make
the foundation year seem better o
worse than it actually was. In the case
of this study a number of the founda-
tion stocks had some heterosis due to
crossed breeds or crossed strains and in
other cases superior groups were se-
lected as a basis for the lines. So even

Fig. 5. Line 540. The birds of this line have the characteristic tight feathering of their White
Leghorn ancestry. Some foreign plumage color is still present, although in small amounts.
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*f little or no inbreeding took place,
some loss might be expected as the lines
would tend to regress toward the origi-
nal population means.
Table 17 shows the average change

in performance level of the lines that
have been discarded. Table 18 gives the
ame information for current lines.
The lines shown in table 18 do not

show as much adverse change as those
shown in table 17. This, of course, is to
be expected, since poor performance
played an important part in the dis-
carding of any line. But in general,
about the same trend of change is
ound for both groups, though there is a
wide variation between lines in the

amount and direction of change for all
characteristics. It is apparent that per-
formance does not decline or improve
systematically for each characteristic.
The only trends which are consistent

in direction are those of egg production,
in which 15 lines have a decrease and
only line 210 indicates an increase (and
this is only a very small increase). How-
ever, some lines have at times reached
a higher level than the initial genera-
tion. The trend for sexual maturity is
toward lateness except for lines 205,
210, and 530. In the remaining charac-
teristics there seem to be no absolute
trends, for performance declined in
some lines and improved in others.

Table 17. Average Change in Each Character from Beginning Generation
to the Time Lines Were Discarded

me Hatch-
ability

Chick mor- Eight-
tality to week
8 weeks weight

Age at
sex mat.

Body Egg 500-day Adult
weight weight egg prod. mortality

per cent per cent grams days pounds ounces eggs per cent
200 + .25* +22.67 •••••••••••• + 9.67 +.15 - .77 -76.00 -45.00
205 - 6.33 + 7.67 -17.50 +.35 - .30 - 7.00 + 4.00
10 + 3.00 ............ +30.00 -.20 - .65 -11.00 +52.50
430 - 8.50 - 5.00 -33.00 -.30 + .30 -10.00 - 2.00
440 -25.33 + 6.33 ............ +25.00 +.83 + .40 -42.67 +14.67
400 - 7.00 - 1.00 ............ +28.67 +.20 + .70 -92.00 -24.00
05 + 5.00 + 8.33 -166 +41.00 -.63 + .23 -52.67 + 3.00
10 + 3.50 +17.00 - 60 +39.50 -.35 +1.70 -27.50 -30.00

Average ............ - 4.43 + 8.00 -113 +15.42 +.006 - .20 -39.86 - 3.35

* The change from the initial outbred generation is indicated as + or -. A + value for age at
maturity and for chick and adult mortality is unfavorable, while a + for the other characters is
favorable.

Table 18. Average Change for Each Character from Beginning Generation
to Presently Maintained Generation

Line

Chick mor- Eight-
Hatch- tality to week
ability 8 weeks weight

Age at
sex mat.

Body Egg 500-day Adult
weight weight egg prod. mortality

per cent per cent grams days pounds ounces eggs per cent
210 -21.78* -11.00 +69.25 - 2.44 + .28 + .07 +14.00 -11.56
220 + 8.40 - 8.00 +36.75 +32.20 -1.18 - .07 -30.20 +12.40
230 - 9.63 -12.00 + 6.75 +16.25 + .45 + .34 - .75 - 3.13
420 -11.73 + 4.80 +72.33 +23.83 + .35 - .19 - 8.92 -26.09
520 - 4.86 + 2.14 +36.00 - .63 - .28 +1.06 -25.25 + 6.75
500 + 6.25 + .50 -90.57 +34.88 + .48 - .75 -36.25 -14.87
530 - .43 - 1.71 +34.00 -19.71 - .33 - .30 -13.14 + 6.57
540 -11.71 + 3.57 +39.71 + 2.14 + .26 -1.31 -12.14 + 4.86

Average - 5.69 - 2.70 +25.53 +10.81 - .12 - .14 -14.08 - 3.13

* The change from the initial outbred generation is indicated as + or -. A + value for age at
maturity and for chick and adult mortality is unfavorable, while a + for the other characters is
favorable.
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Table 19. An Expression of the Comparative Economic Gain or Loss for Several Characteristics
Obtained by Dividing Average Change by Average Performance

Average
change

Average
perform.
ance

Relative
economic
change

— 5.1* 71.9 7.1 per cent loss
Chick mortality to 8 weeks (per cent) + 2.7 13.0 20.8 per cent loss

Eight-week weight (grams) . ..... — 2.2 505.2 .4 per cent loss
Age at sexual maturity (days) +13.1 202.1 6.5 per cent loss

— .06 4.6 1.3 per cent loss

+ .03 24.2 .1 per cent gain
500-day egg production (number of eggs) —27.0 157.5 17.1 per cent loss

Adult mortality (per cent) — 3.2 29.4 10.9 per cent gain

* The change from the initial outbred generation is indicated as + or —. A + value for age at
maturity and f or chick and adult mortality is unfavorable, while a + for the other characters is
favorable.

Table 19 indicates the average change
in each characteristic for all lines. Each
phase of performance was put on a
comparative basis by expressing the
relative change as a percentage of the
mean performance of that characteris-
tic. It cannot be said with certainty
whether this change is due to the effect
of inbreeding or to environmental
trends. However, the degree of inbreed-
ing increases in all lines though not
always at the same rate, while envi-
ronmental variation might be expected

to average out over a series of years

and lines.
Egg production and chick viability

have suffered the greatest relative de-
cline, while hatchability and early sex-
ual maturity declined somewhat less

than half as much as the former t
The changes in weight at eight weeks
of age, egg weight, and adult body
weight were so small that no real trend
was indicated, while adult livability
improved somewhat.

Additional evidence of the effect of
inbreeding on the various characters
was obtained in a study by Shoffner
(17). It was found that for each addi-
tional 10 per cent of inbreeding there
were 4.4 per cent less in hatchability, 9.3
eggs less in production, 6.0 days later in
sexual maturity, .with no differences in
body size, and no differences in egg size.

These results coincide fairly well with.
the average changes for all the lines re-
ported here.

Effectiveness of Selection

From the foregoing discussion it is
evident that in most cases selection has
not been rigorous enough to keep per-
formance at or above the noninbred
levels. Inbreeding may not have been
responsible for all the loss in perform-
ance, since part of the decline could be
accounted for by mistakes in selection.
However, our point of interest here

is to determine something of the inten-
sity of selection. This selection pressure
may be expressed by the selection dif-
ferential. The selection differential is
the amount that the birds that were
used as breeders surpassed the other
birds for that generation.
In table 20 the average selection dif-

ferential is given for all lines. The se-
lection differential for the sire is based
on the average performance of his sis-
ters. There probably would have been
even greater declines if a deliberate
sib-test for breeding males had not
been used. The figures given here ex-
press the actual units of difference be-
tween the "run of the mill" and those
individuals who had progeny housed.
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Table 20. Actual and Relative Changes in Performance During Inbreeding
and Actual and Relative Units of Selection

Change

Actual
selection differential
on the side of the:

Change

Relative
selection differential
on the side of the:*

Sire Dam Sire Dam

Hatchability (per cent) - 5.1 +10.5 + 3.1 - 7.1 +14.6 + 4.3
Chick mortality (per cent) + 2.7 - 1.8 - 2.1 +20.8 -13.8 -16.2
Eight-week weight (gran's) - 2.2 +25.0 +30.0 - 0.4 5.0 + 6.0
Sexual maturity (days)

Body weight (pounds..............................................
+ 3.1 - 4.1

- 0.1
- 1.3
+ 0.09

+ 6.5
- 1.3

- 2.0
- 2.2

- 0.6
+ 2.0

Egg weight (ounces) + .03 - 0.04 + 0.4 + 0.1 - 0.2 + 1.7
Egg production (number of eggs) .................. -27.0 +11.2 +29.7 -17.1 + 7.1 +18.9
Adult mortality (per cent) - 3.2 - 7.8 - 3.9 -10.9 -26.5 -13.3

* Expressed as a percentage of the average performance.

At the right in table 20 is given the
selection differential for each charac-
teristic divided by the average of that
characteristic. This puts the units as
percentages of the total, so that the rel-
ative amount of selection pressure for
each characteristic can be compared.
Selection has most often been based

on adult livability, chick livability, egg
production, and hatchability, yet per-
formance has decreased the most in
these qualities. The exception is adult
viability, which has shown improve-
ment. Very little selection above the
average was made for weight at eight
weeks, sexual maturity, egg size, and
body size. Apparently little pressure is
needed to maintain original levels for
these latter characteristics, with the ex-
ception of sexual maturity.

Increase in Inbreeding and the
Retention of Lines

Small numbers of individuals within
the lines reported have either directly
or indirectly been responsible for the
loss of lines. The reduced numbers have
been caused by a number of misfor-
tunes, as indicated in table 21. In some
lines when unfortunate accidents re-
duced the number of available progeny,
the better yearling hens and available
males were kept as a nucleus for the
following year's breeding stock.

There was an average increase in

inbreeding of 6.4 per cent each genera-
tion when all the lines of this experi-
ment are considered. This is shown in
table 22. The lines that have been lost
or discarded have increased 8.0 per cent
per generation, while those remaining
have increased at the rate of 4.8 per
cent per generation.

It will be recognized that during
early generations the inbreeding coef-

Table 21. Lines Lost and Culled and Major
Causes Contributing to Their Elimination

Cause Lines lost

Too few breeders; no selec-
tion choice 440,430,410,400,200

Hatching difficulties ..................... 440,430
Male infertility (apparent) ... 440,200
Excessive chick and/or adult

mortality 440,410,200
Competition for space; cull-
ing of inferior lines .................. 510,505,205

Table 22. Average Increase in Coefficient of
Inbreeding Per Generation for Each

Inbred Line

Lines lost or culled Remaining lines

Line
Increase
in Fx Line

Increase
in Fx

200 .................. 6.2 215.8
205 .................. 8.0 220.................. 5.7 
410 .................. 8.3 230 .................. 5.2
430 .................. 10.3 420 .................. 5.0
440 .................. 10.3 520 .................. 4.8
400 .................. 8.3 500 .................. 4.7
505 8.3 530 3.1
510 .................. 4.5 540 3.9
Av. ............ 8.0 Av. ............ 4.8
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ficient tends to increase more rapidly.

This pertains particularly to the lines
shown in the column at the left, be-
cause most of them lasted only a few
generations. In contrast the lines shown
in the last column were developed over
a longer period of time so that later
generations with smaller increases of
inbreeding are included in the aver-
age. The difference in development
time is not responsible for all the dif-
ferences in the rate of inbreeding, since
nearly all the retained lines had lower
increments during the early stages.
Of the 16 lines started, eight have

been lost or discarded for one reason or
another. So with the relatively wide
type of development followed only a
50 per cent success was possible in
maintaining inbred lines. Of the eight
lines remaining, two lines (220 and 230)
were discarded at the time of this writ-
ing because after several years of test
crossing they definitely had not made
any contribution in test crosses. Two
other lines have doubtful potentialities.

Inbreeding and Abnormalities

One of the reasons advanced most
commonly in favor of inbreeding is that
it uncovers hidden undesirable quali-
ties and this happens because the un-
desirable gene—heretofore masked by
its more favorable counterpart—now
has a greater opportunity to become
paired with its undesirable duplicate,
i.e., become homozygous. Consequently
those individuals and families showing
the undesirable traits may be culled.
Many such pairings are likely which

give only slightly unfavorable effects
and are of such a physiological nature
that we fail to recognize them. Few
abnormalities or defects have been
found within any one inbred line, al-
though almost every line has had one or
two recognizable defects of genic origin.
Several of these are shown in figures
6 through 9. There were minor defects
such as side sprigs, prevalent in lines

Fig. 6. A crossed beak condition, apparently
recessive in nature, appeared in several sib

groups of line 530.

220 and 540; down and stubs on toes
and shanks in line 230; bald spots in
line 540; and black plumage in line 500
(New Hampshires). Such defects had
little influence in selection, and the in-
cidence of the various defects remained
fairly stable as the lines advanced in
inbreeding.
Some defects were of a more serious

nature. The tendency for crooked keels
was quite pronounced in some lines,
notably 220, 520, and 540. Lines 530 and
540 had a tendency toward keel cysts,
particularly the male birds. Selection
against this defect has been ineffective.
A flightless condition appeared in sev-
eral families of line 500. Two families
of line 500 and 530 had a high incidence
of crooked beaks in one generation. All
members of these families were dis-
carded and apparently these latter two
defects were eliminated.
In the early generations of line 540

there was a considerable incidence of
poor egg shell quality: mostly thin,
sandy shells. Shell quality has been
improved in the line, but probably at
the expense of egg production since the
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Fig. 7. The defective flights abnormality has
occurred occasionally in several families of
inbred lines 500 and 540. The exact nature

of the inheritance of this abnormality
is unknown.

poor shell quality appeared in the bet-
ter egg-producing families. A cleft
palate condition which seems to be as-
sociated with embryonic development
was noted in line 420 at the time when
inbreeding was above 60 per cent. The
gene or genes responsible are recessive
in nature but with poor penetrance.

It would appear that these difficul-
ties could be minimized in two ways:

First, stocks chosen as inbred lines
should be scrutinized for crooked keels,
abnormal egg shells, and other physical
abnormalities which handicap the bird
or make it economically unfit, and all
recognized carriers should be elimi-
nated at the outset.
Second, as large a sample as possible

should be selected in order to start a
large number of inbred lines, and
these should be inbred rapidly for sev-
eral generations. In other words, in-
breeding should be used as a screening
process by inbreeding sharply, by dis-
carding individuals and lines which
show physical abnormalities, and by
retaining lines which are free of de-
fects. It probably would be well to re-
combine the chosen inbred lines and
begin the inbreeding process over again

25

because intensive inbreeding has the

disadvantage of fixing the mildly de-

leterious factors that make for lowered
performance. If intense inbreeding is

used as a screening process one should
be prepared to discard or lose much of
his material.
Some physical abnormalities pose

breeding problems, but once recognized
the genes which cause them are often
relatively simple to eliminate. The
genes which adversely affect the physi-
ological processes of the individual are
not quite so simple to eliminate, how-
ever. Adverse inheritance of this type
is manifested by low reproduction, low
viability, slow growth, late maturity,
and characteristics which affect the
well-being of the birds.
There are also complicating environ-

mental-genetic relationships such as
disease resistance and response to nu-
trients. For example, line 420 seemed
to fall off rapidly in hatchability when
subjected to low or threshold levels of
vitamins A and D or riboflavin. Other

Fig. 8. The bald spot condition has appeared
in two entirely unrelated inbred lines, 500
and 520. It was first noted in line 540, a cross
of these two lines. It is recessive in nature
since normal mated to bald gives only normal,

and bald x bald gives only about 90
per cent bald progeny.
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Fig. 9. The cleft palate abnormality (above) was found in line 420—White Leghorns. The
external appearance is expressed as a short upper beak which is occasionally twisted (below).

lines such as 530 apparently will per-
form reasonably well on considerably
lower levels than required by line 420.
We know relatively little about the nu-

trient requirement levels for the vari-
ous inbred lines, but it is apparent that
the requirements are not the same for
all lines.

DEVELOPMENT OF LINES FOR COMBINATION

Most of the activity and planning in
poultry breeding has been based on in-
dividual and family selection. The
breeder's aim is to incorporate as many
desirable genes as possible in his flock,
and the improvement in this case comes
largely from the additive gene action.
But there may be desirable charac-

teristics caused by dominance devia-
tions and/or by gene interaction. It is
extremely difficult and perhaps impos-
sible to build up and hold in one popu-
lation characteristics whose expression
is due to dominance deviations or to
gene interaction. Consequently separate
strains or lines need to be developed

for crossing. In other words, we bring
two or more lines together and create
a condition of heterozygosity from a di-
versity of inheritance. From a practical
point of view it probably makes little
difference whether heterosis comes
from dominance or gene interaction.
The results of several years test

crossing experience at the Minnesota
Agricultural Experiment Station (un-
published data) indicate that several
of the inbred lines do cross to a con-
siderable advantage and do so rather
consistently. Most of the increase in
performance has resulted from cumu-
lative slight increases in several phases
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such as size, viability, egg production,
and hatchability. This is particularly
true for the combination of inbred lines
which have a diversity of genetic back-
ground in regard to disease resistance,
high production tendencies, and large
size.

Choosing Foundation Stocks for
Inbred Lines

The foundation stocks for the lines of
this experiment were selected primarily
on the basis of egg production. The
choice of stocks for many of the earlier
lines was quite limited, i.e., the best
material was selected—but only from
rather mediocre stocks. Line 420, White
Leghorns, was one of the better choices
of this kind.
More recently lines were chosen from

outstanding egg-production strains, and
we experienced greater success from
these sources. In no case when the or-
iginal outbred stocks had a poor char-
acteristic such as low egg production
were we able to make noticeable im-
provement during the inbreeding proc-
ess. In addition, the progeny of two
such lines are almost always of little
consequence.
The following are some of the ways

the inbred lines may be started from
various foundation stock sources.

A. Families within strains—Outstand-
ing and promising sib groups within a
strain have been the basis for the Min-
nesota inbred lines 500, 505, 510, and
520. The weakness of this method has
been the fact that not enough families
were selected so that there could be
more intense culling between them 
Some of the families chosen were out-
standing as far as the parent popula-
tions were concerned and lines 500 and
520 carried a high average of attributes.

B. Outstanding individuals — High
performing individuals whose progeny
have proven themselves may be consid-
ered good risks as a foundation for an

inbred line, since information is known
about the individuals' performance.
However, the diversity of germ plasm
is quite restricted. If the choice has
been fortunate, a quick beginning is
made as inbreeding can advance rap-
idly in such a restricted group. An at-
tempt was made at Minnesota to utilize
progeny tested males in starting lines
200, 440, and 520.

C. Crosses of breeds or strains—
Seldom are all desirable qualities found
in any one breed or strain, so breeds
or strains are often crossed to make up
deficiencies in one or the other. The
purpose is to select from the segregates
of filial generations the better attributes
of both parent populations to incor-
porate these in the new cross.
Unfortunately this is not as simple as

it seems, although a fair degree of suc-
cess was attained by this method for
lines 530 and 540. Line 530 was started
from reciprocal matings of New Hamp-
shires x White Plymouth Rocks, and
line 540 was started from reciprocal
matings of New Hampshires x White
Leghorns. Lines 200, 210, 220, 230, and
440 were begun from strain crosses
within the White Leghorn breed.

D. Crosses of inbred lines—The in-
bred lines have the advantage of having
gone through a rigorous culling, so pre-
sumably some of the undesirable quali-
ties in each line have been eliminated.
This particular method has been used
in the field of plant breeding with con-
siderable success. Several new lines of
this origin are under way at this sta-
tion.

Developing Inbred Lines

When producing inbred lines we have
to consider not only the development
of the best lines possible but also ways
and means of maintaining the inbred
lines. If it were not for reproductive
difficulties we could start a large num-
ber of small lines, inbreed rapidly, and
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cull between lines—a method which is
quite efficient from the standpoint of
selection. These lines would then be
expanded for propagation and test
crossing.
However, we are confronted with the

problem of a reduction in fertility,
hatchability, egg production, or via-
bility, and this reduction has a direct
bearing on the number of progeny.
Consequently, larger lines, slower in-
breeding, and selection within the line
may have to be resorted to in order
to create successful inbred lines. Re-
gardless of the system of developing in-
bred lines it is almost certain that in-
flexibility is the short road to difficulty.
In the absence of a better terminology

we shall designate the extremes in de-
veloping inbred lines as wide and close.
The wide method is typified by fairly

large numbers and several matings so
that there is a general remixing of the
population each generation, and sub-
lines and family divisions exist within
the line. Almost all of the existing
Minnesota lines were developed by the
wide system. The close lines may be
typified by such matings as continuous
brother x sister.

It is relatively easy to maintain the
wide line, and in a majority of cases
it is also easy to advance through sev-
eral generations of inbreeding without
materially lowering the performance.
It is considerably easier to lose close
lines. Since inbreeding is slow in the
wide line, fixation is not so rapid, and
undesirable traits can be culled.
The larger numbers of individuals

and families also allow greater selection
pressure within the line than would be
the case of a line with limited popula-
tion. The limited number of individuals
in the close line allows for little selec-
tion pressure within the line, for it is
exceedingly difficult to find individuals
which are above average in five or six
more or less uncorrelated characters.
When the number of potential breed-

ers is restricted, as in the close line,

some compromise must be made in one
characteristic or another, and selection
is hampered. When the few available
breeders were decidedly inferior in per-
formance, as in lines 440, 410, 400, and
200, the lines seem destined for failure.
The close type of inbred line develop-

ment has an advantage because as a
general rule selection between lines is

more effective than selection within
lines. Inbreeding makes the small lines
distinct genetically. Consequently we
have a clearer basis for culling undesir-
able lines provided there are enough
lines to make rigid culling possible. In
wide-line development the family
groups become more closely related as
the lines develop, and all members of
the line become more alike in their in-
heritance. Because of the increased
genetic correlation a higher proportion
of the differences between families can
be ascribed to environmental varia-
tions. Consequently we may be culling
on the basis of whether or not an in-
dividual or family was fortunate in its
environment.
In any case, no matter which type

of line development is followed, theo-
retically we reach a point where further
inbreeding for the purpose of selection
is of less and less benefit. It is then that
the lines need to be crossed and then
followed by another round of inbreed...
ing if we intend to make further prog-
ress in selection. This leads up to an-
other important aspect of the inbreed-
ing program—that of test crossing or
combining inbred lines.

Test Crossing of Inbred Lines as Part
of the Inbreeding Program

So far we have developed lines on the
basis of their own merit, and after these
lines are once established they are
crossed with one another to determine
which combinations give the best com-
bining ability. The lines which are poor
combiners are then eliminated. Thus, a
new criterion of selection, combining
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ability, has been added after the lines
are developed.

It would seem that some method of
determining combining ability should
be applied as early as possible in the
development of the line. Needless to
say it is not at all certain just how
early in the development of a line the
combining test should be started, but
most of the Minnesota lines seem to
have some stability in their behavior
by the time they reach 37.5 per cent to
50 per cent inbreeding.

Lines may change in combining
ability during subsequent generations
of inbreeding and it is because of the
ever-present possibility of this change
that early testing for combining ability
has its limitations.
Sometime during the development of

the inbred line, whether early or late 
the usefulness of that line in combina-
tion with other lines must be deter-
mined. Single crosses are the easiest to
make and are perhaps the best for
picking out superior combinations.
However, other types of crosses such
as three-way and four-way have more
commercial appeal because they can be
produced in considerably larger num-
bers and more economically. The fact
that there are 45 different single crosses
from only 10 inbred lines makes a com-
plete testing program an imposing task.
Consequently other methods of de-

termining the worth of inbred lines
have been suggested such as topeross-
ing. Toperossing is the mating of an in-
bred stock to an outbred one—usually
inbred males to outbred females for
the sake of economy. The difficulty with
such a method of course lies in the pos-
sibility that only the specific combin-
ing ability of the various inbred lines
with the outbred stock will be meas-
ured, and as a result outstanding com-
binations of inbred will be missed.
Partially to circumvent this problem it
has been suggested that the inbred lines
be crossed to an inbred tester line with
known combining ability. There is the

same problem of specificity in this test
as in a topeross.

Maintenance of Established Lines

Once a desirable inbred line has been
identified we need to insure its repro-
ductiveness and also keep it from
changing in inheritance, i.e., maintain
the genetic status quo. A line of small
size has limited use since a fairly large
number are needed to maintain the lint
and provide for crossing purposes.
A method of mass mating of selected

individuals will very probably keep the
line much the same genetically and will
allow for considerable expansion. Pro-
viding somewhat more genetic control
is the semisystematic family crossing
setup with the expanded lines, which
has worked well for the lines of this
experiment. Males from several fami-
lies should be used.

Progressive Improvement of
Inbred Lines

On the basis of experience to date the
inbred line will often be deficient in one
or more aspects of performance, either
in itself or in its contribution to the
progeny of a cross.
Because the inbred line becomes an

ever-narrowing island of germ plasm
as inbreeding increases, a number of
systems have been proposed for bring-
ing in superior genes to improve the in-
bred lines. The fact that these systems
were designed originally for improve-
ment of inbred lines of corn does not
detract from their basic value for use
in poultry breeding. Several such meth-
ods will be outlined here, for variations
in design and application may have an
advantage for different breeders.
One method is convergent improve-

ment, a system of double backcrossing
to improve each of two inbred lines
that combine well without changing
the performance of the single cross.
This method was suggested by Richey
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(16) and has since proved of consider-
able value in corn breeding.
Suppose that we have two inbred

lines, each difficult to maintain. Line
A has resistance to lymphocytoma but
is poor in reproductive qualities; line B
is highly susceptible to the disease but
has good reproductive characteristics.
When A and B are crossed they comple-
ment each other to produce a superior
progeny.
The problem is mainly one of keep-

ing lines A and B going. Each has what
the other lacks, so if we can somehow
correct the deficiencies, the inbred lines
would be improved. The single cross
AB of these two lines is sufficiently su-
perior to make it desirable to improve
each line so that the line will not be
lost or numbers become so low that
crosses cannot be made. The steps in
convergent improvement are these:

1. Backcross A with (AB) and back-
cross B with (AB).

2. In the A(AB) group select those
which are best in reproduction,
and in the B(AB) group select for
viability.

3. Backcross the next generation A to
A(AB) and backcross B to B(AB).

4. Continue intensive selection for
the desired characteristics of the
nonrecurrent parent.

Backcrossing in each series is fol-
lowed for several generations. At the
end of the sixth backcrossed generation
each line will contain only 1/128 of the
random genetic assortment of the other
line. In other words, if our selection has
been successful we now have lines
which are nearly identical to the or-
iginal and which have the attributes
selected from the nonrecurrent parent.
Another method designed to identify

and incorporate superior inheritance
from entirely unrelated noninbred as
well as inbred stocks was proposed by
Stadler (18). He has called the method
gamete selection because the basic idea
is to identify and select superior gam-
etes rather than zygotes. The following

outline is suggested for making im-
provement through gamete selection.
An inbred is crossed to a series of

outbred stocks to produce an Fi cross.
Two progenies are obtained from each
of the Fi crosses: one inbred and the
other a test cross. This can be accom-
plished by mating Fi males to F1 fe-
males and to tester line females in the
same pen. At the same time the inbred
is crossed to the tester line and the two
crosses are compared. If any advantage
is noted from the F1 test cross over the
inbred tester cross it is presumed that
the particular outbred entering the F1
cross (inbred-outbred) has superior
genes. The inbred progeny of the su-
perior Fi is tested again and may be
eventually incorporated into the origi-
nal inbred line or it may be used to
start a new line.

Progeny Test for Combining Ability

Two major problems are involved
in the production of superior hybrids.
The first obviously is to find and iden-
tify strains or lines which have the
ability to combine well. After this
comes the problem of maintaining such
lines in a genetically stable, yet vigor-
ous state so that they may be propa-
gated economically.
There are several schemes recently-

proposed for "nicking" without resort-
ing to inbreeding, although inbreeding
may be a concurrent breeding proced-
ure. Such methods may be used for im-
proving inbred lines as well as for de-
veloping lines. These schemes have con-
siderable appeal, because they can be
done on a smaller scale than that re-
quired for inbreeding and test crossing
of inbred lines. Essentially the methods
are designed to select for combining
ability between strains or breeds and
hence become simply a progeny test
for combining ability. This point will
be seen later.
In order to help overcome some of the

problems of inbreeding, Hull (11) pro-
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.osed a selection program called re-
urrent selection, which he considered

.articularly suitable for improving spe-
ific combining ability.
A modification of this method was

.uggested by Comstock et al. (2) called.
eciprocal recurrent selection. The lat-
er method is superior in selection for
!eneral combining ability for loci at
hich there is overdominance, and it

s equally satisfactory for specific corn-
. ining ability. The design is such that
:election can be made for characteris-
ics which result from gene interaction 
he scheme is useful in a breeding pro-

:ram where individual and family se-
ection has reached a point of diminish-
ng returns, i.e., there is little additive
_enetic variance.
The following is an example of how
reciprocal recurrent selection program
ould be used in poultry:
A number of males of strain A (Al

'nd A2, etc.) are each mated to a num-
. er of females (five to ten) of an intro-
• uced strain B. Thus male Al is mated
o females Bl, B2, and B11, while A6
ale is mated to females B3, B10, B20.
t the same time B1 male is mated to
emales A6, A14, and A18, and B4 male
s mated to other A females.

The number of males tested will de-
pend on the space and number of fe-
males available. It is probable that six
or eight males would be a minimum
number. A rotation system for one-half
or one-third of the hatching season
would permit the testing of two or
three males per pen of females.
During the ensuing season the per-

formances of the progeny for each rrit-
ing are compared to identify those in-
dividuals which combine well.
Suppose the progeny of male A4 x

B1 and male A4 x B6 are definitely su-
perior, and in the reciprocal cross male
B2 x A8 and male B2 x A10 were also
high ranking. The tested male A4 is
mated in the following season to A8 and
A10 to reproduce the A line, and male
B2 is mated to B1 and B6 to reproduce
the B line.
The offspring of each selected line A

and B are again crossed and the cycle
begun over again. A partial year's test
will likely be accurate enough to dis-
tinguish the better performing cross
progeny—making it possible to propa-
gate the lines from the tested males
and females the following year. In this
way the cycle may be completed every
two years.

SUMMARY

The material reported here repre-
:ents investigations of inbreeding in
hickens carried on in 1937 and subse-
• tient years. The intent has been to
:tudy inbreeding as a method of breed-
ng and as a technique to aid selection.
Altogether there were 16 inbred

ines: ten Single Comb White Leghorns,
ne Barred Plymouth Rock, one White
"lymouth Rock, two New Hampshires,
I nd two lines of crossbred origin. About
)5,000 chicks were hatched for the prop-
gation of the lines, and about 9,000 fe-
ales were housed and tested. The

nanagement has been relatively uni-

form, with some improvements in dis-
ease control and nutrition.
The study was pursued largely on the

basis of the development of inbred
lines. Within the line there .were from
one to five breeding pens. Most of the
matings were made so that brother x
sister, one-half brother x one-half sister,
and lesser related matings were ob-
tained from each pen. Selection was a
continuous process throughout the year
for each generation, and a major portion
of the culling was made on the basis of
records. The measurement of perform-
ance included hatchability, chick and
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adult mortality, eight-week and 300-
day body weights, sexual maturity, egg
size, egg production, and miscellaneous
defects.
An estimate of inbreeding (Fx) was

also calculated. It was found that in
of the fowl has a general de-

pressing effect on performance, but
there was a variation between inbred
lines in the amount and direction of
change for the characteristics studied.
Performance did not systematically

decline nor increase for any character-
istic. Nearly all lines showed a decrease
in egg production and most had a tend-
ency for later sexual maturity. The re-
maining characteristics had no abso-
lute trends, as performance was lost
in some lines and gained in others.
When all lines are considered it is
found that egg production and chick
livability suffered the greatest decline,
while hatchability and sexual maturity
lost about half of the former two. The
changes in weight at eight weeks of
age, egg weight, and adult body weight
were so small that no real trend is in-
dicated. Adult livability showed im-
provement.
Selection was not rigorous enough to

keep performance at or above the non-
inbred levels. Selection intensity, as
measured by the selection differential,
was greatest for adult livability, egg
production, chick mortality, and hatch-
ability. These characteristics, despite
the higher selection pressure, decreased

the most, except for adult viability
Very little selection above the averag
was made for weight at eight weeks
sexual maturity, egg size, and bod3
size. And except for sexual maturit3
apparently little pressure was neede.
to maintain performance. The inbreed
ing increased an average of 6.4 per cen
each generation for all lines.
The loss of inbred lines may b

ascribed either directly or indirectly t
small numbers of individuals withi
the line. Most of the lines exhibite.
some genetic defects which were ap
parently uncovered by inbreeding
However, most of these were incon
sequential.
We apparently made little recognize.

use of inbreeding as a tool for uncov
ering deleterious genes. If the founda
tion stock has such traits as crooke
keels or thin egg shells it is difficult t
select away from these defects as in
breeding advances. The elimination o
such material at the outset will heir
the efficiency of the inbreeding pro
gram.
Experience gained at this Statio

and elsewhere indicates possible ad
vantages of combinations of inbre
lines. Some of the ideas presented i
the discussion on development of in
bred lines have not been fully experi
enced in poultry breeding, but per
haps they will help clarify and stimu
late thinking about these methods o
poultry improvement.
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