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Fig. 1. At left, C521 (Lady MacDuff) representing the Station 's Oregons." The first hen in the world with trap-nest record of
800 eggs in a year. Her record was 303. At right, hen A27, repre senting the Station's White Leghorns ; the first hen in the world to
make trap-nest record of 1000 eggs in lifetime. Her complete recor d was 1188 eggs. All the Station's Oregons and Leghorns have more
or less of the blood of these two hens, which have thousands of des cendants throughout the country.



The main conclusions drawn from the experiments
reported in this bulletin are:

High fecundity is inherited.

Selection of breeding stock on the basis of annual
trap-nest records regardless of prepotency or tested qual-
ities, is a certain method of increasing egg production.

Some hens and some males have the power of
transmitting high fecundity; others have not this power.
Therefore more rapid progress will be made in increasing
the production of the strain if only those hens and those
males be used in the breeding pens that have shown by
the egg records of their pullets, or by the progeny test,
that they possess the power of transmitting high egg
production.



Egg-Laying Characteristics of the Hen
INTRODUCTION

When poultry breeding experiments were started at this Station,
twelve years ago, there was considerable discussion as to the effect of
selective breeding in increasing egg production. Doubt was frequently
expressed as to the possibility of increasing production by selection of
breeding stock on the basis of trap-nest records of production. There
had been no sufficient demonstration of the fact of transmission of
high egg-laying qualities. There was some evidence that the con-
trary was true. At the Maine station, after nine years of experiments
the results as reported were largely negative in character. There had
been apparently no increase in production. Beyond that there was little
literature on the subject embodying conclusive data.

It was agreed that the subject required further investigation. It
was highly important from the standpoint of the poultry producer, as
well as from the standpoint of the consumer of poultry products, that
production be increased. The costs of egg production were high, and
unless they could be reduced, poultry keeping would continue to be a
business of hazard.

Previous experiments by the writer had shown a wide variation in
individual production, and if it should prove that those variations were
inherited, it would seem then, that proper breeding, by increasing pro-
duction, would be of great importance in lowering the costs.

At that time the flocks of the United States as an average laid
fewer than seventy-five eggs a year per hen, while trap-nest records
showed yields exceeding two hundred a hen and others less than two
dozen a hen, even within the same breed and under similar conditions of
care. This fact indicated great possibilities for the poultry industry,
should it be proved that those variations were inherited. The produc-
tion of the hens of the United States as given is based on census figures;
these apply to hens of all breeds and different ages and would not be
fully comparable with the production of pullets, or the first year's
production.

Until the invention of the trap-nest, poultry breeding, so far as
egg production was concerned, was an uncertain business because the
poultryman had no means of knowing which were the best layers in his
flock. With the trap-nest it was then possible to attack the problem of
increasing production in a practical, scientific way.

Our breeding work began in the fall of 1908 and has continued
without intermission up until this time, though the scope of investiga-
tions has been necessarily limited. With the funds and help available,
it has not been possible to cover as many closely related problems as
was desired. Breeding work is necessarily slow, and often disappoint-
ing because of the variety of conditions under which the flocks are
kept during the long period of experiment. Egg production fluctuates
greatly as the environmental conditions vary. Changes in the weather
affect the egg yield, and it is impossible so to regulate other conditions
that the yield is not appreciably affected by sudden temperature and
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other changes in the weather. Where the results depend upon com-
parisons extending over several years, with flocks of different gener-
ations, this is a disturbing element that can possibly be overcome only
by long-continued, carefully conducted experiments.

While the feed rations and methods of feeding can be fairly well
controlled, there will be unavoidable differences. It is not always pos-
sible to get the same quality of feed, year after year. Another limiting
factor is diseases. To maintain a strict quarantine so that the flocks
of one year will show as great freedom from diseases as those of another,
is possible only in part. Change in the attendant who feeds, tends trap-
nests, and does other necessary work in the poultry yards, also has its
influence on production. Change of attendant is sometimes unavoidable.

Another factor, probably the most difficult to control of any, is
that of the hatching and rearing of the chicks. The vigor of the chicks
is influenced by the care and feeding of the breeding stock, by the meth-
ods of hatching, and by the brooding and feeding of the chicks. Any
difference in the vigor of the hen will be reflected in the egg yield. The
date of hatching, or the date at which the pullet comes to laying ma-
turity, is another factor that has a decided influence on the first year's
production.

It is thus impossible so to control all these and other environmental
conditions that we can know with mathematical definiteness that the
egg producion of one particular generation of fowls for any stated
period measures with absolute certainty the laying capacity of the flock.

Nor is it essential that the environmental factors actually be the
same year after year to prove by the egg records for the year the
transmission of high fecundity. With a sufficient number of individuals,
and a sufficient number of generations, the fact will be proved if there
is a consistent and marked increase, even though the conditions may
and must vary, year after year.

scientific demonstration need not and can not depend upon mathe-
matical and mechanical control o environmental factors. At the same
time it must be conceded that the degree of success in controlling these
conditions will measure very largely the success of the breeding
experiment.

PROBLEMS OUTLINED
The general subject of investigation is the inheritance of egg-laying

characteristics of the hen, covering the following related problems:
Is high fecundity inherited?
Relation of short-period production, or rate of laying, to the

annual and biennial record of the hen.
Does the first year's production indicate the capacity of the hen

in subsequent years?
Will selection on the basis of high annual or short-period pro-

duction increase the profitable life of the hen?
Correlation between early laying maturity of the pullet and

high fecundity.
() Correlation between late laying and high fecundity.
(7) The effect of inbreeding on vigor and productive qualities.
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The relative influence of sire and dam on the egg production
of the offspring.

Correlation between type of hen and egg production.
Correlation between rate of laying and composition of the egg.

This bulletin is confined to a study of our breeding records bearing
on the first four problems enumerated above. Later bulletins will report
work on the other problems.

There is also included in this bulletin a report of a preliminary
nature on the tenth problem, the correlation between rate of laying and
composition of the egg.

THE PLAN

For the experiments, Barred Plymouth Rocks and White Leghorns
were chosen, the former because they are a variety of an American breed,
very popular on the farms for general purposes, the latter because they
are -the most popular breed -on commercial egg farms. A cross between
these breeds was made, as a check on the others, because there is a
somewhat widespread conviction that some of the pure-heeds through
close breeding have lost more or less vigor, and that a cross will restore
the vigor. If therefore, the cross gave a better egg yield than the
pure-breds it would be strong circumstantial evidence that the pure-
breds lacked in vigor. Then, if after several generations the cross-
bred birds showed an increase in production, while a similar increase
was shown in the pure-breds it would be strong evidence that the breed-
ing was effective, and that high fecundity was inherited. On the other
hand, without the cross-bred check it might be questionable, whether
the increase in the pure-bred was not due solely to increased vigor,
which might be secured from proper mating and breeding. It is known
that vigor and production are closely related.

IS HIGH FECUNDITY INHERITED?
A flock of 113 Barred Plymouth Rock pullets were purchased from

six different breeders in Oregon, and 63 White Leghorn pullets from
several Oregon poultrymen. These pullets were put into their houses
early in the fall of 1908. The houses used were new, portable, open-
front, or colony houses, eight by twelve feet in size. The fowls had the
liberty of roomy yards at all seasons. The hen doors in the houses
were open at all times. The double-yard system was used and the
houses were moved once a year onto clean ground. The same style of
house and the same system of yarding were used in all the years of the
experiment. The same system of feeding was followed, as nearly as
possible, throughout the experiment. Inbreeding was avoided, and prac-
tically no new blood was added. In the last three or four years, how-
ever, especially in the case of the Leghorn, the blood lines had become
closely drawn, so that in the case of the Leghorn the results of the later
years are not properly comparable with those of former years.

It was aimed to use each year in experiments only pullets that were
mature and about ready to lay by November 1, so that the egg records
of different years might afford a fair basis of comparison. This practice,
however, could not be followed arbitrarily. It was not always possible
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to hatch them at the same time, and where the purpose was to hatch
as many chicks from certain hens as possible, the date of hatching
must vary more or less. Any of the yards or hens that were used in
our comparisons, however, did not vary greatly in date of laying
maturity. On this account and for other reasons, the number of pnllets
used in the tabulation for some of the years is rather small. It is
believed, however, that enough individuals have been used to make it
possible to form conclusions on the subject of investigation.

The capacity of a hen is commonly measured by her annual egg
yield, and the proof of transmission is shown if the female progeny
produces not necessarily as many eggs as the parent, but a certain in-
crease over the average production of the unbred flock or breed. It
may be true, however, that her real capacity is better shown in shorter
periods of production, because in shorter periods, environmental condi-
tions are under better control. Our records, therefore, will be studied
from annual records, as well as longer and shorter periods.

Artificial lighting was not used in these experiments. It had not
come into use when the experiments were started, and to have adopted
it in later years would have introduced a factor that would render im-
possible proper interpretation of results of different generations, if
some were under artificial lights and some were not.

In all experiments the first year begins on the date the first egg
was laid, and ends twelve months from that date. The second year be-
gins at the end of the first laying year. In all cases, hens that died before
the year was completed are not included, except that a record of number
died is given.

Eggs laid on the floor or outside of the trap-nests are added to the
total production of the flock and show in the yard average, but not ii'
the individual-hen records.

RESULTS WITH BARRED PLYMOUTH ROCKS

First Generation or Foundation Stock. In the case of Barred
Plymouth Rocks ninety-two hens are used in the experiment relating
to inheritance of fecundity. For these there is a complete record for
the first year's production.

The first and most significant thing in the production of all the
years is the wide variation in the records of individual hens. This ap-
plies to the two different breeds, as well as the crosses. In the original
flock of ninety-two Barred Rocks this variation, as shown in Table 1,
extends from 218 eggs as the highest to 6 as the lowest, the average
of all being 82.67, or including eggs laid outside of trap-nests, 86.14
eggs. In other words, between the highest and lowest record there is a
range of 212 eggs. It will be noted that there is a gradual drop all of
the way down from the highest to the lowest. A column is added giving
the best two-months record of each hen. The significance of this record
will be discussed on a later page.

Second Generation. The production in the second year, 1909-10, is
given in Table II, for yard 6, 28 hens. These were hatched from the
first-year flocks but without selection, and sired by males of pedigree
of unknown production. In this case the highest record was 183 and
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the lowest 60, a range between highest and lowest of 123. The yard
possibly would represent a better average of the production of strain or
strains than the original flock, or rather make a better starting point in
studying the effect of breeding, because the pullets of this yard were
raised on the Station plant, and so far as the hatching and rearing are

TABLE I. ANNUAL AND BEST TWO-MONTHS PRODUCTION
Yards 4 and 5, 1908-09, Barred Plymouth Rocks.

TABLE II. ANNUAL AND BEST TWO-MONTHS PRODUCTION
Yard 6, 1909-10 Barred Plymouth Rocks

Hen
No.

Production
Hen
No.

Production
Hen
No.

Production

1st
year

Best 2
months

1st
year

Best 2
months

1st
year

Best 2
months

1.... 36 70 66 37 78 68 30
0 93 28 70 30 80 71 20

105 32 47 18 81 39 . 29
4.,. 124 26 40.... 183 47 82 61 29

131 44 47.... 118 45 83 45 22
6.... 80 27 43.... 105 44 84 56 - 23

47 19 59 95 85 106 24
8. 67 140 4 87 64 30

10....
11....

259 15

47..,
48....

82 96
47 29
91 45

88
89
90

82 33
153 35

83 43

12.... 72 27 9.... 115 41 81 49 . 22
71 28 70 26 93 80 32

155 38 53.... 83 45 95 134 41
17.... 51 27 54.... 112 46 96 54 35
is. 33 14 55.... 57 28 97 100 32
19.... 73 32 513.... 141 42 55 81 29
20.... 65 24 59 99 167 . 48
21.... 5 28
22.... 3

55...
01....

229 201
202

52 30
103 37

74 31 62.... 31 203 96 . 44
25.... 69 28 64. 23 204 101 36
26. 74 38 218 50 205 59 23
2 7.... 68 31 66.... 74 33 207 140 47
28.... $7 20 C 7W... 86 28 205 52 26
29.... 42 22 6.... 78 24 209 53 21
20.... 84 41 70.... 132 36 210 58 30
31 93 33 67 25 211 160 48
32.... 116 40 66 24 212 46 34
32.... 131 74.... 76 32 213 84 36
34.... 16 25 77.... 28

Average of yard 82.67 31.29

Unidenitfied eggs added 86.14

Hen
No.

1st
year

Best 2
months

Hen
No.

1st
year

Best 2
months

Hen
No.

1st
year

Best 2
months

2]..... 104 211.... 167 43 221.... 103 32
202.... 128 41 21 2... 138 30 222:... 140 44
20$....
204....

114
183

31.
40

2 1.3....
214.....

144
115 9 223....

224....
60 32

138 43
2(5..., 88 28 215.... 134 31 225.... 102 33
206.,.. 85 37 216.... 104 34 22. 160 38
287. 169 43 218.... 24 227.... 76 28
288.... 21 219.... 27 22S 104 28
2C9.... 179 33 220.... 110 25 129. 75 29
210.... 134 48

Average of yard 117.64 33.71

Unidentified eggs added 120.68

Production Production Production
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® Average of yard. ® Unidentified eggs added.

concerned, under the same conditions as those of subsequent years. The
average of the annual individual records of this yard was 117.64 a hen,
or including eggs laid outside of nest, 120.68.

Third Generation. Table III gives record for yard 15, pullets of the
second generation from the original flock. These pullets were not
pedigreed; that is, the egg record of dam and sire's dam is not known
except in the case of two hens; but the pullets were taken from the
original flock as a whole after one-third of the poorest had been dis-
carded. Of the two hens mentioned, one laid 218 eggs and her dam
laid also 218; the other was from a poor layer, laying 45 eggs.

The record of this flock is higher than would be expected from the
production of the dams, but the explanation is, no doubt, in the possibil-
ity that environmental conditions were specially favorable to high pro-
duction. The record shows that this was true in some respects at least.
They were hatched at a uniform time, and came to laying maturity early
in the fall; in this respect their conditions were more favorable than
was the case in earlier or later years.

TABLE V. ANNUAL AND BEST TWO-MONTHS PRODUCTiON
Yard 7, 1912-13, Barred PlymouthRocks.

Hen
No.

Production
Darr

Eggs
1st yr. D.D.

Eggs
1st yr. S.D.

Eggs
1st yr.1st

year
Best 2
months

C 72
C 73
C. 75
C 76

115
207
112
198

43
51
43
42

207
204
207

B154

163
193
163
191 204 188

65
35

207

215
218
218
1139

C 17
C 78
C 79

163
199
201

42
45
46

A 11 1$

207
218 65
1 69

215 207 169
65 219

C 50
C 51

202
'So

51
39 B tOO 105 A. 116 218 207 169

C 82
C 83
C 84
C 85
C 86
C 87
C 88
C 89
C 90

200
186
165
188
176
204
188
215
215

43
49
41
44
44
44
00
45
51

A 106
P 154

226
A. 106
B 150

226
707

B 154

202
191 204
160
202
1-os A 116
160
169
191 204

183

218

153

207 169
207 169

65 I 218
207 169
207 169

135 21S
05 218

207 16-9

C 91 119 35
C 92 197 48 A 88 157
C 93 [61 45
C 94
C 96

175
'so

46
49 207 169 219

C 97
C 59
C 100
C 101
C 102
C 103

149
179
U 1
125
111
193

33
4

41
37
46

A. 96
A 105
A 116
A itS
A 111

204
200
215
200
204

65

207 169
207 169

218 207 169
207 169

65 218
C 104 174 43
C 105
C 106
C 107
C 108

188 45
189 49
133 46
123 30

A. 106
A. 105
B 151

202
200
136 A 116

207 iii 9
207 165

218 207 169
C 110 177 5°
C 111 178 50 A. 106 2(2
C 112 219 53 B 154 191 204 183 . 207 169

177.43 45.22 181.37 202.44
j

185.96

180.97
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The significance of this record is discussed later in the study of
rate of laying or short-period production. The fact, however, that the
flock from which yard-15 pullets were produced was a culled flock,
approximately one-third of the poor layers having been taken out, is
no doubt responsible for some of this increase.

Fourth Generation. The records of the pullet flocks of year 1912-13,
Tables IV, V, VI, offer the first results of pedigree work, or the records
of pullets of known production pedigree on both dam and sire side. The
38 pullets shown in Table IV were from the six best hens in yard 15,
1910-11, whose records are reported in Table III, and whose sires were
two males from dams shown in Tables I and II; namely, 65 and 207,
records 218 and 169 respectively. Table IV shows that the 38 pullets
varied in production from 268 eggs to 3 eggs, and averaged 178.16 eggs.
The average of their dams was 210.94 and of the sire's dam 194.79. It
is worthy of note that the highest and lowest records in this yard were
made by two full sisters, though probably no great importance can be
placed upon the record of the lowest hen, C60, which was 3 eggs.
While this hen was in apparently good condition until Oct. 19, 1915, near
the end of the third year, when she was marketed, it is not impossible

TABLE VI. ANNUAL AND BEST TWO-MONTHS PRODUCTION
Yard 5, 1812-13, Barred Plymouth Rocks.

0 Average ot yard. ® Unidentified eggs added.

Hen
No.

Production

Dam
Eggs
1st yr. D.D. 1st yr S.D.

Eggs
1st yr1st

year
Best 2
months

C 115 227 52 B 151 136 207 169
C 116 139 A 204 207 169
C 117 186 48 A 79 219 207 169
C 118 173 49 507 169 65 218
C 115 241 50 A. 204, 207 169
C 120 173 41 A Si 203 207 119
C 121 166 36 A. 106 202 207 169
C 122 183 44 A 79 219 207 169
C 123 139 42 A 78 213 207 169
C 124 149 46 A 78 211 207 169
C 125 128 40 A 79 219 207 169
C 126 11 7 43 A. 116 21 8 2C7 1M9
C 127 161 50 A 111 204 5 218
C 128 196 58 A 77 214 ('5 21 S
C 159 174 A 79 219 207 169
C 120 193 41 A 95 201 267 162
C 133 207 40 217 169 65 218
C 134 1S2 55 A 115 188 207 165
C 136 191 42 13 150 105 207 1 6li
C 137 223 48 A 111 204 65 21S
C 140 126 43 226 160 65 218
C 141 144 45 A T8 213 207 169
C 143 130 42 204 183 65 218
C 148 :1.90 51 A 79 219 207 169
C 146 209 52 A 122 259 207 169
C 147 177 48 A 79 219 207 169
C 1.48 166 36 A 81 203 207 169
C 150 125 39 A 116 218 207 169
C 151 107 27 A 77 214 65 218
C 152 195 a' 207 189 65 215
C 154 139 42 A 56 204 207 169
C 156 141 40 A 111 204 65 218
C 157 189 38 B 150 105 207 169

0 17169 4430 190.76 183.85

0 174.18



TABLE VII. ANNUAL AND BEST TWO-MONTHS PRODUCTION
Yard B, 1918-14, Barred Plymouth Rocks.

® Average of yard. ® Unidentified eggs added.

that her low performance was due to some physical condition of the
egg-laying organs, not at all related to any inherited capacity to lay.

Table V gives a record of yard 7 containing 37 pullets that made
complete one-year records. They averaged 180.97 eggs a hen. Their
dams averaged in their first year 181.37 eggs, and their sire's dam 185.96
eggs.

Production
Eggs Eggs Eggs

1st Best 2Hen Dam 1st yr. D.D. 1st yr. S.D. 1st yr.
No. year months

68 150 32 C 69 232 4 77 214 A 116 218
1.) (7 151 51 C 33 139 4111 204 A 18 213

98 219 55 'Yd. 5-6
D 69 229 54 A 79 219 A 122 259
L 70 144 42 C 61 158 A 79 219 65 218
p 71 209 55 C 64 235 A 121 259 A 116 218
1) 73 165 43 H26N 139 204 183 A 81 203
1) 74 244 54 A 77 214 A 122 259
D 75 201 46 A 77 214 Al22 259
Ti 77 208 48 C 64 235 Al22 259 A116 218
1) 78 215 48 A 79 219 A 122 259
D 79 109 47 226 160 65 218 A 81 203
1) 80 98 44 C 58 205 A 77 214 A116 218
1) 63 190 48 C 64 235 Al22 159 A116 218
L' 84 236 53 C146 209 Al22 259 4 77 214
D 5 161 47 A105 200 A 81 203
1) 87 243 52 C 32 188 A 78 213 A116 218
D 88 153 44 1) 159 188 207 169 A 77 214
1 89 151 42 C 45 142 A' 81 203 A116 218
1) 90 240 54 C 64 235 A 122 219 A 116 218
1) 91 147 37 C149 171 A 75 213 A116 218
1) 92 259 53 C' 3 225 A 79 219 65 218
1) 93 171 54 C 69 232 A 77 214 4116' 218
D 94 112 42 A 93 201 A 81 203
1' 95 194 48 C 35 225 A 79 219 65 218
F 97 201 51 Yd.6
D 98 182 49 C 69 232 A 77 214 A116 218
1) 99 86 35 'C 40 151 A 77 214 A 116 218
1) 100 213 46 'C 44 227 A 111 204 A 78 213
D 101 166 ' 50 C 45 111 A 81 203 A 116 218
1) 102 166 ' 33 204 183 A 77 214
1) 103 179 46 226 160 65 218 A 81 203
1)104 183 48 A 79 219 Al22 289
1) 105 167 54 C 46 201 A 77 214 1 A 116 218
1)106 225 ' 49 C 50 224 A 'lI 214 AllO 218
C 107 179 43 C 52 157 A 71 214 A 116 218
1) 108 187 48 C 41 177 A 79 219 85 218
1) 109 130 45 A 106 202 A 122 259
Dill 176 ' 52 C 37 199 A 79 219 h5 218
11112 160 49 C 58 205 A 77 214 AllO 218
1) 113 199 51 A 93 201 A 81 203
1) 115 170 43 B 246 116 226 160 A 77 214
1) 116 184 50 Il 159 188 207 169 A 77 214
1)117 169 47 204 183 A 77 214
1)118 233 55 C 64 235 Al22 259 A116 218
D 119 209 50 C 64 235 A 122 259 A 116 218
1)320 95 41 C 37 199 A 79 219 65 218
LI 121 149 43 13 160 119 207 169 A 77 214
1) 122 162 37 13 246 116 226 160 A 77 214
P 123 233 52 A 79 219 A 122 259
11 124 16 37 226 160 65 :i8 A 81 03
1) 126 177 41 Yd. 7 '

A 111 204

178.75 46.88 193.86 215.05 220.52

13 185.00
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® Average of yard. ® Unidentified eggs added.

Table VI gives a record of 33 pullets in yard 8, 1912-13. Their
average production was 174.18. They were late hatched, on- the average.
Their dams' records averaged 196.76, and sire's dams 183.85.

The average of the 108 Barred Rock pullets in yards 6, 7, 8, in
112-13 was 177.91.

Fifth Generation. The records of the next generation of Barred
Rock puflets are shown in Tables VII and VIII, yards B and C. Fifty-

TABLE VIII. ANNUAL AND BEST TWO-MONTHS PRODUCTION
Yard C, 1911-14, Barred Plymouth Rocks.

Production
Eggs Eggs Eggs

1st Best 2Hen Dam 1st yr. t.D. 1st yr. S.D. 1st yr.
No. ver months

Di28 145 43 A. 76 213 A i22 259
1) 129 189 49 C 68 147 A 78 213 A 116 218
1130 183 I 48 C 70 152 A 77 214 A116 '218
p 131 173 46 A 78 213 Al22 259
1) 132 158 43 13 142 144 A 114 218 A 77! 214
1)133 216 52 A 78 213 A 112 259
D134 88 37 C 57 178 A 77 214 A116, 218
0135 188 47 A 78 213 Al221 259
1) 118 177 57 A 78 213 Al22. 259
1)159 103 53 A 78 215 Al22 259
1) 140 164 40 A 78 213 Al22 259
1)142 125 37 A 78 213 Al221 259
P 144 133 49 C 681 147 A 8 213 A116 218
1) 146 117 46 C 146 209 A 522 259 A 771 214
1) 147 129 34 C 49! 194 A 79 219 ;5 216
II 149 212 45 Yd. 5-0
1)150 196 54 C 68 147 A 78 213 A. 116 218
1)151 139 39 Yd. 6
1)154 248 54 Yd. 5-6
0155 187 45 - A 105 200 A 811 203
1' 156 159 46 A. 93 201 A 61 203
1) 157 175 42 C 38 211 A 111 '264 A 78 513
D15S 101 47 B 139 188 207 1 69 A 77 214
1)159 165 50 C 40 151 A 77 214 A 116 218
1)160 159 48 A 111 204 A 77 214
6.162 203 48 C 35 A 71 219 651 218
1)564 151 54 15 158 131 224; 160 A 771 214
D165 193 51 A 78 213 Al22. 259
1)166 217 53 C 41 177 A 75 219 218
1)167 142 04 C 61 158 A 79 119 5 218
1) 168 163 90 C 125 158 A 79. 219 A 77 214
0169 107 51 C 57 178 A 77 214 A. 116 218
1.170 .175 I 41 A 93 201 A 81! 203
1)171 224 50 A 111 214 A 77 214
11 172 221 53 B 252 96 221 1_C A. 77 214
5' 173 121 30 1-1 154 111 204 182 A 81 203
D 174 174 46 B 15S 131 226 160 A 77 214
O 175 102 43 C 48 201 A 77 214 A 116 ! 218
1) 177 268 58 A 83 167 Al22 259
0 178 188 53 A. 100 202 Al22[ 259
D18O 239 61 C 125 158 A 79 219 A 17 211
1) 182 151 42 A 78 212 A 122 259
D183 218 52 Yd. 5
1. 184 122 43 c 49! 194 A 79 65 218
D 186 160 52 H26N 139 204 182 A 811 203
O 187 130 28 Yd. 0
1) 188 179 46 Yd. 7 AlIl 204
1' 190 1.76 42 Yd. 7 A 111 204
0192 217 51 Yd. 7 Alil 204
II 193. 193 57 Yd. 7 AIll 204
1) 194' 177 39 Yd. 7 Aill 204

169.41 46.57 183.32 205.75 !! 224.57

175.59
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® Average of yard. ® Unidentified eggs added.

two pullets, yard B, averaged 185 eggs; the dams averaged 193.86;
dams' dams, 215.05; sires' dams, 220.52. Table VIII shows an average
production of 175.59 for the 51 pullets in yard C, with dams' average
183.32. Dams' dams 205.75 and sires' dams, 224.57, high record of
268 eggs, equaled the previous high record for Barred Rocks in the
previous year, yard 6. In a few cases the dams' record is low, but with
dam's dams high and sire's dam high, they are left in the tabulation.

Sixth Generation. The sixth generation of pullets is shown in Ta-
bles IX and X, yards L and P. The former averaged 185.78 and the
latter 189.01. The average of dams in yard L was 181.33, of dam's dam
208.71, and sire's dam 216.19. In yard P the average, of dams is 213.84,
dam's dam 214.81, sire's dam 231.68.

Seventh Generation. A shortage of help and interruptions due to
war service were responsible for the small number of pullets available
for experimentation for the years 1915-1 and 1916-17. For the year
1915-16, no records can be given for comparison. In 1916-17, yard 18,
Table XI, averaged 201.9, with dam's average 247.36, dams' dams 197.44,
sires' dams 223.13.

TABLE IX. ANNUAL AND BEST TWO-MONTHS PRODUCTION
Yard L, 1914-15, Barred Plymouth Rocks.

Production
Eggs Eggs Eggs

1st Best 2Hen Dafn 1st yr On. 1st yr. S.D. 1st yr.
No. year months

E 575 172 49 6' 50 224 A 77 214 A 122 259
E 580 134 40 Yd. B A 78 213
E 581 143 43 Yd. B A 78 23
B 582 :88 44 C 76 198 B 154 191 H12N 144
E 591 196 48 d. B A 78 213
E 594 222 46 ci. B A 78 217
E 595
B 596

158
182

46
42

C 35
ci. B

225 A 79 219 C 69 232
A 78 213

E 597
B 599

200
187

47
49

Yd. B
Yd. B

A 78 213
A 78 213

B 602
F1 (;05
B 809
E 611
E 612
I. 13
E (i7
B 618
E 619
E £21
B 622
E 623
E 624
B 625
B 526
1. 627
B 628
E 629
B 610
B 631
B 623
B 634

2288

172
199
1 95
134
204
175
221
108
185
129
155
218
189
177

218
186
210
760
114
175
143

43
50
49
31
59
49
54
19
50
52
38
48
56
44
43
40
48
52
47
37

41
42

C 151
Yd. B
', d. B
C 41
A 96
C 62
C 50
:a. B

C 117
C 50
C 43
Yd. B
C 108
C 63

204
C 149
C 63
C 41
C 41
Yd. B

204
204C 2

107

177
264
175
224

186
224
142

US
140
183
171
140
177
177

183
185
175

A 79
A 78
A 77
A 79
A 77
A SI
B 151
A 77
A 75
A
A 79
A 79

A78

214 A 77 214
A 78 213
A 78 213

219 Yd. 7
A 122 259

213 Yd. 7
214 A 122 259

A 78 213
219 H.12N 161
214 A 122 259
203 A 77 214

A 78 213
136 Yd. 7
214 Yd. 7

Yd. 7
213 Yd.7
114 Yd. 7
219 Yd. 7
219 Yd.7!

A 78 213
Yd. 7
Yd. 7

213 Yd. 7

176.36 45.27 181.33 208.71 210.19

185.78



® Average of yard. ® Unidentified eggs added.
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TABLE X. ANNUAL AND BEST TWO-MONTHS PRODUCTION
Yard P. 1914-15, Barred Plymouth Rocks.

Hen

Production
1st yr. D. 0. Eggs

1st yr. S.D.
Eggs

1st yr.let Best 2
No. year months Eggs

E 501 157 47 C 152 195 207 169 A 78 213
B 500
B 507

139
173

88 A 78
A 78

213
213

C 69
C 69

232
232E508

B 109
165
130 45

C 166
C 152

233
195

A 96
207

204
169

C 69
A 78

232
213B 511

B 512
E 514
E 515
B 116
E 518
E 119

135 31
'183 47
193 38
245 52
197 -13
152 56
141 44

C 112
C 112
A 78
C 56
A 78
C 166
C 50

219
219
213
210
213
233
210

B 154
B 154

A 111

A 96
A 111

191
191

204

204
204

C 64
C 64
C 69
C 64
C 69
C 69
C 64

215
285
232
285

3 2
232
235

E 520 176 45
B 521 246 48

C 67
C 146

187
209

A Ill
A 122

204
259

C 64
C 69

235
232E523 179 40 C 90 215 B 154 191 C 69 232B 525 226 54 C 166 233 A 96 204 C 69 232E526 140 42 A 77 214 C 64 235

B 527 155 41 C 146 209 A 122 259 C 69 231
B 529 156 40 A 77 214 C 64 215
B 531 231 57 C 146 209 A 122 259 C 69 212B 522 198 48 C 148 209 A 122 259 C 69 232li 534
B 585
B 536
B 538
E589
B 542
B 543
E544
B 545
B 546
B 548
B 149
E 110
E 555
B 516
E 557

222
195
209
150
182
238
243
133
244
218
173
176
137
143
153
234

54
46
51
42
45
58
52
85
49
52
47
Is
41
41
41.
57

C 146
C 146
A 77
C 112
A 78
C 146
C 146
A 77
C 90
A 78
A 77
C 56
C 112
C 56
C 56
C 166

209
209
214
219
213
209
209
214
215
213
214
210
219
210
210
238

A-122
A 123

B 154

A 122
A 122

B 154

A 111
B154
A 111
A 111
A 96

259
259

191

259
59

191

204
191
204
204
204

C 69
C 69
C 64.
C 64
C 69
C 89
C 69
C 64
C 69
C 69
C 64
C 64
C 64
C 64
C 64
C 69

232
232
235
233
232
212

235
232
232
235
235
215
235
235

558 221 56 C 119 241 A 90 204 A 78 211

184.06 46.69 213.84 214.81 231.68
189,01

TABLE XI. ANNTAL AND BEST TWO-MONTHS PRODUCTION
Yard 18, 1916-17, Barred Plymouth Rocks.

Hen
No.

Production

Dai
Eggs
1st yr. DO.

Eggs
1st yr. S.D.

Eggs
1st yr.1st

year
Best 2
months

G l
( 2

199
203

52
49

1) 177
D 92

268 A 83
259 C 35

167 C 50
225 C 50

224
224

(1 3 195 58 E 561 185 C 50 224
c 4 183 53 B 561 185 C 50 2240 5 214 44 177 268 A 83 167 C 50 224C 7 220 50 1 92 259 C 35 225 C 50 224G 8
C-I 9
Gb

125
212
179

57
55
48

1) 92
D 177
0 92

259
268
259

C 85
A 83
C 35

225
167
225

C 50;
C 50
C 50

224
224
224Gil 185 45 B 543 243 C 146 .209 P 52' 214012 154 52 P 177 268 A 83 167 C 50 224

194.45 51.18 247.36 197.44 223,13

201.90
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Eighth Generation. In the eighth generation, Table XII, there are
62 pullets in yard E with average records of 214.63 eggs. This shows
a rather remarkable increase over previous year, possibly more than
would reasonably be expected in one generation as an average. En-
vironmental conditions were more favorable than in some of the pre-
vious years. The dams averaged 200.23, dams' dams 229.47, sires'
dams 244.58. In several cases the dam's record is not known, only the
yard in which the dam was bred. In those cases, however, the record of
the dam was high for all the hens in the yard were of good records.

Effect of Close Confinement. To determine how much of a factor
methods of housing and yarding are in our breeding experiments, a
pen of twenty Barred Plymouth Rock pullets from our experimental
flock were confined throughout the year, 1915-16, in a house 8 by 12
feet in size. It was the same style of house in which our experimental

Fig. 2. A pen of the Oregon Station's strain of Barred Plymouth Rocks. This
pen tied for second place with a pen of the Station's "Oregons" in the egg-laying con-
test at the Panama-Pacific International Exposition, San Francisco. The Station sent
three pens and won the first three pri2es.

flocks were kept, but the experimental flocks had the liberty of outdoor
yards at all seasons. This pen averaged 182.6 eggs a year with high
record of 289 and low of 85. There were no deaths during the year.
This record is practically the same as for the experimental flocks of
the same breeding, and indicates that conditions as to housing and
yarding are not important factors, so far as indoor and outdoor manage-
ment are concerned.

It is understood, of course, that this test and these conclusions have
nothing to do with the question of management as it affects breeding
stock or reproduction. Because of radical difference in environment,
the record of this pen is not included in tabulation in comparing the
effect of breeding.



RESULTS WITH WHITE LEGHORNS

Foundation Stock. The production of the original stock of White
Leghorns is given in Table XIII. These pullets were bought from
different breeders in Oregon, and fifty were used as foundation stock
The production records for the term of the eeperiment embraced 386
pullets.

In the first year, the average production was 106.88 eggs a hen. The
highest record was 183 and the lowest 2 eggs.

Second Generation. In the second year (Table XIV) there were
only 21 pullets with records, the highest being 229 eggs and the lowest
3, average 104.67 eggs. In this case, no "floor" eggs are counted, there
being no record of unidentified eggs. Were these eggs accounted for
the record of these pullets would doubtless have equalled the record of
the previous year. These pullets were not pedigreed birds but pro-
duced promiscuously from the original flock and from males of unknown
ancestry. Some of these pullets were later used for breeding. Hen 034
was our first 200-egg Leghorn, and was the foundation of our high-
producing Leghorn stock.

19

Fig. 3. Pen 3 of White Leghorn, 1914-i5; record 230.12. See Table xvH.

Third Generation. In the third year, 1910-11 (Table XV), there
are only 10 pullets available. These were not pedigreed, but hatched
from the foundation stock after the poor layers had been culled out.
They averaged 164.10 eggs with highest 240 and lowest 98, hen A27
making a record of 240. This hen lived until she was 8 years and one
month old, and in that time had laid in trap-nests, 1188 eggs. All of
the present Station Leghorns trace pedigrees back to this hen.

Fourth Generation. Table XVI gives the record of fourteen White
Leghorn pullets included in yard 9 of Oregons, 1912.43. They
averaged 208.93 eggs with dam's average 223.85 and sire's dam 229.
Three of these birds it will be noticed were from an inbred mating of
dam to cockereL Their numbers are C526, C551, and C584.

Fifth Generation. In 1914-15 (Table XVII) sixteen pedigreed pullets
in yard 3 averaged 230.12 eggs, with dams' record of 242.19, dams'
dams 222.33, and sires' dams 233.13. The highest record was 302 and
the lowest 148. This yard produced our first 300-egg Leghorn. In the
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Fig. 5. These charts show graphically a progressive increase in production by
selecting the best layers in the flock for breeding. Chart 1 is the record of an unselected
pen of White Leghorns; Chart 2, an unselected pen of crosses Chart 3, a partly se-
lected pen of White Leghorns and crosses; and Chart 4 a pen bred from high pro-
ducers or pedigreed stock. Chart 4 is the result of breeding from the best hens repre-
sented in Charts 1, 2, and 1, all better than 200-egg hens except one, and this one laid
234 in second year. Full sisters in Chart 4 are represented by lines of similar pattern.
A son of 034, Chart 1, was the sire of all the pullets except daughters of 250, this hen
being inbred to her son. There are also three daughters of 034 inbred to son. Fewer
poor layers and more good layers are shown in Chart 4 than in the flocks from which
their parents were selected, but the increased production has not been followed by
uniformity in production. The average production of the daughters does not equal the
production of the parents, but there are individual pullet records higher as weil as
lower than the production of the parents.
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Fig. 5. These charts show graphically a progressive increase in production by
selecting the best layers in the flock for breeding. Chart 1 is the record of an unselected
pen of White Leghorns; Chart 2, an unselected pen of crosses; Chart 3, a partly se-
lected pen of White Leghorns and crosses; and Chart 4 a pen bred from hogh pro.
ducers or pedigreed stock. Chart 4 is the result of breeding from the best hens repre-
sented in Charts 1. 2, and 3, all better than 200-egg hens except one, and this one laid
234 in second year. Full sisters in Chart 4 are represented by lines of similar pattern.
A son of 034, Chart 1, was the sire of all the pullets except daughters of 250, this hen
being inbred to her son. There are also three daughters of 034 inbred to son. Fewer
poor layers and more good layers are shown in Chart 4 than in the flocks from which
their parents were selected, but the increased production has not been followed by
uniformity in production. The average production of the daughters does not equal the
production of the parents, but there are individual pullet records higher as well as
lower than the production of the parents.
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same year 42 pullets in yard 0 (Table XVIII) averaged 216.72 with
dams' record 236.97, dams' dams 221.68, sires' dams 237.25.

Sixth Generation. In 1916-17, yard P (Table XIX), 49 pullets aver-
age 188.96 with dams' record at 209.74, dams' dams 247.27, sires' dams
251.71 eggs. The large proportion of these pullets were early hatched,
and some of them went through the moult in the fall, which doubtless
reduced the production.

In yard Q (Table XX) the same. year 57 pullets averaged 172.65,
dams 211.75, dams' dams 241.56, sires' dams 258.74. This yard was
not under favorable conditions for high record. There was not much
uniformity in the ages; some were early hatched and moulted, arid
others were late and did not start to lay early enough to make a good
record. In the same year 11 pullets of yard 15 (Table XXI) averaged
225.27, with dams 227.64, dams' dams 245.09, and sires' dams 242.18.
These 11 pullets were of practically the same production pedigree as
P and Q. The fact that they did not moult probably explains their
high record.

Fig. 5. A pen of the Oregon Station's pedigreed strain of whita Leghorns. This
pen won first place in a year's egg-laying contest at the Panama-Pacific International
Exposition, San Francisco.

Seventh Generation. In 1917-18, sixty pullets in yard F (Table
XXII) averaged 222.22 eggs, with high records of 300 and low of 23.
Unfortunately there is only a yard pedigree for the dam for most of
these hens. Yard R was made up of high-producing stock that aver-
aged 214.14 eggs. The 19 hens with individual pedigrees had dams of
averages of 235.42 eggs. The sire's dam, however, in all cases was
from our highest record Leghorn, E248, 302 eggs in first year. See
Table XVII. The production of yard F would, no doubt, have been high-
er but for an accident or oversight in May when the fowls had no water
for two days. This caused a reduction from about sixty percent to
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TABLE XIII. ANNUAL AND BEST TWO-MONTHS PRODUCTION
Yards 4 and 5, 1908-9, White Leghorns.

Yard 191, 10-11, White Leghorns.

Heii
No.

Production
Hen
No.

Production
Hen
No.

Production

1st
year

Best 2
months

1st Best 2
year months

- let
year

Best 2
nmenths

1 177 50 26 112 F 37 41 97 27
2 83 34 27 150 40 45 119 33
4 38 13 28 14 5 4 111 35
5 127 38 29 72 25 49 24 12
6 87 26 30 116 28 .50 104 33
8 170 42 31 F 29 51 411 17
9 95 33 32 136

F

40 52 164 1 41
10 140 42 33 119 33 54 91 28
11 146 42 34 65

F

22 55 15 13
13 114 35 35 166 F 42 56 109 45
15 139 44 36 87

F
36 88 74 37

18 143 40 37 66 . 30 1) 138 41
19 107 37 38 155

I
38 6o 132 34

21 154 .38 39 128
F

40 61 71 35
22 76 29 40 1113 . 45 02 34 14
23 110 33 41 2 2 04 16 36
25 131 42 42 122 35

Average of yard 106.14 32.54

Unidentified eggs added 106.88

TABLE XIV. ANNUAL AND BEST TWO-MONTHS PRODUCTION
Yard 9, 1909-10, White Leghorns.

Production Production Production

Hen 1st Best 2 Hen 1st Best 2 Hen 1st Best 2
No. year months No. year months No year months

O 33 171 42 0 41 90 40 0 48 78 31
O 34 229 47 0 42 5 2 0 49 155 36
O 35 83 23 0 43 92 22 0 50 162 38
O 36 105 41 0 44 64 34 0 54 178 44
O 37 129 29 0 45 150 37 0 56 92 31
O 38 3 2 0 46 38 19 0 57 66 33
O 40 178 48 0 47 62 22 0 58 68 24

Average of yard 104.67 30.71

TABLE XV. ANNUAL AND BEST TWO-MONTHS PRODUCTION

Hen
No.

Production Production
Hen
No.

Production

1st
year

Best 2
months

Hen
No.

1st
year

Best 2
months

1st Best 2
year months

A 27
A 38
A 41
A 42

240
176
123
142

51
47
26
38

A 45
A 50
A 51

215
167
209

47
42
48

A 56
A 67
A 09

98 34
158 42
118 38

Average of yard . 164.6 41.3
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® Average of yaru. (3) Untuentified eggs added.
forty percent in a few days, anti it was a week or more before they
got back to former production.

In the same year, yard G (Table XXIII), 56 pullets averaged 201.85,
and their dams averaged 234.5, dams' dams 247.95, sires' dams 236.81.
Highest record 298, lowest, 56. These pullets were later-hatched and
did not come to laying at as favorable a date as yard F. Had the
conditions been favorable, the production of this yard would, no doubt,
have been higher.

As it is, the increase in production in the seven generations of
White Leghorns was 105.51, the production of the last year lacking
just one egg of being double the production of the first generation or
foundation stock.

D Average of yard. ® Unidentified eggs added.

TABLE XVII. ANNUAL AND BEST TWO-MONTHS PRODUCTION
Yard 3, 1914-15, White Leorns.

Production
Hen
No.

1st
year

Best 2
months

Eggs
Dam 1st yr. D.D.

Eggs
1st yr. S.D.

Eggs
1st yr.

E 247
B 248
B 249
B 250
B 251
B 252
B 253
E 254
B 255
E 226
E 257
12 258
B 159
B 260
B 261
12 262

271
302
209
213
257
229
233
205
276
195
212
234
1 SO
249
230
148

57
58
49
48
50
53
52
50
60
50
47
47

49
47

C 516 267
C516] 267
A 27 240
C5041 243
A 271 240
O 341 229
A 27 240
C515: 241
Cf]6 267
A 271 240
C 1(4 247
O 34 229
C 496 195
A 27 240
B 12 251
C 504 243

A 45
A 45
A 27

A 27
A 45
A 27
B 228

0 34
A 27

211
215

240

240

240

167

240

A 27
A 27
034
034
034
A 27
034
034
A 17
034
034
A 27
034
034
A 27
034

240
240
229
229
229
240
229
229
240
229
229
246
229
229
240
229

227.00 51.19 242.19 222.33 233.13
230.12

TABLE XVI. ANN hAL AND BEST TWO-MONTHS PRODUCTION
Yard 9, 1912-13, White Leghorns.

Hen
No.

Production
Dam Eggs

1st year
1)1). Eggs

1st yr.
S.D. Eggs

1st year1st
year

Best 2
months

C304 243 51 A27 240 034 229
C507 215 53 A27 240 034 229
C510 226 47 A45 211 034 229C514 214 52 A45 215 034 229('515 241 53 A 27 240 034 229
C 516 267 54 A 45 215 034 229C520 188 47 A27 240 034 229C526 206 47 034 229 034 229
C 536 167 44 A 45 215 034 229C537 219 46 A51 209 034 220('549 163 56 A51 209 034 229C551 225 51 034 229 034 229
C' 552 217 44 A 51 209 034 229C 884 119 40 0 34 229 034 229

207.85 47.64 223.85 229.00
208.93
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TABLE XXI. ANNUAL AND BEST TWO-MONTHS PRODUCTION
Yard 15, 1916-17, White Leghorns.

® Average of yard. ® Unidentified eggs added.

Production
Eggs Eggs Eggs

1st Best 2Hen Dam 1st yr. D.D. 1st yr. S.D. 1st yr.
No. year months

Cr 501 245 58 F 255 276 C 516 267 D 543 220
0 502 215 52 F 247 271 C 516 07 D 143 220
0-503 234 55 E 248 302 C 516 27 D .43 2230506 210 55 E 255 276 C 516 267 D 43 220
O F07 184 47 F 258 234 O 34 D 343 220
0-508 228 45 E9 259 B 12 251 A 27 940
G 509 196 22 F 701 172 C 551 214 A 27 240
(1510 160 42 F 701 172 C 551 214 A 27 240
(1 512 238 52 El 248 A 27 240 A 27 240
C 513 234 5-I H15P 147 A 27 240 E 248 302
C- 514 221 56 lISP 147 A 27 240 E 248 302

215.00 51.63 227.64 245.09 242.15

225.27
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CROSSING AND INHERITANCE

Foundation Stock. In 1908-09 reciprocal crosses were made with
White Leghorns and Barred Plymouth Rocks, the same sires being used as
were used in producing the White Leghorn pullets of yard 9, and the
Barred Rocks of yard 6, of the second year. That is to say, in the
original yards 4 and 5 there were both Leghorn pullets and Barred
Rock pullets, but in one yard there were Leghorn males, and in the
other Barred Rock males. Any difference, therefore, in production of
the pullets from these matings whether Leghorns or Barred Rocks or
crosses, can not be due to differences in males.

Second Generation. In the second generation or crosses there were
two yards of pullets. Yard 7 (Table XXIV) averaged 131.06 and yard
8 (Table XXV) 140.36 eggs. The individual records ranged in yard
7 from 205 to 14 and in yard 8 from 211 to 18. The average of the two
yards was 135.49 eggs. The pure-bred Leghorn dams averaged 106.88

Fig. 6. Representatives of Yard E, Oregons, 1918-14. Table XXVIII.

and their pure-bred Barred Rock dams 86.14, while their half-sister
pure-bred Leghorns averaged 104.67 (see Table XIV), and Barred
Rocks 120.68 (see Table II). It will be understood, of course, that the
dams of the cross-breds were not the same individuals as the dams of
the pure-breds, and it may have happened that the production capacity
was not the same in each case. The fact, however, remains that the
cross-bred pullets of the first generation were half sisters of the pure-
bred Leghorn and Barred Rock pullets, being bred from the same males,
and they were from the same stock on the dam's side, but from different
hens. The experiment had to do, however, with inheritance in egg lay-
ing, and not with relative merits of pure-breds and crosses.

Third Generation. The first generation of cross-bred pullets were
mated back to White Leghorn males, but of unknown production pedi-
gree. The progeny is shown in yard 1 (Table XXVI), thirty-seven
pullets with average of 147.16 eggs.

Fourth Generation. In the first generation of pedigreed cross-breds
(Table XXVII) referred to hereafter as Oregons, twenty pullets in
yard 9 averaged 220.8 eggs, ranging in production from 303 to 123.
These were sired by a Leghorn male, whose dam laid 229 eggs, except
in three cases where an Oregon male was used on his dam. There were
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three pullets from this inbred mating, namely C543, C525, C540. If
these had been eliminated in the tabulation the record of the yard
would have been one-half dozen more eggs a hen. Probably they should
have been eliminated as in all of our experiments we sought to avoid
inbreeding. The average of the dams in yard 9, was 207.45 eggs and
of the sires' dams 224.42.

Fifth Generation. In the second generation of pedigreed Oregons,
the records of 49 pullets are given in Table XXVI1I, yard E. This yard
was produced by mating daughters of cross-bred hen 250, with record
of 402 eggs in two years, with a Barred Rock male, whose dam Alli
produced 204 eggs in her pullet year. These 49 pullets averaged 220.78
eggs, this average exceeding the record of the dam as well as the sire's
dam. The record of dams' dam was 200 the first year and 202 the sec-
ond year. The high second-year record might indicate that she did not
lay her full capacity in the first year. The highest record of yard E
was 278 and the lowest 58. The dams of 31 of the pullets averaged
186.45 the first year. In the case of eighteen pullets, the dams are not

Fig. 7. Pen 4 of Oregons, 1914-15; record 250.2 eggs. All daughters of C521. the
first 300-egg hen. See Table XXIX.

known, but they were in yard C, as well as the thirteen, with pen
pedigrees. Yard C pullets were late hatched, averaging 173.66 the first
year, but in the second year averaged 199.09.

Sixth Generation. Yard 4, 1914-15 (Table XXIX) gives the pro-
duction of ten Oregons that are full sisters; the dam was C521, our
first 300-egg hen. The average of the ten pullets was 250.2 eggs, the
highest being 283 and the lowest 204, all exceeding 200 eggs. The pedi-
gree showed dam's average 303, dam's dam 201, sires' dam 228.

Another yard of full sisters to pullets in yard 4 is not given in the
tabulation on account of the pullets being late or June hatched. The
record of the 13 pullets in yard 11, however, was 181.62 eggs, average,
with highest 234 and lowest 99.

In Table XXX, the same year, ten pullets in yard 5 averaged 201.70.
These pullets were full sisters, with dam's record of 291 eggs, dam's
dam 200 eggs, sire's dam 246. In this case there was inbreeding, the
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dam and sire being from the same dam, but from different sires. The
highest record in this yard was 241 eggs and the lowest 152.

In yard 6 (Table XXXI), the same year, were 14 pullets showing a
production of 21727 eggs, the dams averaging 211.43, dams' dams 233.5,
sires' dams 286.51.

Yard J (Table XXXII) in the same year, 58 Oregons, laid an average
of 219.22 eggs, with high record of 309 and low record at 77. In this

Fig. 8. Oregon hens C543 and number of eggs she laid in first year, 29t.

case the highest hen should probably be eliminated because she was
bred from a low line. Through an oversight the hen was included in
the tabulation. Her record and breeding are discussed in another place.
If her record were omitted, however, it would make a difference in the
average in the yard of less than 14 eggs a hen.

The average' of the dams of yard J was 215.24, dams' dams 217.4,
sires' dams 214.31. Yard E appearing in the dam's column averaged
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in the preceding year 220.78, so that the dams of all yard-J pullets
averaged over 200 eggs.

Seventh Generation. Only one yard in 1915-16 (shown in Table
XXXIII) is available for comparison. The average .of the 13 pullets in
this yard was 237.77 eggs. The dams are not known in each case, but
the sire's dam was C521, record 303; the average of yard M, which was
made up of the best hens from yard E (see Table XXVIII) 1913-14
pullets, was 230.42 eggs. The dams' dams' average was also high, and
sires' dams' average was 297.46.

To try out the pullets of this breeding under different conditions, a
pen of ten was sent to the International Egg-laying Contest at the
Storrs Agricultural College, Conhecticut; the pen made a record of
212.2 eggs a hen. Another pen of five pullets of the same breeding was
sent to the Missouri laying contest and they made a record of 232 eggs
a hen. Yard 10 and the two contest pens were all of the same hatch,
and of the same pedigree. After yard 10 and the two contest pens were
selected, there remained of the flock of pullets 25 which were thought to
be the poorest of the flock, judging from external points. It was decided
to put these under test under decidedly different conditions; namely,
on the writer's backyard lot, where they were kept for the full year

Fig. 9. A pen of ten Oregons, winners in International Egg-laying contest at thg
Connecticut Aricultural College. 1917-18, record 235.2 eggs a hen. All from -pedigreed
high producers. This is the highest pen record made there in seven annual contests,
representing 700 different pens.

in a house 10 by 14 feet in size, and never out of doors. These were
cared for by a school boy of 13 years of age, but they got good care.
They averaged 216 eggs in the year. The records of these four differ-
ent pens would indicate that the breeding was responsible for their
high production; also that a hen of good laying capacity will respond
well to a wide variation in conditions, whether it be feeding, housing,
or climate.

Eighth Generation. In 1917-18, pen 7 (Table XXXIV) containing
twelve Oregon pullets averaged 246.91 eggs, with dams' average of
250.92, dams' dams 261.14, sires' dams 287.75. In the same year a pen
of ten pullets of practically the same breeding won the egg-laying
contest at the Storrs College, with a record of 235.2 eggs, the highest
record made at that contest in seven years with -ten hens, 100 pens
each year.
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Sixty-three pullets in yard H, 1917-18 (Table XXXV) averaged
228.57, dams' average 237.79. Dams' dams 269.44, sires' dams 269.62.
Highest record 304, lowest 123.

Effect of Close Confinement. In the year 1914-15 another pen of
pullets was used which were kept under continuous confinement through-
out the year, and for that reason are not included in the tabulation on
inheritance. The environmental conditions were entirely different. The
purpose was to observe the behavior of the strain under close con-
finement.

There were 25 pullets in this pen, and they were kept in the same
style of house as all the other pens in our breeding experiments; namely,
an open-front colony house 8 by 12 feet in dimensions. They were fed
the same and were of the same breeding as yard J. They were never
outside of the house during the year. One of the pullets died during
the year after laying 153 eggs. The remaining twenty-four averaged
228.58. The range was from 299 eggs to 147. All but four of the pullets
laid over 200 eggs. They exceeded the production of yard J by about
ten eggs a hen. In this pen as in yard J the highest hen was sired by
low-line male D461-2. The mortality in J was 6, or 1 in 11.5, while
in "shut-in" house, it was 1 in 25.

Under radically different environment this pen shows a consider-
able increase in production over pen J, indicating (1) that the hen is
not particularly sensitive to conditions of housing, providing other fac-
tors are favorable, including abundant fresh air and exercise; (2) that
the conditions under which our experimental flocks were kept, were not
unduly favorable, nor responsible for the increased flock production;
(3) that a hen of good laying capacity will lay well under various con-
ditions of housing and yarding.

TABLE XXIV. ANNUAL AND BEST TWO-MONTHS PRODUCTION
Yard 7, 1900-10, Oregons.

Averageof yard ..............................................................................129.94 32.09

Unidentified eggs added 131.06

Hen
No.

Production
lIen
No.

Production
Hen
No.

Production

1st
year

Best 2
months

1st
year

Best 1

months
1st

year
Best 2
months

232 120 34 143 150 35 255 93 29
212 120 32 244 142 32 256 117 37
233 104 25 749 148 32 297 126 34
234 104 31 247 168 35 2.58 14 .5

225 143 36 215 120 37 259 136 32
236 116 32 240 144 38 250 205 41
258 85 29 280 200 40 261 118 27
219 143 34 291 158 35 262 123 27
240 102 27 292 152 33 263 195 41
242 127 34 253 02 30 264 119 33
242 139 29 254 108 24 266 131 35
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TABLE XXV. ANNUAL AND BEST TWO-MONTHS PRODUCTIONYard 8, 1909-10, Oregons.

TABLE XXVI. ANNUAL AND BEST TWO-MONTHS PRODUCTION
Yard 1, 19 10-11, Oregons.

@ Average of yard. 0 Unidentified eggs added.

Hen
No.

Production

Hen
No.

Production

Hen
No.

Production
1st

year
Best 2

months
1st

year
Best 2
months

1st
year

Best 2
months

A 25
A 26
A 28
A 29
A 30
A 52
A 33
A 34
A 35
A 36
A 37
A 39
A 40

124
68

768
161
168
139
110
152
163
187
160
151
112

33
22
39
35
42
30
30
35
43
48
35
42
35

A 43
A 44
A 46
A 47
A 48
A 49
A 53
A 58
A 19
A 60
A 61
A 62
A 63

176
18

102
205
138

71
81

165
.6

177
257
170
159

38
14
32
44
46
21
28
38
23
45
49
42
36

A 64
A 65
A 66
A 68
A 70
A 71
A 72
A 73
A 74
A 185

321

157
154
201
139
195
161
108
137
166
176
163

35
38
47
36
41
29

42
36
39
46

Average of yard 147.16 36.43

TABLE XXVII. ANNUAL AND BEST TWO-MONTHS PRODUCTIONYard 9, 1912-13, Oregons.

Hen
No.

Production

Dam
Eggs
1st yr. D.D.

Eggs
1st yr. S.D.

Eggs
1st yr.1st

year
Best 2
months

C 503
C 508
C 811
C 912
C 518
C 519
C 521
C 523
C 525
C 528
C 530
C 534
C 535
C 539
C 540
C 541
C 542
C 543
C 545

207
268
251
217
226
272
303
204
146
214
184
204
200
791
123
193
218
291
227

50
56

49
50
52
.57
46
36
51
48
48
41
48
26
41
47
60
50

A. 47
A 66
A CO
A 60
A 47
A 7
A 6
A 66

250
A 66
A 60
AOl
A 61
A 31

250
A 61
A 61

250
313

205
201
177
177
205
206
201
201
200
201
177
257
257
257
200
257
257
200
113

034
034
034
034
034
034
034
034

250
034
034
034
034
034

250
034
034

250

229
229
229
229
229
229
229
229
200
229
229
229
229
229
200
229
229
200

C 947 250 54 A 66 201 034 229
219.45 48.40 207.45 224.42
22080

Hen
No.

Production

Hen
No.

Producton
Hen
No.

Production
1st

year
est 2

months 1st
year

Best 2
months

1st
year

Best 2
months

267 139 31 278 98 26 292 133 30268 174 45 281 130 29 293 1C9 45209 101 33 252 117 25 194 130 32270 18 14 284 ill 28 295 183 40271 101 37 286 197 40 2'6 95 29272 113 39 287 156 40 257 122 33273 176 40 288 167 38 299 179 34274 152 31 289 132 34 299 211 43275 123 26 290 186 49 560 161 30276 126 33 291 98 26 302 119 34
Average of yard 137.96 33.80
Unidentified eggs added 140.36



C
o

1'CC
l

1+
..

bObL..,
000

04-0-00
000000000000000000000C

 000000e00000000c.000C
_l0000000

000C01
.l8oqo)01010)o1oIoiolN

0 10)0)
101 1011010

1011010
110101

0110-10 N
0101011

H
 H

 H
 H

 H
 H

 H
 - H

H
 H

 H
H

H
 H

H
 H

 H
 H

 H
 H

 H
 H

 - H
 H

 H
 H

 H
H

 H
 H

 H
 H

 - H
 H

 H
 H

 H
H

H
 .0 H

 H
. H

 C
 H

 - H
H

H
 H

 ,-I H
 H

 H
H

H
 H

 H
 - - .O

H
H

H
.0.0 H

 ,-I H
 H

H
H

 H
 H

,"l ,-1,-1 I_H
H

IH
 H

35

00
o

c00000000000000000000000e000000000000000000000000 d
C

1C
10101100001010IN

0+
010010)00010110L 100010IC

10)0101C
101C

)0l.N
011)00)000011001

0c-I
H

000000000000000000000000000000000000000001000
tO

 10 1000 10 10 10 10 0 10 110 10 10 0 110 10 IC
C

 10 10 10 tO
 10.0101010101010101010101001010101010101010.010101010

01011010101001100101010101010101010101010101 O
lIN

 C
l C

I 00011101 01C
110IC

10101010101010101C
1011101010101

00 ?
00

00
00000

0000000000
'0W

-
100000

0)
10

0010)000
0001

N
 011,0000

-t
0000

00
01 * 00* 1+

 000101 * * * 0100 C
't 10010 * 1001* 1+

C
li 0000* * 1+

 04* '0* 00010001 * 0000 * H
 00H

000 00* H
 '01

00H
r

01
H

H
 0101

H
0 H

H
01+

 H
01

00
H

 ,-I H
 H

1'I
01H

01 01 H
 H

C
1

'0
H

0+
0+

H
H

01000+
00

.300,301.3010100

011/)
0

.23
4,10))

eC
lC

lC
iO

qO
IN

01toC
oto000100000101010H

000C
101H

000010H
00N

H
01001'01001t10IN

10©
''01to

,-'I
23

23
100'1010

toto0to10tototo1001to100000+
001010100101001010

--------------
to

+
0

-*1 +
0

C
10100000H

00C
o0lN

0C
o1010100l0+

C
1H

0010d1H
00001000000001000C

o00'O
C

l10C
lC

o0C
C

O
*223
H

.O
IN

0010IC
IO

O
H

O
IO

C
I10

O
O

H
0I000N

C
100LO

O
IIN

00C
IH

C
O

I1101100001001010010N
10!O

C
IC

IC
IC

,iC
iH

010,iO
IC

IO
IC

IC
IH

0-10'I
000001I.101010h10h1.-IC

IC
IC

O
,-'IC

IO
IO

IC
IC

IO
IC

I
C

l0)10'IH
H

H
O

IH
C

1C
l

HC
l

'*1000000010000100 '*100C
C

' 000H
C

O
 0+

10 N
 000000+

10 N
 00001010+

10 t- O
H

 00001000000.101000+
C

loC
lo01,C

li00000000cC
C

oO
o00000.*00000'*0C

.0010IO
LO

C
O

L0000000001000N
N

N
N

N
N

N
C

'N
000000C

l



38

Average of yard. (13 Unidentified eggs added.

TABLE XXX. ANNUAL AND BEST TWO-MONTHS PRODUCTION
- Yard 5, 1914-15, Oregons.

213 Average of yard. ® LTnidentjfied eggs added.

Hen
No.

Production

Dam
Eggs
1st yr. D.D.

Eggs
1st yr. S.D.

Eggs
1st yr.1st

year
Best 2
months

E 200 200 56 C 543 291 250 200 B S 246F 201 192 52 C 543 291 250 200 B 8 246E202 162 52 C543 291 250 200 B8 246F 204 160 47 C 543 291 250 200 B 8 246E205 239 50 C543 291 250 200 B8 246F 26.6 152 45 C543 291 250 250 B8 246E207 193 53 C242 291 250 200 B8 24E 208 226 45 C 543 291 250 200 B 8 246E 209 241 48 C 543 291 250 200 B 8 246F 211 205 53 C 543 251 250 200 B 8 246
197.00 50.4 291.00 200.00 246.00

(13 Average of yard. ® Unidentified eggs added.
TABLE XXX1. ANNUAL AND BEST TWO-MONTHS PRODUCTIONYard 6, 1914-15, Oregons.

Production
Hen
No.

1st
year

Best 2
months

Dam
Eggs

1st yr. PD.
Eggs

1st yr. S.D.
Eggs

1st yr.

E 232
F 223
F 234
E 235
E 236
F 227
F 238
E 259
F 240
E 241
E 242
E 243
E 244
F 246

145
212
286
253
156
235
239
150
257
212
161
219
177
245

50
48
57
56
52
48
54
47
53
52
47
53
44

A 66
A 66
C 507
C 507
A
A 66
B 42
A 66
C 507
C 507
C 507
C 547
A 66
A 66

201
201
215
215
201
201
228
201
215
212
215
250
201
201

A 27
A 27

A 27
A 27
A 27
A 66

240
240

240
240
240
201

C 543
C 543
C 543
C 543
C 543
C 543
C 543
C 543
C 543
C 543
C 543
B 42
C 543
C 543

291
291
201
291
231
291
291
221
221
251
291
228
291
291

211.14 50.86 211.43 223.50 286.51
217.27

TABLE XXIX. ANNUAL AND BEST TWO-MONTHS PRODUCTION
Yard 4, 1914-15, Oregons.

Production
Hen
No.

1st
year

Best 2
months

Pain
Eggs
1st yr. D.D.

Eggs
1st yr. S.D.

Eggs
1st yi'.

E 215
F 216
F 17
F 215
E 219
F 220
E 221
E 223
E 225
E 227

283
250
254
258
280
247
204
232
224
228

56
59
55
50
54
55
44
51
50
50

C 521
C 521
C 521
C 521
C 521
C 521
C 521
C 521
C 521
C 521

303
302
302
303
303
301
303
303
303
303

A 66
A
466
A 66
A 66
A 66
A 66
A 66
A 66
A 66

201
201
201
201
201
201
201
201
251
'201

B 42
B 42
B 42
B 42
B 42
B 42
B 42
B 42
B 42
B 42

228
228
228
228
228
228
228
225
228
228

246.00 52.40 303.00 201.00 228.00
250.20
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TABLE Xxxiii. ANNUAL AND BEST TWO-MONTHS PRODUCTION
Yard 10, 1915-16, Oregons.

Production

Production

Eggs
1st yr.

271
203
245
247
286
222
262
206
286
265
268
250

276
*

Eggs
1st yr.

D.D.

B 42

272 B 4

® Average of yard. ® Unidentified eggs added.

Eggs
1st yr.

274.00 222.30

o Average of yard. (13 Unidentified eggs added.* Pen of high producing birds laying from 190 to 278.

TABLE XXXIV. ANNUAL AND BEST TWO-MONTHS PRODUCTION
-Yard 7 1917-18, Oregons.

DD.

Yd. M
C 488
Yd. K
C 521
D 269
Yd. K
E 217
B 216
D 269
Yd. 7
Yd. M
A 66

Eggs
1st yr.

268

303
276

254
250
276

201

250.92 261.14

S.D.

C 516
C 521
C 521
C 521
C 521
C 521
C 521
C 521
C 521
C 521
C 516
C 521
C 521

C 521
C 521
C 521
D 269
C 521
C 521
E 121
E 123
C 521
E 123
A 60
C 521

Eggs
1st yr.

267
303
303
302
303
30
303
301
303
102
267
303
303

297.46

Eggs
S.D. 1st yr.

303
303
303
276
303
301
293
291
303
2.93
177
303

287.75

Hen 1st Best 2 Dam
No. year months

F 566 286 58 U 269
F 567 271 56 Yd. MF 568 222 52 Yd. M
F 569 208 50 Yci. M
F 671 251 51 Yd. MF 572 245 48 Yd. K
F 574 233 44 Yd. MF 575 156 40 Yd, M
F 576 22 53 Yd. MF 577 226 54 Yd. MF 578 200 46 U 614F 579 256 49 Yd. MF 580 267 53 Yd. M

ci 234.39 50.31

ci 237.77

Hen
No.

1st Best 2
year months

Dam

H 589
H 690
H 591
H 592
H 593
H 594
H 5-95
16 596
H 697
H 598
H 599
I-I 600

270
284
244
265
189
240
218
251
210
251
274
224

56
55
51
50
43
49
48

54

53

F 567
B 527
F 572
B 220
F 566
F 568
F 808
F 813
F 566
F 846
F 281
C 547

ci 243.33 50.41

246.91

228

217



C
-

140

00C
O

C
O

C
oC

O
C

oC
O

N
C

O
C

O
O

C
O

N
0O

N
10O

tC
0N

4O
00C

C
C

O
C

O
C

O
O

C
oC

oC
O

C
O

O
N

O
C

O
C

oO
C

O
C

O
C

O
 0000000000 C

00000
N

O
 O

N
000000) O

04O
0

tN
-i

N
O

N
000

0N
't

00040,0 '4)00O
C

1O
,C

0C
1,C

\1t1,O
0.,C

O
010C

oC
oC

iO
r,0000q00q_000010000010000000000000000,,__

C
o

C
O

C
o

000)04
C

O0 000 O
oo 000000 0 000000000000000000 00000000 00000 C

O
 C

o - C
oo 0000 00000000 e N

C
O

C
'I

0000
0,1-C

O
 C

l 00,0 C
O

 C
C

 C
O

 C
'- 0001C

C
 C

O
N

 C
O

C
O

O
N

 0-000101 N
 N

O
 N

O
 N

C
] 000000100 N

O
.40000000000C

C
 00100004 N

 N
 1001 C

O
 C

C
 C

C
C

I
4004.0141

40140
440

0101
0,1,-I

C
;t

U
I,-

O
O

,-1O
O

40....-4?4 -
C

O
0001000t,H

,41000110,0001O
O

U
O

10,14..14
10

o o oo o
oor io

00
o

o 000
o-

IC')

0000

tOtO
.-O

 C
O

 c.-, C
O

00
C

O
C

O
 C

O
to C

O
cc to

D
ccc C

O
cc C

o C
o C

o C
C

o
C

o C
- .4000

to cc
o

itt
to

to
too

cc
C

o C
O

C
O

 C
O

0
0000

4.-.
0

C
o

.. C
l

00 00
.0 0

.
1100

0)00 =
 C

0.4
0,-I ,-., C

 - 1-
0

,-C
N

0'a
C

l 0000 00
'-1

01000400
1.4

00
.'-

00
,o

C
O

M
O

O
C

C
) C

C
I 4.0

C
':: 400 0100

C
O

C
O

Il 000001
C

O
C

o
C

l
C

O
 C

') C
l 010001

C
O

O
01

ccC
l

000
0O

,-O
C

O
,-4

,14,-4
00.14

,004,O
,-4,.l,-4C

O
C

O
000000.0004

N
000C

0C
IC

104I0O
O

I
t0

'10
0

14040
10140

,,j
0,140

,t10IO
,L

O
U

0010000
U

t

Q
C

0t
O

oo 0 00 00
o

00
00000000 0 00

O
O

b00
0

>
i

O
N

 00
1000140140

C
O

C
.4

O
N

C
O

'0 '0'
0000

C
O

10
C

O
 '0'

0000
C

I. 000,-to
00

C
001400ot C

O
 10

01001 C
l tO

 C
O

 0100000 C
O

O
0000

10
N

0010100
01 04

C
C

l
0100

C
O

C
l

00C
M

000
0100

1400
110 C

O
N

 0000
001

040000,-I
C

O

0
C

O
oO

 .14,-O
C

t 0000
O

O
C

I0000 00 0000 tO
ot N

 N
C

O
t'-

O
C

IO
C

.] 01 C
l 01.4

O
C

I001 C
O

 C
l C

l C
l 01001 C

I
0101

00C
l

C
O

C
l

0
II. 01'. 1" C

O
 1' C

" 000100001000 C
l 000,001 C

O
N

 0000 IO
N

 00014000440001100000000,00 N
 C

000 C
O

O
 C

O
 C

O
 000000000 C

O
 C

0000000000 00000 C
O

 110 C
O

C
O

 C
O

 140
C

l,-10000,-400
0000't-t,-4C

'I0
,-IN

,_IC
I1IIC

N
O

N
O

C
O

C
IL

,0
00,-I

L
C

C
,-'100.IC

O
O

C
O

C
O

O
1C

O
N

'O
O

,flC
o,..IN

O
C

O
C

O
0000C

O
C

O

0)
O

1,
0C
O

0)
1.114
C

l
0)

O
IO

N
1010000

0001000O
C

O
0000000010004000C

001000N
00000000400000,.IN

C
O

O
,0000000N

000000000,C
_0000

C
II

0
00

II01000'O
'L

O
L

1C
00IO

IO
L

L
C

IO
IIO

00IO
L

O
C

D
IO

ID
IO

00IO
L

O
I.0C

0101010010101040100010001001010400010100000010101010000010001010010
10

0)0)IC

C
)

N
010000000000C

00100'0C
000000000)C

O
O

N
0010000C

1N
000000000)00000D

c0000__O
'0001001000000000010

0C
C

 00000000 C
'. N

O
 10010031,40114000 O

C
O

 C
O

 10010 001 N
C

.] 0,00.101000 N
,-, ,-00C

1 0011000010,-IC
 N

C
) O

C
O

C
'] 00 C

10010 U
t C

O
O

') N
C

] 01)0
C

O
000D

N
0C

IC
IC

IC
IC

IC
1O

C
,1C

1001I0,-1000,-I00001003,0o000001000,-,0000,,,000 -I000C
IC

O
C

'l,-IC
IIC

O
C

IC
.0

C
I

C
l

C
O

C
O

00110 C
O

 N
 0000000011010 N

 000 04 C
I 0,0'0C

 420 C
O

 C
C

O
O

-'lC
'l C

O
 0010C

C
 N

 0,0 011 C
O

 111 C
O

 1" 00,'0 0') C
O

 1010 N
 00000' C

IC
O

00 C
'_00 00,-I C

l 0,000110 C
O

d
O

O
O

O
O

O
000000000004C

O
C

M
C

lC
O

00l0.IO
C

lC
C

1C
O

C
1oC

1o01C
O

0000000000000000,n1010101010_.lC
O

10tooC
tC

O
C

t,O
toN

tN
N

N
N

N
'z N

C
-_N

N
N

N
N

I_I'_N
_N

N
N

N
N

N
L

'.N
t_L

_t)_N
N

IN
I_N

N
N

N
N

C
.N

L
_N

N
IO

O
I'.N

N
N

N
C

'L
'.N

N
N

N
:N

N
L

.N
:,,,N

,,,-.N
..,_



42

SUMMARIES

Barred Plymouth Rocks. A summary is given in Table XXXVI of
the Barred Plymouth Rocks, showing egg records for first twelve months
of laying of the pullets, their dams' dams, sires' dams where known for
the different years. This gives the record of 517 pullets in their first
year, and the average for all of the years, for eight generations, includ-
ing the foundation stock, together with the records of ancestry. Begin-
ning with the foundation stock in 1908-09, and ending with the eighth
generation, there is an increase in the production per hen of 128.49 eggs,
or a percentage increase of 149.16. If we make the starting point
1909-10 in view of the fact that the pullets of the previous year were
selected from different breeders and were not reared at the Station as
all subsequent pullets were, we find the increase to be 93.95 eggs, or
77.78 percent.

Yard 15 (Table III), though not pedigreed, were from hens of the
first year after being culled. That is to say, one-third of the poorest of
the first year were culled out, yard-iS pullets being therefore from
the best two-thirds of the flock. This may have had some influence in
raising the production of yard 15. The males were of unknown pedi-
gree, but it may have "happened" that they were from good layers.
The pullets in this yard, in addition, were of a uniform age, and came
to laying maturity at a favorable time, and in this respect had the ad-
vantage to some extent over yards of later years.

The first records of pedigreed pullets are given in yard 6, 1912-13
(Table IV). The pullets of this yard were from dams with an average
record of 210.94, and sires' dams 194.79.

It is seen that there is a considerable increase in egg yield in the
first-generation pullets from high-producing pedigreed stock. The in-

TABLE XXXVI. SUMMARY OF FIRST YEAR'S PRODUCTION OF
BARRED PLYMOUTH ROCKS (IN AVERAGE PER HEN)

crease is not so great in later generations. Where the increase from
unselected stock to pedigreed stock of the first generation is about 56
eggs the increase from the first generation of pedigreed stock to the
fourth generation of pedigreed pullets is about 24 eggs. While the
increases in subsequent generations are satisfactory, the largest increase
is shown in the first generation of selected stock. The influence of the
immediate parent is apparently more pronounced than that of other

Yard Year
No.
of

birds
Bullets Unidentifled eggs

added

Best
two

months
I Dams Dams'

dams
Sires'
dams

4 and 5 1908-09 92 92.67 86.14 31.20
Ii 1909-10 28 117.64 120.68 32.71

15 1910-11 42 101.78 164.28 3848
6. 1912-13 38 17413 17816 44.74 210.94 194.79

1912-13 37 177.43 18097 4522 181.37 202.44 185.96
9 1912-13 33 171.69 17418 44.30 196.76 193.85

Ii 1911-14 62 178.75 185.00 46.58 192.86 215.05 220.52
C 1913-14 51 102.41 175.59 40.57 182.32 205.75 224,5
L 1914-15 33 176.36 185.78 45.27 181.33 208.71 216.19
1',, 1914-15 38 184.06 189.01 46.69 113.84 214.81 231.68

18 191 6-17 11 194.45 201.90 51.18 247.26 197.44 223.13
F 1917-18 62 202.40 214.63 47.19 200.23 229.47 244.18

Averige 517 158.57 164 09 42,25 198.11 212.45 317,29
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ancestors. On the other hand, we see from the. records that the more
high-record ancestors there are, the higher is the flock average. It is
expected, of course, that as the maximum possible hen production is
approached, whatever it is, the rate of increase must necessarily be
lower. In other words, as production rises beyond the mean of the
breed or race, there is a stronger pull backward and increases will nat-
urally be slower.

White Leghorns. A summary for the White Leghorns is given in
Table XXXVII. The total number of hens was 386. The average of the
foundation flock was 106.88 eggs a hen. In the last ysar yards F and
G (Tables XXII and XXIII), 116 hens, averaged 212.30 a hen, which is
a percentage increase of 98.72. In the third year, with only ten hens,
the average was high for unselected hens, but the fact that in this
yard hen A27 of high record was "found" accounts for some of the
increase. These hens were not pedigreed but were from the foundation
stock in the second year after the poorest layers of the first year had
been culled out.

In the main, the results with the Leghorns agree with those of the
Plymouth Rocks. In the first generation of pedigreed stock there was
a large increase. In the second year of pedigreed stock, there was also a
considerable increase. After that the increase was not particularly note-
worthy. The variation in the increase in different years is considerable,
and does not conform to any statistical conception of breeding.

Probably various factors account for these differences. In yard 3,
1914-15 (Table XVII), the influence of the male was plainly apparent.
The breeding quality or prepotency of this male will be discussed in the

TABLE XXXVII. SUMMARY OF FIRST YEAR'S PRODUCTION OF
WHITE LEGHOTINS (IN AVERAGE PER HEN)

report on the influence of the male. There was in this pen a 302-egg hen
and several sisters and half sisters with high records. The decrease
shown in yards P and Q has already been referred to as probably due
largely to environmental conditions. It will be noticed also that the
production of the dams averaged lower than that of other pedigreed
yards, though the sires' dams averaged high. In every year, however,
there was a considerable increase over the production of the non-
pedigreed flock.

A flock of sixty pullets in yard F, 1917-18 (Table XXII) gave the
very satisfactory average of 222.22 eggs a hen. These pullets were all

Yard Year
No.
of

birds
Pullets

Unidenti-I Best
fled eggs two

added months
Dams Dams'

dams
Sires'
dams

4 and 5 1908-09 SO 106.14 106.88 32.54
ii 1909-10 21 164.67 104.67 30.71

1910-11 10 164.60 164.60 41.20
9 1912-12 14 20 7. 8 5 208.92 47.68 223.85 229.01

1914-15 16 27. 230.12 51.12 242.19 222.33 233.110 191 4-15 511.86 216.72 49.24 236.97 221.68 237.25
1916-17 49 127.55 188.96 47.61 209.74 247.27 251.71

Q 1916-17 57 169.94 172.65 44.77 211.75 241.56 258.74
15 1916-17 11 215.01) .225.21 5.1.63 227.64 245.09 242.18F 1917-18 60 218.21 222.22 47.78 235.42 229.78 302.00
G 1917-i 8 199.63 201.85 48 57 224.50 247.95 216.81

Average 286 ii 81.71 184,25 44.76 224.69 238.52 256.33
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sired by- males from a dam with record of 302 eggs and grandson of the
sire of yard-3 pullets.

The production of the pullet progeny, it will be seen, averaged
lower than that of either the dam, dams' dams, or sires' dams in all
cases. But the difference is less between the pullets and dams than
between the pullets and sires' dams.

The best two months' production shows an increase of 48 percent
from the first year to the last year. The rate of increase in each year
of pedigreed progeny, as in the case of the Plymouth Rocks, does not
bear a close relation to the increase in number of generations of pedi-
greed ancestors.

Cross-hreds or Oregons. A summary of the eross-breds or Oregons
in Table XXXVIII shows that the second generation, yards 7 and 8
(Tables XXIV and XXV), averaged 135.49 eggs, and the seventh or
last generation, yards 7 and H, averaged 231.55 eggs a hen, an increase
of 96.06 eggs or a percentage increase of 70.89 (Tables XXXIV and
XXXV). If we figure from the foundation stock of White Leghorns and
Barred Plymouth Rocks, the increase is over 150 percent.

The increase in the best two months, from the first generation of
crosses to the last generation of Oregons is 58.05 percent, giving addi-
tional evidence that high-laying capacity has been inherited.

There was a very marked increase from the unselected stock to the
first generation of pedigreed stock, and the increase in subsequent gen-
erations is considerable, though not so marked. This agrees with the
results secured with Barred Plymouth Rocks and White Leghorns.

On the whole the flock increases are much greater for the Oregons
than for the Leghorns or Plymouth Rocks, if we calculate from the
foundation stock. The first cross shows a considerable increase over
both parent breeds. In the absence of selection, the only explanation
for this increase is that there was an increase in the vigor, which was
responsible for the increased production. The largest increase, however,

came in subsequent generations of pedigreed stock, where the record
shows high production of the ancestors. In this latter respect also,
the results agree with those of the pure Leghorns and Barred Plymouth
Rocks, the immediate parents apparently exercising a greater influence
on the production of the flock than other ancestors.

1909-10 33 120.94 131.06 32.09
S 1909-10 30 127.96 140.36 33.80
1 1910-11 37 147.16 147.16 36.43

1912-12 20 212.45 220.80 48.40 207.45 224.42
B 1913-1 49 216.44 220.78 51.04 056.45 200.00 204.00
4 1914-15 10 246.00 250.20 52.40 303.00 201.00 228.00

1914-15 10 107 00 201.70 50.40 291.Oe 200.00 246.00
£ 1914-15 14 21 114 217.27 50.86 211.43 233.50 286.51
J 19 14-15 58 21 7.24 219.22 49.19 215.24 217.40 214.B

1 (i 1915-16 13 214.39 237.77 50.31 274.00 222.50 207.4.2
1917-18 12 243.33 246.93 10.41 50.92 261.14 287.72

H 1917-is 63 224.38 228.57 52.30 227.79 269.44 269 .6 2

Average 249 197.SS 201.05 45.95 227.51
I

226.15 J 240.92

TABLE XXXVIII. SUMMARY OF FIRST YEAR'S PRODUCTION OF
OREGON S (IN AVERAGE PER HEN)

No. Unidenti- Best
Yard Year of Pullets fied eggs two Dams Dams' Sires'

birds added months dams dams
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In the first generation of pedigreed Oregons, the flock average was
more than the average of the dams and slightly less than the average
of the sires' dams. In the next year the flock averaged 220.78 eggs,
while the dam's average was 186.45, dams' dam 200, and sire's dam
204. In this case, there was an actual increased production over the
parent stock on both sides. This happened in one other case, that of
yard J, 1914-15 (Table XXXII), the pullets, 58 in number, averaging
219.22 eggs, dams 215.24, dams' dams 217.4, and sire's dams 214.31. Here
we have an actual increase in production over the apparent capacity of
the ancestors.

Taking the average of all flocks and hens where the breeding stock
is selected among the highest producers of the flock, their pullet
progeny has a lower average flock record than the average of the
ancestors.

There are many cases, however, in our records, where the individual
production of the hen is greater than the ancestors, even though the
latter are high producers. In yard 9, 1912-13 cited above (Table XXVII),
there are six hens in twenty with records exceeding the records of both
dam and sire's dam, the highest record being 303, and dam's record 201
and sire's dam 229. The second highest was 291 eggs with dam's record
of 200 and sire's record the same.

In yard E 1913-14 (Table XXVIII) is the rather remarkable record
of 49 pullets, with average production considerably in excess of the pro-
duction of either the dam, dam's dams, or sire's dam. The same male
was sire of all the pullets. On the other hand, in yard 5 (Table XXX),
ten pullets averaged 201.7, while the dam laid 291, dam's dam 200, sire's
dam 246.

In yard J (Table XXXII), containing 58 pullets, the average pro-
duction is higher than that of the dam, dams' dam, or sires' dams. This
is another case in which the production was higher than that of high-
record ancestry. In this yard, however, there were six pullets, from a
low-record sire's dam and high dam, except in one case where the dam
was a low hen with production of 119 eggs. From this low-record hen
and low-record sire's dam, the highest egg record of the yard was se-
cured; namely, 309 eggs. The pedigree of the sire's dam, whose record
was 144 eggs, extends farther back through several generations of very
low producers, as shown in Table XLV.

From this table it might be proved, both that high production is and
that it is not inherited. If we take the average of all the pullet flock and
the average of the ancestors, it is clear that high production is inherited.
But if certain individuals be selected from the table, it could be shown
that there was both transmission and non-transmission of laying quali-
ties. Certain individuals apparently inherited high production from high
producers, and certain other individuals apparently inherited low pro-
duction. But when the average of all the flock is taken, in connection
with the production of former generations of the strain, there can be
no question that the factor of high production was inherited.

If there was lack of vigor in the parent stock and tht first cross
restored the vigor, then the production of the first generation of crosses,
which was 135.49 eggs, should represent their actual inherited egg-laying
capacity, and the increase from the first generation to the suventh of the
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crosses or "Oregons" represents the effect of selection of breeding stock,
based on high production records. In that case, crossing alone did not
produce high-record layers, the greatest increase coming from sub-
sequent selection.

While crossing evidently increased the vigor and to that extent in-
creased production, it is not assumed that the production of the first
crosses was greater than may be secured from pure breds of good vigor;
but in subsequent generations when trap-nest selection was practiced,
a much greater increase was secured. It would appear that the opinion
often expressed, that crossing usually gives good results in the first
generation, but that in subsequent crosses there is reversion or a de-
crease, is not necessarily true. The increase in production of the pure
White Leghorns and Barred Plymouth Rocks was secured not by main-
taining merely breed purity, but by selection within the breed, or the
use of breeding stock with high individual production records. Nor did
we find that crossing the crosses brought about deterioration, but by
similar selection of breeding stock we secured, on the contrary, a
higher production than from the first generation of crosses. Inbreeding
was avoided, because of the danger of defeating the purpose we had in
view in crossing, that of increasing the vigor.

SUPPLEMENTARY EXPERIMENTS
In 1914 the Station placed with the poultry department of the Ore-

gon State Hospital 100 pullets from yard E, 1913-14, Oregoiis. Their
date of hatch was March 15. The State institution also secured eggs
from the same flock from which 80 additional pullets were reared, which
were hatched June 24. These two flocks were kept under conditions of
housing and yarding similar to those at the Experiment Station and the
same feeding system was followed. This work at the Oregon State
Hospital was made possible through the cooperation of the superintend-
ent, Dr. R. E. Lee Steiner. The record work was supervised by the
head of the Poultry department of the Experiment Station, who also
selected the breeding stock. The Poultry department of the State Hos-
pital was put in direct charge of C. M. Wilcox, a graduate assistant of
the Station's Poultry department. After Mr. Wilcox's death in the war
service, W. H: Hart and A. D. Zinser had charge.
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Of the 100 March-hatched pullets 97 completed the full laying year,
while 75 of the 80 June-hatched pullets finished the laying year. The
production of the two flocks is shown in tables XXXIX and XL. The
first flock, which occupied yards 1, 2, and 3, averaged in the first year
221.26, with high record of 281 and low record of 156. The 75 June-
hatched pullets in yards 4 and 5 averaged in the first year 219.41, with
high record of 303 and low record of 147 eggs.

The pullets of yards 1, 2, and 3 were from yard-E dams, which
averaged 220.78 eggs. They were not indivictually pedigreed, however.
It will be noted that the sires' dam A66 was the dam of C521, record
303 eggs. The dams' dams were yard C, record 173.66 eggs in the
first year and 199.09 in the second, the low first-year record being due
TABLE XL. FIRST YEAR'S PRODUCTION 1914-15, OREGONS, OREGON

STATE HOSPITAL

Pullet
No.

Yard 4
first
year

Darn First
year

Pullet
No.

Yard 5
first
year

Darn First
year

102 303 ID 681 263 174 286 ID 670 263
131 296 D657 272 159 278 D683 269
105 292 D683 269 146 267 D6s4
103 291 D674 216 orDf26
112 284 D625 274 142 263 D637 245
114 272 ID 637 245 143 260 D 625 274
136 257 D 670 263 180 248 ID 683 269
128 253 D 627 246 144 247 ID 635 250
133 253 ID 670 263 145 247 ID 680 185
101 248 ID 624 242 172 243 D 671 210
123 245 ID 637 245 147 238 D 663 270
120 242 ID 637 245 167 234 D 665 220
124 242 ID 627 246 161 231 ID 833
110 238 ID 656 176 or D625
109 237 ID 680 185 173 230 D 684
108 231 ID 657 272 or D626
118 230 D653 220 155 227 D650 157
125 223 ID 684 110 222 II) 678 190

or ID626 149 217 D 662 171
106 221 D636 178 152 217 D679 193
119 218 D625 274 163 217 D631 212
135 212 D670 263 171 216 D650 157
126 211 II 675 248 148 213 ID 671 210
113 210 D624 242 154 213 D639 185
129 208 ID 675 248 179 207 ID 671 210
134 208 ID 671 210 141 202 ID 624 242
115 207 ID 629 191 168 197 ID 631 212
104 207 ID 678 190 166 194 ID 665 220
117 205 ID655 205 156 191 D681 263
122 200 ID 625 274 178 191 B 660 216
111 197 ID 662 171 160 189 ID 684
140 195 D 684 or 1)626

or 1)626 170 188 ID 649 232
110 194 ID 629 191 153 178 ID 625 250
116 190 ID 679 193 175 170 ID 663 270
127 185 D679 193 176 170 ID629 191
138 178 ID 679 193 151 167 ID 672 242
137 173 ID 625 274 177 164 ID 636 178
107 167 ID 635 274 117 151 ID 631 212
121 157 ID 633 202 165 147 232 210
132 154 D 684 218

Aver- Aver-age. 224.00 219.85 age 214.44 221.19
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All dm
and daughters

251- to 300-
egg dams

201- to 250-
egg dams

151- to 200-
egg dams

1

Yard

2
3
4
5
6

Year

1914-15
1914-15
1914-15
19 14-15
1914-15
1915-16

51

TABLE XLI.-Continued.

TABLE XLII. SUMMARY OF FIRST AND SECOND YEARS OF 77 DAMS
OF YARD SIX AND THEIR PULLETS

* Yard average.

TABLE XLIII. SUMMARY OF FIRST YEAR'S PRODUCTION AND BEST
TWO MONTHS, OREGONS, OREGON STATE HOSPITAL

to lateness of hatch and other conditions. The high second-year record
indicates high laying capacity. These pullets were the fourth generation
from high-record pedigreed stock.

Yard6
Pullet first Dam

No. year
First
year

Pullet
No.

Yard6
first
year

Dam First
year

310 199 53 210 - 205 180 39 248
422 199 44 246 376 173 72 211
234 198 86 188 245 177 99 239
4t6 i.9a 67 198 270 176 53 210
238 197 38 206 258 173 90 266
263 196 8 201 248 173 52 235
401 196 91 252 208 172 69 245
232 195 8 201 440 170 40 207
280 193 22 223 425 168 85 205
328 199 15 244 312 166 35 211
329 195 81 218 426 164 99 239
434 195 85 205 377 163 43 226
239 194 77 225 288 161 58 244
264 194 31 225 304 159 51 213
350 133 38 206 313 153 23 245
218 192 20 222 '17 139 76 206
269 153 76 206 260 157 53 210
222 189 49 237 372 152 59 219
296 189 94 257 243 149 90 266
333 188 42 237 262 141 59 219
427 187 82 281 298 137 51 213
453 187 50 201 374 135 8 201
240 184 38 206 202 13t 8 201
265 184 14 252 431 131 33 193
305 184 60 234 446 128 48 272
409 188 11 253 Aver-
408 182 58 244 age.... 218.78 229.17

77 223.76 155.42 220.78 195 141 218.78 155.97

13 263.92 175.16 220.78 50 41 229.26 163.61

49 225.67 152.93 220.78 120 81 214.15 150.87

15 182.73 143.7 220.78 25 19 22008 161.21

GROUPS

DAMS DAM'S DAMS DAUGHTERS

No.
of

hens

Average
Production

Average
Production No. of Hens Average

Production

1st 2nd
year year 1st year 1st 2nd

year year
tat 2nd

year year

No.
hens

First
year

Best 2 Dam's
months average

Sire's dam's
average

Yd. E
33
32
32
39
36

216.15
225.41
222.38
224.00
214.44

48.88 (220.78)
49.66 (220.78)
49.72 (220.78)
50.46 219.85
51.56 221.19

201.00
201.00
201.00
201.00
201.00

195 218.78 50.73 229.17 291.00
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The June-hatched pullets of yards 4 and 5 were from the same yard
E, but they had individual hen pedigrees. In other respects their pedi.
grees are the same as yards 1, 2, and 3.

In the winter of 1915 the pullets of yards 1, 2, and 3 were mated to
males whose dam was C543, record 291 eggs. From this mating 195
pullets were produced and trap-nested. Their production is shown in
Table XLI. They were from 77 of the hens in the yard, each chick being
pedigreed. The dams averaged 223.76 eggs and the daughters averaged
218.78, while the dams' dams averaged 220.78. In the second year 141
of these pullets were kept over and averaged 155.97 in the second year,
while their dams averaged 155.42.

In Table XLII have been grouped the 77 dams of 195 puflets of
yard 6. It is seen that 13 of the dams laid an average of 263.92 eggs
and within a range of 251 to 300 eggs inclusive; 49 averaged 225.67 and
laid within 201 to 250, while 15 averaged 182.73 and laid within 151 to
200. Their second-year record is also given.

In the same table is shown the production of the 195 pullets for the
first year, and the second-year production of 141 remaining. They are
also grouped according to danis, the thirteen highest-record dams having
50 daughters with average record of 229.26 in first year. The second
group of 49 dams produced 120 pullets with average record of 214.15,
and the third group of 15 dams produced 25 pullets averaging 220.08
in first year.

There is no significant difference in the production of the pullets
from the different groups of dams, the fifteen dams averaging 182 plus
eggs producing pullets of but slightly lower average than the highest
group of dams with average egg production of 263 plus, while the pullets
from the second group of dams averaging 225 pIus averaged a trifle
less than the pullets from the lowest group of dams.

The dams, however, are practically all of high record and of the
same breeding, and were mated to sires from the same dam. The rec-
ords of the pullets in this case appear to follow the average production
of the strain or of the ancestors of the female line. This result empha-
sizes the importance of the strain or of long high-production pedigree,
rather than the value of the immediate parent.

It is rather remarkable how closely the records of the State Hos-
pital flocks follow those of the Experiment Station flocks. Under differ-
ent environment these flocks at the State Hospital showed practically
the same production as the Station's flocks of similar breeding, in-
dicating, as in the case of the Station flocks, transmission of high
fecundity. The influence of the male whose dam laid 191 eggs, did not
result in raising the production of the pullets above the average of the
dams of four generations, the production of the three generations in the
female line being strikingly similar. High fecundity, however, was
maintained throughout the four generations. High fecundity in this case
was represented by 200 eggs or more in a year, though the original high
foundation stock laid less than half as many eggs.

In subsequent years, interruptions due to war service interfered
with the keeping of many pedigrees, but the average of the whole
flock, which now numbers about 4000 fowls, has been about the same
in each year.
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PRODUCTION PEDIGREE OF 195 PULLETS YARD 6. THE LOWER HALF
SHOWS PEDIGREE OF YARDS 1, 2, 5, 4, AND 5

(Sire
Sire 60 - Dam A27

1st yr. 240 eggs
2d yr. 222 eggs
3d yr. 202 eggs

(Sire D501 < L4th yr. 155 eggs

Sires

Dam B8
1st yr. 246 eggs
2d yr. 160 eggs
3d yr. 159 eggs
4th yr. 135 eggs

(Sire

1Sire
Dam 250
1st yr. 200 eggs

L
2d yr. 202 eggs

1Sire
Dam 250
1st yr. 200 eggs
2d yr. 202 eggs

-Dam C543
1st yr.
291 eggs

rSire
Yard6 '-Dam 250 Dam AOl
Pullets 1st yr. 200 eggs 1st yr. 257 eggs
1915-10 2d yr. 202 eggs 2d yr. 117 eggs
218.78
1st year
155.97
2d year I Sire

I Sire 3
- Dam Alli

Dam A66 1st yr. 204 eggs
1st yr. 201 eggs 2d yr. 148 eggs

-ISires 158 2d yr. 133 eggs
203 3d yr. 107 eggs

Dam
Yards

487 4th yr. 98 eggs
751 5th yr. 73 eggs

1, 2, 3 (Sire
77 hens
223.76
1st yr.
155.42

f Sire 83 -O. A. C.
Dam (Dams Yd. C
Yard E 173.66 1st yr.

Dam 250
1st yr. 200 eggs

12d yr. 202 eggs

2d yr. 1913-14 199.09 2d yr.
Average
220.78 eggs
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300-egg Hens. In 1918-19 a flock of about 430 pullets (the exact
number cannot be given) were trap-nested at- the State Hospital, and in
the flock 15 hens made records in their laying year of 300 eggs r more
(see Table XLIV), the highest record being 330. The average of the
15 hens was 310.86 eggs. It is no doubt an unprecedented record to
secure so many 300-egg h-ens in one year from a flock of that size.

Not only is the first-year record phenomenal, but the second year
record is also phenomenal. In the second year one of the hens died
before it laid any eggs and another died after laying 152. All the re-
maining 13, with one exception, laid more than 200 eggs, the highest
being 264. The average of the thirteen for the second year is 224.92.

TABLE XLIV. ANNUAL AND BEST TWO-MONTHS PRODUCTION OF
100-EGG HENSOREGON STATE HOSPITAL

In the case of five of the hens the pedigree is complete. Hen No.
29, with record of 323 first year and 242 second year, is a full sister of
hen 38 with record of 309 the first year and incomplete record second
year. In one other case there are two full sisters, hens 72 and 305.
This is significant of high breeding qualities in the dam as well as
sire's darn. The sire's dam is C521 with record -of 303 eggs. It is also
significant that the record of the pullets exceeds the record of the dams
in all cases and exceeds also the record of the sire's dam, though the
difference between the sire's dam and the pullets is of no particular sig-
nificance. It would appear therefore that the sire's dam in this case
exercised the dominating influence.

The other ten hens are of similar breeding though their pedigrees
unfortunately were lost. Probably most of them were from the same
sire's dam, and it is known they were from high-record dams. Hen 54,
record 306 eggs, was from a 190-egg dam, but the dam's dam laid 302,
so that this hen has a grandam on both sides with record of more
than 300 eggs.

Hen
No.

First-
year

330

Second
year

Best 2
mos.

First
year

votal
2 years

546

Darn 1 st yr.
errs

Darn's
darn

1 St yr.
eggs

Sire's
darn

1st yr.
eggS

237..... 216 59
29.... .321 242 61 565 285 274 16 258 C 521 303

190.... 323 231 60 554
264.... 314 205 62 219
297.... 313 264 58 577

313 206 60 519
82.... 310 243 59 553
38.... 309 60 285 274 16 258 C 521 303

430.... 308 257 59 565
72.... 308 173 58 481 482 274 82 281 C 521 303
54.... 306 -D 58 640 190 317 302 C 251 303

305.... 304 223 58 527 482 274 82 281 C 521 303
396.... 801 231 57 532
232.... 301 208 59 509
156.... -300 225 59 525

Aver-
age. 310.86 224.92 50,13



55

BREEDING QUALITIES OR PREPOTENCY VERSUS EGG-LAYING QUALITIES
AS A BASIS OF SELECTION

When the term "pedigreed high producers" is used in this bulletin
it is meant to convey the meaning merely that the hen or the male in
question is from a high-record dam and sire's dam. It does not mean
that their breeding qualities have been tested and found good. In point
of fact in the majority of cases nothing was known of the ability of the
breeding males or females to transmit their qualities. It would be diffi-
cult to prove whether the increased production was due to the effect of
breeding the best producers to the best producers, or of selecting among
the high producers, those that were good breeders of high producers.

In other words, was the increase due to selection on the basis of
egg production only, or was it due to selecting for breeding stock only
those individuals that had been proved to be capable of producing
high producers?

In the first years of the experiment, there was no opportunity to
select by the progeny test. The only basis of selection was the egg
record, and it is true, from the records of the progeny, that this method
of selection was effective in all three breeds. There are indications in
the records that some hens produced better layers than others; in
other words, while the difference in some hens does not show by their
egg records, there does appear a difference in their breeding powers,
judging by the records of their progeny. It was found that there were
differences in males in transmitting their laying qualities, and this fact
will be discussed later. This difference, however, is not so conspicuous
as to warrant any deduction that the results were due in any large
measure to differences in the breeding powers of males.

The point to be emphasized in this connection, however, is that a
definite increase in production was secured by breeding the best to the
best; that is, by using the annual record only as a basis of selection, in
other words mating high-record hens to. males from high-record hens,
to produce high-record progeny.

It may be asserted that it "happened" that the breeding stock
used possessed the powers of transmitting high production. If so, then
it may be assumed, that this is just what is likely to "happen" in all
flocks where numbers are used; and that regardless of the tested
breeding powers of the breeding stock, or without regard to the record of
their female progeny, there is bound to be increased production if the
best is bred to the best, or if the breeders are selected only because they
are the best, according to their own trap-nest records. This subject will
be discussed in a later bulletin in studying the records of the progeny
of different males..

VARIABILITY IN HIGH AND LOW PRODUCTION

Variability in production did not decrease with increased production.
In other words, the range between the highest and lowest individual
records was practically the same at the end of the experiments as at
the beginning. This is shown in Figs. 11, 12, and 13 of frequency
distribution of hens which give the number of hens each year in groups
within a range of 20 eggs. For example, in the first year, 1908-09, with
a total of 92 Barred Plymouth Rock hens, in the lowest group laying
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between 1 to 20 eggs, there was 1 hen; in the group laying between 21
and 40 there were 6 hens; in the next group laying between 41 and 60
there were 20 hens, and in the next, laying between 61 and 80. there were
25 hens. By looking to the right in the table of Barred Rocks under
the year 1912-13 of pedigreed stock it is seen that, though there were
more hens in the flock, there was only one hen in those four lowest
groups.

In the first year the highest number of hens was found in the group
laying between 61 and 80, while in the year 1912-13 of pedigreed stock
the highest number was found in the two groups ranging from 161 to
200. In the last year the highest number of hens is found in the
group laying 201 to 220 eggs. As production increased there were fewer
hens in the lower groups. The average hen population moved up to
higher levels as a result of better breeding.

With the Leghorns the mean moved up from group 101 to 120 to
201 to 220, while in the case of the Oregons the mean moved up from
group 121 to 140 to group 221 to 240. The first year of the Oregons
gives the record of the first crosses and not the foundation stock of
Leghorns and Rocks of the previous year.

In the last year there was apparently as great an opportunity
for selection as at the beginning of the experiment.

It will be noticed also that there was a movement upward among
the high groups, almost arithmetical in proportion with the lower groups.
Higher levels of production were reached. Low-producing hens were
being eliminated and at the same time higher-record hens obtained.

This may not mean, however, that there will be relatively fewer
slacker hens or unprofitable hens as the low-producing hens are elim-
inated. The costs of production determine whether a hen is a slacker
or not. A hen that was profitable in 1908-09 might be a slacker in
1917-18 because in the latter year the costs might have increased to such
an extent that her production was not profitable. Raising the costs
increases the slacker population, while lowering the costs decreases the
slackers. While our experiments had to do with production, not with
costs, the practical effect of increased production is increased profits by
elimination of slackers.

The same results are shown in the different breedsa raising of
the general average by breeding but practically the same variability in
production at the beginning as at the end of the experiments.

The general average production of the hen population is shown by
the heavy lines. Naturally the range will vary as the numbers in the
flocks increase or decrease, but there is no mistaking the significance
of these tables. While the average production of the progeny of selected
high-producers is lower than the parents (dam and sire's dam) except
in isolated cases already referred to, there was a progressive increase
each year, individuals showing higher production than the parents i
accordance with the principle or law of progression.
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The actual high and low individual records of pedigreed parents and
their pullets were as follows:

1912-13 1913-14 1914-15 1915-16 1916-17 1917-18
High Low High Low High Low High Low High Low High Low

Barreit ?1 outh Rocks.

Fig. 11.
Figs. 11, 12, and 13. These charts show how breeding (1) increases the number of

high producers, but' (2) does not decrease variability; (3) how it increases average flock
production, though the progeny has lower production on the average than the parents
of high records selected from previous generations.

The solid line represents the average production per hen of the progeny and the
dotted line the average production of the parents, or the dam and sire's dam.

In a few cases hens of low production were used as breeders, but
in those cases they were mated to a sire from a high-production dam.
As the dotted line in the charts (see Figs. 11, 12, 13). shows the aver-
age of the parents was high there were few low-record hens used for
breeding.

Eggs 1908-09 1909-10 1910-fl 1912-13 19i-14 1914-15 1916-11 1917-18

301-308 1

281-301)
. 1

261-280 1 1 4

241-260 1 1 4 4. 5

221-240 7 9 .- 10

U,,/fi6241111
Total
Hens 92 28 42 108 103 71 11 62

B. P. I1ockParents 259 105 259 95 259 107 268 185 270 161
Pullets 268 3 268 86 246 108 220 154 308 54

W. LeghornsParents 240 215 267 162 302 139 302 114Pulleta 267 119 302 100 264 63 300 23
Oregons Parents 257 113 226 133 303 119 803 67 303 156

Pullets 303 123 278 58 309 77 286 156 304 123
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PREPOTENCY, AND POOR LAYERS FROM GOOD LAYERS

While high production records of the ancestors did insure, on the
average, high-producing progeny, there are many exceptions to this.
Poor layers are sometimes produced by good layers.

On the other hand, we have had some cases where good layers
came from poor layers. The most conspicuous example of this was
the progeny of a Barred Plymouth Rock male D461-2 (Table XLV)
whose dam and dam's dam and sires dam were poor layers as shown

White Leghorns.

Fig. 12. (See note for Fig. 11)

on pedigree herewith. When he was mated to a hen with a record of
119 eggs, a pullet was produced that laid 309 eggs, the highest record
at this Station. The combined record of the dam and sire's darn was
263, or 46 eggs less than the daughter.

This high capacity was clearly due to the influence of the sire, be-
cause when he was mated to various other hens, the daughters were
good producers, 18 of them having complete annual records, averaging

eggs 1908-09 1909-10 1910-11 191&43 191445 1918-17 191718

3O-02 1

281-300

261-280 1 5 1

241-260 2 126,..' 19

III F+/i"T7
o tal

Hena 50 2]. 10 14 58 117 116



59

221.11 eggs. Of these, 7 were crosses, or Oregons, though the 309-egg
pullet had a White Leghorn dam. The 7 daughters averaged 270.28,
the average of the dams was 202.28, of the dams' dams 209.

The eleven remaining daughters were from pure Barred Plymouth
Rock dams and they averaged 189.82 with high record of 260. The aver-
age of the dams was 190.09 and dams' dams 164.18.

This male apparently was strongly prepotent. Though from a line
of poor producers he carried the factor of high production. His female
ancestors, as far back as of record, had not high productive powers, but

Oregon3.

Fig. 13. (See note for Fig. 11.)

through the male they transmitted high fecundity to the offspring. TIn-
fortunately after his breeding characteristics had been discoverd he
would not breed, and there was no progeny except in this one generation.

It is not clear, so far as we have been able to analyze the records
of this case, as to whether high prepotency appears in the later progeny
of the first generation.

The daily egg record does not show high rate of laying in the dam
of the 309-egg hen. The highest monthly production was 21 eggs in

3gs 1909-10 1910-fl 193.2-33 1913-14 ).914-15 1915-16 1917-18

0i-309 1 2 1

281-300 1 7 1 3

261-280 2 7 7

241-260 1 z 9 / 3 3.3

221-240
,/

4

EEE

101-120 1 4

81-100 6 2 1

61-80 2 1

41-60 1

21-40 1

1-20 2
ota1

3 37 20 49 92 13 75



May and 40 eggs as the best two-months production. The egg record
of the dam of D461-2, also shows a low rate of laying, or at best a
medium rate. The highest month was April, 24 eggs, and the beat two
months, April and May, was 43 eggs. In the second year her highest
production was 22 in March. The dam's dam of the male with first-year
record of 74, second year 91, third year 64, shows also low rate. In her
first year, her best record was 20 eggs in March.

TABLE XLV. PEDIGREE OF BARRED ROCK MALE D 461-2 AND
PRODUCTION OF DAUGHTERS AND PEDIGREE OF DAMS

Sire 297

D 461-2

(Sire
(Darn H 12 N

1st yr. 144 eggs.
3d yr. 105 eggs. (Darn 66
3d yr. 127 eggs 1st yr. 74 eggs.

3d yr. 91 eggs.
3d yr. 84 eggs.
4th yr. 64 eggs.

DAUGHTERS

60

(Sire
(Sire -

(Darn 207
1st yr. 169 eggs.

I
3d yr. 127 eggs.

(Darn A94 3d yr. 113 eggs.
1st yr. 20 eggs
2d yr. 64 eggs (U)

Nither by the annual record, nor by rate of laying is there any
proof that the ancestors of this male, so far as we have trap-nest rec-
ords of them, had high laying capacity. While the ancestors of high
laying capacity produced, on the average, high laying progeny, and while
the more immediate parents exercised the greatest influence; in other
words, while high-record pedigreed breeding stock produced high-record

Production Darn Eggs Darn's Eggs
No. 1st yr. 1st yr. darn 1st yr.

Ore9oas
E 138 309 C584 119 O 34 229
E 178
E 156

299 C 503
284 C 518

207
22-S

A 47
A 47

205
205

E 127
E 114
E 147

274 C 503
262 C 470
241 C 503

207
211.
207

A 47
A 47
A 47

205
205 -
205

1604 223 C 481 239 Yd. 1

Average 270.28 202.28 209
Barred Rocks

E 659 260 C 117 186 A 79 219
E 719
18 652
E 669

219 C 76 198
192 C 153 177
190+ C 76 198

B 154
66

B 154

191
74:

191
18582 188 C 76 198 18 154 191
E 619
E657

185 C 117 186
183 C 153 177

A 79
66

219
74

18 686 178+ C 76 198 B 154 191
E 638 178 C 76 198 lB 154 191
E 709 174 C 76 198 B 154 191
B 587 141 C 153 177 66 74

Average 189.82 190.09 164.18

Both Breeds
Average 221.11 194.83 180
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progeny, there are instances such as this, where the production of the
progeny cannot be accounted for by the pedigree of production of the
ancestors, unless it can be explained on the assumption that in a more
remote ancestor or ancestors, high fecundity or high prepotency may be
lost apparently and recovered in subsequent generations.

'While the breeder must put his reliance largely upon pedigree of
production records in selecting his breeding stock, the result secured
from this male shows that there is another factor to be reckoned with,
which, in the absence of a more comprehensive definition, may be called
prepotency. If he wishes to make the most certain progress in increas-
ing production by breeding, he should not be content to breed the
best layers to males of the best layers, but he will breed the best breed-
ers to the best breeders, judging from the egg records of their progeny.

Our records point out two practical conclusions of first importance
that must be drawn from these experiments; first, starting with an
unselected flock of layers, and using each year only those hens with
high trap-nest records and males from high trap-nested hens, there is
certain to be an increase in production, always providing that environ-
mental conditions are equally favorable each year; second, by selecting
the breeding stock on the basis of the egg record of the progeny, the
increase may be more certain and rapid. Such males, however, as
D461-2 are rare, according to our records, and .only by testing the
progeny of a great many sires and dams each year would a breeder be
likely to find phenomenal individuals.

The pedigree of this male is given in Table XLV, together with pedi-
gree of his daughters and record of first year's production.

RELATION OF SHOR1 PERIOD PRODUCTION OR RATE
OF LAYING TO ANNUAL AND BIENNIAL

PRODUCTION

A study of our records shows that there is a pretty accurate cor-
relation between monthly or bimonthly production and the annual
record. If it should prove that a short-period record is as good a meas-
ure of the hen's inherited capacity as the annual record, then the prob-
lem is very much simplified.

Does the rate of laying or the intensity of egg production indicate
egg-laying capacity? By rate of laying is meant the relative frequency
that a hen lays in a short period. If the hen lays every day without
missing a day, for five or six days or more, then misses one day and
begins again on another long stretch, we say that she has a high rate of
laying. - Another hen that lays one day and misses one, and continues this
way for an indefinite period, has a low rate of laying. Our records show
characteristic differences among hens and the question is, can we pre-
dict with any degree of accuracy the probable annual production of a
hen from a monthly or bimonthly study of her records. Environmental
factors which can not very well be controlled may interfere with the
hen's laying her full annual capacity. The longer the period of the
record, the greater the likelihood that some disturbing factors will
interfere with production.
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The records are conclusive in showing that egg production may be
increased by selective breeding, based on the annual trap-nest records.
The increase is such that it could hardly be ascribed to possible changes
in environmental conditions of different years. The same feeding system
was used throughout all the years, with some minor changes in the
ration. The same housing was used. The same size of yard and flocks
was maintained. In fact the conditions, on the whole, were more favor-
able in the first year than in later years, so far as regards housing and
soil. In the first year they were new and the yards were fresh and
clean, though later differences were minimized as much as possible by
rotation and cultivation of yards and by disinfection of the houses.

While the annual trap-nest record of the pullets is undoubtedly the
best measure of a hen's laying capacity, under favorable conditions, it
is not always the best, because of the difficulty of controlling the environ-
ment. If we select for breeding a hen that has made a record of 300
eggs a year, her record would indicate that her environment was favor-
able. If her daughters averaged 300 eggs vie might fairly conclude that
they inherited the capacity of the dam, and that they were kept under
favorable environment. If, however, they averaged 150 eggs it might
be that they inherited low production, but on the other hand, it might
be that they had equal laying capacity with the dam, but through un-
favorable conditions of environment their year's record did not represent
their capacity.

In a shorter period, possibly, the real laying capacity of the hen
may be better shown. An attempt has been made in Tables XLVI,
XLVII and XLVIII to correlate the shorter-period records, in this case
the best two-month records in the year, with the annual rcord.
Spring is the season of maximum production. It is the natural laying
season, and it is reasonable to expect that the full capacity of the hen
can only be secured when the conditions for production are at their
best. The question then is, does the hen that lays ten or twelve months
of the year, lay more eggs than the hen that lays only in the spring
months? Is it true that the hen that lays heaviest in the spring months
does .this because she started late and discontinued early? In other
words, does a moderate layer do better in the spring than a good layer?
Is it true that the hen that lays heavily in the spring does so because
she has been reserving her energy for spring production, and is able to
beat the long-distance rival in the short period?

BEST LAYERS BEST IN ALL MONTHS

The records show conclusively that the best layers throughout the
year lay the largest number of eggs in the spring or any other season.
The poor layer is relatively pooi in any month of the year, though she
lays a larger percentage of her eggs in the spring months than the
good layer.

With a correlation established between the spring months or the
best two-months production of the hen, and the annual record, we can
predict with some accuracy from the best two-months production what
the production should be for the year. The production for the best
two months affords a good basis for judging the capacity for the hen.



TABLE XLVI. SUMMARY OF ANNUAL PRODUCTION OF HENS GROUPED ACCORDING TO BEST TWO-MONTHS RECORL
BARRED PLYMOUTH ROCKS

Average....
*Unjdentified eggs not

TABLE XLVII. SUM1IARY OF ANNUAL PRODUCTION OF HENS GROUPED ACCORDING TO BEST TWO-MONTHS RECORD
WHITE LEGHORNS

nidentified eggs not added.

up 51-55 46-50 41-45 36-40 31-35 Below 31
Annual
record

by
tverage No. Average No. Average No. Average No. Average No. Average No. Average years*

- 7 155.71 11 107.36 10 106.50 17 84.94 47 60.13 82.67
5 148.40 6 136.83 8 112.50 9 92.33 117.64

1 204.00 5 222.00 13 182.77 12 163.83 7 141.43 4 37.25 161.78
196.00 6 218.50 11 187.82 13 171.38 5 144.80 1 89.00 1 3.00

4 210.75 15 184.80 13 175.38 3 134.00 2 134.00 .... 174.52
196.00 5 200.60 8 185.50 10 158.50 7 164.57 1 139.00 1 107.00

16 213.13 18 185.28 12 143.58 3 141.67 3 134.00 .... 174.13
219.80 11 191.55 16 166.75 9 160.56 5 138.60 3 126.00 2 125.50
196.50 3 182.00 12 176.42 9 177.67 5 143.40 2 124.00 .... 180.48
215.20 6 227.17 9 193.00 13 155.08 4 166.75 1 135.00
195.00 4 187.00 3 200.67 2 199.50 .... .... .... 194.45
281.00 17 229.41 21 207.90 14 185.57 .... 4 103.25 2 148 202.40

1473 73 15435 125 23547 124 20127 60 8632 49 5406 66 4315

223.65 211.44 188.38 162.68 143.88 110.33 65.38 158.57
counted.

55 up 51-55 46-50 41-45 36-40 31-35 Below 31
Annual
record

Yard Year Z by
No. Average No. Average No. Average No. Average No. Average No. Average AverageNo. years*

I & 5 1908-09 50 .... .... 1 177.00 10 154.60 12 122.42 [1 107.27 16 58.44 106.14
9.... 1909-10 21 .... .... 2 203.50 3 151.33 4 139.25 4 75.00 8 60.00 104.67
1.... 1910-11 10 .... 1 240.00 3 200.00 2 162.50 2- 130.00 1 98.00 1 123.00 164.60
9.... 1912-13 14 .... 6 234.17 4 209.75 2 192.00 2 141.00 .... .... 207.85
3.... 1914-15 16 3 283.00 3 237.00 10 207.20 .... .... .... .... c 216.76
0.... 1914-15 42 3 254.00 14 237.71 17 206.76 7 1 16.43 ... 1 100.00 .... 1
P.... 1916-17 49 .... 13 211.77 24 188.25 7 160.43 5 159.20 ... ....
Q.... 1918-17 57 2 207.00 6 201.50 22 187.09 15 170.47 7 129.00 4 96.75 1 95.00 181.50

15... 1916-17 11 2 233.00 6 221.17 2 206.00 1 j 160.00 .... .... ....
F.... 1917-18 60 4 280.25 12 239.33 30 252.20 9 191.00 4 150.50 .... 1 23.00) 209.24
G.... 1917-18 56 2 258.50 20 211.60 20 209.05 11 174.45 2 137.00 1 56.00 .... S

Total 386 16 4129 81 18077 27593 67 11422 38 5143 22 2121 27 1656

Average 258.06 223.17 204.39 170.48 135.34 96.41 61.33 181.71

Yard Year
.5

z,
55

No.

4&5 1908-09 92
19 09-10 28

15.... 1910-11 42
6.... 1912-13 38

1912-13 37
19 12-13 33
19 13-14 52

C.-.. 19 13-14 51
L.. 19 14-15 33 2
P.-.. 19 14-15 38 5

18.... 1916 -17 11 2
E.. 19 17-18 62 4

Total 517 20



* Unidentified eggs not added.

TABLE XLVIII. SUMMARY OF ANNUAL PRODUCTION OF HENS GROUPED ACCORDING TO BEST TWO-MONTHS RECORD
0REGONS

Yard Year
55 up 51-55 46-50 4 1-45 3 6-40 31-35 Below 31

Annual
record

by
years*No. Average No. Average No. Average No. Average No. Average No. Average No. Average

7.. 1909-10 33 2 200.00 5 154.40 16 134.31 10 96.70 133.76
8.. 1909-10 186.00 3 184.67 7 159.00 9 133.33 10 108.60 j
1.. 1910-11 5 189.20 8 170.75 9 162.67 7 139.71 8 86.37 147.16
9. 1912-13 20 278.25 3 245.33 9 208.67 2 196.50 1 146.00 1 123.00 219.45
E.. 1913-14 49 7 233.86 24 227.67 :1.1 212.27 4 179.00 3 151.67 216.74
4.. 1914-15 10 2 266.50 4 253.25 3 236.67 1 204.00
5.. 1914-15 10 1 200.00 4 188.00 4 216.50 1 152.00 217.24
6. 1914-15 14 2 269.50 6 221.33 5 182.40 1 177.00

1914-15 58 11 276.09 16 227.87 19 209.11 7 169.86 3 176.33 149.00 77.00
10.. 1915-16 13 2 278.50 5 238.40 4 227.23 1 233.00 1 156.00 234.39
7.. 1917-18 12 1 270.00 5 242.60 4 249.25 2 220.00 227.42
H.. 1917-18 63 12 244.08 32 230.56 16 208.06 2 188.50 123.00

Totals 349 42 10815 99 2722 81 17041 34 6201 30 4758 33 4476 50 3944

Average.. 257.50 229.52 210.38 182.38 158.60 135.64 98.13 197.e5
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It may happen, however, and it is shown in our records, that a hen
with high spring production does not make a high annual record due to
unfavorable conditions. These conditions may be weather changes, mis-
takes in feeding or care, diseases, broodiness, lack of vigor, and other
things. Such a hen, judged by the annual record is classed as a poor
layer, when in point of fact, she has high egg-laying capacity, judged
by a shorter period, and in breeding may be as valuable as the hen
with the high annual record, as a breeder producing possibly as good
layers as the high annual-record hen.

This may explain in part, why good layers are frequently produced
by hens with low annual records.

The best two months are usually March and April, and April and
May, though other months occasionally show the highest records.

VIGOR

Another factor that comes into the problem is that of vigor. It is
assumed that the hen must have good vigor to stand the strain of heavy
production for a year, so that any method of breeding that increases
vigor should increase production. It might be a question then whether
the increase in production secured by breeding from selected high pro-
ducers did not primarily come from inherited vigor. That is another
problem.

It has been shown by Doctor Pearl (Maine bulletin 205, Nov. 1912)
that poor layers as well as good layers have more eggs or oocytes in the
ovary than they have ever been known to lay, and that poor layers
inherited the eggs or oocytes apparently in as great numbers as the
good layers so that the inheritance of high fecundity is not a question
of inheriting a great number of eggs, but rather a question of inherited
capacity to lay them.

Our records show a large increase in production by breeding from
high producers, and that the increase came by inheritance, but it would
appear that it was rather ability to lay that was inherited than that
eggs were inherited. If this ability to lay means greater vigor, is it
possible to measure laying vigor by a study of our records? Vigor or
lack of vigor is often evident to the eye, but not always. Very fre-
quently the hen having all the evidences of good health and vigor does
not show it in her egg record. If long-continued production indicates
vigor, then it is easy to select for vigor by selecting hens with the longest
productive period. Our records, however, show in many cases long
production with medium low records. In these cases the records show
that the hen would lay one day and miss the next or lay two days in
succession and miss the third. In other words, the rate of laying was
low. On the other hand, a high producer misses fewer days in the
month and may lay four or five days in succession, and even many days
before missing. That is a high rate of laying or intense production.
Both hens are comparatively long layers. The records show another
class of layers, the very poorest. This class shows a low rate of laying,
and short-period production. In the first case the hen has vigor, but
has not the inherited ability to lay many eggs, whatever that ability
may be. But with the vigor she makes a medium good layer or medium
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poor layer. In the second case the hen has both high vigor and in-
herited ability to lay, as shown by her high rate of laying, as well as
long period of high production. In the last case the hen has ]ow vigor
as well as low ability to lay, as shown by her low rate of laying and
her short-period production.

Four Types of Layers. Laying hens may be divided into four dis-
tinct types, so far as their yearly trap-nest records show, as follows:

The daily record of the hen of the first type shows that she
starts early in the year and continues late at the latter part of the lay-
ing year. Her rate of laying is high. That is, she will miss compara-
tively few days. She may lay four or five or more days and miss one day,
and may lay sometimes a week or two weeks without a break, and her
annual record will be 200 eggs or more, depending upon how many days
in succession she usually lays. This hen has high fecundity plus high
vigor.

The second type of hen may lay 150 eggs distributed over a
comparatively long period, but her rate of laying is low. She may lay
one or two days and miss one and continue in that way. She has not
high capacity as shown by her low rate of production and her low
best two months, but she has vigor, as shown by her steady or consistent
laying. This hen has low fecundity plus vigor.

The third type of hen shows a high rate of laying in the best
two months but in the later months of the year she shows either a
diminished rate of laying or she discontinues altogether. She may lay
150 or she may not lay 100. This hen has inherited high fecundity but
lacks vigor.

The fourth type of hen begins to lay late, possibly two months
after the first hen started, and stops early in the year. Her laying year
is short at both ends, and her rate of laying is also low. Her best two-
months record is low. She has poor laying capacity and low vigor.

The reproduction in Figs. 14 to 17 of the actual daily records of
hens illustrates the four different types.

HOUSE NO. HATCHCD
FOWL NO

Pc.. NO. Vs,R,iTY

Fig. 14. Daily record of C521 showing high rate of laying through twelve months,
indicating (1) inherited high laying capacity, (2) good vigor, and (2) favorable en-
vironment.
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HOUSE No. A HATCHED

PIN No. VARIETY

HAYCHID i3/f
VAETYJ

FCHo. No. .1.4

Fig. 15. Daily record of B15 showing low rate, but consistent laying throughout
thd year, indicating (1) poor laying eapacity, (2) good vigor, (3) favorable en-
vironinent. Note Figs. 18 and 19, giving record of sister and dam indicating inherited
low rate of laying.
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Fig. 16. Daily iecord of D181 showing high rate of laying for short period, in-
dicating (1) inherited good laying capacity; (2) poor vigor.

OATS

00

/ FOwtNO7/'/
I

.u..u........u..m.i..i..u..u....................-.........................
vi,i.,iri.,i.nn.,in.u.,i.u.n.vj.w,i -

UuUVAnfln.Nn.WiUnWiuWiuuUri7IL7

TOTALS

Fig. 17. Daily record of J765, showing low rate, late laying maturity, inconsistent
laying, early quitting at end of year, indicating poor laying capacity and poor vigor.
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RATE OF LAYING INHERITED

Evidence that rate of laying is inherited is furnished by the daily
record of B10, sister of B15, both showing same characteristic laying as
their dam 47. The records of BlO and 47 are shown in Figs. 18 and 19.

Fig. 20 shows record of hen of very high capacify inherited from
ancestors, but through a break in her record due to some unfavorable
environment, including molting, her record does not indicate her full
capacity.

HOUNE No. 4 HATCHED e- , -ii
oWL

PIN Na VAJUETY W. L.

Fig. 18. Daily record of BlO, a most a complete dup icate of the record of her
full sister BiC. Poor laying capacity, but good vigor.

HousE NO. q FOWL Na WI

Fig. 19. Daily record of 47, showing same characteristic rate of lay'ng as that of
her daughters Blo and B15, indicating transmission of low rate of laying, and good
vigor.
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BEST TWO-MONTHS PRODUCTION AND LAYING CAPACITY

In Table XXXVI, Barred Plymouth Rocks, it is shown that from
the first year to the last of the experiment there is a decided increase
in the best two-months production. In other words the rate of laying,
as well as the annual production, has been increased, though it will be
noticed that on a percentage basis the rate of laying did not increase
as much as the annual production. The fact that the best two-months
production and the rate of laying increased on the average is corrobora-
tive evidence when taken in connection with the increase shown by the
annual production, that the increase came by inheritance. The other
fact that the best two-months production did not increase as much as the

HouU No. *4ATCHrD a- ii- Fowi. Nø. F8o8
PLIg No. VAItrY Ore Q0P7 30/0

Fig. 20. Da ly record of Fees, granddaughter of C521, showing hgh rate of lay-
ing, but unfavorable environmental conditions part of the year. Her high egg-laying
capacity is indicated (1) by her early laying maturity, (2) high rate of laying, (3) heavy
laying at the end of the year. Her rate of laying would indicate that this hen had a
capacity of about 300 eggs. Her record was 262 in the first twelve months of laying.
Her sire's dam laid 291, dam 234. dam's dam 303.

annual record, would appear to be strong evidence that the environmental
conditions under which the flocks were kept for the different years were
fairly well controlled. Table LXI shows that on a percentage basis there
is less difference between good and poor layers in the spring months
than in other months. If the percentage increase in production showed
as high for the best two months as for the year, it would then appear
that the environmental conditions were not under proper control, and
were such that the flocks did not lay throughout the year approximately
their full capacity.

On the othe:r hand, when the annual production is high, and the
maximum bimonthly production, though high, shows a smaller per-
centage increase from low to high month than in cases where the annual
production is low, it would appear evident that the conditions were
favorable throughout the year.

It will be noted from the summary of the Barred Plymouth Rock fol
different years (Table XXXVI) that the average of the best two-months
production of all years and flocks is 42.25 eggs a hen. In the first year
the average of the 92 hens was 31.29 eggs a hen. In the last year the
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average of 62 hens was 47.19 eggs a hen. In the first year the annual
production was 86.14 and in the last year 21463. The increase in the
annual flock record was 149.16 percent and in the best two months the
increase was 50.8 percent. If we take the second year 1909-10 as a
starting point, the increase in annual production is 77.85 percent, while
the best two-months increase is 39.08 percent.

The best two months are, on the average, March and April. In
case of individual hens, however, the best two months may be April and
May, or May and June. The average for all the flock for best two
months, as shown by the table, is 42.25 eggs a hen, while the average for
March and April is 38.15 eggs a hen.

TABLE XLIX. PERCENTAGES BEST TWO-MONTHS PRODUCTION
BARRED PLYMOUTH ROCKS

31-35

18.45
28.57
15.67

3.7
5.83
2.81

3.23

Below 31

51.09
32.14

9.52
1.85
1.94

Table XLIX shows by percentages the increase in the best two
months for the different years in the case of Barred Plymouth Rocks.
It is seen that in the first two years, none of the hens in the flock laid
more than 50 eggs in the best two months, and only 7.6 percent of the
flocks of 1908-09 laid more than. 45 eggs, while better than 51 percent
of them laid fewer than 30 eggs in the best two months. In the
first year of the pedigreed stock 1.85 percent of them laid more than
55 eggs in the best two months, t3.88 percent laid between 50 and 55
eggs, 31.48 percent laid between 45 and 50 eggs, and only 1.85 percent
of the flock laid fewer than 30 eggs in the best two months. There
was the same percentage above 55 as below 30 in the last year's flock.
In the rest of the years there is an increasing number in the high
columns except in the last year, 1917-18. The explanation for this latter
fact possibly is because this flock may have been in some respects under
slightly more favorable conditions than those of the previous years. If
conditions are favorable throughout the year there might be a slight
decrease in the high months, if in the low months the production was
unusually high. This was true of the 1917-18 flock. Their production in
the low months was higher than that of the flocks of previous years.

If a good layer is not pushed, or for some other reason she does not
lay her full capacity in the winter months, the presumption is that if she
is in good physical condition she will lay a greater number of eggs in
the spring months than she would otherwise. This does not alter the
fact, however, that the poor or unselected layers in the first two years
did not lay heavily in the season of maximum production, even though
their winter production was also low.

There can be no other explanation of the showing made from the
Barred Plymouth Rocks in this table, in connection with the record of
annual production, except the fact of transmission of high fecundity.

Year Above 55 51-55 45-50 41-45 36-40

1908-09 7.6 11.96 10.87
1909-10 17.86 21.43
1910-11 2.38 11.9 30.95 28.57
1912-13 1.85 13.88 31.48 33.33 13.88
1913-14 485 26.21 33.01 20 39 7.77
1914-15 9.86 12.68 29.58 30.99 14.08
1916-17 18.18 36.36 2727 18.18
1917-18 6.45 27.42 33.87 22.58 6.45
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In the ease of the White Leghorns, the rate of laying is represented
by 44.76 eggs a hen for the best two months for all the years, or 32.54
in the first year, and 48.16 in the last year, an increase of 48 percent,
while the increase in the annual production is 08.72 percent.

If the hens are placed in different groups, according to the number
of eggs they lay in the best two months, we find that there is, as in the
case of the Barred Plymouth Rocks, a steady increase in the number of
hens in the high groups. In the first two years of unselected or non-
pedigreed stock, none of the hens laid more than fifty eggs in the best
two months. Only 2 percent of them laid 46 to 50 eggs, inclusive, while
32 percent of them laid 30 eggs or less. In the first year of the pedigreed

TABLB L. PERCENTAGES BEST TWO-MONTHS PRODUCTION
WHITE LEGHORNS

TABLE LI. PERCENTAGES BEST TWO-MONTHS PRODUCTION
OREGONS

31

stock, 1912-13, 42.86 percent laid 51 to 55 eggs inclusive, and none
laid fewer than 36 eggs. In the last three years a fair percentage of
them laid above 55 eggs. Practically none of the pedigreed stock in all
the years laid fewer than 31 eggs, while a large percentage of them in
the unselected flock laid fewer than 31.

In rate of laying tle Oregons show an increase in best two months
between the first cross and the last of 58.05 percent.

In the percentage table (LI) where the flocks of each year are
grouped according to best two-months production, we find that there
were no hens in the flock of non-pedigreed stock, that laid more than
50 eggs in the best two months during the first two years. Only 1.50 per-
cent of the first generation of crosses laid more than 45 in the best two
months while 39.68 percent laid between 31 and 35 inclusive and 31.75
percent laid 30 eggs or less. Practically none of the pedigreed stock
laid fewer than 36 eggs as their best two-months production, while in
the first year of pedigreed stock, 20 percent of the flock laid more than
55 eggs and 15 percent laid between 51 and 55 eggs inclusive. In the
last year more than 60 percent of the flock laid above 50 eggs a hen in
the best two months.

Year Above 53 51-55 46-so 41-45 36-40 31-35 Below

1908-09 200 20.00 24.00 22.00 32.0(
1909-10 9.52 14.29 19.05 19.05 38.Ol
1910-11 10.00 30.00 20.00 I 20.00 10.00 10.0(
1912-13 42.86 28.57 14.28 14.28
1914-15 10.34 29.31 46.55 12.07 1.72
1916-17 3.42 21.37 41.02 19.66 10.26 3.42 0.S
1917-18 5.17 27.59 431O 17.24 5.17 0.86 0.5(

Year Above 55 51-IS 46-50 41-45 36-40 31-15 BeloO

1909-10 1.59 7.94 19.05 39.68 31.7
1910-11 13.51 21.62 24.32 18.92 21.6
1912-13 20.00 15.00 45.00 10.00 3.00 5.0
1913-14 14.29 48.98 22.45 8.16 6.12
1914-15 17.39 32.61 33.69 10.87 3.26 1.09 1.0
1915-16 15.38 38.46 30.77 7.69 7.69
1917-18 17.33 49.33 26.67 5.33 1.33

31

5
2
0
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The same general result was secured with Barred Plymouth Rocks,
White Leghorns, and Oregons; namely, an increase in the egg-laying
capacity of the hen, as judged by her record in the season of maximum
production when the environmental factors are most favorable for de-
termining her full capacity. It would appear that the characteristic
of high rate of laying is inherited along with high annual production.

Culling -Practice. An accurate culling practice may be based upon
these findings. A low record for two months shows that the hen has
low capacity and will make a low annual record. If the poultryman
trap-nests his flock, he may discard or market all hens that do not lay
more than 35 eggs in the best two months.

Table LII has been prepared to show what would be the result if
from the 517 Barred Rock hens averaging 158.57 eggs a year we had
culled out all hens that laid fewer than 36 eggs in the best two-months
production. Of the total, 402 laid more than 35 eggs a hen in the best
two months and averaged 179.75 eggs a hen. The remainder, or 115,
laid 35 eggs or less in the best two months, with an average annual
record of 84.53 eggs a hen. Among these, however, there were 7 hens
that laid more than the average annual production of those in the
higher group that laid 36 to 40 eggs. In other words, in culling out the
115 hens there was an accuracy of 93.91 percent. This is assuming that
the hen of poor laying capacity is indicated by production of 35 eggs or
less in the best two months.

If the White Leghorns were culled in the same way there is an
accuracy of' 97.96 percent. In other words, there were 49 culls in 386
hens, and 1 of the 49 laying fewer than 36 eggs in the -best two months
laid more in the year than the average of the- 36 to 40 group. The 49
culls averaged for the year 77.08 eggs.

TABLE LII. PRODUCTION OF HENS LAYING 36 EGGS OR MORE AND 35
EGGS OR LESS IN BEST TWO MONTHS. BARRED PLYMOUTH ROCKS -

With the Oregons the percentage of accuracy was 92.06. In 349
hens, 63 were culled out; and of these 5 averaged 165.4 eggs, which was
more than the average of the group laying 36 to 40 eggs. The average
of the culls was 117.78 eggs. -

liens laying
No. lIens

laying
less than 36 but
more than an- Average .0

Yard Year hens Annual less nual production Per cent produc- s
above Average than

36
of group 36-40 Accuracy tion of

culls
u.0

No Annual
Average-

4 and 5 1908-09 28 119.14 64 1 - 153.00 98.44 66.72 22
6 1909-10 11 142.09 17 1 17900 94.12 101.82 5

15 1910-11 31 182.45 11 2 166.50 81.82 103.55 2
6 1912-13 36 181.25 2 0 100.00 46.00 7
7 1912-13 35 17991 2 1 149.00 5000 134.00 4
8 1912-13 31 174.84 2 0 100.00 123.00 5

B 1913-14 49 181.49 3 2 158.00 66.67 134.00 6
C 1913-14 46 174.15 5 0 100.00 125.80 9
L 1914-15 31 179.74 2 0 100.00 124.00 5
P 1914-15 37 185.38 1 0 100.00 135.00 7

18 1916-17 11 194.45 0 0 100.00 0
E 1917-18 56 214.07 6 0 100.00 93.50 2

TotaL... 402 179.75 115 7 161.43 93.91 84.53 74



TABLE LIV. PRODUCTION OF HENS LAYING 36 EGGS OR MORE AND
35 EGGS OR LESS IN BEST TWO MONTHS. OREGONS.
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Of the total of the three breeds, 1252 hens, there were 227 culls
and only 13 of them laid above the average of the higher group.

If culling is done on the basis of egg-laying capacity and if egg-
laying capacity is accurately determined by rate of laying, or the best
two-months production, an accurate system of culling is indicated by
the results of these experiments.
TABLE LIII. PRODUCTION OF HENS LAYING 36 EGGS OR MORE AND 35

Average
produc-
tion of
culls

This does not mean, however, that thess 227 culls represent all the
hens in the flock that made poor annual records. We have found that
there is a strong correlation between the best two-months production
and the annual record, but that there are exceptions to this rule. There
are individual hens with high rate of laying that make a more or less
poor annual record, and the probable explanation is that environmental
conditions in some way interfered with their laying their full capacity
during the year. In such cases the hen probably has good laying ca-

4 and 5
9
1
9
3
0
P
Q

15
F
G

1908-09 23
19 09-10 9
1910-11 8
1912-13 14
19 14-15 16
1914-15 41
1916-17 49
1916-17 52
1916-17 11
19 17-18 59
1917-18 55

138.78
157.56
178.12
207.86
227.00
215.61
187.55
176.90
215.00
221.53
202.24

27
12

1

5

1
1

2,00000
00

0
0

0

1
0
0
0

136.00 80.00

78.33
65.00

110.50

100.00

96.40

23.00
56.00

8
2

0

11
0
1
2

Total
Averages 337 196.93 49 1 136.00 97.96 77.08 33

7
8

9
E

5
6
J

H

19 09-10
19 09-10
19 10-11
19 12-13
19 13-14
19 14-15
19 14-15
1914-15
19 14-15
19 15-16
19 17-18
19 17-18

11
22
19
49
10
10
14
56
13
12
63

286

167.43
168.45
171.64
224.53
216.47
246.00
197.00
211.14
220.96
234.38
243.33
224.38

26
19
15
1
0
0
0
0
2
0
0
0

163.50
179.00
160.50

92.32
94.74
86.67

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

119.84
120.32
111.27
123.00

113.00

3
3
6
1
3
0
1
3

1
0

Total
Averages 215.16 63 5 165.40 92.06 117.78 27

EGGS OR LESS IN BEST TWO MONTHS. WHITE LEGHORNS.

Yard Year
No.

hens
above

Annual
Average

Hens
laying

less
than

36

Hens laying
less than 36 but
more than an-

nual production
of group 36-40

Per cent
Accuracy

Average
produc-
tion of
culls

4)

9cn
N Annual

O Average

No.
Hens
laying

Hens laying
less than 36 but
more than an-

Yard Year hens Annual less nual production Per cent
above Average than of group 36-4(1 Accuracy

35 36 AnnualNo. Average
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pacity but does not show it in an annual record, and she may be a good
breeder of good producers.

To show, however, how many hens were left in the flock laying more
than 35 eggs in the best two months, but less than the average annual
production of the next higher group laying 36 to 40 eggs, a count has
been made. This shows that there were 74 of these among the Barred
Rocks, 33 in the Leghorns, and 27 in the Oregons, a total of 134.

If the flocks were culled by the annual trap-nest record of each hen,
there would have been culled out at the end of the year 348 hens, and of
these 134 were probably of good laying capacity. That is, of the 348
culled out, 134 made a low annual record, but had good laying capacity,
judged by their best two months.

If, however, the flocks were trap-nested only in the season of maxi-
mum production, and all that showed a low rate of laying were culled
out, according to these results the culling would show an accuracy of
over 90 percent. Practically all of the hens of poor laying capacity,
judged by low rate of laying, would be culled out.

Conclusions. Intensity of production, or high rate of laying, in any
two months of the year is a fairly accurate measure of the hen's laying
capacity, and is a valuable check on the annual record in studying the
effect of selective breeding.

The best two-months record as a means of predicting what the
annual record will be is accurate within a certain range. Our records
show many hens with high best-two-months production, but with low
annual production. This is due to other factors and not to inherited
laying capacity. The hen may inherit high laying capacity or high
fecundity, but other factors will prevent her making a high annual
record, though in a short period or in her best two months, she may
make a high record, indicating high fecundity.

The hen may inherit high fecundity, and may make a high record
part of the year, including a high March and April record, but she con-
tracts disease that reduces her production, so that her annual record
does not represent her full inherited capacity. She may go broody or
may go into a moult, preventing her making a high annual record,
though short period production may be high. She may not inherit high
vigor and at the latter part of the year break under the strain of high
production, though her best two-months production may be high and
represent her inherited laying capacity better than her annual record.

The writer believes that this distinction between vigor and inherited
egg-laying capacity should be made in studying breeding records. It
should also be considered in selecting breeding stock for breeding ex-
periments. It may happen that in breeding from and for low producers
the progeny are high producers, because the selection was made by the
annual record instead of the short-period production. In selecting breed-
ing stock, as good progeny may be secured from a hen with a record of
150 eggs as from one of 250 eggs, if in each case they show equally
high production in the high production period.

The annual record of the hen does not indicate always her inherited
laying capacity, and therefore, does not always indicate her breeding
capacity. A hen with a poor annual record may have inherited high
capacity and may be a good breeder of high producers, and the short-
period production is the best explanation of this fact.



75

RATE OF LAYING AND CHEMICAL COMPOSITION OF THE EGG
(Preliminary Report)

In so far as ordinary food analyses are concerned, hen's eggs are
of strikingly uniform quality. It might be expected, however, that the
individual variations which have been shown to be extremely great in
number of eggs laid, would extend in some way or in some measure to
the quality of the eggs. It is known that there are some differences in
the keeping quality of the eggs and considerable differences in the hatch-
ing quality as well as in quality or vigor in the chicks hatched.

The investigations reported herewith had to do with the relation
between rate of laying, or the intensity of production, and the fat
content of the eggs. Some important preliminary work was done in
1920 by Mary Vernon Skelton as a basis for thesis work for a Master's
degreq in Home Economics, on "The Fat Content of Eggs of Good and
Poor Layers." The question, however, of whether the hens had high or
low annual record was not involved. A good layer in this case was one
with high rate of laying, as shown by her egg record for several weeks
preceding the collection of eggs for analyses, and the poor layer was
one of comparatively poor rate of laying. In point of fact all the hens
used in this experiment were of high annual record. They were all hens
that had concluded at least one year's laying and some of them several
years. A record of their production for eight weeks ending April 17,
1920, together with total number of eggs laid in their first or pullet
year is shown below. The eggs used for analysis were laid between
April 19 and May 14.

EGG RECORD OF HENS USED IN EXPERIMENT
Poor ProducersLow Rate of Laying

lien number Annual record Eight weeks record

Good ProducersHigh Rate of Laying
Hen number Annual record Eight weeks record

F 554 234 47
H 581 213 44
1 790 204 44
H258 246 45
H91 182 41
11235 45
G 512 238 38
1402 42

It will be noted that in two places the annual egg record is not
given. These hens were not trap-nested in the first year, but were from
high-producing strain and made a good second-year record. It will also
be noted that the low-rate layers were not especially poor, but made a
normal production in the eight weeks. Thegood producers made more
than normal production.

F 281 268 25
F 281 268 25
E 285 234 25
E 229 241 32
G 529 231 28
H66 203 31
I 196 256 31
I 198 248 30
H 200 242 33
E 260 249 35
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While a sufficient number of analyses have not yet been made, the
results seem to show a possible relation between rate of laying and
quality of the eggs, which in this case is the fat content. The following
shows the percentage of ether extract (Fat) to entire egg for the
three breeds.

Breed High rate or good producers Low rate or poor producers
Barred Plymouth Rocks 9.9015 13.3111
Oregons 10.4624 11.8718
Leghorns 10.6819 10.6749

Percent of ether extract to yolk:

Barred Plymouth Rocks 29.4332 33.7508
Oregons 28.5055 31.0077
Leghorns 27.9141 28.4035

The analyses show that the Plymouth Rock eggs had the highest
percentage of fat, the Oregons second, and the Leghorns third. The dif-
ference is small and probably without significance. It may be, however,
that the hen with the largest supply of body fat is best able to main-
tain the fat content of the egg through a prolonged and heavy laying
period, assuming that the fat of the eggs comes in a measure from
the reserve fat of the body of the hen.

The results, however, seem to indicate some relation between rate
of laying and the fat content of the egg. The amount of fat in the egg
appears to be a variable factor, depending to some extent upon the rate
of laying. It is another problem whether the food has any direct rela-
tion to the fat content of the egg. Final conclusions, however, cannot
be drawn until further investigations have been made.

There was no question involved in these experiments as to good
and poor layers. The hens used were all good layers, or had made
high annual records in the previous year or years, but during the experi-
ment some of them were laying slowly, or at a low rate, while others
were laying heavily, and they were divided into two groups on this basis.

BIMONTHLY PRODUCTION IN RELATION TO
ANNUAL PRODUCTION

The best layers as shown by their annual records were the best
layers throughout the year. There are individual exceptions, but by
grouping all the hens together, according to annual production, and
averaging the groups, the results are very conclusive. The notion that
poor layers lay well or as well as the good layers in the spring season,
or season of maximum production, is clearly disproved. Not only are
the poor layers poor at the beginning and end of the year, but they
are poor at the middle, or the favorable season of production.

For the purpose of this study all the hens have been put into five
groups: The first group laying 251 to 300 plus in the first laying year,
the second 201 to 250 inclusive, the third 151 to 200, the fourth 101 to
150, the fifth 1 to 100 inclusive. The production has been summarized
in bimonthly periods, beginning November and ending October. The
total production within these periods or months does not always equal
the total annual production, because the annual-production record dates
from the date of the first egg, and the first egg may be laid at different
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times, sometimes in October or September, while others may riot start
until December or January, and the end of the laying year varies accord-
ingly. The total production for the first year, as shown in the table, is
the production for the twelve months of laying, beginning with the first
egg. For this tabulation we have used the calendar year to show the
distribution of production by bimonthly periods.

TABLE LV. BIMONTHLY PRODUCTION PER HEN. BARRED
PLYMOUTH ROCHS

TABLE LVI. BIMONTHLY PRODUCTiON PER HEN. WHITE
LEGHORNS

TABLE Lvii. BIMONTHLY PRODUCTION PER HEN. OREGONS

The average bimonthly production of the Barred Plymouth Rocks is
given by groups in Table LV (see also Fig. 21). Among the 517 hens
involved there were 12 with records above 250 eggs in the year; 113
averaged 201 to 250; 193 averaged 151 to 200; 109 averaged 101 to 150;
and 90 averaged 1 to 100. The actual average production in the laying
year is shown in the last column of the table. The annual production,
however, as given is not the total of the bimonthly production in the
table because the annual production of all our hens is figured, as already
explained, from the date of the first egg to the end of the first twelve
months.

Group
No.

hens

Average per hen
Nov.
Dec.

Jan.
Feb.

March
April

May I

June
July
Aug.

Sept.
Oct.

First
year

251-300 12 22.66 41.25 53.25 48.33 44.75 43.75 269.17
201-250 113 16.62 35.99 46.91 41.71 37.05 32,49 219,15
151-200 193 7.83 28.62 42.64 37.41 31.43 22.51 176.37
101-150 109 3,24 17.64 34,39 30.41 23,67 13.06 128.2S

1-100 00 1.04 6.19 20.10 15.17 54.04 4.12 66.27

Men 517 7,97 24.31 38.16 23.25 28.31 19.99 15g.57

Group
No.1

liens

Average per hen
Nov.
Dec.

Jan.
Feb.

Mirch
April

May
June

July
Aug.

Sept.
Oct.

First
year

251-300 33 32.97 41.45 51.94 47.09 46.42 38.21 266.78
201-250 137 26.82 35.87 47.02 43.22 38.74 27.92 224.63
151-200 112 13.88 25.64 42.75 39.02 29.93 19.64 176.77
101-150 64 6.42 18.61 35.67 31.72 21.28 9.36 128.06

1-100 40 1.05 7.10 20.15 16.95 12.60 4.32 64.20

Mean 386 17.00 27.54 41.54 37.70 31.24 20.88 181.71

Group
No.

liens

Average per hen

Nov.
Dec.

Jan.
Feb.

March
April

May
June

July
Aug.

Sept.
Oct.

First
year

251-100 64 28.28 41.85 52.35 50.56 45.89 ' 41.43 269.67
201-250 118 18.37 34.06 46.77 44.46 . 41.27 32.85 224.53
151-200 29 13.81 27.14 40.05 36.25 20.74 22.29 176.47
101-150 52 6.48 20.80 27.96 '.27.26 22.11 14.42 126.52

1-100 16 2.56 16.12 20.06 12.62 12.00 6.12

-,

72.00

Mean 149 16.45 ' 30.79 41.86 39.23 1 14.93 I 27.46 197.50



The significant point in this summary is that the highest group has
the highest average in any two months in the year beginning with
November and December, and that there is a gradual decrease in
bimonthly production as the annual production decreases.

There is a greater difference between good and poor layers in
November and December than in any other two months figured on a
percentage basis. For example, the average November and December
production of highest group was 22.66 eggs a hen, while the production of
the lowest group was 1.04 eggs, an actual difference of 21.62 eggs a
hen. In March and April when all the groups lay the best there is an
actual difference in the yield between the highest and lowest group of
33.15 eggs. Figured on a percentage basis, however, the increase from
the lowest to the highest or the decrease from the highest to the lowest
is greater in November and December than in any other two months.

78

Ar.'y

Fig. 21. Average bimonthly production of Plymouth Rock puilets, showing cor-
relation between short-period production and annual poduction.

The relative values of good and poor layers are probably best
shown by proportion or in ratio of production of birds in high groups
to other groups. From Table LVIII it is seen that one hen in the highest
group laid as many eggs in November and December as 21.79 hens
in the lowest group, or 2.89 hens in the middle group. In March and
April one hen in the highest group laid as many as 2.65 hens in the
lowest group and 1.25 hens in middle group. In the last two months,
September and October, the highest group averaged as many eggs per
hen as 10.62 hens in the lowest group. Taking the annual average it
required 4.06 hens or 4 times as many in the lowest group to lay as many
eggs as 1 hen in the highest group. In the second lowest group, laying
100 to 150 eggs, it required 2.1 hens or double the number, to produce
as many eggs in a year as the average hen in the first group averaging
250 to 300 eggs.

A summary of the bimonthly production of the White Leghorns is
given in Table LVI (see also Fig. 22). In the highest group there were
33 hens that averaged 32.97 eggs a hen in November and December and
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51.94 eggs in March and April. In the lowest group, laying fewer than
100 eggs, the production was only 1.65 eggs a hen in November and
December and 20.15 eggs in March and April. At the end of the year
or in the months of September and October the highest group averaged
38.21 eggs and the lowest 4.32 eggs.
TABLE LVIII. SHOWING PROPORTION BETWEEN PRODUCTION OF

HENS IN HIGHEST GROUP AND THOSE IN EACH OTHER
GROUP. BARRED PLYMOUTH ROCKS

79

There is a gradual and consistent decline in the number of eggs
laid in different periods. This decline follows closely the decline in
annual production. The fact stands out here that the best layers in
the year are the best at any season of the year, even in March and April,
the season of maximum production. While the difference in the egg yield
in November and December and that of March and April between the
highest group and the lowest is practically the same, the percentage
difference is less in March and April than in November and December.
In either period the low group could be culled out either in November
and December or in March and April.

New. J.,, SepT
Feb .4p,.

26678

Fig. 22. Average bimonthly production of White Leghorn pullets, showing cor-
relation between short-period production and annual production.

The relative value of hens of the different groups at different periods
is better shown in Table LIX. For example, among the group of hens
that laid 251 to 300 eggs in the year, one hen laid as many eggs in
November and December as 19.98 hens in the lowest group averaged in
the same month. In other words, 33 hens in the highest group laid
1088 eggs in November and December, while 40 hens in the low group
laid only 66 eggs in the same time. So in other groups. Hen values

Product,
Leghev' -

Group
No.

hens
Nov.
Dec.

Jan.
Feb.

March
April

May
June

July
Aug.

Sept.
Oct.

First
year

251-300 12 1 1 1 1 1
201-250 113 1.36 1.15 1.14 1.16 1.20 1.35 1.21
151-200 193 2.89 1.44 1.25 1.29 1.42 1.95 1.53
101-150 109 6.78 2.34 1.55 1.59 1.89 3.35 2.10

1-100 90 21.79 6.66 2.65 3.19 3.19 10.62 4.06
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TABLE LIX. SHOWING PROPORTION BETWEEN PRODUCTION OF
HENS IN HIGHEST GROUP AND THOSE IN EACH

OTHER GROUP. WHITE LEGHORNS

decrease in bimonthly periods espcially in November and December as
their annual production decreases.

The same thing is true of the Leghorns as of the other breeds. In
this regard, there is less difference in hen values in the months of March
and April, the season of highest production, than in any other period.
In these two months one hen in the highest group equaled 2.58 hens in
the lowest group.

In the total for the year for Leghorns, one hen in the highest
group equaled 4.16 hens in the lowest group. In other words, each of
four and a fraction hens in the lowest class took up as much room and
ate about as much feed in the year as one hen did in the high group.
Knowing the production of the hens in March and April an intelligent
culling may be done.

In the case of the Oregons (Table LVII; see also Fig. 23), there
were 64 hens in the highest group; 118 in the second; 99 in the third;
52 in the fourth; and 16 in the fifth or a total of 349 hens. Sixty-four

'Jan Ma.,-rs Apj-

24 .53

/9759
/7647

/2652

7206

Fig. 23. Average bimonthly production of Oregons, showing correlation between
short-period production and annual production.

hens in the highest group averaged 28 eggs in the bimonthly period of
November and December, and 52.35 eggs in March and April. In the
lowest group sixteen hens averaged 3.56 eggs in November and Decem-
ber and 20.06 eggs in March and April, and so on.

The highest group laid in November and December 28.28; 24.72 eggs
more than the lowest group, or some seven hundred percent more. In
March and April the highest group laid 32.29 eggs more than the lowest,

I-
L

/-Alonfhly Prvduc'ion

Group
No.
hens

Nov.
Dec.

Jan. March
Feb. April

May
June

July
Aug.

Sept.
Oct.

First
year

251-300-f- 33 1 1 1 1 1 1
201-250 137 1.23 1.15 1.10 109 1.20 1.37 1.19
151-200 112 2.38 1.62 1.21 1.21 1.55 1.95 1.51
101-150 64 5.13 2.23 1.46 1.48 2.18 4.08 2.08

1-100 40 19.98 5.84 2.58 2.78 3.68 8.84 4.16

53

40

30
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or some 160 percent more. The actual difference in eggs laid was greater
in the high months than the low months, but the prcentage difference
was greater in the low months.

Computing the difference in another way, as in Table LX, one hen
in the highest group laid as many eggs in November and December as
did 7.94 hens in the lowest group, while in March and April 2.61 hens
in the lowest group laid as many as one hen in the highest. The same
thing is true in all of the groups and all the months.

TABLE LX. SHOWING PROPORTION BETWEEN PRODUCTION OF
HENS IN HIGHEST GROUP AND THOSE IN

EACH OTHER GROUP. OREGONS

In the discussion of short-period production as a measure of laying
capacity, it was shown that as the maximum best-two-months production
increased, the annual production increased. In this study we see that
as the annual production increased, the best two-months production in-
creased. While the greatest increase in productign has come in the
low months of the year, or at the beginning and end of the year, there
is also a considerable increase in production in the favorable months.

Though the production draws closer together in the spring months,
than at the beginning and end of the year, there is in these two months
a decided difference between good and poor layers. In other words,
there is a strong correlation between laying capacity, as determined by
the annual record, and March and April production.

The difference in production in November and December, however,
is not always a question of rate of laying. Where the records show that
a hen laid only 3.66 eggs as an average in November and December, it
does not mean that the production was spread over the two-months
period. It means that, while the rate of laying wasi low, the pullets did
not start as early as the high group. But in March and April when the
hens were all laying, and laying throughout the fuU two-months period,
the difference in production in the group is a difference in rate of laying.
In the first two months, there is a question of layin maturity involved
as well as rate of laying, while in March and April, the only question is
rate of laying.

Bimonthly Percentage Production. In Tables LXI, LXII, LXIII is
shown in percentage the bimonthly production of Barred Plymouth
Rocks, White Leghorns, and Oregons, arranged in groups according to
annual production. This is based on the possible hen production of an
egg a day. It will be understood that these bimonthly percentages
would vary if artificial lights were used on the flocks. The production
would be higher in the fall and early winter months with lights and
probably less in the spring months. But under natural conditions of

Group
No, Nov.

hens Dec.
Jan.
Feb.

March
April

May
June

JUly
AOg.

Sept.
Oct.

First
year

251-300 64 I 1 1 1 1 1 1 1
201-250 118 1.54 1.23 1.12 1.14 1.11 1.26 1.20
151-200 99 2.04 1.53 1,31 1.39 1.49 1.86 1.53
301-150 52 4.36 2.01 1.87 1.85 2.08 2.87 2.13

1-100 16 7.94 2.59 2.61 4.01 3.82 6.77 3.74



TABLE LXII. PERCENTAGE BIMONTHLY PRODUCTION.
WHITE LEGHORNS

TABLE LXIII. PERCENTAGE BIMONTHLY PRODUCTION. OREGONS

No. Nov.
Dec.

Jan.
Feb.

March
April
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lighting and care, the table affords a basis for estimating fairly ac-
curately the annual production of a flock. In the absence of trap-nest
records, the owner of a flock under good care may know, within a reason-
able range, from the flock record in any two months, preferably in the
spring months of best production, what the production of the flock will
be in the year. If he has a good laying strain and they do not come
up to the production shown in the table in any months he will know
that he is not giving them proper care.

TABLE LXI. PERCENTAGE BIMONTHLY PROD rJCPION. BARRED
PLYMOUTH ROCKS

May
June

July
Aug.

Sept.
Oct.

First
year

Annual
Prod.

If, for example, his flock is laying about 86 percent in March and
April it has a capacity of more than 250 eggs a hen, and if given good
care he may expect a production in the year of more than 250 eggs a
hen, though there may be no flocks of large size that would average
that number of eggs.

In the experimental flocks the March and April production of hens
laying above 250 eggs, was as follows:

March and April Annual
% eggs

If the production is 32 to 33 percent in March and April he should
expect a production of about 70 eggs a hen in the year. If the pro-
duction in July and August is about 50 percent he can be assured of a
production of about 176 eggs.

Group
No.

lIens
Nov.
Dec.

Jan.
Feb.

March
April

May
June

July
Aug.

Sept.
Oct

First Annual
year Prod.

251-300 12 37.16 69.92 87.29 7923 7217 71.72 73.74 269.17
201-250 113 27.24 61.00 76.90 68.37 59.76 5327 60.04 219.15
151-200 193 12.83 48.51 69.88 61.32 50.69 36.89 48.32 176.37
101-150 109 5.47 29.90 56.38 49.85 3818 21.40 3514 128.28

1-100 90 1.71 10.49 32.95 24.86 22.65 6.75 18.16 66.27

Group
No.
hens

Nov.
Dec.

Jan.
Feb.

March
April

May
June

July
Aug.

Sept.
Oct.

First
year

Annual
Prod..

251-300 33 54.05 70.26 85.19 77.19 74.88 62.64 73.09 266.79
201-250 137 43.96 60.79 7709 70.85 62.48 4578 61.54 22463
151-200 112 22.76 43.46 70.08 63.96 48.27 32.20 48.43 176.77
101-150 64 10.52 31.54 58.48 51.97 34.32 15.34 3509 128.06

1-100 40 2.71 12.03 33.03 2779 20.32 7.09 1759 6420

251-300 64 46.36 70.95 85.83 82.89 74.02 67.93 73.88 269.67
20 1-2 50 118 30.12 57.73 76.67 72.89 66.57 53.86 61.52 22453
151-20 0 99 22.65 46.34 65.66 59.43 49.58 36.55 48.35 176.47
10 1-15 0 52 10.62 35.27 45.84 44.70 35.67 23.64 34.613 126.52

1-10 0 16 5.84 27.33 32.89 20.69 19.35 1004 19.74 72.06

Barred Plymouth Rocks 87.29 269.17
White Leghorns 85.19 266.78
Oregons 85.83 269.67

Group hens



No.
Group hens

Mean
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The greatest uniformity in the three breeds is in March and April,
indicating that this is the best period for estimating the annual pro-
duction of the flock. A 60-percent production in March and April indi-
cates a satisfactory egg yield, while a production above 70 percent
indicates a production above 200 eggs a hen.

Percentage Deviation from the Mean. In Tables LXIV, LXV, and
LXVI, is given by groups the percentage deviation from the mean
bimonthly production. The mean production is shown in eggs per hen,
and the deviation in percentage in bimonthly periods is shown for the
TABLE LXIV. PERCENTAGE DEVIATION FROM THE MEAN. BARRED

PLYMOUTH ROCKS

Bimonthly production

Bimonthly production
No.

Bimonthly production

TABLE LXV. PERCENTAGE DEVIATION FROM MEAN. WHITE LEG-
HORNS

TABLE LXVI. PERCENTAGE DEVIATION FROM MEAN. OREGONS

different groups. In the case of the Barred Plymouth Rocks, for ex-
ample, the mean for November and December is 7.97 eggs per hen. In
the highest group the production is 184.32 percent above the mean. In
the second group it is 108.53 percent above the mean; in the third group
it is 1.76 'below the mean, while in the lowest group it is 86.95 percent
below the mean. The plus sign before the number indicates above the
mean; the minus sign indicates below the mean.

Group hens Nov.
Dec.

Jan.
Feb.

Mar.
Apr.

May
June

July
Aug.

Sept.
Oct.

First
year

Hean 17.60 27.54 41.54 37.70 31.24 20.88 181.71

151-300+ 33 +67.33 +50.51 +25.05 +24.91 +48.59 ±83.00 ±46.82
101-250.... 137 +52.39 -430.25 +13.20 +14.64 +24.01 +33.72 +23.62
t51-200.... 112 -21.14 -6.90 +2.91 +3.50 -4.19 -5.94 -2.72
tOl-150.... 64 -63.52 -32.42 -14.14 -15.86 -31.88 -55.17 -29.53

1-100.... 40 -90.63 -74.22 -51.53 -55.04 -59.67 -79.31 -64.6

Nov.
Dec.

Jan,
Feb.

Mar,
Apr.

May
June

July
Aug.

sept.
Oct.

First
year

16.45 30.79 41.86 39.23 34.93 27.46 197.58

+71.92 +35.92 +25.06 +28.88 +31.38 +50.88 +36.50
+11.68 +10.62 ±11.73 +13.33 .j-18.15 +19.63 +13.66
-16.05 -11.21 -4.33 -7.59 -11.99 -18.83 -10.67
-60.67 -32.45 -33.21 -30.51 -36.70 -47.48 -35.96
-78.36 -47.65 -69.85 -67.83 -65.64 -77.71 -63.52

Group
No.

hens Nov.
Dec.

Jan.
Feb.

Mi.
Apr.

M.iy
June

July
Aug.

Sept.
Oct.

1irst
year

Mean 7.97 24.31 38.16 33.25 28.31 19.99 158.57

251-300 12 +184.32 .46568 ±39.5 4 +45.35 +58.07 +118.86 +69.75
201-250 113 +108.53 .4.4 8.05 +2 2 .9 3 +25.44 +30.87 +62,53 +38.20
151-200 193 -1.76 +17.73 +11.74 +12.5 1 +11.0 2 +12.60 +11.23
101-150 109 -58.09 -27.44 -9.88 -8.54 -16.39 -34.67 -19.10

1-100 90 -86.95 -74.54 -47.33 -54.38 -50.41 -79.39 -58.21

251-300.... 64
201-250.... 118
151-200.... 99
101-150.... 52

1-100.... 16
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In March and April the mean is 38.16 ggs for Barred Rocks, while
in the highest group the production is 39.54 percent above the mean.
In the lowest group it is 47.33 percent below the mean. In the case of
the Oregons, the mean was 16.45 eggs a hen in November and December,
while the highest group laid 71.92 percent more than the mean, and the
lowest group 78.36 less than the mean. In March and April the mean
is 41.86 eggs a hen, while the highest group laid 25.06 percent more than
the mean and the lowest 69.85 less than the mean.

The significance of this tabulation is that while the difference in
the number of eggs laid is greate'- in March and April than in November
and December, between the highest aid lowest group the percentage
difference is less in March and April than in November and December.
There is not as wide a gap between the high and low groups in March
and April when the difference is figured in percentage above and below
the mean.

Conclusions. To summarize some of the results: When a flock
averages high in November and December, or say 20 eggs a hen, which
is the average of the three breeds for the group laying 201 to 250, we
can expect a yield of more than 200 eggs in a year. Judging from the
average of the highest group in the three breeds, a production of 27.75
eggs in November and December would indicate an annual production
of 251 to 300 plus. When they lay fewer than 4 eggs in November and
December, we may expect a yield of fewer than 100 a year. The inter-
mediate groups show corresponding results.

The hens showing the lowest production in November and December,
not only show the lowest through all the months, but when the year's
total is figured up, it required 3.74 hens in the lowest group to lay as
many in the year as one hen in the high group. In March and April
one hen in the high group was equal to 2.61 hens in the lowest group.
This indicates that culling may be fairly accurately done in March and
April as well as November and December.

WINTER PRODUCTION AND ANNUAL PRODUCTION

In the production of the first quarter of the laying year referred
to as winter production, the results show very conclusively that low pro-
duction in these months, means low production for the rest of the year.
High production in the winter months means high production for the
rest of the year. Selective culling may be profitably done on the basis
of first three months production.

The average results for the different years are given below.
Winter production Annual

Breed No. of hens to Jan. 81 Rest of year production

(Unidentified or floor eggs are riot included.)

When the hens are grouped according to annual production and
breed, it is shown that the best layers in the first quarter are the best
in the rest of the year. For example, in the table for Barred Plymouth
Rocks, the hens laying between 250 and 300 averaged 44.25 eggs a hen

Barred Plymouth Rocks 517 19.79 1387S 158.57
Leghorns 356 35.44 146.27 181.71
Oregons 349 37.02 16057 197.58
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to January 31, and 224.92 in the rest of the year. The poor group laying
from 1 to 100 averaged L17 eggs to January 31, and 63.08 in the rest
of the year.

The same results are secured with Leghorns and Oregons, as shown
in Table LXVII.

The characteristics of the good layers as shown by this tabulation,
are good fall and early winter production, with good production through-
out the rest of the year, including good production in the late summer and
early fall. In other words, by breeding the length of the laying period
is extended, both at the beginning and end of the laying year.

Fig. 24. Hens grouped according to production, showing correlation between fall
and winter production and the remainder of the year.

CORRELATION BETWEEN THE PRODUCTION OF THE
FIRST YEAR AND THAT OF THE SECOND

AND SUBSEQUENT YEARS
The problems discussed so far in this bulletin have had reference

only to the pullet year or first year's production. The conclusions drawn
are based on those records. It is of practical importance to know
whether high fecundity is inherited in the second and subsequent years.
A profitable hen must be profitable for more than one year. If a hen
produces well in her first year, will she produce well in subsequent years,
or is it true that the more she lays in her first year, the fewer she will
lay in subsequent years? Again, it is highly important for profitable
egg production, that the production period of the hen, or the profitable
laying life of the hen, be increased.

It was the practice each year in our experiments to retain the best
layers in the first year for the second year, and the best of these again
for the third and subsequent years. A few of the best layers have
reached nine years of age with continuous trap-nest records. Some
poor layers in the first year were also retained in second and subsequent
years.

The trap-nest record begins when the hen first begins to lay, and the
first year dates from that time. The second year begins at the end of
the first twelve months of laying, and so on for subsequent years.
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HinNe Iyr 2?yr

A27 240 222
A60 77 231-
ASI 209 69
AGI 657 7
A47 60.5 68A24 97 44
.A43 73 63
A64 157 75
A62 170 65
A66 201 33
ASS 60 68
A58 165 6+
A63 30 64
A30 168 54
A45 215 05
A38 76 03
A74 66 40
A42 42 60
A70 90 06
A32 39 51-
AOl 60 36
A68 39 48
AZ5 31- 49
A71 61 20
A3$ 5' 27
AlSO 76 98
A51- 52 II
A29 61 00
ASO 0 48
AGO 00 lbS
A48 38111
A67 58 90
A41 23 IS
A72 08 28
A26 68 163A68 68 57
A73 37 81-
AGO 51- 56
AjO 6 91
A59 86 98
A56 98 61
A53 SI 66
A4+ 28 31

Inn 200 400 0

Fig. 25. Graph representing two years' trap-nest records of a pen of forty-three Leghorns and first crosses (White Leghorns and
Barred Plymouth Rocks) grouped according to two years' egg production, The first and second y,ar's production is given at the
left of the chart and the total at the end of the lines on the right. This graph shows that the best layers in the first year, repre-
sented by the blank lines, are on the average the best in two years.
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The results show clearly: (1) The first year is on the average the
most productive or profitable year in the life of the hen. (2) The best
layers in the first year are, on the average, the best in the second and
subsequent years. In other words, there is a clear correlation between
the production of the first year and the second and subsequent years.
(3) The decrease in production from the first to the second and sub-
sequent years is greater in the case of high producers than low first-
year producers. But the second year's production of good producers is
better than that of the poor producers. (4) The very poorest producers
in the first year, on the average, lay better in the second year than the
first year.

Averaging all the hens with two-year complete records for the
different years the production is as follows:

Percent

Breed No. of hens 1st Yr. 2d Yr. Decrease decrease

This shows a considerable decrease from first to second year in all
three breeds. It is understood that the hens represented in the above
tabulation are of good laying strains, but there was a wide range in
production of individual hens. As shown in other tables, this variation
has extended from less than one hundred eggs to three hundred eggs
a hen.

Computations have also been made for hens with three-year records.
Their averages are as follows:

Decrease Percent
Breed No. of hens 1st Yr. 2c1 Yr. 3d Yr. lst.-3d decrease

Barred Plymouth 124.20 101.69 45.02Rocks 35 225.89 158.20

It is seen that the decrease continues from the second to the third
year, though it is not quite as much in the third year as in the second.
In the case of the Barred Plymouth Rocks, there is a decrease of over
100 eggs, or 45.02 percent, from first to the third year. The decrease for
the Leghorns and Oregons is 70.34 and 72.05 eggs a hen. It will be
remembered that the hens represented here are all heavy producers in
the first year.

The Barred Plymouth Rocks decreased more rapidly in the second
year and third year than the Leghorns and Oregons. The Leghorns and
Oregons showed about the same decrease. Whether this is a breed or
a strain difference is not clear, but it would appear from these experi-
ments that the heavier breeds do not maintain profitable production for
as many years as the lighter breeds.

To learn whether good layers and poor layers show the same per-
centage decrease each year, all the hens with two-year and three-year
records have been grouped according to production in the first year.

The grouping of the Barred Plymouth Rocks (Table LXVIII) for the
first and second years' production shows that the hens that laid 250 to
300-plus eggs in the year, averaging 266.43, averaged in the second year
164.28 eggs, a decrease of 102.15 eggs, or a percentage decrease of 38.34.

Leghorns 96 227.58 174.59 157.24 70.34 10.91
Oregons 74 231.01 189.78 158.96 72.05 31.19

Barred Plymouth Rocks 157 178.77 128.70 50.07 28.01
Leghorns 185 209.16 163.65 45.51 21.76
Oregons 219 200.49 161.95 38.54 19.22
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Fig. 26. Average production per hen of Barred Plymouth Rocks, White -Leghorn,,
and Oregons, showing correlation between first and second years' production of the
same hens, and first, second, and third years' production of the same hens.

While the decrease is greatest in the highest group the second year's
production is highest in the highest group. In the lowest group laying
one hundred eggs or less, and averaging 72.21 eggs, the average for the
second year was 77.78, or an increase of 5.57 eggs a hen, or a percentage
increase of 7.71.

TABLE LXVII. SUMMARY
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5Unidentifled or floor" eggs not counted.

The same law of diminishing returns holds true with Leghorns and
Oregons, that the higher the first year's production the greater the de-
crease in the second, but the second year's record of the highest group
is better than the second year's record of the lower groups. If, there-

Groups No. of
hens

Average production per hen5
Through
January

Rest Annual
of year

Barred Plymouth Rocks
251 to 300+ 12 44.25 224.92 269.17
201 to 250 113 35.96 183.19 219.15
151 to 200 193 21.63 154.74 176.37
101 to 150 109 10.78 117.49 128.28

1 to 100 90 3.17 63.08 66.26

Average 19.79 138.78 158.57

White Leqhorszs
251 to 300+ 33 60.24 206.55 266.79
201 to 250 137 52.53 172.11 224.84
151 to 200 112 30.46 146.31 176.77
101 to 150 64 14.45 113.60 128.06

1 to 100 40 3.98 60.23 64.20

Average 35.44 146.27
1

181.71

Ore yons
251 to 300+ 64 55.50 214.17 269.67
201 to 250 118 41.67 182.86 224 .5 3
151. to 200 99 33.79 142.69 176.47
101 to 150 52 17.75 108.77 126.52

1 to 100 16 11.37 60.69 72.06

Average 37.02 160.57 I 197.58



TABLE LXIX. RATE OF DECREASE IN PRODUCTION-2 YEARS
SUMMARY. WHITE LEGHORNS

TABLE LXX. RATE OF DECREASE IN PRODUCTION-2 YEARS
SUMMARY. OREGONS

89

fore, high fecundity is inherited in the first year, it is inherited in the
second. In Tables LXXI, LXXII, and LXXIII, showing first, second, and
third years' records of hens completing three years, it will be noted that
there is a decrease in all groups from the second year to the third, with
one exception, that of the lowest group of Oregons. As it happened that
there was only one hen in that "group," no significance can be attached
to this case.

TABLE LXVIII. RATE OF DECREASE IN PRODUCTION-2 YEARS
SUMMARY. BARRED PLYMOUTH ROCKS

It will also be noted that the decrease among the different groups
from the second year to the third year is not as consistent as from the
first to the second. This would be expected from the relatively small
number of hens with complete three-year record. From the average of
the three breeds, however, the decrease is greatest from second to third
year among the higher group of layers, but the decrease in the third
year is much less than in the second year.

The grouping given in these tables includes hens of different yards
i9i the different years with records for two and three years. The record
shows the same general decrease in different yards of different years.
The production of the first year's stock, 1908-09, does not show much
decrease in the second year, but this agrees with the result of all the
years, that the low-first-year hens do not show as much decrease as the

Groups
No.

hens
Average
1st year

Average
2d year Decrease

Percent
decrease

251 to 300+ 7 26643 164.28 102.15 38.34
201 to 250 69 221.36 144.07 77.29 3492
151 to 200 36 180.11 134.05 46.06 25.58
101 to 150 22 126.54 109.09 17.45 13.79

1 to 100 23 72.21 77.78 -557 -7.71

Average 157 178.77 128.70 50.07 28.01

Groups
No.

hens
Average
ist year

Average
2d year Decrease

Percent
decrease

251 to 300 27 266.81 169.00 97.81 36.66
201 to 250 96 227.57 169.54 58.03 25.94
151 to 200 89 180.25 165.46 14.79 8.20
101 to i50 19 127.31 136.84 -9.53 -7.49

ito 100 4 94.00 97.25 -3.25 -3.46

Average 185 209.16 163.68 45.48 21.74

Groups hens 1st year
abc

2d year Decrease decrease
251 to 300± 51 268.27 188.45 79.82 29.76
201 to 250 73 223.93 179.01 44.92 20.06
151 to 200 49 173.89 146.59 2730 15.69
101 to 150 37 125.02 126.46 -1.44 -1.15

1 to 100 9 81.33 102.88 -21.55 -27.12

Average 219 200.49 161.95 38.54 19.22



TABLE LXXI. SUMMARY OF RATE OF DECREASE IN PRODUCTION. BARRED PLYMOUTH ROCKS
Percent

Decrease / decrease
from 1st from 1st

year year

TABLE LXXII. SUMMARY OF RATE OF DECREASE IN PRODUCTION. WHITE LEGHORNS

Average
1st year

Average Decrease
2d year from 1st

year

Percent
decrease
from 1st

year

Average Decrease
3d year from 1st

year

Average
3d year

Decrease
from 1st

year

Percent
decrease
from 1st

year

Percent
decrease
from 1st

year

TABLE LXXIII. SUMMARY OF RATE OF DECREASE IN PRODUCTION. OREGONS

Decrease
from 3d

year

Decrease
from 2d

year

Percent
decrease
from 2d

year

Percent
decrease
from 2d

year

Percent Percent Percent
No. Average Average Decrease decrease Average Decrease decrease Decrease decrease

Group hens 1st year 3d year from 1st from 1st 3d year from 1st from 1st from 2d from 2d
year year year year year year

251 to 300+ 31 270.68 196.48 74.20 27.41 170.77 99.91 36.91 25.71 13.08
201 to 250 28 231.36 198.32 33.04 14.28 153.57 77.79 32.76 44.75 22.56
151 to 200 S 175.38 184.75 -9.37 -5.07 165.13 10.25 5.84 19.62 10.62
101 to 150 6 132.50 147.50 -15.00 -11.32 132.16 00.34 00.26 15.34 10.40

1 to 100 1 28.00 37.00 -9.00 -24.32 55.00 -27.00 -49.09 -18.00 -32.73

Average 74 231.01 189.78 41.23 17.85 158.96 72.05 31.19 30.62 16.13

251 to 300+ 19 266.32 171.79 94.53 35.50 148.74 117.58 44.15 54.21 31.56
201 to 250
151 to 200

60
15

229.27
185.80

175.12
181.40

54.15 23.62
4.40 00.24

161.33
155.60

67.94
30.20

29.63 13.79
1.63 25.80

7.87
14.19

101 to 150 2 122.50 134.50 -12.00 --8.92 127.50 -5.00 -3.92 7.00 5.20

Average 96 227.58 174.59 52.99 23.28 157.24 70.34 30.91 17.35 9.94

251 to 300+ 6 269.00
201 to 250 .. 25 223.20

182.67
153.20

86.33
70.00

32.09
31.36

157.00
119.92

112.00
103.28

41.64
46.27

25.67
33.28

14.05
21.72

151 to 200 4 178.00 151.50 26.50 14.89 141.50 36.50 20.51 10.00 6.61

Average 35 225.89 158.20 67.69 29.97 124.20 101.69 45.02 34.00 21.49

No. Average Average
Group hens 1st year 2d year

No.
Group hens
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nigh hens, and the very lowest show an increase in the second year over
the first. Out of 92 Barred Plymouth Rocks, in the first year averaging
86.14 eggs, 59 of the best were kept over into the second year. The
average of the 59 in their first year was 89.50; in the second year the
average was 78.61.

Of the 50 Leghorns averaging 106.88 in the first year, 28 of the
best averaging 120.89 in the first year averaged in the second year 97.46.

This low second-year production of the two breeds in connection with
their first-year production is additional proof that the foundation stock
in these experiments was of low fecundity.

Of 561 hens with complete records for two years, there were 104 that
laid more eggs the second year than the first. In the first year, these
averaged 135.2 eggs, and in the second year 157.25 eggs. In the case of
35 of these hens, the records show that they started laying early and
moulted in the fall and winter. This would account for a lower first-year
record than the second. Of 25 others, the record shows that they started
to lay late, most of them being late hatched. The fact that the 104 hens
laid more in the second year than the first, therefore, may be explained
in part at least by the fact that in a large number of cases environmental
conditions were -not favorable for high first-year production.

Limit of Production or Laying Longevity. The statement has been
made by numerous authors that 600 eggs was the limit of production of
a hen in a lifetime. This theory seems to have originated with a writer
named Geyelin who said, "It has been ascertained that the ovarium of
a fowl is composed of 600 ovula or eggs. Therefore, a hen during the
whole of her lifetime cannot possibly lay more eggs than 600." This
statement has been disproved by trap-nest records at this Station. Many
of the station hens have laid more than 600 eggs, and a number have
laid more than double 600.

Table No. LXXIV gives a list of twenty hens bred at this Station
that have laid, up to the end of 1920, more than 1000 eggs. This table
gives the hen number, her date hatched, and the egg record for each
year. It also gives her pedigree or ancestry so far as known. It will
be noted that practically all of them have high-record ancestors. It will
also be rioted that these hens are either direct descendants of or were
closely related to 1000-egg hens. Hen C521 (Lady MacDuff) is the dam
of four of these 1000-egg hens and the sire's dam of another. Lady
MacDuff herself did not quite reach 1000 eggs before death, but a full
sister (C547) has a record up to the end of her eighth year of 1300 eggs,
which is the highest record so far secured. This hen in her ninth year
is still laying well. * White Leghorn hen A27, record 1188 eggs in eight
years, is the dam of two other 1000-eg hens and the sire'S dam of five
other 1000-egg hens. In fact, all the Leghorn 1000-egg hens are related
to A27, and some of the Oregon hens of 1000-egg records carry some of
her blood in the early generations.

A study of this table would indicate that the characteristic of long
laying is inherited. The practical significance of the record will be ap-
parent from the average production of the twenty hens. In the first
year, the average was 235.75. There is a gradual decrease each year for
five years, the average for the fifth year being 163.2. That means five

*Since this text was written 0547 died (June ii, 1921). The complete record for
her entire life was 1335 eggs.



TABLE LXX1V. HENS LAYING ONE THOUSAND EGGS OR MORE

Production by years

Pedigree

: 7
E E

S*

E

0
Z '0 r a

7
a-

1 2 3 4 5 6 7 8 9 10
( rr 12'7 O7

A27 . lIT. L. 2- 4-10 240 222 202 155 168 139 61 1+ .. 1188
AGO .. Ore. 2-19-10 177 234 226 179 142 115 62 24+ ........ 1159

A27
E183N IN. L. 8-21-11 139 197 200 181 179 119 81+ ............ 1096 *240

250
B14 .. Ore. 3-19-11 215 206 208 198 189 148 81 31 2+ 1278 200 ................. ....

202
B42 .. Ore, 2- 5-11 228 250 184 171 135 505 119 35 54 1+ 1282 Yd 8

547 . Ore. 4-29-12 250 225 214 192 156 103 76 79 1300 A 66 ........... 0 34
201 229

1313 250 A27
D328 . Ore. 3-20-13 215 214 210 183 145 94+ ............ 1061 206 200 ............ 240

226 202
138 250 A27

D351 . Ore. 3- 7-13 247 210 192 149 141 84 ............ 1023 216 200 ............ 240
202

1312034 A27
521 .. IV. L. 3-15-14 259 249 172 215 193 127+ ............ 1215 251 229 ........ 240

0399 B9 034 A27 034
I

537 .. W. L. 5-18-14 217 232 134 129 200 112 ............ 1024 114+ 180 229 240 229 ....
13 203

1312 034 A27
510 .. W'. L. 5-27-14 245 218 172 191 153 61+ ............ 1040 251 229 ............ 240

B 42 C543 250 A27 250Ellis . Ore. 4- 3-14 301 190 205 172 151 1+ ............ 1020 228 ............ 291 200 240 .... 200
250 202 202
C521 A 66 034 B 42 A27 034

2215 .. Ore. 5-11-14 293 194 191 187 172 132 ............ 1159 303 201 229 .... 228 240 229
230

0921 A 66 034 B 42 A27 0345218 . Ore. 5-21-14 258 214 177 179 1874 1015 303 201 .... 229 .... 228 240 229
250

5260 . IV. L. S-27-14 249 183 193 149 165 112 ............ 1053 A 27 ............ 0 34
240 229



In the pedigree the figures under the hen numbers represent the first-year egg production. In some cases the second year is also given.

E285 Ore. 3- 5-14 234 173 191

I

181 122 130 ................ 1031
C521
303

C521

A 66
201

A 6f

,...
034
229

034

....
B 42

250
B 42

228
A27

240

A27

034
229

034
10291 . Ore. 3-16-14 224 228 181 -151 135 97 ................ 1016 303 201 ... 229 .... 228 210 229

I 250
315 . W. L. 7-14-14 228 186 178 148 147 135 ................ 1022 C516 A 45 .... 034 .... A 27

267 215 229 240
C521 A 66 B42 A27 034

g284 . Ore. 1- 6-15 235 210 227 192 213 1077 Yd. ............ 303 201 228 240 229
M 250

11621 . W. L. 3- 2-15 271 223 203 177 171 1045 Yd. ............ 1)718 C515 ........ A27 A23
0 254 241 240 240

4.verage 235.75 212.9 193.1 173.95 163.2 107 80 34 28
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years of profitable production. The record of the sixth year, 107 eggs,
is considerably above the average production of the hens of the United
States. If the flocks of the country can be bred up so that their profit-
able period of production will be extended from about two years to four
or five years, it would mean a great saving in the cost of production.
The cost of reproducing the flock, including incubation and rearing, every
two years is very great. By breeding from the best layers, the poultry
breeder is taking a certain method of reducing the cost of production by
lengthening the profitable life of the hen.



SUMMARY
Individual variation in egg production is very great, ranging in

our experiments from 0 to more than 300 eggs in a year.
This variation does not appear to be a breed characteristic.
The highest individual record among the Barred Plymouth Rocks

was 308 and the lowest 3 eggs. The highest White Leghorn record was
302 and the lowest 1 egg. The highest among the Oregons was 309 and
the lowest 14 eggs.

There was apparently no decrease in variation when the flock
production was increased by breeding. The range between the high and
the low remains about the same.

The highest egg record in the original or foundation stock was
218 eggs. This has been increased to 308 as the maximum in the pedi-
greed, high-producing stock.

In a supplementary experiment in a flock of the Station's strain
of Oregons, kept at the Oregon State Hospital, Salem, a high record of
330 eggs was secured with a total of 17 hens laying 300 eggs or more.

The pullet progeny of high-record, pedigreed stock, showed a
large increase in production over the unselected, low-producing founda-
tion stock.

Regardless of any question of prepotency, the selection of breed-
ing stock on the basis of high production record is a certain method of
increasing production.

Some individuals, however, showed greater power of trans-
mitting high fecundity than others of the same breeding.

Good layers were not always produced by good layers, nor were
poor layers always produced by poor layers.

More rapid progress will be made by the breeder if he can test
the breeding quality of his stock, and use for breeding those hens and
males whose progeny has shown high production.

In a few exceptional cases, the production of the pullet progeny
was hjgher than that of the dam and sire's dam.

The average production of the pullets was less than the average
of the parents where the parents were selected among the highest pro-
ducers, but there were individual cases where the pullet records were
higher than the parents' records.

Breeding from the highest producers decreased the number of
poor producers, but it did not decrease variability nor obviate the ne-
cessity for continuing selection of breeding stock.

Breeding from the highest producers showed a progressive in-
crease in the maximum individual production, showing that the oppor-
tunity for selection was as great at the end as at the beginning of the
experiment.

Under favorable environmental conditions, the annual record of
the hen is undoubtedly the best measure of a hen's laying capacity.
Where the environmental conditions are not favorable, the short-period
production, monthly or bimonthly, preferably in the season of maximum
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production, gives a more certain indication of inherited egg-laying ca-
pacity than the annual record.

There was a close relation between rate of laying, or intensity
of production, and annual production. Rate of laying is within certain
limits an accurate measure of egg-laying capacity.

Good laying capacity was indicated (1) by heavy production at
the beginning of the laying year or in the fall and early winter, (2) by
heavy production or high rate of laying in any one or two months of
the year, (3) by heavy production at the end of the laying year. By
trap-nesting for two months at the beginning of the year, or in the
spring months or in the late summer and fall, the records obtained will
constitute a fairly accurate basis for culling.

The best two-months production is a fairly accurate basis on
which to select hens of best laying capacity.

There was a close correlation between March and April produc-
tion and annual pzoduction.

In the Station's experimental flocks there was a greater differ-
ence in the number of eggs laid, between the best and poorest layers in
March and April than in November and December, but the percentage
deviation from the mean was greater in November and December than
in March and April, the months of lowest and highest production.

Variations in vigor and environmental conditions are the dis-
turbing factors in the study of trap-nest records.

With good vigor, a hen's production may extend over a longer
period than may that of a hen of the same laying capacity but without
the vigor.

Late laying in the summer and fall did not always indicate a
good layer. A hen with low rate of laying and good vigor may lay late
in the summer and fall.

Our records show on the average a higher production in the
pullet year, or first laying year, than in the second or subsequent years.
There was a rather consistent decrease each year. The greatest de-
crease was in the production of hens with highest first-year records.
Where the production was very low in the first year, there was & the
average an increased production in the second year.

The best layers in the first year, on the average, though showing
the greatest decrease in the second and third years, show better records
in the second and third years than poorer layers.

There appears to be a correlation between rate of laying and
the fat content of eggs.


