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Five lines of turkeys with wide variation in body size, recipro-

cal crosses between large and small lines, and backcrosses to the

large parent line were studied to determine the effect of body size

and crossbreeding on growth rate, conformation, feed consumption,

organ size, and other physiological traits.

Selection was made on the basis of body size only. The largest

turkeys were selected in the large lines and the smallest turkeys were

selected in the small lines. Decreases in fertility were observed in

the large lines but not in the small lines of turkeys during the three

year study. Hatchability decreased in all lines. Crossing produced

no heteros is in fertility or hatchability.

Inheritance of 20 week shank length was quantitative. Wide

variations were found in 20 week body weights. Differences in the



slope of the regression line is a measurement of the rate of gain in

body weight compared to the rate of gain in shank length. The larger

lines had steeper slopes from four to eight weeks of age. Weight

gain in proportion to shank length growth was greater in the large line

than in the small line from four to eight weeks of age. The smaller

lines had steeper slopes after 12 weeks of age. Body weight gain in

proportion to shank length growth during this period in the small lines

was higher because of the greatly reduced rate of growth in shank

length.

Adrenal, gonad, heart, pituitary, and liver weights were sig-

nificantly affected by age, sex, and line of the turkeys. However, no

differences were found between slopes of the regression lines of log

organ weight on log body weight. Thyroid weight was significantly

affected by age but not by sex or line. The slope of the regression of

log thyroid weight on log body weight was significantly steeper in the

next to smallest than it was in the females in the next to largest line.

With one exception, a negative correlation was found between

hematocrit value and body weight. Hematocrit values of young males

and females in the largest line were significantly lower than the

hematocrit values of the other lines. The hematocrit values of adult

females in the smallest line were lower than normal for the size of

the turkeys. It is possible that this line has a lower than normal

metabolic rate. However, no significant differences were found in

rectal temperature between lines.



Feed consumption of adult females was in proportion to body

size and egg production. Feed conversion of young turkeys in the

smallest line was significantly higher than the other lines. The feed in

efficiency of these turkeys was not transmitted to the backcross line.

Differences in muscle cell size were found between the largest

and the smallest lines of turkeys. However, differences in muscle

cell size did not account for all the differences in body weight between

or within lines.

In proportion to other long bones in the skeleton, the tarso-

metatarsus of the hen in the smallest line was short. This may be

related to a lethal mutation which was found in high frequency in that

line. The mutant has a parrot beak and short, thick appendages. The

data indicate that it is caused by a single autosomal recessive gene.

Because of the phenotypic similarity between this mutant and micro-

melia mutants in chickens and quail mi, the mutant gene was simi-

larly designated mi for micromelia.
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GENETIC AND PHYSIOLOGICAL PARAMETERS RELATED TO
BODY SIZE IN FIVE STRAINS AND CROSSES OF THE

DOMESTIC TURKEY, MELEAGRIS GALLAPAVO

I. INTRODUCTION

The agricultural potential of the domestic turkey Meleagris

gallapavo was largely unrecognized until 30 to 40 years ago. Turkey

production in the United States during the period from 1934 to 1974

increased from approximately 20, 000, 000 to over 130, 000, 000

annually. At the same time per capita consumption increased from

about two to over nine pounds. This remarkable agricultural accom-

plishrnent, brought about by increased productivity and economy, has

added a new segment to the poultry industry.

Major factors contributing to the improvements in turkey produc-

tion include advances due to breeding and selection, nutrition,

management, disease control, as well as those associated with

marketing. Possibly the factor of greatest significance came as a

result of selection for improved meat production qualities by West

Coast turkey breeders during the 1930's. The trend set by them

turned away from selection based on plumage color standards to that

of meat production. Introduction at the 1939 World's Poultry Congress

by Oregon and Washington breeding flock owners of Broad Breasted

Bronze and improved White Holland varieties brought a new standard

to selection and signaled the start of today's modern turkey industry,
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worth nearly one billion dollars in gross income to producers. Max

Lyons, one of the Oregon turkey breeding pioneers (Lyons, 1943)

noted "since turkeys are primarily a meat or food product, is it not a

logical conclusion that meat type or body conformation should be the

primary objective in any breeding program?"

Selection of turkeys during the following years has been pri-

marily for improved conformation and increased body size. The long-

legged, deep-bodied, V-shaped narrow-breasted bird was remodeled

into a short-legged, shallow-bodied, broad-breasted bird. The pounds

of feed required to produce a pound of turkey were reduced from 5. 5 to

3.5 pounds. Little selection effort has been successfully applied to

increase egg production and other reproductive traits. A long-term

selection study demonstrating increased egg production was reported

by Knox and Marsden (1954). However, emphasis was placed on small

body size and this may be significant in accounting for part of the

improvement obtained. Large size and reproductive fitness are nega-

tively correlated in turkeys (Kondra and Shoffner, 1954; McCartney

and Chamberlin, 1961). Norsdkog and Briggs (1968) have observed

lowering body weight of chickens by 0. 1 kg from the overall mean of

1. 5 kg is expected to increase hen-housed egg production by 12 eggs

and decrease age at sexual maturity by four days. Selection for large

body size in turkeys has reduced the ability of turkeys to mate

naturally. This is not, however, a serious problem at present due to
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successful development of artificial insemination techniques (Burrows

and Quinn, 1939).

Since large body size and reproductive fitness traits are

apparently not compatible, other alternatives are needed in attempts

to improve the basic needs for efficiency in turkey production. One

solution to this problem is to breed for general combining ability. A

cross between large body size males and small body size females with

high reproductive capability should be beneficial if the cross produces

desirable offspring. Production of male and female lines which have

good combining ability requires an understanding of the inheritance of

growth and pleiotropic effects associated with differences in growth

rate.

The object of this study was to compare growth rates, feed

efficiency, body conformation, organ size and other physiological

measurements in turkey lines with wide variation in size and the

crosses of some of these lines. The interstrain variability of organ

weight and the dependency of organ weight on body weight was studied

in order to establish norms to facilitate proper interpretation of the

results of future experiments.

Particular attention was given to a small line of "midget"

turkeys originating with a mutant in a strain of Broad Breasted Bronze

developed by David Cooper, Parkdale, Oregon. This strain is short

in stature with extra width of breast potentially containing unique
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characteristics. In addition this study was undertaken to develop

information relating to sources of variation affecting growth inter-

relationships to other traits so that application might be made to

increase effectiveness of selection in turkeys.

Terminology

The following terms used in this study are defined to clarify

their specific meanings.

Backcross - Mating of a crossbred with one of its parents or

with an individual of a parental type.

Crossbred Generally refers to an individual whose parents are

of two different breeds. In this paper it will refer to individuals

whose parents are of two different lines.

Heritability (h2) - The degree to which variation in successive

generations is predictable in terms of genetic control.

Inbreeding - Breeding together of individuals more closely

related than the average of the population concerned.

Overdominance - A case in which the heterozygous combination of

allels is superior to either of the two homozygotes.

Pure line - This term will refer to individuals whose parents

and grandparents are all from the same line.

Quantitative Inheritance - A case in which a trait is not

affected by the action of one or two major genes, but depends upon
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the action and interaction of several genes.

Response to Selection (R) - The difference between mean pheno-

type of the offspring and the whole of the parental generation before

selection.

Selection Differential (5) - The average superiority of the

selected parents compared to the whole of the parental generation.
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II. REVIEW OF LITERATURE

Body Size and Reproduction

Heritability of body weight in turkeys has been estimated by

several workers (El-Ibiary and Jull, 1948; Abplanalp and Kosin,

1952; Bumgardner and Shaffner, 1954; Goodman et al. , 1954;

McCartney, 1955; Cook et al. , 1962; Nestor et al. , 1967; Krueger

et al., 1972). These estimates were, in general, high (greater than

0.30) even though most of the estimates were made using selected

populations. Nestor et al. (1967) estimated the heritability of body

weight at 8, 16, and 24 weeks of age based on full sib analysis.

Estimates averaged 0. 57, 0. 57, 0. 40 respectively at the three ages

for the randombred control line and 0. 31, 0. 36, 0. 28 for a line

selected for increased egg production.

Heritability of egg production has also been estimated by several

workers (Wilson and Johnson, 1946; Shaklee et al. , 1952; Blow and

Glazener, 1954; Kondra and Shoffner, 1955; McCartney, 1955; Blow et

al. , 1958; Clayton, 1962; Cook et al. , 1962; McCartney, 1962; McCart-

ney et al. , 1968; Nestor, 1972). These estimates were widely variable

ranging from -0. 51 to 1. 51. McCartney et al. (1968) obtained a

heritability of 0.61 from a randomized population of turkeys. After

continued selection for egg production in this line for seven additional

generations the realized heritability for egg production dropped to
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0. 33 and the body weight at 16 and 24 weeks of age decreased at

sexual maturity (Nestor, 1971a). Correlation estimates between egg

production and body weight range from -0.04 (McCartney et al.,

1968) to -0. 31 (Wyatt, 1953).

Percent fertility may also be adversely affected by increases in

body weight. Rooney (1957) reported that small hens had 11 to 16

percent higher fertility than large hens. Selection for increased 8 and

24 body weight (Ogasawara et al. , 1963) resulted in a greater seasonal

decline in fertility but did not result in decreased egg production.

Percent hatchability was not affected by body weight (Rooney, 1957;

Ogasawara, 1963).

Feed Efficiency

Feed consumption per pound of gain has an inverse relationship

with size in turkeys according to Goodearl (1947) and Headly (1948).

Feed conversion estimates to 26 weeks of age for Broad Breasted

Bronze (BBB) and Beltsville Small White (BSW) favored the BBB

turkeys by -0. 49 pounds of feed per pound gain (William et al. , 1949)

to -0.04 pounds per pound of gain (Darrow and Morgan, 1944). A high

negative correlation of -0. 72 between final body weight and feed con-

version from two to six months of age was reported for Large White

turkeys (Shook et al. , 1966). This figure is very close to the correla-

tion of -0, 70 between gain and feed conversion from four to ten weeks
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of age in chickens (Fox and Bohren, 1954). However, feed efficiency

is related to other factors in addition to body weight). Shook et al.

(1966) found some variation in feed conversion of toms having similar

body weight at six months of age. Increases in efficiency in broiler

chickens may be made without a change in body weight (Guill and

Washburn, 1974). Selection for feed efficiency in chickens produced a

bird that gained somewhat slower than birds selected for rate of gain

(Wilson, 1969; Guill and Washburn, 1974).

Inheritance of Body Size

In view of negative correlations between body size and repro-

ductive fitness, Kondra and Shoffner (1954) and McCartney and

Chamberlin (1961) concluded that the use of a small female parent

and a large male parent would be desirable for efficient reproduction

in turkeys. Asmundson (1945, 1948) reported overdominance in 24

week body weight in F1 crosses between a small, narrow-breasted,

inbred strain and a medium BBB strain of turkeys. Single strain

crosses exceeded the average 24 week weights of pure strain parents

by 399 grams (males) and 213 grams (females) and offspring from

three strain crosses exceeded their parents' 24 week average by 935

grams (males) and 427 grams (females). Jerome et al. (1960)

reported specific combining ability in some strains of turkeys. Little

heterosis for growth was found in crosses of Bronze, Bourbon Red,
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BBB, and BSW (Clark, 1961). However, the crosses did exceed the

average weight of the parent lines in all years. Knox and Marsden

(1944), McCartney et al. (1961), and Nestor (1971b) reported no

heterosis in body weight or conformation of crossbred turkeys.

Maternal Effects

Buss and Hawes (1962) reported a "maternal effect" on body

weight in turkeys. The offspring of reciprocal crosses between

Bronze, Black, Black-winged Bronze, and Gray turkeys were weighed

at 24 weeks of age. In each case, heavier weights were obtained when

the female parent was of the Bronze variety. A 2. 058 gram increase

in egg weight for each 454 gram increase in hen weight and an average

increase of 4. 16 grams in poult weight for each 7. 84 gram increase in

egg weight was reported by Payne et al. (1957). However, with one

exception, no correlation was found between poult weight and 28

week body weight. Scott and Phillips (1939) and Khan et al. (1973)

observed no significant correlation between egg weight and body

weights over eight weeks of age in chickens.

Muscle Cell Size

The size of an individual is a function of its cell size and cell

number. In mammals, differentiation of skeletal muscle is generally

completed by two-thirds gestation. Post-natal growth of muscle in
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mammals may be attributed to an increase in size of cells existing at

birth (McCallum, 1898; Mc Meekan, 1940-41; Eliot et al. , 1943;

Meara, 1947). As in mammals, increase in cell number in skeletal

muscle of chickens occurs before hatching and increase in muscle

cell size occurs primarily during the post hatching period (Smith,

1963). Since large-bodied chickens have larger muscle cells than

small-bodied chickens, cell size is considered to account for variation

in size (Blunn and Gregory, 1935; Mehner, 1938; Joubert, 1956;

Smith, 1963).

Only white (fast-contracting, high-ATPase activity)fibers were

found in the pectoralis major of turkeys. Fiber size tended to

increase from 16 to 22 weeks of age but no significant differences in

fiber size were found between male and female turkeys (Varadarajulu

and Cunningham, 1971).

Bone Growth

Growth rate, although generally calculated from body weight,

is a distinct trait (Roberts, 1963). Differences in shape of homeo-

morphic organisms may be due to different relative growth rates of

the parts, or to the same set of relative growth rates operating over

a different range of growth in size, or to differences in shape existing

at earlier ontogenic stages (D'Arcy Thompson, 1945). The allometry

formula y = bxk (y = size of part, x = size of whole, k = regression
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of y on x, b = the intercept of the regression line) presented by

Huxley (1924) allows us to ignore the time relations of growth by

relating sizes of different parts of the body to total size rather than

absolute age. Logarithmic transformations make the variances of the

measurements more nearly independent of size and age. The slope of

the plot (log y = log b k log x) at any point shows immediately

whether and in what sense shape is changing and is equal to the ratio

of the logarithmic growth rates of the two measurements (Cock, 1966).

Outhouse and Mendel (1933) reported appendicular bones were

longer in slower growing rats than relatively faster growing rats.

Later allometric analysis demonstrated that this difference was due to

a difference in proportions existing at the time the first measurements

were made rather than to a difference in growth rates during the

experimental period. The allometric equation has proved to be well

suited for use in comparisons between body weight and shank length

because of the high correlation between the two traits (Johnson and

Asmundson, 1957). Lerner (1938) and Cock (1963) used the allometric

equation to describe the average trends in growth patterns of chickens.

Similar k values have been obtained in different breeds of chickens

with the exception of bantams (Lerner, 1937), horses (Walton and

Hammond, 1938), and cattle (Pontecorvo, 1938).
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Organ Size

Differences in ratio of various organ weights to body weight

exist in different breeds of chickens. The faster growing chickens

had a lower ratio of organ weight to body weight (Daghir and Pellet,

1966; Hoffman et al. , 1953). Organ growth rate may be controlled

either by a "stepwise control mechanism" in which growth is stimu-

lated by a factor which is produced in proportion to body size and/or

by a "dilution mechanism" in which a fixed dose of the growth stimu-

lator is dispersed throughout the body so the effective dose is

inversely related to body size (Burger et al. , 1962). Proper inter-

pretation of endocrinological experiments requires analysis of the

normal variability of organ weight and the nature of the relationship

between organ weight and body weight (Burger et al. , 1962).

Significant differences between strains of chickens have been

reported for pituitary weight (Hoffman et al. , 1953), thyroid weight

(Hoffman et al. , 1953; Francis et al. , 1968), adrenal weight

(Hoffman et al. , 1953), testes weight (Hoffman et al. , 1953; Francis

et al. , 1968), liver weight (Hoffman et al. , 1953; Daghir and Pellet,

1966), and heart weight (Hoffman et al. , 1953; Francis et al., 1968).

When adjustment was made for differences in body weight the differ-

ences were reduced but remained significant. Although organ function

is not directly correlated with size, it is generally considered to be

related in normal birds (Hoffman et al. , 1953).
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Thyroid

Thyroxine secretion rate of young, growing chicks, turkeys,

and ducks is apparently correlated with their respective growth rates

(Smyth and Fox, 1951). Schultz and Turner (1945) reported higher

thyroxine secretion rates in chickens exhibiting rapid early growth

rates when compared to chickens with relatively slow early growth

rates. The Pekin duck which has an extremely rapid growth rate and

early skeletal maturation compared to the chicken had a much higher

thyroxine secretion rate (Hoffman, 1950). Thyroid secretion rate in

chickens may be altered rapidly by selection (Stahl et al. , 1962),

indicating that thyroxine secretion rate is highly heritable.

Hematocrit and Temperature Values

Hematocrit values undergo periods of marked change during the

first ten days of life and during change to sexual maturity in chickens

and turkeys (Bierer et al, , 1964). The early increase in hematocrit

values may be related to a gradual increase in oxygen consumption

which occurs during the early stages of growth in birds (Kibler and

Brody, 1944). Changes in oxygen consumption are influenced by both

thyroid activity (Huston et al. , 1962) and gonadal hormones (Klines

and Jurajda, 1963). Androgens are known to stimulate erythropoiesis

in both birds and mammals possibly through the production of an
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erythropoietin stimulating factor (Gordon et aL , 1963). Hemoglobin

and hematocrit values are higher in male than in female turkeys

(Klimes and Jurajda, 1963).

Thyroid activity and oxygen consumption were higher in chickens

maintained at an environmental temperature of 60°F than in chickens

maintained at 88°F (Huston et aL , 1962). Wood et aL (1971)

reported significant differences between hematocrit values of normal

and dwarf female White Leghorn chickens. Hematocrits of dwarfs

were higher than for normal chickens. However, no differences were

found between the hematocrits of normal and dwarf female or male

White Rocks or normal and dwarf male White Leghorns. Normal

adults from both strains exhibited higher hemoglobin values than

dwarfs.

Lower hemoglobin values may contribute to the lower body

temperature noted in the dwarf (McDonald and Bayley, 1970; Fatokun,

1973). Rajaratnam et al. (1969) found that an elevation in body

temperature of dwarf chickens could be produced by feeding protamine.

No elevation in temperature was found in normal birds fed the same

levels of protamine. The decreased temperature may therefore be

due to an abnormally low level of thyroxine production which could

also account for the small size and low feed intake of the dwarf

chicken. Breed differences in both chickens (Grimes and Moreng,

1965) and quail (Krueger et aL , 1969) have been reported. Breed
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differences in body temperature may be related to metabolic rate

(Kamar and Khalifa, 1964). Body temperature in turkeys increases

during the first ten days of life (Bierer et al. , 1964), the same period

in which hematocrit values increase. Average rectal temperature of

turkeys after six weeks of age varies from 106. 5°F (41. 4°C) to

105. 5°F (40. 8°C) according to Marsden and Martin (1939). Tempera-

tures of adult turkeys average approximately 105. 5°F (40. 8°C)

according to Robinson and Lee (1946) and Harper and Cramer (1974).
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III. EXPERIMENTAL PROCEDURE

Sources of Stock

Five lines of turkeys with wide variation in body size were used

in the experiments during a three year period (1972-1974). All lines

were imported as eggs the first year of the study. Two of the lines

were heavy, one medium, and two light weight. The largest turkeys

(Figure 1) used were a Large White strain cross (A) obtained from

Nicholas Turkey Breeding Farms, Inc. , Sonoma, California. The

other heavy line (Figure 2) was a Broad Breasted Bronze (BBB) strain

cross (B) developed by and obtained from Carlos Johnson, Oregon City,

Oregon. The medium white (Figure 2) strain (C) was a male line

selection from the Wrolstad Turkey Farms, Inc. , Molalla, Oregon.

One of the light weight lines (Figure 3) was the hen line (D) from the

latter source developed by Clifford Wrolstad as a result of selection

within the Beltsville Small White variety. The fifth line (Figure 1) was

a small body pure line strain (E) obtained from the Nicholas source.

The exact origin of strains of present commercial turkeys is

difficult to ascertain and attempts to trace them are often the result

of hearsay. Since the historical beginnings of the modern turkey

industry were provided by Pacific Coast breeders, an attempt has

been made in the Appendix (Part II) to record information on some of

the basic strains.



Figure 1. Line A male and female (top) and Line E male and
female (bottom).



its

Figure 2. Line B female and male (top) and Line C female and male
(bottom).



Figure 3. Line 1) male and female.
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Rearing

Poults were reared to two weeks of age in Jame sway batteries

with 0. 95 and 1.27 cm wire screen floors. Batteries were adjusted

to 38°C and the room temperature was maintained at 21°C. From

two to eight weeks of age, poults were kept in a non-insulated house

of pumice block construction in floor pens with electric hovers and

wood shaving litter. Hover temperature was 30°C the first week.

After the first week, temperature was reduced 2, 8°C per week until

eight weeks of age. At eight weeks of age, the turkeys were placed

on sod range in year one and two, in year three the turkeys were

placed in 3.0 x 3.0 meter floor pens in a wire-sided pole house 8, 5 x

33. 5 meters. All turkeys were fed the standard Oregon State Uni-

versity rations throughout the study (Table 1).

Selection and Breeding

Ten females and three males were selected as breeding stock

from each line each year. The largest males and females were

selected in heavy (A and B) lines and the smallest males and females

were selected in the light (D and E) lines. Hens were artificially

inseminated biweekly with pooled semen from toms of one line.

Thirty-two week body weight, shank length, breast width, and keel

length were recorded for the breeding stock.



Table 1. Oregon State University Department of Poultry Science suggested turkey feed formulas.

Starter 1

( %)

Regular
Developer3

( %)

All - in - o ne
Breeder4

( %)

Corn, ground yellow 45. 00 63. 00 73. 30
Soybean meal, sol. (44% protein) 40. 00 17. 00 5. 70
Meat and bone meal (50% protein) 5. 00 5. 00 5. 00
Fish meal (70% protein) 5. 00 5. 00 5. 00
Whey, dried 2. 50
Alfalfa meal, dehy. (17% protein) 2. 50 5. 00 2. 50
Limestone flour 1. 00 2.00 3. 00
Bone meal, sp. st. 1.00 2.25 2. 25
Salt, iodized 0.25 0. 50 0. 50
Vitamin mix 0.25 0.25 0. 25

Totals 100% 100% 100%

Supplements to supply per ton:
Vitamin A, U. S. P. U. 5, 000, 000 5, 000, 000 6, 000, 000
Vitamin D3, I. C. U. 1, 500, 000 1, 500, 000 1, 500, 000
Riboflavin, g 5 5 4
Pantothenic acid, g 7 7 8
Choline chloride, g 400 400 430
Niacin, g 50 30 20
Vitamin B12, mg 8 8 10
Antibiotic, g 4-10 4-10
Antioxidant, g 113. 5 113 5 113.5
Vitamin E supplement, I. U. 5, 000 5, 000 7, 500
Manganese, g 55 55 55
Folacin, mg 500 250

(Continued on next page)



Table 1. (Continued)

Starter Regular All- in- one
Developer 3 Breeder4

Methionine, /
Coccidios tat

Calculated analysis:

454 227 -

Protein, % 28. 93 20. 44 16.09
Fat, % 3. 29 3. 72 3. 88
Fiber, % 2. 82 3. 16 2. 36
Calcium, % 1. 47 2. 17 2. 50
Phosphorus, % 0. 96 1. 08 1.07
M. E. , calories 1, 287. 50 1, 298. 00 1, 348. 00
Vitamin A, U. S. P. U. 5, 542. 00 8, 448. 00 6, 600. 00
Vitamin D, I. C. U. 750. 00 750. 00 750. 00
Vitamin E 19. 65 27. 10 30. 60
Riboflavin, mg 3. 77 3. 78 3. 35
D-Panthothenic Acid, mg 8. 14 7. 62 7. 93
Niacin, mg 37. 67 28. 23 23. 07
Choline, mg 856. 60 669. 30 634. 89
Folacin, mg 0. 30 0. 33 O. 46

1 Feed 1 day old to 8 wks of age.
zCoccidios tat fed first 8 wks.
3 Feed 9-13 wks of age / Mix 600# corn with 1400# developer = 17% protein for 13 to 17 wks of age /
Mix 1000# corn with 1000# developer = 15% protein for 17 to 24 wks of age.

4 Feed at time of lighting through breeder period.
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During the second year of the study, hens in each line were

inseminated with pooled semen from males of the same line to produce

eggs for the first three hatches. Following the third hatch, recipro-

cal crosses were made between large and small (Figures 4 and 5) and

large and medium lines. For a period of two weeks, no eggs were

saved in order to be sure of the paternity of the poults in compliance

with the suggestions of Harper and Parker (1952). Eggs were saved

for three hatches of reciprocal crosses (listed below).

Female Parent x Male Parent
B x D

C x B
D x B

A x E
E x A

The third year the pureline breeding stock was selected as in the

second year. Female (E x A and C x B) crossbreds were selected

randomly for breeding. Two hatches were produced the third year

from lines A, B, C, and E and crossbred hens backcrossed to males

of the larger parent line.

Female Parent x Male Parent
DB
EA x A

Lighting

Artificial light to provide a minimum of 14 hours of total light



Figure 4. Line A male and Line E female (top). Line A female and
Line E male (bottom).



L.,,./.1
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Figure 5. Line D female and Line B male (top). Line B female and
Line D male (bottom).



26

daily was started for males on December 19 and for females on

January 1 each year. Pre lighting males (Margo lf et al. , 1947)

ahead of females is generally necessary since the gonadal response to

attain sexual maturity in males requires additional time. The males

were maintained in confinement with an estimated 5. 4 lux of light

intensity (Wilson et al. , 1964) until March 1 when moved to outside

lots. The extended daily lighting was continued until April 15, when

natural day length reached 14 hours. Females of the first generation

Line A responded more slowly in reaching sexual maturity than the

other lines provided 10. 8 lux and were moved to a closed pen with

17 hours of light with 21. 5 lux. Nestor and Brown (1972) found that

heavy type turkey hens increased egg production with increasing incre-

ments in light intensity. For the second generation breeding stock,

a 15-hour/21. 5 lux regime was maintained for female turkeys in all

lines and crosses.

Housing

The ten females selected as breeders in each line were housed

in a floor pen on wood shavings in a wire-sided pole building from

January until June each year. Trap nests were provided for the hens

and eggs were routinely collected four times daily. The date, pen

number and hen number were recorded on each egg. Males were

housed in a non-insulated house of pumice block construction in floor
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pens on wood shavings from December 19 until March 1, when they

were moved to outside lots covered with wood shavings and equipped

with range shelters.

Incubation

Eggs were stored on fiber flats at an average temperature of

12. 50,2 up to two weeks, These eggs were set in a model 17-H Robbins

Forced Draft Incubator, candled at ten days of incubation, and trans-

ferred to pedigree baskets on the 25th day. Poults were removed from

the hatcher on the 28th day and wing-banded.

Number of eggs set, fertility, dead in the shell at 10, 25, and

29 days of incubation, number of pips, and hatchability were recorded

for each line. In years one and three, egg weight was obtained for

approximately 100 eggs in each line.

Hematocrit

Three replicate hematocrits were obtained at approximately one

year of age on adult males and females and at monthly intervals from

0 to 20 weeks of age on pureline and backcross young turkeys in

year three.

Blood samples were taken from the brachial vein located on the

ventral surface of the wing. Blood was collected in 150 p.1 heparinized

microhematocrit tubes and centrifuged in an International
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Micro-capillary Centrifuge, Model MB for six minutes at 11, 500 rpm.

Each tube was read with a Micro Hematocrit Reader, Model L-550

made by Phillips-Drucker, Astoria, Oregon.

Temperature

Body temperature was taken at monthly intervals from 0 to 20

weeks of age from pureline and backcross turkeys in the second hatch

of year three.

Body temperature was measured rectally at a depth of approxi-

mately three inches with a YSI Model 47TD Scanning Tele-

the rmomete r.

Body Measurements

Body weight and shank length were measured at 0, 4, 8, 12,

16, and 20 weeks of age. Body weight was measured on a Toledo

Model 4020 gram scale at 0 and 4 weeks of age and on a Hanson

number 500 Dairy Scale at 8, 12, 16, and 20 weeks of age. Shank

length was measured at 0 and 4 weeks with a measuring instrument

described by Burmester and Lerner (1937). From 8 to 20 weeks of

age, shank length was measured with calipers illustrated by Marsden

and Martin (1939) in Turkey Management (p. 102). Shank length was

measured from the base of the foot pad posterior to the medial phalanx

to the dorsal end of the tibia.
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Four hens one year of age, one hen from each of lines A, B,

D, and E, were sacrificed and reduced to skeletons by a method

described by Harvey (1968).

Mature female turkeys are eviscerated, skinned, and dis-
jointed. Then placed in an autoclave for 35 minutes at 15
pounds pressure. Following this treatment the bones are
easily defleshed. The defleshed bones are placed in a
solution of chlorox and water (1:20).

Organ Weights

A random sample of five males and five females were sacrificed

in each line at 4, 12, and 20 weeks of age. The turkeys were

electrocuted in order to avoid damaging the endocrine organs. A

sagittal section was made through the dorsal part of the cranial

cavity. The skull and brain were then forced apart and the pituitary

gland was removed from the sella turcica (Figure 6). Lateral sec-

tions were made to separate the sternum from the thorax in order to

expose the thyroids, heart, and liver. Removal of the liver and

intestines exposed the gonads and adrenals (Figure 7).

Thyroids, heart, liver, gonads, adrenals, and pituitary of each

turkey were weighed. Hearts and livers were weighed on a Mettler

P 1,000, Top-loading Balance. Gonads, adrenals, thyroids, and ;'aries

were weighed on a Roller-Smith Precision Balance Scale. A sample

of pectoralis superficialis adjacent to the center of the ventral edge

of the keel bone was also removed from each turkey. With the
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Figure 6. Removal of the pituitary gland.
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Figure 7. Removal of the testes.



exception of heart and liver, all samples were stored in neutral

buffered 10 percent formalin in individual bottles.

Muscle Cell Size

Method I

32

Muscle tissue from two to four week old male turkeys from

each pure line was fixed in buffered formalin then placed in physiologi-

cal saline, teased apart, and placed on a slide. Using a Spencer light

microscope, the fibers were magnified 100 times and the widths of

50 muscle fibers on each slide were measured with an ocular micro-

meter.

Method II

Muscle tissue from 4, 12 and 20 week old male turkeys from

lines A and E was fixed in buffered formalin and imbedded in paraffin.

Five-micron cross-sections of muscle were stained by the Harris

Hematoxylin and Eosin Stain (Gluna, 1960). Photomicrographs were

taken of the slides magnified 80x with a standard RA microscope made

by Carl Zeiss, Oberkochen, West Germany. The photomicrographs

were projected onto the flat surface of an egg break-out table and the

cross-sectional area of approximately 20 muscle fibers was meas-

ured on each slide with a Keuffel and Esser Co. planimeter (Figure 8).
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Figure 8. Projection of muscle cell photomicrographs.
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The conversion factor of 0.000156 square inches = 1 square micron

was obtained by measuring a photomicrograph of a calibrated slide

photomicrographed and projected in the same manner as the muscle

slides.

Thyroid Follicle Size

Thyroid tissue from 20 week old male and female turkeys from

lines A and E was prepared in the same manner as the muscle tissue.

An average of 20 follicle cross-sectional areas was measured on three

slides from each bird.

Statistical Analysis

t-Tests and approximate t tests were used to determine signifi-

cant differences in hematocrit values, muscle cell size , body

weight , body measurements, slopes of the regression lines of log10

body weight on log10 shank length, and slopes of the regression lines

of log10 organ weight on log10 body weight.

The regression lines were determined by methods described by

Cock (1966). The slope of the regression (log body weight = constant

+ k log shank length) was determined for each individual within a line

and the average slope for the line was determined from the sum of the

individual slopes. This method was utilized to reduce the

effect of environmental variation on slope. The slope of the regression
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(log organ weight = constant + k log body weight) was determined from

the average change in weights for the line since the same individual

could be sampled at one age only.

The multiple regression equation (organ growth = constant +

line effect + age effect + sex effect + sex-line interaction) was used to

determine the effect of line, age and sex on the weight of the organs

sampled (thyroid, heart, liver, adrenal, gonad and pituitary). F

tests were used to determine the level of significance of the partial

correlation coefficients of each variable (Snedecor and Cochran, 1967).

Q and LSD tests (Snedecor and Cochran, 1967) were used to test

for the significance of differences in feed conversion between lines.

Mutant

A mutant was found in line E which was similar in appearance

to the micromelia mutant in chickens (Asmundson, 1942). In order to

determine the mode of inheritance of the mutant, eggs from individual

hens in line E were pedigreed. Prior to the last two hatches in the

third year, inseminations with semen from a single male were made

instead of the usual pooled semen and the crossbred hens of line E x A

were backcrossed to line E males. Normal and mutant embryos were

stained by a method described in Table 2 by Youngpeter (1967), and

the bones were measured with Dietzen Master-Pro calipers. Sex

ratio was determined through dissection of 12 mutant embryos.
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Table 2. Spalteholz preparation .

1. Harden eviscerated specimens in 100% alcohol.
2. Prepare a 1% potassium hydroxide (KOH) solution, using

distilled water.
3. Prepare an Alizarin Red S stack drain:

Glacial acetic acid 5 cc
Glycerine 10 cc
Choral hydrate

(1% aqueous solution) . . . 60 cc
Alizarin Red S powder dissolved to saturation
for use, dilute 1:1000 with 1% KOH

4. Wish specimen in running tap water for several hours.
5. Transfer specimen to 1% KOH and soak until tissues are semi-

transparent. This requires 24 to 48 hours; check frequently.
6. Transfer to 30% hydrogen peroxide to bleach until specimen

becomes light straw yellow color, an average of 1 to 2 hours.
Specimens will appear "french fried" as many bubbles form in
the tissues.

7. Transfer to fresh 1% KOH until material is quite transparent
(several days to a week).

8. Transfer to staining solution (1 part of stain to 1000 parts 1%
KOH) for 24 hours.

9. Return to fresh 1% KOH for another 24 hours.
10. The specimen may now be prepared as either a jar mount in

liquid or embedded in Bio-plastic. If a jar mount is desired,
the specimen is run through the following series of solutions,
spending about 24 hours in each:

Glycerine 20 parts; KOH 3 parts; water 77 parts
Glycerine 50 parts; KOH 3 parts; water 47 parts
Glycerine 75 parts; KOH 0 parts; water 25 parts
Glycerine 100 parts; KOH 0 parts; water 0 parts
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IV. RESULTS AND DISCUSSION

Adult Turkeys

Body Size

Body weight and shank length averages at 4, 12, and 20 weeks

of age for each foundation line during the first year of the study are

listed in Table 3. The lines are arranged in order of size (body weight

and shank length) from A (the largest) to E (the smallest).

At four weeks of age, line E males and females were signifi-

cantly (P < 0.01) lighter in weight than males and females from the

other lines; and line B females were significantly (P < 0. 05) heavier

than females from the other lines. Significant (P < 0.01 or 0. 05)

differences in body weight at 12 and 20 weeks of age were found

between males in all lines except for B and C at 20 weeks; and between

females from all lines except A and B at 12 weeks. The low value for

line B male 20 week body weight was probably due to an erysipelas

problem in the line during the first year of this study.

Significant (P < 0.01) differences in 4, 12, and 20 week shank

length were found between males in all lines except D and E. Differ-

ences in female shank lengths were significant (P < 0.05 or 0.01) at

four weeks of age between all lines except A and C; at 12 weeks

between A and B, and C, D, and E; and at 20 weeks between A, B,

C, and D, and A, B, C, D, and E.



Table 3. Body weight and shank length averages of year one pureline turkeys at 4,
and 20 weeks of age.

12,

Body weight (g) Shank length (cm)
Line Sex Weeks of age Weeks of age

4 12 20 4 12 20

A M 488 3, 789 **B 8, 863 *B, C 7. 3 **C 15. 8 **B 19. 0 **B
B M 507 3, 531 **C 6, 688 7. 9 **A 15, 0 **C 18. 1 **C
C M 504 3, 208 **D 6, 737 *D 7. 0 **D 14. 4 **D 17. 2 **D
D M 487 **E 3, 142 **E 6, 176 **E 6. 6 13. 5 15. 7
E M 384 2, 150 5, 089 6. 3 12. 2 15. 1

A F 444 3, 204 7, 089 nsc
14. 2 15. 5

B F 483 *A 3, 131 *C 5, 662 **C 7. 6 **A 13. 8 *C 15. 3

C F 449 2, 635 *D 5, 164 **D 6. 7 **D 13.0 14. 3 **D
D F 412 **E 2, 443 *E 4, 693 **E 6. 3 **E 12, 2 13. 2 *E
E F 322 1, 547 3, 719 5. 7 10.4 12. 6

Significant at the 0. 05 percent level
Significant at the 0.01 percent level

Letter following * indicates the line which is significantly different from the line listed in
the left hand collum

**



39

While differences in shank length between lines were already

significant at four weeks of age, the differences in body weight

between all lines, except line E, did not become significant until 12

weeks of age. At maturity, differences in conformation between lines

were visible. Males from lines A, B, and E are shown in Figure 9.

These size differences must be due either to the initial size of the

turkeys at the time of hatching or to differences in growth rate after

hatching. It is probable that genetic differences affecting some

physiological characteristics related to growth rate are responsible

for the large differences in body weight at 20 weeks of age which were

apparently not present at four weeks of age. Thyroxine secretion

rate has been correlated with growth rate in chickens (Smyth and Fox,

1951); and differences in hematocrits and body temperatures have

been found between dwarf and normal chickens (McDonald and Bayley,

1970).

Bone Length

Measurements of some selected bones characterizing growth of

year two hens of lines A, B, C, and E are recorded in Table 4.

Compared to the line A hen, the line B hen had a proportionately

longer tarsometatarsus, long keel bone, long back, and large head.

The line E hen had a large head and short tarsometatarsus.
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Figure 9. From left to right: males from Lines A, B,
and. E.



Table 4. Bone measurements (cm) of adult hens in the second year at one year of age and as
a percentage of the line A hen.

Line A Line B Line D Line E
% of Actual

A
% of

A
Actual % of

A
Actual % of

A
Actual

Body wt. (kg) 100 10. 442 83 8.626 52 5.448 48 4.994

Femur (cm) 100 11. 7 98 11.4 82 10.0 76 8. 9
Tibiotarsus (cm) 100 18. 0 95 17. 2 76 14. 0 74 13. 5
Tars ometatarsus (cm) 100 12. 4 100 12. 4 77 9. 7 72 9. 1

Humerus (cm) 100 12. 4 98 12. 2 82 10. 2 76 9. 4
Ulna (cm) 100 12.2 98 11. 9 81 9. 9 75 9. 1
Radius (cm) 100 10. 9 99 10. 7 80 8. 6 76 8. 4
Carpometacarpus (cm) 100 6. 9 96 6. 6 78 5. 3 74 5. 1

Keel length (cm) 100 14. 2 102 14. 5 77 10. 9 75 10. 7
Keel depth (cm) 100 5. 6 95 5. 3 77 4. 3 75 4. 3
Back length (cm) 100 14. 7 100 14. 7 83 12.2 79 11. 7

Cranium width (cm) 100 4. 3 106 4. 6 82 3. 6 88 3. 8
Cranium length (cm) 100 5. 8 104 6. 1 83 4. 8 87 5. 1
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Selection apparently resulted in some alteration in the

skeletal structure of turkeys. Shank lengths of wild turkeys (A. W.

Schorger, 1966) was longer in comparison to body weight than is

the shank length of the modern domestic turkey. Selection in the

domestic turkey has been consistently directed towards shorter legs

since the 1930's (Griffin, 1943). These structural differences indi-

cate that some genetically controlled factors may affect shank length

which do not affect the growth of other long bones. The line E

turkey has a very short shank compared to the other lines which

were measured and line E also has a high frequency of a short-

limbed lethal mutation.

Selection of short-shanked Cornish chickens resulted in a

similar situation (Landauer, 1935). In the Cornish, a single gene (cl)

in the homozygous condition is lethal; birds heterozygous for (cl)

could not be distinguished phenotypically from birds which are short-

limbed due to the effect of other genes.

Selection Pressure

Lines A, B, and C were selected for increased body weight at

20 weeks of age (Table 5). Heritabilities for the two year period in

line A were negative for both males and females. Although the

largest turkeys were selected, average 20 week body weight was lower

in the third year than it was in the first year. Male body weight in



Table 5. Average 20 week body weights of all males and females and selected males and females, selection differentials, response to selection,
and heritability.

Males Females
Line Year All males Selected All females Selected

20 IN k wt 20 wk wt 2 20 wk wt 20 wk wt 2

(kg)
N

(kg) (kg) (kg)
N S R h N N S R h

A 1 8.863 33 9.988 4 +1.125 +1.080 +0.96 7.089 42 7.709 10 +0.620 -0.442 -0.71
2 9.943 17 11.650 5 +1.707 -1.748 -1.02 6.647 18 7.111 11 + 0.464 -0.064 -0.14
3 8.195 25 -0.24 6.583 25 -0.47

B 1 6.688 38 6.796 6 +0.108 +1.970 +18.24 5.662 56 5.720 16 +0.058 +0.576 +9.93
2 8.658 19 9.398 5 +0.740 -1.621 -2.19 6.238 25 6.433 10 +0.195 -0.645 -3.30
3 7.037 24 +0.41 5.593 24 -0.27

C 1 6.737 23 8.808 4 +2.071 +1.862 +0.90 5.164 41 6.311 8 +1.147 +1.079 +0.94
2 8.599 33 9.425 5 +0.926 -1.789 -1.93 6.243 34 6.569 12 +0.326 -0.977 -3.00
3 6.810 29 +0.02 5.266 32 +0.07

D 1 6.176 24 6.920 7 +0.744 +1.338 +1.80 4.693 43 4.172 9 -0.521 +0.206 -0.40
2 7.514 33 4.899 37

E 1 5.089 20 4.324 4 -0.765 +0.631 -0.82 3.719 36 3.541 10 -0.178 +0.626 -3.52
2 5.720 19 5.459 5 -0.261 -0.658 +2.52 4.345 33 3.677 10 -0.668 -0.940 +1.41
3 5.062 19 +0.03 3.405 28 +0.37

S = Selection differential; R = Response to selection; h 2
= heritability
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line B increased slightly in the three year period while female body

weight decreased slightly. Twenty week body weight increased

slightly from the first to the third year in line C.

Line E was selected for smaller than average body weight.

Body weight at 20 weeks in line E was slightly lower in the third year

than in the first year. In line D, body weight was higher in the second

year than in the first year. Selection of line D turkeys was neutral.

Selection resulted in very little change in weight in any of the

lines. It is likely environmental effects were responsible for most of

the variation between years since body weight did not change consis-

tently in one direction. This conclusion appears justified in that all

20 week body weights increased in the second year when compared

with the first year and then decreased in the third year compared to

the second year.

Significant changes in body weight were not expected since the

large line had already been selected for high body weight and the

small lines had been selected for low body weight prior to the begin-

ning of this study. The selection pressure which was applied func-

tioned to maintain the lines at their original weights.

Average body weight and body measurements of adult males and

females at 32 weeks of age are recorded in Table 6. No significant

differences were found between measurements of adult males in line

A or between adult females in lines A, D, and E. Body weight of
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Table 6. Breeding stock body measurements at 32 weeks of age for
each line in year one and two.

Line Year Body Breast Keel Shank
weight width length length

(kg) (cm) (cm) (cm)

Males

A

B

1

2

1

2

19. 07
21. 80

13. 17**
19. 07

18. 3
19.6

16. 3*
19. 3

21. 1
21. 3

18. 0*
20. 8

20. 1
20.6

18. 8
19. 8

C 1 14.53 15.7 19. 6* 18.5
2 16. 34 16. 5 20. 6 19. 1

D 1 11. 80 13. 7 16.5 15. 7

E 1 8.63 14.5 16.3* 14.5
2 9.99 15.7 17.8 14.7

E X A 2 14. 07 16.8 18. 5 16.8
D X B 2 12. 26 14. 7 19. 1 17. 8

Females

A 1 11. 35 16.8 18. 5 15. 7
2 10. 44 16.5 18. 0 15. 5

B 1 8.63 ** 16.0 17.0 15.2 **
2 9. 99 15.5 17.5 15.7

C 1 8. 17* 14.2 16. 5 14. 5
2 8. 63 14.7 16.8 15. 2

D 1 5. 45 13.0 14.0 12. 4

E 1 4. 99 13.5 14. 0 11. 4
2 4. 99 13.0 13. 7 11. 5

E x A 2 7.31 13.5 15.2 14.0
D x B 2 7.36 12.7 15.7 14.7

*

* *
Significant at 0. 05 percent level

Significant at 0.01 percent level
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line B adult males and females was significantly (P < 0. 05) heavier

in year two. Male line B turkeys had significantly (P < 0.01) longer

shanks the second year. These differences were probably due to an

erysipelas infection which adversely affected line B turkeys during the

first year.

Body weight of line C adult females was significantly (P < 0. 05)

heavier in the second year and the keels of line C and E males were

significantly (P < 0.05) longer. These differences were probably

due to environmental effects. Average body weight in all lines

including lines selected for low body weight was heavier in the

second year.

Body measurements varied directly with body weight. Since

there were no significant changes in body weight, there were no

significant changes in body measurements. This result would be

predicted from high correlations between body weight and body meas-

urements reported by Kondra and Shoffner (1955) and Cramer (1973).

Body weight and body measurements of crossbred (line E x A and

D x B) adult turkeys (Figure 10) were lower than the average of the

parent lines. However, these turkeys were randomly selected from a

small population so this is probably not due to negative heteros is for

body weight.



4 7

Figure 10. From left to right: Line E female, Line E x A female,
and Line A female (top). Line B female, Line D
female, and Line B x D female (bottom).
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Feed Conversion

Body weight, daily egg production, and feed consumption

averages of adult females are recorded in Table 7. Feed consump-

tion of hens during the latter part of the laying season (April and May)

was directly related to average body weight and average level of egg

production in each line. The feed consumption was highest for the

highest egg producing lines, while less feed was required by smaller

turkeys. This is in line with previous research in chickens (Titus,

1928-29) showing 75 percent of energy intake is required for body

maintenance and 25 percent is required for egg production.

Table 7. Body weight, daily egg production, and daily feed con-
sumption of adult females in the third year.

Line
Average body

weight
(kg)

Average eggs
hen per

day

per Grams feed per
hen per

day

A 9.988 0.23 263
B 10.124 0.31 272
C 9.035 O. 55 300
D 6.311 0.43 213
E x A 7.128 0.19 259
D x B 7.627 0.31 286
E 4.812 0.26 182

Reproductive Performance

Egg number, average egg weight, fertility, and hatchability are

recorded in Table 8. Percent fertility decreased in large body size



Table 8. Egg number, average egg weight, and range of egg weight within lines for year one and
three. Fertility and hatchability for each line in years one, two and three.

Year Maternal
line

Paternal
line

No. eggs
set

Range of egg
weight

Average egg
weight Fertility

Hatch of
fertile

(g) (g) eggs
1 A A 200 68-98 82 93.0 68.3

B B 400 74-102 86 80.8 61. 0
C C 900 74-108 88 77. 1 64. 3
D D 600 68-98 83 96.0 82. 5
E E 200 73-91 79 86. 5 65. 9

2 A A 87 77.0 52.0
B B 116 82.7 57.8
C C 168 82.1 58. 7
D D 122 97.5 75.6
E E 142 85.9 57.4
B C 16 81.3 92. 3
C B 106 76.4 40.7
D B 69 76.8 62.3
A E 34 67.7 39. 1
E A 115 77.4 59.6

3 A A 172 60-91 76 78. 7 46. 9
B B 134 52-91 82 78.6 62.8
C C 169 64-108 87 94.6 55. 9
E E 158 51-90 72 93. 1 43. 5
DB B 164 49-102 74 75.1 56. 2
EA A 152 62-92 78 84.2 61.2
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lines (A and B) and remained the same or increased in the medium

(C) and small (D and E) lines during the three year period. Hatcha-

bility and egg weight decreased in all lines. Crossbred lines did not

exhibit heterosis for hatchability or fertility compared to pure lines.

Average egg weight of line E x A was larger than either parent line in

year three but smaller than the average of either parent line in year

one. Average egg weight of line D x B hens was smaller than line B

and line C egg size in year one and year three.

Higher fertility in the smaller compared to the larger lines may

have been due to the negative correlation between body weight and

fertility reported by Rooney (1957) and Nestor (1971a). Ogasawara

et al. (1963) found that use of artificial insemination techniques

reduced this correlation but some correlation remained. Other

workers (Parker and Harper, 1950) found no correlation between

body weight and fertility.

Percent hatchability may be affected by a number of factors.

Funk (1950) reported that large body size is related to lower

hatchability. Landauer (1951) reported that inbreeding in turkeys

leads to a decrease in hatchability. However, body size was not

significantly changed in any line in the three year period and the

inbreeding coefficient increased by only 5.4 percent per year
1according to the formula of Lush (1945) (
8
x number of males +

18 x number of females = coefficient of inbreeding). Since there was no



selection pressure for high hatchability and large egg size, this

probably was a factor leading to their decline.

Hematocrit

Average hematocrit values of one year old males and females

are recorded in Table 9. At one year of age, male hematocrit values

were considerably higher than for the females. This was expected

since androgen is associated with increased numbers of red blood

cells in chickens (Sturkie, 1965). No significant differences were

found between line A and E males or females; or between line B and

C females. Crossbred line E x A female hematocrit values were

significantly (P < 0.01) higher than both pureline E and A female

hematocrit values. However, crossbred line E x A male hematocrit

values were not significantly different from hematocrit values for

lines C and D x B. With the exception of line E, the hematocrit values

had an inverse relationship with body weight.

Body size and oxygen consumption are negatively correlated in

chickens (Mellen, 1963) and the oxygen carrying capacity of blood may

be increased by increasing the number of red blood cells per unit

volume of blood and thus increasing the hematocrit value. If this is

the normal case in turkeys, then the line E females have a lower than

normal level of oxygen consumption which indicates a low metabolic

rate.



Table 9. Average hematocrit values of one year old males and females.

Line
Adult females Adult males

Average
hematocrit N s2 t

Average
hematocrit N s2 t

A 38 29 6. 0 A/E ns 47 6 6 A /E ns
E 37 30 13.4 E /ExA** 47 12 12 -

E x A 41 24 11.1 A/ExA** - -

B 39 27 5.2 B /C ns 51 12 14.0

C 40 30 5.2 C /DxB ns - -

D x B 40 27 6. 9 B /DxB ns - - -

Significant at 0.05 percent level
**Significant at 0.01 percent level
N = number of samples; s

2 = estimated variance
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Young Turkeys

Growth Curves

Average body wetght of line A, E, A x E, E x A, and EA x A

males are plotted in Figure 11. Average 20 week body weight of

A x E males was higher than E x A males indicating that some

maternal effect may have been involved. Backcross (EA x A) males

had a lower body weight than the average between lines A and E.

However, differences between pureline, backcross, and crossbred in

20 week body weight were probably due more to environmental varia-

tion than to inheritance since the environment was not constant.

Birds in line A and E were hatched in early spring in the second year;

crossbred turkeys were hatched in late spring in the second year; and

backcross turkeys were hatched in early spring in the third year.

Figure 12 is a graph of average shank length from 0 to 20

weeks of age of males in lines A and E and crosses between those

lines. Average 20 week shank length of crossbred A x E and E x A

birds was intermediate between pureline A and E shank lengths.

Backcross (EA x A) shank length was intermediate between the

crossbred and pureline shank lengths. These data support the observa-

tions of Nestor (1976), Kondra and Shoffner (1954) and Clark (1961)

that additive genetic variation was much more important than non-

additive genetic variation for growth traits. High heritability for

shank length reported by Johnson and Asmundson (1957) and Auk land
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Figure 11. Average body weight of males in lines A, EA x A, A x E,
E x A, and E from 0 to 20 weeks of age.
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(1973) indicate that shank length is a more reliable characteristic to

use in evaluating the type of gene action involved in the inheritance of

size than is body weight.

Body weight averages of line A x E, E x A, EA x A, A and E

females are plotted in Figure 13. Average 20 week body weight of

line A x E females was intermediate between 20 week weights of

pureline A and E females and a little higher than line E x A females.

Line EA x A female 20 week body weight was only slightly higher than

line A x E female body weight at 20 weeks.

Shank length averages of line A, E, A x E, E x A, and EA x A

females are plotted in Figure 14. Twenty week shank length of

crossbred females (lines A x E and E x A) was lower than the

average of the two parent lines. Average length of line A x E shanks

was slightly higher than line E x A shank length. Backcross (EA x A)

female shank lengths at 20 weeks of age were almost as long as line A

female shank lengths.

Line EA x A body weight at 20 weeks was lower than would be

expected in the case of quantitative inheritance of body weight; how-

ever, this was probably due to environmental factors. All of the

turkeys weighed less at 20 weeks of age in the third year than in the

second year; also the line EA x A birds were raised only in the third

year. Further, long shanks of the line EA x A females are also not

explained by the quantitative theory. However, the line EA x A male shanks
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Figure 13. Average body weight of females in lines A, EA x A, A x E,
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were not longer than expected, and the data may show bias since only 12

females from line EA x A survived to be measured at 20 weeks of age.

Average body weight and shank length of males in lines B,

B x ID, D x B, DB x D, and D are recorded in Table 10. As in the

case of the previous examples, environmental variation affected body

weight to a greater degree than shank length. Crossbred line B x D

and D x B males had lower average 20 week body weight than line D

males and line D was the smaller of the two parent lines. Shank

length data, however, support the opinion that the inheritance of

growth traits is quantitative. Crossbred (line B x D and ID x B) shank

length was close to the average of the parent lines and backcross

(DB x B) shank length was between the crossbred and the backcross

parent (line B) average.

Body weight and shank length of line B, B x D, ID x B, DB x

B, and D females behaved in a manner similar to the males in these

lines. Average 20 week body weight of line D x B females was lower

than the smaller parent line (ID). The other crossbred line B x ID

averaged only slightly higher than line ID and the backcross line (BID

x B) was lower than the average of the two parent lines (B and D).

Twenty week shank length averages were again as would be expected

from quantitative inheritance. The crossbred lines (B x D, D x B)

were intermediate between the parent lines (B and D) and the back-

cross line (DB x B) average was between the crossbred and the back-

cross parent line (B) averages.
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Table 10. Average 20 week body weight and shank length of males and
females in lines B, D, C, C x B, D x B, B x D, and
DB x B.

Sex Line
Average 20 wk

body weight
(kg)

Average 20 wk
shank length

(cm)
N

Male B 8. 658 18.8 19
C 8. 599 17.8 33
D 7. 514 15.6 33
C x B 8.151 18.7 11

B x D 6. 842 17.5 7

D x B 6. 910 17.1 9
DB x B 6. 855 17.7 25

Female B 6. 238 15.3 25
C 6. 243 14.7 34
ID 4. 899 12.9 37
C x B 5.352 15.1 9

B x D 5.076 14.2 4
D x B 4. 808 13.9 13
DB x B 5. 130 15.0 34
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Male body weight in lines C and B and female body weight in

lines C and B at 20 weeks of age were very close. Crossbred (C x B)

male and female body weight averaged slightly lower than parent

(lines C and B) averages. Average 20 week shank length of line C x

B males and females was intermediate between parent lines.

With the exception of the line EA x A female average, shank

length comparisons supported the quantitative theory of inheritance.

Body weight data supported the quantitative theory of inheritance in

some cases, but more often it tended to be erratic probably due to

environmental variation and in some cases to small sample size. For

the period from 0 to 20 weeks of age the slopes of the regression

lines for the males in lines A, E, C, D, and B range from 3. 111 to

2. 965. Line A, E, and C males become slightly heavier in proportion

to the length of their shanks while line D and B males become slightly

lighter in proportion to the length of their shanks. Slopes of the

regression lines of females in these lines range from 3.363 to 3. 173

during the period from 0 to 20 weeks of age. Female body weight

became proportionately heavier during this period in all purelines.

Differences between the males and females were due primarily to an

earlier decrease in the rate of shank growth in females. All of the

0 to 20 week slopes of the crossbred lines were lower than the pureline

slopes. Since season has a significant effect on growth rate (Rodda

and Friars, 1972) and the crossbred birds were not grown during the
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same time period as the pureline turkeys, no attempt was made to

compare pureline and crossbred slopes.

The slope of the regression line (Figure 15) was not constant

from 0 to 20 weeks of age in agreement with the findings of Lerner

(1938) in chickens. A significantly (P < 0.01) higher 0 to 20 week

value was found for line A compared to line E males. Line A males

also had significantly steeper slopes from 4 to 8 (P < 0. 01) and from

12 to 16 weeks of age. Line E had significantly (P < 0.01) steeper

slopes from 8 to 12 weeks. The graph of shank lengths (Figure 12),

however, indicates that the rate of shank length growth in line E began

to decrease after eight weeks of age, whereas the rate of growth in

shank length in line A did not decrease until 16 weeks of age. Thus

for the entire 0 to 20 week period the slope of the regression line of

log body weight on log shank length was steeper in line A than in line

E, but slope was not a constant function over the entire period.

Shape

Slope of the regression line of log body weight on log shank

length is a crude measurement of the growth of a part of the body

(body weight) in relation to the growth of the whole body (shank

length). Shank length was chosen as a measurement of the growth rate

of the whole body because it is less affected by environmental variation

and therefore has a higher heritability than body weight. Shank length
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is also highly correlated with the length of other long bones (Kondra

and Shoffner, 1955); thus shank length growth is a good measurement

of skeletal growth in general. Body weight was chosen as the part

since the primary interest in turkey production is in the production

of edible material which makes up approximately 67 percent of the

total body weight (Marsden and Martin, 1939). Thus the slope of the

regression line of body weight on shank length is a measurement of

change in shape; i. e. , the change in weight in comparison to the

change in length for any given period of time.

The volume of a sphere (volume is represented by the body

weight of a turkey) increases as the cube of its radius (radius is

represented by the shank length of the turkey). Thus, if log body

weight on log shank length is equal to three, the shape of the turkey

remains constant over the period measured. If the slope is greater

than three, the turkey has become proportionately heavier; and if the

slope is less than three, the turkey has become proportionately

lighter.

Slopes of the regression lines of body weight on shank length

from pureline and crossbred males and females are recorded in

Table 11.

Graphs of body weight on log shank length of males in lines

A x E are provided in Figure 16. A significant (P >0.01) difference

is found between the lines during the four to eight week period and for



Table 11. Slope and variance of the regression equations of log body weight on log shank length in pure and crossbred lines in year two computed for
monthly intervals and for the entire period from 0 to 20 weeks of age.

Sex Line
4-8 Weeks 8-12 Weeks 12-16 Weeks 16-20 Weeks 0-20 Weeks

Slope Cr
2

Slope cr 2
Slope CT 2

Slope
2

Slope

Male A 2. 702 0. 0034** 2. 944 0. 0095** 3. 302 0. 0544* 3. 753 0. 7650 ns 3. 111 0. 0022**
E 2.322 0.0042 3.259 0.0413 3.076 0.0213 4.345 0.371 3.011 0.0045

A x E 3. 111 0.0086 ** 2.483 0.249 ns 3. 629 0.9380 ns 3.691 1.536 ns 3.030 0.0112 **
E x A 2.487 0.0125 2.522 0.0072 2. 697 0.0460 2.893 0.1398 2. 737 0.0024

Female A 2.710 0.0027 ns 3.281 0.0817** 2.834 0.0213 ** 0. 1120 0.6682 ** 3.363 0.0071 **
E 2.418 0.0029 3.590 0.0205 3.348 0.0102 3.5110 0.2460 3.173 0.0050

A x E 3.016 0.0153 ns 2. 419 0.0151* 8.869 0. 1194** 18. 317 0. 202** 3.061 0. 0326**
E x A 2.058 0.0214 2. 696 0.0141 2.658 0.2716 2.546 3. 179 2.580 0.0102

Male B 2.513 0.0016 ns 3. 214 0.0287 ns 2.598 0.0345 ** 3. 668 0. 2715** 2. 965 0.0022 ns
D 2.446 0.0030 3.259 0.0252 3.550 0.0518 5.023 0.2667 2.999 0.0024

C 2.474 0.0011 ns 3. 279 0.0086 ns 3. 145 0. 0432** 3. 608 0. 0308** 3. 108 0.0030 ns
D 2.446 0.0030 3.259 0.0252 3.550 0.0518 5.023 0.2667 2.999 0.0024

B x D 2.857 0. 0167** 2. 308 0.0152 ns 2. 434 0. 1401** 3.951 0.5945 ns 2. 773 0.0035 ns
D x B 2. 321 0.0277 2. 186 0.0041 3. 660 0. 2400 3. 683 0.5566 2. 655 0.0032

D x B 2. 321 0. 0277** 2. 186 0.0041 ns 3.660 0. 2400* 3. 683 0. 5566 ns 2. 655 0.0032 ns
C x B 2.780 0.0188 2. 153 0.0020 2. 949 0.0614 4. 344 0.8862 2.529 0.0063

(Continued on next page)



Table 11. (Continued)

Sex Line 4-8 Weeks 8-12 Weeks 12-16 Weeks 16-20 Weeks 0-20 Weeks

Slope 152 Slope cr
2

Slope 62 Slope
2

Slope 62
Female B

D

2.480
2.324

0.0019**
0.0032

2.889
3.819

0.0391 **
0.0476

5.270
3.160

0.0187**
0.0125

2. 749
2.745

1.295 ns
0.0894

3. 213
3.258

0.0072 ns
0.0060

C 2.507 0.0009** 3. 351 0. 0350** 2. 847 0. 0321** 2. 662 0. 0335 ns 3. 309 0.0059 ns
D 2.324 0.0032 3.819 0. 0476 3. 160 0. 0125 2.745 0.0894 3. 258 0. 0060

B x D 2. 916 0.0001 ** 2. 907 0. 0001** 4. 829 0. 1253 ns 3.694 0.0037 ** 3.080 0. 0338*
D x B 1. 910 0.0140 2. 183 0. 0193 3.986 0. 2080 -2.954 5.5371 2.410 0.0198

D x B 1.910 O. 0140 ns 2. 183 0. 0193** 3. 986 0. 2080 ns -2.954 5.537** 2. 410 0. 0198 ns
C x B 1.895 0.0288 2. 872 0.0321 3. 993 0.6192 4.378 2.929 2. 267 0. 0103

*

**

Significant at the 0.05 percent level

Significant at the 0.01 percent level
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Figure 16. Log body weight on log shank length from 0 to 20 weeks of
age of males in lines A x E and E x A.
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the period from 0 to 20 weeks of age. This supports the findings of a

"maternal" effect on body weight by Buss and Hawes (1962) but con-

flicts with Scott and Phillips (1936), who found no maternal effects on

body weight after two weeks of age.

Graphs of log body weight on log shank length for line A and E

females are presented in Figure 17. Slope of line A was significantly

(P < 0.01) higher than slope of line E from 0 to 20 weeks; but was

lower than line E during the 8 to 12, 12 to 16, and 16 to 20 week

periods. During the 16 to 20 week period and in some cases during

the 12 to 16 week period, the shanks of females stop growing while

body weight continues to increase. In these cases the slope of the

regression line of log body weight on log shank length changes radi-

cally since the growth rate of body weight is being regressed on a

shank growth rate of zero. Slopes for the 12 to 16 and 16 to 20 week

period in females of line A x E (Table 11) were extremely high

because of a very low rate of shank growth. Slope of the regression

line from 0 to 20 weeks was higher in line A x E than it was in line

E x A as was the case in the males of these lines.

No significant differences were found between the slopes of the

regression lines of body weight on shank length from 0 to 20 weeks

of age between males in lines B and D or between males in lines B x

D and D x B. Significant (P < 0.01) differences in slope between the

lines occurred only in the last two monthly periods. The slope of the
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regression line of line D was steeper than the slope of line B from

12 to 16 and 16 to 20 weeks; the slope of the regression line of line

D x B was higher than the slope of line B x D from 12 to 16 weeks of

age. Significant differences occurring during the last two monthly

periods are due mainly to differences in rate of shank growth. The

significantly (P < 0.01) higher slope of line B x D compared to line

D x B from four to eight weeks of age may be due to a maternal

effect. In this case, the effect is not significant from 0 to 20 weeks

of age. This supports previous researchers (Scott and Phillips, 1936;

Khan and Harvey, 1973), who observed no significant correlations

between egg weight and body weight in chickens over eight weeks of

age.

Significant (P < 0.01) differences in the slope of the regression

line of body weight on shank length were found between females in

lines B and D from 4 to 8, 8 to 12, and 12 to 16 weeks of age. How-

ever, the slope in one line was not consistently higher than the slope

in the other line and no significant difference was found between the

0 to 20 week slopes. Slopes of the regression lines of line B x D

females from 4 to 8, 8 to 12, 16 to 20, and 0 to 20 weeks of age were

significantly (P < 0.01) steeper than slopes of line D x B females.

This again may indicate a maternal effect on body weight; however,

the line B x D slopes were based on limited data.
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In each case, the slope of the regression line from four to eight

weeks of age of the larger line was higher than the slope of the smaller

line. The slope of the smaller line in some cases was steeper than

the slope of the larger line from 8 to 12 or 12 to 16 weeks of age if

the rate of shank length growth in the smaller line decreased

markedly during the period while the rate of shank growth in the

larger line remained high. Differences in 0 to 20 week slope were

apparently affected more strongly by four to eight week slopes than

by later slopes.

The slope of the regression line of log body weight on log shank

length is not a constant function but varies depending upon the age of

the bird as it does in chickens (Lerner, 1938).

There may be a "maternal effect" on the slope of the regression

of log body weight on log shank length. Crossbred turkeys produced

by matings of large female and small male turkeys had steeper slopes

during the four to eight week period than crossbred turkeys produced

by matings of small female and large male turkeys.

Organ Weight

The multiple regression equation (organ growth = constant +

line effect + age effect + sex effect + sex-line interaction) (Table 12)

revealed that the weight of the adrenals, gonads, pituitary, thyroid,

heart and liver were significantly (P < 0. 01) effected by the age of
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the turkey. Adrenal, gonad, heart and liver weight varied closely

with body weight in agreement with the findings of Brody (1945) and

Al-Dadagh and Abdul la (1963) in chickens.

Table 12. Level of significance of line, age, and sex in determining
the growth of each organ measured.

Line
Effect

Age
Effect

Sex
Effect

Sex-line
Interaction

Adrenals 1 5 5

Gonads 1 1 5

Pituitary 1 1 1 1

Thyroid 1

Heart 1 1 1

Liver 1 1 1

5 = significant at P < 0. 05 percent level
1 = significant at P < 0.01 percent level

The weight of all organs except the thyroid was significantly

affected by the interaction of line and sex. These differences are in

line with earlier research in chickens (Hoffman et al. , 1953; Francis

et al., 1968).

No significant differences were found in the slope of log organ

weight on log body weight at 4, 12 and 20 weeks of age between lines

for adrenal, gonad, pituitary, heart, or liver (Table 13). Differences

in the slopes of the regression lines were expected in heart and liver

weights because differences in ratios of heart and liver weights to

body weight between fast and slow growing breeds of chickens have



Table 13. Slope of the regression line of log organ weight on log body weight from 4 to 20 weeks of
age.

Sex Line Liver Heart Adrenal Gonads Pituitary Thyroid

Male A 0. 673 0.787 0. 560 1. 481 0. 220 0. 533

B 0.838 0.836 0. 579 1. 446 0. 352 0.579
C 0. 690 0. 901 0.448 1. 622 0. 326 0.717
D 0. 687 0.849 0.498 1. 597 0. 273 0. 769**AB

E 0.682 0.831 0.613 1.391 0.268 0.759

Female A 0. 623 0.813 0. 535 1. 086 0. 292 0. 647

B 0. 769 0.869 0. 535 1.061 0. 398 0. 660

C 0. 721 0.895 0. 597 1. 144 0. 312 0. 630

D 0. 650 0.865 0. 559 1. 258 0. 287 0. 726**ABC

E 0. 632 0.831 0. 626 0. 955 0. 348 0. 726

**Significant at the 0.01 percent level
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been reported (Daghir and Pellet, 1966). This lack of significance

may be due in some cases to small sample size. Even small differ-

ences in slope of log organ weight on log body weight may result in

large differences in the proportion of organ weight to body weight.

Slope of log gonad weight on log body weight was higher for

males than for females of all lines indicating that testicular tissue

undergoes more rapid growth during this period then ovarian tissue.

This is in agreement with findings in chickens (Munro et al. , 1943).

Correlation between body weight and pituitary weight was not

high in most cases. Therefore, the regression lines for log pituitary

weight on log body weight in general are very poor. Thus, com-

parisons between lines were not possible.

Significant (P < 0.01) differences in slope of log thyroid on log

body weight were found between males of lines B and D and females of

lines C and D. The smaller lines have steeper slopes than larger

lines (Figures 18 and 19). Differences in the rate of growth between

lines of the thyroid in comparison to body weight, however, did

not produce strain differences for thyroid weight. It is possible that

differences in thyroid weight occurred either before or after the

period when weights were obtained.

Average thyroid colloid size of line A turkeys equaled 443 1.1,

and colloid size of line E birds equaled 489 H.. This data implies
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that there was not a large difference in thyroid tissue activity between

line A and line E at 20 weeks of age, when the samples were taken.

Muscle Cell Size

Muscle fiber width of four week old male turkeys in each pure

line are recorded in Table 14. No significant differences were found

between lines.

Average cross-sectional areas of muscle cells of line A and E

males at 4, 12, and 20 weeks of age are presented in Figure 20.

Significant (P < 0.01) differences in area were found between line A

and E at 4, 12, and 20 weeks of age. More samples were measured

per line by this method and cross-sectional area seemed to be a better

measurement of cell size than is fiber width.

The differences between the two lines can readily be seen in the

graph (Figure 20) of average area and range of individual averages.

At 4 and 12 weeks of age, the line E and A. cells fully overlap in size.

At 20 weeks of age, individuals in line A are much less varied and

average higher than the line E individuals (Figure 21). There is,

however, no correlation between body weight and average cell size of

individuals. Smith (1963) observed that proliferation of cells in

chickens is completed by the time of hatching, and fiber diameter is

the basis of differences in size occurring after hatching. If this

is also the case in turkeys, then the size differences between lines
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Table 14. Average muscle fiber width of four week old male turkeys,

Average Average
Line N width Individual Slide width Variance

(11) (I)

A 150 35 ns 1 1 37 5. 7
2 36 6. 5

2 1 31 4. 7

B 200 34 1 1 34 5.0
2 38 5. 0

2 1 32 4. 5
2 31 4. 3

C 200 35 1 1 38 7.9
2 35 6. 4

2 1 34 6. 2
2 33 4. 8

D 300 34 1 1 32 4.6
2 33 6. 6

2 1 37 8. 7
2 34 6. 0

3 1 34 5. 9
2 34 6. 3

E 200 39 1 1 37 6.9
2 35 6. 9

2 1 42 7. 9
2 40 9. 6
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Figure 20. Cross-sectional area of muscle cells, range of averages,
and individual body weights (g) in males of lines A and E
at 4, 12, and 20 weeks of age.



Figure 21. Cross-sections of muscle tissue from a 20 week old line
A male (top) and a 20 week old line E male (bottom)
magnified 80 times.
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A and E are due both to a, greater number of cells at hatching time

and to larger cells at 20 weeks of age.

Hematocrit

Line A male hematocrit values (Table 15) were significantly

(P < 0. 01) lower than the line E male hematocrits at 4, 8, 16, and

20 weeks of age and significantly (P < 0.01) lower than line B males

at 8, 12, 16, and 20 weeks of age.

Line A female hematocrits were significantly (P < 0. 01) lower

than line E females at 4, 8, 16, and 20 weeks of age. Line A hemato-

crits were significantly lower than line EA x A hematocrits at 8 weeks

(females and males, P < 0.01) and at 12 weeks (males, P < 0.05).

Significant differences were found between line E and EA x A

males at four weeks of age and between line C and DB x B females at

20 weeks of age. In both of these cases, the average variance of both

lines was smaller than usual. The differences were not larger than

usual. There were no apparent sex-related differences.

Compared to the other lines, line A males and females tend

to have lower hematocrits from 4 to 20 weeks of age. Low hematocrit

values may be indicative of low oxygen consumption. Since the line A

birds were the largest, they would be expected to have a lower meta-

bolic rate (Klieber, 1961). The adult line A females also had lower

hematocrit values than line B and C females.



Table 15. Hematocrits of pureline and backcross year three male and female turkeys from
0 to 20 weeks of age.

Line Average hematocrit value
0 wks 4 wks 8 wks 12 wks 16 wks 20 wks

A

E
EA x A

B
C
DB x B

A

E

EA x A

B
C

DB x B

41

43
40

43
44
43

43

47

41

45
-44

43

36 *E

39
37

37
38
40

36
,

40
**A

AEAx
37

38
39

38

Males
*B

34
* E Ax A

37
37

39
39
39

35

39

38

39
39

37

37**E, B

41
39

42
41
41

38**E

41

39

40
42

42

38**E, B

41
40

42
42
41

39**E

42

41

40
43**B'

DBxB
41

B'
33

E AAx
38
37

38
39
39

Females
E,

34
EAx A

39

37

38
40

38

**
Significant at 0. 05 percent level

Significant at 0. 01 percent level
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Temperature

In agreement with the findings of Bierer et al. (1964), body

temperature increased between zero and four weeks of age (Table 16).

However, in contrast to findings in chickens (Grimes and Moreng,

1965) and quail (Krueger et al. , 1969), no significant differences

were found between lines. Temperature remained fairly constant

from 4 until 20 weeks of age in all lines.

Feed Conversion

Body weight, gain per month, and feed conversion averages

from 0 to 20 weeks of age are recorded in Table 17. Line E, the

smallest turkeys, weighed less at each period and consistently con-

sumed significantly (P < 0. 01 or 0.05) more feed per gram of body

weight gain than any of the other lines measured.

No significant differences in feed conversion were found between

the pure lines (A, B, and C) or between these pure lines and the back-

cross lines (EA x A and DB x B). Larger lines tended to be somewhat

more efficient in agreement with Jensen (1974).

The small line E birds were not efficient converters of feed

to meat; however, they consumed considerably less total feed during

growth and line cross performance of EA x A progeny indicates the in-

efficiency of line E was removed through heterosis.



Table 16. Average temperature (°C) of birds from each line at 0, 4,
of age.

8, 12, 16, and 20 weeks

Line Average temperature (°C)
0 wks 4 wks 8 wks 12 wks 16 wks 20 wks

Males
A 38. 9 41. 1 41. 7 41. 7 41. 7 41. 1
B 39.4 41.7 41.7 42.2 41.7 42.2
C 39.4 41.1 42.2 42.2 41.7 41.7
E 38.9 41.7 41.7 41.7 41.1 42.2

Females
A 38. 9 41.4 42.2 41.7 41.7 41. 7
B 38.3 41.7 42.2 42.2 41. 7 41.7
C 39.4 42. 2 42.2 42. 2 41. 7 42.2
E 39. 9 41. 1 42.2 42.2 41. 1 42.2



Table 17. Body weight, gain, and feed conversion averages of pureline and backcross turkeys from 0 to 20 weeks.

0-4 Weeks 0-8 Weeks 0-12 Weeks
Line Ave. 4 wk Gain Feed Ave. 8 wk Gain Feed Ave. 12 wk Gain Feed

wt. (g) (0-4 wks) conversion wt (g) C4-8 wks) conversion wt. (g) (8-12 wks) conversion

A 569 522 1.52 1,728 1,159 1.98 3,609 2,450 1.98
B 498 449 1.52 1,482 984 1.95 2,974 1,490 2.06
C 536 482 1.48 1,571 1,035 1.96 2,906 1,335 2.09
EA x A 514 466 1.57 1,594 1,080 1.98 2,974 1,380 2.33
DB x B 487 442 1.66 1,419 982 1.99 2,906 1,487 2.22
E 372 327 1.94 *A,B,C 1,006 634 2.48 **A, B, C 2,043 1,037 2.85 *A,B,C

EAxA
(LSD)

EAxA,
DB x B

EAxA,
DB x B

(LSD) (LSD)

0-16 Weeks 0-20 Weeks
Ave. 16 wk Gain

wt. (g) (12 -16 wks)
Feed

conversion
Ave. 20 wk Gain

wt. (g) (16-20 wks)
Feed

conversion

A 5,575 1,966 2.72 7,235 1,660 2.93
B 4,724 1,750 2.66 6,295 1,571 3.02
C 4,654 1,748 2.71 6,038 1,384 3.11
EA x A 4,817 1,843 2.62 6,100 1,283 2.98
DB x B 4,560 1,654 2.72 5,868 1,308 2.98
E 3,214 1,171 3.40 *A, B, C 4,131 917 3.89 *A,B,C

EAxA,
DBxB

EAxA
DBxB

(LSD) (LSD)

*

**
Significant at the 0.05 percent level

Significant at the 0.01 percent level
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Micromelia

A mutant was found in line E having a phenotype similar to

Asmundson's (1942) micromelia in Single Comb White Leghorns and

to micromelia in Japanese quail (Hill et al. , 1963). The mutant had

very short extremities and a short mandible (Figure 22). Most

embryos survived to the fourth week of incubation but none pipped the

shell. Two were removed from the shell alive on the 29th day of

incubation but died almost immediately. The mutation will be

referred to as micromelia due to its phenotypic resemblance to

micromelia in other species.

Line E hens were mated in the third year to one of two line E

toms, both of which carried the trait. Hens which carried micromelia

were thus identified by pedigree hatching. Hatching records of line E

"carrier" and "non-carrier" hens are presented in Table 18.

Percentage of dead embryos at 10 days (D1) and 25 days (D2) of

incubation was the same for carrier and for non-carrier hens. Non-

carrier hens had a higher percentage of non-micromelia dead at

hatching (D3) and pip embryos. Chi-square values for goodness of fit

of a three to one ratio of number of non - micromelia fertile eggs to

number of micromelia embryos was calculated for carrier line E

hens, line E x A hens backcrossed to line A males, and line E x A

hens backcrossed to line E males. These values are recorded in

Table 18.



Figure 22. Normal and micromelia embryos.
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Table 18. Hatch records of line E carrier and non-carrier and line E x A hens in the third year.
Chi-square values for goodness of fit of the three to one ratio of normal to micromelia
embryos.

Fertile
eggs D1 D2 Micromelia D3 &

PiP
Poults Chi-square

value
Line E non- 27 6 9 0 7 14
carrier hens 2 1 0 0 1 0

17 2 4 0 4 7
Total 46 9 4 0 12 21
Percentage 19 9 0 26 45

Line E carrier 19 5 1 1 3 9
hens 32 3 2 12 2 13

17 3 1 6 4 3

9 4 3 1 1 0
Total 77 15 7 20 10 25 0. 08
Percentage 19 9 26 13 33

Line E x A hens
backcrossed to
Line A males 87 14 7 5 11 50 17. 7

Line E x A hens
backcrossed to
Line E males 83 19 4 17 14 29 1.01
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The chi-square value of 0.08 for carrier hens in line E repre-

sents a very good fit to a three to one ratio. Chi-square values for

line E x A were 17.1 ( a poor fit) when backcrossed to line A males

and 1.01 (a good fit) when backcrossed to line E males.

Twelve micromelia embryos were dissected to determine sex.

Six males and six females were found. This information, along with

the goodness of fit of the three to one ratio, indicates that micro-

melia in turkeys is probably caused by an autosomal recessive gene.

The symbol mi would be the most appropriate because this symbol is

used to designate micromelia in other species.

Bones of five normal D3 and five micromelia embryos from

line E were measured. The average lengths of appendicular bones

and the percentage of normal length of the micromelia bones are

recorded in Table 19. All appendicular bones were reduced in length.

The tarsometatarsus was reduced to 57 percent of normal length but

was 148 percent of normal width. Other bones were reduced to a

lesser degree than the tarsometatarsus.

Thirty-two week weight and body measurements of carrier and

non-carrier line E hens are recorded in Table 20. No differences in

weight, breast width, keel length, or shank length were found between

the carrier and non-carrier hens. No comparisons between carrier

and non-carrier males were possible because all the males tested

were carriers.
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Table 19. Average length of bones of five normal and five micromelia
embryos from line E and percentage of normal length of
the bones of the micromelia embryos.

Bone Normal
(cm)

Micromelia
(cm)

Percentage
of normal

Tarsometatarsus 1. 83 1. 04 57

Tibiotars us 2. 60 1. 64 63

Femur 1. 20 1. 36 76

Humerus 1. 30 0. 87 67

Ulna 1.21 0. 95 79

Carpometacarpus 0. 82 0. 56 68

Maxilla 2. 44 2. 21 91

Mandible 2. 36 1. 85 78

Tarsometatarsus width 0.21 0. 31 148
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Table 20. Body weight and measurements of 32 week old line E
carrier and non-carrier hens.

Line
Body

weight
(g)

Breast
width
(cm)

Keel
length
(cm)

Shank
length
(cm)

Line E non-
carrier hens

Ave rage

Line E
carrier
hens

Average

5, 630

5, 448

5, 085

13.0

13.0

13. 2

13.7

14.0

13. 2

11. 4

12. 2

12. 4

5, 389

4, 767

5, 266

5, 085

5, 221

13.0

14.0

12.2

13.7

13.7

13. 7

14. 2

14. 0

13. 7

13. 7

11. 9

11. 4

13. 0

11. 9

12. 2

5, 085 13.5 14. 0 12. 2
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V. SUMMARY AND CONCLUSIONS

A study was conducted during a three year period to determine

the effect of body size on growth rates, conformation, feed consump-

tion, organ size, and other physiological traits, and to measure the

effect of crossbreeding of large and small turkeys on the traits

studied.

Five lines of turkeys, which varied widely in body size, were

used in the study. Pure lines were reproduced each year. Reciprocal

crosses were made between the large and the small lines the second

year, and crossbred females were backcrossed to males of the larger

parent line the third year.

Body weight and shank length of all turkeys were measured at

monthly intervals from 0 to 20 weeks of age. Records of body weight

and body measurements of breeding stock at 32 weeks of age and

percent fertility and hatchability were kept for each line of turkeys.

A year old hen from each pureline was processed to expose the

skeleton.

Thyroid, gonad, adrenal, pituitary, heart, and liver weights of

pureline turkeys at 4, 12, and 20 weeks of age were obtained and

measurements of muscle cell size were made.

Rectal temperature, hematocrit, and feed conversion of pureline

and backcross turkeys were measured at monthly intervals from 0 to
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20 weeks of age. Hematocrit values and feed consumption of pureline

and crossbred hens were also measured.

Pedigree matings were made to determine the mode of inheri-

tance of a lethal mutant found in high frequency in one line; mutant and

normal embryos from that line were prepared so that anatomical

comparisons could be made.

Percent fertility decreased in the two large lines during the

three year period but did not decrease in the medium or the small

lines. This was probably due to the negative correlation reported

previously between body size and fertility. Hatchability decreased in

all lines and crossbreds exhibited no heterosis for fertility or hatcha-

bility. The decrease in hatchability probably occurred because selec-

tion was on the basis of body size only. Selection for high fertility

and hatchability in the small lines prior to crossing might have pro-

duced heterosis in crossbred fertility and hatchability.

Inheritance of 20 week shank length appeared to be quantitative.

Shanks of crossbreds were approximately equal to the average of the

parent shank lengths. Backcross shank length averaged approximately

half way between the crossbred and the backcross parent average,

except in the case of one line of backcross females. These shank

lengths were higher than expected from a purely quantitative type of

inheritance. It is possible that line E carries a unique factor which

affects shank length.



91

Body weight was apparently subject to much more environmental

variation than was shank length. Otherwise it was not possible to

reach any conclusions on the basis of body weight averages. Regres-

sions of log body weight on log shank length indicated that differences

in proportional growth rates occur between lines. The larger lines

had higher increases in body weight compared to shank length during

the four to eight week period, and the smaller lines tended to be

higher after 12 weeks of age. This supports the theory that growth

rates may vary between age intervals in a single line of birds. Rapid

growth rates from four to eight weeks seem to be correlated with

large size at 20 weeks, However, this may be an artifact of the

selection programs which produced these lines. It may be possible

to specifically select for rapid growth rate up to eight weeks and to

select for early maturity within the same line.

The weight of the adrenal, gonad, heart, pituitary and liver

was significantly affected by age, sex, and line of the turkeys. How-

ever, significant differences were not found between the slopes of the

regression lines of log organ weight on log body weight for different

lines. Therefore, these differences were probably present when the

first samples were taken (four weeks of age). Since these differences

in normal organ weights are found between lines, corrections should

be made for these differences when analyzing the results of

endocrinological studies comparing different lines.
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Line A male and female turkeys had significantly lower hemato-

crit values during the 0 to 20 week period compared to all other lines.

Adult line A females also had lower hematocrit values than the line B

and C females. With one notable exception, an inverse relationship

was found between body weight and hematocrit values. This relation-

ship is probably due to the inverse relationship reported by other

workers between body size and metabolic rate. Line E females had

lower hematocrit values compared to the other small line. This

indicated that line E adults may have a lower than normal metabolic

rate.

No significant differences in rectal temperatures were found

between lines. All lines exhibited the previously reported increase in

temperature during the first week of age. Apparently differences in

metabolic rates between lines of turkeys were not as great as the

differences which have been found between normal and dwarf chickens.

Adult females consumed feed in proportion to body weight and

level of egg production. Line E birds were significantly less efficient

from 0 to 20 weeks than the other lines including the EA x A backcross

line. Apparently the phenomenon which caused the line E turkey to

be inefficient was overcome by heterosis. This implies that it may

be possible to select a female line with a low growth rate and low

adult feed consumption which can produce poults,
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when crossed with a large male line, which are efficient feed con-

verters.

Thyroid weight was significantly affected by age but not by sex

or line. The slope of the regression of log thyroid on log body weight

was significantly steeper in line D than it was in line B. This may be

a function of body size. The slope of the regression of the other small

line (E) was also steep, but the variance was too high for it to be

significant.

Muscle cell size was smaller at four weeks of age and larger

at 20 weeks of age in males of line A compared to males in line E.

Body size differences are apparently due both to differences in cell

size and in cell number. Perhaps selection for large cell number in

one line and large cell size in another line would produce heteros is

for growth.

In proportion to the other long bones in the line E female skele-

ton, the shank (tarsometatarsus) was relatively short. Apparently,

there is a heritable factor which may influence shank length indepen-

dently of, or to a greater extent than, other long bones. Thus,

selection for large or small size based only on shank length may not

produce the desired effects.

A lethal mutation was found in high frequency during the third

year in line E. These data support (although not conclusively because

of the small number of samples) the theory that the condition is caused
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by a single autosomal recessive gene, which is referred to as mi

for micromelia because of the phenotypic resemblance between this

mutant and micromelia mutants in chickens and quail.

Shank lengths of heterozygous carriers of mi were not short

compared to non-carriers. However, not enough eggs were produced

by the non-carriers to be sure that these hens were non-carriers.

Further research to supplement these data would be interesting.

Identification of some characteristic unique to carriers of mi would

eliminate the necessity of the expensive, time-consuming progeny

testing required to remove the gene from populations of turkeys,
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PART I



Appendix Table 1. Average body weight (g) and shank length (cm) of all lines from 0 to 20 weeks of age in years 1, 2, and 3.

Sex Line Year Day old 4 wks 8 wks 12. wks 16 wks 20 wks
NBody Shank

wt length
Body

wt
Shank
length

Body
wt

Shank
length

Body
wt

Shank
length

Body
wt

Shank
length

Body
wt

Shank
length

Male A 1 488 7. 3 2, 041 12.6 3,789 15.8 6,556 18.4 8,863 19.0 33
2 49 3. 3 624 8. 2 1, 793 11.2 4, 585 15.7 7, 582 18.3 9, 943 18.8 17
3 49 3.5 550 7.5 1, 589 11.4 3, 314 15.2 5, 357 17.8 8, 195 18.8 25

B 1 507 7. 9 1, 479 11.4 3,531 15.0 5, 256 17.3 6, 688 18.1 38
2 41 3. 3 669 8. 1 2, 038 12.6 3, 873 14.8 6,501 18.0 8, 658 18.8 19
3 49 3.5 532 7.5 1,589 11.4 3, 314 15.2 5, 357 17.8 7, 037 18.4 24

C 1 504 7.0 1, 422 10.9 3,208 14.4 5, 357 16.2 6, 737 17.2 23
2 45 3. 2 667 8. 2 2, 066 12.4 3, 995 15.0 6,501 17.3 8,599 17.8 33
3 55 3.4 585 7. 7 1, 771 11.7 3, 314 15.2 5,266 17.3 6, 810 17.9 29

D 1 487 6. 6 1, 330 10.2 3,142 13.5 5, 180 15.0 6, 176 15.7 24
2 43 3.0 611 7. 2 1, 734 11.0 3, 246 13.2 5, 425 14.1 7, 514 15.6 33

E 1 384 6. 3 1, 229 10.3 2, 150 12.2 3, 651 14.1 5,089 15.1 20
2 41 3.0 508 6. 9 1, 362 10.4 2, 633 12.4 4, 268 14.2 5, 720 15.0 19
3 42 3. 4 447 6. 8 1, 317 9.9 2,542 13.0 3, 995 14.5 5,062 14.9 19

E x A 2 43 3. 2 486 6. 7 1,589 10.2 3, 450 14. 2 4, 858 15. 7 6, 583 16.8 21

A x E 2 50 3. 2 626 7. 6 1, 952 10.9 4, 041 14.7 5, 448 15.7 7, 355 16.5 4

EA x A 3 46 3. 4 494 7. 3 1,589 11.2 3, 269 15.0 5,312 17.5 6, 765 17.9 26

D x B 2 43 3. 2 570 6. 9 1, 784 10.7 3, 714 14.9 5, 103 16.2 6, 910 17.1 9

B x D 2 49 3. 4 512 7. 2 1, 675 10.8 3,559 14.8 4, 908 16.5 6,842 17.5 7

C x B 2 51 3. 3 582 7. 6 2, 134 11.6 4, 094 14.9 6, 067 18.1 8, 151 18.7 11

DB x B 3 46 3. 4 530 7. 3 1, 634 11.4 3, 314 14.5 5, 266 17.0 6, 855 17.7 25

(Continued on next page)



Appendix Table 1. (Continued)

Sex Line Year
Day old 4 wks 8 wks 12 wks 16 wks 20 wks

N
Body Shank
wt length

Body
wt

Shank
length

Body
wt

Shank
length

Body
wt

Shank
length

Body
wt

Shank
length

Body
wt

Shank
length

Female A 1 444 7.0 1, 792 12.0 3, 204 14.2 5, 330 15.6 7,089 15.6 42
2 48 3. 3 594 7.8 1, 734 11.4 3,532 13.7 5,580 15.1 6, 647 15.5 18
3 48 3. 4 558 7. 6 1, 725 11.4 3,360 14.2 5,221 15.5 6, 583 15.7 25

B 1 483 7. 6 1, 314 10.9 3,131 13.8 4, 478 15.4 5,662 15.3 56
2 42 3. 3 565 7. 6 1,653 11.6 3, 028 13.7 4, 799 15.1 6, 238 15.3 25
3 50 3. 4 495 7. 4 1, 407 10.9 2,769 14.0 4, 268 15.5 5,593 15.4 24

C 1 449 6. 7 1, 196 10.2 2, 635 13.0 4, 312 13.8 5, 164 14.3 41
2 45 3. 2 564 7. 6 1,752 11.7 3,292 13.7 5,094 14.4 6, 243 14.7 34
3 53 3. 3 502 7. 3 1, 453 10.7 2,542 13.7 4, 177 14.7 5, 266 14.6 32

D 1 412 6. 3 1, 099 9.5 2, 443 12.2 4, 012 12.9 4, 693 13.2 43
2 44 3.0 475 6. 7 1, 353 9. 9 2, 665 16.8 4, 022 12.5 4, 899 12.9 37

E 1 322 5. 7 994 9.0 1, 547 10.4 2, 632 11.9 3, 719 12.6 36
2 39 3.0 441 6.5 1, 121 9.4 2, 132 11.3 3, 255 12.4 4, 345 12.9 33
3 44 3.0 349 6. 2 863 8.4 1, 680 10.7 2,588 11.9 3, 405 12.1 28

E x A 2 44 3. 1 422 6.0 1, 380 10.0 2,583 12.5 3,491 13.2 5,194 13.4 12
A x E 2 52 3. 1 510 6. 9 1, 566 9. 9 3, 292 13.5 4, 245 13.8 5,505 13.7 4
EA x A 3 48 3.4 499 7. 1 1,544 10.9 2, 951 13.7 4, 449 15.0 S, 562 15.4 32
D x B 2 44 3. 2 446 5.8 1, 298 9. 9 2, 835 12.9 3,827 13.9 4, 808 13.9 13
B x D 2 45 3. 3 443 6. 9 1, 498 10.2 3, 246 14.0 3, 859 14. 2 5,076 14.2 4
C x B 2 50 3. 3 480 6. 4 1, 735 11.7 2, 648 12.4 3, 582 13.1 5, 352 15.1 9
DB x B 3 46 3. 3 465 7.0 1, 271 10.4 2, 589 13.2 4, 086 14.7 5,130 15.0 34
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Appendix Table 2.

A.

A. Average thyroid weight at 4, 12 and 20 weeks
of age.

B. Slope and standard error (SE) of the slope of
the regression line of log thyroid weight on
log body weight and the correlation (r4) between
the change in log thyroid weight and the change
in log body weight from 4 to 20 weeks of age.

Sex Line
Average thyroid weight (mg)

4 wks 12 wks 20 wks

Male A 26.4 89.1 131.0
E 25.1 64.4 124.7
B 20.7 89.4 164.0
C 18.6 68.0 125.0
D 16.8 88.4 156.0

Female A 28.2 55.4 196.6
E 23.8 50.8 109.3
B 25.3 74.7 151.4
C 20.3 76.1 111.2

D 24.1 95.8 122.8

Log thyroid wt on log body wt
B. Line Slope SE r2

Male A 0.533 0.055 0.86
E 0.759 0.089 0.86
B 0.579 0.039 0.95
C 0.717 0.046 0.95
D 0.769 0.058 *B 0.93

Female A 0.647 0.067 0.88
E 0.784 0.113 0.75
B 0.660 0.054 0.94
C 0.630 0.209 0.87
D 0.726 0.051 **C, B 0.92

* *

Significant at the 0.05 percent level

Significant at the 0.01 percent level
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Appendix Table 3. A. Average liver weight at 4, 12, and 20 weeks
of age.

B. Slope and standard error (SE) of the slope of
the regression line of log liver weight on log
body weight and the correlation (r2) between
the change in log liver weight and the change in

A. log body weight from 4 to 20 weeks of age.

Sex

Male

Female

Line Liver weight (g)
4 wks 12 wks 20 wks

A 16. 2 65. 5 114. 7
E 13.0 43.8 67. 2
B 10.4 72.4 91. 0
C 13.0 57.3 79. 6
D 14.8 54.1 81. 4

A 14. 7 54. 0 87. 4
E 11.0 32.0 46. 6
B 10.3 70.0 73. 6
C 11.3 48.9 66. 8
D 13.5 42.7 61. 0

B. Log liver wt on log body wt
Line Slope SE r2

Male A 0. 673 0. 026 0. 98
E 0.682 0. 038 0. 96
B 0. 838 0. 042 0. 97
C 0. 690 0. 028 0. 98
D 0. 687 0. 026 0. 99

Female A 0.623 0.028 0. 97
E 0. 632 0. 036 0. 95
B 0.769 0.063 0. 94
C O. 721 O. 035 0. 97
D 0.650 0.019 0.99
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Appendix Table 4. A. Average heart weight at 4, 12, and 20 weeks
of age.

B. Slope and standard error (SE) of the slope of
the regression line of log heart weight on log
body weight and the correlation (r2) between
the change in log heart weight and the change in

A. log body weight from 4 to 20 weeks of age.

Sex

Male

Female

Line
Heart weight (g)

4 wks 12 wks 20 wks

A 2. 7 17.6 25. 5
E 2. 1 10.2 16. 2
B 2. 2 14, 5 20. 2
C 2, 3 17.1 22. 4
D 2. 8 14.9 22. 0

A 2. 3 13. 5 23. 8
E 1. 8 7. 1 11. 9
B 1. 9 12.0 18. 4
C 2. 3 14.1 21. 2
D 2. 5 11.7 18. 0

B. Log heart wt on log body wt

Male

Female

Line Slope SE r2

A 0.787 0.040 0.96
E O. 831 0. 038 0. 98
B 0. 836 0.025 0. 99
C 0. 901 0. 046 0. 97
D 0.849 0.035 0. 98

A 0.813 0.033 0. 98
E 0.809 0. 037 0. 97
B 0.869 0.026 0. 99
C 0.895 0.028 0. 99
D 0.865 0.036 0. 98
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Appendix Table 5.

A.

A. Average adrenal weight at 4, 12, and 20
weeks of age.

B. Slope and standard error (SE) of the slope of
the regression line of log adrenal weight on
log body weight and the correlation (r ) between
the change in log adrenal weight and the change
in log body weight from 0 to 20 weeks of age.

S ex Line
Adrenal weight (mg)

4 wks 12 wks 20 wks

Male A 69. 8 167. 4 379. 6
E 50. 4 122. 9 241. 5
B 45. 0 145. 7 273. 1
C 60. 9 135. 6 207. 8
D 70. 1 179. 5 244. 8

Female A 58. 8 240. 8 275. 1
E 45.4 70.1 262. 8
B 47. 3 142.4 199. 2
C 48.2 150. 9 198. 6
D 53.4 160. 1 211. 7

B.
Log adrenal wt on log body wt

Line Slope SE x.

Male A 0.560 0.053 0.88
E O. 613 O. 055 O. 91
B 0.579 0.039 0.95
C 0.448 0.051 0.86
D 0.498 0.059 0.85

Female A O. 535 0.086 0. 75
E 0.626 0. 102 0. 70
B 0.535 0.053 0.91
C 0. 597 0.072 0.83
D 0.557 0.088 0. 75
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Appendix Table 6. A. Average gonad weight at 4, 12, and 20 weeks
of age.

B. Slope and standard error (SE) of the slope of
the regression line of log gonad weight on log
body weight and the correlation (r2) between
the change in log gonad weight and the change

A. in log body weight from 0 to 20 weeks of age.

Sex Line
Gonad weight (mg)

4 wks 12 wks 20 wks

Male A 22.6 313.6 2666.7
E 23, 4 20 9. 0 823. 6
B 21.8 965.0 1060.0
C 22.6 442.8 2240. 0
D 34. 5 651. 5 3400.0

Female A 61.7 385.5 1740.0
E 45.4 113.3 575. 4
B 47. 3 313. 1 994. 1
C 48.2 356.8 1300.0
D 53. 4 293. 5 1540. 0

B.
Log gonad wt on log body wt

Line Slope SE

Male A 1. 481 O. 099 0. 94
E 1. 391 0. 074 0. 97
B 1, 446 0. 125 0. 92
C 1. 622 0. 119 0. 94
D 1. 597 0. 146 0. 90

Female A 1.086 0.070 0. 95
E 0. 955 0. 121 0. 80
B 1. 061 0. 072 0. 96
C 1. 144 0. 074 0. 94
D 1.258 0. 123 0.89
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Appendix Table 7. A. Average pituitary weight at 4, 12, and 20
weeks of age.

B. Slope and standard error (SE) of the slope of
the regression line of log pituitary weight on
log body weight and the correlation (r2)
between the change in log pituitary weight and
the change in log body weight from 4 to 20

A. weeks of age.

Sex

Male

Female

Line Pituitary weight (mg)
4 wks 12 wks 20 wks

A 10.2 15.1 20.5
E 7.2 19.1 15.9
B 9.0 20.6 24.4
C 8.2 16.2 20.5
D 8.8 13.2 19.0

A 7.5 16.5 16.4
E 7.5 11.4 18.4
B 7.2 15.9 20.3
C 8.0 13.6 18.4
D 7.5 10.0 15.5

B. Log pituitary wt on log body wt
Line Slope SE r2

Male A 0.220 0.051 0.55
E 0.268 0.125 0.28
B 0.352 0.042 0.85
C 0.326 0.055 0.73
D 0.372 0.090 0.41

Female A 0.292 0.047 0.75
E 0.348 0.053 0.73
B 0.398 0.041 0.91
C 0.312 0.063 0.65
D 0.287 0.076 0.53
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HISTORICAL NOTES CONCERNING THE ORIGIN OF
MANY MODERN STRAINS OF TURKEYS

Information on the origin of present-day strains of commercial

turkeys is not well recorded and is of interest from an historical view-

point. An attempt was made to contact the individuals responsible for

developing or contributing to the development of the strains used In this

thesis study in order to determine their genetic origin as clearly as

possible.

Early history of the wild turkey, native to North America, and its

later domestication, is well recorded by Schorger (1966). One of the

earliest records of turkeys in Oregon (Henry, 1897) notes their pre-

sence at Astoria in 1813 and Howison (1913) reported turkeys being on

Oregon farms in 1846. Introduction of domesticated turkeys into the

Oakland area occurred in 1850. These turkeys were transported to

the area by Fen Sutherlin in a covered wagon (Brewster, 1939).

Turkey raising did not increase rapidly in Oregon until the 1920's.

Statistical data reveal that in 1890 only 43, 555 turkeys were produced

in the state. Oregon ranked 44th among all states in the United States

that year. Turkeys on hand January 1, 1920 are listed as 38, 373. By

1930, however, Oregon ranked sixth in U. S. turkey production with

600, 359 raised. In 1935 there were 178, 296 turkeys on hand January 1

denoting a large increase in numbers of breeders being maintained

compared to the figures for 15 years previously. The state's position
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in turkey production moved to fourth among all states by 1939, when

1, 677, 851 turkeys were raised (Marsden and Martin, 1939, 1955).

With the advent of wheat subsidies following World War II, turkey

growing in the state became less profitable due to the necessity of

bringing corn and soybean meal from the Midwest to replace locally

produced grain and animal protein supplements. Turkey breeding

started in the 1920's and continued as a predominant factor for turkey

production in Oregon until the late 1960's, when a relatively few large

highly integrated organizations in the U. S. came to the forefront.

As with chicken breeding, the early interest in turkey breeding

centered around shows and showing with close adherence in selecting

for the specifications of the "Standard of Perfection" recognized by the

American Poultry Association. Marsden and Martin (1939) noted

The fundamental purpose of poultry shows is to provide a
means of fair competition between the breeders and pro-
ducers of poultry, to exhibit breeding stock or potential
breeding stock, and to permit the comparison of results of
individual efforts to breed and raise domestic birds.

Persons interested in the improvement of turkey varieties in the

Pacific Northwest established the Northwestern Turkey Show at Oak-

land, Oregon in 1939 under the leadership of the Northwestern Turkey

Breeders Association. According to Brewster (1939), the first show

had 256 live turkeys entered. In 1930 a dressed turkey division was

added and was reported by him as being the first dressed turkey show

ever held. It appears that a large amount of interest was generated by
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the Northwestern Turkey Show since, by 1935, there were 549 live and

583 dressed turkeys entered, according to Yoder (1936).

This show was the focal point for the development of the Broad

Breasted Bronze turkey which became the most popular strain of

turkeys in the United States by 1943 (Griffin, 1943), and is the ancestor

of virtually all the commercial lines of turkeys presently produced in

the United States. Yoder (1936), commenting on the 1935 show at

Oakland, noted "The Bronzes were the largest and, in many particulars,

the best class as a whole, " and "Joe Kupetz, with a great lot of broad

breasted carcasses, made a fine display in Bronzes and won first

place, being beaten in young toms by R. D. Mitchell, whose young tom

was grand champion of the dressed division. "

Information concerning improvement in breeding turkeys during

the 1920 to 1940 period is widely scattered among turkey journals and

relates to the various shows. One of the best condensed versions is

found in the 1952 Pacific Coast Turkey Exhibit premium list under the

title "History of Turkey Progress" without author identification. The

article notes that

In the Pacific Northwest, certain breeders could not see the
philosophy of sacrificing type of an entire flock to secure a
few outstanding color specimens. Ward Cockeram, of Oregon,
working with what he called his 'Blackbirds, ' an old family
strain, paid little attention to color in his Bronze, and selected
only for meat. R. D. Mitchell, of Washington, in the face of
avid criticism, began to discard color from his flock. Herman
Odell and Joe Kupetz, both of Oregon, worked along the same
line, all making progress. . . . Into this picture, at the
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Portland International Livestock Show, came the Canadian,
Jesse Throssel. Having obtained from England, what was
called the Sheffield Bronze at 8 to 9 months weighed over 40
pounds, young hens up to 28 pounds. Naturally, the Washington
and Oregon breeders who were already working toward meat
production were interested in these turkeys.

(Jesse Throes sell emigrated to British Columbia in the late 1920's.

After settling, he imported some turkeys of the Rothchild stock

(Sheffield Bronze) which had been bred for an increase in the propor-

tion of breast meat; American Poultry Historical Society, Newsletter

5, Sept. 1972. )

The four mentioned above, Cockerham, Odell, Kupetz of Oregon,
and Mitchell of Washington, went to the Throsell farm and pur-
chased toms. These toms were mated to the American hen
that already had been selected for meat qualities.

(These four breeders are credited with originating what later came to

be called the Broad Breasted Bronze, BBB. )

While the cross made by these breeders did not produce the
finished bird we have today, these birds were such a vast
improvement for meat purposes, on anything before grown
that they attracted immediate attention. So prepotent were
these toms that a single cross on average breeder hens brought
marked improvement. Rapidly the new breed of birds replaced
the former Standard birds on the ranches of the Northwest.

A second group of breeders who obtained stock from Cockerham,

Odell, Kupetz, and Mitchell contributed substantially to the early

development of the BBB. They were even more prominent in exhibiting

and promoting the new breed and included Max Lyons, Melvin Lovelace,

Dave Cooper, A. L. Hamilton, and H. P. Griffin (Griffin, 1972). In

1938 a club was formed to foster the new breed. A committee was set
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up to develop a standard and provide a name. This group consisted of

Max Lyons, Chairman; Mrs. Joe Kupetz, Ward Cockerham, R. D.

Mitchell, A. L. Hamilton, and G. P. Griffin. The committee adopted

the name of "Broad Breasted Bronze" upon the suggestion of Mrs.

H. P. Griffin.

The above group and other poultry industry leaders arranged

for a collective exhibit at the Seventh World's Poultry Congress at

Cleveland, Ohio in 1939. Marsden (1939), in a report on the Seventh

World's Poultry Congress, noted

The major prize winners were displayed in refrigerated show
case in the Turkey Industry Exhibit Booth. These birds
attracted much attention, and the display cases were almost
constantly surrounded by a large group of people. Breeders
and growers marveled at the outstanding market type and
quality and spent a great deal of time admiring the birds and
discussing their relative merits. Others admired the birds
because of their eye and appetite appeal.

Prominent among the dressed show winners are the names of Joe

Kupetz, M. M. Lyons, A. L. Hamilton, R. D. Mitchell, Ward Cock-

erham, Nelson's Turkey Farm and Washington Cooperative Chick

Association.

The live show at the Congress was dominated by the White

Holland variety entries made by Henry Domes, Rickreall, who exhibited

15 turkeys "brought all the way across the continent" (Price, 1939).

His turkeys won the following awards: champion female over all

breeds; A. P. A. master breeder award; best display; third grand dis-

play over entire poultry show; champion White Holland; best display
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White Hollands; champion White Holland torn, and champion White

Holland hen.

The autosomal recessive white gene from the White Holland,

which was transferred in the development of the Beltsville Small White

(Marsden, 1967), now is found in the plummage color of modern

turkeys. Almost all commercial breeding flocks are white-feathered.

The turkey industry in Oregon gained much stature both nationally

and internationally after the Congress. Many strains of turkeys were

developed that dominated the scene at local and national turkey shows

for the next 20 to 30 years. An attempt to follow precisely breeding of

the strains throughout the years is difficult since many were crossed

in attempting to include desirable traits found in different strains

exhibited at the shows. A chart has been prepared to trace these

strain origins.
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