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INTRODUCTION
Low fertility has been a problem of cconounlce imporitance

g
to the poultry industry for wmany years., It is a conssrva-

infertile. This represents a large wmonebary loss to hatehe

nen and breeders each year., There are two ways to solve

erymn
this problem: (1) find a metucd to detect fertile eggs be-

fore setting, of which there is no practical method
ent, or (2) increase the percent fertlility of eggs setb.
The latter 1s possible but sometimes very hard to atbain
because of the many factors involved in fertility. Some
measure of predictability of fertility would be helpful to
attain the geoal of higher fertility.

The efiect of temperature on mating activity and fert-

ility, and the effect of dubbing on matling activity and

fte

fertility have been controversial, The objsectives of this
problem are:

1. To study the effect of dubbing melcs on thelr
mabting activity.

2+ To study the effect of tempersture on mating
acolvity.

3« To study the relationship of social dominance
of males as 1t affects the frequency of mabings

oh

and the propertion of eggs fertilized.

lis To study the duration of fertility of males as
a measure of predicting fertilitby.
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REVIEW OF THE LITERATURE

Fertilization

Pertilization 1s defined as the union of the sperm of
the male wlth the egg or ovum of the female, Only the nu-
cleus of one sperm unites with the nucleus of the ovum iIn
the process of fertilization, although other sperms may pen=-
etrate the cell wall of the ovum, Patterson (1911) called
these supernumary sperms and reported that they disappear in
i to 5 hours after fertilization.

Male Reproductive Tract == The male reproductive system

of the chicken as described by Burrows and Quinn (1937) con=-
sists of two testes, with epididymides, vasa deferentia and
the copulatory apparatus. Parker, lMcKenzie, and Kempster
(1942) showed that the bulk of the testes is composed of
seminiferous tubules and that in these tubules the sperm
cells are formed by the process of spermatogenesis. As the
sperms mature, they become detached from the Sertoli cells
and pass through the tubules into the excurrent ducts of the
epididymiss, That the epididymis is small in comparison to
other farm animals led Munro (1935) to believe that sperm do
not completely "ripen" in the epididymis, but that the pro=-
cess is continued, and completed in the vas deferens. As
the ducts continue posteromedian they become larger. Upon
thelr entrance into the wall of the cloaca they measure as
much as 3,5 millimeters in diameter (Parker et al., 1942).
Munro (1935) stated that sperm spend the greater part of
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their bime in the long coliled vas deferens subsequent bto
morrvhologlical maturity and before ejaculation. Burrows and

Guinn (1939) concur with this coacept.

+3

The copulatory apparatus of the male fowl as deseribed
by Burrows and Quinn {1937}, and Parker et al. {(19L2) con-

£

slsts of two papillas and the rudimentary copulatory organ.
Ag the vas deferons enter She wall of the cloaca they bter-
winate in bwo small conical-shaped papillas, each having a

hole through whieh semen 1ig emibbted during copulation. The

ts

e

copulatory organ is somowhab irvegular in outline and
dime ) vary from 3 te 5 mu. 1n length, 2 o 3 mm. in
LUeIL sLons Ve L L0 5 Vo D .\Lf‘ltr.l.-l il & U o Ldike
1 - 2
width, and 2 bto L mm. In helght,.

Female Reproductive 3ystem -~ The roproduciive organs

of the female chicken are unusual in that bens normally have
only one functlonal ovary and oviduct. According to Warren

(19L:9) the ovary is seen as a cluster of developing ova of

_¢

varying sizes. The oviduet 1s a tube having many loops and
it extends from 1ts attachment at the base of the ovary to
the cloaca, The approximately twenty-two inch oviduct is
divided inbto five major parts: (1) the infundibulum or
funnel, which picks up the ovum after relesse from the ov=
ary; (2) the magnum, which comprises over Tifty percent
of the oviducet, and where most of the egg white is secreted;

(3) the isthmus, where the shell wewbranes zre formed; (L)

sre made and the shell is deposited; and {5) the vagina,

|

which leads to the cloaca from which the egg !

L

s expelled.



Site of PFertlilization =« The gite of fertilization has

intercst to many workers. Patterson (1911) observed
that henst' eggzs were fertilized in the upper end of the ovie
duect immediately after ovulation. Crow (1926) stated th

Fad A e e i B Ty £ . = Ty T, S
fertilization occurs shortly after ovulation by chance meet-

P

1lizatlon wny take place in a lowafxpor lon of the oviduct
no speram awaibts the ovum upon 1ts release from the ovary.
It may be that the sperm comes in contact with the ovum after
ovulation, bubt the inal act of fertilization does not occur
until a later time when the egy 1s pessing down the oviduct.
He made no cybtologleal study of time and location of ferti-
lization or maturation. The studies of Olsen (1942) and
Olsen and Neher {(19119) provide direct evidence that the
spermatozoa normally fertilize the ovun after ovulatlon and
before it reaches the magnum. In bturkeys Olsen and Fraps
(19).) reported thabt the ovum is fertilized in the infundi-

bulw: within s few nminutes followings ovulation,

funnel hag been reporbed by many workers. Payne {(191) ob-

served sperm in all parts of

J.

e oviduct thirty minutes after
coitus. Warren and Kilpatrick (192%9) also found sperm in all
parts of the oviduct six hours after mating. The shape and
size of the sperm they observed were normal, but large numbe

ers had lost their flagellum. Walton and Whetham (1933) irri-

gated the peritoneal cavity and oviduct with spermicidal solution
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nd found that fertility persisted as long alfbter treatment
as in the unoperated blrd. However, the number of fertile

eggs lald was reduced due to degeneration of the ova. This

3

te ¥

study confirmed the work of Ivanov (192}, quoted by Hutt
(19h9), who obtained fertile eggs uwp to three weeks afbter
the entire body had been thoroughly douched with a spermicie
dal solubion. Ivanovts (192l) conclusion was that spermato-
zoa pen@trate the follicle and fertilize ripe and unripe ova
before ovulation., =Svidence by Walton and Whetham (1933)
supported his hypothesis but they considered fertilization
to be possiblé after lrrigation, by spermatozoa which were
buried in erypts of the oviduct and thus protected zgainst
the treatment. Van Drimmelen (1945, 19L6) observed sperma-
tozoa in the funnel up To Ui days after insenmination. In
other studies he observed that spermatozoa were located in
Yaperrmests™ in erypts of the mucous lining of the funnel
rogion of the oviduct. Sowmebimes as many as 50 to 80 sperms
‘were found in one "spermmest', This probably explalns why
fertility may persist after irrigstion with & spermicidal
solution.

The manneﬁ in which sperm travel has been reported by
G. H. Parker (1930, 1932), quoted by Hutt (1949). In birds,
spermatozoa are carried to the isthmus of the oviduct by
muscular contraction in an antiperistaltic directlon, and to
the furnmel by a current sebt up by c¢ilia beating in the dir-
ection of the ovary. These pro-ovarian cilia were found in

a band covering about one-quarter of the circumfersnce of



the oviducte.  This work disproved the former beliel thatu

spermatozoa travelled up tho oviducet by rhectaxis. The

fl "

9

speed in which spermatozoa reach the funnel was Investligab-
ed by Mimura (1939), quoted by Parker {1919), who found that
gpermatozoa inseminated into the vagina may reach the funnel
in as short a time as twenty-sixz minubes.

In view of these data it seems most likely that ferbi-
lization occurs shortly after ovulation, and in the Infundi=
bulum,.

Inheritance of Fertility -=- It has long been recommended

that to secure maximum fertility the breeder should make up

his mating pens before the regular hatching season and test

.

the eggs for fertllity. Vhether or not fertility is inher-

ted is disputed. According to Pearl zand Surface (1909),

e

and Hays and Sanborn (192ly, 1939), fertility is not inherit-
ed. However, Hays (1950) presented data which indicate that
sex~linked genes may be operabing to regulate fertllity.
Jull (1935) reported a significant correlation between the
fertility of dams and their daughters. Blyth (19h5) quoted
by Parker (19&9) concluded that fertility is an inherited
characteristic. Hubtt {19.0) presented evidence that the
White Wya ndotte breed is characterized by lower fertility
then othérs. He analyzed the records of officlal pedizree
breeding stutlons for several years and found that the pro=-
portion of InfTertile eggs was higher in White Wyandottes

than in other birds. Hunvo (19:6), quoted by Parker (1949),

believed that lower fertility in ¥randottes was more affected
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by environmental factors than by genetle factors., Gowe and
wutt (1949} reported lower fertility in a line of inbred
Leghorns in comparison with proper controls. Thig infertlil-
ity could not be attributed to environmeant., They also found
that hens differ greatly in thelr ability to maintain the
fertility of their eggs following a single matln Using
turkey hens, Harper and Parker (1950) presented evidence that

o

diffepences in ferbility between familles, as measurced by
duration of Pertility after one lnsemination, indiecate that
fertility is inherited.

In shbudies by Jones and Lanoreux (193”} it was observed
that cockerels frowm a high-laying strain of White Leghoras
produced more semcn at 12, 2L, and 30 weeks than males from
a low-fecundity strain., Hutt (194,9) considered thls to
indicabte that, although egg produstion ls 2 sex-limited
character, the genes accelerating that process in females may
have a corresponding effect in males. These genes, he hypo-
thesized, might be considered as genes affecting gametogene=-
sis in general. That age at sexual maturity as measured by
semen production is inherited in White Leghorn cockerels and
male turkeys was shown by Lorenz and Lerner (19&6).

Studies by Jull (1930, 1933), Hays {192l, 1929), and

wnox {(19h6) have shown that inbreeding decreases fertility.

On the other hand, Vabers and Lambert {(1936) found no sig-

-

nificant differences ian fertility between progeny having

differont degrees of inbreeding and conecluded that inbreeding



had no effect on fertility because of intense selection Lfor
wo. - ™ " 2 ey Ty 1y . 1), .
this cheracter. Bernier (19L7), quoted by Parker (1549), re-

vealed that inbreeding, oubtcrossing, crossbrecding and in-

o]

breeding, to verying degrees, apparently do not affect fer-

o

the egzs is apparently

r.*l‘

tility directly. Fertilizstion of
neither impaired nor enhanced by the vresence of sperms from
a related or unrslated male, Xnox (1939) showed that cross-
breeding hed no effect on fertility., Goff aﬁd Tuemlin (1950),

using Barred Plymouth Rocks, reported that percentage fertile

ity tended to deerease as the intensity of inbreeding increas-

3tudies were made by Marsden and Olsen (1950) using
Beltsville Small Whites, Brozd Breasted Bronze, and their
reclprocal crosses., The average Fertllity fer a threc-year
period was: Deltsville Small Whites, 9L.7; Droad Breasted
Bronze, 88.6; Broad Breasted Bronze X Deltesville Small
Fhites, 83,13 and Beltsville Smzll Whites X Broad Breasted
Bronze, 068.8 percent. Their only explanation For the lowerw
ed fertility of the Beltsville Swell Whites X Broad Breasted
Bronze was that it might be due %o preferential mating due
to differences in color, physical difficulties or differerces
in size and/or body conformation.

It is clear from evidence preosented that fertility is
inherited. Wilson (1948) estimated the heritibility of
fertility to be 10 when unadjusted for inbrecding, but this

value would probably be lowsr 1 the proper adjustments were

made,
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Miscellanea ~= That males have an age of sexuval matur-

¥ b}

ity hes been shown by Jones and Lamoreux (1912) and Lovenz

nd Lerner (196), The development of sexual maturity has

89

3

beern studied by Hopue and Schmetzler (1937). Their results
indicete that Barred Plymouth Hoek males may reach sexual
maturity 2t approximately 16 weeks of age. There were wide
individual differences depending upon development of the
males, but they econcluded that a satisfactory level of for-
tility may be securcd from pen matings aifter the males are
twenty-siz veeks of age,

Hays and Sanborn (1939) rveported thab males reached
their maximum fertility as cockersls and thereafter showed
a marked decline in fertility. Femoles reached their maxi-
men fertllity as yearlings and sxhibited a less marked de-
cline in fertillty in succeeding vears than did meles. Jull
{1935) reported that pullets having the highest fertility
tended to have the highest fertility as yearlings.

Jull (1928) reported no relationship between fertility
and hatebability. ZXKnox (1927) wmade a correlation study and
coneluded that maturit; ad practically no rclationship with

rtility., Date of hateh did not influence fertlility; nor

¢id rate of egg production. However, he found that fertili-
tvy is related to hatehabllity, the reverse of Jullts (1928)
conclusion. |

Shaffner and Andrews (19L8) reported correlation co-

efficlents as follows: percent fertility and semen volume,

0.128; fertility and sperm concentration, 0.0l0; fertility
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and initial sperm motility, 0.517; fertllity and methylene
blue reduction time, =0,54b; and fertility and sperm sur-
vivael time at h Cos 0.1109. The last three values are sig-

nificant and Ilndicate possible methods of predicting fertili-

The role of nutrition ag 1t influences fertility has

BT T N

ittle attenbtion. Craft, lcilroy, and Fenquite

-]
4

i

recelve

(

(1926) reported that males on deficlent diets were less
active sexually and produced fewer sperm on the average than
males on more complete mations, They presumed that this
difference was due partly to the individuality of the males
and partly to the diet. Parker and HcSpadden (1943) obtain=-
ed results which showed that inanition decreases the level
of fertility in male fowls. Semen volume, number of sperm

per collection, and fertilizing capacity of the males were
adversely influenced by inanition., Ferrand and Bohren (1948)
reported no individual or group differences in fertility be=
tween Barred Plymouth Hock, White Plymouth Rock and New
Hampahlire males when fed a low carotenocl diet, and whesn the
spermatozos were not In compebitlion with normal sperm.

Incomplete ratlions lhave an wndesirable effect on the

fertility of male

5

[£2]

. In viecw of the meager svidence, 1t would

8

o
¢

ingredients may have an effect on fertil-

j=N
1355

seem That

7]

t

nec
ity, while others may not.

Wicolaides (193L) reported ne difference in Tertility
between stud mating and pen wmating. On the other hand,

Palafox (1918) reported that the fertility of pen mated White

Leghorns was 80.3 compared to 60.1 percent for the same



pullets when they were stud mated. Individual cockerels and
pullets showed sitni icant differences in fertility which
makes selection for this trait possible.

A relatively small amount of work haz hsen done on the
ratio of males to females. Byerly and Godfrey {1937) re-
ported that fertility fell in linecar fashion as the number
of females ner male was increased. Their data indicated
that the maxirun number of fertile epgge could be obtained
fron o zingle male by meting him to about 120 females,

Have and Sanborn (1939) found that a range of 1 to 1. females
per male had no influence on fertility. Reuultu from exper-
imente by Parker and Bernier (1950) over a two year period
show that & to 7 males are requilred for each 100 hens for

consistent high fertility.

Intensity of Egg Production

An analysis of the inecubation records of more than
1200 hens wss made by Lamoreux (19L0) to determine the re-
lationahip between the rate of ez production and the pro-
portlon of eggs laid which are infertile. The hens which
1aid ‘13 Yo 22 eggs during a six-weel period produced a larg-
er proportion of infertilé gges than hens laying at a MOTe
rapid rate. Podltion of the egz within a glven cluteh haé
no effect on Tertllity which substantiabes the work of Funk
(1939). Hays and Sanborn (1939) found that the number of

eges laid by pullets to Uareh 1 hed no effect on their ferw



Frequency and Time of .ating

The libido in the male has been observed by several
investigators with conflicting results. Heuser (1916) re-
ported that matings for each of the hours of The day run
fairly constant for the First cight bours of the day. The
last four hours, and especlially the lasﬁ.two, run suelnr higio-
er. He reporbed that 02.2 percent of all watings occur from
2 P.H. to 6 Pl and 12,7 porcent of all matings occur from

-

1. o » £ e e ™ s p v g e O S S U S ¥ a AL
bFLJM. To O PJil. The time of grcatest activity 1s just aller
v & o

™

the late afterncon feeding. The highest number of umatliags
by one wmale in one hour was 9, bebween 5 sand 6 P.lM. In
Vnite Leghorns copulaitions ranged from 0 to 32 in.one day,
and over a l&-day period, from 16 to 235. Penquite, Craft,

and Thompson (1930) reported that males are more active the

first two hours of the day. Using White Leghorn males, mabe-

‘s

=

ings per dey ranged from 6 to 28, The shortest intsrval be=-
tween matiﬁgs was one nminute, and the longest was seven

hours and elght minutes, However, the hens were removed as
soon as they had been mated, Which]may have had some effect
on the activity of the males. They reported that the males
which were repulerly actlive produced a higher percent bf

dead or wealk sperm than those ﬁhﬂt‘WEP@ less actives

Philipe (1918) mated a Single Comb White Leghorn cockerel
which.ha&‘ﬁst mated for 15 ﬂays with 27 Leghorn hens that had
not been wated for 15 days and found thaet during three hours

of the alternoon the male mated 38 times. From these matings

L0 percent of the ezggs laid durlng the next 7 days were
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fertile,

Gracewski and Scobtt (1943) obtained highest fertility
from nales vhen mating was restricted to the altemoon.
They concluded that fertllity was higher because of the high-

er inecidence of newbrancus aeggs in the ovid

n

as compared
to hens mabted in the forenoon, Oﬁ‘the other hand, Parker_
(1950) reported no inecrease in Tferbtllity by restricting mat-
ings tc certain pericds of the day compared to that of a
eontrol group. Howsver, comparsble results were obbained by
restricting matings to the alternoon.

1

Parker, KeKenzie and Kempster (19L0) reported a marked

t,

variatlon between maleg in sexual activity and sperm produce

tion. General gppearance and body type werc not found to be

good indices of sexual behavior. They found that males main-
tained in cages were less acbive than males maintained in

brecding pens. The sams workers reported males to be most

o~

¥

active sexually late in the aftsrnoon,.

Parker ot al., (1942) reported that sexual activity of
malesg was somewhat lower during September than at other
times of the year. They bellieved molt to be the attribubting
causs of the decreased sexual achtivity as no assoeciation be-
tween sexual activity and length of day was evident.

Korgan et al. (1950) fed first year turkey breeding btoms

odocasein at the rate of‘lp grams per 100 1lbs. of ration,
to determine its effect on gemen volume and sperm concentration

"

and activity., In two trials no 2iffcrences were noited bhetween
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the treoted and untreated Lonms.

Dubbing and Its Effect Upon the Reproductive
- Performance of lialos

The practice of removing the comb and wattles of males,
commonly referrsed to as dubbing, is a cormon practice. The
influence of dubbing males as it aflfects the gonads 1s cone-
troversial. Buckner, Insko and Martin (1932) reported that
exclusion of direct sunlight causes abnormally large combs
to develop. Males with these large combs had smaller testes
than males receiving direct sunlight., The same investigators
(1933) removed the combs of males and exluded direct sun-
light and reported development of larger wattles and testes
than males ralsed under similar conditlons whose combs had
not been removed. Zavadovskii {1935) weighed the testes of
dubbed and undubbed males and found the heavier testes in
dubbed males, He concluded that the comb and wattles exer-
cise an inhibiting influence upon the gonads. The relation
of the comb and wattles to the secondary sexual characterig-
ties of rats was investlgated by Zavadovskii and 3lavina
{1935). They found that the development of the genital ore
gans of rats Ted fresh comb tissue was retarded, Thérefcra,
it appeers that the comb inhibits the endocrine function of
the testis. Hoskins and Koch (1939) reported that testes
Ifrom dubbed males were significantly larger than those of
normal controls, which indicates a reciprocal testis-comb re-
lationship, Warlow and Payne (190) found that the testes
of dubbed birds were about twice the size of those of normsl

birds. However, no differences could be seen histologically
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in progression of spermatogenesis. They also reported that
body weights of dubbed males were on the average about 15
perceﬁt heavier than normal birds. Lamorsux and Jones
{1942) found no dAifferences in body weight, testes welght,
vield of semen, size of anberior pitultary gland, or the
armount of gonadotrophic hormone in the pituitary gland when

r

feed and water are freely accessible, hey 4aid
aver, that dubbed males were heavisr and yieldsd morc semen

»

sher held in cages, bub these differences bocams insignifi-

s

cant when the males were placed in Tloor peons. Searcy and
Andrews (19113) obtained similar results. They revorted no
differences in semen production, concentration, and in sperm
viability betweon the conbrol and dubbed Brown Leghorn and
Barred Plymouth Rock males, The testes of the dubbed BErown

R

Leghorng were heavier than those of the controls, but there
were no differences in gonad weight between the treated and
untreated Barred Plymouth Rocks, Plana (19LS) removed the
comb and watbtles of flve-months old White Leghorn males and
cbserved a’?O‘percent increase in the weight of testicles
two months after removal. A similar experiment carried out
on adult White Leghorn males rssﬁlted'in a 57 percent in-
crease in the weight of the oﬁstlcles. Bice {195L2) roported
that climatic conditions in E&ﬁali favor the development of

-

larze coubs on White Leghorn males and fewsles These oxtra

o

large coambs reduce the vigor and mating ability of males.
Dubbing tﬂL males inecreased the fertility. However, no quan=

titative data wewve reported to substantiate these conclusions.
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The LiffTselt of Seasonal Influence and Temperature
‘ tivity and Fertility

ity is well lnown to poult-
rymen and bhas been demonstrated experimentally by Upp and
Thompson (1927). Highest fertility was found between Decenb-
er 31 and April 7, and fertility decrcased considerably dur-
Ing the sumer and fall seasons

Wheeler and Andrews (19&3) reported a seasonal varia-
b

tion in the production of semsn of DBarrved Plymouth lock

-

males. The largsst volumes ol semen were produced betweesn
Vovember and larch. Parker et al. (1942) found that increas-
Ing length of days stimulated asperm production.

The role of temperature on fertllity is not too well
understood, Payne and Ingram (1927) subjected White Leghorn

males to temperatures as low as -6°F, and observed individual

ing showed higher fertllity the Lirst two weeks than did the
males more severely frozen. The Irozen corb tissue dropped

off in & to & weeks, The effeccts of this freezing reduced
fertility below normal for only 11 days. One malets feetb
were s0 severely frozen that he was never able to mate agaln.
Seafcy and Andrews (1953} reported that Brown Leghorn uales
with frozen cowmbs and wattles produced semen of inferior
quality during the first 1l to 18 days after freezing the
combs, which substantliates the evidence by Payne and Ingram

(1927)
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Hays and Sanborn (1939) in a study using 2101 Rhode
Island Red females and 305 males, from 1922 to 1936, re-
ported that outside temperature had a speciflc effecl on
fertility, Their data indicated that when the average temp=
erature was below 32°F., average fertility ranged between
5l and 77 percent. When the temperature rose above 329?.,
fertility ranged from 70 to 85 percent. With weekly hatches
over an ll-week period, fertility rose consistently until the
outside temperature was 37°p, Lemoreux (1942) in & similar
study, using 71 males and 393 females, from 1935 to 1940 in-
clusive, found no relationship between outside mean tempera=-
ture and the proportion of eggs laid that were infertile,

He assumed that a reduction in fertillity if it occurs as a
result of low temperature, is actually the result cf reduced
activity and infrequent mating. He presented no quantitative
data to uphold thlis assumptlion. DBecause of the long duration
of fertility, he deemed it unlikely that a decline in fertil-
ity would occur during only two or three very cold days, even
if no matings occurred during that time,

The Effect of Social Dominance of
Males on Their Mating Activity

" The social organization in flocks of chickens has re-
ceived considerable attention during the past decades Guhl
(1941) in studying the frequency of mating with rank in
social position, obtained conflieting results, When males
whose soclal position was known, were placed singly in pens,

it was found that the frequency of mating had no relation teo
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the soclal position of the cocks, nor were the females treat-
ed in accordance with their own social status. But when the
several males were placed in a small pen of hens, psycholo=-
glcal castration took place. The male at the top of the peck
order suppressed matings by his inferiors. Guhl (1945) fur-
ther reported that the peck order is fairly stable among hens
but likely to change among cocks.

Social dominance is related to the number of eggs fer=-
tilized by various males (Guhl and Warren, 1946). In each
of the two flocks the top ranking male was most sueccessful
in the number of matings completed; he fertilized the most
eggs and sired the most viable chicks. Guhl (1949, 1950)
determined the influence of soclal dominance upon the re-
ceptivity of hens, Hens which composed the upper level of
the social order tended to crouch less than those hens in the
lower level of the soclal order.

Lamoreux (19/0) assumed that during periods when the
rate of ovulation is low, hens copulate less frequently and
probably have a shorter duration of fertility following in-
semination., Heuser (1916) also reported that hens producing
at a low rate copulate less frequently,

Investigations by Guhl and Eaton (1948) indiecate that

aggressiveness is not inherited,

Preferential lMating and Selective Fertilization

There are other factors which influence mating activity,
Heuser (1916), Philips (1918, 1919), Upp (1928), and Milby
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and Thompson (1945) presented evidence that preferential
mating is one such factor. Philips (1919) reported that

the hen is-the controlling factor of compatibility. The

male is the one that must possess the active vigor in mating,
as in most other speciles. At no time did he observe males
forecing their attention upon the hens. Upp (1928) reported
that the great variation in number of copulations with diff=-
erent females indicates that it was not mere chance that some
hens mate more often than others. Preferentlial mating, re-
sulting in hens laying few or no fertile eggs, is common in
turkeys, in single male matings, and may even occur in mat=-
ings where males are rotated (Milby and Thompson, 1945),

The idea that the hen is responsible for preferential
mating is not held by Hays and Sanborn (1939). They observ-
ed that males were responsible for most infertlile matings
because a change in males resulted in 93 percent of the in-
fertile matings becoming fertile.

The problem of selective fertiiization is one of econom=
ic significance to breeders who wish to use two or more sets
of males in the same pen. It is desirable to produce a mini-
mum number of eggs of doubtful parentage. Experiments by
Crew (1926) and Dunn (1927) indicated that in natural matings
the spermatozoa of one male may be more effective in fertili-
zation than those of another when both types are present,
Curtis and Lambert (1929) reported a slight indication of
selective fertilization,

Parker et al. (192) inseminated New Hampshire females
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with equal volumes of semen from White Leghorn, Barred Ply-
mouth Rock, and New Hampshire males, They obtained 42 and

L0 chieks from the Barred Plymouth Rock and the New Hampshire,
respectively; but only 7 from the White Leghorn. This 1s in
agreenent with the work of Bonnier and Trulsson (1939). They
inseminated Rhode Island Red hens on alternate days with
semen from Rhode Island Red and White Leghorn males, and ob=-
tained an excess of red chickse

Ferrand Bohren (1948) reported that Barred Plymouth
Rocks were superlor to White Plymouth Rocks, and New Hamp-
shires were superior to Barred Plymouth Rocks in sperm comp-
etitive ability. They concluded that the differences be-
tween breeds are real differences, and possibly strain diff-
erences,

When males are changed, the offspring of the replacing
male very soon supplant those of the former and there is
practically no over-lapping of the offspring of the two
males (Warren and Kilpatrieck, 1929). At Cornell University,
Hutt (1949) uses three shifts of males and assumes that the
replacing male supplants that of the original male within
nine days. This 1s not true in turkeys. Kosin and Wakely
(1950) obtained semen from Broad Breasted Bronze toms, and
inseminated Beltsville Small White hens., These hens had
only recently been mating with males of their own variety.
The white poults continued to appear, in some cases, for

eilght weeks following removal of the white toms,
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Onset and Duration of Fertlility

Probably no other part of fertility has been investigat=
ed as thoroughly as that of onset and duration. The onset
of fertility 1is of interest, as well as of economic importance,
to hatcherymen and breeders. Crew (19206) reported that maxi-
mum fertlility is reached by the first week after mating. In=-
vestigations by Curtis and Lambert (1929) showed that onset

of fertile egg production ranged from 2l hours to 7 days,

with 5741 I 2,6 hours as the average. Chlebaroff (1930)
reported that the first egg fertilized by any one cock is
laid on the second day, irrespective of whether the last
mating took place in the morning or evaniﬁg. Nicolaldes
(193ly) obtained a fertile egg 19.5 hours after mating.
lioore and Byerly (1942), using artificial insemination, ob=-
tained meximum fertility in 3 to L days. A study by Parker
and Bernier (1950) revealed that the relative number of males
used influenced the onset of fertility. The time for maxie
munm fertility to be attained after introducing the males in
the flocks, ranged from nine days with nine males per 100
females, to 16 days with 3.7 males per 100 females. Parker
et ales (1942) reported no fertile eggs the first day follow-
ing insemination of females. They reported 75 percent fer-
tile eggs on the second day and on the third day 88 percent
fertile eggs, which was their peak,

Duration of fertility has been studied for many years
and by many Investigators. It 1s of great economle import-

ance that fertile eggs are produced several days after
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removal of the males. Spallanzani (187l), quoted by Jull
(1940), reported that a hen cen lay fertile eggs for 20 days
after being mated. Crew (1926) secured a fertile egg 32
days after mating. Curtis and Lambert (1929) observed that
the mean duration of fertility was 10.7 % 0.); days, with 21
days as the extreme duration. They obtained an average of
5.6 fertile eggs from a single mating, with 1l eggs as the
extreme number. After segregation of the cock from the hens,
Chlebaroff (1930) observed that after the last mating, the
last fertile egg is most frequently laid at the end of the
second week, more rarely in the course of the third week,
and not later than the 19th day. His greatest number of
fertile eggs after one mating was eight. The average dura-
tion of fertility reported by IMicolaides (193l) was 11.83
days with a maximum of 29 days. Of 68 single matings, 58
produced fertile eggs, 81.96 percent being fertile. Studies
by Parker et al, (19,2) indicate that after insemination
with 0.1 cc. of undiluted semen, fertility decllines gradually
until the tenth day following insemination, No fertile eggs
were produced on the twentieth to twenty-fourth days, but on
the twenty-fifth day one fertile egg in 30 was observed.
Kosin and Wakely (1950) concluded that the fertilizing cap-
acity of turkey semen may persist for eight weeks in the
oviduct of the hen,
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MATFRIALS AND METHODS

The females used in thls study were Oklahoma A. & I,
strain New Hampshires, They were housed June 2li, 1950, in
two 10Y X 20' penes., These pens were separated by a wire
partition, which allowed simultaneous uncbstructed observa=-
tion of both pens, They were fed a breeder mash ad libltum
and scrateh grain late in the afternoon,

The males consisted of two sets of full brothers from
the same hateh and two sets of half-brothers from the same
hatch, The two New Hampshire and the two Silver Oklabar
males were full brothers, while the two Barred Plymouth Rock
and the two Oklahoma Dominant White males were half-brothers.
One brother of each palr was dubbed and placed in one pen,
while the undubbed brother was placed in the second pen,
These different varletles were used so as to identify their
progeny when hatched. The dubbed Dominant White male died
in December and his undubbed brother was removed from the
other pen. Therefore, they are not considered in the re-
sults, exeept in Table 5,

To keep a record of the high and low temperature for
each twenty~four hour period, a Taylor maximm and miniymum
reglstering thermometer was placed about four feet from the
floor in the east pen, and the temperature was recorded daily,

Random observations were made to see if all males were
mating. When the majority had been observed to mate, mating
behavior was observed on four different days, 2 days in Sep-

tember, 1 day in October, and 1 day in November, to establish
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the time of day when sexual actlivity was at a peak. This
was determined to be from i to 5 P.M., Thereafter, a total
of 32 observations were made on different days from l to 5
P.Me, during the period September 15 to March 17. The number
of times each male and female mated was recorded, ZEach hen
wore a numbered wing badge whlch could be recognized falrly
easily, MNatings were classified as follows: mating, when
a mating was apparently complete; mating attempt, when the
male grabbed the female with his beak and attempted to mate;
interference, when ocne of the males prevented another from
mating.

The hens were trapnested. When eggs were to be set,
they were marked with the pen number, hen number and date
laid. Eggs to be set were handled in the same manner as
other hatching eggs on the farm and were never held longer
than 1l days before setting. The eggs were all set in forced
draft incubators, operated according to the directions of the
manufacturer. The eggs were candled and transferred on the
18th day of incubation, The clear eggs were broken out,
with the exception of the eggs from two hatches., The result-
ing chicks were pedigree hatched, and a record made of their
parentage.

The duration of fertility study was begun the day after
removal of the males. All eggs for 28 days were saved, incu=-

bated, and checked for fertility.



25

RESULTS

Frequency and Time of Nating

The results of the four days of observation to find
the peak of dally sexual activity are shown in Flgure 1.

The totel number of matings recorded was 223, The peak of
mating activity fell between li and 5 P.M., when 26.9 percent
of all metings ocecurred. This peak in 1libido was shown by
all males sexually active at this particular time of the
year, regardless of thelr activity during the earlier part
of the day. The period of least sexual activity was between
7 and 8 AJM,

The mean number of matings per day ranged from 0.75 for
the dubbed Barred Plymouth Rock male, to 25.25 for the un=-
dubbed New Hampshire male,

The greatest number of matings in one hour by any one
male was eight., The undubbed New Hampshire and Silver Okla=-
bar male each mated elght times between !, and 5 P.M.; and the
same New Hampshire mated eight times between 5 and 6 P.l,

C arison of the Mating Activity of Dubbed
and Undubbed Males from I t0 5 Palie

There 1ls a marked variation in the mating activity

of males, The number of matings ranged from 0 to 1l dure
ing the observation period., The average number of matings
per observation ranged from 2,41 to l. i1, The number of
matings and the mean number of matings for ecach male are
presented in Table l. An analysis of variance (Table la)

indicates that there was no difference between the mating
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activity of dubbed and undubbed males. However, a highly
significant difference was obtained between males. This
cannot be interpreted to mean that the difference is due to
breed differences, because of the confounding influence of
social rank, The more aggressive males severely curtailed
the mating activity of males at the lower level of the peck
orders.

Comparisons were made to see if there were any diff-
erences between the mating activity of full and half-brothe
ers. These data were analyzed using the t test of "Student®.
The results are shown in Table 2, These data provide evi-
dence that full and half-brothers, used in this study, tend-
ed to act alike insofar as mating activity was concerned.

It is interesting to note, however, that the undubbed Barred
Plymouth Rock and Silver Oklabar mated more than their dubb-
ed brothers; the reverse was true with the New Hampshires.

The Effect of T erature on Mating
Activity and Fer

The maximum and minimum temperatures were recorded
daily., Temperature ranged from 12°F, to 88°F. on the days
when observations were made. The minimum temperature for
the 32 observation periods was arbltrarily divided into
five classes as follows: below ZOOF., 21 to BOQF., 31 to
L4o%F., 41 to 50°F., and 51°F. and wp. The results and ana-
lysis of variance are presented in Table 3, These data,

with one exception, provide evidence that temperatures from
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12%F. to 880?., have no effect on the mating activity of
males., However, these data do Indicate that optimum mini-
mum temperature for mating activity may be between 31 and
Lo,

The one exception referred to above was the undubbed
New Hampshire male, His comb and wattles were injured by
freezing during the morning of February 1, 1951, when the
minimum temperature in the pen reached a low of 12°F, The
points on his comb appeared blue and his wattles were blue
and swollen at li P.M. on February 1. He was very active
sexually and mated seven times between l. and 5 P.M. (Ob-
servation No. 20), During the next two observation periods,
February 2 and 3, he was not observed to mate or attempt
any matings. Nor was he observed to eat or drink. The
wattles were greatly enlarged, and he held his head back to
allow the wattles to rest on his neck. On February li, he
mated once and began eating grain from the floor. On Feb-
ruary 5 he completed four matings, but because his wattles
were still enlarged, never used his beak i1n holding the fe-
male. It 1s rather interesting to see how the percent of
his chicks dropped from 63 percent of the total produced in
the Pebruary 5 setting to O percent in the February 26 set-
ting. (Pigure 3)., The total fertility for that pen dropped
rather sharply for the hatch set February 26; ruch more than
the same hateh for the dubbed lot, These data provide evi=-
dence that the drop in fertility was primarily due to the

decline in mating activity of the New Hampshire male and his
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inability to fertilize his share of the eggs lald. It can
be concluded that the New Hampshire's comb and wattles were
frozen to the extent that it reduced his mating abllity and
lessened the chance of hls sperm fertilizing an egg. This
confirms the work of Payne and Ingram (1927). It would
seem, therefore, that the number of days of reduced fertil=-
ity depends upon the number of males injured and the severi-
ty of thelr injury by freezing.

The data were further analyzed to see if there was any
relationship between total mating activity from li to 5 P.M.
and the high and/or low temperature. The results are shown
in Pigure 2. A significant negative correlation coefficient
of O.hlé was obtained between mating activity and minimum
temperature; and a significant negative correlation coeff=-
icient of 0,L11ly was obtained between mating activity and
maximum temperature. This indlicates that as temperature
goes up mating activity tends to decline.

In order to test the possiblility that full and half-
brothers might not respond alike to different environmental
temperatures, a comparison between the mating activity of
the full and half-brothers at different temperatures was
made. The temperature range was once again divided into
five minimum temperature classes. The number of observa-
tions at different temperature ranges, number of matings and
the "t" value are presented in Tables l, La, and b, The
only significant difference was between the New Hampshire

males at minimum temperatures over 51°F, This exception
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may be explained by the "one-in-twenty" of sampling proba-
bility. Another explanation could be the differential re-
sponse of individual males to environmental temperature.
These comparlisons show that full and half-brothers tend to
act alike at similar temperature ranges whether they are
dubbed or undubbed.

Observations during the week long cold spell indicated
that uninjured males are very active sexually, as measured
by their mating activity and mating attempts. The recepti-
vity of hens appeared to be lower during subfreezing temper-
atures than during warmer temperatures. The results of re=-
lating temperature to mating attempts are presented in Fig-
ure li. In view of the difficulty in recording all mating
attempts as such, the data were not statistically analyszed.
However, the largest number of mating attempts was made by
meles at the lower levels of the peck order.

Effect of Social Dominance on Mati Activitx
“and Proportion of C Sire

The number and percent chicks sired by each male, the

total number of chicks hatched, and the percent fertility

are shown in Tables 5 and 5a for each hatch. The number and
percent chicks sired by the dubbed Oklahoma Dominant White
male are included in Table 5, until his death., His half-
brother failed to sire any chicks and so is not included in
Table 5a. It is remarkable how the number of chicks sired
by the Barred Plymouth Rock and Silver Oklabar males increas=
ed after the death and removal of the Oklahoma Dominant White
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males from the pens,

The dubbed New Hampshire was the socially domlnant male
during the entire period. The large number of chicks he
sired is evidence of the relationship between social domine
ance and number of chicks sired. These data substantiate
the results of Guhl and Warren (1946). There was never any
marked observable difference in social rank between the dubb=-
ed Silver Oklabar and the dubbed Barred Plymouth Rock., The
number of observed matings, as well as the total number of
chicks sired by these two males, was also quite comparable,

The social order in the undubbed pen was somewhat dirf—_
erent. The New Hampshire male was the dominant male until
his comb and wattles were frozen. For a few days he was
8till the dominant male. The Barred Plymouth Rock male sup-
planted him at the top of the social order during the second
week of February. This is quite evident if one compares the
percent of chicks sired by these two males as shown in Table
Sa. Although the New Hampshire male was replaced as the
dominant male, he sired the largest number of chicks over the
entire period because he was dominant longer than the Barred
Plymouth Rock male. The Silver Oklabar was dominant over the
Barred Plymouth Rock male. However, the aggressiveness of
the Barred Plymouth Rock permitted him to overcome this domin-
ance by November. The Silver Oklabar; while at the bottom of
the peck order, sired 32.18 percent of the total chicks.
These data show that dominance among cocks may changee.

When this occurs, the number of chicks sired by the various
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males also changes 1n accordance with their new rank in the
social order.

Simple correlation coefficlents were calculated to find
the relationship between the percent matings and the percent
chicks produced by each hen and cocke The results are pre=-
sented in Table 6, These data further substantiate the re-
sults of Guhl and Warren (1946). The dominant males are
more successful in mating and sire the most chicks.

The interference of mating activity by other males in
the same pen reduces the number of sueccessfully completed
matings, Interference as observed in this study is shown
in Table 7. The dominance of the dubbed New Hampshire 1s
evident from these data. The degree of duminance of the un=
dubbed New Hampshire was less than that of the dubbed New
Hempshire, After the freezing injury to the comb and wattles
of the undubbed New Hampshire male, the undubbed Barred Ply=-
mouth Rock male interfered more often than previously with
the mating activity of the other males, This accounts for

his large number of interferences.

The Relation Between Hat;gg Activity of the Hens
and Thelr Egg Production from
September 1 to larch 31

A total of 919 matings wére observed during the entire
period, with an average of 10.l; per hen, and a range of 2 to
30. The 88 remaining hens lald an average of 97.l. eggs per
hen from September 1 to March 31, with a range of 17 to 156,

A simple correlation coefficient was calculated to determine
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the relationship between mating activity of the hens and
egg production, A positive significant correlation coeff-
icient of 0,233l was obtained between mating activity and
total egg production., This is in agreement with the work
of Heuser (1916) and Lamoreux (1940), who reported that hens
with a higher rate of production copulate more frequently

than hens with a lower rate of production.

The Relation Between E Production from
September 1 to March El and Fertility

The hens were arbitrarily divided into three groups,

based upon their egg production: (1) 90 eggs and below

(30 hens); (2) 91 to 120 eggs (3l hens); and (3) 121 eggs
and up (21 hens), Simple correlation coefficients were cal-
culated to find the relationship between egg production and
fertility. Ths‘correlation coefficients for the three groups
were: 0,0812, -0,452, and =,25l49, respectively. The corre-
lation coefficlent for the 91 to 120 egg group was signifi-
cant (P>.05)s The total correlation coefficient was
-0.1296, These results indicate that fertility is not in-
timately related to egg production. These data are not in
agreement with Lamoreux (1940), who found that hens which
laid 13 to 22 eggs during & six week period produced a larg-
er proportion of infertile eggs than hens with a higher rate
of production. However, Hays and Sanborn (1939) support the
view that egg production of pullets to March 1 has little
effect on their fertility.
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The Relationshi Between Matin Activit
the Hens an Thsir Fe?%i

To find the relationship between mating activity and

fertllity of hens, a simple correlation coefficlent was cal=
culateds In thls study, the data from BT_hens were utilized.
Their mating activity ranged from 2 to 30, with a mean of
10.l. matings per hen. The vercent fertility ranged from
3045 for a hen which mated seven times, to 100 percent for
hens which mated 11, 5, 2, 2, L, 2, 6, 10, and 17 tines.
The mean fertility for all hens was 83.5 percent. The corre-
lation coefficient obtained was 0,0005. This indicates that
there 1s no relationship between the number of times a hen
mates and her fertility. The number of factors involved in
the biclogical phenomenon of fertilization deems it unlike=-
ly that any single measure, such as mating activity of hens,

would be related to fertility.

Duration of Fertility

The duration of fertility study was begun the day after
removal of the males from the pens. The eggs were saved
for twenty-elight days, incubated and checked for fertility.
The results ave shown 1n Tables 8 and 8a, and Figure 5. In
Table 8 the number of eggs set, percent fertility, and the
number and percent chicks sired by each dubbed male ars pre-
sented. The same date are shown in Table 8a for the un-
dubbed males. The data in Figure 5 are taken from Tables
8 and 8a to compare the percent of chicks by each male after

his removal from the pen,



The peak in fertility after removal of the males from
the pens was reached on the third and fifth days for the
undubbed and duobed lots, respectively. The average duration
of fertility was 10.68 days, with a range of L to 17 days
for the dubbed males. The average duration of fertility for
the undubbed males was 10.83 days with a range of 2 to 16
dayse

The soclally dominant males in each pen produced the
most chicks after their removal from the pen. Their dura-
tion of fertility was approximately one day longer than
that of the other males. The proportion of chicks sired
after their removal was comparable to the proportion sired
before their removal. This indicates that selective fertie
lization or sperm competition were not involved in this
study. However, insemination of composite samples of semen,
of equal volume, from the three dubbed and undubbed nmales,

would be necessary to substantliate this view.



Table 1

THE MATING ACTIVITY OF DUBEED AND
UNDUBBED MALES FROM L, TO 5 P, M.

N. He 3 Ds Be Pu 0a

NO .

Observ- Un=- Un=- Un-
Date ations Dubbed dubbed| Dubbed dubbed] Dubbed dubbed
Septs 15 1 3 8 2 2 i 3 3
Sept. 23 2 3 5 3 8 1 0
Oct, 7 & 5 0 1 0 0
Oct. 9 6 1 6 0 1
Oct, 11 5 0 3 0 3 0 31
Oct, 23 6 2 3 0 3 0 1
Oct. 25 7 2 2 0 3 0 1
Nov. 8 1 5 0 1 0 1
Nove 8 9 Iy 2 0 3 0 0
Nov. 11 10 2 0 3 0 - 4
Nove. 20 11 6 0 3 0 2
Dece. 7 12 10 9 1 3 1 2
Jan, 13 1 8 11 1 1 1 0
Jan, 15 5 2 2 L
Jan. 27 15 10 3 6 I
Jan, 28 16 5 5 1 3 ;
Jan. 29 17 3 3 2 5 3 x
Jan. 30 18 5 2 2 2 3
Jan. 31 19 g 2 1 2 2
Feb, 1 20 7 6 3 6 %
Peb. 2 21 7 0 5 2 6
Feb. 22 Ly 0 2 Z 5
Feb. 1 2 7 1 Iy 8
Feb. 2§ Z Ly g 6
Feb, 12 2 1 5 8
Feb. %% 26 3 0 2 6 1 Iy
Feb. 27 3 1 3 3 L L
Feb, 16 28 5 2 5 2 9
Mar, 1l 29 7 ﬁ 2 2 T
Mar. 15 30 3 2 9
Mar. 16 31 2 3 2 3 5
Mar. 17 32 2 2 2 1 1 8
Total 11 121 77 95 82 12
Average Leil  3.78 Rl 2497 R.S6 3.5

NeHe ® New Hampshire
S.0. = Silver Oklabar
B.P.Re ¥ Barred Plymouth Rock



Table la
ANALYSIS OF VARIANWCE OF THE MATING ACTIVITY OF MALES

Degrees of
Source Freedom Sum of 3quares lMlean Square
Total 121 1158 - -
Observations 1l 320 10.32
Between Males 5 18.80%%

Error 155 7&% 1,80

F = 18,80/1.80 = 3,916

## Significant P 7,01

Table 2
THE TOTAL NUMBER OF MATINGS FOR EACH SET OF BROTHERS

N. He Se Oo Be Peo Re
Un= Un=- Un=-
" Dubbed dubbed | Dubbed dubbed |Dubbed dubbed
Noe.
liatings| 141 121 77 95 82 112
A?ﬂmge L[..h.l 3.78 2-1].1 2.97 2.56 3.5
t value 1,00 1.191 1.397

NeHe = New Hampshire
S.0, = Silver Oklabar
BePeRe = Barred Plymouth Rock



Table 3

TOTAL NUMBER OF MATINGS AT DIFFERENT TEMPERATURES

Below 20°F.|21-30°F, | 31-40%F, |11-50°F. |51°F.
& Up
umber
bservations 5 5 X 9 6
umber
atings 107 97 172 189 7h
{#erage 21.l 19.) 2L.57 |21.0 12,3

ANALYSIS OF VARIANCE OF HATING ACTIVITY
AT DIFFERENT TEMPERATURES

Degrees of Sum ol
Source of Variation Freedom Squares Mean Square
Total 31 1891.0 - - -
Temperacure 519,90 12
ALrYTor .

F = 129,99/50,78 = 2,56 Non-significant




Table L
NUMBER OF MATINGS OBSERVED IN 32 DIFFERENT DAYS

NEW HAMPSHIRES

20°F,& Below 21-30°F 31-1,0°F, L1-50°®, |51°F. & Up
Un=- Un=- Un=- Un- Un=-
No. Observations | Dubbed dubbed {Dubbed dubbed [Dubbed dubbed Pubbed dubbed pPubbed dubbed
1 3 3 2 5 6 6 3 8
2 5 10 9 8 1% 4 3 3 5
g 5 ] 10 Ly § 2 3 5
1 3 0 I 0 E 0 3
7 0 3 1 7 1 Z 2 2
5 2 1 1 5
g 7 2 3 L
2 2
9 2 2
Total 2l 19 23 20 L7 2l 35 30 12 28
Average 1.8 3.8 o6 haO .73 343 B9 333 2 .67
S 1.1 2,16 1.567 .81 .988
t value 0.7092 0.278 2.093 +691 2,702

# Significant P> .05

.9{



Table La
NUMBER OF MATINGS OBSERVED IN 32 DIFFERENT DAYS

SILVER OKLABAR

20°F, % Below

21-30°,

31-40°F,

}1-50°F,

51°F, & Up

No. Observations

Un=-
Dubbed dubbed

Un-
Dubbed dubbed

Un=-
Dubbed dubbed

Dubbed dubbed

Un-

Un=-
Dubbed dubbed

1 2 5 0 3 0 3 1 6 2 2
2 2 2 1 3 1 1 0 3 3 8
2 4 5 I 3 6 0 3 0 1
6 3 2 6 F 2 2 2 0 3
5 2 3 3 ﬁ Ly 5 g 0 3
2 5 0 1
7 2 2 2
! ot
9 2 1
Total 17 13 11 16 20 20 2l 28 5 18
Average 3. 2.6 2.2 3.2 3233 333 2,67 3% 10.83 300
Sz 1:1 1.31 0.9725 0492 1.195
t value 0.7272 0.7633 0 0.4782 1.815

*6€



Table Lib

NUMBER OF MATINGS OBSERVED IN 32 DIFFERENT DAYS

BARRED PLYMOUTH ROCK

20°F.& Below 21-30°F, 31-40°F, L,1-50°F, 51°F, & Up
Un- Un=- Un= Un=- Un=
No, Observations Dubbed dubbed |[Dubbed dubbed |[Dubbed dubbed [Dubbed dubbed |Dubbed dubbed
1 3 : | 0 5 | 0 2 0 1 1 1
2 2 3 1 2 3 0 0 1 1 0
2 2 3 lp Iy 5 0 0 0 0
6 % 1 Iy Z 5 Iy 2 0 1
6 Iy I 8 0 1
P Ebr B
£ I
9 1 8
Total 19 15 9 15 36 L2 L
Average 3.8 340 8 340 3257 Salli 1300 ¢ hob7 10,33 0467
82 1,056 0,97 1.55 1.5L 0,108
t value 047575 1,237 1,013 1,08l 0.833

001-[



Table 5
THE PERCENT FERTILITY AND THE NUMBER AND PERCENT CHICKS SIRED BY EACH DUBBED MALE

N. H. S. 0. Bo P. Ro 0. Dc. W.
Total
Per=- Per- Per= Per- Percont Total
Noe cent | No. cent | No. cent | No. gent | Fertility | No. Chicks
Sept. 25| 58 6647 8 ol N heb | 17 1945 87.85 87
Octe 2 57 6343 i E'% L b {2 27.8 8847 90
Oct. 11 8l 7748 2 1.85] © 0 22,2 93 110
Octs, 23 | 100 6.9 | 4 3.1 | 0 0 2 2040 93.1 130
Oct. 30 52 Se2 2 o3 0 0 7 11.5 8eb 3
Nov. 5 20 049 1 o5 0 0 1 L5l 840
Nov. 20 85 3.3 2 Lie7 0 0 5 11.9 85.71
Nov,., 30 6 82.5 2 2.5 0 0 12 15.0 96. 0
Jan. 22 | 70 62.5 | 26 23.21] 16  14.29| == - 6463 112
Febe 5 | 59 - 00s2 |20 20uLy {19  19.L | == o 8452 98
Feb, 12 77 664 1 12,1 | 25 21,6 | == - 90.2 116
_Feb, 1 70 57.86] 32 26,451 19 15.2 - - 2.0l 121
Feb, 2 27 63.1 | 26 21,3 | 19 15, - e 24T # 122
Mar, 5 5 56403} 30 25.9 | 21 18,1 - - 81l.0 = 116
Mar, 12 87 69,05 31 2ﬁ.06 8 6'85 - - 82,46 126
Mar. 19 60 50.421 38 31.93] 21 17405 | == - 87.14 119
Total [1037  66.82{242 15.59 156  10.05| 117  7.54 | 89.18 1552

# Clears not broken out

N.He = New Hampshire

5.0 = 3Silver Oklabar

B.P.Rs = Barred Plymouth Rock
0.DeW. = Oklahoma Dominant White

.T.‘i]



Table 5a

THE PERCENT FERTILITY AND THE NUMBER AND PERCENT CHICKS SIRED BY EACH UNDUBBED MALE

N. H. S. 0. }-3. P. ﬁ_l
Total

Date Patee Per= Per- Percent Total

Set No. cent No. cent Noe. cent Fertility No, Chicks
Sept. 25 0 Se 3 39.1 1 X 8
Oct, 2 g& &7 8 % 33.1 13 i%.g ﬁs 93
Oct. 11 I 6 32,6 23 iﬂ's 129
Oct, 23 83 .8 2 36.5 25 o7 93. 170
Oct, 30 6 h.zh 39 31.2 16 13.1 91.l 122
Nov, 5 5 55, 37 ag 3 8 7.92 9729 101
Nov. 20 100 2.1 82 o1 10 5.21 97.27 %ﬁg
Nov. 30 71 ob 6l %ﬁ'a 11 Te5 95.
Jan, 2 73 gh.hﬁ 33 .63 28 20.9 30.97 13}
Feb, 5 8 3,0l 9 2.8 25 27.2 8.29 92
mel (RO | B L8 Bl B | B
Feb: 22 0 0' ﬁg 8: 73 61:3 6 :7-» 119
Mar, 5 3 2.8 L6 3.0 58 5%.2 734 3% 107
Mar, 12 ﬁg 25, I 2l 18,16 73 Ez.ls 88.41 130
Mar, 19 10,0 20 17.k 119 b 85.013 115
Total 789 39.55 6l2 32,18 |56k 28,27 88,16 1995

# Clears not broken out

N.Hs = New Hampshire
S.0s = Silver Oklabar
BsP.Re = Barred Plymouth Rock




Table 6
CORRELATION COEFFICIENTS BETWEEN PERCENT MATINGS AND PERCENT CHICKS BY EACH HEN AND MALE

No Ho 5. 0. B.P.R. Number Hens
Dubbed Males 0, 7163 0¢3719: 0.1933 N
Undubbed Males 04577l 0.3724# | 0.5 L2

# Significant (P >,05
## Significant (P> .01

N.Hs = New Hampshire
S.0s = Silver Oklabar

BsP.Rs = Barred Plymouth Rock

-gﬂ



Table 7
THE NUMBER OF INCOMPLETED MATINGS DUE T0 INTERFERENCE

Interfering
Male N. He B+ 0s Bs s Ry Total
Dubbed Undubbed | Dubbed Undubbed |Dubbed Undubbed{Dubbed Undubbed
No H. sy - 15 11 22 8 3? 19
So 0. e " Gt g 1 ll l 11
B. P. Re 1 I 2 19 - - 3 23
Total 1 Iy 17 30 23 19 L1 53
N. H, New Hampshire

S, 0, = Silver Oklabar
B+.P.Rs = Barred Plymouth Rock




Table 8

DURATION OF FERTILITY IN THE PEN MATED WITH DUBBED MALES

No. Days 1 2 3 L 5 6 7 8 9
No. Eggs Set 22 18 20 25 2l 23 22 2l 20
Wo., Infertile 3 3 4 [ Kl 4 I 10 -
Percent

Fertility 86.lL 833 7540 7640 8745 7349 81.8 58.3 60,0
Total Chicks 19 15 15 17 20 17 18 1y 12
No. N.Ho

Chicks 10 Iy 10 11 10 11 8

Qe DelUs

Chicks Ly 6 3 L 3 1
EO. BlilR. “all
Qhiecks 5 5 Iy 5 3 3 L
Percent

NeHs Chicks 52.6 60.0 26.1 5808 _55.0 _58-8 61.1 5_?.1 58.3
Percent :

S.0. Chicks 1.1 20,0  hOo8  37.6 20,0 . PO 982 2. 8.3
Percent

B.P.R. Chicks 2643 2040 33.3 23.6 25,0 11.8 16.7 21l 33.3

NeHe ® New Hampshire
S.0. = Silver Oklabar

BePeRs = Barred Plymouth Rock

*sf



Table 8 (Continued)

No. Days 10 11 12 13 1 15 16 17 Total
No. Eggs Set 19 22 21 18 2l 19 20 22 363
No, Infertile 7 11 10 1l 16 16 1 21 161
Percent

Fertility 632 - 50,0 52:h 22,2 33.3 15,8 10,0 o6 55,65
Total Chicks 12 11 10 L 8 3 2 1 198
No. N.H.

Chicks 8 7 6 2 6 3 2 1 115
Noes 8:0.

Chicks 0 2 3 1 1 0 0 0 Lo
Nos B.P.Rs

Chicks L 2 1 1 1 0 0 0 L3
Percent ] 5 y

N.H. Chlcks 0647 6346 0040 50,0 75,0 100,0 100,0 100.0 58,08
Percent

8.0, Chicks 0 18,2 3040 25.0 12.5 0 0 0 20,20
Percent

BsP.R. Chicks 33.3 18,2 10,0 2540 12,5 0 0 0 21,72

N.Hes = New Hampshire
8.0 = Silver Oklabar
BePeRe = Barred Plymouth Rock

*of



Table 8a
DURATION OF FERTILITY IN THE PEN MATED WITH UNDUBBED MALES

No, Days 1 2 3 L 5 6 7 8 9
No., Eggs et 1l 22 22 2l 21 22 18 23 23
o, Infertile 2 5 3 7 5 9 7 9 6
Percent

Pertillity 8547 773 86l 70,8 76,2 59.1 61l.1 60.9  73.9
Total Chicks 12 16 19 1T 15 13 10 1l 16
No. N.H,

Chi cks L 7 8 L L 5 3 7 7
No. 8.0,

Chicks 2 2 1 2 1 1 - N
No. B.P.R.

Chicks 5 7 9 10 10 6 6 6 6
Percent

N.H, Chicks 33.3 13,8 42,1 23.5 2647 38,5 3040 50,0 L3.8
Percent

S+0. Chicks 2540 12,5 10.5 17.6 6e7 15,0 10,0 7«1 . 18.8
Percent

B,P«R. Chicks 1.2 L3.8 L7 58.8 6647 L6.2 60,0 2.9 37.5

Ne.Hs, = New Hampshire
S.0s = Silver Oklabar

BeP+Re = Barred Plymouth Rock

oL-‘-l



Table 8a (Continuzd)

Noe. Days 10 11 12 13 1y 15 16 Total
No., Egga Set 16 32 19 18 23 2l 17 338
Noe Infertile 8 20 12 13 20 22 15 163
Percent :

Fertility 5040 375 36,8 2748 13.0 8.3 11,8 51,78
Total Chicks g 12 T S 3 2 2 171
Nos. N. H.

Chicks 3 3 2 3 0 0 0 58
Noe S400

Chicks 1 0 0 0 1 0 0 20
No., BsP«Rs

Chicks L 9 5 Iy 2 2 2 93
Percent

NeH. Chicks 378 28,0 28,6 20,0 0 0 0 33.92
Percent

8.0. Chicks 12.5 0 0 0 33.3 0 0 b b P
Percent :

BeP.Rs Chicks 50,0 7540 T1.l 80,0 66,7 100.0 10040 511439

NeHe = New Hampshire
S.0. T Silver Oklabar

BsPsRe = Barred Plymouth Rock

*of
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DISCUSSION

The results of observing mating activity for four days
show that the greatest number of matings occur between l
and 5 P,M, This substantiates the work of Heuser (1916),
Philips (1918), and Parker et ale (1940). The specific
reason or reasons why the peak of mating activity occurs
late in the afternoon are not known. loore and Byerly
(19,2) reported that highest fertility was obtained when hens
were inseminated immediately after laying and when there was
not a hard-shelled egg in the uterus, The fact that most
hens have laid by ! P,M. and do not have a hard-shelled egg
in the uterus at that time of day, may have an influence on
the time of mating.

The results of this study indicate that dubbing has
little effect on mating activity of males or their fertility
unless the temperature is'low enough to freeze the comb and
wattles of undubbed males, in which case the fertllity of
dubbed males is higher, The results in Table la provide
evidence of a difference in mating activity of the different
males, However, the social rank was such that the males
did not have an equal chance to mate, The data provides
evidence that the differences may have been characteristic
of the breeds used. A possible explanation is that New
Hampshires attain sexual maturity at a younger age than the
other breeds used,

The similar behavior in mating activity of full and
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half-brothers may have been due to theilr comparable posi-
tions in social rank, as well as to their genetic relation-
ship.

Temperature, with one exception, had little effect on
the mating activity or fertility. The one exception was the
undubbed New Hampshire male., His comb and wattles were in-
jured by freezing. He lost his supremacy in mating and nev-
er fully recovered his former position, His fertilizing
capacity was severely curtailed for approximately two weeks,
There probably is a differential response to environmental
temperatures by males. The other undubbed males were not
injured at the same temperature as was the undubbed New
Hampshire male. There was a sharp decline in fertility of
the undubbed group as a result of the inactivity of the New
Hampshire. The cold temperatures apparently had no effect
on the mating activity or fertility of the other undubbed
males, or the dubbed group.

The negative correlation coefficients (0.4163 0.L1l)
between minimum and maximum temperature and mating activity
indicate that matings may increase during low temperatures
and decline when the temperature gets warmer. This might
be one factor contributing to low fertility during the hot
summer months,

The socially dominant males were most successful in
mating and sired the most chicks. In view of the fact that
dominance among males may change, it would seem wise for

the poultryman to study the social rank of males regularly
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and replace those males at the lower end of the "peck ord-
er",

The dubbed New Hampshire male was more active in pre-
venting matings by the other males than was the undubbed New
Hampshire male. The reverse was true with the Barred Ply-
mouth Rock maless This difference cannot be explained as
a result of dubbing, but possibly was due to the variation
in aggressiveness. It could be possible, however, that if
a male was overly aggressive, and interfered with the other
males to the detriment of his own mating activity, he could
be a contributing factor to low fertility because of his
"super" aggressiveness.

Egg production was releted to the mating activity of
hens. There was little relationship between egg production
and fertility of hens, contrary to the view of Lamoreux
(1940). However, Hays and Sanborn (1939) found no relation-
ship between fertility and egg production to March 1. The
conflicting results of these investigators might be due to
the different periods of egg production used in their stud-
ies, This study was similar to the one by Hays and Sanborn
(1939) and it compares favorably with their results. No
logical explanation for these discrepancies is at hand,

The mating activity of the hens was not correlated
with their fertility. At first thought this may be rather
surprising, but if one considers all of the physiological
factors involved in fertilization, it ceases to be per-

plexing.
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There appears to be little relationship between mating
activity and duration of fertility of hens. However, sperm
from the socially dominant males persisted longer in the
oviduect than sperm from the other males, This seems to be
another oxample of the complex physiological processes in-
volved in fertilization,

Hens varied from 2 to 17 days in their duration of fer-
tility. After removal of the males, one hen lald 12 eggs
in 16 days, 1l of which were fertile; the one infertile egg
being laid on the fifteenth day. This hen was observed to
mate 13 times. Another hen was observed to mate 21 times,
and her duration of fertility was only 3 days. Chicks from
both hens were sired by the same male, The egg production
of the two hens was comparable. Thls indicates that the
male was not at fault., What condition of the oviduet per-
mits sperm to live for long perlods in some hens and for
only short periods in other hens? If there 1s such a fact=-
or present, 1s it genetic or environmental in nature? The
answers to these questions would be of great value to breed-
ers.

The frequency of mating by males may be so intense that
it will result in a larger proportion of dead or weak sperm
than those with less libido (Payne et al. 1930). The re-
sults of Parker et ale. (1940) suggest that a male can
successfully fertilize in a day, relatively few hens, and
not 17 to 2lj. The hens which mate before the number of
sperm e jaculated drops below one million should have a
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longer duration of fertility than hens which mate after

the sperm concentration i1s less than one million per ejac-
ulate. If a male distributed his matings randomly, he
should, over a period of 3 to 5 days, fertilize a large
proportion of the eggs from 20 to 30 hens. That there 1s
e trend toward fewer males per 100 hens is evident from
the investigation by Parker and Bernier (1950). They
recommended 6 to 7 males as compared to the old recommenda-
tion of 8 to 9 males per 100 hens,

Further investigation is necessary to determine if the
difference in the duration of fertility of hens is environ-
mental or hereditary. Investigations are also needed to
find 1f there are breed or strain differences in the male's
ability to adequately fertilize the eggs from a large numb-

er of hens,.
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SUIMARY AND CONCLUSIONS

The effect of temperature, dubbing, and rank in the

social crder on the mating activity of males was Investl-

gated.

From this study of 628 observed matings, 328 by

the undubbed and 300 by the dubbed males, the following

conclusions may be drawn:

1.

2e

3e

Se

Te

8.

The peak in sexual activity of the males was from
i to 5 P.Ms The period of least sexual activity
was from 6 AJM. to 1 P.M.

Dubbing had little effect on the mating activity
of males,

Dubbing had little effect on fertility of males,
There were no differences between the mating act=-
ivity of the full and half-brothers used in this
study,

Injury to the comb and wattles of one male by
freezing reduced his mating activity for 5 days
and subsequently no chicks were sired by him for
approximately 10 days.

There was no evidence of reduced mating activity
by males at low temperatures unless the comb and
wattles were injured by freezing,

There was no difference in the mating activity of
the full and half-brothers used in this experi=-
ment at different temperature ranges.

There was evidence that low temperatures increased

mating activity,.



9

10.

11,

12,

13.

The soclally dominant males were most successful
in mating and sired the most chicks.

The best layers mate more frequently than do the
poor and mediocre layers.,

The observed mating activity of hens was not re-
lated to their fertility.,

The average duration of fertility after the males
were removed from the pens was 10,68 days for the
dubbed males and 10,83 for the undubbed group.
The dominant male of each group had the longest
duration of fertility.

The proportion of chicks sired by males after their
removal from the pens was approximately the same

as before their removal,
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