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INTRODUCTION
Selection experiments for sexual behavior have been conducted
for a variety of organisms including insects, birds, and mammals.

It

has been well documented that differences in mating behavior are
influenced by genetic factors; the modes of inheritance of mating
behavior have also been described in several species.
Responses to selection for mating ability have been demonstrated
in chickens.

Through bi-directional selections, male lines of

chickens with different mating potentials have been developed at
Virginia Polytechnic Institute and State University.

It has been

hypothesized that the differences in mating behavior of these
bi-directionally selected lines may be due to two genetically controlled systems, one neural and the other endocrine; the endocrine
effects, while under genetic control, are not behaviorally expressed
until a neural threshold for eliciting the behavioral response has
been reached.

The purpose of this research was to study aspects of

the mechanism(s) underlying the genetic variation in mating behaviors
in these bi-directionally selected lines of chickens.

1

LITERATURE REVIEW
Genetics of Mating Behavior
As a component of social behavior, mating behavior is classified
as a consumma tory behavior (Ha fez, 1969).
down into various classes.

Then~fore,

it can be broken

Consummatory activities involve stimulus-

responsc patterns that are species specific; these have been described
for chickens by Guhl (1960).

The dependence of consummatory behavior

on genetically organized structures makes them excellent material for
studying the inheritance of behaviors.
Experiments involving the inheritance of mating behavior have
been reported in a variety of organisms.

Examples include Drosophila

(Ewing, 1961; Hanning, 1959, 1961, 1968; Kessler, 1969), mice

(Levine, 1958; Levine an<l Lascher, 1965; McGill and Blight, 1963;
Levine, 1966), guinea pigs (Jakway, 1959), chickens (Wood-Cush, 1958,
1960; Tindell and Arze, 1965; Siegel, 1965, 1972; Cook et al, 1972),

and in quail (Sefton, 1972; Stroemer, 1973).
Genetic factors controlling the mating speed of Drosophila have
been described by Manning (1959, 1961, 1963, 1968) who conducted
directional selection experiments for this characteristic.

Two

separate processes in the sexual behavior of female Drosophila have
been distlnguished.

The first, cal.led the

11

switch-on 11 , determines

whether or not a female is accessible to the courtship of males. The
second process, called the "courtship summation", involves the
summation of stimuli received from the courting male until a critical
threshold is reached at which time the female allows the male to
2

3
mount.

Manning concluded that the switch-on and courtship surmnation

were separate processes and genetic changes may in principle, therefore, affect one without affecting the other.
Manning and Hirsch (1971) observed from crosses of slow and fast
mating lines of Drosophila

simulan~

that the slow line was homozygous

for all genes that affected mating speed.

A model was proposed in

which five to seven genes were responsible for the trait.

This number

of genes, while small enough to become fixed in the slow line, was
sufficiently large for their effects not to be detected individually
without very large samples.

Parsons (1964), studying mating speed in

six inbred wildtype strains of Drosophila, found a substantial degree
of genetic determination for the character and partioned the phenotypic variance into its constitutent components using a diallel
analysis.
Recently attention has been directed toward chromosome mapping
of behavior.

Hotta and Benzer (1972) have mapped internal behavior

loci with reference to external body landmarks in Drosophila.

This

was accomplished by making genetic mosaics and constructing embryonic
"fate maps 11 to locate the anatomical site of abnormalities affecting
behavior.

The same approach may be applied to more elaborate

behavioral phenomena such as circadian rhythms and sexual behavior.
Further, chromosomal control of mating activity has been reported
for yeast (Mackay, et al., 1974) and Drosoph} la
1973).

{Shc~rwin

and Spiess,

In the experiments reported by Sherwin and Spiess lines con-

taining two third-chromosome inversions of

!2·

~1doobscura

selected

for fast and slow mating speed were crossed to a multichromosomal
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dominant marker inversion stock.

The strains with various combinations

of chromosomal derivation were then tested and the chromosome was
found to possess major epistatic control over ma.ting speed.

Poly-

genic modification of mating activity was found throughout the genome
when selection was applied opposite to the original third-chromosome
control.
Measurable differences in the relative sexual. activity of individual cockerels was noted by Gtilil (1951).

Wood-Gush and Osborne

(1956) reported significant differences among sire families for mating
frequencies and Wood-Gush (1959) observed that sons of high scoring
males mated more frequently than sons of low scoring males.

Heterosis

was observed for male mating frequency in one of two single crosses
between four inbred lines of sexually experienced White Plymouth Rocks
(Siegel, 1959).

Other experiments involving two-way mass selection

for cumulative number of completed matings by males produced lines of
chickens that were significantly different for this trait (Siegel

1965, 1972).
0.16

± 0.02

At the S11 generation he obtained heritabilities of
in the high and 0.32

same selected lines, Cook

et~!:_.,

±

0.07 in the low lines.

Using the

(1972) demonstrated with reciprocal

crosses that dominant and/ or epistatic effects tnfluenced the response
to selection for low cumulative number of matings.

The lines selected

for high cumulative number of matings were affected by more additive
influences.

They suggested these two

gt~netical

systems interacted to

influence the mating frequency of the male chicken.
Results obtained by Sefton (1972) suggested that Japanese quail
could play a valuable role in the study of poultry mating behavior.
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Stroemer (1973) made reciprocal crosses within replicates among lines
of quail selected for increased and decreased cumulative number of
completed matings.

She found that additive effects were the primary

source of genetic variation in the quail.

Jakway (1959) found s1gnif-

icant differences in the mating behavior between two strains of
guinea pigs and proposed that they were caused by genetic differences
in behavior.

Crosses of inbred lines of mice were used by McGill and Blight
(1963 a,b) and McGill and Ranson (1.968) to evaluate the genetic basis
of mating behavior in mice.

They observed from F1 hybrids and

back~

crosses an apparent segregation of genes affecting the recovery of
male sex drive.

From several studies, (including that of McGilland

Tucker, 1964) it was hypothesized that the inheritance of sexual
behavior was a complex phenomenon under several different modes of
inheritance.

They found different modes of inheritance for various

elements - dominance of one parental genotype or the other, intermediate inheritance, and heterotic inheritance.
The Neuroendocrine Basis of Mating Behavior
For years endocrinologists and behaviorists have accumulated data
regarding reproductive, migrational, nesting, and courting behaviors
in numerous species (Guhl, 1961; Michael et §l., 1966; Young, 1961).
Inherent in many of these studies was thu concept that behavioral
responses represented the outward manifestations of horn1ones acting
upon the hrain to provoke certain sterutyped responses.

Various

6
environmental stimuli appeared to contribute to some of these behavioral responses.

Stimuli were envisioned as providing positive or

negative signals via peripheral neural receptors whtch then induced
organized responses within the higher centers.

Data have been

accumulated to show that hormones can influence the function of the
brain to produce certain behavioral responses (Owen et al., 1973;
Whitsett et

tl·,

1972).

Further, it has been shO\..m that early in

development hormones can play a morphogenetic and organizational
(presumably in neural centers) role in the establishment of subsequent behavior (Levine and Mullins, 1.965; Timiras, 1971).
The role of sex hormones on aggressive and mating behavior have
been reviewed in previous studies by Mccollum (1969) nnd Stroemer
(1973).

Extensive reviews have also been devoted to neuro-hormonal

control of sexual behavior in insects (Barth and Lester, 1973) and
mammals (Davidson and Levir:i.e> 1972).

Furthermore, an overall review

of the neuroendocrine basis of sexual behavior has been presented by
Livera (1972).

The importance of endocrine secretions in modulating

various aspects of behavior was indicated in all the reviews.
Very little is currently known of the molecular mechanisms
involved in the behavioral action of gonadal hormones.

The concept

that the initial effect of steroid hormones is to bind to specific
receptors in the target tissues has resulted in numerous studies on
the uptake and retention of testicular and ovarian hormones in the
brain of mammals (Pfaff, 1968; Stumpe, 1970; Chader and Villee, 1971)
and chickens (Meyer, 1973).

Other less specific studies have included
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lesioning and stimulation of specific brain centers (Benoit, 1964;
Lisk, 1966) hormone implants into brain nuclei (Heimer and Larsson,
1967; Gardner and Fisher, 1968) and castration along with hormone
therapy (Champlin

et~.,

1963; Tucker and McGill, 1966).

Principle

experiments performed with brain hormone implants, brain lesioning,
and brain stimulation indicate that (a) the preoptic region and
anterior hypothalamus governs both the motivation and the integration
of the somatic component of sexual behavior; (b) a center situated
between the ventromedial nucleus and the mamillary body is involved
in the regulation of the gonadotropic function of the hypophysis;
(c) a center located in the anterior hypothalamus inhibits sexual
behavior.
If the existance of neural receptors for hormonal effects on
behavior is accepted, then their functional characteristics can be
compared to those of well established extracerebral receptors by
studying relative thresholds of response to various steroids and
their metabolites.

Based on such experiments, plus the intra-

hypothalamic implantation of testosterone, Block and Davidson (1969,
1971) postulated the existence of two separate hypothalamic receptors
for androgens: a behavioral receptor and one for negative feed-back
regulation of gonadotropin secretion.
Differentiation of behavioral patterns by the perinatal administration of steroids has been an area of intense interest to investigators

(Peretz~

£_!:_al., 1973).

tl·, 1971; Whitsett, 1972; Swanson, 1971; Diamond

The basic concept that was established is that future

8

masculinization of reproductive behavioral patterns is the result of
the action of androgens at critical periods early in development.

In

the absence of circulating androgens, the brain remains in a neutral
state, which is that of a potential female.

This has been demon-

strated for mice, rats, guinea pigs, rhesus monkeys, and more
recently, hamsters (Payne and Swanson, 1972; Coniglio i l al., 1973).
Further, female rats subjected to androgens pre- and postnatally
exhibit normal male behavior patterns (Sachs et al., 1973).

--

Specific developmental periods of steroid sensitivity have been
established for various manunalian behaviors (Whitsett et al., 1972),
Wilson and Glick (1970) reported that the critical period for the
differentiation of the male chicken's mating pattern occurs before
the thirteenth day of embryonic development.

They define the critical

period as that period during which steroids will effectively eliminate
the male mating patterns of the developing chicken.

Haynes and Glick

(1974) hypothesized that the impaired mating ability of the male
chickens exposed to testosterone prior to 13 days of incubation may
be due to a chemical lesioning of neural nuclei in a sexual
stimulatory center.
Information on the behavioral responses to hormones, on the
localization of brain areas involved in sexual behavior, and on the
physiochemical events in the brain which accompany development,
differentiation and activation of behavior patterns holds great
promise.

It should contribute greatly to the field of behavioral

neuroendocrinology.
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Gonadal Embryology and

Ontogen~sis

of Gonadal Endocrine Activity

The avian reproductive system, like that of higher vertebrates,
begins with the appearance of the primordial germ cell (Arey, 1959).

These primordial germ cells can be recognized in the inner and outer
zones of the blastoderm after only eighteen hours of incubation
(Rawles, 1936).

The gonad primordium begins as a thickening of the

coelomic wall in an area designated as the uro-gential ridge; the
germ cells which have already formed in extraembryonic areas migrate

to the gential ridge and gonadal development ensues (Blocker, 1933;
Dubois, 196.5).

Both the ovary and testes arise from the germinal epithelium.
In the two day chick embryo the germinal epithelium can be distinguished from the adjacent peritoneum by its greater thickness.
Initially, the germinal epithelium lies between the base of the
mesentery and the mesonephros.

Shortly after two days of development

the underlying mesenchyme begins to proliferate and by four days of
incubation the gonads appear as distinct structures (Romanoff, 1960).

The initial five days of the embryonic period are considered an
indifferent stage of reproductive development (Patten, 1971).

During

the first hour of these days, the sex of the embryo cannot be determined either by the structure of the gonad or by the degree or mode
of development of the gonadoducts.

Despite ci1e absence of morpho-

logical distinctions, definite physi.ological and genetical differ<1nc0s tJre ol ready present during the ind i ffcrent period, as shown

with grafting experiments of pre-gonadal tissues (Willier, 1933).
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The indifferent gonad becomes specific and differentiated with
respect to both sex and asymmetry by four and one-half days of
development (Willier) 1925).
At the time of sexual differentiation in males (six to seven
days of incubation) the gonads have become testes, the Wolffian ducts
have become vasa deferentia, portions of the rudimentary excretory
organs (Wolffian bodies) have become epididymi, and the MUllerian
ducts have become rudimentary or disappear.
recognizable as a testis.

The gonad is then

It has a reduced germinal epi t:helium, i t

has primary sex cords (which become seminferous tubules), and it has
a large amount of stroma between the sex cords with masses of interstitial cells appearing in the stroma (Romanoff, 1960).

Relatively

similar sized right and left testes arc characteristic of the chick
(van Tienhoven, 1968).
In the female chick embryo the right ovary remains relatively

rudimentary and undeveloped and the left gonad increases in size and
complexity.

By the sixth day of incubation the left ovary is consid-

erably larger than the right ovary.

The left ovary acquires two

distinct zones, an outer cortex and an inner medulla which is
enlarged due to a distension of the medullary cords.

The distension

of the inner zone is the main factor in the enlargement of the left

ovary; the right ovary exhibits basically a similar structure, but on
a smaller scale, and it lacks a cortex (Romanoff, 1960).
As sexual differentiation ensues in the female, the mesonephric
ducts degenerate and disappear.

The Mllllari£m duct continues to
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develop on the left side forming the oviduct; generally the right
Mllllarian.duct degenerates or remains evident as a non-functional
cystic organ (van Tienhoven, 1968; Patten, 1971).
Criteria for recognizing the female gonad include a thickened

germinal epithelium, the proliferation of secondary (cortical) sex
cords and a thinner tunics albuginea than that of the male (Romanoff,
1960).

In general it may be stated that the cortex is more pro-

nounced in the female as contrasted with the greater medullary
development of the testis (van Tienhoven, 1968).
there have been a number of investigations on the ontogenesis

of endocrine activity by the gonads with the advent of qualitative
and quantitative biochemical and histochemical procedures.

Bio-

chemical investigations have disclosed the in vitro capacity of
chick gonads to synthesize estrogens by day six of incubation
(Weniger, 1968), while in other biochemical studies gonads of eight

day chick embryos were shown to have the capacity to synthesize both
estrogen and androgens (Noumura, 1966).

Narbaitz and Adler (1966)

presented ultrastructural evidence for steroidogenesis in the gonads
of the six day chick embryo.

Steroidogenesis has been reported as being histochemically
detectable in the gonads of the chick embryo as early as two days of
incubation (Woods and Weeks, 1969).
reported the presence of

Other investigations have

AS, 36 hydroxysteroid dehydrogenase as

being present in both sexes at six and one-half days of development
(Wolff

£.t

al., 1966) and nine days of incubation (Boucek ct

~!_.,
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1966).

Narbaitz and Kolodny (1964) first observed this enzyme in the

ovary at eight days and in the testes at ten days of incubation.
Woods and Weeks (1969) have hypothesized that sex hormones secreted
by the gonads of the chick embryo from two to six days of incubation

may possibly be responsible for the process of gonadal differentiation
itself.

This would be in addiUon to the we 11 known role of these

hormones in the differentiation of the accessory sex structures
(Kinyon and Watterson, 1958).
In the human fetus of fourteen mm. (six weeks) hydroxysteroid

dehydragenase activity was found to be already present in the genital
crest and it was suggested that the hydroxysteroid dehydrogenase
activity may be related to the migration of the primordial germ cells

(Baillie et

tl•,

1966).

Arvy (1971) noted that the germinal crest

can apparently elaborate androgens, either from cholesterol synthesized by the crest or from dehydroepian<lrosterone whi.ch is provided
by the maternal or placental blood.

Histochemical methods have demonstrated that the interstitial
cells of Ley<lig c:ire the principle source of steroids in many species
(Eik-Nes, 1970), including the chicken by six days of incubation
(Woods and Weeks, 1969).
Histochemical Studies on~ Hydroxysteroic!
Del]J:drogenase Act_i v!:_£X_
The conversion of 6. 5, 3-hydroxys teroids to the more biologically
active l\Lt 1 3-ketosteroids has been of consi<lcr:ihle interest in the
study of factors governing the control of sex hornrnne production.
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This enzyme, specifically concerned with the oxidation of the
3 B-hydroxy group, has been demonstrated histochemically by Wattenberg
(1958) and other investigators (Levy et al., 1959; Baillie and

Griffiths, 1964; Goldberg !LS al., 1964).
The enzyme

b. 5 ,3t3-hydroxysteroid dE~hydrogenase

(t.5,3(~-HSD)

is a

nicotinamide adenine dinucleotidc dependent dehydr.ogenase capable of
oxidizing !i5,3B-hydroxysteroids to l.\.4,3-ketosteroids (Samuels et al.,

19.51; Pc\rlman et al., 1954; Rubin and Dorfon, 195 7).

The degree of

activity of l.\.5,38-HSD is a reliable index of the extent of steroidogenesis in a tissue or organ (Baillie et &·, 1966).

Since almost

all hormonally active steroids are synthesized biologically by pathways involving such a synthetic step, this enzyme is present in all
known steroid hormone producing tissues:

adrenal. cortex, ovary,

testis, placeta (Samuels and Eik-Nes, 1968).

The enzyme is very

delicate, being largely destroyed by any type of fixation and being
completely destroyed by embedding in paraffin (Gomori, 1964).

Histochemical studies on hydroxysteroid dehydrogenase (HSD) have
been considered helpful in detennining the site of steroid hormone
formation and in investigating the role of storoidogenesis in sex
differentiation and development fn mammals and lower ani.mals (Baillie
and Mack> 1966; Hoffen, 1970).

The presence of 6.S,313 and 17

B-hydroxysterold dchydrogenase has been demonstrated histochemically
in the gonads of humans (Baillie and Mack, 1966), mice (Hart, et
1966), and fetal pigs (Moon and Raeside, 1972), as well as in the
chick embryo (Scheib and Hof fen, 1968).

~!:..·,
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The procedure developed by Wattenberg (1958) permits the

micro~

scopic visual localization of D.5, 38-hydroxys teroid dehyrogenase.
Thi.s enzyme catalyzes one reaction in the synthesis of nonbenzenoid
steroid hormones occurring shortly after formation of tlu:: steroid

nucleus.

Subsequent to the synthesis of cholesterol and its conver-

sion to either pregnenolone or <lehydroepiandrosterone, the JS-hydroxy

group is oxidized by steroid-36-ol dehydrogenase (Samuels £!. aL,
1951).

Nicotinamide adenine dinucleotide (NAD) serves as the co-

enzyme for this reaction (Beyer and Samuels, 1956).

tn the enzymatic

reactions, hydrogen ions are rem0ved from the substrate by 3S-hydronysteroid dehydrogenase and are transferred to the diphosphopyridine
nucleotide.

The nucleotide then reduces a tetrazolium salt which

irrunediately precipitates to give a vividly colored formazan (Brodie

and Gots, 1951.).

This technique provides but an indirect evidence

for steroid hormone synthesis since the presence of a single enzyme
in a biosynthetic pathway does not insure successful synthesis or
release of a formed hormone (Lobel £!:. al., 1962) nor does i.t provide
information as to the character of the steroid hormone secreted
(Woods and Dornm, 1966).

EXPERIMENTAL COMPONENTS
This dissertation encompasses five interrelated experiments.
The chickens utilized in these experiments included the At:hensw
Canadian (AC) random bred population (Hess, 1962; Merrit and Gowe,
1962) and lines that had undergone 13 and 14 generations of
bidirectional selection for high and low cumulative number of
pleted matings (CNCM).

com~

The high mating (HM) and the lm1 mating (I.M)

lines originated from the AC population (Siegel, 1965, 1972).

Chicks from all lines were hatched, wing banded, and housed as
flocks in wire floored batteries with feed and water provided
ad libitum.

At four weeks of age males were randomized on a within

line basis into three groups: they were either surgically caponized,

given testicular transplants, or served as intact controls.
At five weeks of age the birds were randomly assigned within
lines to injection subclasses and moved to floor pens.

The injection

site for hormone administration was the pectoralis muscles with
injections being altered from left to right to minimize bruising.
The hormone used for the experiments was a long acting testosterone
ester, Depa-Testosterone Cypionatel (TC).

Corn oil served as the

carrier for the TC; the volume totaled one ml. for each injection.
The control dosage (0 mg.) consisted of the corn oil carrier with no
hormone.
Mating t.rials, by the method of Siegel (1965), were conducted to

1 tot no. 034 AF Fl.

Upjohn Company, Kalamazoo) Michigan.
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measure mating behavior in the sexually mature chickens after they
had received the TC injections.

A mating trial consisted of placing

a male individually into a pen of eight females for a 10-minute
period and recording the frequency of courts, mounts, treads, and
completed

n~tings

(CM).

Individuals were.tested no more than once

a day with the assignment to female tester flocks made at random.
The day after the final mating trial, pilcked cell volumes (PCV)
were obtained in duplicate microhematocrit tubes with blood taken
from the right brachial vein.

The samples were centrifuged for three

minutes at 3000 RPM on a hematocrit centrifuge and read on a hematocrit
reader.

The average of the duplicate measurements wHs considered the

PCV for each bird.

The chickens were then weighed (kg.) and autopsies

performed to determine the success of caponization or testicular

transplants.
Analyses of variance consisted of a fixed model (Hicks, 1965)
with unequal subclass numbers.

The specific statistical model

employed will be presented with each experiment.

Data were trans-

formed i.nto square roots for analysis because of heterogenous
variances.

When interactions were significant, analyses were made

within groups to determine i;1here the differences in main effects
occurred.

Differences between means were tested by Duncan's multiple

range test (Kramer, 1956).

EXPERIMENT I.

HISTOCHEf.1.ICAL S'J;:UDIES ON HYDROXYSTEf&..OID
DEHYDROGENASE ACTIVITY IN MATING LINE EMBRYOS.

Steroid hormones ::icti.ng at critical periods during embryonic

development have been shown to play a role in subsequent aggressi.ve
and 1uating behaviors in chickens and mammals.

Therefore, variations

among lines in rate of and/or time of initial steroid honnone production during embryogenesis could aid in explaining the divergent
mating behavior observed in the lfM and

L.~

lines of chickens.

Far

these reasons, histochemical investigations were undertaken for the
detection and localization of the enzyme

~s.

-hydroxysteroid dehy-

drogenase, an enzyme associated with steroidogenesis.

Enzymatic

activity could be utilized to determine whether temporal and/or rate
differences in steroid hormone biosynthesis existed at any stage of
development in the mating line embryos.
Methods and Materials
Eggs obtained from the AC control and S12 generation HM and LM

chickens, were incubated in a forced-draft incubator at 38.S 0 c.

The

age of the embryos at the time of the histochemical tests represented
the actual time the eggs remained in the incubator.
ranged in age from 2 to 18 days.

Embryos utilized

Embryos up to six days of age were

removed from the egg and carefully separated from adhering yolk
material.

They were then frozen rapidly on the freezing stage of a

cryostat, embedded in an embedding medium and sectioned c-20°c) in
~at

lO or 20 iL

As intern;1l organs became more discrete (i.e.,

17
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7-18 day embryos) the intact test{-1S were removed and prepared in a

similar manner.
Hydroxysteroid dehydrogenase (HSD) activity was demonstrated by
methods modified slightly from those of Levy ct al., (1959) and Woods
and Weeks (1969).

The incubation medium cont;,iined di.:hy<lroepiand-

rosterone (DHA), acetone, NAD, nictotinamide, Nitn) BT, and phosphate
buffer (see Table I for concentrations).

Control sections were

incubated in the substrate mixture from which DHA had been omitted.
Variably, heart, kidney, liver, or muscle treated in the same manner

as the testes served as the control tissue.
Tissue sections, mounted on microscope slides, were air dried
at room temperature for 30 minutes and then briefly washed in two

changes of phosphate buffer (pH 7.4) to remove soluble endogenous
substrates.

The slides were incubated in the substrate solutions

for 60 minutes at 37°c.

Following incubation sections were fixed

for 30 minutes in 10% formalin, rinsed in distilled water, and

stained for two minutes in eosin.

They were subsequently rinsed in

distilled water and permanently mounted after dehydration in a graded

series of alcohols.
Enzyme reactions in the tissue sections were judged microscopically by the density (i.e., intensity) of the intracellular formazan
deposits.

The formazan appeared as purple granular deposits on the

pink eosin counterstain.

Each slide was scored subjectively for

intensity of reaction as follows:

(0) no formazan deposit; (1) sparse

deposition, no localization, indicative of non-specific staining;
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(2) very low den3ity localized staining; (3) low density; (4) moderate
density; (5) high density; and (6) very high density.
Results and Discussion
Diffrrentiated gonads (days 6-1§.l.

In all testes sections

examined from day 6 to day 18 of incubation,
of essentially the same magnitude.

~5,

-IIBD activity was

There were no microscopically

detectable differences in the intensity of formazan deposition
between testes taken from the HM, AC, or LM lines.

The formazan

granules were deposited primarily in the cells of the germinal
epithelium, primary sex cords) and in the interstitial cells (Plate
1).

These formazan localizations were consistent with those in both

intact and hypophysectomized chick embryos (Woods and Weeks, 1969).
The incidence of nonspecific unlocalized formazan deposits was
extremely high and these were consistently present in the tissue
sections.

Frequently these nonspecific formazan deposits appeared

crystalline as ·well as granular (Plate 2).

Sections of liver or

kidney often contained similar crystalline formazan deposits.

In

many sections formazan deposits localized in the immediate vicinity
of lipid droplets.

Unfortunately, nonspecific staining artifacts

(formazan deposits) were found in about one-half of the control
section$ incubated without substrate (Plate 3), making the test of
questionable significance.

This would be especially true for

determining age of initial steroid formation because, presumably,
initial enzymatic activity would be minimal at this time.

Therefore

steroidogenis would be difficult to detect even under optimal
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conditions.

Similar problems with dehydrogenase or other oxidative

enzyme-tetrazolium reactions has been encountered by previous
workers.

For example, nonspecific formazan deposits in control

sections were reported hy Levy
Raeside (1972).

et~!_.,

(1959) and by Moon and

Wattenberg (1958) attributed tho presence of ' 1false

positive re,'lctions 11 to acetone and NAD in the reaction mixture;
Zim:nerman and Pearse (1959) called the nonspecific reactions "nothing

dehydrogenases"; they cited the ability of sulfhydral groups in
proteins to reduce exogenous nucleotides as a possible cause.
''Nothing dehydrogenases" were defined by Hashimoto £.!:..al., (1964)
as all of the intrinsic factors of the tissue which can reduce

tetrazoli um, even in incubation media lncking the substrate.

They

also reported that nothing dehydrogenase formazan precipitates often
could not be distinguished from those produced by the specific
enzyme activity alone.

Hitzeman (1963) cited physiochemical injury

in the tissue sections as a possible cause of the artifact.

According

to Kuwahara and Cogan (1959) crystalline precipitations an" common
with tetrazolium; granular, rod-shaped, and branched filamentous
formazan deposits \vere frequently observed in their experiments.
Levy £..!:.al., (1959) and Hitzeman (1963)

discussc~<l

the strong

affinity formazan has for lipids.
As previously stated no line differences could be determined in
the differentiated gonads.

However, subtle differences could have

been masked by interferring nonspecific and/or crystalline formazan
deposits.
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Undifferentiated gonads {dais 2-5).

In the undifferentiated

gonads, formazan granules were observed in the germinal epithelium

and mesenchymal tissues (Plate 4).
moderate density.

Formazan deposits were of a

Again, as with the differentiated gon:1ds, no

microscopically observable differences in the intensity of the formazan react:i.on could be detected between the HM, AC, and LM lines.

Woods and Weeks (1969) reported that

65,36-HSD is histochemi-

cally demonstratable in the cells of the genital ridge on the second
day of embryo incubation.

Utilizing the same experimental methods,

it was not possible to confirm with

study.

C<:'~rtainty

their results in this

Although formazan deposits were microscopically detectable

in some of the two day embryo sections, they were not entirely

localized.

In addition, the deposits were of such a low intensity

that it would be speculative in nature to state whether the deposits
were specific or nonspecific.
Embryo friabi.lity resulted in severe tissue degeneration and
fragmentation during incubation; therefore, scoring of slides made
from two to five day gonads was extremely difficult.

The tissue

fragmentation problems were compounded by the nonspecific formazan
deposits.

The numerous problems encountered necessitated various

histochemical and histological modifications of the general procedures
employed; the results of these modified trials follow.
Modifications of Histochemical Procedures
Slide or tissue section CO<!,.tin,&s.

A crucial problem encountered

with the undifferentiated gonads was tissue fragmentation.

Thus,
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trials were conducted employing the use of various slide coatings and
tissue section coatings prior to incubation in an effort to prevent
tissue fragmentation (Clay<lcn, 1971).

day embryo testes.
served as controls.

Tissue sections were from 13

Uncoated slides and uncoated tissue sections
Incubation times were e:\tendcd to two, three,

four, six, and twelve hours; otherwise, the general procedures were
as described in general methods and materials secti.on.

The coatings consisted of (1) egg albumin applied in a thin film
to the glass slide prior to transferring the tissue section; (2) gel-

atin coating of the slide prior to transferring of the tissue section;

and (3) dilute collodion applied in a thin film over the tissue
section.
Coating of the slides with albumin or gelatin did not aid in
preventing tissue fragmentation during incubation, nor did they

improve tissue section adhesion to the slide.

A base coating will,

on occasion, improve tissue section adhesion) but it did not in this
case.

There were no noticeable differences with either of the slide

coatings from the non-coated controls with respect to tissue

frag~

mentation or the number of sections lost during incubation.
Improved tissue adhesion resulted when a thin protective film
of collodion uas placed over the tissue sections.

However, this

procedure drastically reduced the intensity of the formazan deposits)
even after 12 hours of incubation.
or the alcoholic content (23/

0 )

Presu~ably

the ethyl ether solvent

of the collodion solution, along with

the subsequent step of hardening ci1e collo<lion in 70% alcohol, were
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sufficiently harsh to impair the formazan reaction.

Furthermore,

collodion coating interferred with microscopic resolution making it
impossible to accurately score a slide.

Collodion coating was thus

judged unsatisfactory.
Whole embryo preparations.

To circumvent the problems encount-

ered with tissue fragmentation in undifferentiated embryo sections,
whole embryo incubation followed by paraffin embedding was employed.
Four day embryos were removed from the egg and washed in phosphate buffer.
medium.

Each embryo was placed in

~oto

into the incubation

Incubation times were extended to 2, 3, or 6 hours at 37°c;

2, 3, or 4 hours at 23°c; and 6 or 12 hours at o0 c.

After incubation,

the embryos were dehydrated in a graded series of alcohols, cleared
in toulene, and embedded in paraffin.

Embryos were then sectioned at

5µ on a rotary microtome and permanently mounted.
Incubation of four-day embryos

.!!!.

~

deposits over the entire embryo surface.

resulted in formazan

Formazan deposits were

visible over the embryo surfaces after incubation at room temperature
for less than one hour.

With extended incubation intervals at either

37°c. or o0 c., internal deposits were also observed.
Pre-incubation phosphate buffer rinses are utilized to remove
endogenous substrates present in the tissue sections
1959).

(Levy~

al.,

With whole embryos, such rinses would not be sufficient to

remove all of the endogenous substrates as with thin tissue sections,
and the presence of superficial formazan granules may, therefore, have
been due to endogenous substrates which diffused superficially during

incubation.

Since embryos are subjected to a high lipid environment,

the presence of residual lipid material may also have been a contributing factor accounting for the strong superficial formazan reaction
(Hitzeman, 1963).

The strong affinity of formazan granules for

lipid droplets has been noted by several investigators (Wattenberg,
1958;

Levy~

al., 1959; Pearse and Hess, 1961).

Furthermore, a

tetrazolium salt reduction has been developed for the demonstration
of lipids and lipoprotetns (Carmicheal, 1963).

After paraffin embedding and sectiontng, the internal formazan
deposits were found to be localized primarily in mesodermal tissues:
germinal epithelium, coelom, heart (ventricle), sornites, notochord,
and somatopleure (mesoderm and ectoderm).

Mesodermal formazan

deposits may be accounted for, in part, by the "nothing dehydrogenases 11
(Hashimoto et al., 1964).

Also, when a subs tr.ate in the incubation

media saturates the cytochrome system of a tissue, endogenous nonspecific substrates are more likely to contribute electrons necessary
for reduction of the tetrazolium (Cogan and Kuwahara, 1959).

While

perhaps speculative, it should be remembered that the chick embryo is
in a state of elevated metabolic activity, cell division, and replication.

Numerous enzymatic processes are occurring and hence,

numerous potential sources would exist for interference with the
~5,38-HSD

reaction.

It can be observed in Plate 5 that formazan deposition occurred
primarily in the genital ridge and to a lesser extent in the mesonephrous and other surrounding tissues.

Nevertheless, the obviously
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excessive nonspecific staining found in nonsteroid tissues limits the
usefulness of the histochemical procedure.
'Wh<2.,~or;,,gan Ercr:~arati~.

In order to reduce possible sources

of interference with the desired formazan reaction, organs were
removed from the embryo prior to incubation.

The heart, liver,

adrenals, testes, and kidneys were removed from 18 day embryos,
washed in phosphate buffer, and individually incubated in E.2_to for

two hours at 37°c.

Tissues were dehydrated in a gradual series of

alcohols and cleared in toluene.
then sectioned at 10µ

They were embedded in paraffin and

and permanently mounted.

During incubation all organs exhibited an intense formazan
deposition on the outer surfaces.

After sectioning, however, only

the adrenals and testes exhibited the classic formazan deposits, but
the reactions were very low in intensity and restricted to the
peripheral cells.

The incubation time of two hours was apparently

insufficient to allow diffusion of the medium throughout the organs.
Although the adrenal and testes exhibited the desired granular
formazan deposits, interfering crystalline deposits were also present.
Thus, this modification in procedures did not eliminate all sources
interferring with Cetrazolium reduction.

1.iptd

ext~:E_c_t:_ion

of tissue

ses_tio~.

Cold act.,tone extraction of

tissue sections to remove free lipid micells has been reported to
result i.n a 111orc homJgenous formazan distribution in positively
reacting cells (Wattenberg, 1958; Levy .£1:. al., L959; Novikoff et
1960).

~·,

Since the presence of lipids may be a possible cause of non-

specific formaz:m deposits and since the embryo is in a lipid rich
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environment, extraction of tissue sections with acetone prior to
incubation was employed.

Eighteen day embryo testis, liver, and

heart sections were extracted in cold acetone (-10°C.) for 0,5,15,
30,45, or 60 minutes as described in the general procedures.
Acetone extraction of the tissue sections did reduce the agregation of formazan deposits around lipid droplets.

Of more importance,

however, was the fact that extraction, even for sixty minutes, did
not reduce the amount of nonspecific crystalline formazan deposits.
It did, unfortunately, reduce the overall intensity of the formazan
reactions which is in agreement with

Levy~

al., (1959).

Thus,

extraction of lipid micells with acetone reduced the specific formazan
reactions and also reduced the formazan-lipid reactions, but it did
not reduce the nonspecific forrnazan deposits.
Enzyme inhibitor tr!.!1!_.

Enzyme inhibitors were employed to

determine if inhibitors could successfully impede the action of
"nothing dehydrogenases" and thus prevent the nonspecific formazan
deposits.

The following enzyme inhibitors were added individually

to the incubation media in a 5 mM concentration: potassium cyanide
(KCN), sodium flouride (NaF), iodoacetic acid (CHzICOOH), and sodium
arsenite (NaAs0 2 ).
the trials.

Thirteen day embryo testes sections were used in

All other general procedures were as described in the

methods and materials.
Despite the presence of the inhibitors, the gonad sections consistently showed very high density non-localized crystalline deposits.
In addition, the inhibitors accelerated tissue fragmentation during
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incubation.

The enzyme inhibitors served only to compound the

problems of nonspecific crystalline precipitates and tissue breakdown.
Phosphate buffer trials.

--

Levy et al., (1959) reported that for

rat testes, ovaries, and adrenals the optimum pH range for the HSDtetrazolium reaction was 7.1 - 7.4.

Since the results obtained in

this laboratory varied from previously published results with respect
to nonspecific formazan staining, experiments were conducted to
establish the optimum pH for specific formazan reactions and localizations in the chick embryo testis.
embryos were utilized in the trials.

Testis sections from 13 day
Trials were conducted employing

phosphate buffers ranging in pH from 6.4 - 8.8.
of 0.2 pH
solutions.

~nits

Increasing increments

were tested making a total of 13 different test

All other procedures were as described in the methods and

materials section.
Formazan deposits were found in the area of the interstitial
cells of the testes at all pH levels tested.

The best localization,

however, occurred within the relatively wide pH range of 7.0 - 7.6.
This was generally in agreement with the report of Levy £.,t

~·,

(1959).

Nevertheless, at all of the pH levels tested, nonspecific staining
occurred.

These nonspecific deposits were most frequent at the pH

extremes (i.e., 6.4 - 6.8 and 7.8 - 8.0).

This was also in agreement

with Levy £.,t !1,., (1959) and Hitzeman (1963).
Gomori (1964) noted that with increasing incubation time,
increasing amounts of

undeposited reaction products diffused into

the incubation medium.

Ultimately a point was reached where the
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solute settled out indiscriminately over the tissue section.
precipitates were usually coarsely crystalline.
known

,as

Such

This phenomena,

"salting outu, occurs because of the competition for avail-

able water molecules between the reaction products and the salt ions
of the solute.

At n suff.iciently high concentrat.ion of salt,

insufficient water molecules are available for full salvation and
precipiation of the solute occurs (Mahler and Cords, 1966).

In view

of the abbreviated incubation times employed in the current trials,
it is doubtful whether "salting out 0 was the primary reason for the

high degree of nonspecific staining encountered.

Crystalline gran-

ules are an apparent inherent problem with formazan dyes.

Kuwabara

and Cogan (1959) reported that formazan dyes have a tendency for
secondary organization into coarse crystalline precipitates.
~ingJl:Ltro J3~~ntra~.

Since "salting out 11 of the

solute from the incubation medium and especially secondary

organi~

zation into coarse crystalline precipitates were possible causes of
the nonspecific crystalline deposits, attempts were made to control
these indiscriminate precipitates by reducing the Nitro BT concentration in the incubation medium.

Preventing or decreasing the inter-

ference of nonspecific formazan deposits would then permit a more
accurate detection of any specific formazan reaction.

The concentra-

tion of Nitro BT was varied in the incubation mixtures; solutions
were mixed in which the Nitro BT concentration hcid been reduced to
0.50, 0.25, 0.10, 0.05, 0.033, 0.02, or 0.001 times the normal
concentr.ations.

Utilizing 18 day embryo testis sections, the
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incubation intervals varied in ten minute incre:nents from 10 to 60
minutes.

All other procedures were as described in methods and

materials.

When only one-one thousandths of the normal concentration of
Nitro BT was employed in the incubation mcdium 1 nonspecific crystalline formazan deposits still occurred.
of a low intensity at this dilution.

The depositions were, however
The intensity of the deposits

increased with increasing Nitro BT concentrati.ons.

It was also found

that the density of the nonspecific crystalline deposits increased
with increasing incubation time intervals, and at all of the Nitro BT
dilutions formazan localizations were not precise.

Nitro BT dilution

was, therefore, judged as an unsatisfactory means of controlling

crystalline nonspecific staining.
Sub~trat~

util ~<?.!!._!_ate td<!_ls.

As stated earlier, it was

impossible to determine with accuracy whether formazan reactions

were the result of
enzymatic reactions.

5,3 -HSD activity or the result of nonspecific
This was especially true for embryos during

the undifferentiated stage of gonadal development (days 2-5) when
the embryos characteristically exhibit low density formazan deposits.

These weak reactions along with the high incidence of nonspeci.fic
staining made it impossible to determine with accuracy if line
temporal differences existed in steroidogenesis.

While line

differences in the ontogenesis of steroid production may effect
mating behavior, line rate differences in steroid production during
ernbryogenesis could conceivable also have a profound influence on
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subsequent mating behavior.

Because of the numerous problems

associated with detecting time of initial steroid biosynthesis, it
was thought that possibly line rate differences could be more easily
determined.

Perhaps a measureable degree of specific staining

would occur before any interferring nonspecific staining appeared.
The basis for this series of trials, then, was to ascertain l.f line
differences existed in the rates of steroid biosynthesis.

Trials

were conducted employing variable shortened incubation intervals

(3,4,5,6,7,8,10,l2,15,18,20,25,30,35,40, or 50 minutes).
day embryo testis were utilized.

Eighteen

All other procedures were as

described in the general methods and materials.
Low density formazan deposits were detected in the interstitial

cells after only four minutes of incubation.

Nonspecific formazan

deposi.ts were, unfortunately, also present at this time and their
density increased :rapidly with increasing incubation intervals.

The

rapidity at which nonspecific deposits appeared precluded the detection of any subtle differences in enzymatic rates that may exist
between the HM, AC, and LM lines.

Thus, it would appear that histo-

chemical determinations of 6 5,3B-HSD activity cannot be utilized
accurately in a quantitative sense.
lnjection of Nitro BT_to

d~f!~pnstrate

reductase

enzy~.

Embryos

incubated in .toti:: exhibited dense formazan deposits on the apical
surfaces.

This occurred even after acetone extraction, a procedure

which should have reduced the jntensity of the l 5,36-HSD-tetrazolium
reactions (vfattcnberg, 1956; Ambadkar and George, 196ti-; Kazuo and
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Barrnet, 1965).

These results suggested that enzymes other than

dehydrogenases were reducing the tetrazolium.

To test this, Nitro

BT in the absence of incubation substrate and coenzyme was injected
into living four day embryos.

The egg shell and membranes were

carefully removed to expose the embryo.

Nitro BT solution (.5 cc)

was injected into the amnion of the living embryo.

The shell opening

was covered with parafilm and the embryo was returned to a convection
incubator.

Embryos were subsequently checked for Nitro BT deposition

every ten minutes until death.
Within ten minutes after injecting the Nitro BT, a strong macroscopically visible reaction occurred in the amniotic membrane and to
a lesser extent in the amiotic fluid.

Ultimately formazan deposits

of a moderate density were also visible in the heart.

Embryos

lived up to 30 minutes after injection.
Cogan and Kuwahara (1959) reported that the site of tetrazolium
reduction does not necessarily indicate the site of a dehydrogenase
enzyme, but instead may be the site of a reductase enzyme causing
the reduction of tetrazolium.
sponse obtained in these

The strength and rapidity of the re-

ex~eriments

suggested a high reductase

concentration in embryonic and extraembryonic tissues.

In addition,

because of the wide degree of nonspecificity, the histochemical
procedure was deemed insufficiently precise to either quantify
steroid ontogenesis or the rates of steroid biosynthesis developing
chick embryo.

Summary
Differences were found in the intensity and localization of HSD
reacti.ons within the gonads depending on the age of the embryos.

No

obvious line temporal or rate differences in steroidogenesis were
detected in embryos 2-18 days of age.

Positive formazan reactions

were observed in embryos as early as two days of age.

However, a

precise estimate of the time of in:i.tial steroid biosynthesis could
not be obtained due to (1) the low intensity of formazan reactions in
embryos of less than three days of development; (2) tissue friability
during incubation; and (3) primarily because of interferring nonspecific formazan deposits.
Modifications of the original published experimental procedures
indicated that embryonic gonadal tissue possesses intrinsic factors
capable of reducing tctrazolium; reduction of tetrazolium occurred

even in the absence of substrate and coenzyme.

Reduction of tetra-

zolium by endogenous dehydrogenase and reductase enzymes, and
aggregation of deposits by free lipid micells resulted in interferring nonspecific deposits.

The apparent ease with which tetrazoli.um

is reduced by enzymes other than AS,36-HSD made the histochemical
procedures insufficiently precise for quantifying steroid ontogenesis
and rates of steroid biosynthesis in the developing chick embryo.
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Table L

Histochemical incubation medium.

Constituent

Amount

Dehydroepiandrosterone (DHA) 1
Acetone
Nitro-BT soln.2 l mg./ml.
Nicotinamide soln.2 1.6 mg./ml.

0.2 mg.
0. 5 ml.

NAD soln.2

3 mg. /ml.

Phosphate buffer,

pH 7.4

1. 0 ml.
0.7 ml.

0.8 ml.

4.0 ml.
7.0 ml.

Final Molarity_

x

.16

x 10-4M

'j.

0

4mM

ca. 5

x
x

10

lO-'fM

10- 2M

1 2,2 1 -Di-p-nitrophenyl-5,5 1 -diphenyl-3,3'-(3,3'-dimethoxy-4,4'
biphenylene) ditetrazolium chloride; Dajac Laboratories,
Philadelphia.

2 Nutritional Btochemical Corporation, Cleveland, Ohio.

-4N

2.0

EXPERIMENT II.

THE ELICITATION AND DURATION OF MATING BEHAVIOR

RESPONSES TO EXOGENOUS TESTOSTF:RONE IN CAPONIZED

~OCKER ELS

The purposes of this experiment were (1) to obtain an estimation
of the time interval necessary to elicit mating behavior responses in
caponized birds following TC injections; (2) to obtain an estimation
of the magnitude and duration of mating behaviors in response to the
hormone injections.
Methods and Materials
Capons of the S 14 generation HM, AC, and LM lines were utilized
for this experiment (Table II).

Beginning at 24 weeks of age the

capons received, one week apart, two intramuscular injections of
either 22.4 mg. or 89.6 mg. of TC.

The total quantity of TC adrnin-

istered was equivalent to a total of 14 daily doses of either 1.6
mg. or 6.4 mg. per bird.

The TC quantities selE!Cted were based on

the studies of Ortman (1964) and McCollum (1967); the 6.4 mg. TC
dosage was a doubling of the dosage (3.2 mg.) that Mccollum et

tl·,

(1971) found to be sufficient to stimulate mating behavior in
caponized birds to levels equivalent to that of intact birds.
Mating trials for all individuals began on the afternoon after

the birds ha<l received the second TC injection.

Mating trials were

conducted every other day until 92 days after the initial TC injection.

Thereafter trials were conducted on a weekly basi.5 until

mating behavior for all three lines had ceased.

Results and Discussion

The results of the mating trials are graphically illustrated
using a floating mean for three observation periods (Figures 1-4).
Courting behavior was observed by the seventh day after the initial

TC injection in all three lines (Figure 1) and by day fifteen completed matings were noted in all lines (Figure 4).

Although these

,results were observed at both the 1.6 mg. and 6 .4 mg. TC dosages)
the responses were considerably greater at the higher than at the

lower hormone level.

Therefore, only the 6.4 mg. level was graphed

for sexual behaviors.
Maximal courting was elicited in all three lines at both dosages
on days 20-26 after the initial injection of TC.

Mounts (Figure 2),

treads (Figure 3), and completed matings followed a similar pattern
for the HM and AC lines, but not for the LM line where there was
only very limited s~xual activity.

Based on subsequent experiments,

the two TC injections did influence the time of peak behavioral
response.

With both the single and the dual injections, however,

the peak response was approximately two weeks after the last
injection.
Courting may be classified as an aggressive behavior that
switches to sexual elements, whereas mounts, treads, and matings
are classified as sexual behaviors (Guhl, 1962; Kruijt,

1966)~

In

male chickens aggressive behavior is intimately associated with
sexual behavior; much of what is called courtship is essentially
identical to aggressive behavior.
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Drevcr (1952) defines aggressiveness
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as an attack on another, usually, but not necessarily as a response
to opposition; male domination of the hen prior to the mating act
demonstrates one example of such aggressiveness.

The waltz is both

a precopulatory (courtship) display and an aggressive display; tidbitting also has this dual role (Wood-Gush, 1956).
Different neural centers have been sho;..n1 to be associated with
aggressive and sexual behavior in chickens (Barfield, 1965, 1969;
Meyer, 1972).

Howevt~r,

both areas are important to the mating act)

for Barfield (1969) has shown that in the absence of a neural
aggressive component, androgen implanted cockerels did not attain
social dominance over females.
necessary for matings to occur.

The neural aggressive component was
Thus, androgen implanted capons

could not mate unless the females were totally.receptive.

In the male fowl, in general, stimulation of the lateral forebrain by androgens or destruction of this area by electrolytic
lesions affects aggressive behavior; conversely, androgens normally
act on the preoptic area to activate copulatory behavior, but not
courtship (aggressive behavior).

Testosterone implants in the medial

preoptic area activates copulatory behavior (Gardner and Fisher,
1968), while lesions in the anterior hypothalamus disrupts such

behavior (Meyer and Sulzen, 1970).

Meyer (1973) recently presented

autoradiographic evidence of the distribution of testosteronesensitive cells in the male chick forcbrain

~1ich

supported the

neuronanatornical studies of the control of reproductive behavior.
TI1e

results of the current experiment indicated that both the

1.6 and 6.4 mg. TC dosage injections: (1) stimulated the neural
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aggressive center (lateral forebrain) to elicit courting behavior in
all three lines; (2) stimulated the neural sexu;il center (preoptic

area) to elicit copulatory behavior (mounts, treads, and completed
matings) in the HM and AC lines; (3) had but a limited effect, even

at the higher TC level, on the neural sexual center of the IM line
males.

Thus, while the exogenous testosterone dosages tested

successfully triggered the courtship neural centers in the LM line

birds the hormone levels did not increase sexual activity.

Perhaps

a greater concentration of TC is required for maximal stimulation of
this center.

However, Ethin (1964) has suggested that differences

in sexual behavior may be due to differences in the sensitivity of
the tissue to the sex hormone and not to levels of the hormone.
Examination of Figure 1 indicates that the interval from injection of the hormone to activation of the neural courtship centers
(i.e., latency period) were essentially the same for all three lines
at both TC dosages.

The latency period for mounts, treads, and

completed matings (Figures 2, 3, and 4) at the 6.4 mg. TC dosage were
also essentially the same for all three lines.

Although the 1.6 mg.

TC dosage had a relatively limited effect on the sexual behavior
traits, the time interval from TC injection to behavioral response
was again similar in all three lines.

It is important to note that

there were no apparent line differences with respect to the latency
period.
The duration of behavioral responses was effected by the TC
lL'Vel.

Sexual behavior responses diminished more rapidly i.n the lli
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line, even at the 6.4 mg. TC level (i.e., zero response by day 80,
Figures 2, 3, and 4), indicating differences in the duration of
sexual behavior responses.

Mating behavior persisted for a period

of 120 days at the 6.4 mg. TC level in contrast with approximately
53 days at the 1.6 mg. TC level.

Thus, the duratfon of behavioral

responses w.:is approximately two times longer at the higher TC dosage
than at the lower level.

It should be noted that after the maximal

response period for all traits, response levels were greatly diminished and followed a downward trend.

Neverthelessi the behavioral

responses covered a time period of surprisingly long duration.
Summar.z

In caponized chickens TC injections elicited courting behavior
in all three lines.

The hormone injections also stimulated copulatory

behavior in the HM and AC lines, but failed to significantly stimulate
sexual behavior tralts in the LM line.

No apparent line differences

were found in the time period from TC injections to maximal behavioral responses (latency period).

The duration of mating behavioral

responses was effected by the TC dosage level; line differences in
the duration of behavioral responses were also indicated (HM and
AC > IM).
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Table II.

Number of birds per treatment group for Experiment II.
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EXPERIMENT III.

BEHAVIORAL RESPONSES TQ. TESTOSTERONE IN CAPONIZED 3

TESTICULAR AUTOTR!u'l~r:!.IJ.. AND INTA~T }1ATING LINE

CHICKENS

This experiment was designed to study the effects of and relationships between caponlzation, testicular autotransplants, and
testosterone therapy on the mating behavior of the HM, LM, and AC
lines of chickens.

------

Methods and Materials
Males from the

s 14

generation ID1 and IM lines and the control

population were utilized for the experiment.

Testicular autotrans-

plants were accomplished by detaching the testes and then placing
them into the body cavity.

Caponizcd and intact birds also served

as test subjects.
At 35 weeks of age the birds received one intramuscular injection of 0, 44.8, or 89.6 mg. of TC; each total quantity was equivalent to fourteen daily dosages of O, 3.2, or 6.4 mg. per bird.
number of individua1s per subclass is shown in

Table III.

The

Mating

trials, initiated on the seventh day after the TC injection, were
conducted three days a week over a period of three weeks.

Peak

mating activity in response to TC injections occurred during the
first two weeks of trials; therefore, the cumulative total of courts,
mounts, treads, and completed matings for the first six mating trials
was considered as the value for each individual bird.

model for the: analysts of variance was:

The statistical
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xijkl

== ]J

+ Li + Dj +

sk

+ (LD)ij + (LS)ik + (DS)jk +

(WS)ijk

+ eijkl

where L, D, and S represent lines, dosages, and surgery, respectively.

Results and Discussion
Means and standard errors for behavioral and physiological traits
are presented by main effects (lines, Tdble IV; dosage, Table V;
surgery, Table VI) with the analyses of variance in Table VII. Significant interactions are presented in Tables VIII and IX.

Lines.

There were significant differences among lines for the

behavioral traits (Tables IV and VII).

The frequency of courts,

mounts, treads, and completed matings was great.er in the HM line than
in the LM line, with the AC line intermediate and significantly

different from the selected lines.

This ranking of the lines for

these behaviors was consistent with t.hat obtained hy Siegel (1965,

1972) and demonstrates the effectiveness of selection for number of
completed matings.

The PCV was significantly lower in the IM line than in either

the AC or HM lines, agreeing with the results obtained by Mccollum
(1969).

There was no significant differences between the HM and AC

lines for PCV.

These data suggest that LM 1 ine males have reduced

androgen titers, while the titers are similar in the HM and AC lines.

Males from the control population were significantly heavier than
thos12 from the high and 1 ow mating lines.

No 1 inc effec t:s for body

weight have been observed since the early generations of selection
(Siegel, 1965, 1972), so thls result may be attributed to chance.

46
TC dosage.

Mating behavior was signifcantly affected by TC

injections (Tables V and VII).

The frequencies of courts and sexual

behavior traits were significantly lower in those birds that received
the carrier oil than in those birds that received the hormone injections.

These rcsul ts arc in agreement with those of McColl urn

(1971).

al.,

The 6 .4 mg, TC dosage failed to significantly increase the

frequency of the mating behavior responses over thoae at the 3.2 mg.
TC level.

Also, these results are consistent with the conclusion and

n:sults obtained in mice (Champlin et al.,

(Riss and Young,

195l~)

1963) and guinea pigs

where increased dosages of testosterone did

not produce significant increases in sexual behavior when compared to
responses elicited hy a much lower critical dosage.

Young (1965)

concluded that the degree of sexual response brought about by gonadal
hormones was largely dependent upon the substrate acted upon rather
than the quantity of hormone and that the substrate was probably neural.
There were significant differences among dosages for PCV, but no
differences were found in body weight.

The PCV showed a concomitant

increase with increasing TC dosages as would be expected with androgen
therapy.

The time interval from hormone injection to weighing was

probably insufficient for any anabolic effect to occur.
Surgery.

There were significant differences among surgical

treatments for the frequencies of courts, mounts, treads, and completed matings (Tables VI and VII).

Caponization resulted in a

significant decrease in frequency of all behavior traits when compared to intact males, a result consistent with that of other reports
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on the effects of testes removal on mating behavior (McGill and
Tucker, 1964;

Mccollum~~~·,

1971).

Although caponization elim-

inates mating behavior in chickens, the reason that the values for
capons were not zero was because the means in Table VI also included
those individuals that had received TC injections.
Testicular autotransplant subjects had significantly higher
frequencies for behavioral traits than did intact birds.

Although

this is difficult to explain, a possible explanation follows.

The

normal testicular blood supply was interrupted during transplantation,
necessitating the establishment of a collateral blood supply.

Pre-

sumably androgen blood titers diminished significantly during the
interval necessary for reestablishment of the blood supply.

Dimin-

ished androgen blood titiers at this period in time may have affected
neural centers controlling sexual behavior resulting in mating
activity greater than that of the intact males.

In this area, Wilson

and Glick (1970) showed that dipping eggs in a testosterone solution
at a critical period of embryogenesis impaired mating behavior
responses in the mature males.

Disruption of normal circulating

androgen titers at a critical period could conceivably have an
opposite effect.

This has been demonstrated for aggressive behavior

in mice (Whitsett et al., 1972).

Injections of exogenous androgens

from the time of the testicular transplants Hould be one possible
approach to determining whether or not the above is a valid explanation for the increased mating activity seen in the autotransplant
subjects.

Experiment IV will be directed towards an evaluation of

the possibility.
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PCV and body weight were both significantly affected by surgical
treatments.

The PCV's of the caponized birds were significantly lower

than the PCV of either the intact or autotransplant subjects, demonstrating the effects of caponization on erythropoietin production.
The PCV's of the intact and autotransplant birds were similar which
would indicate that androgen levels were comparable in these lines.
The relationship between caponization and body weight has been well
established (Jull, 1951).

Capons were significantly heavier than

the intact and autotransplant birds.

The body weights were comparable

in the intact and autotransplant males.

Thus, both PCV and body

weight followed the expected patterns for capons and birds with testes.
Interactions between main effects.

The line-dosage interactions

were not significant indicating that all lines responded in a similar
manner to TC injections (Table VII).

In contrast, the line-surgery

and surgery-dosage interactions were significant for all traits
except body weight.
In an effort to explain the cause of the line-surgery interactions,
analyses were made within each line among surgery groups (Table VIII).
Caponized males had significantly fewer courts than the intact or
autotransplant males in all lines.

The autotransplant subjects courted

significantly more than the intact males in the HM and AC lines, while
there were no significant differences among the intact and autotransplant treatments within the

L.~

line.

These different response levels

of intact and autotransplant birds in the HM and AC lines in contrast
to the IM line caused the highly significant line-surgery interaction
for courts.
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The line-surgery interaction, while highly significant for mounts,
treads, and completed matings, followed a different pattern from that
noted for courts in the AC and U'l lines.

'I'he

intc~rac ti on

for sexual

behavioral traits occurred because the lines responded differently to
surgical treatments.

There were no significant dl.fforences among

surgical treatments in mounts, treads, and completed mating frequencies
for the IM line, whereas in the AC line, caponization caused a decrease
in the frequencies of the sexual behavior responses; the intact and
autotransplant males were similar.

The HM line capons had a signif-

icantly lower level of responses than intact or autotransplant males.
The autotransplant males

h~1d

significantly higher frequencies for

the sexual behavior than did the intact birds.
Although caponization caused a significant reduction in the PCV
in all lines, the reduction was considerably less in the U1 than in
the HM and AC lines.

This resulted in a highly significant line-

surgery interaction for PCV.
Analyses were made among TC dosages within each surgical treatment in an effort to explain the surgery-dosage interaction (Table IX).
Intact males receiving either 3.2 or 6.4 mg. of TC courted significantly less th3n those receiving the carrier oil only.

This was in

contrast to both autotransplant and cnponized males where hormone
therapy caused an increase in the frequency of courts over that of
the carrier oil level.

The frequency of response was similar at the

3. 2 and 6 .4 mg. TC dosages indicating t}rnt incr·eased dosages above a
critical r.:mgu do not increase behavioral response.

Similar results
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have been obtained with castrated rabbits (Beyer and Rivad, 1973)
where there was no difference in sexual behavior responses above
3 mg. dosage of testosterone.

Depression in the mating behavior

responses of intact males that received exogenous hormones has also
been reported by McCollum i l al., (1971) with chickens and Diamond

i l al., (1973) with guinea pigs.

The depression in mating activity

in intact males has been attributed to an overdose of androgens.
Surgery-dosage interactions for sexual behaviors occurred
because values for autotransplant and caponized chickens were
increased by TC injections while no change was observed in intact
males.

The PCV for intact males that received either 0 mg. or 3.2

mg. of TC were not different, whereas there was a significant increase
in the PCV of birds that received the higher hormone level.

The PCV

of autotransplant males that received the carrier oil were significantly lower than the PCV of the birds that received 3.2 or 6.4 mg.
dosages which did not differ from each other.

The PCV of caponized

birds showed a concominant increase in PCV with increasing TC dosages.
It thus is quite evident that the response of sexual behavior and
PCV varies with the surgical treatment.
Summary
Lines were significantly different from each other (HM>AC>IM)
for number of courts, mounts,

tr~ads,

and completed matings.

No

differences were obtained in the PCV for HM or AC lines, but they
were significantly lower in the LM line.

The AC line males had a
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significantly heavier body weight than either the HM or IM lines,
but this was attributed to chance.

There were significant differ·

ences among TC dosages for courtship and sexual behavior traits.
Hormone injections increased the frequencies of the mating behavior
traits over the levels attained by the carrier oil only.

The 6.4

mg. TC level failed to significantly increase the mating behavior
frequencies above the 3.2 mg. TC dosage.

Intact males that received

3.2 or 6.4 mg. of TC exhibited a depression in courting.
a concomintant increase with increasing TC dosages.

PCV showed

The frequencies

of courts, mounts, treads, and completed matings were effected by
surgical treatments, with caponization decreasing and testicular
autotransplants increasing the frequencies of mating behaviors.
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Table III.
TC (mg)
Dosage

0

Numbers of birds per treatment group for Experiment III.

Lines
HM
AC

U1

Intact

Sur8er~

Autotrans.

6
8
6

9
11
7

3.2

HM
AC

12
12
12

8

6.4

HM
AC
U1

12
12

7

IM

11

5
6

10
8

Capon
7
7

10
12
15
12
10
13
10
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Table IV.

Means and standard errors of mating behavioral and
physiological traits by lines for Experiment III.

Trait

HM

N

83

Lines
AC

________1M___
82

93

a

Courts

94. 2 + 11.4c

72.7 + 8.4 b

Mounts

19.0

±

3.3c

6.0 + 1.9 b

0.9 +

.6a

Treads

18.0

±

3.7c

5.8

±

i.8b

0.7 +

.4a

CM

17.0 + 3.0c

5.6

±

1.8

b

0.7 +

.Sa

45.6 + 1.2b

45. 2

±

1.0b

3.1 +

.lb

PCV

(%)

Body Wt. (kg)

2.8 +

.la

42.9 + 10.7

41.3 + 1.0a
2.9 +

.la

Any two means in a row with the same superscript are not significantly different. ~0.05.
Within any given main effect all other treatments were pooled,
e.g., HM line includes TC levels, capons, autotransplant, and
intact males from that line.
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Table V.

Means and standard errors of mating behavioral and
physiological traits by TC dosage for Experiment III.

Trait

0

N

71

TC Dosase ~ms2
3.2

6.4

94

93

± 10.9b

± 10.8b

Courts

56.3 + 8. 7a

Mounts

6.5 + l.2a

8.9 +

Treads

6.1 + 1.7a

8.4 + 1. 7b

9.3 +

CM

5.9 + 1.la

8.1 + 1. 7b

8.7 + 2.4b

40.5 + 1.la

44.8 + i.ob

PCV (%)
Body Wt. (kg)

2.9 +

.la

71.4

3.0

±

l.9b

.la

19 .4

9.9 + 2,7b
2~6b

46.2 +

l.2c

3.0 +

.la

Any two means in a row with the same superscript are not significantly different. P < 0. 05.
Within any given main effect all other treatments were pooled,
e.g., 0 mg. TG dosage includes capons, autotransplant, and intact
males of all three lines.
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Table VI.

Means and standard errors of mating behavioral and
physiological traits by surgery for Experiment III.
SU£.a~.£L....

------·-----

Intact

Trait

Autotrans.

91

N

~-

71

82 .8 + 12. '.3b

Courts

_ _ _._._ _ _ _

+ 2.ob

96

100.5 + 10.4c

35.6 + 7.7a

+ 2.Sc

4.2 + l.4a

Mounts

9.3

Treads

8.7 +

1. 9b

12.9 +

2.9c

4.0 + l.3a

CM

8.4 + 1. 7b

12.l +

2.3c

3.8

PCV (%)
Body Wt. (kg)

13. 7

+

i.i'l

• 9a

46.2 +

l. 2b

46.l +

1.1 b

40.7 +

2.7 +

.la

2.8 +

.1 a

3.1 +

Any two means in a row with the same superscript are not signifi-

cantly d

rent.

P1 <0.05.

Within any given main effect all other treatments were pooled,
e.g., intact includes TC levels and HM, AC, and LM line males.

,b

• l.

1.1

1ANOV were conducted on data that had been transformed into square roots.
* P< 0.05.
** P<0.01.

1.3

1.2

6.0

231

Error

1.9

2.1

2.2

9.7

8

L - S - D

5.2**

5.5~'c*

83.3**

4

S - D

S.9
29.1
18.4
12.3

200.4**
17.3
13.0

12.6

25.0

6.S

42.3*

10.5*".'c
2.7

660.1**

359.l**

76.8**

377 .6**
1064.8**

Body Wt. (kg)

PCV%

7.1**

53.5**

163. l**

S.9**

2.9

2.9

7.0

4

L - D

11.6**

12.0**

25.1**

4

L - S

7 .9**

8. 3~'-*

152.6**

2

Dosages (D)

176.4'f~

Treads

56.8**

646.6**

2

Surgery (S)

183 .5**

Mounts

62.2**

210.5**

2

Lines (L)

Courts

DF

Mean Sg,uares
Completed
Matings

Analysis of variancelfor mating behavioral and physiological traits of Experiment III.

Source of
Variation

Table VII.

°'

Vt
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Table VIII.

Trait
Courts

Mounts

Treads

CM

PCV(%)

Line - surgery interactions for Experiment III.
Surgerx:
Autotrans.

Lines

Intact

HM

107.2b
87. lb
s2.9b

135.3c
106.0c
54. lb

46.8a
34.8a
26.3a

18.sb
7.7b
1. 5a

29.8c
8.7b
l.3a

10.6a
2.5a
o.za

HM

17.6b
7 .4b
i.oa

28.2c
8.lb
1. 2a

10.0a
2.5a
O.la

HM

16.9b
7.2b
i.oa

26.2c
7.7b
i.za

9.4a
2.5a
0.1 a

48.ob
47.6b
42.8b

47 • 7bb
47.5b
42.5

41.4a
41.4a
39.2a

AC

lM

HM

AC

111
AC
LM

AC

111
HM

AC

111

Ca2on

Any two means in a row with the same superscript are not significantly
different. P< 0.05.
Within any given main effect all other treatments were pooled, e.g.,
HM Intact includes all 3 TC levels.
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Table IX.

Trait

Surgery - dosage interactions for Experiment III.

Surgery

0

Dosa8e mg. TC
3.2

6.4

Courts

Intact
Autotrans.
Capon

98.6b
7s.oa
o.oa

84.2a
120.sh
44,gb

83.8a
113. ob
so.sh

Mounts

Intact
Autotrans.
Capon

lo.oa
9.sa
o.oa

9.7a
17.Sb
3.7b

8.sa
14.6b
7.7b

Treads

Intact
Autotrans.
Capon

9.4a
9.la
o.oa

8.9a
17.lb
3.6b

8. la
13.8b
7.3b

CM

Intact
Autotrans.
Capon

9.2a
8.6a
o.oa

8.6a
16.4b
3.6b

7.7~
12.5
6.8b

PCV(%)

Intact
Autotrans.
Capon

45,7a
43,4a
33.oa

45.4a
47 .4b
42.4b

47 ,4b
47.2b
44.2c

Any two means in a row in the same superscript are not significantly
different. P< 0.05.
Within any given main effect all other treatments were pooled, e.g.,
Intact, 0 mg. TC includes HM, AC, and IM lines.

EXPERIMENT IV.

TH~J,';FFECTS

O:[__B IWEEKLY TESTOSTERONE INJECTIONS ON

MAT!]'JG BEHAVIO! Tl~~lT§.

The results obtained in the preceding c:xperiment suggested that
the effects of diminished androgen titers following testicular autotrunsplants way have been responsible for subsequent increased
mating activity in these birds.

This experiment was conducted to

determine the effects of mating behavior when cockerels received
continuing exogenous testosterone therapy from surgery through the
mating trials.

Cockerels of the 814 generation of the Ili':-'l, AC, and LH lines
were utilized for this experiment.

Treatment groups

caponized, and testicular .autotransplant subjects.

:includE~d

intact,

The birds were

divided into two dosage levels (Table X); 0 and 44.8 mg. TC (equivalent to 14 daily dosages of 3.2 mg. TC) were injected every 14 days
starting from day of surgery (four weeks of age) throughout the
experiment.
Mating trials began when the birds were 36 weeks of age.

The

cumulative total of courts, mounts, treads, and completed matings
for six mating trials was considered as the value for each individual
bird.

The statistical model for analysis of variance was:

where L, D, an<l S represent lines, dosages, and surgery, respectively.

Results and Discussion
Means and standard errors for behavioral and physiological
traits are presented by main effects (lines, Table XI; dosages,
Table XII; surgery, Table XIII with the analysis of variance in
Table XIV). Significant. interaction3 are presented in Tables XV

and XVI.
L!_1:'!_~·

There were highly signlf icant differences among lfoes

for number of courts, mounts, treads, and completed matings (Table
XI and XIV).

The frequencies of the mating behavior traits were

highest for the FIN line, lowest for the LM line, with the unselected
AC population being intermediate.

These results were consistent

with those obtained in Experiment III and again demonstrate that
divergent selection for completed matings was effective in establishing three distinct lines for mating behavior.
The PCV were significantly lower in the U1 1 ine than in either
the AC or ffM lines which were similar; this is also in agreement
with Experiment III.

No significant line differences were obtained

for body weight agreeing with the results obtained by Siegel (1972) 1

and suggesting further that the difference found in Experiment III
was a chance occurrence.

1<1.

dosages.

Hormone therapy significantly affected courting

behavior and PCV, but had no significant effect on mounts, treads,
completed matings, and body weight (Tables Xll and XIV).

The fre-

quency of courts was significantly higher for chickens that received
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the hormone injection every 14 days than for those that received
the carrier oil only.

The mating behavior responses to TC may be

masked by significant interactions between hormone levels and other
experimental main effects.

Such interactions were present and will

be discussed subsequently.

As would be expected birds receiving

hormone therapy had significantly higher PCV.than those that did
not receive the hormone.
Surgery.

Surgical treatments caused significant differences in

the frequencies of mating behavior traits.

Caponization resulted in

a significant decrease in frequency of courts, mounts, treads, and
completed matings when compared to intact and autotransplant males.
The reason the values for mating behavior traits were not zero for
capons was because the means in Table XIII also included birds that
received TC therapy.

Although the responses in the intact and auto-

transplant subjects were similar, gross mating behavior responses to
surgery may be masked by significant interactions between nines and
other experimental main effects.

Such interactions were present and

they are discussed in the next section.
Caponization caused a decrease in PCV when compared to intact
and autotransplant birds.

These effects of caponization on PCV and

body weight are consistent with Experiment III and other published
reports discussed in Experiment III.
Interactions between main effects.

Linc-dosage interactions

were not significant indicating that all lines responded in a
similar manner to TC injections (Table XIV).

In contrast, line-
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surgery interactions were significant for mounts, treads, and completed matings and surgery-dosage interactions were significant for
all traits measured except body weight.

The second order inter-

action was significant for courts, mounts, treads, and body weight,
but not significant for completed matings and PCV.
In an effort to explain the cause of the line-surgery interactions, analyses were made among surgery groups within each line
(Table XV).

The significant interactions for mounts, treads, and

completed matings occurred because there were significant differences among surgical treatments within each line.

The AC and IM lines

responded. in a similar pattern with the frequencies of sexual behavior
traits being significantly less in capons than in autotransplant or
intact males and the autotransplant subjects responding significantly
less than intact males.

In the HM line, autotransplant subjects had

a significantly higher frequency of mounts, treads, and completed
matings than the intact males, while the capons had significantly
fewer responses than did the intact or autotransplant birds.

Thus,

a continuing supply of androgens from the time of surgery (four
weeks of age) throughout the experiment did not eliminate the
increased mating activity in the autotransplant birds.

It would

appear that the time period during which the testicular blood supply
was interrupted was not critical to subsequent behavior as was discussed in Experiment III.
The thought that autotransplantation of the testes should precipitate a subsequent increase in sexual behavior excites the
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imagination.

Effects by steroids from non-gonadal sources, gonadal

and/or non-gonadal steroid analogs, or neural secretory products are
but several examples that come immediately to mind.

However, before

continuing it should be pointed out that the experimental design
employed did not exclude with certainty the possibility that a
transient diminished androgen titer played a role in the subsequent
behavior.
Upon interruption of the testicular blood supply, endogenous
androgens normally decline rapidly, for they are readily susceptible
to hepatic inactivation.

Exogenous testosterone was not administered

until after surgery, and because of possible delays in absorption
from the intramuscular injection site, the birds may still have been
subjected to a brief period of diminished androgen titers.

Thus,

any subsequent experimentation should include birds injected with
testosterone prior to testis transplantation.

Nevertheless, because

of the potential biological significance of this observation, the
possible role of testes autotransplantation on subsequent mating
behavior should be investigated.
Analyses were made among surgery groups within each dosage in
an effort to explain the cause of the surgery-dosage interactions
(Table XVI).

The significant surgery-dosage interaction for courts,

mounts, treads, completed matings, and PCV occurred because there
were no significant differences among dosages for intact and autotransplant birds, whereas, there were significant differences among
dosages for capons.

In the caponized birds androgen therapy caused
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a significant increase in the response of all mating behavior traits
as well as for PCV.

The requirement of androgens for the expression

of mating behavior is as would be expected and is consistent with
observations by other investigators (Tucker and McGill) 1966).
results als.o agree with those obtained by Mccollum et

'

These

(1971)

where administration of testoe>terone to capons el.icited mating
behavior, but the frequency was lower than that observed for intact
male chickens; Beyer and Rivad (1973) obtained similar results with
r abb Hs.

Summar_y
Lines were significantly different from each other (HM>AC>LM)

for the frequency of all mating behavior traits while PCV 1 s were
significantly lower in the LM than in the HM or control populations.
Testosterone therapy significantly affected courting behavior but

not sexual behavior in all surgical treatments.

Caponization caused

a decrease in the response level of all traits measured.

The HM

line autotransplants had an increased frequency of courts, mounts,
treads, and completed matings when co:npared to intact birds.

Further

investigations are encouraged to determine the factor(s) involved in
the increased mating activity that was observed in the testicular
autotransplant subjects.
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Table X.
TC (mg)
.Q_osag(?._ __
0

3.2

Number of birds per treatment groups for Experiment IV.

Lines

HM

Intact
6

L\C

8

HM

8

lM

7

LM

AC

6

6

Su~

Autotrans.
9
11
7
9
16

12

-

. ~ar;rm
7

7
11

7
7
7
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Table XI.

Means and standard errors of mating behavioral and
physiological traits by lines for Experiment IV.

Trait

HM

N

Lines

AC

IM

46

55

!+9

Courts

80.2 + ll.3C

59.l + i2.sb

Mounts

13. 0

Treads

22 .1

+ 8.8 3

+ 2.2c

5.9 +

1.. 5b

.6 +

12.0 +

3. oc

5.5 +

l.4b

.5

CM

11.5 +

2.lc

5.3 +

l.4b

.5 +

PCV (%)

!+3. 2

+ 1.3b

4lf .3 +

l.lb

.la

3.0 +

.lb

Body Wt. (kg)

2,8

+

.4a

+ .4a
.4a

39.3 + l.2a

2.9 +

.la

Any two means in a row with the srune superscript are not signific.::tntly different.

p..:::. o. 05.

Within any given main effect all other treatments were pooled,

e.g., HM line includes TC levels, cnpons, autotransplant, and
intact males from that line.
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Table XII.

Means and standard errors of mating behavioral and
physiological traits by TC dosage for Experiment IV.

Trait

0

N

72

Courts

'!'~~_Dosage-~

3.2
-----78

55.5 + 8.7 3

65.8 + 8. lb

1. za

6.3 + 1.6a

Mounts

6.1+

+

'Treads

6.0

+ 1.7 8

CM

5.8 + 1. la

5.4 + 1.Sa

+ 1. la

44.2 + l.3b

PCV (%)

40. 3

2.9 +

Body Wt. (kg)

.la

5.7 + 1.5

2.9 +

.la

Any two means in a row with the same superscript are not signifi-

cantly different.

P_s0.05.

Within any given main effect all other treatments were pooled,
e.s. 1 0 mg. TC dosage includes capons, autotransplants, and intact
males of all three lines.
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Table XIII.

Means and standard errors of mating behaviornl and
physiological traits by surgery for Experiment IV.

________ _______

Surgery
Autotrans.

Intact

Trait

l+ 1

N

,,..

45

61+

+

16.sb

Mounts

8.2 +

2.lb

8.9

Treads

7.9 +

2.ob

8.0 + 2.3b

CM

7.7 + 2.ob

7,6 +

46.2 + l.4b

45.0 +

l. 2b

2.8 +

.la

85.7

Courts

PCV

(%)

Body Wt.

(kg)

2.8 +

Ca,eon

.la

72.4 + l0.6b

+

l.6b

l

r

.:i

b

21.8 + 6.0a
1.0

+ .Sa

.9 +

.Sa

.9 +

.sa

36.4 + l.Oa

3.0 +

• lb

Any two means in a row with the same superscript are not significantly different. P..S:.0.05.
Within any given main effect all other treatments were pooled,
e.g., intact includes TC levels and HM, AC, and LM line males.

3.2*

3. 7.,';

2. 2~~

.82

153. 31:-:~

15. 2~'<'

5.69

2

4

S - D

L - S - D

p ..5: 0. 05 .

.75

'77

1.8

2. 9*

0.07

8.1*;';

0.03

3 7. 2;'<;';

5l.3'>'d~

>'t
;':it

P~0.01.

iASOV were conduct:ed on data that had been transformed into square roots.

1

132

0.08

0.09

6.4

2

L - D

Error

8. 7 i;-,."t

9. 7i~;';

15.2

4

L - S

2 .1*

0.03

0.0002

68. 7*;'<'

1

Dosages (D)
.

38.7*'*

42. o~'n't:

349. 2'>h'<'

2

Surgery (S)

55. 3**

7ic"l~

58.

218. O;'d•

2

Mean Squares
Completed
Treads
Matings

Mounts

·---- -

Courts

Lines (L)

·--·--~-------·-·-----·------·-

DF

_.,_,

12.93

!+. 9

162. 3~h';

25.2

7.6

432. 8·J:;\"

1035. 5"''*

211.6:idt

PCV%

.61~*

8.35

23.6•'1-

0.05

19.1

9.9

0.03

57

27.3

------------

---

Bodv
Wt. (kg)-......,,_______

Analysis of variance 1 for mating be.havioral and physiological traits for Experiment IV.

Source of
Variation

Table XIV.

\0

°'
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Table XV.

Trait
Mounts

Treads

CM

Une - surgery interactions for Experiment IV.

Lines
HM

AC

IM

HM

AC

IM

HM

AC

IM

Intact

Sur~er)'.:

Autptrans.

Ca12on

13.9b
8.4c
2.oc.

20.3c
7 .4b
o.2h

2.6a
o.sa
O.la

13.2b
8.lc
i.sc

18.sc
6.7b
0.1 b

2.4 8
o.sa
o.oa

12.9b
7.9c
i.sc

11.sc
6.4b
o.1h

2.3a
o.sa
o.oa

Any two means in a row with the same superscript are not significantly
different. P < 0.01.
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Table. XVI.

Surgery - dosage interactions for Experiment IV.

0

TC Dosage {msl

Trait

Surgery

Courts

Intact
Autotrans.
Capon.

98.sa
7s.oa
o.oa

73.4a
70.4a
49.ob

Mounts

Intact
Autotrans.
Capon

10.oa
9.8a
o.oa

6.6 8
8.2a
2,3b

Treads

Intact
Autotrans.
Capon

9.4a
9.la
o.oa

6.4a
7.3a
2.lb

CM

Intact
Autotrans.
Capon

9.2 8
8.6a

o.oa

6.3a
6.9 8
2.ob

PCV(%)

Intact
Autotrans.
Capon

45,7a
43.4 8
32.aa

46.8 8
44.sa
40.9b

3.2

Any two means in a row with the same superscript are not significantly different. P2 0.01.

EXPERlMENT V.

M!IING BEHAVIOR RESPONSES OF LOW MATING LINE CAPONS
TO VARYING TESTOSTE~ DOSAGES.

Results obtained in the other experiments indicated that
increasing TC dosages would not elicit greater sexual behavior
responses in capons from the low mating line.

Nevertheless, a

question remained regarding the effects of extremely large TC
dosages.

This experiment was designed, therefore, to determine

mating behavior responses to massive dosages of testosterone in
caponized LM line birds.
Methods and Materials
At 32 weeks of age, IM capons of the

s 14

generation were admin-

istered one intramuscular injection of O, 22.4, 44.8, 89.6, or
179.2 mg. of TC; each total quantity was equivalent to fourteen
daily dosages of 0, 1.6, 3.2, 6.4, or 12.8 mg. of TC per bird.
Mating trials commenced on the seventh day after injection and
trials were conducted three days a week over a period of three
weeks.

Peak mating activity in response to TC injections was found

to have occurred during the first two weeks of trials.

Therefore,

the cumulative number of courts, mounts, treads, and completed
matings for the first six days of mating trials was considered as
the value for each individual.

The model for the analysis of

variance was:
xij

=µ +

Di

+

eij

where Xij is the jth observation of the ith dosage (D).
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Results and Discussion
The means and standard errors for behavioral and physiological
traits are presented in Table XVII with the analysis of variance in
Table XVIII.
Physiological traits.

The means for PCV in the IM line capons

showed a concomitant increase with increased TC dosages.

The PCV's

were thus indicative of the TC levels administered to the birds
which is consistent since the PCV is an indirect indicator of androgen
titers.
Courts.

Hormone therapy had a significant effect on the court-

ing behavior of the IM line capons; the frequency of courts was the
greatest at the 3.2, 6.4, and 12.8 mg. TC dosages which were not
significantly different from each other.

Capons that received the

1.6 mg. TC dosage courted significantly more than those that received
the carrier oil; also, they courted significantly less than the capons
that received 3.2, 6.4, and 12.8 mg. of TC.
The results of this experiment indicated that the 3.2 mg. TC
level was the critical dosage for eliciting courting behavior in the
I.M line birds since higher levels did not cause further stimulation.

These results are in agreement with

Mccollum~~.,

(1971) who

reported that an injection of 3.2 mg. TC returned the courting activity of capons to the frequencies attained by intact birds.
Sexual behavior traits.

Regardless of the TC dosage employed,

hormone therapy in the IM line capons did not significantly increase
the frequencies of mounts, treads, or completed matings above the
73
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levels of those capons receiving the carrier oil only.

This was in

agreement with the report by Grunt and Young (1953) who observed
restoration of normal sexual behavior in castrated guinea pigs after
injection of 25 gamma of testosterone propinate.

When dosages were

increased to 100 gamma, the response was not significantly different from that of the 25 gamma dosage.

Riss and Young (1954) were

also unable to increase sex-drive in guinea pigs when they injected
testosterone propinate in a quantity twenty times greater than the
dosage necessary to restore normal sexual behavior in castrated
guinea pigs.

Similar results have also been

(Beyer and Rivad, 1973).

rt~ported

for rabbits

Differences in receptor site sensitivity

to hormones has been cited as a possible cause for threshold differences in behavioral responses (Etkin, 1964; Paup

(!t

~·,

1974).

In all of the experiments to date, exogenous testosterone has
successfully eU.cited courting behavior in the J.;,'1 line capons.

How-

ever, increasing dosages of TC failed to enhance the sexual behavior
traits (mounts, treads, and completed matings) above the levels
attained by either intact males or capons from the LM line.
massive androgen dosages were ineffectual.

Even

In addition, in Experi-

ment II the HM and LM lines exhibited similar latency periods

following TC injections.

Both of the afore mentioned responses tend

to suggest a degree of receptor site equality.

If one assumes that

steroid receptor sites in the mating lines arc not the primary
reason for the divergent mating activities, then a question remains
regarding the role of androgens.

Qui.te possibly, then, in sexually
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mature individuals androgens have a permissive action only.

While

absence of these steroids precludes any mating activities, the
presence of adequate androgens does not stimulate mating behavior;
androgens merely allows the inherent mating potential to be
expressed.
Further, Haynes and Glick (1974) found that lesions in the
nuclei of the mammilaris medialis, mamrnilaris laterali"s, ectomammilaris, praeopticus paraventricularis, and praeopticus medialis
resulted in decreased sexual behavior in chickens.

It was suggested

that these nuclei act to stimulate mating behavior in male chickens.
When lesions were placed in the nuclei of the ruber, mesencephalicus,
and nervous oculomotorius, however, this resulted in an increase in
mating responses in males.

They suggested that these may be neural

centers for an inhibition of sexual behavior in the chicken.

In

view of this report, and based on the results of the current experiments, it is being proposed that selection in the LM line has been
directed towards increased activity in a neural inhibitory mating
center.

This would result in decreased mating activity in that line.

Selection for increased activity in the neural inhibitory mating
center would also explain why massive TC dosages failed to elicit
sexual behavioral responses in the LM line capons.

Similar but

opposite reasoning would apply to the HM line.
It is visualized that both a stimulatory mating center (SMC)
and an inhibitory mating center (IMC) exist, but additional experimentation is necessary before establishing which center is dominant.
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Furthermore, in view of the inability of exogenous androgens to
increase mating activity it appears that the IMC is unaffected by
androgens.
steroids.

~1e

SMC, on the other hand, is affected by these

mien adequate, threshold levels of androgens are present

the SMC becomes capable of expression.

Expression, however, seems

to be restricted to inherently established limits.

It should be

noted, however, that the occurrence of such multiple centers i.s
compatable with the concepts forwarded by McCollum, Siegel, and
Van Krey (1971); Cook, Siegel, and Hinkleman (1972); and Cook and

Siegel (1974).

Testosterone elicited courting behavior responses (aggressive
behavior) in the LM

linE~

capons, but did not significantly increase

the frequency of mounts, treads, or completed matings (sexual
behaviors) over the frequency of the capons that rec(d ved the carrier

oil only.

Four-fold increases in testosterone did not significantly

increase the frequency of courts over that: of the 3.2 mg. TC level.
It was suggested that selection in the LM line has possibly been

directed towards increased activity in a neural inhibitory mating
center, thereby explaining the failure of massive TC injections to
elicit sexual behavior responses in the L.111 line capons.

activity in the

sa~ne

Decreased

center would explain the increased mating

activity found in the HM lin'' cocks.

40. 7

.4a

.la

+

3.0 +
3.2

.7a
.]a

,9b
.1 a

+
+
+
+

two means within a row with the same superscr

Body Wt.

31. 7

0.80

0 + 08

Cl'i

PCVCO

0.80

oa

0 +

Treads

(kg)

.za

+

43. 7 +

3.3 +

. ·a
l

. la

4.

id

. la

1~ .

p_::: 0.05.

3.2 +

'6 • -I
'+

.3a

0.4 +

.la

.9c

.3a

.3a

+

+
0.4

0.4

38.6 + 8.6c

8

12.8

.1 a

t are not significantly different.

3.2 +

+

. 7bc

41.6

0.1 +

.la

0.3 +

+

0.1

.la

+

0.3

0.3

.]a

+

0.80

+ 08

0

Mounts

. 1a

29.7 + 10.zbc

ll.4c

±.

45.5

15.1 + 5.7 8

0 + 08

Courts

+

10

12

10

10

N

0.1

6.4

TC Dosages (mg/day)
3.2

1.6

0

Means and standard errors for behavioral and physiological traits for Experiment V.

Trait

Table XVII.

'-'

"'
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Tab le XVIII.

Analysis of variance for mating behavioral and
physiological traits for Experiment v.

Between

Dosages

Trait

Mean Sg,uaresl

Within
Dos.J.ges

5.78

Courts
Mounts

0.11

o. 1-3

Treads

0.10

0.12

CM

0.10

0.12

302. 96~~

6.48

16.89

9.59

PCV(%)
Body Wt.

(kg)

1nF are 4 between and 45 within dosages.
~~

p < 0. 05.
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Plate 1.

Formazan localization in interstitial cells in a thirteen

day gonad.

x25.
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Plate 2.

Granular and crystalline formazan deposits in a thirteen
day gonad.
x250.
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Plate 3.

Formazan deposition after incubation in a control medium
without DHA in a thirteen day gonad. Note the high
incidence of nonspecific formazan granules.
x400.
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Plate 4.

Formazan deposition concentrated in the genital ridge (g)
and to a lessor extent in the mesonephros (m) in a whole
embryo section (4 days).
xl25.

SYNTHESIS
Histochemical procedures. were util.iz·ed to identify the sites
of steroid
fJ. 5, 3

bio·syn~hesis.

a hydroxys teroid

Enzymatic reduction of tetrazolium by

dehydrogenase was employed for this purpose.

Interference from reductases and other endogenous enzymes was a
continuing problem.

The histochemical procedure was, therefore,

deemed insufficiently precise for determining steroid ontogenesis
and for quantifying rates of steroid biosynthesis.
Sexual behavior of intact males, as measured by the cumulative
numbers of courts, mounts, treads, and completed matings, was
greater in the HM line than in the IM line with the unselected AC
control population being intermediate and significantly different
from each of the selected lines.

The PCV for IM line males was

significantly lower than the HM or AC lines suggesting reduced
androgen titers in the IM line.
Testosterone cypionate injections into capons increased the
frequencies of mating behavior traits over the levels attained by
birds receiving the carrier oil only; however, the 6.4 mg. TC level
failed to increase the mating behavior frequencies over those
attained by the capons receiving the 3.2 mg. TC dosage.

A reduction

in courting behavior occurred when intact males received either 3.2
or 6.4 mg. of TC..

Caponization decreased mating activity while

testicular autotransplantation increased mating activity.

Androgen

therapy did not alleviate the increased frequency in courts, mounts,
83
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treads, and completed matings found in the HM line autotransplant
males.

Possible reasons for the response were discussed.

In caponized chickens TC injections elicited courting behavior
in the HM, AC, and IM lines and sexual behavior in the HM and AC
lines.

In the LM line capons TC dosage of 1.6 - 12.8 mg. did not

significantly increase the frequency of sexual behaviors.
apparent line differences were found in the

tim~

No

period required

after TC therapy for attaining maximal behavior responses.

The

duration of mating activity was affected by TC dose levels and line
differences in the duration of behavioral responses were indicated.
Because of the relative insensitivity to exogenous androgens
demonstrated by the mating lines it was suggested that androgen
have a permissive action allowing the inherent mating potential to
be expressed, and that selection for cumulative number of completed
matings in the LM and HM lines has been directed towards an increased
and decreased activity in an inhibitory mating center, respectively.
This center operates independently of the steroid hormones, explaining the lack of response to exogenous androgens.
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ENDOCRINE ASPECTS OF THE GENETICS OF MATING BEHAVIOR
IN THE DOMESTIC FOWL
Joyce H. Jones
(Abstract)
Five interrelated experiments were conducted to study aspects
of the mechanisms underlying the genetic variation of mating behavior
in bidirectionally selected lines of chickens.

Birds utilized

included the Athens-Canadian random bred population and lines that
had undergone 13 and 14 generations of selection for high and low
cumulative number of completed matings.
The enzymatic reduction of tetrazolium by 65,36 hydroxysteroid
dehydrogenase was employed to identify the sites of steroid biosynthesis in developing embryos of all three lines.

The histochemical

procedure proved insufficiently precise for determining the onset of
steroidontogenesis or for quantifying steroid biosynthetic rates.
Mating behavior was studied in capons, in males receiving
testicular autotransplants, and in intact males.

Androgen therapy

was utilized and consisted of intramuscular injections of 12.4,
44.8, 89.6, or 179.2 mg. testosterone cypionate (TC).
Mating behavior of intact males, ·as measured by the cumulative
number of courts, mounts, treads, and completed matings, was .greater
in the high mating than in the low mating line with unselected control
population being intermediate and significantly different from each
of the selected lines.

TC injections into capons increased the frequencies of mating
behavior traits over the levels attained by birds receiving carrier
oil only; 89.6 mg. TC failed to increase the mating behavior
frequencies over those attained by capons receiving the 44.8 mg.
TC level.

Caponization decreased mating activity while testicular

autotransplantation increased mating activity in the high mating
line.
In caponized chickens TC injections elicited courting behavior
in all lines and sexual behavior in the high mating and control
lines.

In the low mating capons TC dosages (12.4 - 179.2 mg.) did

not significantly increase the frequency of sexual behaviors.

No

apparent line differences were found in the time period required
after TC therapy for attaining maximal behavioral responses.

The

duration of mating activity was affected by TC dose levels and
line differences in the duration of behavioral responses were
indicated.
Based on the results of this series of interrelated experiments
and because of the insensitivity to exogenous androgens demonstrated
by the mating lines, it was suggested that selection in the higj:l and
low mating lines has been directed primarily towards an inhibitory
mating center and secondarily towards a stimulatory mating center.
The inhibitory mating center was presumed to operate independent of
the steroid hormones, explaining the lack of response to exogenous
androgens.

