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ABSTRACT

THE FUNCTIONAL ANATOMY OF THE SKIN MUSCLES
IN PHASIANINAE

By

David R. Osborne

Although a great deal of information is available
concerning the descriptions, functions, causations and the
origin and evolution of feather displays, little is known
about the mechanisms responsible for positioning thé feather
in display. Two categories of skin muscles associated with
the feathers may be involved: (1) the striated dermal
muscles and (2) the smooth feather muscles.

This study was undertaken to describe the gross mor-
phology of the skin muscles and attempt to determine their
relationship to feather display.

Feather displays and the gross anatomy of the smooth
and striated muscles of the skin are described and compared
among several representatives of 4 genera of the Subfamily
Phasianinae. The Ring-necked Pheasant is used as a type
for comparison with other forms.

Deductions of muscle action are based upon morpho-

logical evidence, from observations of feather movement
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David R. Osborne

during display and preening, and from experiments involving
muscle stimulation and muscle extirpation in live birds.

Examination of pterylosis showed few differences in the
arrangement of the feathers among taxa. Differences in the
relative thickness of the skin in different regions of the
plumage among birds corresponded to the localization of
specialized display feathers, to the enlargement of follicles
and to the relative development of the feather muscles.

Pavo is distinctive from the other forms in having
intercalary downs present among contour feathers of the crown
and pelvic tract.

Three functional types of smooth muscles associated with
the feathers are described: (1) musculoelastic tissue,

(2) tensor muscles and (3) feather muscles. Musculoelastic
tissue shows little variability among taxa.

Smooth tensor muscles of the skin are of limited distri-
bution in the birds I examined. They showed great varia-
bility among taxa. All are attached to follicles of
specialized display feathers.

The relative development, pattern and arrangement of the
feather muscles differ appreciably among pterylae in indi-
vidual males of the same species. This appears related to
the fact that feathers in different regions of the plumage
on the same individual may assume different feather postures

during display.
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David R. Osborne

Feather musculature and feather displays were most simi-
lar in homologous regions among different breeds of chickens
and among congeneric species.

The gross pattern of the feather muscles is similar in
both sexes of the same species, but feather musculature is
less well developed in the hens. This appears to be because
hens sometimes perform feather displays that are similar to
but weaker than those of males.

Greatest differences in the size, arrangement and pat-
tern of the feather and tensor muscles are found in homologous
dorsally located tracts among males of different genera.
This appears to be because most conspicuous feather displays
in homologous regions in males entail strikingly different
movements of the feathers.

Results from preliminary experiments involving direct
stimulation of the dermal and feather muscles demonstrated
that the dermal muscles move the skin while the feather
muscles move the feathers.

The distribution and arrangement of the dermal muscles
differ little in homologous regions among taxa.

Histological examination of teased dermal muscles at
the insertions revealed that they did not attach to the
follicles; only smooth muscles do.

Dermal muscles show little, if any, relationship to
feather displays. Apparently they act to tighten the skin
in particular regions of the body which in turn appears to

be coordinated with other body functions.
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David R. Osborne

Finally, results of this study strongly suggest that

modifications of the feather muscles appear to be adapta-

tions for feather displays in order to make movement of the

feathers possible. This in turn makes particular regions

of the plumage more conspicuous.
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INTRODUCTION

The positioning of body feathers during display has
been the subject of numerous investigations in avian behavior.
Descriptions of feather displays occurring during courtship
or agonistic behavior have been reported for many birds
(Hingston, 1933; Stoner, 1940; Andrew, 1961; Armstrong,
1965) . Feather display$ may be non-specialized in which there
is a generalized raising of all body feathers, occurring for

example in the Zebra Finch, Poephila guttata (Morris, 1954)

or in the Chaffinch, Fringilla coelebs (Hinde, 1953) . Accord-

ing to Morris (1956), feather displays may also be special-
ized where exaggerated movements of body feathers are
restricted to certain areas of the plumage (e.g., the ruff of

the Great Crested Grebe (Podiceps cristatus), the crest of the

Sulphur-crested Cockatoo (Kakatoe galerita), the "beard" of

the Capercaillie (Tetrao urogallus), and the "eye" tufts of

the Superb Bird-of-paradise (Lophorina superba) .

The origin and evolution of display functions from non-
display functions were first termed by Huxley (1923) as
"ritualization". The origin and evolution of feather dis-
plays from non-signal functions have recently received con-

siderable attention (Daanje, 1950; Morris, 1956; Tinbergen,
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1952, 1954; Andrew, 1961). It is generally assumed that
feather displays are derived from feather movements which
occur during thermo-regulation (Morris, 1956); but feather
movements which occur during preening and shaking of the
feathers, shaping the nest cup and during defecation are
also considered as possible sources (Andrew, 1961: 338).

Although a great deal of information is available con-
cerning the descriptions, functions, causations and origin
and evolution of feather display, little is known about the
motor mechanism responsible for positioning the feathers.

Two categories of skin muscles are associated with the
feathers and appear to be involved in feather movement.
First are the dermal components of body muscles, apparently
first described by Jacquemin (1836) . These striated muscles
are innervated by spinal nerves, originate from the skeleton
or a part of a body muscle, and insert onto the under surface
of the skin. The second category includes the smooth feather
muscles and a deeper network of musculoelastic tissue. The
feather muscles, apparently first described by Nitzsch
(1840), link adjacent feathers and are innervated by the

sympathetic (Langley, 1904; Ostman et al., 1963a) and pos-

sibly the parasympathetic nervous systems (Ostman et al.,
1963a) . Feather muscles are located within the dermis.

Very little is known about the arrangement and distribu-
tion of feather muscles in birds. Brief descriptions were

given by Seuffert (1862) for several birds of prey and
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waterfowl. He found feather muscles associated with contour
body feathers, rectrices, remiges and down. Lowe (1933)
described and figured the gross arrangement of the feather

muscles in the Magellanic Penguin, Sphenicus magellanicus,

and the Crested Screamer, Chauna torguata (Chauna salvadorii) .

Published information concerning the action of the
dermal and feather muscles in feather movement is contra-
dictory and confusing. Owen (1842, 1866) related the distinct
and extensive dermal muscles in the South Island Kiwi

(Apteryx australis) to the burrowing habits of the species

which shakes off loose earth from its plumage while excavat-
ing its chamber. Helm (1884, 1886) examined both the dermal
and the feather muscles in numerous birds, but his account
of the feather muscles is brief. He concluded that the size
of the feather muscles varied over the body with the size
and frequency of feather movement and that the action of
these muscles was to assist in the ruffling and laying down
of contour feathers. He also concluded that a ruffling of
the plumage was possible with the dermal muscles.

It was Langley's (1904) detailed analysis on the struc-
ture, innervation, and action of the feather muscles in
the chicken and pigeon which focused attention upon the
feather muscles as functioning to position the feathers.
After observation and stimulation of the sympathetic nervous
system and spinal nerves, he concluded that the feather

muscles act to erect, depress and retract the feathers,
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whereas dermal muscles twitch the skin without producing
feather erection or depression.

A search of the literature reveals very little infor-
mation on the relationship of the dermal and feather muscles
to feather display. Hemming (1844: 212), in his analysis of

the display of the Indian Peafowl (Pavo cristatus), reported

that the small muscles between the quills of the train were
inadequate alone to raise and spread the train and that ele-
vation of the tail played the major role in elevating the
train. Viallane (1878) stated that two dermal muscles,

M. temporo-alaire (= M. cucullaris pars propatagialis) and
M. fronto-iliac (= M. latissimus dorsi dorsocutaneus), were
responsible for the display in the Superb Bird-of-paradise

(Lophorina superba). Similarly, Pycraft (1905) concluded

that the dermal slips of M. pectoralis controlled the eleva-
tion of pectoral feathers in the display of the Lesser Bird-

of-paradise (Paradisea minor). He also noted strands of

"minute" muscle passing from feather to feather but did not
comment on their role in display. Stettenheim et al. (1963:
920), in a comprehensive study of the arrangement and action
of the feather muscles in Single Comb White Leghorn chickens
(Gallus gallus), found that feather musculature was heaviest
and most complex on the dorsal region of the neck. They re-
lated this to the fact that the most conspicuous displays of
these birds entail pronounced raising of the hackles.
Several factors may account for the lack of knowledge

concerning the action of the skin muscles in positioning the
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feathers. First, in many studies on the descriptive and
functional anatomy of the appendicular muscles the common
procedure is to remove the skin and discard it. 1In this way
both the feather muscles and some of the insertion ends of
the dermal muscles are lost. Second, if the dermal muscles
are studied without examining the skin, erroneous conclusions
can be formulated on muscle course, action and function.
This may have contributed to the confusing descriptions
which I found in the literature on the dermal muscles.

I know of no thorough morphological investigations on both
the dermal and the smooth muscles in a closely related group
of birds having different habits. Also, subsequent to
Langley, I know of no studies involving observation and
experimentation on muscle action and feather movements in
live birds.

This study was undertaken in an attempt to determine
the relationship of the striated and smooth muscles of the
skin to feather display in certain representatives of the
Subfamily Phasianinae. Birds of this group were selected
because they represent a relatively closely-knit group
taxonomically, are of large size, are easy to maintain in
captivity, and because they possess modified feathers such
as crests, hackles, capes and trains which are displayed
during courtship or reproductive fighting. My hypothesis is
that differences in feather display are related to morpho-

logical variations in one or both categories of skin muscles.
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The generalized and specialized feather displays of
single comb White Leghorn, bantam Rhode Island Red and

Araucana chickens (Gallus gallus), Golden and Lady Amherst

Pheasants (Chrysolophus pictus and C. amherstiae), the

Indian Peafowl (Pavo cristatus), and the Ring-necked Pheasant

(Phasianus colchicus) will be described. An attempt will be

made to standardize the terminology of the dermal muscles.
Similarities and differences in the gross morphology of the
dermal and feather musculature will be compared and related
to feather display.

The action of the feather and dermal muscles in moving
the feathers will be deduced from morphological evidence,
from observations of feather movement during display and
preening, and from experiments involving nerve and muscle

stimulation and muscle extirpations in live birds.
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METHODS

SUBJECTS

Birds used in this study were captive adult Ring-necked

Pheasants (Phasianus colchicus), Single Comb White Leghorn,

Araucana and bantam Rhode Island Red chickens (Gallus gallus),

Golden and Lady Amherst Pheasants (Chrysolophus pictus and

C. amherstiae), and Indian Peafowls (Pavo cristatus). For

the sake of brevity, generic names used in the text refer
to the above representatives of the genus and not to the

entire genus. Chrysolophus, when used, refers to both

Chrysolophus pictus and C. amherstiae. Nomenclature for the

pheasants is from Delacour (1951). Descriptions for
Phasianus are presented first, then comparisons are made
with the other representatives.

Single Comb White Leghorn chickens were obtained from
the Department of Poultry Science at Michigan State Univer-
sity, East Lansing, Michigan; the bantam Rhode Island Red and
Araucana chickens, peafowl, Ring-necked and ornamental
pheasants, from local game breeders. All birds were of
known age and many were utilized for several different as-

pects of this study.
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The study was conducted at the W. K. Kellogg Bird
Sanctuary, Kalamazoo County, Michigan. Breeding pairs were
housed separately in an outdoor aviary, but several male
Lady Amherst Pheasants and a trio of peafowl roamed freely
on the grounds. Food, a sanctuary preparation of commercial

mixtures, and water were readily available.

DETERMINING FEATHER MOVEMENTS AND POSTURES

During Reproductive Displays

Frontal or lateral displays are given by males toward

females during courtship and toward other males of the same
species during agonistic behavior. 1In the display the male
gives either a side or frontal orientation of the body toward
the subject. Both frontal and lateral displays include move-
ments of head, wing, tail and feathers. Although these dis-
plays have been described previously for numerous members

of the Subfamily Phasianinae (Seth-Smith, 1925; Beebe, 1931;
Huxley and Bond, 1941; Delacour, 1951; and Shenkel, 1956,
1958), little is known about the localization of specialized
display feathers, the form and extent of feather movement,
and the movement and postures of non-display feathers.

I often initiated displays by introducing new birds to
males already acclimated to females in the cage. Since the
sanctuary is frequented by many people, most birds became
readily adjusted to the presence of humans. For this reason

a blind was not required for observing the displays.
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Observations were made in the early morning and late
evening during the spring of 1965, 66, and 67. Feather
movements and postures were photographed on 8 mm movie film
at 18 frames per second and examined later at full, stop
and reverse speeds. Frames which showed the various feather
postures that certain regions of the plumage assumed during
display were selected to make the drawings.

Since this is not strictly an ethological study, the
entire sequence of reproductive behavior patterns is not
analyzed for its functional implications. Rather, emphasis
is placed upon describing the extent and form of movement of
the body feathers as a basis for explaining muscle action.
Movements of the wings, body and tail were noted but were
considered of secondary importance to movements of body
feathers.

In descriptions of feather postures I followed the
terminology of Morris (1956: 80). In some instances new
postures, not mentioned by Morris, had to be named and
described. Other behavioral terminologies are from numerous
sources (Andrew, 1961; Dilger, 1962; Etkin, 1964: 206-227;

and McKinney, 1965: 123-130).

During Preening

I made observations on feather movements and postures
during preening of aviary birds and compared them with my
observations of feather movements of homologous regions

during display. These observations were made at a distance
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10

of 10 feet or more from the subject.

Observations of feather movements during preening
were also made in the laboratory on partially defeathered
Single-Comb White Leghorn chickens. I found that I could
stimulate birds to preen by wetting the plumage and then
providing heat. After being held under tap water for about
one minute each bird was placed in a 15" x 24" x 15" wire
cage. Three birds were observed individually for 20 minutes
twice a day for a period of 5 days. A 100-watt goose-neck
lamp provided the heat. Groups of feathers were clipped or
plucked from areas of the dorsal cervical, interscapular,
dorsopelvic and femoral tract, thus forming gaps in the
plumage so that the stubs of individual feathers and the
skin could be observed. Observations were made at a distance

of 3 feet.

DETERMINING PTERYLOSIS

Pterylosis is defined as the distribution of feathers
on the skin (Harrison, 1964: 670) . Contour feathers may be
uniformly distributed on the skin as in the penguins
(spheniscidae) . However, in most birds feathers grow from
definite tracts (pterylae) on the skin with intervening bare
areas (apteria). Pterylosis of many birds was described by
Nitzsch and Burmeister (1867). In this study I have followed
the terminology of Lucas and Stettenheim (1965: 3).

Feather tracts are visible only on the skin. Plucking

and clipping of the feathers, examining study skins or



5,\'.!'

ot}
£5..0s

soinzs, and U

Cin

e e _:~vd' ce
S
vie C}Sam




11

nestlings, and using soft ray X-rays are different methods
which have been used to determine the pattern of feathering.
The advantages and disadvantages of these methods have been
discussed by Heimerdinger (1964).

In this study contour feathers were plucked from
feather tracts in birds anesthetized with Equi—ThesiS:)(Z.S
to 4.7 ml/Kg body weight) injected intravenously into the
basilical vein. A light plane of anesthesia as defined by
Fedde, et al. (1963) was used. At this plane of anesthesia
a chicken responds to pinching of the comb, but shows no
response to pinching of the skin or toes. After administra-
tion of Equi—ThesiA§>the feathers in the follicle are loose
and easily plucked. The action of Equi-Thesié:)appears to be
similar to that of tranquilizing drugs (Sturkie et al., 1958)
and other anesthetics (Ostman et al., 1963b) in affecting
feather release.

As the contour feathers were removed, each follicle was
markea with India ink. Follicles of downs located in apteria
were not marked due to the small size of the follicle. Photo-
graphs were taken of the marked bird and the negatives were
used to produce the drawings.

One disadvantage of this method of determining pterylo-
sis is that it is very tedious and time consuming. Another
is that it was difficult to mark the small, numerous follicles
located on the skin covering the head.

An advantage of this method is that the marking of

follicles and then photographing the bird provides a visible
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12

record of the gross pattern of pterylosis which can be com-
pared tract by tract to the distribution of the follicles
and skin muscles of other representatives. This method
also shows the relative size of the feather follicles in
different regions of the body. It was especially useful for
designating particular rows of follicles and individual
follicles for subsequent determinations of their feather
lengths, weights and muscle mass.

The gross pattern of the body tracts is first described
for Phasianus and then compared with the other forms. Details
of the capital, alar, subhumeral, and caudal tracts are

omitted from this study.

PREPARATION OF SKINS

Skins were prepared from fresh, frozen and alcoholic
specimens. In all instances fresh material produced a better
preparation. In alcoholic specimens, feather and dermal
muscles were often too brittle to dissect and often were
distorted and appeared to be in various states of contrac-
tion. Musculature was often deteriorated in specimens frozen
for more than 2 years.

All live birds were killed by over-anesthetizing with
Equi-Thesié:)rather than by cervical dislocation, bleeding,
or by the "stick" method of King (1921) . Feather tightening
results after death by cervical dislocation (Peterson and

Ringer, 1963) and bleeding (Klose et al., 1961; 1962).
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13

My efforts to "stick" birds were not successful. Over-
anesthetizing results in a loosening of the feathers after
death (Peterson and Ringer, 1963). The same mechanism that
affects feather tightening may affect the contraction of

the feather muscles. Hence over-anesthetizing was used to
kill birds in an attempt to have the feather muscles in as
relaxed a state as possible. All contour feathers were then
plucked from the body.

Skins were prepared for examination according to the
technique developed by Dr. A. M. Lucas and his associates
of the U. S. Department of Agriculture Avian Anatomy Investi-
gations at Michigan State University.?

Skin containing the feather muscles and the insertion
ends of the dermal muscles was removed in sections, mounted
on wire cloth and fixed in Bouins fixative (75 parts saturated
picric acid, 25 parts formalin--full strength, and S parts
glacial acetic acid). Time of fixation ranged from S5 to 12
hours depending upon the thickness of the skin. During fixa-
tion picric acid stains the muscle tissue a light yellow.
Skins were then removed from the wire cloth and stored in
70 per cent ethyl alcohol until dissections could be made.

Carcasses were placed in crocks containing 5 per cent

formalin. Two changes of fluid were made after several weeks.

1The citation refers to the manuscript of "Avian Anatomy.
Integument," currently in the process of final editing; the
manuscript will be published for the U. S. Department of Agri-
culture by the Government Printing Office.
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Carcasses were then stored in embalming fluid (78 parts 70
per cent ethyl alcohol, 20 parts glycerin, and 2 parts of
full strength formalin). The embalming mixture eliminated
the unpleasant volatile odor of formalin and made the
tissues pliable and easy to work with when the dermal muscles
were reexamined. No mold or bacteria formed in the crocks
and the birds were preserved satisfactorily for 3 years.

I determined the insertion, course, distribution,
attachment to the skin, and the relationship of the dermal
muscles to the feather follicles by examining the under sur-
face of fixed skins.

I found it easiest to examine and dissect the feather
muscles from the internal surface. This required removing
the dermal muscles, connective tissue, excess fat and the
larger peripheral nerves and blood vessels from the under-
surface of the skin. The gross arrangement, distribution
and pattern of the feather musculature, as viewed with the
unaided eye, was described first. Finer details of the
arrangement and the pattern were then determined by dissection
at the subgross level with the aid of a 0.7 to 30 power
Bausch and Lomb stereomicroscope. Muscle type (striated or
smooth) of teased muscles attached to the feather follicle
was determined with the light microscope. Teased muscles
were stained with hematoxylin according to standard histo-

logic procedure.
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I attempted to determine whether a relationship existed
between the degree of muscle development and feather size
in certain regions. The degree of muscle development was
estimated by determining muscle volume or muscle weight.

I determined the volume of the muscles of a particular
follicle by measuring the length, width and thickness of
each dissected muscle with a micrometer, multiplying these
dimensions together and summing the values of all rows. The
lengths of muscles, including the tendons of attachment, were
measured from follicle wall to follicle wall. The width
and thickness of the muscles were measured at the belly.

Prior to determination of muscle mass the skins were
washed in 70 per cent ethyl alcohol for 25 minutes to remove
the picric acid. For skins which were excessively fatty
the alcohol treatment was preceded by a 15 minute wash in
chloroform. Individual muscles were dissected free, removed,
grouped as to muscle type (erector, depressor or retractor),
air dried for 24 hours and weighed to the nearest 0.1 mg
with a Mettler H16 balance.

Feathers were weighed to the nearest 0.1 mg and feather
length was measured from the inferior umbilicus to the long-
est barb to the nearest millimeter.

Feather muscles were examined in day old Ring-necked
Pheasants in order to ascertain the degree of development of
this system in newly hatched birds.

Nomenclature for the dermal muscles is reviewed in a

later section. I have followed the terminology of George and
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Berger (1966) for the tongue and jaw musculature; Langley

(1904) and Stettenheim et al. (1963) for the feather muscles.
DETERMINING MUSCLE ACTION AND FUNCTION

Analysis of the functional significance of the dermal
and smooth muscle components is, by necessity, based on
deductive reasoning. Conclusions on muscle action are only
hypotheses and must be treated as such. Only after the
hypotheses have been tested by extensive experiments can
they be relied upon, and even then there is a chance that
some important factor has been overlooked. The deductive
method of functional anatomy is based partly on a consider-
ation of the laws of mechanics and partly on a consideration
of the relative development of the muscles in forms having
different habits. For example, if the distribution, course,
mode of attachment, shape and mass of certain feather or
dermal muscles differ among representatives which have differ-
ent feather displays, then the basic assumption is that these
differences are somehow associated with feather display.

Deductions of muscle action and function in this study
are based primarily upon morphological evidence. Evidence
is also obtained from preliminary experiments involving
muscle and nerve stimulation and extirpations of certain
dermal and feather muscles in live birds.

In the experiments on muscle stimulation, birds were
lightly anesthetized with Equi-ThesiS:>(2.5 to 4.7 ml/kg

body weight) . If respiration ceased, birds were given
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unidirectional artificial respiration according to the
technique of Burger and Lorenz (1960) . The experiments were
designed to provide information concerning the action of the
dermal and feather muscles in positioning the skin and
feathers in different regions of the body.

The method of Langley (1904) was used to stimulate cervi-
cal spinal roots, peripheral nerves and dermal muscles in
chickens. A Harvard model 935B stimulator was used to supply
the stimulus. Details on the strength, frequency and dura-
tion of the stimulus and the selection of dermal muscles
for stimulation in this experiment are presented later in
the text.

The technique used and difficulties encountered in
attempting to stimulate the feather muscles in chickens are
presented in the section on smooth muscles.

To determine the function of the dermal and feather
muscles in display, unilateral and bilateral extirpations
of certain dermal or feather muscles associated with special-
ized display areas of the plumage were performed in anes-
thetized chickens and Golden Pheasants. After the operations
birds were allowed to recover overnight. They were then
resubmitted to agonistic and courtship situations. Similari-
ties and differences in feather movement during display
between controls, experimental and sham operated birds were

noted and compared.
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RESULTS AND DISCUSSION

DESCRIPTION OF FEATHER DISPLAYS

Prior to describing feather displays it may be helpful
to present a brief review on the terminology of feather
postures. Morris (1956) describes 4 basic postures which
the body feathers can take during display. Starting from a

relaxed (=normal) posture, feathers can be depressed tightly

against the body to give a sleeked posture, or elevated
slightly to produce a fluffed posture. When feathers are
fully erected and the tips of the feathers are spaced wide
apart so as to give a jagged appearance to the plumage, they
are then in a ruffled posture. It is important to realize
that these feather postures differ primarily on the degree

of their elevation from the surface of the body.

Ring-necked Pheasant

A lateral courtship display is given by males toward
females during the breeding season (Figure 1). Prior to
the display (Figure 1-1), the male is usually in an upright
posture. This posture is also assumed between consecutive
lateral displays. In the upright posture both wings are

e ————

slightly lowered and the rump feathers are exposed.

18
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Body feathers are in a normal position, the tail is compressed

and the "ear" tufts are elevated and inclined outward.

"Ear" tufts are feathers which arise from two accessory
integumentary structures ("ears") located dorsal to the
external ear opening on the dorsal lateral surface of the
head (Figures 1, 7, 23A). They serve no auditory function.
They are not present in hens.

"Ear" tufts are often maintained in an elevated and
inclined position throughout the breeding season. When males
become frightened, they are lowered with the rest of the body
plumage. "Ear" tufts appear to move as a unit, as if the
integumentary "ears" were involved. Tips of the feathers do
not appear sebarated from one another as do feathers which

are fluffed or ruffled.

During the lateral display (Figures 1-2 and 1-3) the
male is crouched, feét together, with neck bent and head low,
as close to the hen as possible. Wattles of the face are
flushed deep red. The tail, tilted toward the hen, is
spread. The inner wing (i.e., that closer to the female) is
lowered somewhat further than the outer wing. Body feathers
are fluffed.

There also appears to be a general swelling of the body.
This may be caused by inflation of the air sacs and may
result in some movement of the feathers.

The dorsolateral orientation of the body appears to be

accompanied not only by a general fluffing of the body
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feathers, but also a shifting of the plumage to the side
closest to the hen. This is most noticeable in the rump
region. Shifting of the plumage to one side appears to

result in a slight separation of the feathers between the

rump and thigh on the opposite side.

Since the lateral display is brief, lasting from 5 to
15 seconds, the sequence of feather movements is difficult to
determine even from movies. My observations suggest that
fluffing of the feathers occurs just prior to swelling of
the body. Then as swelling increases, the dorsolateral
aspect of the body is tilted toward the female, the plumage

of the rump shifts and separation of the feathers occurs on

the opposite side.

Throughout the lateral display the hen is usually
relaxed. Her feathers are normal and she stands in a some-
what low position. I did not observe any attempts at copu-
lation after the display. |

Other feather movements, apparently not associated with
the display, appeared to be related to the extension and
retraction of the head and neck, and involved feathers cover-
ing the neck. For example, as the head was extended,
feathers of the neck moved apart but did not alter their

vertical position relative to the surface of the body.

Golden Pheasant and Lady Amherst Pheasant

The lateral courtship displays of male Golden Pheasants

and Lady Amherst Pheasants are very similar. No differences
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were apparent between the two species either in the form
or the extent of the display. Both species are known to
interbreed in captivity and the hybrids are fertile.
Several postures in the courtship display of the Lady
Amherst male are shown in Figure 2.

When there are no females present the male assumes a
general upright posture (Figure 2-1) with his wings folded
over the back concealing the bright yellow feathers of the

rump. Crest, cape and body feathers are in a relaxed pos-

ture and the tail is compressed. Between lateral displays,
and in the preéence of hens, both wings are lowered slightly,
exposing the yellow feathers of the rump.

During pursuit of the hen (Figure 2-2), feathers of
the cape are extended slightly forward and upward, equally,
on both sides to the level of the mandible. Body feathers
are in a relaxed posture. The male pursues the hen with his
head and tail extended.

At the height of the lateral display, when the head of
the male is as close to the face of the hen as possible,
his body is arched and tilted toward her. His head and
neck are slightly extended with the bill pointing upward
but completely hidden from her view by full extension of the
cape feathers on the side closest to her (Figures 2-3, 2-4
and 2-5). Positioning of the cape feathers is the most
conspicuous aspect of the feather display. Cape feathers

are not erected perpendicularly from the surface of the body
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as in feathers which have a ruffled posture. Movement of
the tips of the cape feathers is downward from the neck,
along the lateral surface of the head, and then anteriorly
and upward toward the eye. It results in a conspicuous and
uniformly spread fan (Figure 2-5). The movement of the cape
is parallel to the long axis of the body.

As in the Ring-necked Pheasant, the display is accom-
panied by swelling of the body and shifting of rump plumage.
However, shifting of the plumage is more noticeable in Golden
Pheasants than in Ring-necks.

The tail is slanted and spread only on the side facing
the hen. The wing on this side is lower than the wing on
the opposite side. Feet are always placed one in front of
the other, depending upon the side displayed. When displaying
to the left, the left foot of the male is placed forward.

The display is fully lateral. When the hen is in front
of the male the male arches his body and curves his tail
around her (Figure 2-4). Either side of the cape can be
extended. At no time did I observe both sides of the cape
fully extended together, nor did the crest feathers elevate.
The lateral display is held as long as the head of the hen
is near the face of the male. Only after the hen moves
away does the cape partially retract and the body plumage
return to normal position. Hissing occurs during swelling
of the body. The lateral display lasts for several seconds,

the time depending upon the position of the hen. Once I
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Figure 1.--Courtship display of the male Ring-necked
Pheasant. (1) Upright posture, (2 and 3) lateral display

postures. Drawn from motion pictures.

Figure 2.--Courtship display of the male Lady Amherst
(1) pre-display posture, (2) pursuit posture,

Pheasant.
(3, 4, and 5) lateral display postures.

Drawn from motion pictures.

C--cape, D--

feathers of the rump. The

number in parentheses refers to the number of frames

subsequent to the preceding posture.
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counted 26 consecutive displays in a 2 minute period. When
displays follow in quick succession, the cape often remains
fully extended while swelling and shrinking of the body

occurs several times.

Domestic Chicken

Frontal, lateral and numerous other displays are given

by male chickens during agonistic behavior. 1In determining
feather displays during agonistic behavior, observations

were made using 6 male and 3 female Single-Comb White Leghorn
chickens, 8 male and 5 female bantam Rhode Island Reds, and

1 pair of Araucanas.

No differences were observed in feather displays among
the different breeds. When a rival male is introduced into
the territory of another, the dominant male frequently assumes
an upright posture (Figure 3-1). 1In this pose the body
feathers are relaxed. Often the dominant male will crow
(Figure 3-2). During crowing there is a moderate fluffing
of the breast feathers. Plumage falls back to a normal
posture after crowing. |

Initial challenge to a rival begins with a lateral dis-
play (Figure 4-1) . During the lateral display the dominant
male shuffles("waltzing" of Wood-Gush, 1954) toward the
rival and presents the dorsolateral aspect of his body to
him. Body feathers are fluffed and the outer wing is
dropped close to the ground. Primaries are slightly sepa-

rated. No swelling of the body was observed, nor did I hear
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any sounds produced. The rival either counters with a
lateral display of his own, submits by avoidance, "ignores"
the challenge by redirection activities (e.g., pecking or

scratching at the ground; "tidbitting" of Domm and Davis,

1948) or assumes a frontal display.

In the frontal display (Figures 4-2, 4-3, 4-4, 4-7, 4-8)
both birds spar bill to bill with heads extended and tails
somewhat depressed. Hackles of the upper neck are fully
ruffled while the rest of the body feathers are sleeked.
Wings are folded and slightly lowered, but are held tightly
against the body. 1In general, except for erection of the
hackles, both birds appear streamlined for flight. Frontal
displays are brief, lasting for several seconds.

In addition to ruffling of the neck feathers during the
frontal display, ruffled feathers of the neck were observed
to move closer together when the head was retracted and
further apart when the head was extended.

Frontal displays are almost always followed by the
attack display (Figures 4-5, 4-6), which is usually initiated
by the dominant bird. This display is essentially frontal
and involves flight and body contact. Hackles remain
ruffled and the rest of the body plumage is sleeked even
during flight. Attacks are frequent and last until one of
the birds submits; normally it is the introduced male.

The lateral display is dispensed with when attacks are con-

secutive. I observed frontal displays and attack occurring
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only during the breeding season and only when hens were
present.

Between attacks and frequently in the presence of other
males, the dominant male sometimes ruffles his feathers,
flaps his wings and shakes his body (Figures 3-3 through 3-7).
Feather ruffling occurs over most of the body. Hackle and
breast feathers are the first to ruffle. During the body-

shake the tail is depressed and the head is slightly retracted.

Usually three rapid wing-flaps and two head-shakes to the side

are given (Figures 3-4 through 3-6). Body-shaking begins

with the head and ends with the tail.

Often the body-shake is immediately followed by crowing

(Figures 3-7 through 3-11). Hackles and breast feathers are
the only feathers I observed to ruffle during crowing.

In two instances I observed frontal displays between
cocks and hens. Both cocks and hens raised the feathers of
the upper neck; however, the extent of elevation was much

less in hens.

Indian Peafowl

The elaborate courtship display of male peafowls is
chiefly frontal. Feathers most conspicuously displayed are
those of the lower back. Collectively referred to here as
the train, these feathers are long and conceal those of the
tail when the bird is not displaying (Figure 5-2). The
term tail as used here includes both the pygostyle and the

tail feathers (rectrices) and their coverts.






32

The male prepares for display by retracting the head
and bracing the feet. The bird then leans forward until
the breast is almost touching the ground. The tail, with
the rectrices spread, is swiftly raised to about 45 degrees
and the train moves upward and forward (Figure 5-3). Two
to three short flaps of the tail are given as the train is
elevated to its maximum angle (about 87 degrees). Fan-like
spreading of the feathers of the train occurs as it is being
elevated. Anterolateral-most feathers extend forward and
downward to the ground. Feathers of the train can be main-

tained in the elevated and fanned posture for as long as 40

minutes. If the train drops much less than 87 degrees it

is reelevated.

Wing-fluttering occurs after the train is elevated and

and fanned. During wing-fluttering both wings appear relaxed

and the primaries are separated. Both wings flutter in
unison.

Both peacocks and peahens appear to have permanently
erected crests, at least I never witnessed one with the crest
depressed.

Courtship displays are given during the breeding season,
whether or not females are present. I saw peacocks display-

ing to captive Great Horned Owls (Bubo virginianus), hen

Ring-necked Pheasants, and hen Golden Pheasants. Peacocks
displayed primarily in the early morning and late evening.
However, I frequently saw them displaying during mid-day when

the sky was overcast.
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Figure 5.--Feather movements and postures of the male
Indian Peafowl. (1) preening of the back, (2) non-display
posture, (3-7) courtship display, involving elevating and M4

spreading of the train to an elevated and fanned posture.

Drawn from motion pictures. The number in parenthesis
refers to the number of frames subsequent to the preceding

posture.
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I observed 3 attempts at copulation. On each occasion
the displaying male approached the hen by backing toward
her. He then turned, faced her, crouched low and positioned
the train well forward over his head. 1In this pose (Figure
5-6) the tail was vibrated and the train rustled. Rustling
of the train lasted from 2 to 5 minutes and was performed
only as the male leaned forward toward the hen. At the
height of the display the male shrieked, lowered the train
and pursued the hen. The 3 attempts at copulation were un-
successful.

It appeared that elevation of the train was related to
the elevation of the tail and the shaking of the posterior
body. The short rapid flaps of the partially spread
rectrices against the undersurface of the train feathers
might explain the method by which the train is elevated from
a horizontal resting position to a vertical position. If
this were true, removal of the rectrices should alter the
capacity of the train to elevate.

I tested this theory in one male. When the rectrices
were clipped close to the skin, the bird could still elevate,
Spread and rustle his train. I could not detect any notice-
able differences between the experimental bird and a normal
bird in the elevation and spreading of the train except
that shaking of the posterior body appeared to be slightly
More intense in the bird with the clipped rectrices.

However, the shape of the fan, as viewed from the side, was
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quite irregular in the clipped bird. This could be due to
the irregularity of the stubs of the rectrices which were
braced against the shafts of the train. I also noted that
rustling was less intense than in an unclipped bird.

These observations suggest that elevation of the train
is not dependent upon the flat surface of the rectrices.
The spread rectrices may aid in maintaining the train in a
uniformly shaped fan and apparently are involved in rustling
of the feathers. But the actual spreading of the train can-
not be explained by movements of the tail. It appears that
some other mechanism associated with the feathers of the

train is responsible for their display.

Summary and Discussion

No significant differences in feather displays were
noted among male Single Comb White Leghorn, bantam Rhode

Island Red and Araucana chickens or among male Chrysolophus

pictus and C. amherstiae. Great differences in feather dis-

plays were found among males of different genera.

In general, most conspicuous feather displays are local-
ized in different regions of the plumage, and homologous
regions among birds may be characterized by different feather
postures. Also, in a bird which is displaying, feathers in
different regions of the plumage may assume different
postures. The following is a brief summary of the most sig-
nificant points I found from my observations on feather

display.
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1. "Ear" tufts in cock Phasianus appear to be maintained
in the elevated and inclined posture throughout the breeding
season; they are capable of being raised and lowered and
appear to move as a unit. The integumentary "ears" may be
responsible for positioning the "ear" tufts.

2. The crest of Chrysolophus males appears permanently

depressed and the crest of peacocks and peahens permanently
erected.

3. The courtship display of Phasianus is characterized
by a general fluffing of all body feathers.

4. The frontal display of Gallus is characterized by
strong raising of the hackles and strong depression of the
rest of the body feathers. Ruffling of the hackles and of
other feathers of the body occurs during the head- and body-
shake.

S. In Chrysolophus, extension of the cape feathers is

the most striking feature of the feather displays. Either
side of the cape may be extended.

6. Raising and spreading of the train to an elevated
and fanned posture is the most conspicuous feather display
of peacocks. Positioning of the train apparently is not
dependent upon the rectrices of the tail.

7. Plumage-shift occurs in the lateral display of

Phasianus and Chrysolophus, but it is most noticeable in

Chrysolophus where the yellow feathers of the rump appear to

shift toward one side of the body.
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8. Feathers of the neck in all birds, regardless of
their position in display, appear to move closer together
when the head is retracted and further apart when the head
is extended.

It is possible that the body feathers are positioned
by three different, independent but interacting methods.

First, body feathers may be oriented according to the
orientation and position of the body. For example, the
lateral display itself orients certain regions of the plumage
to the subject. The crown feathers of peafowl, if they do
serve a display function, are apparently dependent upon the
orientation of the head. The positioning of the head in
cock Ring-necks close to the face of the hen may serve to
draw attention to the "ear" tufts or to the flushed facial
wattles.

Second, once the body is oriented further exaggeration
of the feather display appears to be accomplished by the
movement of individual feathers. Feathers may be elevated
at various degrees from the body surface to produce the

sleeked, relaxed, fluffed and ruffled postures, or they may

move forward along the longitudinal plane of the body as in
the extended feather posture of the cape feathers in
Chrysolophus. Tips of feathers may also move apart from one
another in one plane to give a fan shape to the group of
feathers being displayed. These movements and postures

appear to have two things in common; that is they do not
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appear to be dependent upon the orientation of the body or
the movement of the skin.

A third method by which display feathers may be posi-
tioned appears to involve the movement or shifting of the
skin which appears to explain the shifting of the rump

plumage in Chrysolophus.

Whether the skin is involved in the movements of the
feathers associated with extension and retraction of the head
in non-display and display behavior, and whether the feather
postures are dependent or are independent of the movement

of the skin is examined further in preening birds.

MOVEMENT OF THE FEATHERS AND THE SKIN
DURING PREENING

Birds frequently raise their feathers during preening.
The different actions of the bill and postures of the body
during preening of particular areas of the plumage have been
described for numerous birds (Simmons 1964: 280) . McFarland
and Baher (1968) recently attempted to determine the effects
of (1) ambient temperature, (2) hunger and thirst and
(3) agonistic behavior on feather posturing in the Barbary

Dove, Streptopelia decaocto, (S. risoria). They combined the

fluffed and ruffled feather postures under one general cate-
gory of "feathers raised". Their results indicate that

Barbary Doves raise their feathers when cold and depress them
when hot. No differences between body regions were observed

in response to temperature, but in defensive and aggressive
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birds there were marked and characteristic differences.
They also noted that feather raising increased during preen-
ing.

I attempted to determine the feather postures and the
occurrence and extent of feather and skin movement during
preening in partially defeathered Single Comb White Leghorn
chickens. Birds were clipped and stimulated to preen accord-
ing to the method previously described. Each bird was
observed individually for 20 minutes twice a day for a period
of 5 days. Direct observations with the unaided eye were
made from a distance of 2 to 3 feet on the movements of the
skin and feathers during feather posturing.

During the first several minutes prior to preening shak-
ing of the head and body is frequent and probably serves to
remove excess water from the feathers. Ruffling of the

feathers occurs during the body and head shake. Most birds

begin preening within 2-5 minutes after the water treatment.

The most conspicuous form of feather movement during preening
is strong erection which positions the feathers in a ruffled

posture. Usually feathers are erected before actual manipu-

lation with the bill.

Feathers of one area of the body may raise even when
another area is actually being preened. The occurrence of
feather ruffling during preening of certain regions of the
plumage is shown in Table 1. 1In general, feathers of target

areas (i.e., those areas of the plumage actually being
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manipulated with the bill) ruffle more frequently than
feathers in those areas not being preened. Except for the
anterior dorsal region of the neck and the region of the
lower leg, feathers of the target areas are always ruffled
when they are preened.

The fact that ruffling of the hackles does not occur
during preening appears to be related to the method of
preening these feathers. Preening of the hackles is per-
formed by rubbing the head and dorsal park of the neck on the
uropygial gland, whereas feathers in other areas, including
the lower leg, are manipulated with the bill. When the
lower leg is preened the erection of feathers is slight.

It may be that the feathers of the lower leg are not capable
of full erection. We know from observations during display
that the hackles are capable of full erection.

During feather ruffling, feathers slowly raise upward
and anteriorly from a relaxed position. Some rotation of
the feathers occurs particularly along the dorsolateral
region of the body. Feather erection during preening of
the back appears to start at the lower back and progresses,
wave-like, anteriorly. However, feather erection involves
groups of feathers. Feathers may be capable of moving
individually, but I never saw only one feather elevated
and the adjacent feathers depressed.

Clipping of certain feathers allows the skin to be

exposed for observation. Apparently clipping of the feathers
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does not inhibit feather ruffling, for the stubs of clipped
feathers erected in a manner similar to those of adjacent
tract feathers. However, the extent of erection was much
less noticeable in clipped feathers. I could not detect any
movement of the skin as the feathers were being elevated or
depressed nor could I detect any movement of follicles from
which feathers had been plucked.

Some movements of the skin and feathers were noticeable
in the neck region and did not appear to be related to
elevation or depression of the feathers. As birds extended
the head and neck in order to preen certain inaccessible
areas, the skin of the neck appeared to stretch and feather
shafts moved apart, anteroposteriorly, without elevating or
depressing. In this instance skin and feather movements
appeared to be coordinated with movements of the head and
neck. However, when the head and neck were retracted, there
was a short delay before the skin of the neck was retracted
and the feather shafts drawn together. It appears that
drawing of the feathers closer together, after the head is
retracted originates in the skin itself, and that movement
of the skin does not place the feather in an erected or
depressed position.

Birds often depress the body feathers when being trans-
ferred to and from the observation cage. Transferring and
handling of the birds may have frightened them. Evidently

strong depression of the body feathers is a typical response
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of most birds when frightened (Andrew, 1956; Marler, 1956;
McFarland and Baher, 1968). However, in addition to depres-
sion, the feathers of the neck also moved closer together
around the neck. 1In birds in which the feathers had been
clipped along one side of the neck I noted that the skin

was drawn inward and tightly about the neck.

Summary and Discussion

1. Except for the hackles and feathers of the lower leg,
body plumage is ruffled during preening.

2. Feathers in areas other than those preened may also
ruffle, but they do so less frequently than feathers in the
areas being manipulated by the bill.

3. That hackles, although.capable of ruffling, are not
ruffled during preening appears to be related to the method
of preening these feathers.

4. Feathers of the lower leg elevate slightly when
preened.

5. Observations on the movement of feather shafts during
erection and depression of clipped feathers, support the
hypothesis that feather raising and lowering are not depen-
dent upon the movement of the skin.

6. Movement of the skin of the neck, anteriorly or
posteriorly, appears to cause feather shafts to move closer
together or further apart depending upon the extension or
retraction of the head. The movement of feather shafts closer

together or further apart apparently can occur with the neck
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feathers in the relaxed, ruffled, or sleeked posture. This

form of feather movement was also observed in the frontal
display with the hackles fully erected.

7. Constriction of the skin about the neck, occurring
when chickens are frightened, apparently causes the feathers
to move closer together transversely without altering the
degree of feather erection.

8. Frightened chickens depress the body feathers. No
differences between body regions were observed in feather
depression. These observations are in general agreement
with the observations of Andrew (1956) on buntings, Marler
(1956) on chaffinches and McFarland and Baher (1968) on
doves.

These limited observations substantiate my original
observations of feather movement in display and suggest again
that there are two basic methods of positioning the feathers:

(1) Feathers which are positioned in various degrees of
elevation from the body appear to be postured independently
of the movement of the skin.

(2) Feather movements in which feather shafts move
closer together or further apart appear to be dependent upon
the movement of the skin.

A shifting of the plumage was not observed as feathers
were elevated during preening. Based upon my observations
of shifting of the plumage in the lateral display of

Chrysolophus, where feathers did not appear to alter their
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degree of elevation as they were being shifted to one side,
I still assume that shifting of the plumage is related in

some way to the positioning of the skin.

PTERYLOSIS

General
I have demonstrated that the most conspicuous and

specialized displays of body feathers are localized in certain

regions of the body of Phasianids (e.g., anterior dorsal neck

of Gallus and Chrysolophus, and the rump of Pavo). It may be

that differences in the location of display feathers among
males of different genera are related to differences in their
pattern and distribution on the skin and also related to
differences in the pattern and distribution of the muscula-
ture associated with display and non-display feathers in homo-
logous regions. 1In this section I have examined the relation-
ship of display feathers to the pattern of pterylosis.

Birds were anesthetized, the feathers removed and the
feather follicles marked according to the methods previously
described. I examined 10 specimens of Phasianus, 6 of Gallus,

6 of Chrysolophus and 2 of Pavo.

The gross pattern of feathering is first presented for
Phasianus; then comparisons are made with the other forms.
Some features of the localized display feathers are also
described. Descriptions of the gross feather pattern are

based upon the distribution of the follicles and their
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arrangement into rows. The terminology of Heimerdinger
(1964) is used for describing follicle rows. A brief review
of her terminology follows:

A row--is a group of feathers arranged either in a
straight line or in an inverted V, or chevron shape, with
the apex of the chevron pointing anteriorly and two arms
extending posterolaterally out from the apical feather (e. g.,
feathers of the interscapular tract are typically arranged
into chevron-shaped rows; see Figures 8 and 29).

A complete row--has a central apical feather and two

lateral arms of variable length.

An_incomplete row--lacks the central feather and may

also lack the first few feathers of the arms.
A gapped row--contains the central feather but lacks
one or more feathers in the arms.

A hash-marked row--is a single armed row of feathers.

The terms "anterior", "upper" or "up" are used in my
descriptions as synonyms for cephalic or cranial.
"Posterior", "lower", and "down" are used for caudal.

Lateral, ventral and dorsal views showing the pterylosis
of a Phasianus male are shown in Figures 6, 7 and 8. 1In
these illustrations the pattern of follicle rows may not
always be clearly evident to the reader. This may be due
to (1) the crowding of the follicles together in particular
regions (e.g., head), (2) the curvature of the body, or

(3) the presence of intercalary contour feathers found among
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the "normal" contour feathers which disrupts the clear

pattern of follicle rows found elsehwere in the tract.

Description for Phasianus

A brief general description of the pterylae and apteria
of Phasianus is presented. Details of the subdivisions of
the capital, and the subhumeral, posthumeral, alar and caudal

tracts are omitted.

Pterylae

Capital tract.--This tract covers the head and has

numerous subdivisions. Since the follicles of the capital
tract are small, numerous and close together, only the
posterior portions of this tract were marked by the method
described previously. A pattern of rows is not evident to
the unaided eye. Follicles of the "ears" appeared somewhat
larger than adjacent follicles which may be related to the
fact that "ear" tufts are slightly longer than those feathers
on the rest of the head. Stiff auricular feathers are found
around the external ear opening and bristles are present

on the facial wattles.

Dorsal cervical tract.--This single median tract covers

the anterodorsal 1/3 of the neck. Its anterior boundary is
marked by the posterior border of the skull. Anteriorly it
is continuous with the capital and ventral cervical tracts.
Posteriorly it narrows and is continus with the interscapu-
lar tract. Follicles of the dorsal cervical tract are

symmetrically arranged in chevron-shaped rows with the apex
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of the chevron pointing anteriorly. The apical feathers
are the longest in a chevron row (Table 2).

Interscapular tract.--This single median tract is

located mid-dorsally over the posterior neck and between
the shoulders. It is the posterior continuation of the
dorsal cervical tract and is distinguished from it by being
uniformly narrow. The junction of the dorsal cervical and
the interscapular tract is arbitrarily placed where the
lengths of chevron rows change from being irregular to
uniform (Figure 8). The posterior boundary of the inter-
scapular tract is marked by the presence of an apterium
which may be either devoid of follicles or with 2 to 3
follicles present mid-dorsally.

Dorsal and pelvic tracts.--These single median tracts

are located on the dorsal side of the trunk. The anterior
boundary of the dorsal tract is marked by the posterior limit
of the interscapular apterium (Figure 8). A junction between
the dorsal and pelvic tracts could not be distinguished by
the pattern of follicle arrangement. The junction is
arbitrarily placed with respect to a transverse line connect-
ing the proximal heads of the femurs. Collectively the
tracts are referred to as the dorsopelvic tract. It is
widest anteriorly and narrowest posteriorly where it termin-
ates at the uropygial pland. Follicles are arranged into
chevron-shaped rows and apical feathers within a chevron

row are the longest (Table 2). 1In general the length of

feathers increases posteriorly within the tract.
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Ventral cervical tracts.--These are paired tracts cover-

ing the ventrolateral surface of the neck. They merge with
one another anteriorly to a single tract which is continuous
with the capital and dorsal cervical tracts. The posterior
boundary is marked by the lateral junction of the marginal
coverts of the alar tract. Apical feathers of the symmetric-
ally arranged chevron-shaped rows are the longest.

Pectoral tracts.--These paired tracts cover the ventro-

lateral surface of the breast. The tract is continuous
anteriorly with the ventral cervical tract. The anterior
boundary is marked by the lateral junction of the marginal
coverts of the alar tract. The posterior limit, about mid-
way down the trunk, is formed by a gradual diminution of row
iength. Follicles are typically arranged into unsymmetrical
chevron-shaped rows (Table 2). The angle of each arm of a
chevron row is more acute and the follicles within a row

are closer together at the posterior border of the tract.

Sternal tracts.--These narrow paired tracts are located

on the ventral surface of the trunk, one on each side of

the keel. The anterior boundary begins about half-way down
the pectoral tract and appears to be separated from the
pectoral tract by a small space. Evidently this is not true
for passerine birds where the anterior boundary of the sternal
tract originates from the medial arms of the pectoral tract.
(Heimerdinger, 1964) . The sternal tract is continuous

posteriorly with the abdominal tract. I have arbitrarily
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placed the junction between the two at the posterior bound-
ary of the keel (Figure 7). Follicles are usually arranged
in single-armed rows.

Abdominal tracts.--These paired tracts are the posterior

continuations of the sternal tracts and cover the ventral
surface of the abdomen. The tracts merge in a mid-ventral
line just anterior to the anal opening where they terminate.
Here, follicles are arranged in chevron-shaped rows. Feathers
increase in length posteriorly within the tract.

Lateral body tracts.--These are paired tracts covering

the lateral surface of the trunk. Follicles are spaced
widely apart and I could not detect a pattern of rows (Figure
6) . Feathers of this tract are semiplumes.

Femoral tracts.--These paired tracts cover the lateral

surface of the thigh. A pattern of chevron-shaped rows is
not clear. Follicle rows course anterodorsally and postero-
dorsally with reference to a mid-dorsal longitudinal line.
This pattern is obscured by the presence of intercalary
follicles at the posterior border of the tract. 1Intercalary
follicles are defined as follicles which are found between
rows of follicles "typical" of the tract. They are associ-
ated with the borders of most tracts but are most consist-
ently present and conspicuous in the femoral tract.

Crural tracts.--These are paired tracts covering the

external and internal surface of the leg. Follicle rows

course anterodorsally and posterodorsally with reference to
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a mid-dorsal longitudinal line. Posterodorsally directed
follicle rows of the external surface are continuous with
the anterodorsal feather rows of the internal surface.
Feathers are longer and closer together on the anterior and
posterior borders of the tract. On the internal surface
feathers are shorter and more sparsely distributed.

Humeral tracts.--These paired rectangular tracts cover

the dorsal anterior end of the humerus. The anterior rows
of humeral feathers merge with the rows of marginal coverts.
Follicle rows course dorsally with reference to a mid-
dorsal longitudinal line. Feathers are close together
within rows and increase in length posteriorly within the
tract.

Subhumeral tracts.--These paired tracts, which are not

figured, cover the undersurface of the humerus and are con-
cealed from view when the wing is folded.

Posthumeral tracts.--Paired and located on the caudal

border of the upper arm between the last secondary and the
humeral tract. Not figured.

Alar tracts.--These paired tracts cover the upper and

undersurface of the wing and have numerous subdivisions.
They are not figured.

Caudal tract.--This tract includes the feathers of the

tail (rectrices and their coverts) and also those feathers
which are located lateral and posterior to the uropygial

gland. It is not figured.
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Apteria

I have previously defined apteria as bare regions on
the skin. However, down feathers may be present in some
apteria. Included with the description of each of the
following apteria is a general statement of the amount of
feathering on it.

Lateral cervical apteria.--Paired and covering the

side of the neck between the dorsal cervical and ventral
cervical tracts. Down feathers are usually absent except
anteriorly.

Ventral cervical apterium.--Single and median covering

the ventral surface of the neck between the right and left
ventral cervical tracts. This apterium is sparsely
feathered.

Scapular apteria.--Paired and located between the
interscapular and humeral tracts. One or 2 longitudinal
rows of down are present.

Lateral pelvic apteria.--Paired and located between
the pelvic and femoral tracts. Down feathers are frequent
and appear randomly distributed.

Lateral body apteria.--Paired. The space surrounding

the lateral body tract. These apteria are sparsely feathered.

Pectoral apterijia.--Paired. The space between the

pectoral and sternal tracts. These apteria are sparsely

feathered.
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Sternal apterium.--Single and median. The space between

right and left sternal tracts. Feathers are absent in this
apterium.

Crural apteria.--Paired. The space between the crural

and femoral tracts. Crural apteria are sparsely feathered.

Median abdominal apterium.--Single. The space between

right and left abdominal tracts. Feathers are absent in
this apterium.

Lateral abdominal apteria.--Paired. The space lateral

to the abdominal tracts. These apteria are sparsely feathered.

Interscapular apterium.--Single and median. One or 2

down feathers may be present mid-dorsally. The space is
located mid-dorsally at the posterior border of the inter-
scapular tract. It is similar to the spinal space of Bonasa

(Nitzsch and Burmeister, 1867; Trainer, 1947), Perdix,

Meleagris and Lophophorus (Nitzsch and Burmeister, 1867)
and Lophortyx (Clark, 1898), and the dorsal apterium of

Colinus and Coturnix (Brewer, 1961) .

Comparison

The gross pattern of pterylosis is similar in all forms
studied and in general agrees with the descriptions of
Nitzsch and Burmeister (1867) and Clark (1898). 1I did not

detect any obvious differences among Phasianus, Gallus and

Chrysolophus in the gross pattern of the ventral, humeral,

crural, femoral and lateral body tracts. I did find dif-
ferences within the dorsal pterylae. These differences

occurred in areas which are involved in display.
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Major differences were noted in the relative thickness of
the skin and the relative length of the specialized display
feathers in homologous regions. Although specialized dis-
play feathers are present in Gallus males, their presence
does not alter the basic pattern of follicle arrangement.

In cock Gallus the feathers are longer and the skin is
somewhat thicker in the region of the hackles than in hens.
Hackles arise from the dorsal cervical and interscapular
tracts. Apical feathers in a chevron row are the longest in
both sexes. The gross pattern of follicle arrangement in hen
ringnecks and hen chickens is similar.

Phasianus cocks, as compared to cock Gallus, appear to
have relatively shorter feathers and thinner skin in homo-
logous regions of the dorsal cervical and interscapular tracts.
In cock Phasianus long feathers are found on the epidermal
"ears" of the dorsal capital tract. These features are
absent in Ring-neck hens and in the other representatives.
The lateral pelvic apteria in both sexes of Phasianus are
somewhat wider, relatively, than in Gallus.

Chrysolophus cocks appear to have narrower dorsopelvic

tracts than Phasianus or Gallus. In Chrysolophus males the

skin of the dorsal cervical tract in the area of the nape
of the neck is thickened mid-dorsally into a goblet-shaped
elevation about 3 to 3.5 cm wide and 13 to 16 cm long.
Display feathers of the cape arise from this region. These

feathers are spatulate-shaped and are much longer than those
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lateral and posterior to the thickened area which also arise
from the dorsal cervical tract.

Feathers of the cape are arranged in chevron-shaped
rows with the apex of the chevron pointing anteriorly.

Chrysolophus males differ from Gallus and Phasianus males in

that the apical feather is the shortest feather in a chevron
row and feathers increase in length posteriorly in chevron
rows (Table 2). At the posterior border of the cape, feathers
are close together transversely. Anteriorly, feathers of the
cape merge with feathers of the dorsal capital tract.

A central thickening of the skin also occurs in the dorsal oc-
cipital region. The long filamentous crest feathers arise

from this region. Females of Chrysolophus<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>