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Feathers have been studied from the earliest days of the micro-
scope, indeed long before the modern microscope came into
existence. Malpighei, Hooke and Leeuwenhoek all wrote on the
subject, and not a little of our knowledge dates from their time.
Since then authors have constantly written on feathers and their
colors, until the papers on the subject may be counted by hun-
dreds.  Accordingly little that is new can be expected from this
<hort article, nor even a history of the literature of the subject.
My only object is to give an idea. so far as is known, how the
colors of feathers are produced, the literature of the subject being
out of the track of most American ornithologists.

Color may be the result of any one or more of the following
causes: a pigment, interference and diffraction of light in their
various phases, fluorescence, and phosphorescence. Of these
causes only three have been called upon to explain the colors of
feathers, the last two apparently playing no part.  The fluores-
cence noted by Dr. Krukenberg in solutions of certain feather-
pigments probably plays no part, or at most an insignificant one.
in the colors of feathers. Pigments act by absorbing all rays of
light but those w hich enter into their color, that is turn them into

heat.
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feather parts in which they exist.® The color of the mass of the
feather may, however, owing to various colors in the small feather
parts, be different from that of any part.

Of these pigments none seem to be peculiar except turacin. This
pigment is altered by wetting the feathers, and comes from the
feathers into the water in which the birds bathe, a fact of consid-
erable interest, since the birds maintain their normal color, thus
necessitating a new supply of pigment. '

White feathers are the result of the light being reflected as a
whole from the finely divided feather-parts. Some grays are the
result of small black nodes in the barbules, which nodes are of con-
siderable size, and do not disperse the light. being distributed
along the barbules. Other grays are the result of a small quan-
tity of black pigment.

Yellow feathers colored with zodfulvin receive their hue from
this pigment, which is pretty evenly distributed through the
texture like a dye.

Red feathers, as those of the Flamingo, Cardinal Bird, and the
like. are so colored by a red pigment similar to the yellow one.
Brown feathers are colored by a brown pigment in the feathers,
which is for the most part collected in patches within the cells of
the feather.

Violet pigments are said by some to exist. while others have
never been able to extract them. so the causes of -this color still
remain in doubt.

Green feathers owe their color to various causes. In some it
lue to a green pigment, as Turacoverdin or zoéchlorin. in others
s said to be due to a mixture of yellow and blue dots. The
olive-greens are sometimes produced by a yellow pigment over-

is «
it

lving a dark brown or black.

# Descriptions of the various pigments may be found in :

Krukenberg, Dr. G, Fr. W,; Vergl-phys. Studien, 1 R, v. Abth 1881, SS. 7299, u.
2 R, 1 Abth,, 1882, SS§, 151-171.

Bogdanow, A., Note sur le pigment des touracos, Compt. rend., T. LIV, 1862, pp. 660-
663. Ftudes sur les causes de la coloration des Oiseaux. Compt. rend T. XLVI, 1858,
pp. 780, 781.

Church, H. H., Researches on Turacine, an animal pigment containing copper.
Chemical News, vol, XIX, 1869, No. 496.

Blasius, W., A. D. Sitzungsb des Vereins f. Naturwiss, zur Braunschweig. Braun-
schweigische Anzeigen, 1877, Nr. 29.
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Blue colors seem to be accidental, that is, the result of other
causes than pigments. Not only have all eflforts to extract the
pigments failed, but blue feathers appear gray when examined by
transmitted light. Again, no blue can be found in transverse sec-
tions of blue feather parts. This method of studying the colors
of feathers is worthy of more extended use than it has yet had.
By this means all physical efects of the outer coat are avoided,

and the exact position of the pigments can be seen. Sections

are quickly prepared by fastening the feather on to a piece of

pith with collodion, and' mounting sections pith and all. The
l)ith k('t‘;)‘ the sections on end, a result otherwise difficult to
obtain.

Gray-blues, such as those seen in Dendraca carulescens, are
due to opalescence. The feather is full of fine granules of black
or darkish pigment, which in a manner already described produces
a blue color.

Brilliant blues, as those shown by Sialia sialis, Cyanospiza
cyanea. Careba lucida, and the like, do not seem to be suscep-
tible of a like explanation. The color is too intense and pure to
be produced in such a small space by opalescence. So most
authors have simply ascribed it to some other form of interfer-
ence, as a thin outer plate, w hich would seem on examination to
be the true cause. Figure 2, drawn from a section of a Bluebird's

barb enlarged about one thousand diameters, will give an idea of

the structure found in such cases. The central cells are full of
some dark pigment, probably zoémelanin, while the surface is
bounded by a transparent layer of horn varying from ggdq5 to
rodoo of an inch in thickness. Thus we have a contrivance not
ill adapted to the production of interference colors, the black
pigment absorbing all rayvs which are not reflected by the horn
coat on the outside. Yet there are decided difficulties in this
view. Thin as it is, the outer horn coat is thick compared to the
length of light waves. and again the blue color is constant. How-
ever, in spite of these objections, the color must be ascribed to
the action of the outer coat of cells. The structure of other
bright blue feathers is much the same, though diflerences in
minutiae exist, Thus the outer layer of cells, the external walls
of which form the outer coat of the barb, are devoid of pigtent

in the Blue Jay. (Fig. 3.)
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The brilliant colors of these feathers have often been ascribed
to irregularities of surface, the traces of the cell cavities being
mistaken for pits on the surface  That this is an error is at once
shown by examining a section. ;

Before leaving the subject I cannot refrain from calling atten-
tion to the wonderful diversity of means employed, as well-as
their complexity in the production of feather colors. Among
the Parrots we have the most skilful painting combined with' ac-
cidental colors. Yet all ornithologists base specific diflerences
on slight variatiors ofcolor, and this in spite of the fact that
birds may change their color according as they are wet or dry,
owing to the nature of their food, or to slight differences in the
quantity of pigment.

In this they are no doubt often right, but when we come to
varicties based on the very faintest distinctions of color and form,
we may well pause till more is known of avian physiology.

EXPLANATION OF PLATE I

Fig. 1. Diagramatic representation of the effect of a film on light.

Fig. 2. Transverse section of a barb of Chlorophanus atrocristatus;
Hartnack 3-g im. the light part yellow, the dark part dark brown.

Fig. 3. Transverse section of a barb of Cyanocitta cristata. Hart.
3-9 im.

Fig. 4. Same of Cyanospiza cyanea as

g. 5. Two sections of a barbule of a Peacock.
Fig. 6. Section of barb of Sialia sialis much magnified.

ON A COLLECTION OF BIRDS LATELY MADE
BY MR. F. STEPHENS IN ARIZONA.

BY WILLIAM BREWSTER.

(Continued from p. 94.)

33. Peucedramus olivaceus (Giraud) Comes. OLIVE-
wEADED WanrgLEr. — The Olive-headed Warbler, one of
Giraud's famous **sixteen” Texas species, has found an unques-
tioned place in our fauna only on the strength of three Arizona
specimens, taken by Mr. Henshaw at Mount Graham, in Septem-




