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A STUDY

OF THE PTERYLOSIS AND PNEUMATICITY
OF THE SCREAMER
WITH

THREE

ILLUSTRATIONS

By IDA S. DEMAY

The South American screamers (family Anhimidae) are best known, perhaps, for
their unusually extensive system of air sacs, their almost continuous feathering, and
their many archaic structures. Numerous references to these peculiarities may be
found in the literature, but few articles include more than a brief mention of them.
Garrod (1876) reports that the pterylosis of Palamedea cornuta and Ckauna cristata
(but not C. ckavaria) was described by Nitzsch in 1840. He also states that the
plumage of C. ckavaria does not differ greatly from that of C. cristata, except that
there is no bare ring around the neck. Apparently no detailed study of the air sacs of
any of these specieshas been made.
The present study is based on the examination and dissection of a single formalin
specimen of C. ckavaria, the viscera of which had previously been removed. The specimen came from the aviaries of W. J. Sheffler. Lack of comparative material has, unfortunately, made some of the observations tentative rather than definite. I gratefully
acknowledge the valuable suggestionsand criticism of Dr. Loye H. Miller, of the University of California at Lo,sAngeles, under whom this work was done.
PTERYLOSIS

Among the Recent birds, only a few (the penguins, the ostriches and other ratite
birds, and the screamers) are considered to be continuously feathered (without apteria) .
The plumage of these birds also seems to be unusual, for the feathers of the penguins
are scalelike and those of the ratite birds do not possesshooklets. The feathers of the
screamersare soft, rounded, and loosely arranged, especially on the back. In the cervical
region they are small and stand out all around, giving the neck a fuzzy appearance.
The method here used in the study of the feather tracts follows that suggestedby
Burt (1929). Feathers on the right side of the body of this specimen were clipped
off close to their bases, whereas those on the left side were used for comparison and
checking.
. Capitaltract.-Asmall
crest in the frontal region continues over the head to the occipital region,
where the largest feathers reach a length of 2% inches. The superciliary, ocular, and Ioral regions
are bare.
Ve’entrd tract.-The interramal region is not feathered, but short feathers at the corners of the
bill stand out horizontally to the sides. The neck is continuously feathered, with the feathers more
widely spaced on the ventral surface. The sternal region fs covered evenly, with the slightly larger
feathers on each side forming fairly definite tracts along the edges of the axillar region and posteriorly
toward the legs. The axillar region is covered only with scattered down feathers, and a very few
contour feathers near the posterior proximal edge of the wing. Plumage of the outer abdominal
region is smaller than that of the breast.
Spinal tract.-Feathers
of the interscapular, dorsal, and pelvic regions are also smaller than those
on the breast; they cover the back continuously.
Crural &a&-The
feathering all around the legs is small, dense, and without apterla; the distal
third of the tibiotarsus is bare.
CauuW tract.-This
specimen has 8 upper tail coverts (four pairs) and 11 rectrlces, 6 on the right
and 5 on the left. (I find no follicle for a sixth feather. Garrod, 1876, Mitchell, 1895, Beddard
and Mitchell, 1894, and others, state that there are 12 rectrices in CJUZWKZand 14 in Pahnredea.)
These and two others are the only contour feathers on the dorsal side of the tail of this specimen. The
uropygial gland is surrounded by small down feathers.
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Ijlzcmeraltract.-These are by far the largest of the contour feathers, some of them reachinga
length of 9% inches. They are arrangedin about sevenrows of five or more feathers each, increasing
in size posteriorly.
Alar &a&-There are 10 primaries, about equal ln size except the most distal, which is slightly
smallerthan the rest. The 17 secondariesvary in size, the two on the elbow being much the smallest.
The tertiaries, 8 in number, are still smaller. All of the coverts appear in more definite rows than
any other feathers on the body. I find 10 greater primary coverts, each slightly distal to its primary,
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Fig. 31. Feather tracts of the screamer. Dorsal view, x4/e;
lateral view of head, x g.
and lying at an angle over it. There appear to be 13 middle primary coverts, 17 greater secondary
coverts (with a gap above the 14th secondary),and 17 middle secondarycoverts (with a gap over the
12th). The alula bears4 remigesand 5 coverts, the remex on the tip being the largest. Of the undercoverts, there are 11 greater and 6 middle primary coverts; and 18 greater, 17 middle, and 16 lesser
secondary coverts. A narrow strip along the under side of the ulna and part of the humerus is
completely bare.
Dowlz. feathers.-& Garrod (1876) and Nitzsch (1840) state, the down feathers are scattered
among the contour feathersall over the body, legs, and wings.
PNEUMATICITY

cells.-In the screamersthe subcutaneousair mattress is unusually extensive,
and reachesa depth of about one-fourth inch on many parts of the body (Garrod, 1876; Knowlton,
1909), particularly on the breast and back. It is deepestbetween the clavicles,tiling the spacefrom
the skin to the surface of the interclavicular sac, and extending ventrally into a small, irregular air
chamberjust anterior to the curved carlna and between the sternal ends of the coracoids. The finely
divided layer of air cells is thinner on the back of the neck, on the head, in the axillae, under the
wings, on the outer side and distal third of the tibiae, and on the feet (Beddard, 1898; Beddard and
Mitchell, 1894; Garrod, 1876; Mitchell, 1895).
Subcutaneous

air
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Along the anterior and medial surfacesof the furculum these cells seem to be continuouswith
those in the anterior part of the thorax; in the axllla and around the medial side of the femur and
knee the air cells appear to be continuouswith the greatly subdivided intermuscular diverticula in
these regions. Whether there actually are passagesfor air from the internal sacsto the subcutaneous
air mattressin these areasI was unable to determine.
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Fig. 32. Ventral view of feather tracts, x ‘,(;.
As Garrod (1876) and Beddard (1898) state, the feathers do not penetrate the subcutaneousair
cells,“but causethe skin to be indented where they are situated.”
Tke internal air sacs.-Milller (1908) has given an excellent description of the air sacs of the
pigeon, with several very helpful diagrams showing their extent and relationship to each other.
There are nine large sacs which lie within the body cavity: (1) the interclavicular sac, which is
unpairedin most birds but developsfrom two rudiments on each side (Goodrich, 1930); (2 and 3)
the paired cervicalsacs; (4 and 5) the anterior thoracics; (6 and 7) the posteriorthoracics; (8 and 9)
the abdominal sacs. All of these except the anterior and posterior thoracic sacs have diverticula
extendingbetween the musclesinto the cavities of the bones.
The basicarrangementof the sacswas found to be the same in the screameras it is in the pigeon
and most other birds, but, as we have already noted, the sacsare much more extensivein this species.
The interclavicular sac.-The interclavicular sac is irregular in shape, and extensivein this bird.
The anterior part of the sac occupiesthe space between the heart and clavicles,and between the
sternumand coracoidsand the oesophagus.
The trachea and numerousarteriesand veins passthrough
it, and on either side of the thorax a cylindrical muscleextendsfrom the trachea to a point near the
anteroventral surface of tbe lungs. This part of the sac does not seem to be subdivided,but there
are numerous septa anteriorly, posteriorly, and in the diverticula. As Beddard (1886) states, it is
difficult to determine the boundary between the interclavicular and cervical sacsbecausethe septa
are so numerousin this region.
A prolongation of this sac extends posteriorly along the dorsal surface of the sternum on either
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side of the mid-limeas far as the posterior edge of the sternum. From the median septum just above
the carina, it extendslaterad to the costal edge of the sternum. It is bordered dorsally in the thorax
by the pericardial sac, and in the abdominal cavity by the liver and stomach. The posterior part of
this prolongation is only slightly subdivided,but in the thoracic region there are numerouspartitions
and many small pneumatic foramina leading into the sternum.
The axillary diverticulum communicateswith this sac by several openingswhich lie behind and
dorsal to the coracoid and the axlllary nerves and blood vessels,and just anterior to the lungs. It
extendslaterally between the humerusand scapularmusclesand around the head of the humerusjust
under the skin (as the suprahumeraldiverticulum). Medially, it lies between the pectoralis major
and the sternum, extending from the clavicle to the posterior edge of the muscle,and from a short
distancelateral of the carinaacrossthe ventral surfaceof the sternumto the axilla. As Beddard (1886)
states,the air spaceis subdividedinto smaller cells,especiallyin the axilla and anteriorly and ventrally
between the pectoralismajor and pectoralii minor.
The subscapular diverticulum extends beyond the axillary diverticulum under the scapula,
separatingit from the ribs and intercostalmuscles. It is subdividedinto tiny cells.
The interclavicular sac communicateswith the lungs by a passageon either side of the heart,
above the sternal ends of the coracoids. These passagesare the first to leave the mesobronchusafter
it enters the lungs (as noted by Richardson, 1939, in the pelican, and by Goodrich, 1930, and
Juillet, 1911b).
The cervical sacs.-The cervical sacs,in the inferior part of the neck, lie dorsal to the fnterclavicularsac,slightly anterior to it on either side of the trachea and oesophagusand just anterior to
the lungs. They appear to be separatedfrom the interclavicularsac just dorsal to the coracoid. There
’ are so many subdivisionsin these sacs (as noted by Beddard, 1886) that they appear to merge into
the subcutaneousair cells.
The cervical sacsarise from the first entobronchuswith the interclavicular sac, but the passages
separatejust before leaving the lungs.
The anterior thoracic sacs.-The anterior thoracic sacslie immediately behind the lungs on either
sideof the thorax. They are borderedlaterally by the ribs and intercostalmuscles,and posterodorsally

A
ITERCOSTAL
. _ _.

LEFT

STERNUM

LEG.

’ 5TERNUM
tCO.STAL
MUSC LES

Fig. 33. Diagrams of the air sacsof the screamer,x g. Lower
figures representcrosssectionsof body at levels indicated
in upper figure.

116

THE

CONDOR

Vol. XL11

by the posterior thoracicsacs.Medially the left sacis contiguouswith the oesophagus
and the anterior
part of the stomach; the right sac is bordered medially by the liver. Ventrally they are boundedby
the posterior extensionof the interclavlcularsac, and anterodorsallyby the lungs.
A large ostium is situated in the anterodorsalapex of the sac, and there is a smaller opening a
short distanceventrolateral to the large one. The passageto the mesobronchusis very short, opening
closeto its point of entranceinto the lungs.
The posterior thoracic sacs.-The posterior thoracic sacsare separatedfrom the anterior thoracic
sacsby a membrane which extends diagonally upward and forward from the posterior edge of the
sternum to a point anterior to the stomach,where the posterior sacsreach the lungs. They lie lateral
to the abdominal sacs,extending along the thoracic and abdominal walls. The stomach indents the
left sac anteromedially. In this region, the wall of the sac containsa thin, fan-shapedmuscle,and is
fastened to the stomach by connectivetissue.
There is a large ostium in the lateral wall near the anterior end of the left posterior thoracic, and
severalsmaller openingsin the correspondingposition in the right sac. From these openings,the air
passagesto the mesohronchusrun along the posteromedialsurface of the lungs for a short distance
before entering them.
The abdominal sacs.-Although both abdominal sacswere badly torn in my specimen,something
of their extent anteriorly could be determined. These sacsoccupy the space between the intestines
and the wall of the abdominal cavity. Anteriorly they he medial to the posterior thoracic sacs,
and extend along the lateral edgesof the kidneys and ovary on the dorsal body wall. The left sac
is indented anteroventrally by the stomach; the right is larger, extending forward between the
lateral lobe of the liver and the stomach.
From the dorsolateral wall of the sac near its anterior end a large passagewayextends dorsal
to the posterior thoracic to reach the lungs. All along the posterolateral edge of the lungs, small
openingslead from this passagewayinto the lung tissue to the mesobronchus(which becomesprogressivelysmaller and more branched after the entobronchi to the anterior air sacsare given off).
The main passagefrom the abdominal sac continuesalong the outer side of the lung, soon branching
out into it.
There are two large openingsin the posteriorpart of the dorsal body wall ln the abdominalcavity
(just anterior to the tail) which probably lead to the suprarenalextensionsof these sacs. They pass
anteriorly, dorsalto the kidneys,and enter the spacesbetweenthe sacrumand the transverseprocesses
of the sacralvertebrae. Since the end of the mesobronchusapparently doesnot enter the anterior end
of the abdominal sac directly or by a large orifice, as may be the casein some other speciesof birds
(Gilbert, 1939; Goodrich, 1930; Milller, 1908), and sincethere are at least three large canalsleading
from the anterior end of the mesobronchusacross the posterior surface of the lungs to this region
dorsal to the kidneys, it seemspossiblethat this passagemay serve to connect the abdominal sacs
with the lungs rather directly.
There.is an air passageon either side of the posterior tip of the ovary which leads to the femoral
diverticulum, entering opposite the proximal third of the femur, and opening between the crureus
and sartoriusmuscles,lateral to the gluteusmedius. The diverticulum is large, extending more than
half the length of the femur along its anterior side. It is bordered medially by the posterior ribs and
intercostalmuscles,and laterally by the subcutaneousair cells. The diverticulum continuesover the
knee, curves around the insertion of the sartorius muscle,and fills the spacesbetween the muscles
on the medial and posterior sides of the knee. It even extends beneath the tendon of the crureus
muscle,filling the spacearound the bonesof the knee joint. From a point just distal to the proximal
end of the femur, the much divided diverticulum passesmedial to the origin of the gluteusmedius
muscleand the pelvic bones, and enters the pneumatic foramen of the femur.
Miscellaneousair ceZls.-Gn the anteroventral side of the stomach,surroundingthe junction with
the oesophagus,is an irregular patch of air cells, which lie between the stomachand the walls of the
anterior thoracic, posterior thoracic, and abdominal sacs (also mentioned by Beddard, 1886, and
Beddard and Mitchell, 1894). These are connected with the lungs by a small opening just dorsal
to the upper ostium of the anterior thoracic sac.
A small postcardialsac, subdivided by septa, occupiesthe spacejust posterodorsalto the heart,
and medial to the anterior thoracic sac. It is roughly cone-shaped,base upward. By a small passage
at the anterodorsalend of the sac, it communicateswith a smaller, more rounded air cell dorsal to
it and just ventral to the oesophagus.From this cell a small passageruns dorsal to the heart to enter
the lungsnear the upper ostium of the anterior thoracic sac.
The membranouswalls of the sacsbordering the abdominal cavity are fibrous, and seem quite
heavy in comparisonwith those of the pigeon,duck and chicken.
As noted by many authors, the bones are exceedinglypneumatic, even to the ends of the digits
of both limbs.
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AND CONCLUSIONS

The
plumage of the screamers is almost uninterrupted (Garrod, 1876), as in the
penguins and ratite birds (Allen, 1925). Although this is not necessarily a mark of
antiquity (Beddard, 1898)) there are many other anatomical structures in the screamers
which substantiate the belief that these are the most archaic of living carinate birds
(Gadow, 1893 ; Shufeldt, 1901). It is believed that they may represent a group which
branched off from the ancestral stock of the goose-like and stork-like birds before these
orders became distinct, but they are classified with the Anseriformes (Gadow, 1893;
Knowlton, 1909). The plumage of the anserines is close and compact, with relatively
few bare spaces (Knowlton, 1909).
In the screamer, the only spaces without contour feathers are the axillary regions
(Nitzsch, 1867)) and the dorsal side of the tail, which are covered almost exclusively
with down feathers; and the superciliary, ocular, loral, and interramal regions, and a
narrow strip along the ventral side of the ulna and humerus, which are bare.
The presence of down feathers among the contour feathers all over the body of this
bird is thought to be an archaic character (Beddard, 1898).
Pterylae may be distinguished in certain regions by differences in the size of the
feathers. The humeral feathers are much larger than any other contour feathers (as
noted by Garrod, 1876), thus forming definite tracts. This is apparently quite unusual,
for examination of several anserines, stork-like birds, and pigeons has not disclosed any
similar modification in size, nor has any been noted in other speciesby Beddard ( 1898).
In the femoral and lateral sternal regions, the feathers are slightly larger than the surrounding plumage, forming rather indefinite pterylae.
The high degree of pneumaticity of the screamersindicates that, although the living
birds are archaic in some respects, they are not the ancestral type. They are much
more specialized in this character than either the geese and ducks or the storks and
flamingos (Gadow, 1893).
The emphysematous layer is found almost everywhere under the skin, but reaches
its greatest depth on the breast and back. These subcutaneous air cells are not found
in the anserines (Beddard, 1898)) but are present in the pelicans and most other plunging birds. They differ, however, in structure and function in these species (see Richardson, 1939).
In comparison with the air sacs of the pigeon, the interclavicular sac and its diverticula are especially extensive, and the diverticula are, in addition, subdivided by
numerous septa. The cervical sacs are also composed of many small cells, and thus
resemble those of the storks and flamingos rather than the anserines, in which the cervical sacs are undivided (Beddard, 1886, 1898). The thoracic and abdominal sacs are
relatively larger than those of the pigeon, and the femoral diverticula are definitely
more extensive. The emphysematous patch on the stomach and the small postcardial
sac seem to be unique.
The connection of the interclavicular sac with the lungs is of the anserine type (as
described by Juillet, 191 lb), opening from the first entobronchus. There are two openings to each anterior thoracic sac, and one to each cervical and posterior thoracic sac.
The mesobronchus does not terminate in a single direct passage to the abdominal sac,
as described in the domestic fowl, gallinule, pigeon, duck, and other birds by Juillet
( 191 la, 191 lb), in the pelican by Richardson ( 1939), and in birds in general by
Goodrich (1930) and Gilbert (1939). It branches out through the tissues of the lung,
as is generally the case in the pigeon, according to Miiller (1908). The opening from
the abdominal sac directly into the lung also branches and joins the smaller air tubules.
Since there are at least three large passagesleading directly from the anterior end of
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each mesobronchus across the posterior surface of the lungs to a suprarenal air space
on either side of the vertebral column, it seemspossible that this may serve as a connection between the lungs and the abdominal sacs. However, I have found no similar
statement in the literature on the subject.
The function of this unusually great pneumacity in the screamersis not known, but
it has been. suggested (Crisp, 1864) that it may aid the birds in soaring or in wading
and swimming. The air sacsmay also serve as resonators to increase the volume of the
birds’ call notes, so that they can be heard for great distances. The screamers are
swamp dwellers, and their pneumaticity undoubtedly gives them great buoyancy in
the water, as is the case with the pelicans. However, as Richardson (1939) states, it
apparently does not serve as a cushion, for the screamers are not plunging birds.
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