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THE MORPHOLOGY OF THE SYRINX IN
PASSERINE BIRDS

PeTER L. AMES

ABSTRACT

The syrinx, for more than a century an important organ in determining the sub-

divisions of the avian order Passeriformes (perching birds), was examined in 983

specimens, representing 65 of the 67 families recognized by most modern authorities.

Particular emphasis was placed on the suborder Tyranni and especially on the family

Tyrannidae (tyrant flycatchers).

The three general morphological categories established by Miiller in 1847 form
the basis for the major subdivisions now in use. Of Miiller’s divisions, two appear
valid taxonomic units: the “Tracheophonae” (the modern superfamily Furnarioidea)
and the “Polymyodae” (the suborder Passeres or oscines, often called songbirds).
Miiller’s third category, the “Picarii,” contains both simple and relatively complex
syringeal types. Taxonomic decisions based on the simple type (in which intrinsic
muscles and cartilaginous elaborations are lacking) should be made cautiously, since
it apparently represents the ancestral “pico-passerine” syrinx. Certain results of this
study suggest changes in the current classification of the Passeriformes.

1) The antbird-ovenbird complex, now usually considered a superfamily (Furnari-
oidea) in the suborder Tyranni, should be elevated to subordinal rank (Furnarii).
This group is characterized by a highly specialized vocal apparatus that sets them
apart from other passerines. There are, moreover, no other structural characters
that ally this group to any other passerine group in particular.

a) The Furnariidae (ovenbirds) are closest to the Dendrocolaptidae (woodcreep-
ers), but may be separated from them by the absence (except in Geositta) of
dorsal and ventral “horns” on the Processi vocales.

b) The Formicariidae (antbirds) fall into two structural groups, based on several
features of the syrinx, reinforced by external characters, These may be called
“typical antbirds” (T hamnophilus and others) and “ground antbirds” (Gral-
laria, Conopophaga and others). .

2) The Cotingidae (cotingas), as presently classified, include several syringeal types.
a) Attila, Casiornis, Rhytipterna and Laniocera appear to be more closely related

to the Tyrannidae, especially to Myiarchus, than to the more colorful cotingas,
with which they are usually placed, but from which they differ in possessing
oblique intrinsic muscles and internal cartilages. The becards (Pachyramphus
and Platypsaris) also appear to belong with the Tyrannidae.

3) In the Tyrannidae (tyrant flycatchers) the syrinx is characterized by the presence
of oblique intrinsic muscles and internal cartilages. There are several structural

1
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groups, varying in homogeneity. In general, these groups support the classification

of Hellmayr (1927).

a) Sayornis appears to be closer to Empidonax and Nuttallornis than to the
Fluvicola group.

b) Mpyiozetetes, Sirystes and Legatus do not appear to belong in the middle of a
linear series that includes Muscivora, Tyrannus, Empidonomus, Myiodynastes,
Megarhynchus, Pitangus and T olmarchus.

c¢) The subfamily Platyrinchinae, characterized by broad, flat bills, seems to be
an artificial assemblage, if the wide differences in syringeal structure among
the three genera (out of the five) studied are considered.

d) The genera Terenotriccus, Pyrrhomyias, Myiobius and Onychorhynchus, along
with the manakin Piprites, form a group characterized by the absence of intrinsic
muscles and (in most) by syringeal asymmetry.

The sharpbill (Oxyruncus) has the oblique intrinsic muscles and internal carti-
lages characteristic of the Tyrannidae, but the details of the syrinx are not of much
help in determining to which group of tyrant flycatchers the sharpbill is closest.
Three small Old World families, the Pittidae, Philepittidae and Acanthisittidae,
currently placed in the suborder Tyranni entirely on the basis of their syringeal
structure, show no obvious relationship to any New World families. The syrinx
of the Philepittidae is remarkably like that in the broadbills Psarisomus and Seril-
ophus, with which Philepitta shares certain features of the sternum and pterylosis.
The Philepittidae may well be more closely related to the Eurylaimidae than to the
Tyranni or the Furnarii.
The scrub-birds (Atrichornithidae) are more like the lyrebirds (Menuridae) in
syringeal structure than previously believed. Both have three pairs of intrinsic
muscles, arranged in a pattern much like that found in songbirds (Passeres).
The suborder Passeres has been extensively studied. It is far less variable in syringeal
structure than the Tyranni or Furnarii. The syrinx is complex but uniform through-
out the suborder, suggesting that the group is narrowly monophyletic. The absence
of the pessulus in the larks (Alaudidae) should not be considered primitive, for
its absence is almost certainly secondary. The pessulus is present in most sub-
oscines and in the nonpasserine orders Piciformes and Coraciiformes, and was
probably present in the ancestor of the Passeres.

ZUSAMMENFASSUNG

Die Syrinx, seit mehr als einem Jahrhundert dazu benutzt, die Gattungen der

Passeriformes (Sperlingsvégel) von einander abzugrenzen, wurde bei 983 Exemplaren
untersucht, Material, das sich auf 65 der 67 von den meisten modernen Sachver-
stindigen anerkannten Familien verteilt. Besondere Aufmerksamkeit wurde der Unter-
ordnung der Tyranni zugewandt, hauptsidchlich der Familie der Tyrannidae.

Die drei von Miiller 1847 aufgestellten Kategorien bilden die Grundlage fiir die

Hauptunterteilungen, die jetzt gebriuchlich sind. Von Miiller’s Gruppen scheinen zwei
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wohlbegriindete taxonome Einheiten zu sein: die “Tracheophonae” (die moderne
Superfamilie der Furnarioidea) und die “Polymyodae” (die Unterordnung der Pas-
seres oder Oscines, oft Singvogel genannt). Miiller’s dritte Einheit, die “Picarii”,
enthilt sowohl einfache als auch relativ komplizierte Syrinx-Typen. Taxonomische
Entscheidungen, die auf dem einfachen Typus (bei dem “intrinsische” Muskeln und
knorpelige Bereicherungen fehlen) begriindet sind, sollten mit Vorsicht gehandhabt
werden, da dieser Typ anscheinend die urspriingliche “pico-passerine” Syrinx darstellt.
Bestimmte Ergebnisse dieser Untersuchung legen Anderungen in der gegenwirtigen
Einteilung der Passeriformes nahe.

1)

Der Ameisenvogel-Topfervogel-Komplex, der zur Zeit gewoéhnlich als eine Super-
familie (Furnarioidea) in der Unterordnung der Tyranni betrachtet wird, sollte in
den Rang einer Unterordnung (Furnarii) erhoben werden. Diese Gruppe wird
charakterisiert durch einen sehr spezialisierten Stimmapparat, der sie von den
anderen Passerinen unterscheidet. Ausserdem gibt es keine anderen Strukturmerk-
male, die diese Gruppe mit irgendeiner anderen Sperlingsvogel-Gruppe besonders
verbindet.

a) Die Furnariidae (Téopfervigel) stehen den Dendrocolaptidae (Baumsteiger)
am nichsten, kénnen -aber von ihnen getrennt werden durch das Fehlen von
dorsalen und ventralen “Hérnern” der Processi vocales (ausgenommen
Geositta) .

b) Die Formicariidae (Ameisenvdgel) zerfallen hinsichtlich mehrerer Merkmale
ihrer Syrinx in zwei Gruppen, was dussere Kennzeichen bekréftigen. Sie kérmen
als “typische” Ameisenvégel (Thamnophilus und andere) und “Boden”-
Ameisenvogel (Grallaria, Conopophaga und andere) bezeichnet werden.

Die Cotingidae (Kotingas) wie sie zur Zeit zusammengefasst werden, weisen

mehrere Syrinx-Typen auf.

a) Attila, Casiornis, Rhytipterna und Laniocera scheinen mit den Tyrannidae,
besonders mit Myiarchus, niher verwandt zu sein als mit den farbigeren For-
men, mit denen sie gewShnlich zusammengestellt werden, von denen sie sich
aber unterscheiden indem ihnen schrige, “intrinsische” Muskeln und innere
Knorpel eigen sind. Die Pachyramphus- und Platypsaris-Arten scheinen auch
zu den Tyrannen zu gehéren.

Bei den Tyrannidae wird die Syrinx gekennzeichnet durch das Vorhandensein von

schrigen, “intrinsischen” Muskeln und inneren Knorpeln. Es gibt mehrere Struk-

tur-Gruppen, die in ihrer Gleichartigkeit variieren. Im allgemeinen bestitigen diese

Gruppen die Einteilung von Hellmayr (1927).

a) Sayornis scheint Empidonax und Nuttallornis ndher zu stehen als der Fluvicola-
Gruppe.

b) Myiozetetes, Sirystes und Legatus scheinen nicht in die Mitte der gradlinigen
Reihenfolge zu gehéren, die Muscivora, Tyrannus, Empidonomus, Myiody-
nastes, Megarhynchus, Pitangus und T olmarchus einschliesst.

c) Die Unterfamilie Platyrinchinae, die durch breite, flache Schnibel gekenn-
zeichnet wird, scheint eine kiinstliche Gruppe zu sein, wenn man die grossen
Unterschiede in der Struktur der Syrinx zwischen den drei (von fiinf) Gattun-
gen, die untereucht wurden, bedenkt.

d) Die Gattungen Terenotriccus, Pyrrhomyias, Myiobius und Onychorhynchus
zusammen mit der Pipride Piprites, bilden eine Gruppe, die durch das Fehlen
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von “intrinsischen” Muskeln und (in den meisten Fillen) durch das Vorhand-
ensein von Asymmetrie der Syrinx gekennzeichnet wird.

4) Der Flammenkopf (Oxyruncus) hat die schriagen, “intrinsischen” Muskeln und
die inneren Knorpel, die die Tyrannidae kennzeichnen, indessen tragen die Einzel-
heiten des Syrinxbaues wenig dazu bei um zu bestimmen, welcher Gruppe der
Tyrannen er am néchsten steht.

5) Drei kleine Familien der Alten Welt, die Pittidae, Philepittidae und Acanthisittidae,
die zur Zeit lediglich auf Grund der Struktur ihrer Syrinx in der Unterordnung
der Tyranni eingeordnet werden, zeigen zu keiner der neuweltlichen Familien eine
offensichtliche Verwandtschaft. Die Syrinx der Philepittidae ist auffallend dhnlich
derjenigen der Eurylaemiden Psarisomus und Serilophus, mit denen sie bestimmte
Merkmale des Brustbeines und der Pterylose teilen. Die Philepittidae diirften wohl
naher mit den Eurylaimidae verwandt sein als mit den Tyranni oder den Furnarii.

6) Die Atrichornithidae sind in der Struktur ihrer Syrinx den Leierschwénzen (Men-
uridae) Zhnlicher, als man bisher geglaubt hat. Beide haben drei Paare “intrin-
sischer” Muskeln, die in einer Weise angeordnet sind, die derjenigen der Singvégel
(Passeres) sehr dhnlich ist.

7) Die Unterordnung der Passeres wurde eingehend untersucht. Sie ist in der Struktur
ihrer Syrinx weit weniger variabel als die Tyranni oder die Furnarii. Die Syrinx
ist kompliziert, aber in der Unterordnung iiberall einheitlich, was nahelegt, dass
die Gruppe streng monophyletisch ist. Das Fehlen des pessulus bei den Lerchen
(Alaudidae) sollte nicht als primitiv angesehen werden, da dieser Mangel sekundar
sein diirfte. Der pessulus ist bei den meisten Suboscines und bei den nicht-passeri-
formen Ordnungen der Piciformes und Coraciiformes vorhanden und war
wahrscheinlich auch bei den Vorfahren der Passeres ausgebildet.

RESUMEN

La siringe, utilizada por mas de un siglo como érgano importante para determinar
las subdivisiones del orden Passeriformes (péajaros), fué examinada en 983 ejemplares,
representando 65 de las 67 familias reconocidas por la mayoria de las autoridades
modernas. Se puso atencién especial en el suborden Tyranni y sobretodo en la familia
Tyrannidae (atrapamoscas tiranas).

Las tres categorias generales morfolégicas establecidas por Miiller en 1847 forman
la base de las subdivisiones més importantes ahora en uso. De las divisiones de Miiller,
dos de ellas parecen ser unidades taxondmicas validas: las “Tracheophonae” (la
superfamilia moderna Furnarioidea) y las “Polymyodae” (el suborden Passeres u
oscines, frecuentemente llamados péjaros canoros). En la tercera categoria de Miiller,
los “Picarii”, se encuentran siringes de forma sencilla asi como otras de forma com-
pleja. Decisiones taxonémicas basadas en el tipo sencillo (en el cual los musculos
intrinsecos y las elaboraciones cartiloginosas no existen) deben ser hechas cautamente,
porque aparentemente este tipo representa la siringe “pico-paserino” ancestral. Al-
gunos resultados de este estudio sugieren cambios en la clasificacién actual de los
Passeriformes.
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El grupo hormiguero-hornero, considerado usualmente hoy en dia como una super-
familia (Furnarioidea) en el suborden Tyranni, debe ser elevado a la categoria
de suborden (Furnarii). Este grupo se caracteriza por poseer un aparato vocal
altamente especializado que lo distingue de los otros grupos paserinos. Ademas,
no tiene ninguna otra caracteristica estructural que lo una con ningin otro grupo
paserino en particular.

a) Las Furnariidae (horneros) tienen sus nexos mas cercanos con las Dendroco-
laptidae (trepadores). Se distinguen de éstas por la ausencia (excepto en
Geositta) de eminencias corniformes dorsales y ventrales en los Processi vocales.

b) Las Formicariidae (hormigueros) pueden divisarse in dos grupos estructurales
basados en algunas caracteristicas de la siringe que muestran cierto paralelismo
con algunos caracteres externos. Estos pueden llamarse “hormigueros tipicos”
( Tha;nnophilus y otros) y ‘“hormigueros terricolas” (Grallaria, Conopophaga
y otros).

Las Cotingidae (cotingas), como son clasificadas actualmente, contienen varios

tipos de siringe.

a) Attila, Casiornis, Rhytipterna y Laniocera parecen estar mas relacionados con
las Tyrannidae, especialmente con Myiarchus, que con las coloridas cotingas,
entre las cuales estin usualmente incluidos. Se diferencian de éstas por poseer
musculos oblicuos y cartilagos internos. Los picos gruesos (Pachyramphus y
Platypsaris) también parecen pertenecer a las Tyrannidae.

Entre las Tyrannidae (atrapamoscas tiranas), la siringe se caracteriza por la

presencia de musculos intrinsecos oblicuos y cartilagos internos. Hay varios grupos

estructurales, variando en homogeneidad. En general estos grupos respaldan la

clasificacién de Hellmayr (1927).

a) Sayornis se acerca mas a Empidonax y Nuttallornis que al grupo Fluvicola.

b) Myiozetetes, Sirystes y Legatus parecen estar mal colocados en su posicién
actual, en medio de una serie linear que incluye Muscivora, Tyrannus, Empi-
donomus, Myiodynastes, Megarhynchus, Pitangus y Tolmarchus.

c) La subfamilia Platyrinchinae, caracterizada por picos anchos y aplastados,
parece ser una agrupacién artificial, considerando las amplias diferencias de
estructura en la siringe de los tres géneros (entre cinque) estudiados.

d) Los géneros Terenotriccus, Pyrrhomyias, Myiobius y Onychorhynchus, junto
con el saltarin Piprites, forman un grupo caracterizado por la ausencia de
musculos intrinsecos y (en la mayoria) por asimetria de la siringe.

El picoagudo (Oxyruncus) posee musculos oblicuos intrinsecos y cartilagos internos
caracteristicos de los Tyrannidae, pero los detalles de la siringe no son de mucha
ayuda para determinar los nexos mas cercanos que tiene el picoagudo dentro del
grupo de las atrapamoscas tiranas.
Tres familias pequefias del Antiguo Mundo, las Pittidae, las Philepittidae y las
Acantbhisittidae, son corrientemente colocadas en el suborden Tyranni a base uni-
camente de la estructura de la siringe, pero no muestran ninguna relacién obvia
con ninguna de las familias del Nuevo Mundo. La siringe de las Philepittidae es
notablemente parecida a la de los picoanchos Psarisomus y Sertlophus, con los
cuales Philepitta comparte ciertas caracteristicas del esternén y del pterylosis. Es
muy posible que las Philepittidae estén relativamente mas cerca de las Eurylaimidae
que de los Tyranni o los Furnarii.






HISTORY OF SYRINGEAL MORPHOLOGY

The syrinx was first described by Herissant (1753) who recognized it as the source
of voice in the domestic duck. Vicq D’Azyr (1779) described the passerine syrinx for
the first time and believed that the syrinx of songbirds represented the simplest form.
Cuvier (1802) examined the syrinx of the European Starling (Sturnus vulgaris), con-
cluding that its morphology was far more complex than suggested by Vicq D’Azyr.
Savart (1826) described the syrinx of songbirds in more detail, naming the muscles
on the basis of their action. He noted a membrane extending anteriorly from the
pessulus and called it the “Membrana semilunaris.” Yarrel (1833) examined the
syrinx of the Raven (Corvus corax) but added little to previous descriptions.

Nitzsch (1829) described the syringes of many European passerines and non-
passerines. He was the first to apply syringeal morphology to the classification of birds.
In this he was not very successful, but he did show that the “singing birds” have a
strongly muscled syrinx.

The earliest descriptions of the syrinx in New World passerines, including many of
the Tyranni, were those of MacGillivray (1838). He described the vocal organs of
Tyrannus, Myiarchus, Contopus, and Empidonax and noted that the pessulus is
lacking “in Tyrannus as in all the New World Muscicapidae.” He also described the
syringeal structure in thirty-nine genera of oscines, belonging to many families.
MacGillivray’s examination was frequently of a superficial nature, as indicated by his
belief that the principal differences in syringeal structure were in the degree of develop-
ment. Blyth (1838) examined the vocal organ in a few cotingas, manakins, and tyrant
flycatchers and concluded, after a rather superﬁc1al examination, that it was as com-
plex as that of European passerines.

Eyton (1841-1844) produced the first description of the “tracheal” syrinx in
Upucerthia, Furnarius, Cinclodes, and Synallaxis. In other papers he described the
Lyrebird Menura (1841) and Gymnorhina (1842). Like many of his predecessors,
Eyton apparently suffered from inadequate magnifying equipment, for in Menura he
overlooked a pair of muscles later described by Garrod (1876). Eyton was primarily
interested in the Mm. sternotracheales and in a great number of cases he “described”
the syrinx entirely in terms of these muscles.

Miiller (1847, 1878) examined the syringes of more genera of birds than anyone
before him. He separated the “American Muscicapidae” (Tyrannidae) from the Old
World (true) Muscicapidae on the basis of the degree of development of their syringeal
muscles. He was the first to provide a systematic arrangement of the Passeriformes
based on syringeal morphology, and to relate the form of the syrinx to other anatomical
characters, particularly the scutellation of the tarsus. Miiller'’s work has been the
foundation for all subsequent classifications in which the syrinx has been used as a
taxonomic character.
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Herre (1859) and Owen (1866) described the syringeal structure of many Euro-
pean passerines, but added little new information. Owen’s nomenclature for the oscine
syringeal muscles has been used by most subsequent writers in English.

Garrod (1876, 1877a) described the syrinx of many non-oscine genera, including
Menura, Atrichornis, Pitta, and several other Tyrannoidea. He coined the terms
“mesomyodian” and “acromyodian,” referring to the position of the insertion of the
intrinsic muscles. Forbes, a pupil of Garrod, described the syrinx in the broadbills
Eurylaimus and Cymbirhynchus (1880a), in Acanthisitta and Xenicus (1882), in
Conopophaga (1881), and in Philepitta (1880b). The study of Acanthisitta was
repeated by Pycraft (1905a).

Wunderlich (1886) described the syrinx in a large number of European birds,
including a few passerines. His most significant contribution was in the embryology of
the syrinx, which he studied in the domestic duck and in the House Sparrow (Passer
domesticus) . Furbringer {1888) summarized the work of previous authors and coined
the word “diacromyodian” for the condition in which the muscles insert at both ends
of a single element.

Gadow and Selenka (1893) collated the findings of previous authors and provided
an original description of the syrinx in the European Crow (Corvus corone). Because
their description and nomenclature were to be so extensively used by later investi-
gators, it is particularly unfortunate that their illustrations of Corvus contain four
errors in labeling muscles.

Haecker (1900) was primarily interested in the means and function of sound pro-
duction. With histological sections he demonstrated differences in muscles and in
cartilages between sexes and age groups in several species of European passerines.

Setterwall (1901) studied the syringeal structure of a large number of Palearctic
songbirds. He concerned himself with some of the less studied aspects of the syrinx,
such as individual variation. He looked carefully at the interior of the syrinx and was
particularly interested in the small cartilaginous elements. Setterwall’s theories on the
function of the syrinx were to have considerable effect on the studies of Riippell
(1933) and Greenewalt (1968).

By the turn of the century it was a common practice to include a description of the
syrinx in the systematic morphology of a species. More often than not, such inclusions
were exeremely brief, such as Pycraft’s (1905b) mention that the syrinx of the Wren
Thrush (Zeledonia) is “typically oscine.” It was the beginning of an era in which
many passerines were to be classified largely on the basis of syringeal structure. Bates
(1914) used the morphology of the syrinx of Smithornis stongei to remove that
genus from the oscine family Muscicapidae and ten years later Lowe (1924) com-
pared the syrinx of S. rufolateralis with that of Eurylaimus, in placing Smithornis
in the Eurylaimidae. The rare Grauer’s Broadbill (Pseudocalyptomena) was placed
by Lowe (1931) in the Eurylaimidae on the basis of the syrinx and some other
characters.

Koditz (1925) studied the syringeal morphology in a number of species of the
families Pycnonotidae, Meliphagidae, Nectariniidae, Irenidae, Zosteropidae, Pittidae,
and Eurylaimidae. He pointed out that apparent variations in the number of oscine
syringeal muscles are more often due to differences in nomenclatorial concepts than
to actual differences in syringeal structure.
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Maynard (1928) studied the syrinx in a number of passerines and non-passerines,
taking careful measurements of many parts of the respiratory system. Unfortunately,
his book is illustrated with woodcuts which give only a vague impression of syringeal
structure. His apparent lack of good magnifying equipment is indicated by the many
inaccuracies in the descriptions.

The twentieth century has seen a number of passerine genera moved from one
suborder to another, partly or wholly on the basis of syringeal morphology. Melampitta
(Mayr, 1931), Lawrencia (Wetmore and Swales, 1931), and Ramphocaenus (Wet-
more, 1943) were shown to be oscines. Psilorhamphus, thought to be a close relative
of Ramphocaenus, was proven by Plétnick (1958) to belong in the furnarioid family
Rhinocryptidae. Amadon (1951) showed through syringeal morphology that the
Madagascar genus Neodrepanis is not oscine, but closely related to the peculiar
Asities ( Philepittidae). :

The systematic positions of some passerines have been conﬁrmed by syringeal
morphology. The syrinx of the extinct Mascarene starling Fregilupus was described
by Miller (1941) and in more detail by Berger (1957) who compared it with that
of the Vanga Shrike Artamella and with the European Starling Sturnus. After com-
paring the syrinx of Gymnorhina with that of Corvus, Mayr (1931) affirmed that
the Cracticidae are more closely related to the Corvidae than to the Laniidae. Mayr
and Amadon (1951) examined the syrinx of the African River Martin Pseudochelidon
and concluded that it merited subfamily separation from the other swallows.

In a lengthy paper devoted largely to the mechanics of sound production in non-
passerines, Riippell (1933) described the syrinx.of the woodhewer Lepidocolaptes,
naming the intrinsic muscles for the first time. Clark (1913) compared the syrinx
of the Sharpbill Oxyruncus with that of the tyrannid Sayornis, concluding that the
Sharpbill is a modified tyrannid. Kuchler (1936) used the morphology of the syrinx
in the Plantcutter Phytotoma to relate that genus to the Cotingidae. Lowe (1942)
used syringeal morphology to indicate evolutionary trends in some Pipridae.

One of the most significant studies of the passerine syrinx in recent years is that of
Miskimen (1951), in which the vocal organs of twenty-nine oscine species and two
tyrannids were described. Her statements on the range of variation in number of
syringeal muscles among North American songbirds differed greatly from the accounts
of Wunderlich, Haecker, Setterwall, and Kaéditz, all of whom studied Old World
species. Miskimen’s findings indicated that the total number of muscles varies from
four to seven pairs and these figures have been linked to Setterwall’s upper limit of
nine pairs to suggest greater variability than was previously believed present. Miskimen
performed in vitro experiments on the syrinx, repeating some of Riippell’s (1933)
experiments. She was able to confirm that sound is produced on the expirant cycle of
respiration and to show that the membrana semilunaris plays only a minor role in
sound production.

In a more recent paper (1963) Miskimen described the syrinx in six genera of
the Tyrannidae. She provided the most thorough description of the tyrannid syrinx
to date and was the first to show clearly the oblique character of the ventral intrinsic
muscles.

Greenewalt (1968) analysed the vocalizations of a wide spectrum of non-passerine
and passerine birds. In addition to a detailed discussion of the acoustics of bird song,
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he set forth an hypothesis for the mechanism of sound production and modulation.
Stein (1968) also analysed a number of bird vocalizations and proposed a theory of the
operation of the syrinx, differing from that of Greenewalt on several points.

Chamberlain et al. (1968) studied the syrinx of the North American Crow (Corvus
brachyrhynchos), with particular regard to the action of various muscles and their
possible effect on the syringeal membranes.
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METHODS AND MATERIALS

METHODS OF DISSECTION AND PREPARATION.

The syrinx in passerine birds lies immediately anterior to the heart, surrounded by
the interclavicular air sac. Descending the right side of the neck, the trachea enters
the air sac at the base of the neck and shortly divides into the bronchi. The esophagus,
which lies dorsal to the trachea for most of its length, passes between the bronchi near
the tracheobronchial bifurcation. A small fibrous sheet, the bronchidesmus, joins the
inner walls of the bronchi to the ventral surface of the esophagus. A tough silvery
sheet, which Setterwall (1901) called the “syringeal aponeurosis,” forms the anterior
and dorsal walls of the air sac and is firmly attached to the trachea where the latter
penetrates the air sac. The syrinx, located at the tracheobronchial junction, is too
deep in the body cavity for study in situ. The use of formalin-preserved specimens
facilitates the study of the minute syringeal muscles, which become firmer and easier
to work with. Moreover, the majority of passerine birds are available only in anatomical
“spirit” collections.

Many anatomists have found it convenient to remove the entire trachea, as well
as the larynx and the tongue, for the study of the syrinx alone. In doing so they destroy
most of the hyoid apparatus, which is itself of anatomical interest. I prefer a system
of dissection that insures that the syrinx will be removed undamaged, while minimizing
the damage to neighboring systems. Only the lower trachea, syrinx, bronchi, and a
small section of esophagus are removed.

Once the interclavicular air sac has been opened and a visual inspection made to
determine that the syrinx has not been destroyed by shot, which it occasionally is,
a sagittal cut is made in the sternum and pectoral muscles a few millimeters to the right
of the keel. In large birds (over 150 gm.) the sternal cut is omitted, unless the speci-
men is easily replaced. Next the trachea and esophagus are severed at the middle of
the neck. A small scissors is used to cut the Mm. sternotracheales midway between
origin and insertion. Failure to perform this cut usually results in the muscles being
torn from the syrinx, where the attachment is often weak. The major blood vessels
are now cut where they lie ventral to the bronchi (in large birds this cut can sometimes
be omitted). A careful transverse cut across the posterior ends of the bronchi and
esophagus frees the section of the respiratory and digestive tracts to be removed. With
thin blunt forceps one can now lift the esophagus from the tissues dorsal to it and
draw it anteriad, cutting the restraining connective tissue with a scalpel or fine scissors.
By pulling only on the esophagus one draws the syrinx with it, minimizing the likelihood
of damage to the syrinx.

In many large birds the size of the interclavicular air sac is sufficient to permit the
removal of the syrinx with dental instruments, without cutting the sternum. Partic-
ularly necessary in this type of removal is a small scalpel, the blade of which lies in a
plane at right angles to the handle. Considerably more time and care is needed, but
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the only significant damage to other organ systems is to the arteries of the region
surrounding the syrinx.

After removal from the bird the syrinx is placed in a small dissecting dish for
examination under binocular magnification of 20-60 ). Usually some “clean-up”
is necessary, removing preserved blood and body fluids, and peeling off the fine
membranes which cover and obscure the muscles and cartilages. For gentle removal
of unwanted surface material a fine artist’s brush (00000 or smaller) is useful, aided
by a jeweler’s forceps. For further dissection I employ a variety of small scalpels and
probes, ground from dental instruments.

For long-term storage, syringeal specimens are kept in an aqueous solution of 65
per cent ethanol and 10 per cent glycerine.

NOMENCLATURE.

CARTILAGINOUS ELEMENTS.

In all passerines the middle of the trachea lies on the right side of the neck,
twisted and laterally displaced relative to its ends. The dorsoventral orientation of the
ends of the trachea corresponds to that of the bird, but in the middle section the
“dorsal” side (determined by the position of the lateral muscles and nerves) lies
against the side of the neck. The terms “ventral” “dorsal,” “medial,” and “lateral”
are used here with respect to an idealized straight trachea, ignoring torsion and
bending.

Previous authors, from Miiller to Miskimen, have numbered the cartilaginous
elements in two series, “tracheal” and “bronchial,” numbering away from the point
where the series meet. This point is the theoretical “tracheo-bronchial” junction.
Traditionally those elements which are full circles are “tracheal rings”; those com-
posed of paired semicircles or of two separate coplanar circles are “bronchial” semi-
rings or rings. On this basis two individuals of the same species may appear to differ
widely merely because fusion of elements has produced different starting points for the
series. In the examination of the syringes of 784 species of 531 genera, I have found it
impossible to name the supporting elements in the historical tracheal-bronchial sense.
The elements do fall into two series, which I designate “A” and “B”, based on the
following criteria- (see PL 1, fig. 2) :

1) Cross section.

Type A: flat and ribbon-like
Type B: round or D-shaped
2) Consistency.
Type A: transparent and stiff, often brittle
Type B: whitish and opaque; spongy and flexible
3) Direction of concavity, other than toward axis of tube.
Type A: directed posteriad
Type B: directed anteriad

The A-series is always the more anterior of the two and, with no known exceptions,
each series is continuous. Each series is numbered away from the point where the
series meet.
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The borderline between cartilage and bone in the passerine syrinx is not a sharp
one. Very little true histological work was done in this study and the degree of ossifi-
cation has not been quantitatively determined. Miskimen (1963) stated that, unlike
the bony tracheal elements of the oscines, those of the Tyrannidae are cartilage. Some
of the syringes of cotingas received from William Beebe, however, had been pre-
viously stained with alizarin using the method of Hollister (1934), which indicated
the presence of calcium. The application of Von Kossa’s Stain to sections of an adult
phoebe syrinx (Sayornis) also indicated calcification of the tracheal elements, although
less than in the Beebe specimens. Because the amount of calcification is much less than
in the axial skeleton and because further histological work is needed to clarify the
question, I will refer to all of the supporting elements of the syrinx as “cartilaginous.”

The terms “ring” and “semiring,” used by most authors to describe, respectively,
the closed circular and the open semicircular elements, are inadequate to describe the
variety of supporting cartilages in the passerine syrinx. The following adjectives are
defined in the context of this paper (Pl 1, fig. 1.):

1) Complete. The element forms a closed circle or ellipse.

2) Incomplete dorsally (or ventrally). The element forms a complete circle or

ellipse except for a single opening near the dorsal (or ventral) midline.

3) Divided. The element consists of two halves, separated by openings near the
dorsal and ventral midlines. The halves are mirror images, lie at approximately
corresponding points relative to the tracheal axis, and are arcs of circles.

4) Double. The element consists of paired components, each of which is a closed
loop. The loop need not be circular; the commonest type is D-shaped with
the flat side directed medially. The halves may be 1) connected, ie. fused
more or less firmly in the region of contact, or 2) discrete, i.e. if in contact, able
to move freely relative to each other.

When reference is made to one half of a divided or a double element the smaller
part is termed a component, the word “element” being reserved for the entire structure.
Reference to the right or left half of an element is indicated by an appropriate “R”
or “L” added to the number of the element, viz: A-2R.

Unpaired components do occur, appearing as extra halves added to an otherwise
symmetrical system. Such components are numbered with an “a” added to the number
of the next lower element, and R or L to indicate the side. A-4aL is an unpaired
component lying between A-4 and A-5 on the left side.

The pessulus is a bony or cartilaginous rod or narrow plate lying in the midsagittal
plane of the trachea at the junction of the internal tympaniform membranes. Usually
it is fused to other elements at its dorsal or ventral end, frequently at both. It may
bear a small midsagittal membrane directed anteriorly, the Membrana semilunaris.

The drum is a cylinder composed of two or more complete A-elements fused along
their entire lengths. Frequently the fusion is so complete that no seams remain to
indicate how many elements comprise the drum. Miskimen (1963) used this term to -
designate the most posterior complete element or group of elements, in case of fusion.
Functionally, a drum of fused elements provides a rigid support against compression
of the trachea by muscles, so the term is inappropriate for a single unmodified element.

A labium is a cartilaginous pad or bar projecting into the lumen of the bronchus
from the lateral (“externum™) or medial (“internum”) side. The labia externa are
attached to the inner side of an A- or B-element; the labia interna are attached to the
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pessulus or are histologically continuous with it. Since my study did not usually involve
opening the trachea or bronchi, the characteristics of the labia were seldom noted.
What I have called the “cartilaginous plug” in the tyrannid syrinx may, in fact, be
the result of extension and coalescence of the internal labia.

MEMBRANES.

Although the entire inner surface of the respiratory tract is a continuous epithelium,
and another membranous sheet covers muscles and cartilaginous elements, in discus-
sions of gross morphology the word “membrane” has traditionally been applied to a
region between cartilaginous elements. In this sense, rather than a strictly histological
one, the word is used here. Syringeal membranes vary in thickness and flexibility,
sometimes blending imperceptibly into sheets of cartilage. Each discrete area of mem-
brane is labeled by the elements surrounding it, the membrane between A-1 and B-1
being the “A-1/B-1 membrane.”

Internal tympaniform membranes. This pair of membranes comprises most of
the internal surface of the bronchi. They are supported at their edges by the ends of
the divided A and B elements.

External tympaniform membranes. This name has usually been applied to the
largest of the membranous areas on the lateral sides of the syrinx. The word “tym-
paniform” is inappropriate in most cases and the size of the membranes in preserved
specimens is greatly influenced by the position of the syrinx in fixing. The term is not
used in this paper.

MuscLES.

The following muscles are extrinsic; they originate away from the syrinx and
insert on it. Both are paired muscles. The terms “extrinsic” and “intrinsic” are used
here with reference to the syrinx, not to the entire trachea, as is sometimes the case.
An intrinsic tracheal muscle is an extrinsic syringeal one if it originates on a non-
syringeal part of the trachea.

M. tracheolateralis. This thin, usually narrow muscle originates on the lateral
surface of the cricoid cartilage of the larynx. It extends down the lateral surface of
the trachea to insert on the ventral and/or lateral surfaces of one or more elements
in the syringeal region.

M. sternotrachealis. This muscle originates on the internal surface of the coracoid
or the costal process of the sternum, or on the internal surface of one or more ribs.
Rarely, it originates on the inner surface of the intercostal muscles. It inserts on the
lateral and/or ventral surface of the trachea, or on the tissues surrounding the trachea.
Sometimes M. sternotrachealis is wholly or partly continuous with some of the fibers
of M. tracheolateralis. Plétnick (1958) renamed this muscle M. costotrachealis in
certain of the Furnarioidea, on the basis of its costal origin. While the new name is
accurately descriptive, the basic position of the muscle is the same in the Furnarioidea
as in virtually all other birds and the addition of the new name serves no useful purpose.
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SOURCE OF SPECIMENS.

Most of the 983 specimens dissected in the course of this study were obtained
from the alcohol collections of the Peabody Museum of Natural History (YPM),
the United States National Museum (USNM), and the American Museum of Natural
History (AMNH). The source of each specimen in the suborders Eurylaimi, Tyranni,
and Menurae is given with the data in Appendix A. The details of the syringeal
morphology of most of the oscines will be discussed in a series of future papers; only
the names of the oscine species are given in Appendix B.

SYSTEMATICS USED IN THE MORPHOLOGICAL SECTION.

In the morphological sections that follow, the specimens are presented in
taxonomic order, based on the prevailing classification of the present time. The.
arrangement of suborders, superfamilies, and families is that of Wetmore (1960).
Below the family level there is no taxonomic revision covering the whole order Passeri-
formes. The most recent classification of the Eurylaimi, and the one followed here,
is that of Peters (1951). For the New World Tyranni I have followed Hellmayr
(1925-1929), except for the few cases in which a genus or species has been shown to
have been placed by Hellmayr in the wrong superfamily or family. I have departed
from Hellmayr’s classification in including Rupicola in the Cotingidae. The nomen-
clature for the two species of the Menurae treated was drawn from Cayley (1931).
For the Passeres I have employed the classification in available volumes of the Check-
list of Birds of the World (Mayr and Greenway, 1960, 1962 ; Mayr and Paynter, 1964)
and have filled the gaps from recent family revisions and regional works. (See refer-
ences cited in the appropriate sections of Appendix B.)

The reader will find several instances in which generic names or allocations of
species to genera and families are not what he would consider “prevailing classifi-
cation.” Such instances are frequent in Hellmayr’s treatment of the Tyranni, which
was followed closely on the grounds that the reader may always return to Hellmayr’s
work to clarify individual problems. In citing anatomical studies by previous authors,
principally those of Miiller (1847, 1878) and Garrod (1876, 1877a, b) I have
employed the modern generic and specific names.
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SYRINGEAL MORPHOLOGY

SUBORDER EURYLAIMI.
FAMILY EURYLAIMIDAE. BROADBILLS.

Specimens Examined.

Of the 14 species in eight genera, I have examined the following seven species in
six genera:

Smithornis capensis (A. Smith)
Smithornis rufolateralis G. R. Gray
Cymbirhynchus macrorhynchus (Gmelin)
Eurylaimus javanicus Horsfield
Serilophus lunatus (Gould)

Psarisomus dalhousei ( Jameson)
Calyptomena whiteheadi Sharpe

I know of only the following descriptions by previous authors:

Cymbirhynchus macrorhynchus (Gmelin) — Forbes (1880a)
Eurylaimus ochromalus Raffles — Forbes (1880a)
Pseudocalyptomena graueri Rothschild — Lowe (1931)
Smithornis sharpei Boyd Alexander — Bates (1914)

Smithornis sharpei Boyd Alexander — Lowe (1924)

Smithornis capensis (A. Smith) — Verheyen (1953, p. 184)
Smithornis rufolateralis G.R. Gray — Lowe (1924)

Corydon sumatranus (Raffles) — Miiller (1847, p. 32; 1878, p. 27)

Miiller’s “description” of the syrinx of Corydon is merely a note on the lack of
musculature.

Cartilaginous Elements.

In all species of Smithornis the cartilages are closely similar. A-1 and A-2 are
divided, A-2 being oriented at an angle of about 45° to the sagittal plane of the
trachea. A-3 and other A-elements are complete and all the B-elements are divided.
There is no pessulus. My specimens agree closely with those of Lowe and, except for
one detail, those of Verheyen. The latter was the only author to describe a drum in a
broadbill. He does not state which elements are involved, but from his illustration and
his statement that the drum has strengthening rings of “bronchial origin,” it appears
that the drum occupies the region of A-1 through A-3. In my specimens the A-1/A-2
and A-2/A-3 membranes are thick and leathery, but quite flexible. Verheyen’s state-
ment that the drum is continuous dorsally with the “bronchio-pulmonary” mem-
branes leads me to believe that the “drum” was an artifact of preparation.
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Eurylaimus and Cymbirhynchus are like Smithornis, with the following differences.
A-1, described by Forbes as a “false ring,” is shorter than B-1 and A-2 and floats
in the membrane bounded by them. B-1 and A-2 are held together at their dorsal
and ventral ends by fibrous connective tissue. The ventral half of A-1 is very narrow,
about one quarter the width of the dorsal end, where it is as wide as the other
A-elements. The pessulus is fused to A-3 at its dorsal and ventral ends. In the specimen
of Cymbirhynchus illustrated by Forbes (1880a), A-3 seems to be incomplete dorsally
and the pessulus is continuous with the dorsal end of A-3L. In other respects Forbes’
specimen is similar to mine. In both specimens A-1 through A-6 are fused midventrally.

Psarisomus (Pl 2) and Serilophus are like Smithornis, with the following differ-
ences. A-1 is divided and closely fitted to A-2, which is complete. At its dorsal end
A-1 is broadly spatulate and is twisted so that its internal (concave) surface is directed
posteriad. The whole arc of A-1 is at an angle of about 30° with the sagittal plane.
A-2 is very narrow laterally but has large, triangular dorsal and ventral surfaces, filling
the area between A-1 and the unmodified A-3. At its posterior ends A-2 is continuous
with the narrow pessulus.

Lowe’s description of Pseudocalyptomena suggests a strong similarity to Psarisomus.
He found some fusion of “the last two or three tracheal rings,” probably A-2 through
A-4. The pessulus was fused to A-2.

Calyptomena (Pl. 2) is different from the other broadbills. A-1 through A-3 are
divided and A-4 is incomplete ventrally. The four elements are fused dorsally to a
broad plate extending ventrally into the interbronchial region as a wide pessulus.
The posterior borders of this plate are soft white cartilage and blend gradually into
the internal tympaniform membranes.

Musculature.

My two specimens of Smithornis differ only slightly in their musculature. M. trach-
eolateralis inserts on the lateral surface of A-5 in §. capensis, and on the ventrilateral
surface pf A-4 in S. rufolateralis. In §. sharpei Bates (1914, p. 496) noted that the
muscle “goes as far as the bronchus,” presumably meaning A-2, the most anterior
divided element. Lowe (1924, p. 280) stated that “no muscles could be made out
attached to the lower end of the trachea or the bronch1 and Verheyen agreed
with him. - : S

M. sternotrachealis was hardly mentioned by the above authors. In S. capensis
it extends through the center of M. tracheolateralis and is continuous with the deep
fibers of the latter. In . rufolateralis it is the superficial fibers of the dorsal half of
M. tracheolateralis with which M. sternotrachealis is continuous.

In Eurylaimus the insertion of M. tracheolateralis is on the center of A-2. In
Psarisomus, Serilophus and Calyptomena it inserts midlaterally on A-1. In Cymbi-
rhynchus the insertion is by a broad tendon to the center of B-1. The fibers of the
muscle end at A-2, but when the muscle is lifted the tendon becomes evident. Forbes’
description and illustration of this muscle inserting on A-2 are probably in error. Of
Corydon sumatranus, Miiller stated only that muscles are lacking on the lower
trachea, implying a condition like that of Smithornis. In Pseudocalyptomena Lowe
described a pair of “intrinsic muscles,” apparently inserting on A-1. It is-evident from
the description and the accompanying illustration that this pair are the Mm. tracheo-
laterales, and that there are no intrinsic muscles in the usual sense. :
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M. sternotrachealis is more variable in its form of insertion. In- Eurylaimus it is
wholly continuous with M. tracheolateralis, which it meets at A-8. In Serilophus
the anterior fibers of M. sternotrachealis are continuous with the superficial ones of
M. tracheolateralis and the posterior fibers insert directly on A-11 and A-12. In
Psarisomus, M. sternotrachealis divides into two fasciculi, which insert directly on
A-10 and A-11 at the ventral and dorsal edges of M. tracheolateralis, respectively. In
Calyptomena the right muscle is similar to that of Psarisomus, inserting on A-9 and
A-10; the left extends intact through a split in M. tracheolateralis to insert directly
on the same elements. In Cymbirhynchus the insertion of M. sternotrachealis covers
a circular area on A-8 and A-9, adjacent to the dorsal edge of M. tracheolateralis.

SUBORDER T'YRANNI.
SUPERFAMILY FURNARIOIDEA.

NOMENCLATURE.

The nomenclature listed on p. 14 applies here, with the following additions:
1) Cartilaginous elements.

Processus vocalis. A cartilaginous or partly ossified plate covering part of the
lateral surface of the posterior trachea, anchored by fusion or by fibrous connective
tissue to the lower A-elements, It frequently has projecting “horns” (the processi
musculares of Miiller, 1847) to which muscles are attached.

2) Membranes.

Membrana trachealis. This is a membranous window on the ventral and/or dorsal
surface of the trachea. It is differentiated from the other membranes of the trachea
by the fact that it spans the positions of several elements. The Membrana trachealis
may be crossed by narrow sections of several A-elements. In such cases the Membrana
trachealis may be considered to be the sum of the series of smaller membranes.

3) Muscles.

M. vocalis ventralis. This name was applied by Riippell (1933) to the ventral
intrinsic muscle of Lepidocolaptes fuscus. It originates on the lateral surface of one
or more elements anterior to the Membrana trachealis and inserts on the Processus
vocalis or on the elements ventral or lateral to the Membrana trachealis.

M. vocalis dorsalis. Ruppell (1933) applied this name to the muscle which occupies
a dorsal position corresponding to that of M. vocalis ventralis. It originates on the
lateral surface of one or more elements anterior to the Membrana trachealis and
inserts on the Processus vocalis or on the elements dorsal or lateral to the Membrana
trachealis.

FAMILY DENDROCOLAPTIDAE. WOODCREEPERS.

Specimens Examined.

Of 50 species in 13 genera, I have examined 14 specimens belonging to the
following 12 species in nine genera.

Dendrocincla fuliginosa (Vieillot)
Sittasomus griseicapillus (Vieillot)
Glyphorhynchus spirurus (Vieillot) , two specimens
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Drymornis bridgesii (Eyton)

Xiphocolaptes promeropirhynchus (Lesson)
Xiphocolaptes major (Vieillot)

Dendrocolaptes platyrostris Spix
Xiphorhynchus picus (Gmelin), two specimens
Lepidocolaptes souleyetii (Des Murs)
Lepidocolaptes affinis (Lafresnaye)
Lepidocolaptes albolineatus (Lafresnaye)
Campylorhamphus trochilirostris (Lichtenstein)

I know of only the following descriptions by previous authors:

Dendrocolaptes certhia (Boddaert) — Miiller (1847, p. 43; PL 6, fig. 12; 1878,
p. 35)

Lepidocolaptes fuscus (Vieillot) — Miiller (1847, p. 43; 1878, p. 35)

Lepidocolaptes fuscus (Vieillot) — Ruppell (1933, p. 470)

Cartilaginous Elements.

In all the woodcreepers examined the syrinx is dorsoventrally as well as bilaterally
symmetrical. In Dendrocincla A-1, A-2, ahd A-3 are divided; A-4, A-5, and A-6
are complete and extremely narrow dorsally and ventrally but of the same width as
other elements in the lateral sections. The Membranae tracheales are limited by A-3
and A-7. A-7 and the elements anterior to it are complete and of uniform width.
All the B-elements are divided. There are neither a pessulus nor internal cartilages.
The Processi vocales are firmly fused to the lateral surfaces of A-1, A-2 and A-3. Well
developed horns extend toward the dorsal and ventral midlines in the region of the
A-5/A-6 membranes. The most anterior part of the Processus is a round area where
M. sternotrachealis inserts, at the level of A-7.

Lepidocolaptes and Sittasomus are like Dendrocincla, differing as follows. Only
A-1 and A-2 are divided; A-3 through A-7 are narrow dorsally and ventrally. The
Membranae tracheales extend from A-2 to A-8. A-8 through A-12 are fused into a
rigid drum in Sittasomus and in L. souleyetti; A-8 through A-13 in L. affinis; and
A-8 through A-14 in L. albolineatus. In L. fuscus Riippell reported no fusion and
indicated none in his illustration.

Glyphorhynchus is like Dendrocincla, differing as follows. A-4 is divided and not
narrow. A-5 through A-9 are narrow, the Membranae tracheales extending from A-4
to A-10. In YPM 1802 the drum is formed of A-10 through A-16, but in YPM 1071
it comprises only A-10 through A-13. The horns of the Processus vocalis extend only
slightly beyond the main part of the plate.

Xiphocolaptes is like Dendrocincla, differing as follows. Only A-1 and A-2 are
divided. In X. major the Membranae tracheales are like those of Dendrocincla but
lack the narrow elements extending across them. The drum has the same proportions
as that of Dendrocincla but fusion is so complete that one cannot count the elements.
In X. promeropirhynchus the Membranae tracheales extend from A-3 to A-7. The
drum consists of A-7, A-8, and A-9.

Campylorhamphus (Pl. 2), Xiphorhynchus and Dendrocolaptes are like Xipho-
colaptes major, differing as follows. The drum of Campylorhamphus is longer, about
nine clements (probably A-10 through A-18) completely fused except for the anterior
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two. The Membranae tracheales are proportionately shorter than those of X. major.
In Xiphorhynchus the drum comprises six elements (probably A-10 through A-15)
incompletely fused. In Dendrocolaptes it appears to be A-9 through A-14.

Drymornis differs from all of the others, principally in the form of the Processi
vocales. They are completely fused to A-2 and A-1, both of which are divided. The
pair of large components thus formed meets at the dorsal and ventral midlines but
articulates freely. The Membranae tracheales are free of cross-elements so that one
cannot tell how many elements they span. They are longer and narrower than those
of other members of the family. The drum consists of three or four elements,
completely fused.

Musculature.

The musculature is the same in all of the woodcreepers examined, with minor
variations. M. tracheolateralis extends along the lateral surface of the trachea to
insert on the lateral surface of the drum, near its anterior edge. Dendrocincla is an
exception, there being no drum; the insertion is on A-9. In Xiphocolaptes promeropi-
rhynchus the insertion is along a spiral line from A-11 ventrally to A-15 dorsally.
In Glyphorhynchus the muscle divides into two short fasciculi, which diverge to
insert on the ventrilateral and dorsolateral surfaces of the drum.

M. sternotrachealis inserts directly on the anterior quarter of the Processus vocalis
in all species.

M. vocalis ventralis and M. vocalis dorsalis show little variation among my speci-
mens. They originate on the lateral surface of the drum, immediately posterior to the
insertion of M. tracheolateralis and extend posteroventrally and posterodorsally, re-
spectively, to insert on the ventral and dorsal horns of the Processus vocalis. In my
specimen of Xiphocolaptes promeropirhynchus a narrow band of the superficial fibers
of the right M. vocalis ventralis originates at the dorsal edge of M. tracheolateralis,
extends across the latter and across the anterior end of M. vocalis dorsalis to join the
rest of M. vocalis ventralis. This is probably an individual variant.

" FAMILY FURNARIIDAE. OVENBIRDS.

Specimens Examined.

Of 210 species in 55 genera, I have examined the following 29 individuals in 25
species and 22 genera:

Geosiita cunicularia (Vieillot) , three specimens
Furnarius leucopus Swainson '

Cinclodes patagonicus (Gmelin), two specimens
Cinclodes fuscus (Vieillot)

Upucerthia dumetaria Geoff. Saint Hilaire
Limnornis curvirostris Gould

Aphastrura spinicauda (Gmelin)

Phleocryptes melanops (Vieillot) , two specimens
Synallaxis cinerascens Temminck

Certhiaxis cinnamomea (Gmelin)

Asthenes pyrrholeuca (Vieillot)

Phacellodomus rufifrons (Wied)
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Phacellodomus striaticollis (Lafr, and D’Orb.)
Anumbius anumbi (Vieillot)
Pseudocolaptes boissoneautir (Lafresnaye)
Pseudoseisura lophotes (Reichenbach)
Pseudoseisura gutteralis (Lafr. and D’Orb.)
Anabazenops fuscus (Vieillot)

Philydor rufus (Vieillot)

Automolus ochrolaemus (Tschudi)
Heliobletus contaminatus Berlepsch
Xenops minutus (Sparrman) -
Megaxenops parnaguae Reiser

Pygarrhicus albogularis (King)

Sclerurus guatemalensis (Hartlaub)

I know of only the following descriptions in literature :

Cinclodes nigrofumosus (Cabanis) — Miiller (1847, p. 42; Pl 2, fig. 10; 1878,
p- 34) '

Furnarius rufus (Gmelin) — Miiller (1847, p. 41; Pl 2, figs. 6, 7; 1878, p. 34)

Furnarius leucopus Swainson — Miiller (1847, p. 41; PL. 2, figs. 8,9; 1878, p. 34)

Xenoctistes rufosuperciliatus (Lafresnaye) — Miiller (1847, p: 42; 1878, p. 34)

Heliobletus contaminatus Berlepsch — Miiller (1847, p. 42; 1878, p. 34)

Xenops rutilus Lichtenstein — Miiller (1847, p. 43; 1878, p. 35)

Sclerurus fuscus Wied — Miiller (1847, p. 42; 1878, p. 35)

Cartilaginous Elements.

The configurations of the cartilages in the Furnariidae examined are summarized
in Table 1. Although A-1 and A-2 are uniformly divided, the configurations of other
A-elements, of the Membranae tracheales, of the drum, and of the Processi vocales
show wide variations. Only the examination of a greater series of individuals and
species will permit accurate evaluation of variation. The cartilages of the present 25
species may be summarized as follows:

1) A-1, A-2 and all B-elements are divided.

2) A-3 may be of any configuration except double.

3) A-4is complete in all except Synallaxis, in which it is incomplete dorsally.

4) A-5 and subsequent elements are complete.

5) There are neither a pessulus nor internal cartilages.

6) The Processi vocales are narrow flat bars, usually fused posteriorly to the
lateral surfaces of A-1 through A-3. In Cinclodes they are fused to A-1 and
A-2 only; in Certhiaxis, Asthenes, Phacellodomus, and Automolus to A-1
through A-4; in Anumbius and Pygarrhicus to A-2 and A-3 only. In all cases
the Processi are connected to the A-elements adjacent to them by elastic
connective tissue.

7) Dorsal and ventral horns are present on the Processi vocales only in Geositta.
No intermediates were found between the prominent horns of Geositta and
the narrow Processi of the other furnariids.

8) In about half of the species examined the Membranae tracheales are limited
posteriorly by A-3, the highest numbered posterior limit being A-6 (Asthenes).
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The anterior limit varies from A-8 (Limnornis) to A-15 (Automolus) and
does not appear to be correlated with the posterior limit. In other words,
the Membranae tracheales consist of from five (Limnornis and Asthenes) to
ten (Anabazenops and Automolus) smaller membranes. Rarely, the dorsal and
ventral Membranae may differ in size (Aphastrura, Synallaxis, Pygarrhicus) .

9) In the majority of cases all of the elements within the limits of the Membranae
tracheales cross the Membranae dorsally and ventrally. Within the Mem-
branae each element is about one-third the width of the unmodified A-ele-
ments. In the five cases in which crossbars are lacking (Cinclodes fuscus,
Synallaxis, Certhiaxis, Phacellodomus, and Pseudoseisura) they are absent
from the anterior halves of the Membranae only and are widest near the
posterior limits.

10) In all but four genera two or more elements immediately anterior to the
Membranae tracheales are fused, forming a rigid drum. The number of
elements varies from two (Cinclodes fuscus and Megaxenops) to five (Limn-
ornis and Aphastrura). Fusion may be complete or partial.

Miiller’s descriptions agree with the above in all essential points.

Musculature.

In all specimens M. tracheolateralis extends along the lateral surface of the trachea
to insert on the anterior edge of the drum or, in the absence of a drum, on the element
immediately anterior to the Membranae tracheales. M. sternotrachealis inserts on the
anterior end of the Processus vocalis. M. vocalis ventralis originates on the ventri-
lateral surface of the drum or on the element immediately anterior to the Membranae.
It extends ventral to the insertion of M. sternotrachealis and inserts directly on the
Processus vocalis. The precise region of insertion is variable. The anterior extreme is in
Sclerurus, in which it inserts just ventral to the insertion of M. sternotrachealis. The
most posterior insertion is in Furnarius in which it attaches to the base of the Pro-
cessus, with a few medial fibers attached to A-2. M. vocalis dorsalis originates on the
same element or elements as M. vocalis ventralis, immediately dorsal to the latter, and
extends dorsal to the insertion of M. sternotrachealis to attach to the surface of the Pro-
cessus or, in Furnarius only, entirely to A-2. In Geositta both of the Mm. vocales insert
on the ends of the respective horns of the Processi. In most ovenbirds the dorsal and
ventral muscles are of equal length, but in Heliobletus M. vocalis ventralis inserts
on the Processus at the level of A-5 and M. vocalis dorsalis at the level of A-2.

Miiller’s descriptions agree closely with the above.

FAMILY FORMICARIIDAE. ANTBIRDS.

Specimens Examined.

Of 234 species in 52 genera (including Conopophaga Vieillot!), I have examined
the following 51 individuals of 33 species in 26 genera:

Cymbilaemus lineatus (Leach), two specimens
Hypoedaleus guttatus (Vieillot)
Taraba major (Vieillot)

1 Conopophaga is included in this family following the conclusions of Ames et al. (1968).



25

SYRINX MORPHOLOGY IN PASSERINE BIRDS

€V-1-V Juou yi0q Jwes 11-V- ¢V ‘dwod  'dwiod  ‘Arp  ATp STANL2]2 S
&V-2V EI-V-11°V oq 01-¢-¢Vv 0I-v- ¥V "dwod AIp AP CATp sno1yLvIdg
¢V- 1V ¢I-V-21-V yioq Jures ¢I-v- ¢V ‘durod AT AP CAIp sqouaxviapy
§V-1V ZI-vV- 6V woq sures 6V- €V "dwod AIP CAIP CAIp sqousy
V-1V YI-V-11-V yioq sures 11-V- -V 'dwed  ‘dwied  Ap  “Alp sn15190Y2
V-1V suou y0q swes GI'V- GV ‘durod ‘PT CAIp  CAIp snjowony
V-1V E-V-II-V qioq oures I-v- v "dwod AIp AP CAIp soplyryd
V-1V GI-V-¢I-V qioq sures ¢I-v- ¢V “duroo PT AP CAp sqouszoqouy
V-1V YI-v-11-v Joyyeu sures 1-v- ¢V "dwod AIp AP CAlp sypaagnd
EV-1V €IV -11°V P_Yieu oures I-v- ¢V "duroo AT AP CAlp sa30ydo)
DANSI9SOPNIsy
V-1V IV - 6V 10q Jures 6-V - ¢V ‘duroo  'dwod  -ATp  AIp sajdvjoropnasg
&vV-2eV Y1-V -¢1-V yoq oures ¢V~ GV "dwod AP AP CAIp smiquinuy
V-V SV -1V YU sures 11"V - &V “duzod AIp AP CAIp snuiopoj12vyd
V- IV suou yioq sures 11-V - 91-V ‘durod AIpP  CAIp  “AIp SaUYISY
V-1V GI-v-21-v Jayiu oures [A5 A a\ 4 ‘dwod  dwiod AT “AIp swxv1y342)
EV-1v SI-v-11-V YU I-v-¢v I-v- v ‘p1 'dwod  capp  carp sivjouly
&V-IV YI-v-gl-v qioq oures ¢I°v- €V ‘dwod  dwod  Ap  "AIp sa3qdss0apyd
V-1V Y1V - 01~V qioq 0I-V-¢V 0r-v- %V "durod AIp AP CAIp DinusoYqy
V-1V ¢Iv- 8V qoq oures 8V~ €V *dwiod AP AP CAIp Stutouuny
V-1V ¢Iv-01-v qioq oures 11-°v- &V “duwiod AT AP CAlp D1Y342904 )
V-1V 11-V - 0I-V Ioy3u Jures 01"V~ €&V *dwrod ‘AT CAIp CAIp snosnf
(2 A S 4 EIV-11-V qioq oures I-v- ¢V "duwxod AP AP CAIp snojuodvivg
sapojrur)
¢V -1V ¢I-V - 11-¥ 10q Jures 11-V- ¢V ‘durod ‘P'T CAIp  AIp SNUDULT
V-1V suou qioq sures 21V - ¢V *durod 'AIp  CAIp  "AIp D911502)
10} ‘Ne {JO 53S1SU0D &'SIOP ¢ "IJUSA ‘sI0p “IJUOA v ¢V ¢V IV snuan
1559001 wnag SIeqssor)) $9[eaY IR} IBURIQUISIA
‘oepIureuIn,f 9y UI saSe[nnred [eaSutids ay3 jo uoneinSyuo)) [ FTAVL



26 PEABODY MUSEUM BUILETIN 37

Sakesphorus canadensis (Linnaeus)

Thamnophilus doliatus (Linnaeus), two specimens
Thamnophilus punctatus (Shaw), three specimens
Thamnophilus caerulescens Vieillot

Pygiptila stellaris (Spix)

Dysithamnus mentalis (Temminck), two specimens
Thamnomanes caesius (Temminck)
Myrmotherula cherriei Berlepsch and Hartert
Myrmotherula axillaris (Vieillot), three specimens
Herpsilochmus pileatus (Lichtenstein)
Microrhopias quixensis (Cornalia)

Neorhopias [= Formicivoralgrisea (Boddaert)
Neorhopias [= Formicivora] rufa (Wied)
Drymogphila squamata (Lichtenstein)

Cercomacra tyrannina (Sclater) , two specimens
Pyriglena leucoptera (Vieillot)

Hypocnemis flavescens (Sclater)

Hypocnemoides melanopogon (Sclater)
Myrmeciza exsul Sclater

Myrmoderus squamosus (Pelzeln)

Formicarius analis (Lafr. and D’Orb.), four specimens
Chamaeza brevicauda (Vieillot)

Pithys albifrons (Linnaeus)

Gymnopithys bicolor (Lawrence)

Hylophylax naevioides (Lafresnaye), two specimens
Grallaria varia (Boddaert)

Grallaria perspicillata Lawrence, two specimens
Grallaria ochroleuca (Wied)

Conopophaga lineata (Wied), four specimens
Conopophaga roberti Hellmayr, three specimens

I know of only the following descriptions by previous authors:

Hypoedaleus guttatus (Vieillot)—Miiller (1847, p. 39; Pl. 2, figs. 3, 4; 1878, p. 31)
Sakesphorus cristatus (Wied) — Miiller (1847, p. 39; PL 2, fig. 2; 1878, p. 31)
Thamnophilus doliatus (Linnaeus) — Miiller (1847, p. 39; 1878, p. 31)
Thamnophilus punctatus (Shaw) — Miiller (1847, p. 39; 1878, p. 31)
Hypocnemis cantator (Boddaert) — Miiller (1847, p. 39; 1878, p. 32)

Chamaeza brevicauda (Vieillot) — Miiller (1847, p. 40; 1878, p. 33)

Grallaria guatimalensis Prevost and Des Murs — Garrod (1877)

Conopophaga lineata (Wied) — Forbes (1881)

Conopophaga lineata (Wied) — Ames et al. (1968)

Conopophaga roberti Hellmayr — Ames et al. (1968)

Conopophaga aurita (Gmelin) — Miiller (1847, p. 40; PL 6, fig. 12; 1878, p. 33)

Cartilaginous Elements.

The cartilages of this group are summarized in Table 2. A detailed description of
each genus is beyond the scope of this paper, but the following generalizations may
be made:
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1) Dorsal and ventral Membranae tracheales are present in all genera. There
are two types of Membranae, long and short.

a) Among the genera examined by me, the long type is found only in
Formicarius, Chamaeza, and Grallaria. The anterior limit of the Mem-
brana is characterized by a gradual transition from narrow to broad
elements, the inter-element membranes being successively narrower. In
the three genera above only the dorsal Membrana is long, the ventral
one being abruptly limited anteriorly.

b) The short type of Membrana, found in all of the other genera studied,
is characterized by an abrupt anterior limit, usually at about A-10.
In this case the limiting element often has approximately the same
width as all of the elements anterior to it. The element just posterior
to the anterior limit is usually the narrowest of those crossing the
Membrana.

2) Processi vocales are present in all genera, but are usually small and attached
only to those elements within the limits of the Membranae tracheales (see
Taraba, Pl. 3). Exceptions are the Processi of Formicarius (Pl. 3), Cham-
aeza (Pl 4), Conopophaga (Pl. 4) and Grallaria, which are broad, thick
and long, extending from A-1 or A-2 anteriad in Formicarius to A-10, in
the various species of Grallaria to A-10, A-11 or A-12, in Chamaeza to
A-17, and in Conopophaga to A-9, A-10, A-11 or A-12.

3) The pessulus is absent in all antbirds examined by me or by previous authors.

4) No forms are known possessing internal cartilages.

5) The configuration of the lower A-elements varies among the genera ex-
amined (see Table 2). In all specimens A-1 is divided and A-4 complete,
the variability being limited to A-2 and A-3. The differences between A-
and B-elements are less pronounced in this family than in others of the
Furnarioidea. All of the B-elements are divided. Some are partly ossified
and in many the plane of curvature is nearly perpendicular to the bronchial
axis.

Musculature.

In syringeal musculature the family is sharply divided into two categories, which
may be summarized as follows:

1) Formicarius (PL. 3), Chamaeza (Pl. 4), Grallaria and Conopophaga (P1. 4).

M. tracheolateralis is variable in this group. In Formicarius, Grallaria and

Conopophaga it is a narrow lateral band; in Chamaeza a broad ventrilateral

one. Insertion in Formicarius and Grallaria is entirely on the anterior end

of the Processus vocalis, except in YPM 1068 (G. perspicillata), in which

the ventral fifth of the muscle inserts on A-10. In Chamaeza the ventral

three-quarters of the fibers are attached to A-16 through A-18 and the

lateral quarter of them to the Processus. In Conopophaga the fibers at the

dorsal and ventral edges insert on A-10, A-11 and A-12, the remainder

usually being continuous with M. sternotrachealis. In individuals with long
Processi, the deep fibers insert on the anterior end of the Processus.

In Formicarius, Chamaeza and Grallaria, M. sternotrachealis inserts

wholly on the anterior end of the Processus, except in YPM 1068, in which

the anterior fibers of M. sternotrachealis are continuous with the super-



TABLE 2. Configuration of the syringeal cartilages in the Formicariidae.

Membranae tracheales

Processi vocales

Genus A-1 A-2 A-3 A-4 ventral dorsal attached to:
Cymbilaemus div. div. id. compl. A-3-A-9 A-4-A-10 A-4-A9
Hypoedaleus div. div. id. comp. A-3-A-9 A-4-A9 A-4-A-8
Taraba div. div. comp. comp. A-2 - A-10 A-3 - A-11 A-2-A-8
Sakesphorus div. div. comp. comp. A-3-A-9 A-3 - A-12 A-3-A-4
Thamnophilus

caerulescens div. id. comp. comp. A-3-A-9 same A-5-A-9

doliatus div. div. comp. comp. A-3-A-9 same A-4-A-8

punctatus div. div. id. comp. A-3.-A-9 same A-5-A-8
Pygiptila div. div. comp. comp. ‘A-3 - A-12 same A-6-A-9
Dysithamnus div. comp. comp. comp. A-2-A-9 A-2 - A-10 A-2-A-7
Thamnomanes div. id. comp.  comp. A-3-A-9 A-1-A-9 A-2-A-8
Myrmotherula div. div. comp. comp. A-3-A-8 A-3-A-9 A-4-A-8
Herpsilochmas div. div. id. comp. A-3 -.A-10 A-2-A-12 A-3-A-8
Microrhopias div. div. comp. comp. A-5-A-10 A-3-A-8 A-4-A-8
Neorhopias div. id. comp. comp. A-2-A9 A-4-A9 A-4-A-6

(div. A-2aR present)

Drymophila div. div. id. comp. A-3-A-9 same A-5-A-8
Cercomacra div. comp. comp. comp. A-2-A9 same A-3-A-9
Pyriglena div. div. id. comp. A-3-A-11 A-4-A-12 A-4-A-9
Hypocnemis div. comp. comp. comp. A-4-A-12 A-3-A-12 A-4-A-8
Hypocnemoides div. div. comp. comp. A-3-A-11 same A-4 - A7
Myrmeciza div. div. comp.  comp. A-2 - A-12 A-3 - A-10 A-6 - A-10
Myrmoderus div. div. comp. comp. A-4-A-9 A-3-A-7 A-4 - A-7
Formicarius div. div. div. comp. A-4-A-10 A-3-A-11 A- -A-
Chamaeza div. div. id. comp. A-2 - about A-30* A-2 - about A-21* A-2-A-14
Pithys div. div. id. comp. A-4-A-11 A-4 - A-10 A-4-A-7
Gymmnopithys div. div. comp. comp. A-2-A-9 A-2-A-10 A-4 - A-7
Hylophylax div. div. comp. comp. A-4 - A-10 A-3-A-9 A-4 - A-7
Grallaria div. div. comp.  comp. A-3 - about A-30* A-3 - about A-20% A-4 - A-7
Conopophaga div. div. id. comp. A-3-A-11 A-2-A-13

*There is no finite anterior limit to the Membranae tracheales in Chamaeza and Grallaria.
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ficial lateral fibers of M. tracheolateralis. In most specimens of Conopo-
phaga. M. sternotrachealis is largely continuous with M. tracheolateralis, the
deeper fibers inserting on A-10, A-11 and A-12. When the Processus is long
the deeper fibers of M. sternotrachealis insert on its anterior end.

There are no intrinsic muscles in any of these genera.

Muiiller’s descriptions of Chamaeza and Conopophaga, and Garrod’s of
Grallaria agree with the above regarding insertions of the extrinsic muscles
and the lack of intrinsic ones. Forbes’ description of Conopophaga applies
only to individuals with short Processi.

2) All other genera of this family examined by me (example: Taraba, Pl 3).
M. tracheolateralis inserts ventrally and ventrilaterally on several elements
anterior to the Membranae tracheales and sometimes also on the dorsal
side of the anterior end of the Processus. M. sternotrachealis characteristic-
ally divides into two fasciculi. The posterior one inserts on the anterior
end of the Processus, the anterior one on the dorsolateral surfaces of several
elements immediately anterior to the Membrana. In some individuals there
is fiber continuity between portions of the two extrinsic muscles. The
paired intrinsic muscle, which I tentatively call M. vocalis ventralis, origi-
nates on the ventral surfaces of several elements immediately anterior to
the Membrana. Usually the line of origin is most posteriorly situated near
the ventral midline and angles anterolaterally, following the line of insertion
of M. tracheolateralis. Extending across the anterior corner of the Mem-
brana, M. vocalis ventralis inserts on the anterior end of the Processus
immediately anterior to the insertion of M. sternotrachealis. The precise
regions of origin and insertion of the intrinsic muscle vary greatly among
the members of this diverse family. Usually the muscle extends between the
two fasciculi of M. sternotrachealis.

Most of the characteristics of this second group were noted by Miiller
in his detailed descriptions of Hypoedaleus and Thamnophilus.

FAMILY CONOPOPHAGIDAE. ANTPIPITS AND GNATEATERS.

This family was erected by Forbes (1881) for the genera Conopophaga and Cory-
thopis, on the basis of characters of the syrinx, sternum and tarsus. Ames et al. (1968)
reexamined these and other characters in the two genera and compared them with a
number of other suboscines, concluding that Corythopis must be placed in the super-
family Tyrannoidea and Conopophaga returned to the Formicariidae. The reader
will find Conopophaga at the end of the Formicariidae (p. 26) and Corythopis in the
subfamily Euscarthminae of the Tyrannidae (p. 66).

FAMILY RHINOCRYPTIDAE. TAPACULOS.
Specimens Examined.

Of 38 species in 12 genera (including Melanopareia Reichenbach! and Psilo-

1The genus Melanopareia was placed by Hellmayr (1924) in the Formicariidae, but W. W.
Miller (in Wetmore, 1926) found that its metasternum has two pairs of notches, suggesting
that the genus belongs in the Rhinocryptidae. Peters (1948) agreed with Wetmore and is
followed here.
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rhamphus Sclater!), I have examined the following 10 individuals in eight species and
seven genera:

Pteroptochos tarnii (King), two specimens

Pteroptochos megapodius Kittlitz

Scelorchilus rubecula (Kittlitz)

Rhinocrypta lanceolata (Geoff. Saint Hilaire), two specimens
Teledromas fuscus (Scl. and Salv.)

Melanopareia maximilliani (ID’Orbigny)

Scytalopus magellanicus (Gmelin)

Triptorhinus [—= Eugralla] paradoxus (Kittlitz)

I know of only the following descriptions by previous authors:

Pteroptochos megapodius Kittlitz— Garrod (1877)
Scytalopus indigoticus (Wied) — Miiller (1847, p. 41; 1878, p. 33)
Psilorhamphus guttatus (Menetries) — Plétnick (1958)

Cartilaginous elements.

Pteroptochos (Pl. 4) is typical of the family. A-1 and A-2 are divided; A-3 is
incomplete dorsally; A-4 and subsequent elements are complete. Membranae tracheales
are present ventrally and dorsally. The ventral one is limited posteriorly by A-3.
Anteriorly the elements become successively wider, attaining a uniform width at about
A-27 in P. megapodius and about A-20 in P. tarnii. The dorsal Membrana is limited
abruptly by A-2 posteriorly and by A-14 anteriorly. There are prominent Processi
vocales, attached at their broad bases to A-1 and A-2. They are narrow in the region
of A-5 through A-9 and broad anteriorly, providing surfaces for muscle attachments.
There are neither a pessulus nor internal cartilages.

Garrod’s description of P. megapodius differed from the above only on minor
points. He noted that elements A-3 through A-14, which crossed the Membranae as
narrow bands, were incomplete laterally, “as they are in all the Trachaeophonae.”
In the latter remark Garrod was in error. Whatever the condition in his specimen,
the elements crossing the Membranae are usually complete laterally. Removal of the
Processi frequently damages the underlying elements, to which the Processi are
attached.

Rhinocrypta is like Pteroptochos, differing as follows. A-1 is extremely heavy,
about twice the width and thickness of elements anterior to the Membranae. A-2 is
incomplete dorsally. A-1, A-2, and A-3 are joined ventrally by two narrow medial
plates. At the anterior edge of the ventral Membrana A-16 and A-17 are incomplete
ventrally and are intermediate in width between A-15 (the narrowest element) and
A-18 (as wide as those anterior to it).

Teledromas is like Pteroptochos, differing as follows. Both Membranae are abruptly
limited anteriorly by A-14. The trachea is very broad in the region of A-10 and
strongly compressed dorsoventrally. The Processi are robust and extend from A-1 and
A-2, to which they are fused, anteriorly to the level of A-13.

Scelorchilus is like Pteroptochos, differing as follows. A-3 is complete. The ventral
Membrana ends abruptly at A-18 and the dorsal one at A-16.

1Psilorhamphus is included in this family, following Plétnick (1958).
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Scytalopus is like Pteroptochos, differing as follows. A-3 is divided. Both Mem-
branae are limited anteriorly by A-10, which is intermediate in width between A-9
and A-11 dorsally, but has the full width of A-11 ventrally. The Processi vocales are
attached to A-2 and A-3 only. Miiller’s description agrees closely with the above.

Triptorhinus is like Pteroptochos, differing as follows. A-3 is complete. The dorsal
Membrana is sharply limited by A-1 posteriorly and by A-13 anteriorly, the ventral
one by A-2 and A-11. In other words A-2, A-11, and A-12 are narrow dorsally and
broad ventrally.

Melanopareia (Pl. 4) is unlike all of the above in several ways. A-1 is divided;
A-2 is incomplete dorsally; A-3 and subsequent elements are complete. The anterior
limits of both Membranae are gradual, A-8 and A-9 being intermediate in width
between A-7 and A-10. A rigid drum is formed by the fusion of A-10 through A-12
and, dorsally, through A-14. The Processi vocales are broad plates without constric-
tions. They are attached by fibrous connective tissue to A-2 through A-7. The maxi-
mum width of the trachea, at A-7, is about twice that where the width is uniform,
anterior to A-14.

In describing the syrinx of Psilorhamphus, Plétnick did not mention details of the
cartilages, but it appears from his illustration (showing only the dorsal view) that A-1
and A-2 are divided or incomplete dorsally. The dorsal Membrana evidently is rather
short, being limited by A-2 and A-10.

Musculature.

In Pteroptochos (Pl. 4) M. tracheolateralis extends down the lateral surface of
the trachea to insert on the anterior end of the Processus vocalis, with a few ventral
fibers attached to A-16. M. sternotrachealis also inserts on the Processus, immediately
posterior to M. tracheolateralis and partly surrounded by it. A thin, narrow intrinsic
muscle, for which I tentatively use the name M. vocalis dorsalis, originates on A-16
adjacent to the dorsal fibers of M. tracheolateralis and spirals posteroventrally across
the surface of the latter muscle to insert on the Processus just ventral to the insertion
of M. tracheolateralis. The intrinsic muscle is more strongly developed in P. tarni
than in P. megapodius.

Garrod’s description of P. megapodius was almost entirely devoted to cartilaginous
elements. He mentioned the insertions of M. sternotrachealis and M. tracheolateralis
on the Processus, but neither described nor illustrated an intrinsic muscle.

Scelorchilus is like Pteroptochos, differing as follows. M. tracheolateralis divides
into two fasciculi at the level of A-19. The fasciculi insert on the anterior end of the
Processus on either side of the insertion of M. sternotrachealis. The latter also divides
into two fasciculi near its insertion: a dorsolateral one inserting on the Processus
vocalis and on the lateral surfaces of A-16 through A-18 and a ventral fasciculus
which inserts on the ventrilateral surfaces of A-16 through A-18 adjacent to M. trach-
eolateralis. M. vocalis dorsalis originates on the dorsolateral surfaces of A-13 through
A-17 and extends superficial to the two extrinsic muscles to insert on the ventral edge
of the Processus.

Triptorhinus is like Pteroptochos, differing as follows. M. tracheolateralis inserts
along a spiral line from the lateral region of A-13 to the dorsolateral region of A-19.
A narrow ventral fasciculus inserts on the ventrilateral surfaces of A-13 and A-14.
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M. vocalis dorsalis originates on the dorsal surfaces of A-14 through A-23 and spirals
posterolaterally to insert on the Processus vocalis.

Melanopareia (Pl 4) is like Pteroptochos, differing as follows. M. tracheolateralis
inserts on the ventral side of the Processus vocalis adjacent to the insertion of M. sterno-
trachealis. M. vocalis dorsalis originates on the dorsal surfaces of A-10 through A-12.
Its insertion covers most of the ventrilateral surface of the Processus, from A-3 to A-6,
where it is in contact with the insertion of M. tracheolateralis.

Rhinocrypta is like Pteroptochos, differing as follows. M. tracheolateralis divides
into two fasciculi, a narrow dorsal one inserting on A-16 and a broad ventral one
inserting on A-19 and A-20. M. vocalis dorsalis originates on the dorsolateral surfaces
of A-17 through A-22. Its fibers are parallel to those of the ventral branch of M.
tracheolateralis. The insertion is on the Processus, ventrally adjacent to the insertion
of M. sternotrachealis.

Scytalopus is unlike all of the above. M. tracheolateralis inserts dorsolaterally in a
broad area of A-11 and A-12 and laterally on the Processus vocalis. Some superficial
dorsolateral fibers are continuous with part of M. sternotrachealis, the remainder of
which inserts on the Processus. The intrinsic muscle consists of a narrow band of fibers
nearly covered by M. tracheolateralis. It originates on the lateral surface of A-19 and
inserts on the anterior-end of the Processus. Without more specimens I am unwilling
to name this muscle in the terms applied to those of other rhinocryptids. Miiller
mentioned the insertion of M. sternotrachealis on the Processus and stated without
further description that the Processus is drawn upward by “other muscles.”

Teledromas is unlike all of the above. M. tracheolateralis is a narrow lateral band
inserting on the anterior end of the Processus vocalis. M. sternotrachealis inserts in a
circular area of the Processus, immediately posterior to the insertion of M. tracheo-
lateralis. There are no intrinsic muscles.

In Psilorhamphus Plétnick found one pair of intrinsic muscles, which he described
as extensions of the Mm. tracheolaterales, “as in many birds.” It is evident from the
illustration that both the intrinsic muscle and M. tracheolateralis insert on the anterior
end of the Processus, but I cannot make out whether the intrinsic muscle lies posterior
or ventral to the extrinsic one. The origins of the muscles are not shown. M. sterno-
trachealis (called “costo-tracheal” by Plétnick) inserts directly on the anterior end
of the Processus.
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SUPERFAMILY TYRANNOIDEA.
NOMENCLATURE.

The nomenclature on p. 14 is applicable to this suborder, with the following
additions:

1) Cartilaginous elements.

Internal cartilages. This term was applied by Miskimen (1963) to the paired
cartilaginous plates lying in the internal tympaniform membranes. Miiller’s (1847)
term Cartilago arytenoidea implies homology to the arytenoid cartilages of the mam-
malian larynx and hence is not appropriate. Internal cartilages are variable in shape
and in number and may float freely in the membranes or be attached to other elements.
2) Muscles.

M. obliquus ventralis is a new name for the paired intrinsic muscle originating
directly or on a median raphe at or near the ventral midline. It extends postero-
laterally, to insert on one or more elements or on the membranes between them. This
muscle was first named by Miskimen (1963), but the name that she used, “M. syringeo-
ventralis”, is much like the name “M. syringeus ventralis,” applied by Setterwall
(1901) and others to one of the oscine syringeal muscles. To avoid misunderstanding
a wholly new name appears justified. Miiller applied the term ‘kehlkopfmuskel” to
this and all other intrinsic syringeal muscles.

M. obliquus lateralis is a new name for another paired intrinsic muscle that orig-
inates on the lateral surface of one or more A-elements and extends posteriorly or
posteroventrally to insert on one or more elements, usually near the insertion of M.
obliquus ventralis. Miskimen (1963) called this “M. syringeo-lateralis.”

M. obliquus dorsalis originates on or near the dorsal midline and extends postero-
laterally to insert on one or more A- or B-elements. It has not been described by
previous authors.

FAMILY COTINGIDAE. COTINGAS.
Specimens Examined.

Of 92 species in 34 genera (including Pseudattila Zimmer 1936, Zaratornis Koepke
1954, and Conioptilon Lowery and O’Neill 1966), I have examined the following 39
individuals of 30 species in 23 genera:

Phoenicircus carnifex (Linnaeus)
Heliochera rubrocristata (Lafr. and D’Orb.)
Cotinga amabilis Gould

Cotinga maculata (Miller)

Xipholena punicea (Pallas)

Carpodectes nitidus Salvin

Euchlornis jucunda (Sclater)

Euchlornis aureopectus (Lafresnaye), two specimens.
Iodopleuraisabellae (Shaw and Nodder)
Attila spadiceus (Gmelin)

Attila cinnamomeus (Gmelin)

Casiornis rufa Vieillot

Laniocera rufescens (Sclater)
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Rhytipterna holerythra (Scl. and Salv.), three specimens.
Lipaugus unirufus Sclater

Pachyramphus rufus (Boddaert)

Pachyramphus polychopterus (Vieillot), two specimens
Pachyramphus viridis (Vieillot)

Platypsaris aglaiae (Lafresnaye), three specimens
Tityra semifasciata (Spix)

Tityra inquisitor (Lichtenstein)

Tityra cayana (Linnaeus)

Querula purpurata (Miiller)

Pyroderus scutatus (Shaw), two specimens
Cephalopterus ornatus GeofI. Saint Hilaire
Perissocephalus tricolor (Miiller)

Gymnoderus foetidus (Linnaeus)

Conioptilon mcilhennyi Lowery and O’Neill

Procnias tricarunculata (J. and E. Verreaux)

Rugpicola rupicola (Linnaeus), three specimens

I know of the following descriptions by previous authors:

Phibalura flavirostris Vieillot — Miiller (1847, p. 32; 1878, p. 26)

Xipholena punicea (Pallas) — Miiller (1847, p. 31; PL. 6, figs. 1, 2; 1878, p. 26)
Todopleura pipra (Lesson) — Miiller (1847, p. 30; 1878, p. 25)

Calyptura cristata (Vieillot) — Miiller (1847, p. 30; 1878, p. 25)

Lipaugus cineraceus (Vieillot) — Garrod (1877b)

Pachyramphus rufus (Boddaert) — Miiller (1847, p. 32; PL 6, fig. 6; 1878, p. 26)
Platypsaris aglaiae (Lafresnaye) — Garrod (1877b)

Tityra cayana (Linnaeus) — Miiller (1847, p. 31; PL. 6, fig. 5; 1878, p. 26)
Pyroderus scutatus (Shaw) — Garrod (1878)

Cephalopterus ornatus GeofI. Saint Hilaire — Tschudi (1843)

Cephalopterus ornatus Geoff. Saint Hilaire — Sick (1954)

Perissocephalus tricolor (Miiller) — Miiller (1847, p. 31; PL 6, fig. 4; 1878, p.26)
Conioptilon mcilhennyt Lowery and O’Neill — Lowery and O’Neill (1966)
Procnias alba (Hermann) — Miiller (1847, p. 26; PL. 1, figs. 1-6; 1878, p. 22)
Procnias nudicollis (Vieillot) — Miiller (1847, p. 27; P. 1, figs. 8-14; 1878, p. 23)
Rupicola rupicola (Linnaeus) — Miiller (1847, p. 31; PL. 6, fig. 3; 1878, p. 26)

Cartilaginous Elements.

In Cotinga (Pls. 15 and 16) A-1 is divided; A-2 is double; A-3 is divided; A-4
is incomplete ventrally; A-5 and subsequent elements are complete. Each element
has a thin flange at its posterior edge overlapping the anterior edge of the next
element. The pessulus is fused to A-4 at the dorsal midline. At its ventral end it is
connected to A-3 and A-4 by cartilaginous strips. There are no internal cartilages.
All of the B-elements are divided. The middle third of B-1 is enclosed in a mass of
fibrous connective tissue, some of which is attached to A-1 and B-2.

Xipholena is like Cotinga, differing as follows. A-1 through A-4 are divided. The
pessulus is fused dorsally to both A-4 and A-5 and ventrally to A-5. There is no fibrous
connective tissue enclosing B-1. Miiller’s description and illustration of Xipholena
agree closely with the above.
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Conioptilon is like Cotinga, differing as follows. A-1 through A-4 are divided and
there is an extra component, A-3al.. The elements lack the flanges found in Cotinga.
The pessulus is fused to A-4 at both ends. B-1 is only slightly curved and is not en-
closed in connective tissue. Lowery and O’Neill (1966), whose information was pro-
vided by me from the specimen described here, were concerned only with the general
similarity of the syrinx of Conioptilon to those of the Cotinginae and Gymnoderinae.

Phoenicircus is like Cotinga, differing as follows. A-1 through A-4 are divided.
A-1 is ossified only for the dorsal quarter, but this may be individually variable. The
element is quite narrow and is straighter than A-2. The pessulus ends dorsally in a
small plate which lies between the ends of A-3 and A-4. At the ventral end it butts
with the ends of A-3. The ventral ends of A-3 and A-4 are tightly bound together with
fibrous connective tissue. There is no mass of tissue surrounding B-1.

Euchlornis is like Cotinga, differing as follows. The two species examined differ
slightly from each other. In E. jucunda A-1 through A-5 are divided; A-6 and subse-
quent elements are complete. The pessulus is fused to A-6. In E. aureopectus only
A-1 through A-3 are divided; A-4 and subsequent elements are complete. The pessulus
is fused to A-4 at both ends. In both species B-1 is a very heavy element, bent
anteriad at the ends.

Tityra is like Cotinga, differing as follows. There are minor variations among the
specimens examined. In T'. semifasciata A-3 is complete and carries the pessulus. There
is an extra divided component A-2aR. In T. inquisitor A-3 is divided and fused
dorsally to A-4, which is complete and bears the pessulus. In T'. cayana A-1 through
A-5 are divided and the pessulus is absent. In all three specimens the anterior ends
of the internal tympaniform membranes consist of a continuous sheet of cartilage which
is attached to the dorsal and ventral ends of the divided elements, and contains the
pessulus. At its edges the sheet blends into connective tissue, which encloses the ends
of B-1. Miiller’s specimen of T'. cayana was virtually identical to mine, to judge from
his illustration.

Heliochera is like Cotinga, differing as follows. Only A-1 is divided; A-2 and
subsequent elements are complete. The pessulus is fused dorsally and ventrally to A-2.
Partial dissection by C. William Beebe has removed the connective tissue surrounding
B-1, if any was present.

Of Phibalura, Miiller (1878, p. 26) stated only that “the thin lateral muscle is
inserted into the third bronchial ring,” suggesting that probably only the lower two
or three A-elements were divided. He described Calyptura as like “the true Ampe-
linae” (Cotinginae) and we may infer from the description that A-1 and possibly A-2
are divided. :

Querula is unlike all of the above. The specimen is lacking everything posterior
to B-1. A-1 through A-4 are divided and are very broad, each element overlapping
the one posterior to it. A-5 is incomplete dorsally; A-6 and subsequent elements are
complete. B-1 is divided and narrow. A narrow pessulus is fused to A-6 at both ends.
The entire region from A-1 through A-6 consists of a hemispherical chamber, the
diameter of which is about twice that of the trachea at A-10.

Carpodectes is like Querula, differing as follows. A-1 through A-7 are divided;
A-8 and subsequent elements are complete. The ventral ends of B-1 through A-7 are
connected by a horseshoe-shaped piece of soft cartilage, the ends of which almost
touch at B-1. A similar cartilage joins the dorsal ends of the same elements. The
narrow pessulus is fused to A-8 at both ends.
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Pyroderus is unlike all of the above (see Pl. 20). Immediately behind the larynx
the trachea is enlarged, mostly dorsoventrally, forming a long chamber, elliptical in
cross section. In the region of A-21 through A-26 the trachea tapers to a circular
cross secticn. A second chamber lies in the region of bifurcation, enclosed by B-1
through A-6. It is more conical in shape than hemispherical. The lateral diameter of
the syrinx at A-1 is about three times that at A-10, where the lower trachea is narrow-
est. A-1 and A-2 are divided; A-3 is incomplete dorsally; A-4 and subsequent elements
are complete. A-4 and A-5 are broadly fused at the dorsal and ventral midlines, as
are A-5 and A-6. A-3 and A-4 are fused at the ventral midline only. The broad, heavy
pessulus is fused to A-3 at the ventral end only. The posterior ventral edge of A-3 has
a deep semicircular indentation on each side of the midline and the anterior ventri-
lateral edge of A-2 has similar indentations. The two combine to create a pair of
roughly circular membranous windows completely bordered by the elements, which
are tightly attached to each other by fibrous connective tissue at the edges of the
windows. The posterior lateral edge of A-1 has a shelf-like extension projecting well
beyond B-1. There are only six B-elements, all of them divided. They decrease in size
progressively in the posterior direction, resulting in strongly tapered bronchi. Garrod’s
description and illustrations of the syrinx of Pyroderus agree closely with the above.

Perissocephalus is like Pyroderus, differing as follows. A-1 through A-4 are divided;
A-5 and subsequent elements are complete. The dorsal and ventral fifths of each
divided element are soft cartilage, while the middle three-fifths is hard. The soft
regions are convex, relative to the lumen. A small semicircular piece of soft cartilage
connects the ends of A-1 through A-4, also touching B-1. The lower A-elements in
this genus and in those below lack the elaborate sculpturing found in Pyroderus.

Miiller’s description of Perissocephalus implied that it is much like Pyroderus.
He mentioned that A-1 through A-5 are divided and that there is an enlargement of
the anterior part of the trachea as in Cephalopterus.

Cephalopterus is like Pyroderus, differing as follows. A-1 through A-5 are divided;
A-6 and subsequent elements are complete. The pessulus (Pl. 21) is fused to A-6 at
both ends and is indented to receive the ends of A-5, which fit closely to it. At each
midline, where the pessulus meets A-6, there is a triangular hole with the point
directed anteriad. There are only four B-elements. They are delicate and successively
smaller in diameter. The descriptions of Cephalopterus by Tschudi and by Sick were
confined to the exterior shapes of the respiratory tubes. Both noted the anterior
expansion of the trachea, the chamber in the syringeal region, and the short bronchi.

Gymnoderus is like Pyroderus, differing as follows. The trachea is expanded in the
region of A-8 through A-19, rather than more anteriorly. The dorsoventral diameter
at A-13 is about twice the lateral diameter; at A-5 the ratio of the two diameters is
about 1.5 to 1. A-1 through A-3, all divided elements, are arched, concave posteriorly.
The pessulus is fused to A-4 at both ends. There are six B-elements, B-1 being heavy
and dorsally spatulate, the others being delicate and decreasing in diameter
consecutively. '

Rupicola is unlike all of the above. A-1 through A-3 are divided; A-4 and subse-
quent elements are complete. A-4 through A-6 are wholly fused, except for ventrilateral
spaces between A-5 and A-6 in the AMNH specimen. The pessulus is fused to A-4 at
both ends. B-1 is closely fitted to A-1 from which it differs in shape and hardness. The
NYZS specimen was stained with alizarin by Dr. Beebe (using the technique of
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Hollister, 1934) in order to determine the degree of calcification of the elements. All
of the A-elements were heavily stained, the B-elements virtually not at all. Miiller
mentioned only the musculature of Rupicola.

Procnias is unlike all of the above. A-1 through A-4 are divided and are fused,
forming a pair of broad curved plates. The diameter of the syrinx at A-1 is about
three times that at A-7, A-5 is a very narrow complete element, the edges of which
are closely fitted to adjacent elements. The pessulus appears to float in about the
middle of the long space between A-1 and B-1, held in place by the surrounding
membranes. The A-1/B-1 membrane is very long anteroposteriorly, about equal to the
distance covered by the first six A-elements.

Miiller’s detailed descriptions of P. alba and P. nudicollis were primarily con-
cerned with musculature. In the former species he found two divided elements (prob-
ably A-1 and A-2) anterior to the long membrane; in the latter species there was only
a single divided element there. Possibly the “single” element was composed of several
fused elements.

Atiila (Pls. 15 and 16) is unlike all of the above. A-1 is divided; A-2 is double;
A-3 is divided; A-4 is incomplete dorsally; A-5 and subsequent elements are complete.
In YPM 2130 there is an extra divided component, A-3aR. B-1 is heavy and is spatulate
dorsally. The pessulus is attached to A-4 ventrally and free dorsally. There are two
pairs of internal cartilages. A large J-shaped dorsal pair is fused anteriorly to the
medial region of A-2, the short arm of each “I” extending ventrad. The other pair
float in the ventral part of the internal tympaniform membranes at the level of B-2.
Each is a small “d” with the corner situated anteriorly and the short arm directed
dorsad. The bronchi are long and straight, with very little taper.

Casiornis is like Aétila, differing as follows. A-3 is incomplete ventrally and A-4 is
complete. The pessulus is a soft narrow bar fused dorsally to A-3 and free ventrally.
The internal cartilages are more J-shaped than J-shaped, and are about half as wide
as in Attila. The smaller pair are short straight bars in line with the ventral ends
of the larger ones. '

Rhytipterna is like Attila, differing as follows. The pessulus ends ventrally in a
small elliptical plate which fits the space between the ventral ends of A-2 and A-3
but is not fused. The dorsal internal cartilages are much narrower than those of
Attila and- are strongly J-shaped. The ventral pair are small thick bars close to the
ventral ends of the dorsal pair.

Laniocera is like Attila, differing as follows. A-2 is divided and A-3 is complete.
The two elements are fused near the ventral midline. The ventral internal cartilages
are short, straight thick bars, flattened on their medial surfaces, where they are in
contact with each other.

Iodopleura is unlike all of the above. A-1 is divided; A-2 is incomplete dorsally;
A-3 and subsequent elements are complete. The midventral region of A-2 is very
broad and blends imperceptibly into the pessulus, which touches the dorsal ends of
A-2 but is not fused to them. A pair of very small, short, roughly triangular internal
cartilages is fused to the pessulus near the ends of A-2. All of the B-elements are
divided. B-1 is shorter and straighter than the others, resulting in markedly constricted
bronchi. The latter are long and nearly untapered.

Pachyramphus is unlike all of the above. In P. rufus and P. polychopterus A-1 is di-
vided; A-2 is incomplete ventrally; A-3 and subsequent elements are complete. There
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is no flare in the syringeal region, A-1 having about the same diameter as the more
anterior elements. In both specimens of P. polychopterus the pessulus is fused dorsally
to A-2 and is free ventrally; in the specimen of P. rufus it is fused ventrally to A-2R;
and in P. viridis A-2 is complete and bears the pessulus. There is a single pair of very
small, straight, narrow, internal cartilages, situated at the dorsal edge of the internal
tympaniform membranes. Miiller’s description of P. rufus was concerned only with the
musculature.

Platypsaris is like Pachyramphus, differing only in that A-2 is divided and the
internal cartilages are slightly wider. The pessulus is attached to A-3. Garrod appar-
ently found A-2 to be complete in his specimen. His description does not make clear
the position of the A-1/B-1 membrane, for he mentioned (1878, p. 143) the “the
second bronchial semi-ring is not modified” (in comparison with the first semi-ring,
which is “of the same flattened and deep nature as the tracheal rings”), but that the
third semi-ring is “the commencement of the normal bronchus.”

Lipaugus is unlike all of the above. A-1 and A-2 are divided; A-3 are subsequent
elements are complete. A-2 through A-4 are connected by areas of soft cartilage, cre-
ating a semi-rigid drum. The pessulus is fused to A-3 at both ends. The 15 B-elements
are of nearly uniform size, resulting in long, straight, only slightly tapered bronchi.
The middle three-fifths of each B-element is ossified. B-1 is arched anteriorly and lies
close to A-1, with the intervening region filled with fibrous connective tissue. There
are no internal cartilages. The syrinx of L. cineraceus, as described by Garrod, is
identical to that of L. unirufus.

Musculature.

In Cotinga (Pls. 15 and 16), M. tracheolateralis is a narrow, lateral band which
broadens near its insertion to nearly twice its anterior width. It inserts on the con-
nective tissue surrounding B-1. In my specimen of C. amabilis a slip from the dorsal
edge of the muscle inserts on the dorsolateral surface of A-7 (probably an individual
variant). In both species M. sternotrachealis inserts on the dorsolateral surfaces of A-9
through A-14, adjacent to the dorsal edge of M. tracheolateralis. There are no intrinsic
muscles.

Xipholena is like Cotinga, differing as follows. About the ventral third of the
fibers of Mm. tracheolaterales are attached to the trachea at A-8 on the left and at
A-9 on the right. The attachment is not readily apparent and seems to involve only
the deep fibers of the muscle. M. sternotrachealis inserts on A-12 through A-14.

Euchlornis is like Cotinga, differing only in that M. tracheolateralis is proportion-
ately twice as wide and M. sternotrachealis is continuous with the dorsal superficial
fibers of M. tracheolateralis at A-15.

Heliochera is like Cotinga, differing only in that M. sternotrachealis inserts on
A-15 and A-16.

Phibalura and Calyptura are like Cotinga, to judge from Miiller’s brief descriptions.
He mentioned only that they have thin lateral Mm. tracheolaterales and no intrinsic
muscles.

Rupicola is like Cotinga, differing only in that M. tracheolateralis is broad anter-
iorly, narrowing at the level of A-15 through A-20, and that M. sternotrachealis is
continuous with the dorsal fibers of the lateral muscle. Miiller described the “thin
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lateral muscle” as inserting on “the first really small halfring” [“an den ersten schon
schmalen Halbring,” (Miiller, 1847, p. 31) translated by Bell (Miiller, 1878, p. 26) as
“the first halfring, which is quite small”’]. It is evident from his illustration that Miiller
did not mean ‘“the first halfring,”” for he clearly showed the insertion on B-1, with
A-1 divided.

Querula is like Cotinga, differing as follows. M. tracheolateralis inserts on A-1.
M. sternotrachealis is continuous with the dorsal fibers of M. tracheolateralis, which
it meets at A-10.

Carpodectes is like Cotinga, differing only in that M. tracheolateralis is propor-
tionately half as wide and inserts on A-1; and M. sternotrachealis inserts directly
on the lateral surfaces of A-10 through A-12.

Pyroderus is like Cotinga, differing as follows. M. tracheolateralis is attached to
the center of B-1 by a broad tendon which is folded over the projecting edge of A-1.
M. sternotrachealis meets the trachea at A-17 and inserts by a fan-shaped tendon to
A-18 through A-23.

Perissocephalus is like Cotinga, differing as follows. M. tracheolateralis is free of
the trachea from A-9 to A-2, being straight where the lateral surface of the syrinx
is concave. M. sternotrachealis inserts on A-11 through A-14. Miiller did not mention
the muscles in his description of this genus.

Cephalopterus is like Cotinga, differing as follows. M. tracheolateralis inserts on
the middle of A-1. M. sternotrachealis is continuous with the superficial ventral fibers
of the lateral muscle. Tschudi stated that the lateral muscle in his specimen inserted
on the fourth bronchial semiring, which was A-1 only if A-5 was complete.

Gymmnoderus is like Cotinga, differing as follows. M. tracheolateralis bends ventrad
in the region of A-20 and broadens so that each muscle covers about one-sixth of the
tracheal circumference at A-13, where both the width of the muscle and the dorso-
ventral diameter of the trachea are greatest. The muscle then bends dorsad, tapering
rapidly, and inserts in a narrow area near the dorsal end of B-1. M. sternotrachealis is
extremely narrow (possibly an artifact of the age of the specimen) and is continuous
with the dorsal superficial fibers of M. tracheolateralis.

Procnias is unlike all of the above. M. tracheolateralis is thick and narrow, inserting
on the lateral surface of A-5. A thick pad of intrinsic muscle covers the syrinx, on all
sides, from A-4 to B-2. It originates on A-1 through A-4 and extends posteriad to insert
on the A-1/B-1 membrane, B-1, the B-1/B-2 membrane, and B-2. Some fibers extend
around the dorsal ends of the elements to the medial surface of the internal tympani-
form membranes. By far the largest part of the insertion is on the A-1/B-1 membrane,
which is tough and fibrous. M. sternotrachealis inserts on the ventrilateral surface of
the intrinsic muscle by a broad fan-shaped tendon. A particularly thick part of this
tendon is attached to the posterior surface of the muscle. Miiller’s detailed descriptions
and illustrations of P. alba and P. nudicollis agree closely with the above.

Attila (Pls. 15 and 16) is unlike all of the above. The Mm. tracheolaterales are
broad ventrilateral bands for most of their length, each being about 60 degrees of the
tracheal circumference wide. They broaden to touch each other at the ventral midline
in the region of their insertion, on the ventral two-thirds of A-6. M. sternotrachealis
inserts on the lateral surfaces of A-14 through A-16, adjacent to the dorsal edge of
M. tracheolateralis. An intrinsic muscle, for which I tentatively employ the name
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M. obliquus ventralis, originates adjacent to the ventral midline of A-4 through A-6
and ventrilaterally along A-6 and A-5. It extends laterad and posteriad to insert on
the center of the A-1/B-1 membrane.

Casiornis is like Attila, differing as follows. The Mm. tracheolaterales meet ven-
trally at about A-18 and remain in contact to their insertion, on A-5. M. sterno-
trachealis inserts on A-9 through A-11. M. obliquus ventralis originates midventrally
on A-3 through A-5 and laterally along A-5. Its insertion is mostly on A-1, with a few
superficial fibers of the dorsal region attached to the A-1/B-1 membrane.

Laniocera is like Attila, differing as follows. The Mm. tracheolaterales meet ven-
trally high on the trachea and remain in contact to their insertion, on A-3 ventrally
and on A-4 laterally. M. sternotrachealis inserts on the membranous sheath covering
M. tracheolateralis, with a few dorsal fibers in continuity with the latter muscle. M.
obliquus ventralis originates on A-3 ventrally and on A-4 ventrilaterally. At their ventral
edges the pair overlap. The right muscle originates along the anterior edge of element
A-3 on both sides of the midline and its fibers overlie those of the left muscle, which
originates on the posterior edge of the element, also on both sides of the midline.
They insert symmetrically on the respective A-1/B-1 membranes.

Todopleura is like Attila, differing as follows. The Mm. tracheolaterales are very
thin and completely cover the ventral two-thirds of the trachea, inserting on A-3.
M. sternotrachealis inserts on the dorsolateral surfaces of A-5 through A-7, with a
few fibers continuous with M. tracheolateralis. The intrinsic muscles, apparently Mm.
obliqui ventrales, originate on A-3 adjacent to the insertion of the Mm. tracheolaterales
and midventrally on the A-2/A-3 membrane. They insert directly on the dorsal ends
of the respective halves of B-1. Miiller found no intrinsic muscles in Todopleura pipra.

Rhytipterna is like Attila, differing as follows. M. sternotrachealis is wholly con-
tinuous with the dorsal fibers of M. tracheolateralis. M. obliquus ventralis originates
on the midventral region of A-3 and A-4 and ventrilaterally on A-4; it inserts on the
ventral half of A-1.

Lipaugus is unlike all of the above. The Mm. tracheolaterales are wide, covering
the ventral half of the trachea down to A-13, where they separate and narrow. Each
inserts on the middle third of the respective half of B-1. M. sternotrachealis inserts
directly on A-9 through A-15, passing through a slot in M. tracheolateralis. There
appear to be intrinsic muscles in my specimen, but damage to the ventral region of the
syrinx between A-4 and A-8 precludes accurate determination of the myology of that
region. On each side is a band of muscle lying superficial to M. tracheolateralis and
apparently originating on A-5 and A-6 just medial to the ventromedial edge of the
latter muscle. This superficial layer extends obliquely across the extrinsic muscle to
insert on B-1, just lateral to the insertion of M. tracheolateralis. Garrod found no
intrinsic muscles in L. ¢cineraceus.

Pachyramphus is unlike all of the above. The Mm. tracheolaterales converge at
about A-35 and their combined mass becomes narrower and thicker toward the
insertion. They terminate at A-3 on a single tendinous sheet which shortly divides
into two narrow tendons. These are attached to the right and left ventral ends of A-1
and B-1. M. sternotrachealis is a robust muscle which inserts on the ventrilateral
surfaces of A-7 through A-11. The exact area of insertion varies slightly among the
five specimens. In YPM 1041 (P. polychropterus) it is on A-8 through A-10, in YPM
2577 (P. viridis) on A-9 through A-11. M. obliquus ventralis originates ventrilaterally
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on A-3 and A-4, adjacent to M. tracheolateralis, and extends laterally and posteriorly
to insert by a broad tendon to the middle of B-1.

In P. rufus Miiller noted the ventral narrowing of the Mm. tracheolaterales but
stated that they terminate at the end of the trachea (A-2); apparently he did not
find a tendinous insertion. His description of the intrinsic muscle agrees generally with
my findings.

Platypsaris is like Pachyramphus, differing as follows. M. tracheolateralis, although
similar in shape to that of Pachyramphus, lacks the tendinous insertion; it inserts
directly on the ventral end of A-1. M. sternotrachealis inserts on A-14 through A-17,
with some fibers continuous with the dorsal fibers of M. tracheolateralis. The origin of
M. obliquus ventralis includes A-2, as well as A-3 and A-4, and the insertion is
atendinous, on the dorsal end of B-1.

In Garrod’s description of P. aglaiae the positions of the individual muscles are
difficult to ascertain. He mentioned that the “syringeal muscles” did not reach the
second bronchial semiring (B-1) but he appears to have meant M. tracheolateralis.
He stated that this species is identical to Pachyramphus rufus as described by Miiller,
but the illustration of Platypsaris shows no oblique intrinsic muscle as shown by Miiller.
In view of the wide disparity of both descriptions and illustrations it is odd that Garrod
should have stressed the similarity of the two syringes.

FAMILY PIPRIDAE. MANAKINS.
Specimens Examined.

Of 56 species in 21 genera, I have examined the following 15 individuals of 11
species and seven genera:

Piprites chloris (Temminck)

Pipra mentalis Sclater, two specimens

Pipra erythrocephala (Linnaeus)
Chiroxiphia lanceolata (Wagler)
Chiroxiphia caudata (Shaw and Nodder), two specimens
Ilicura militaris Parzudaki

Corapipo leucorrhoa (Sclater)

Manacus vitellinus (Gould)

Manacus candei (Parzudaki)

Schiffornis virescens (Lafresnaye)
Schiffornis turdinus (Wied), three specimens

I know of the following descriptions by previous authors:

Pipra erythrocephala (Linnaeus) — Miiller (1847, p. 30; Pl 4, figs. 4, 5; 1878,
p. 25)

Pipra pipra (Linnaeus) — Miiller (1847, p. 29; P1. 4, figs. 9-11; 1878, p. 24)

Chiroxiphia pareola (Linnaeus)—Miiller (1847, p. 29; Pl. 4, figs. 6-8; 1878, p. 24)

Chiroxiphia pareola (Linnaeus) — Lowe (1942)

Manacus manacus (Linnaeus) — Miiller (1847, p. 30; 1878, p. 25)

Manacus vitellinus (Gould) — Lowe (1942)

Schiffornis turdinus (Wied) — Garrod (1877b)
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Cartilaginous Elements.

In Piprites A-1 through A-3 are divided; A-4 is incomplete dorsally, A-5 and
subsequent elements are complete. The pessulus is narrow at its ventral end, where
it is fused to A-4, and broad dorsally, where it is fused to A-3L and A-4R. The region
between the pessulus and the dorsal ends of A-1, A-2, and A-3R is not membranous,
but consists of a thin sheet of soft cartilage. Posteriorly the sheet is about twice as
thick as the A-elements and has two short, pointed extensions, directed posteriad.
There are no internal cartilages. The B-elements are all divided, B-1 being broad and
spatulate at its dorsal end, the others being uniformly narrow.

Schiffornis is unlike Piprites. In S. turdinus A-1 and A-2 are divided; A-3 and
subsequent elements are complete. The pessulus is fused to A-3 at both ends. B-1
is heavier than either the A-elements or the other B-elements and is nearly straight.
The result of this straightness is a constriction of the air passages at B-1. A single pair
of internal cartilages is attached to the dorsal ends of A-2. They are J-shaped with
the curvature directed ventrad. §. virescens differs from S. turdinus only in that A-3
is incomplete dorsally and is fused to A-4 for its ventral half and at its dorsal end.
The pessulus is fused dorsally to A-4. Garrod’s description of S. turdinus agrees with
the above in all major points.

Manacus is unlike both of the above. A-1 through A-4 are divided; A-5 and
subsequent elements are complete. A-1 is about twice the width of the other A-elements
and has a projection along its posterior edge, to which M. tracheolateralis is attached.
A-2 is wholly fused to A-1 and to A-3 for its ventral half. The narrow pessulus is fused
to the ventral ends of A-2, but is free dorsally. The dorsomedial region between the
ends of A-2 and A-3 consists of a sheet of soft cartilage, thickened at its posterior edge.
Miiller’s brief description of M. manacus was largely concerned with musculature,
but he did state that the “third bronchial ring” (apparently A-1) was very strong.
Lowe’s remarks on M. vitellinus are in accord with the above.

Pipra is unlike all of the above. In P. erythrocephala A-1 is divided; A-2, A-3 and
A-4 are double; A-5 is incomplete ventrally; A-6 and subsequent elements are com-
plete. A-1 and A-2 are completely fused, as are A-5, A-6 and A-7, the last three
forming a rigid drum. The B-elements are soft and quite delicate. B-1 and B-2 are fused
into a single broad plate at their dorsal ends. There are no internal cartilages. The
pessulus is a medial extension of the dorsal edge of A-5 and is in contact with A-4
for most of its length. It terminates ventrally in an oblong shield that overlies the
midventral regions of A-2 through A-5. P. pipra differs only in that the drum is
composed of A-5 and A-6.

Miiller’s description and illustration of P. pipra differs from the above only in
minor points: in his specimen A-2 was divided and there apparently was no drum.
In P. erythrocephala he found the cartilages to be like those of P. pipra.

Corapipo (Pls. 15 and 16) is unlike all of the above. A-1 through A-4 are divided;
A-5 through A-7 are incomplete dorsally; A-8 and subsequent elements are complete.
The narrow pessulus is fused to A-8 dorsally and to A-5 ventrally. The dorsal ends of
A-1 through A-4 are connected by a pair of narrow bars of soft cartilage. There are
no internal cartilages. There is a prominent projecting shelf in the middle of B-1 but
no muscles are attached to it. The dorsal ends of B-1 and B-2 are spatulate and fused
to each other.
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Chiroxiphia (Pls. 15 and 16) is unlike all of the above. In C. lanceolata A-1
through A-3 are divided; A-4 and A-5 are incomplete dorsally; A-6 and subsequent
elements are complete. A-6 through A-11 are fused into a drum, smooth dorsally but
showing the fusion seams ventrally. A short mid-dorsal extension of A-6 lies in the
dorsal openings of A-4 and A-5. The dorsomedial region from B-1 to A-4 consists of
a single sheet of soft cartilage, attached to the dorsal ends of A-1 through A-4 and to
the ventral ends of B-1 and A-1. The pessulus and internal cartilages are lacking.
C. caudata differs from C. lanceolata in that A-6 and A-7 are incomplete dorsally
and the drum consists of A-8 through A-14. In YPM 2587, A-7R is fused dorsally to
the drum and in the AMNH specimen A-7L is fused dorsally to the drum.

Miiller’s description and illustration of C. pareola are similar to the above. He
found A-1 through A-3 divided; A-4 through A-6 or A-7 incomplete dorsally; A-8
and subsequent elements complete. In the illustration about seven elements are shown
as incomplete dorsally. No mention is made of a drum, and in the illustration only
A-11 and A-12 are shown as fused.

Ilicura is unlike all of the above. A-1 through A-5 are divided; A-6 is incomplete
dorsally; A-7 and subsequent A-elements are complete. The ventral ends of the
divided elements are narrow and slightly spatulate. The dorsal ends of B-1 and A-1
through A-5 are connected by a bar of soft cartilage. The pessulus extends from A-2
ventrally to A-6 dorsally and is free at both ends. The difference between A-1 and
B-1 is not as great as in most manakins, B-1 being close to and parallel to A-1, but
different in consistency and cross section. The ventral ends of B-1 are almost com-
pletely fused. The bronchi are short and strongly tapered, there being only seven
B-elements.

Musculature.

In Piprites the Mm. tracheolaterales are narrow lateral bands inserting directly
on the center fifth of B-1. M. sternotrachealis is wholly continuous with the dorsal
half of M. tracheolateralis, which it meets at the level of A-8. There are no intrinsic
muscles.

Schiffornis is unlike Piprites. M. tracheolateralis is of medium width, occupying
the lateral 60° of the trachea on each side. It inserts on A-4 through A-6 in §. turdinus
and on A-3 through A-5 in S. virescens. M. sternotrachealis inserts directly on A-9
and A-10, dorsally adjacent to M. tracheolateralis. A short, broad intrinsic muscle
originates immediately posterior to the insertion of M. tracheolaterales and extends
posterodorsad to insert by a short tendon to the subterminal dorsal quarter of B-1.
In one specimen of S. turdinus the intrinsic muscle is covered by a thin, but full-width
extension of M. tracheolateralis, which inserts just beyond the intrinsic muscle.

In his description of S. turdinus Garrod mentioned only M. tracheolateralis, which
he found to insert in the center of “the second bronchial semiring” (A-1). Apparently
he did not find an intrinsic muscle.

Manacus is unlike all of the above. The Mm. tracheolaterales converge at the level
of A-27 and thicken midventrally, resulting in a prominent bulge in the region of A-4
through A-7. The majority of the thick portion consists of the left muscle, the fibers
of which lie down on both sides of the ventral midline, but insert only on the left.
The insertion is along the ventral seven-eighths of A-1. M. sternotrachealis is con-
‘tinuous with the lateral superficial fibers of M. tracheolateralis, which it meets at
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A-11. There is no intrinsic muscle. Miiller’s description of M. manacus and Lowe’s
of M. vitellinus agrees closely with the above description, which is based on M. cande:
and M. vitellinus. Lowe illustrated but did not describe a peculiar form of M. sterno-
trachealis in which the pair of musclesshare a midventral tendon with diffuse attach-
ment. I have not found such a condition.

Pipra is unlike all of the above. M. tracheolateralis inserts ventrally and ventri-
laterally on the anterior edge of the drum; i.e. on A-6 in P. mentalis and A-7 in P.
erythrocephala. M. sternotrachealis inserts on the membranous sheath surrounding
M. tracheolateralis. The intrinsic muscle originates broadly near the anterior edge
of the drum, immediately posterior to the insertion of M. tracheolateralis. It extends
posteriad to insert directly on nearly the entire surface of A-1. In P. pipra Miiller
found no intrinsic muscle. Instead, he described M. tracheolateralis as divided into
two fasciculi, which inserted on separate areas of A-1.

Chiroxiphia (Pls. 15 and 16) is unlike all of the above. The Mm. tracheolaterales
cover the ventral half of the trachea for most of their length, inserting on the anterior
edge of the drum, A-11 in C. lanceolata and A-14 in C. caudata. M. sternotrachealis
is wholly continuous with the superficial lateral fibers of M. tracheolateralis. A broad,
thick intrinsic muscle originates on the anterior edge of the drum from the ventral
midline to the dorsolateral surface. Miiller stated that the muscle consisted of three
longitudinal portions, but no such divisions exist in my specimens. The majority of the
muscle’s mass is in the dorsolateral region. The insertion has three components. In
C. lanceolata the muscle inserts ventrally by a broad tendon to A-2 and dorsolaterally
by two narrow tendons, to the dorsal ends of A-1 and B-1, respectively. C. caudata
differs only in that the broad ventral tendon is attached to A-1.

Ilicura is unlike all of the above. The Mm. tracheolaterales converge at about A-25
and cover the ventral two-thirds of the trachea to their insertion on A-4 and A-5
ventrally, on A-6 ventrilaterally and, with a dorsolateral extension, on the dorsal end
of B-1. The torsion of this muscle is such that fibers from the left muscle insert about
30° to the right of the ventral midline. The Mm. sternotracheales insert on the mem-
branous sheath surrounding the Mm. tracheolaterales, with a few fibers attached
directly to A-15 and A-16 at the dorsal edge of the latter muscle.

There is a single pair of intrinsic muscles, which I tentatively call Mm. obliqui
ventrales, due to their similarity to those muscles in the Tyrannidae. Each of the pair
originates adjacent to the ventral midline of A-2 and A-3 and also ventrally and
ventrilaterally on A-4 and A-5. It extends posterolaterally and posterodorsally to insert
along nearly the entire length of B-1. At its dorsal edge this muscle is in contact with
the extension of M. tracheolateralis.

Corapipo (Pls. 15 and 16) is unlike all of the above. The Mm. tracheolaterales
cover the ventral half of the trachea from about A-38 to A-8, where they diverge
ventrally and bend dorsad, inserting along a line from the ventrilateral surface of A-7
to the lateral surface of A-4. Approximately ‘the dorsal sixth of the fibers extend to
A-1. M. sternotrachealis is extremely robust and inserts directly on the lateral surface
of A-15 through A-26, adjacent to the dorsal edge of M. tracheolateralis.

There are two pairs of intrinsic muscles. The ventral one originates immediately
posterior to the insertion of M. tracheolateralis, from A-7 to A-4 and on the lateral
surfaces of A-3 and A-2. It extends posteroventrad to insert on the ventral end of A-1,
wrapping itself around the end of the element. The dorsal muscle originates on the
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lateral surface of A-2 and A-3 and extends posterodorsad to insert on the dorsal end of
A-1, just lateral to the insertion of the extension of M. tracheolateralis.

FAMILY TYRANNIDAE. TYRANT FLYCATCHERS.
SUBFAMILY FLUVICOLINAE.

Specimens Examined.

Of the 70 species in 27 genera, I have examined the following 46 individuals in
28 species and 21 genera:

Agriornis livida (Kittlitz)

Agriornis microptera Gould

Xolmis coronata (Vieillot)

Xolmis irupero (Vieillot)

Xolmis pyrope (Kittlitz) , two specimens
Muscisaxicola albilora Lafresnaye

Muscisaxicola maculirostris Lafr. and D’Orb.
Lessonia rufa (Gmelin)

Neoxolmis rufiventris (Vieillot) , two specimens
Ochthoeca fumicolor Sclater, two specimens
Sayornis phoebe (Latham), three specimens
Sayornis nigricans (Swainson)

Sayornis saya (Bonaparte)

Colonia colonus (Vieillot), three specimens
Gubernetes yetapa (Vieillot) , two specimens
Yetapa risora (Vieillot)

Knipolegus nigerrimus (Vieillot)

Knipolegus cyanirostris (Vieillot), three specimens
Phaceotriccus hudsoni (Sclater)

Entotriccus striaticeps (Lafr. and D’Orb.)
Lichenops[= Hymenops] perspicillata (Gmelin)
Muscipipra vetula (Lichtenstein)

Fluvicola climazura (Vieillot)

Arundinicola leucocephala (Linnaeus)
Pyrocephalus rubinus (Boddaert), five specimens
Muscigralla brevicauda (Lafr. and D’Orb.) two specimens
Satrapa icterophrys (Vieillot), two specimens
Machetornis rixosa (Vieillot) , three specimens

I know of only the following descriptions by previous authors:

Lessonia rufa (Gmelin) — Miiller (1847, p. 35; PL. 6, fig. 7; 1878, p. 29)

Sayornis phoebe (Latham) — MacGillivray (1839)

Sayornis phoebe (Latham) — Miskimen (1963)

Fluvicola pica (Boddaert) — Miiller (1847, p. 35; PL 6, figs. 8,9; 1878, p. 29)

Pyrocephalus rubinus (Boddaert) — Miiller (1847, p. 34; Pl 5, figs. 6. 7; 1878,
p. 28)

Machetornis rixosa (Vieillot) — Miiller (1847, p. 34; 1878, p. 28)
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Cartilaginous Elements.

In Xolmis (Pls. 5 and 6), A-1 through A-4 are divided; A-5 and other A-elements
are complete. A-2, A-3 and A-4 are weakly fused at their dorsal ends to a triangular
plug of soft cartilage which fills the dorsomedial region adjacent to these elements
and extends ventrad to connect the ventral ends of the same elements. All of the
B-elements are divided. The internal cartilages are rounded triangles, with their
pointed ends posteriad and their anterior edges weakly fused to the cartilaginous plug.
There is no pessulus, but in the following genera compared with Xolmis the pessulus
is present unless otherwise noted.

Phaeotriccus is like Xolmis, differing as follows. A-3 is double, with the medial
section white, spongy cartilage. A-4 is complete and indented mid-dorsally. The
pessulus is fused to A-4 at both ends and is completely hidden by the cartilaginous plug.

Pyrocephalus is like Xolmis, differing only in that the fusion of the internal car-
tilages to the plug is more complete. Miiller (1847, p. 35) reported the “first bronchial
ring,” apparently A-2, to be double (“vollstandig”) and A-3 complete. In one of my
specimens (YPM 2766) A-4 is slightly longer medially than in the other specimens,
approaching the double condition. Considering the relative uniformity among my five
specimens, Miiller’s must be considered an extreme variant.

Knipolegus is like Xolmis, differing only in that the internal cartilages are com-
pletely fused to the cartilaginous plug, with no joint visible.

Neoxolmis is like X olmis, differing as follows. A-5 is divided. In YPM 2736, A-5R
is fused dorsally to A-6. The internal cartilages are broader than those of Xolmis
and slightly crescent-shaped.

Gubernetes is like Xolmis, differing as follows. Only A-1; A-2 and A-3 are divided;
A-4 is complete and is fused to the cartilaginous plug at the dorsal midline. The
internal cartilages are J-shaped, with the curve directed posteriad and ventrad.

Agriornis is like X olmis, differing as follows. In the specimen of 4. livida there is a
supernumerary component, A-4aR, the dorsal end of which does not reach the car-
tilaginous plug. At its ventral end A-4aR tapers to about one half its usual width and
lies very close to A-5. There are two pairs of internal cartilages: one pair completely
fused to the cartilaginous plug, consisting of straight bars, and a second pair, posterior
to the ends of the first, consisting of short bars oriented at right angles to the first pair.

Fluvicola is like X olmis, but my specimen is too damaged by shot to make detailed
analysis possible. All of the A-elements appear to be like those of X olmis.

Muscisaxicola is like Xolmis, differing only in that A-5 is divided and fused to
the cartilaginous plug, as are A-2 through A-4.

Satrapa and Entotriccus are like Xolmis, differing as follows. A-4 is not fused to
the cartilaginous plug. The proportions of all of the elements are much more delicate
than those of Xolmis; the membranous interspaces are proportionately wider. The
internal cartilages are J-shaped and fused to the cartilaginous plug anteriorly.

Muscipipra appears to be like Xolmis, but in my specimen the entire ventral por-
tion of the syrinx was removed by shot, as well as most of the right bronchus and part
of the mid-dorsal region. From the remainder the following points can be made out.
A-1 through A-3 are divided; A-4 is complete and is fused to the cartilaginous plug.
A-2 is not fused to the plug.

Yetapa is like Xolmis, differing as follows. A-1 through A-4 are fused dorsally to
the cartilaginous plug. These four elements are joined at their ventral ends by a
band of soft cartilages. B-1 is strongly curved inward at both ends.
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Lichenops (Pls. 7 and 8) is strikingly different from Xolmis. A-1, A-2 and A-3
are divided; A-4 and A-5 are incomplete dorsally and are joined at their dorsal ends.
All except A-1 are fused dorsally to the cartilaginous plug. The latter has prominent
ridges in line with the attached elements. The ventral ends of A-1, A-2, and A-3 are
joined by an inverted “U” of soft cartilage, which has an anterior extension lying
superficial to the midventral regions of A-4 through A-7 and joined to them. Lying
in the midsagittal plane and fused to this “U” is a hook of stiff cartilage directed
anteriad.

Colonia (Pls. 5 and 6) is also different from all of the above. A-1, A-2 and A-3
are divided and the remaining A-elements are complete. The concavity of A-1 and
A-2 is directed nearly posteriad and at the lateral edge of A-1 is a projecting shelf
occupying the middle quarter of the element. In the YPM specimen and the second
AMNH specimen A-2 is fused to A-3 at the dorsal end. In the first AMNH specimen
the dorsal cartilages are asymmetrical ; A-2L. and A-3L are fused but A-2R is discrete,
while A-3R is fused to A-4. The cartilaginous plug is small and is attached to the
dorsal ends of A-2 and A-3 only. It has a medial extension reaching ventrad about
two-thirds of the distance to the ventral ends of A-2. The internal cartilages are
rounded triangles, flexibly joined to the cartilaginous plug.

Ochthoeca is like the YPM specimen of Colonia, differing only in that A-1 lacks
the projecting shell.

Muscigralla is like Colonia, differing as follows. A-1 and A-2 are divided; A-3
is complete. There is no fusion of elements. The small cartilaginous plug is fused to
the dorsal ends of A-2 and to the mid-dorsal posterior edge of A-3. The internal
cartilages are long narrow bars fused to the plug and extending posteriad to the level
of B-2.

Arundinicola is like Colonia, differing as follows. A-3L is fused to a short mid-dorsal
posteriad extension of A-4, while A-3R is free. A narrow extra component, A-3aR,
located very close to A-4, is also fused dorsally to the same extension. There is a short
free pessulus. There are two pairs of internal cartilages: a long dorsal pair lightly
attached to the pessulus and extending posteriad to the level of B-2; and a small
circular ventral pair fused to the ventral end of the pessulus.

Sayornis also differs markedly from all of the above. None of my specimens shows
any fusion of elements. In S. nigricans A-1, A-2 and A-3 are divided. A-4 is complete
and has a mid-dorsal posteriad extension which curves ventrad, forming the pessulus,
free at the ventral end. The pessulus is partially covered by a small cartilaginous plug,
attached to the dorsal ends of A-2 and A-3. The internal cartilages are rounded
equilateral triangles fused flexibly to the plug. In §. phoebe A-1 through A-4 are
divided and the pessulus is an extension of A-5. The cartilaginous plug is a transverse
bar connecting the dorsal ends of A-2, A-3 and A-4. The internal cartilages are short
straight bars fused to the cartilaginous plug and extending posteriad to the level of
A-1. S. saya differs from S. phoebe only in that A-5 and A-6 are incomplete dorsally.

In MacGillivray’s description of the syrinx in S. phoebe A-1 and A-2 are divided
(“dimidiate”) and A-3 complete. Miskimen’s specimens of S. phoebe fit the above
description except that A-4, A-5 and A-6 are fused ventrally.

Lessonia (Pls. 5 and 6) is unlike all of the above. A-1 through A-4 are divided;
A-5 and A-6 are incomplete dorsally. A-7 is complete and has a long mid-dorsal
extension lying between the dorsal ends of A-6, A-5, and A-4. The edges of the
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extension are indented to accept the ends of the elements, which are not fused to it.
There is no cartilaginous plug and no pessulus. The internal cartilages are shield-
shaped, with their broad ends anteriorly, and close to but not fused to the dorsal
ends of A-2.

Machetornis (Pls. 7 and 8) is strongly different from all of the above. A-1 is
divided and A-2 double; A-3 and other A-elements are complete. A-3 has a mid-dorsal
posteriad extension which tapers into an extremely thin pessulus, free at its ventral
end. There is no cartilaginous plug. The internal cartilages are small and elliptical
and are not fused to any other elements. B-1 consists of a pair of nearly straight bars
lying very close to A-1. B-2, whose ends touch those of B-1, consists of a pair of
near-semicircles, half as thick as B-1. The bronchi of Machetornis are considerably
longer and less tapering than those of the above genera.

Musculature.

In Xolmis pyrope and X. irupero, M. tracheolateralis covers the ventral half of
the trachea posterior to A-30. It inserts directly on A-5, ventrally and laterally, mostly
near the anterior edge of the element. M. sternotrachealis originates on the interior
surface of the coracoid process of the sternum. Near its insertion on the trachea it fans
out into a broad flat sheet which inserts on the tough membrane overlying M. tracheo-
lateralis. A few of the dorsal fibers insert directly on the lateral surfaces of A-15
through A-19. M. obliquus ventralis originates along the ventral midline on A-3, A-4
and A-5 as well as ventrilaterally on A-5. The dorsal limit of its orig