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ABSTRACT 

This is a study of the hyoid bones of 501 species, 

and of the tongue muscles of 259 species, of perching 

birds. Hyoidean variations of alternative kinds are re

ported to occur in the shape of the basihyale and the 

ceratobranchiale, in the manner of insertion of the M. 

hypoglossus posterior and M. ceratoglossus posterior, 

and in the origin of the M. stylohyoideus. These vari

ations are described in detail and illustrated, and an 

attempt is made to establish their functional as well 

as their taxonomic significance. Evidence is developed 

to show that the Orepaniidae possess the hyoidean 

adaptations of cardueline finches, and that the Olive 

Warbler (Peucedramus taenlatus) has the hyoid bones, 

hyoid muscles and jaw muscles of an Old World warbler. 

It is strongly suggested that Peucedramus be removed 

from the Parulidae and placed in the Sylviidae. 
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INTRODUCTION 

Anatomical characters of value in classifying 

passerine birds at the suprageneric level are badly needed. 

Few such characters have been discovered, probably because 

few internal structural features of the perching birds 

have been thoroughly investigated. Since one can foresee, 

however, that perhaps every anatomical characteristic of 

nearly all living birds will be studied sooner or later, I 

wish not to comment here on past neglect of the comparative 

anatomy of the passerines; nor need I, for both Beecher 

(1953) and Bock (1960) have given us good accounts of this. 

I wish to point out, instead, that comprehensive anatomical 

knowledge of the 5000 species of perching birds will not be 

gained until museums have assembled very large spirit col

lections of passerine specimens and have made the specimens 

available for dissection. The museums accordingly face a 

great responsibility and a tremendous task. Present inter

est in passerine comparative anatomy surely shall decline 

if the present supply of specimens is not soon greatly ex

panded. 

The internal structures which I shall describe and 
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discuss in this study are the tongue bones and tongue 

muscles of the perching birds. The study began when I noted 

striking interfamilial differences in the fundamental shape 

of one of the bones of the hyoid apparatus, the basihyale 

(Pig. 1A) . A subsequent preliminary survey of passerine 

hyoid musculature revealed that two of the hyoid muscles, 

the M. stylohoideus and M. hypoglossus posterior, vary among 

species in alternative and highly uuggestive ways. The ne

cessity for determining the functional significance of these 

variations, so that evolutionary interpretation of the vari

ations could at least be attempted, led to investigation of 

the function of the tongue. 

Neither the bones nor the muscles of the passerine 

hyoid have been much studied in the past. Lucas (1896) 

superficially surveyed the hyoid bones, and Furbringer 

(1922) figured the hyoids of a number of species. Bates 

(1930) alone has employed the bones in a taxonomic study; 

he assigned the Hylliidae to a phylogenetic position next 

to the Nectariniidae on the basis of the singular morph

ology of the hyoid horns shared by the birds of the two 

groups. 

Shufeldt (1890) described the tongue muscles of 

the Raven. Moller (1930-31) reported on the tongue muscles 



3 

of four passerine species, and Engels (1938) made a very 

fine study of the tongue musculature of nineteen species; 

he also corrected Shufeldt's errors, synonymized the 

hydoidean myological terminology, and observed: "Some dif

ferences in detail have been noted; the finches especially, 

exhibit well-defined variations and seem most likely to 

repay a comparative, functional or blologlsch-anatomische 

study." I have borrowed the muscle nomenclature employed 

by Engels. 

It is important to consider here the anatomical 

plan and functional role of the hyoid apparatus. Essential

ly, the hyoid apparatus is a Y-shaped skeleton of small 

bones (Fig. 1A); its posterior parts (the ceratobranchialia 

and epibranchialia) curl upward over the ventro-posterior 

surface of the cranium, while the anterior parts (the 

basihyale and paraglossilia) lie in the mouth. This funda

mental skeleton is secured to the sides of the mouth by two 

muscles (M. branchiomandibularis and M. stylohyoideus), and 

to the ventral midline of the trachea by two muscles (M. 

tracheohyoideus and M. thyreohyoideus). Additonally, con

nective tissue secures the apparatus to the trachea by lash

ing the latter to the urohyale. 

The tongue itself consists of the tissues enfolded 
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around the tinest and most anterior of the hyoid bones, the 

paraglossalia. The paraglossalia articulate with the 

anterior end of the basihyale. Clearly, when the bones of 

the hyoid apparatus change position, the tongue changes 

position. Contraction of the hyoid muscles causes the hyoid 

apparatus to change position, and then we say the tongue 

has moved. 



OBJECTIVES 

The aims of this study are: 1) to survey the hyoid 

bones and muscles of perching birds and record all notice

able variation between species; particularly, to determine 

the fundamental shape of the basihyale and the origin and 

insertion of the M. stylohyoideus and M. hypoglossus pos

terior in as many passerine species as possible, 2) to de

termine the function of the tongue bones and tongue muscles, 

3) to establish the taxonomic significance of hyoidean 

variation, and 4) to use taxonomically significant charac

ters of the hyoid in improving the present classification 

of the perching birds. 

5 



METHODS AND MATERIALS 

Much of the study materials I used were obtained 

through personal collecting in the field, or from col

leagues who gave me newly collected specimens. Customary 

methods were used to prepare the specimens either as al

coholics or skeletons. Bones were cleaned by dermestid 

bettle larvae. Most myological specimens, with the skin 

intact, were thoroughly injected with a 10 per cent solu

tion of formaldehyde, placed in jars containing an addi

tional 10 per cent formalin solution and maintained there 

until hardened. They were then washed in water for peri

ods of from twenty four to forty eight hours and trans

ferred to a solution of 60 per cent isopropyl alcohol in 

which concentrated glycerine had been added to the water 

(10 cc. per 30 cc. of water). 

For the study and comparison of bones and the dis

section of muscles, I used a binocular dissecting micro

scope, making notations and sketches. To obtain the meas

urements of the muscles of the two species contrasted in 

Figure 5 (Audubon's Warbler and Brewer's Sparrow), cross 

sections of the muscles were drawn to scale on graph paper 

6 
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as I viewed them through a net reticule. 

Incomplete dissections of a sizeable number of speci

mens were made. Such dissections usually involved only the 

hypoglossus posterior, the ceratoglossus posterior and the 

ceratoglossus anterior. These muscles, fortunately, can be 

studied in specimens of tongues which have been literally 

torn out of a bird's mouth, since their origins and inser

tions are confined to well-protected places among the tongue 

bones, and do not attach to the mandible, trachea, or skull. 

I took advantage of this whenever complete alcoholic speci

mens of selected species were not available for dissection. 

Tongues in great numbers were dried and labeled in the 

field for me by colleagues. Even after long dehydration in 

the paper wrappers, the musculature of these specimens could 

be partially restored by soaking the hyoid in water. I 

could then dissect out the origins and insertions of the 

three undamaged muscles. 

Field study of the tongue movements of feeding birds 

proved difficult. Consequently, a large magnifying lens, of 

the type incorporated in photo-enlargers, was mounted at a 

food tray where captive birds were induced to feed. Living 

birds thus were observed under 2-3x magnification as they 

seized seeds and handled them with bill and tongue. 
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The Green-tailed Towhee and White-crowned Sparrow 

were chief guests In the special feeding cage. Close-range 

observations, however, were made of other species as they 

fed: a captive Cedar Waxwing devoured berries; fledgling 

captive Bendire's Thrasher, (Curve-billed Thrasher), Albert's 

and Brown Towhees, and a Whip-poor-will ate hand-fed in

sects and their tongue actions were noted. In addition, I 

performed an operation on House Sparrows which permitted 

me to view the hyoid horns and associated muscles as a bird 

moved its tongue forward and backward in the mouth. 
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RESULTS 

THE HYOID BONES 

Basihyale (Fig. 1A) 

The passerine basihyale is, except for rare inter

mediates, one of two clearly dissimilar fundamental shapes. 

Either it is a round, oval or block-like bone (Fig. IB), 

or it is a laterally-compressed blade-like sheet (Fig. 1C). 

The latter type I define as being a laterally-compressed 

bone throughout its entire length. 

If species are segregated according to type of 

basinhyale, a striking fact emerges; in New World birds, 

the laterally-compressed basihyale is restricted, with but 

one exception, to species of the families Coerebidae, 

Parulidae, Drepaniidae, Icteridae, Thraupidae, and Fringil-

lidae, all of which are nine-primaried birds and are thought 

to be closely related. The single New World ten-primaried 

passerine which possesses a laterally-compressed basihyale 

is the Brown Creeper, Certhla familiaris. The only species 

now classified among the Coerebidae, Parulidae, Drepaniidae, 

Icteridae, Thraupidae, and Fringillidae which possesses a 

cylindrical basihyale is the Olive Warbler, Peucedramus 
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taeniatus. It is well also to mention that the aberrant 

Swallow Tanager, Terslna vlridis, which is often considered 

a relative of these families, has a cylindrical basihyale. 

Basihyalia which appear to be intermediate between 

the laterally-compressed and cylindrical types are confined 

among New World birds to the Furnariidae and Phytotomidae. 

Apparently in all Furnariids and Phytotomids the posterior 

half or two thirds of the basihyale is laterally-compressed 

(Fig. 11B1), while the anterior section of the bone is a 

dorso-ventrally flattened oval shaft (Fig. 11B2). Possibly 

intermediate is the basihyale of Microbates clnereiventris, 

a supposed Sylviid; its basihyale tends to become laterally 

compressed along the dorsal surface but on the whole pre

sents in cross-section an outline different from any other 

species (Fig. 11F). 

Among strictly Old World passerines, the laterally-

compressed basihyale occurs in the Ireniidae (Chloropsis 

aurifrons), Zosteropidae (Zosterops) and the entire Ploceid 

assemblage. The Zosteropid Rukla sanfordl and at least one 

Timaliid, Yuhlna nigrimentum, appear to be of an intermedi

ate description (Fig. 11D). 

The shape of the basihyale in each species examined 

is given in Table I. 
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Intraspecif1c variation in the fundamental shape of 

the basihyale is not known to me to occur in adult speci

mens. However, the basihyale of nestlings may differ in 

shape from that of the adult bone. In two nestling Painted 

Redstarts (Setophaga picta) and in three nestling House 

Sparrows (Passer domesticus) - all of undetermined age but 

probably about three days old- I found the basihyale to be 

cylindrical, while in adults the bone is laterally-com

pressed. In young nestling Olive Warblers (Peucedramus 

taeniatus), on the other hand, the basihyale is essentially 

rounded like that of adult birds. 

To my best knowledge, the basihyale of Passer and 

of Setophaga attain the adult form before the young leave 

the nest. My specimens of fledglings of these species, and 

of the fledglings of other species as well, all possess the 

adult form of the basihyale. 

General function.—The basihyale is the midpiece of 

"heart" of the hyoid apparatus. All the other hyoid bones 

except the epibranchialia articulate with it. All the 

muscles which control the more discreet tongue movements 

either insert directly upon it or are associated with it 

very closely. Its function simply is to afford an avenue 

through which the peripheral hyoidean muscle movements can 
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be borne to the tongue, and it provides surfaces for the 

insertion of the muscles which manipulate the tongue in 

the feeding process. 

Ceratobranchiale (Fig. 1A) 

The ceratobranchiale of the vast majority of species 

is a long slender smooth bone which appears rather oval in 

cross section (Fig. 10J), or presents a cross section with 

ventrally rounded and dorsally flattened surfaces (Fig. 10E). 

In a relatively few species, the dorsal surface of the bone 

is more or less excavated, so the bone resembles a shallow 

ditch. In cross section such bones present the outline of 

a late phase moon (Fig. 10A to 10D, 10F to 101). This 

latter form occurs in its most pronounced condition in the 

following birds: cardueline finches and Hawaiian Honey-

creepers; Tanaqra, Richmondena. Pyrrhuloxia, Sporophila, 

Oryzoborus, Atlapetes, Pipllo, Pooecetes. Junco, and no 

doubt in other heavy-billed seedhusking species. 

Eber (1956) has noted the excavated ceratobranchiale 

in heavy-billed finches and illustrated the feature for 

European species ranging from Emberiza (slender-billed seed-

huskers) to Carduells, Pyrrhula, and the like (heavy-billed 

carduelines). 
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general function.—The certobranchiale provides 

surfaces for the origin of the ceratoglossus posterior and 

affords an avenue for the transmission of the forces 

brought about by the contraction of the branchiomandibularis. 

Paraglossale (Fig. 1A) and the Tongue 

The tiny paraglossalia lie side by side within the 

tongue throughout much of their length. They are actually 

joined at their extreme anterior tips and at their articu

lation with the basihyale. Posterior to this articulation, 

they are widely separated. 

In most birds the paraglossalia are surrounded by 

merely thin sheets of cornified epithelium, and the result

ing tongue is light of weight. But in seedhusking species, 

these bones are imbedded in what Gardner (1925) termed a 

"tick knoblike mass of stratified squamous epithelium," 

and a massive tongue results from this. Heavier-billed 

seedhuskers have very thick tongues. In tongues ranging 

from those of rather thin-billed species (Melosplza) to 

those of heavy-billed species (Carpodacus), tongue-depth 

increases impressively 

A special feature can be seen in the tongues of seed

huskers: namely, a longitudinal fissure on the dorsal sur
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face. I call it the seedhandling cup. 

Epibranchiale (Fig. 1A) and Urohyale (Fig. 1A) 

Neither of these structures is of interest in the 

present study. 



THE HYPID MUSCLES 

M. mylohyoideus (Fig. 2A) 

On making a longitudinal incision in the skin of the 

throat, and deflecting the skin to the side, the first 

muscle clearly revealed is the mylohyoideus. Its fibers 

comprise a transverse sheet which arises from the rami of 

the mandible, dorsal to the origin of the branchiomandi-

bularis; the muscle sheet from each ramus extends to the 

midline, joining there in either an obvious or obscure 

raphe; its midposterior edge is joined to the midanterior 

edge of the serpihyoideus by an aponeurosis. 

In the Cardinal (Richmondena cardinalis) and other 

heavy-billed seedhuskers, the mylohyoideus is much thick

ened and is massive as compared to more slender-billed 

species; moreover, the posterior half of the muscle in seed

huskers is not, as in thin-billed birds, a transverse sheet. 

Expansion on the mandible of the M. pterygoideus and the 

branchiomandibularis, it would seem, has forced the posterior 

originating fibers of the mylohyoideus to be concentrated 

with those of the anterior originating fibers. As a result, 

the posterior fibers extend to their inserting point in the 

17 
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midline at an oblique angle, like the segments of a fan 

(Fig.6). 

In a short series of species ranging from thin-

billed insectivores to light-billed seed-and-insect 

feeders to heavy-billed seedhuskers( the transition of the 

posterior half of the mylohyoideus from a strictly trans

verse to a fan-shaped sheet is very evident. Such a series 

is Vermivora to Melospiza to Carpodacus. 

Inferred function.—The primary function would 

appear to be the raising of the floor of the mouth. In 

the living subjects studied, the tongue became elevated in 

the living subjects studied, the tongue became elevated in 

the mouth as the hyoid apparatus moved downward and for

ward while the birds gaped. Perhaps, too, contraction of 

this muscle helps prevent the rami of the mandible from 

being spread during seedcracking; and it could help lock 

the rami to their articulation with the quadrate. No doubt 

it does aid in giving ventral support to much of the hyoid 

apparatus. 

M. ceratohyoideus (Fig. 3A). 

This small muscle, which extends obliquely between 

the hyoid horns dorsal to the serpihyoideus, is easily 
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overlooked; its topographical relationships are best under

stood by studying the illustration. Originating on the 

lateral surface of the distal tip of the ceratobranchiale, 

it covers the ventral aspect of the origin of the cerato-

glossus posterior. 

I have never failed to find this muscle in any 

passerine species. As one would expect, its size seems cor

related with dietary habit, being a relatively tiny and 

obscure muscle except in heavy-billed birds. In the Cardin

al, its expanded size is striking; here the anterior margin 

of the muscle extends beyond the anterior margin of the 

serpihyoideus, a condition reminiscent of the very promin

ent condition of the same muscle in the White-collared 

Swift (Streptoprocne zonaris) and in the Lesser Nighthawk 

(Chordellles acutipennis). 

Inferred function.—Neither the swift nor the night-

hawk is of course a heavy-billed bird. In swifts and 

Caprimulgids the expanded ceratohyoideus could help, when 

contracted, to prevent the hyoid horns from being spread by 

air-gusts when the bird engulfs insects at high speed. The 

enlarged ceratohyoideus of heavy-billed passerines, when 

contracted, could help prevent the hyoid horns from being 
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spread apart during seedhusking. Contraction of this 

muscle must oppose that of the ceratoglossus posterior. The 

force exerted by the ceratoglossus posterior (an expanded 

muscle in seedhuskers) would tend strongly to draw the 

posterior tips of the ceratobranchialia toward more lateral 

positions than is usual or advantageous. The inward force 

exerted on the ceratobranchialia by the contraction of the 

ceratohyoideus would offset this. The synergistic rela

tionship of the two muscles may accordingly maintain the 

hyoid horns in a more or less fixed and propitious plane, 

not only in seedhuskers but in all passerine birds. 

M. stylohyoideus (Figs. 2, 3, 4). 

In the vast majority of species, the origin of this 

long belt-like muscle is on the dorso-posterior end of the 

mandible, just in front of the depressor mandibulae; the 

insertion, with the exception of two species, is on the 

later&1 face of the basihyale. On leaving the mandible, 

its postero-medial border at once becomes bound by fascia 

to the antero-lateral edge of the serpihyoideus. "It then 

(Engels, 1938) crosses the branchiomandibularis superfici

ally, passes deep to the mylohyoideus and runs forward be

side the posterior ceratoglossus, gradually crossing to its 

dorsal side, and..." inserts. 
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A few or many of the originating fibers of this 

muscle may, as in Parus, Vermivora, Icterus and Junco 

attach to the ventro-anterior surface of the depressor 

mandibulae. An unique exaggeration of this "migration" 

occurs in Coereba flaveola; here the muscle, though cross

ing the posterior tip of the mandible, originates on the 

medio-ventral aspect of the squamosal, none of its fibers 

attaching to the mandible. 

In a number of species the stylohyoideus originates 

on the basitemporal plate of the skull (Fig. 2B), immedia

tely lateral to the origin of the serpihyoideus. These 

species are Sitta carolinensls, jS. pyqmaea, Meliphaga 

melanops and Chamaea fasciata; and the Sylviids Requlus 

calendula. R. satrapa, Polioptila caerula and Cisticola 

cherrlna (but not Malurus). and the Olive Warbler, 

Peucedramus. In the case of the nuthatches, numerous orig

inating fibers of the muscle also stem from the dorso-

medial edge of the depressor mandibulae. 

Tyrannids (Fig. 2C) are still differently charac

terized. In these species the stylohyoideus has a double 

origin: one on the posterior tip of the mandible, the 

other on the basitemporal plate. The muscle bundles of the 

duel origin are about equal in size, becoming a single 
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muscle bundle as they meet and unite opposite and medial to 

the posterior tip of the mandible. 

As already indicated, there are two species known 

to me in which the insertion of the stylohyoideus is not on 

the basihyale: Pygarrhichas albo-gularis (Purnariidae) and 

Eugralla paradoxa (Rhinocryptidae). In these species the 

muscle inserts on no bone but unites by a raphe with its 

opposite member in the midline, just anterior to the mid

line insertion of the serpihyoideus. 

Moller (1930-31) reported the stylohyoideus as in

serting on the head of the ceratobranchiale in species dis

sected by him from the families Coerebidae, Meliphagidae, 

Nectariniidae and Zosteropidae. I have yet to encounter 

this arrangement. 

Generally a slender thin muscle, the stylohyoideus 

is much expanded in seedhuskers, as may be seen in Figure 

4B. 

Inferred function.—Free contraction of this muscle 

pulls backwards the hyoid apparatus, withdrawing the tongue; 

it is aided in this function by the tracheohyoideus, thyre-

ohyoideus and perhaps by the serpihyoideus. If the opposite 

members of this muscle were to contract alternately while 

being opposed by the branchiomandibularis, lateral movement 
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of the tongue would result. This could be of great impor

tance to a seedhusker which must be able to position a seed 

between the gape of the jaws. 

M. serpihyoideus (Fig. 2A) 

Engels (1938): "A double fan-shaped muscle lying 

posterior to the mylohyoideous, with which it apparently is 

continuous. It arises, on either side, by a narrow band of 

fibers from the basitemporal plate, medial to the depressor 

mandibulae. These extend ventrad between the angle of the 

jaw and the muscle-wound ceratobranchiale and, turning 

mediad, spread out in a thin sheet of superficial muscle, 

the fibers from either side meeting in a median raphe and 

blending anteriorly with those of the mylohyoideus. On 

its deeper surface the inserting fibers of the ceratohyoi-

deus join the raphe." 

The serpihyoideus, in all the passerine species known 

to me, originates on the basitemporal plate and inserts as 

described above. I can find no evidence that Moller (1930-

31) correctly located the origin of this muscle on the 

mandible in the Meliphagidae, Nectariniidae, Coerebidae and 

Zosteropidae. In Cyanerpes. Coereba, Diglossa and Meliphaga, 

the origin is on the skull, and I can only conclude that 
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Moller erred. 

The serpihyoideus is, as illustrated in Figure 5, 

a thick muscle bundle in seedhusking species rather than a 

mere sheet. 

Inferred function.—Though it may aid in withdraw

ing the hyoid apparatus (in conjunction with the stylo-

hyoideus and other muscles), the primary function of this 

muscle is, I think, to "lock in" the epibranchiale, upon 

which the powerful branchiomandibularis inserts. Contrac

tion of the branchiomandibularis drags forward the epi

branchiale and thus the entire hyoid apparatus. But this 

happens only because the serpihyoideus, originating lat

eral to the epibranchiale on the basitemporal plate, and 

inserting medial to the epibranchiale, is like a staple 

nailing the bone down. It prevents the epibranchiale from 

being drawn to the side. But for this arrangement, con

traction of the branchiomandibularis would pull the hyoid 

horns apart and thus draw the hyoid apparatus backwards in

stead of forward. 

M. branchiomandibularis (Figs. 2A, 3). 

This is the largest and presumably the most powerful 

muscle of the tongue in most birds. It originates by two 



25 

quite distinct bundles from the medial surface of the man

dible, ventral to the origin of the mylohyoideus. From the 

mandible it extends posteriorly, passing dorsal to the sty-

lohyoideus and serpihyoideus, then enwinding the entire 

epibranchiale in a spiral haIf-turn. Of the two bundles 

comprising it, the medial invariably is the longest and 

largest; its origin on the mandible is always anterior to 

that of the lateral branch. 

In the vast majority of species, the lateral and 

medial branches originate adjacent to each other, and ordi

narily the attachment of the lateral branch is at about the 

midpoint of the length of the mandible; the medial branch 

attaches immediately in front of the lateral branch at 

about where the rami begin to curve inward to form the man

dibular symphysis. Due to this arrangement, the two bundles 

extend to the epibranchiale side by side, parallel to each 

other. 

There are, however, species in which the lateral 

branch takes its origin - a very broad origin - on the 

lateral surface near the posterior tip of the mandible, just 

in front of the origin of the stylohyoideus (Fig. 6). This 

arrangement creates a conspicuous "diastema" between the two 

branches!" it also revises the relationship of the two 
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branches; the lateral branch now has become an abbreviated 

muscle which approaches the epibranchiale at an oblique 

angle. I found this condition only in the following birds: 

Carpodacus cassinii, £. erythrimus, C. mexicanus, Chloris 

chloris, Spinus lawrencel, . psaltria, S_. tristis, 

Sporophila torqueola, Cactospiza pallida, Camarhynchus 

parvulus, <2. pslttacuta, Geosplza fullginosa, magni-

rostra and Certhidea. The condition is strongly suggested 

in Pslttlrostra bailleui. 

In one species, Phytotoma rara (Phytotomidae), I 

was not able to distinguish medial and lateral divisions 

of this muscle. 

Inferred function.—Contraction of the branchio-

mandibularis slides the hyoid apparatus - thus the tongue -

forward in the mouth. Further, it retains the apparatus 

in the forward position while the more discreet manipula

tions of the tongue (those involved in seed handling, etc.) 

are being made. That the branchiomandibularis is usually 

the largest muscle probably reflects the fact that it alone 

drags the entire hyoid apparatus forward; it has no assist

ance in this function. Curiously enough, the serpihyoideus 

of seedhuskers is apparently larger than the branchiomandi

bularis, as shown in Figure 4. 



Mm. geniohyoideus-genioglossus (Fig. 2A). 

Engels (1938) terms these muscles vestigial. They 

will be found, if at all, between the oral muscosa and 

mylohyoideus in the anterior floor of the mouth; they are 

comprised of obscure fibers, and as Engels says, they 

diverge "posteriorly from the region of the symphysis to

ward the medial sides of the sublingual glands" and dis

appear "posterior to the base of the tongue". I dis

covered them generally in birds of good size and doubt

lessly missed finding them in smaller birds where they 

may occur. Since the list of species in which these 

muscles previously have been found is a very limited one, 

I will list here all the species known to me, and not 

heretofore reported, that possess the muscles beyond 

doubt: Paradisea minor, Pvcnonotus capensis. Paramvthia 

montium, Grallina cyanoleuca, Melinphaga melanops, 

Dicrurus bracteata, Oreica gutteralis, Eugralla paradoxa, 

Thraupis abbas, Habia gutteralis, Saltator maximus, 

S_. coerulsescens, Rlchmondena, Pyrrhuloxia and Cvanocompsa 

parallina. 

I could in no instance be certain of where the 

muscles attached in any of these species. 
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M. ceratoglossus posterior (Fig. 3A). 

In most birds this muscle is comprised of essenti

ally longitudinal fibers throughout its length. Long 

fibers, from their origin on the distal one half of the 

dorsal surface of the ceratobranchiale, simply dove-tail 

together, creating a rope-like muscle which extends to the 

ventro-lateral side of the ceratobranchiale-basihyale arti

culation; here, without inserting, it gives off a long 

tendon; this runs forward just lateral to the midline and 

ventral to the hypoglossus posterior; it attaches on the 

ventro-medial border of the paraglossale, just in front of 

the paraglossale-basihyale articulation. 

The inserting tendon of the ceratoglossus posterior 

is fleshy in but three species known to me: Clarks' Nut

cracker (Nucifriga columbiana), Melephaga melanops, and 

Coereba flaveola. The tendon of Meliphaga is fleshy only 

to about the midpoint between the head of the ceratobran

chiale and insertion point on the paraglossale. 

In a sizeable number of birds, the ceratoglossus 

posterior inserts heavily by masses of short fibers along 

all, or nearly all, of the dorsal surface of the cerato

branchiale, with the result that a unipinnate muscle is 

composed. The following species share this condition: 
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Pvcnonotus capensis (Pvcnonotidae), Pomatostomus supercil-

ioris (Timaliidae); all cardueline finches and Hawaiian 

Honeycreepers dissected; all Darwin's Finches dissected ex

cept Cactospiza; and Tanagra lauta, T_. gouldi. Richiaondena, 

Pvrrhuloxia, Saltator. Junco, Sporophila. Orvzoboorus. 

Atlapetes, Pooecites, Pipilo, Splzella breweri, and many 

other seedhusking species. The cardueline finches and 

Hawaiian Honeycreepers especially exhibit, as groups, the 

condition in its most advanced form (see below). 

In one species, Pomatostomus supercilioris 

(Timaliidae), the ceratoglossus posterior inserts not only 

on the proximal dorso-lateral surface of the ceratobran

chiale, but on the ventral surface of the head of the 

ceratobranchiale and along the ventral median ridge of the 

basihyale to a point immediately before the posterior 

margin of the hypoglossus posterior. 

Inferred function.—Free contraction of the cera

toglossus posterior depresses the anterior tip of the 

tongue, by pulling the paraglossalia downward. If opposed 

by the ghpoglossus posterior, it helps draw the paraglos

salia apart within the tongue; this in turn depresses the 

tongue's lateral edges and arches the tongue's dorsal sur

face, as pointed out by Engels (1938). Thissarae action 
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helps open the tongue's see-handling cup of seedhusking 

species. 

M. ceratoglossus anterior (Fig. 3A). 

This very tiny muscle is, of all the tongue muscles, 

the most difficult to locate, at least in gross dissection. 

It usually originates on the ventral surface of the para-

glossale just anterior to the point of insertion of the 

ceratoglossus posterior, lateral to the paraglossale. From 

there it extends straight forward to a point beyond the 

anterior tip of the paraglossale, inserting a short dis

tance from the tip of the tongue. 

I have yet to discover any trace of this muscle in 

numerous families of the smaller birds (Pariidae, Sylviidae, 

Parulidae, and the like). Engels (1938) termed it "vesti

gial", but pointed out that if functional it could depress 

the extreme anterior tip of the tongue. 

To my knowledge, it is best developed in Cotingas 

(Lipaucrus unirufus) and in Manakins (Manacus candei), In 

these birds, it originates on the anterior ventral tip of 

the basihyale; from these it extends forward both between 

and lateral to the paraglossalia in a broad diamond-shaped 

sheet, inserting near the tip of the tongue as a single, 
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narrow, muscle bundle. 

A more interesting modification of the muscle occurs 

in Passer domesticus where the fibers are transverse instead 

of longitudinal; they originate on the medial edges of the 

paraglossalia and appear to extend between the paraglossalia 

as a single minute transverse muscle. I have not been able 

to detect any evidence of the ceratoglossus anterior in any 

other finch. Many hours devoted to teasing out promising 

pieces of tissue from the tongues of many species, then 

viewing the tissue under the higher power of a compound 

microscope, have yielded only negative results. 

Inferred function.—Doubtful. In its usual form it 

could depress the extreme anterior tip of the tongue; in 

Passer it may oppose the ceratoglossus posterior and hypo-

glossus posterior and act to draw the dorsal surfaces of 

the paraglossalia closer together within the tongue. 

M. hypoglosses posterior (Figs. 3, 7, 8, 9, 12-16). 

This is a small transverse muscle which originates 

on the medial edges of the posterior tips of the para

glossalia and has four alternative arrangements in perching 

birds. These are: 

A. The muscle extends between the paraglossalia, 
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passing beneath a cylindrical basinhyale in a single un

interrupted band; that is, it runs beneath a cylindrical 

basihyale without inserting on the basihyale (Figs. 7A, 

8A). Characteristic of the vast majority of non-seed-

huskers, including Peucedramus. 

B. The muscle inserts on the lateral faces of a 

cylindrical basihyale, a few fibers from the muscle's pos

terior margin extending freely between the paraglossalia. 

Characteristic of swallows only (Figs. 7B, 8B), though 

both in Dicrurus bracteata (Dicruridae) and in Phytotoma 

rara (Phytomidae) I found a few dorsal fibers of the 

muscle inserting on the ventral surface of the (rounded) 

basihyale. 

C. The dorsal portion of the muscle inserts on the 

lateral faces of a laterally-compressed basihyale, while 

the ventral portion extends freely between the paraglos-

silia (Figs. 7C, 7D). Characteristic of Certhia famili-

aris, and of most species of the families Ploceidae, 

Coerebidae, Parulidae, Thraupidae, Icteridae and Fringil-

lidae. 

D. The entire muscle inserts on a laterally-com

pressed basihyale. No fibers (or at most extremely few) 

cross the ventral thin face of the basihyale; none pass 
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freely between the paraglossalia (Figs. 7D, 8D). Thus the 

muscle is cleaved in half by the blade-like bone. Charac

teristic of Tanagra gouldi, the Drepaniidae, all cardueline 

finches, the geospizines Camarhvchus parvulus, Geospiza 

maanlrostra and Certhidea, and the fringillidine Sporophila 

torqueola (and possibly Ammosplza). 

It is not invariably possible to be certain if 

muscle fibers are passing from one lateral face of the basi-

hyale to the other across the ventral ridge of the bone in 

birds listed for condition D above. One cannot be sure if 

he is teasing away from the bone's ventral ridge muscle 

fibers or periosteum. One is easily able, however, to dis

tinguish between conditions C and D. In condition C, the 

muscle passing beneath the ventral ridge always appears an 

obvious sheet unless the specimen being dissected is a newly 

killed small bird in which the tissues have not yet been 

fixed. The hypoglossus posterior is a very tiny muscle in 

small birds (it may weigh less than .06 milligrams in wood 

warblers), and to dissect it properly one should only use 

specimens whose tissues are hardened. 

The condition of this muscle in each species ex

amined is given in Table I. 

Ehgels, the first to describe the hyposlossus pos
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terior in passeriform birds, wrote of it in his treatment 

of the Raven (1938) as follows: "An apparently unpaired 

transverse muscle.. ..Undoubtedly originating frcm paired 

primordia, the fibers coming from either side do not form 

a raphe, but overlap one another to form a continuous 

muscle extending from one paraglossale to the other." 

Only in three species have I found any trace of 

a raphe in the hypoglossus posterior: in Tanagra lauta 

(Thraupidae), Hemignathus wilsoni (Drepaniidae) and 

Cactospiza (Geospizinae). In Hemignathus. the raphe is 

particularly conspicuous and has a peculiar ragged ap

pearance as though a wound had been sutured by an incom

petent surgeon, leaving a jagged scar. Truly it would be 

interesting to know if the raphe Indicates 1) a primitive 

condition of the muscle, 2) a recent evolutionary mani

festation resulting from the knitting together of muscle 

once divided by the basihyale, 3) the laying down of con

nective tissue which might presage future development of 

new bone and thus the heightening of the basihyale, or 4) 

some other condition. In connection with the raphe in 

Tanagra lauta. it is interesting to note that the hypo

glossus posterior is cardueline (condition D.) in Tangra 

gouldi, and that in species closely related to Cactospiza 



and to Hemicmathua, the cardueline condition of the hypo-

glossus posterior is the "normal" condition. 

Inferred function.—Free contraction of the hypo-

glossus posterior raises the tongue; that is, it pulls down 

on the short posterior tips of the paraglossalia, tilting 

upward the anterior tips. It has a synergistic relation

ship with the ceratoglossus posterior which is described in 

the section devoted to the latter muscle. 

M. tracheohyoideus (Fig. 4) and M. threohyoideus (Fig. 4) 

These are highly variable muscles and can not be 

treated adequately in the present descriptions. Suffice 

it to say now that both muscles originate on the trachea 

and usually insert on the basihyale or on the head of the 

ceratobranchiale. Their contractions must help withdraw 

the tongue. 



OBSERVATIONS ON TONGUE FUNCTION 

The captive birds grasped food items with the bill. 

The non-seedhusking species immediately and without cere

mony used their tongues to shove the food into the throat. 

In the case of the Cedar Waxwing, the tongue seemed to be

have like a conveyer, the posterior tips of the paraglossa-

lia forming prongs which rose up behind a berry and more or 

less clasped the berry from behind. Then the tongue simply 

withdrew deeper into the mouth, conveying the berry into 

the throat. Tongue action differed from this with birds 

which ate insects, however. In swallowing an insect, the 

tongue rocked back and forth through a longitudinal arc, or 

better said, it teeter-tottered swiftly through a longi

tudinal arc. The teeter-tottering actions appeared irre

sistibly to drive any insect—even large living hawk moths 

and grasshoppers—into the throat. Long ago Gardner (1925) 

noted and described this. 

In seedhuskers, the tongue receives the seed from 

the bill, rolls or drags it to the side of the mouth, in

serts it between the biting surfaces of the jaws, rotates 

it constantly as the jaws bite up and down on the seed to 

36 
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crack the shell (see Eber, 1956), removes the seed kernel 

to the center of the mouth, spins or turns it against the 

palatal grooves in order to mill off pieces of recalcitrant 

husk, and finally shoves the seed kernel into the throat. 

These steps of the seedhusking process I observed with 

particular clarity in the case of a single Green-tailed 

Tovrhee. 



Table 1 

Shape of basihyale, origin of the stylohyoideus, and condition of 
the hypoglossus posterior are given for the passerine species studied. 

Origin of M. stylohyoideus: 

M - origin on mandible (Fig. 2A) 
S * origin on base of skull (Fig. 2B) 
MS = origin on mandible and skull (Fig. 2C) 

Condition of M. hypoglossus posterior: 

A = non-seedhusker (Figs. 7A, 8A) 
B = hirundinidine (Figs. 7B, 8B) 
C = fringillidine seedhusker (Figs. 7C, 8C) 
D = cardueline seedhusker (Figs. 7D, 8D) 

Basihyale S tylohyo ideus 

Species No. Shape No. 
exam. exam. 

Hypoglossus 
posterior 
type 

Origin No. 
exam. 

Remarks 

Dendrocolaptidae 

Dendrocolaptes certhia 2 cylind. 

Glyphorynchus spirurus 2 cylind. 

Lepidocolaptes leuco-
gaster 3 cylind. 

I., soulevetii 2 cylind. 

1 

1 

A 

A 

u> 
CD 



Sittasomus grisei-
capillus 2 cylind. 

Xiphocolaptes promero-
pirhvnchus 3 cylind. 

Xiphorhvnchus erythro-
pyqius 2 cylind. 

Furnariidae. 

Automolus orchrolaemus 4 cylind. 

A. rubiqinosus 3 cylind. 

Certhiaxis cinnamomea 1 cylind. 

Cincoldes antarcticus 1 cylind. 

Marqarornis rubiqinosus 1 cylind. 

Pvqarrhichas albo-qularis 1 cylind. 

Synallaxis brachyura 1 cylind. 

S. ervthrothorax 3 cylind. 

Xenops rainutus 2 cylind. 

Formi car i idae 

Cercoraacra tvrannina 3 cylind 

Cvmbilaimus lineatus 1 cylind. U) 
VO 



Dysithamnus mentalis 

Formicarius analis 

Grallaria guatimalensis 

Gymnoplthys leucaspis 

Microrhopias qulxensis 

Myrotherula axillaris 

Sakesphorus canadensis 

Taraba major 

Thamnistes anabatinus 

Thamnophilus doliatus 

Rhinocryptidae 

Eugralla paradoxa 

Cotingidae 

Attila spadiceus 

Lipaugus unirufus 

Pachyramphus mai or 

Platypsaris aglaiae 

Tityra (sp. indet) 

1 A 

M 

1 

2 

A 

A 

1 

1 

A 

A 

A 
o 



Pipridae 

Manacus candei 

Pipra mentalis 

Schlffornis turdinus 

Phytotomidae 

Phytotoma rara 

P. rutila 

Tyrannidae 

Aechmolophus mexicanus 

Camptostoma imberbe 

Contopus pertinax 

C. richardsonii 

Elaenia flavogaster 

viridicata 

Empidonax albigularis 

E. difficilis 

E. fulvifrons 

E. hammondii 

2 cylind 

2 cylind 

3 cylind 

1 cylind 

1 cylind. 

2 cylind. 

3 cylind. 

2 cylind. 

5 cylind. 

3 cylind. 

2 cylind. 

1 cylind. 

6 cylind. 

2 cylind. 

2 cylind. 



E. minimus 1 cylind. 

E. oberholseri 2 cylind. 

E. traillii 3 cylind. 

E. wriqhtii 3 cylind. 

Leqatus leucophaius 2 cylind. 

Meqarhynchus pitanqua 3 cylind. 

Mitrephanes phaeocercus 3 cylind. 

Muscivora tvrannus 1 cylind. 

Mviarchus cinerascens 6 cylind. 

M. riuttinqi 2 cylind. 

M. tuberculifer 5 cylind. 

M. tyrannulus 2 cylind. 

Myiobius sulphureipyqius 2 cylind. 

Mviodynastes luteiventris 2 cylind. 

Myiozetes similis 3 cylind. 

Nuttallornis borealis 1 cylind. 

Oncostoma cinereiqulare 3 cylind. 

Pyrocephalus rubinus 3 cylind. 

MS 

MS 

MS 

MS 

MS 

MS 



Pitanqus sulphuratus 5 cylind. 

Rhynchocyclus brevlrostris 1 cylind. 

Todlrostrum cinereum 2 cylind. 

Tolmomylas sulphurescens 2 cylind. 

Tvrannus crasslrostris 3 cylind. 

melancholicus 4 cylind. 

TP. vertlcalis 3 cylind. 

X- vociferans 4 cylind. 

Sayornis nigricans 4 cylind. 

S_. saya 5 cylind. 

Xenotriccus callizonus 1 cylind. 

Alaudidae 

Alauda arvensis 1 cylind. 

Eremophila alpestris 5 cylind. 

Galerida cristata 1 cylind. 

G.. theklae 1 cylind. 

Lullula arborea 1 cylind. 

Hirundinidae 

1 MS 1 A 

1 MS 1 A 

1 A 

2 MS 2 A 

1 MS 1 A 

1  M I A  

•ft 
u> 



Hirundo rustica 

Notiochelldon plleata 

Petrochelidon fulva 

£.• pyrrhonota 

Progne chalybea 

1?. sub is 

Riparia riparia 

S telg idopte rvx ruficollls 

Tachycineta bicolor 

T. thalassina 

Motacillidae 

Anthus spinoletta 

Pycnonotidae 

Pycnonotus capensis 

Irenidae 

Chloropsis aurifrons 

Laniidae 

1 M 1 B 

1 B 

1  M I A  

1  M I A  

4* 
* 



Lanius ludovicians cylind 

Bombycillidae 

Bombycilia cedrorum 2 cylind 

JJ. garrulus 3 cylind 

Phainopepla nitens 4 cylind 

Ptilogonys cinereus 3 cylind 

Dulidae 

Dulus domincus 2 cylind 

Cinclidae 

Cinclus mexicanus 1 cylind 

Troglodytidae 

Campylorhynchus brunnei-
capillus 6 cylind 

C. rufinucha 2 cylind 

C .  Zonatus 2 cylind 

Cistothorus platensis 1 cylind 

Henicorhina leucophrys 3 cylind 

H. leucosticta 2 cylind 

1  M I A  

2 M 2 A 

1  M I A  

2 M 2 A 

1  M I A  

1  M I A  

1 A 

1 A 

in 



Thryothorus felix 

T. modestus 

T. pleurostictus 

T. rufalbus 

Thryomanes bewickil 

Salplnctes mexlcanus 

£5. obsoletus 

Uropsila leucogastra 

Mlmldae 

Melanotis caerulescens 

Mimus polyqlottos 

Oreoscoptes roontanus 

Toxostoma bendirei 

T. curvlostre 

T. dorsale 

T. rufum 

Turdidae 

2 

3 

3 

2 

3 

5 

4 

2 

4 

6 

2 

3 

6 

4 

1 

cylind 

cylind 

cylind 

cylind 

cylind 

cylind 

cylind 

cylind 

cylind 

cylind 

cylind 

cylind 

cylind 

cylind 

cylind 

Catharus aurantiirostris cylind 

1 A 

1 A 

1 A 

1  M I A  

1 A 

1 A 

1  M I A  

M 

M 

•ft 



C. drvas 1 cylind 

C. occidentalis 3 cylind 

Hylocichla guttata 6 cylind 

H. minima 2 cylind 

Ixoreus naevius 1 cylind 

Motacilla melanope 1 cylind 

Myadestes obscurus 2 cylind 

M. townsendi 3 cylind 

Oenanthe oenanthe 2 cylind 

Phaeornis obscura 1 cylind 

Ridqwayia pinicola 1 cylind 

Sialia currucoides 3 cylind 

S. mexicana 3 cylind 

S. sialis 2 cylind 

Turdus assimilis 3 cylind 

T. qrayi 5 cylind 

T. infuscatus 1 cylind 

2 M 2 A 

2 M 2 A 

1  M I A  

1  M I A  

2 M 2 A 

1  M I A  



T. miqratorius 6 cylind. 

T_. rufitorques 2 cylind. 

T. rufo-palliatus 4 cylind. 

Timaliidae 

Garrulax striatus 1 cylind. 

Liothrix argentlauris 1 cylind. 

Microscelis amaurotis 1 cylind. 

Pomatostomus supercilloris 1 cylind. 

Yuhlna nigrimentua 1 intermed. 

Chamaeidae 

Chamaea fasclata 2 cylind. 

Sylviidae 

Cettia cetti 1 cylind. 

Cisticola cherrina 1 cylind. 

Malurus melanocephalus 1 cylind. 

Microbates cinerei-
ventris 1 cylind. 

Phyllo8copus bonellii 1 cylind. 

2 M 2 A 

M 

See Fig. 9D 

1 S 1 A 

1 S 1 A 

1  M I A  

CD 



Polioptila albiloris 2 cylind. 

P. caerulea 4 cylind. 

P. niqriceps 5 cylind. 

Ramphocaenus rufiventris 3 cylind. 

Requlus calendula 8 cylind. 

R. iqnicapillus 1 cylind. 

R. recrulus 1 cylind. 

R. satrapa 5 cylind. 

Svlvia curruca 1 cylind. 

S. hortensis 1 cylind. 

Muscicapidae 

Chaslempis sandvlcensis 

Muscicapa atricapllla 

M. striata 

Orecica gutteralis 

Stoparola melanops 

Paridae 

1 

2 

1 

1 

1 

cylind. 

cylind. 

cylind. 

cylind. 

cylind. 

1 A 

2 S 2 A 

1 A 

3 S 3 A 

2 S 2 A 

1  M I A  

1  M I A  

4* 
10 



Auriparus flaviceps 

Parus gambeli 

P. inornatus 

P. sclateri 

P. vollweberi 

Psaltrlparus minimus 

Sittidae 

Sitta canadensis 

S. carolinensis 

S. pygmaea 

Certhiidae 

Certhia familiaris 

Dicaeidae 

Paramvthis montium 

Zosteropidae 

Rukia sanfordi 

Zosterops capensis 

5 cylind. 

4 cylind. 

3 cylind. 

6 cylind. 

5 cylind. 

4 cylind. 

1 cylind. 

4 cylind. 

5 cylind. 

12 lat. comp 

1 cylind. 

1 interm. 

1 lat. comp 



Z. cinerea 1 

Z. conspicullata 1 

Meliphagidae 

Meliphaga roelanops 1 

Sturnidae 

Sturnus vulgaris 2 

Oriolidae 

Oriolus oriolus 1 

0. xanthornus 1 

Dicruridae 

Dicrurus bracteata 1 

Grallinidae 

Gralllna cyanoleuca 1 

Ptilonorhynchidae 

Chlamydera (sp. indet.) 1 

Paradisaeidae 

lat. comp 

lat. comp 

cylind. 

cylind. 

cylind. 

cylind. 

cylind. 

cylind. 

cylind. 

Paradisaea minor cylind. 

1 S 1 A 

1  M I A  

M I A  

M I A  

M I A  

M I A  
cn 



P. rubra 1 cyllnd. 

Corvidae 

Aphelocoma coerulescens 

ultramarina 

A. unicolor 

Calocitta formosa ————— ——-— i 

Cissilopha beecheii 

Corvus corax 

Cyanocitta stelleri 

Cyanolyca pumillo 

Nuclfriga columbiana 

Pica pica 

Psilorhinus mexlcanus 

Xanthoura yncas 

Ploceidae 

Auripasser luteus 

Coliuspasser albonotatus 

4 cylind. 

5 cylind. 

1 cylind. 

3 cylind. 

2 cylind. 

3 cylind. 

7 cylind. 

2 cylind. 

3 cylind. 

1 cylind. 

2 cylind. 

2 cylind. 

1 lat. comp 

1 lat. comp 

M I A  

M 2 A 

M 2 A 

M I A  

1 A 

M 2 A 

1 A 

ui 
to 



Crithaqra butyracea 

C. musica 

Estrllda anqolensis 

JE. coerulescens 

Euplectes taha 

Hypochera aenea 

Lonchura (sp. indet.) 

L. ferruginosa 

L. castaneithorax 

Padda oryzivora 

Passer domesticus 

]?. montanus 

Peophila acuticauda 

P. personata 

Ploceus cucullatus 

Pyromelana franciscana 

Steqanura paradisaea 

1 lat. corap 

2 lat. comp 

lat. comp 

lat. comp 

lat. comp 

lat. comp 

lat. comp 

lat. comp 

lat. comp 

lat. comp. 

8 lat. comp. 

lat. comp. 

lat. comp, 

lat. comp. 

lat. comp. 

lat. comp. 

lat. comp, 

M I C  

M 7 C 

Ul 
u> 



Vidua (sp. lndet.) 2 

V. macroura 1 

V. regia 1 

Zonaeginthus plctus 1 

Cyclarhidae 

Cyclarhis gujanensis 

Vireolaniidae 

Sroaragdolanius pulchellus 

Vlreolanius roelitophrys 

Vireonidae 

Hylophllus decurtatus 4 

H. poicilotus 1 

Neochloe brevipennis 1 

Vireo atricapillus 3 

V. bellii 7 

V. qilvus 8 

V. huttoni 10 

lat. comp. 

lat. comp. 

lat. comp. 

lat. comp. 

4 cylind. 

1 cylind. 

1 cylind. 

cylind. 

cylind. 

cylind. 

cylind. 

cylind. 

cylind. 

cylind. 

M 

M 

M 

M 

M 

M 



V. hypochryseus 

V. nelsoni 

V. olivaceus 

V. paliens 

\/. philadelphlcus 

V. solitarius 

V. viclnlor 

Coerebidae 

Chlorophanes spiza 

Coereba bahamensis 

C.. flaveola 

Conlrostrum blcolor 

Cvanerpes caeruleus 

C. cvaneus 

Dacnis venusta 

Dlglossa albilati 

D. bartiula 

2 

4 

6 

2 

4 

10 

1 

1 

1 

4 

2 

1 

5 

1 

1 

4 

cylind. 

cylind. 

cylind. 

cylind. 

cylind. 

cylind. 

cylind. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

4 M 4 A 

M 

M 

3 squamosal 3 C 

3 M 3 C 

1 M I C  in 
in 



D. carbonaria 

D. cyanea 

D. lefresnava 

Drepaniidae 

Himatione sanguinea 

Hemignathus vilsoni 

Loxops maculata 

L. virens 

Paittirostra bailleul 

Veatiaria coccinea 

Parulidae 

Basileuterus belli 

II. culicivorus 

B. delattrii 

IJ. fulvicauda 

J3. melanogenys 

1 lat. comp 

1 lat. comp 

1 lat. comp 

1 lat. comp 

1 lat. comp 

2 lat. comp 

1 lat. comp 

1 lat. comp 

1 lat. comp 

4 lat. comp 

1 lat. comp 

1 lat. comp 

1 lat. comp 

1 lat. comp 

B. rufifrons 

1 

1 

1 

1 

1 

1 

M 

M 

M 

M 

M 

M 

D 

D? 

D 

D 

D 

D 

Hypo, gloss, 
has a raphe 

M 

in 
<T\ 



Cardelllna rublfrons 

Catharopeza bishopi 

Chamaethlypis polio-
cephala 

DenJdroica auduboni 

D_. caerulescens 

D. castanea 

D. cerulea 

D. chrvsoparia 

D. coronata 

ID. discolor 

D. dominica 

I 
D. erithachorides 

I), fusca 

D. graclae 

D. kirtlandi 

D. magnolia 

D. niqreacens 

5 lat. comp. 

2 lat. comp. 

2 lat. comp. 

12 lat. comp. 

2 lat. comp. 

4 lat. comp. 

3 lat. comp. 

1 lat. comp. 

2 lat. comp. 

5 lat. comp. 

3 lat. comp. 

2 lat. comp. 

4 lat. comp. 

3 lat. comp. 

2 lat. comp. 

8 lat. comp. 

12 lat. comp. 

2 M 2 C 

M I C  

7 M 7 C 

1  M I C  

1  M I C  

1 

2 

1 

M 

M 

M 

1 

2 

1 

C 

C 

C 

M 

1 

2 

4 

M 

M 

M 

1 

2 

4 

C 

C 

C 
ui 
>4 



D. occidentalia 

D. palmarum 

D. Pennsylvania 

JD. petechia 

D. pinus 

D. striata 

D^. tigrina 

D. townsendi 

D^. virens 

Ergaticus versicolor 

Euthlypis lachrymosa 

Helmitheros vermivoros 

Geothlypis chapalensis 

G. trlchas 

Granatellus sallaei 

£. venusta 

Icteria virens 

6 

7 

2 

6 

8 

4 

5 

9 

1 

2 

3 

3 

1 

5 

2 

1 

7 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

3 

2 

M 

M 

3 

2 

C 

C 

2 

2 

M 

M 

2 

2 

C 

C 

1 

2 

M 

M 

1 

2 

C 

C 

2 

1 

1 

M 

M 

M 

2 

1 

1 

C 

c 

c 

1 

1 

M 

M 

1 

1 

C 

c 

M 
in 
00 



Llmnothlvpis swainsonii 1 lat. comp. 

Microliqea palustris 3 lat. comp. 1 M 1 C 

Mniotilta varla 4 lat. comp. 3 M 3 C 

Mvioborus brunneiceps 1 lat. comp. 

M. miniatus 3 lat. comp. 

M. torquatus 1 lat. comp. 

Oporornis aqilis 3 lat. comp. 

0. formosus 5 lat. comp. 2 M 2 c 

0. Philadelphia 2 lat. comp. 

O. tolmiei 8 lat. comp. 4 M 4 c 

Parula araericana 3 lat. comp. 2 M 2 c 

P. pitiayumi 2 lat. comp. 

Peucedramus taeniatus 14 cylind. 9 S 9 A 

Protonotaria citrea 6 lat. comp. 1 M 1 C 

Setophaqa picta 5 lat. comp. 4 M 4 C 

S. ruticilla 2 lat. comp. 2 M 2 C 

Seiurus aurocapillus 6 lat. comp. 3 M 3 C 



S.* noveboracensis 2 lat. comp. 1 M 

S_. rootacilla 1 lat. comp. 1 M 

Teretiatris fornai 1 lat. comp. 

Vermivora celata 12 lat. comp. 3 M 

V. chrysoptera 2 lat. comp. 

V. luciae 11 lat. comp. 5 M 

V. pcreqrina 3 lat. comp. 1 M 

V. ruflcapilla 3 lat. cong>. 2 M 

V. aupercillosa 2 lat. comp. 1 M 

V. virqiniae 4 lat. comp. 3 M 

Wllsonia canadensis 5 lat. comp. 

W. citrina 4 lat. comp. 2 M 

51 • Puailla 9 lat. comp. 3 M 

Icteridae 

Agelaius phoenlceus 4 lat. comp. 1 M 

Amblvcercus holoserlceus 2 lat. comp. 1 M 

Cassiculus melanicteruB 4 lat. comp. 

o 



Caasidix mexicanus 

Dives dives 

Dolichonyx oryzivorus 

Euphagus carolinus 

E. cyanocephalus 

Icterus bullocki 

I. chrvsater 

I. cucullatus 

1^. qalbula 

_I. graduacauda 

X. gularls 

I_. parisorum 

_I. pectoralis 

JC. prosthemelas 

JC. pustulatus 

_I. spurius 

1^. wagleri 

22 lat. comp 

1 lat. comp 

4 lat. comp 

1 lat. comp 

3 lat. comp 

3 lat. comp 

3 lat. comp 

5 lat. comp 

3 lat. comp 

2 lat. comp 

2 lat. comp 

4 lat. comp 

2 lat. comp 

1 lat. comp 

6 lat. comp 

7 lat. comp 

3 lat. comp 

M 2 C 

1 C 

M 3 C 

M 2 C 

M I C  

1 C 



Molothrus ater 

Sturnella magna 

si. neglecta 

Tangavius aeneus 

Xanthocephalus xantho-
cephalus 

Tersinidae 

Tetsina viridls 

Thraupidae 

40 lat. comp. 

4 lat. comp. 

9 lat. comp. 

4 lat. comp. 

5 lat. comp. 

2 cylind. 

Calospiza cyanoptera 1 lat. comp 

C. florida 1 lat. comp 

Chlorophonia occipitalis 2 lat. comp 

Chlorospingus opthalmicus 5 lat. comp 

Chlorothraupis carmioli 1 lat. comp 

Compeocoma sumptuosa 1 lat. comp 

Habia gutteralis 3 lat. comp 

H. rubica 4 lat. comp 

3 

1 

1 

1 

M 

M 

M 

M 

M 

C 

C 

c 

c 

M 

M 

<y» 
K) 



Lanio aurantius 

Mltrospingus cassinii 

Nemosia pileata 

Paroarla larvata 

Piranga bidentata 

JP. ervthrocephala 

J?. flava 

P. hepatica 

leu copter a 

P. ludoviclana 

P. rubra 

Phlogothraupls sanguin-
olenta 

Phoenicophllus palmarum 

Ramphocoelus carbo 

R' passerinii 

Rhodlnoclchla rosea 

Spindalls pratrai 

M I C  

M 2 C 

M 2 C 

M I C  

M I C  

M I C  

1 C 

1 C 

o* 
UI 



Tanaqra afflnis 

T. gouldi 

TP. lauta 

_T. musica 

T. nigrocinata 

Tangara dowii 

Thraupis abbas 

T,- epiacopus 

T. virens 

Fringillidae 

New World Carduelinae 

Acanthis flammea 

Carpodacus ca83inii 

£. mexicanus 

Hesperiphona beillei 

H.. vespertina 

Loxia curviostra 

2 lat. comp. 

1 lat. comp. 

2 lat. comp. 

3 lat. comp. 

1 lat. comp. 

1 lat. comp. 

3 lat. comp. 

1 lat. comp. 

5 lat. comp. 

1 lat. comp 

3 lat. comp 

8 lat. comp 

1 lat. comp 

2 lat. comp 

8 lat. comp 

1 D 

M 2 C? Hyp. gloss. 
has a raphe. 

1  M I C  

3 M 3 C 

M 

M 

M ON 
•fk 



L. leucoptera 

Pinicola enucleator 

Splnus atriceps 

. lawrencel 

jS. notatus 

S_. pinus 

paaltria 

£5. tristis 

Old World Carduelinae 

Acanthis cannabina 

Carduelis carduelis 

Carpodacus erythrimus 

Chloris chloris 

Coccothraustes cocco
thraustes 

Pyrrula pyrrula 

Serinus canarius 

2 lat. comp 

3 lat. comp 

4 lat. comp 

5 lat. comp 

2 lat. comp 

3 lat. comp 

6 lat. comp 

5 lat. comp 

1 lat. comp 

2 lat. comp 

1 lat. comp 

1 lat. comp 

2 lat. comp 

2 lat. comp 

3 lat. comp 

1 D 

M 

1 

1 

3 

D 

D 

D 

3 

3 

M 

M 

3 

3 

D 

D 

1 

1 

M 

M 

1 

1 

D 

D 

M 

M 

cn 
ui 



Geospizinae 

Cactospiza pallida 

Camarhvnchus crassi-
rostria 

C. parvulus 

C. paittacul* 

Certhidea olivacea 

Geospiza acutirostris 

conirostris 

fortis 

G. fuliqinosa 

G. maqnirostris 

G. scandens 

Old World Fringillinae 

Frinqilla coelebs 

F. montifrinqilla 

Emberiza cabanisi 

E. citrinella 

M I C ?  H y p .  g l o s s  
peculiar. 

M I D  

M I D ?  H y p .  g l o s s  
peculiar. 

M I D  

M I C  

M I D  

M 1 C 



E. pusilla 

E. rustica 

jE. spodocepha la 

New World Fringillinae 

Aiiaophila hotterii 

A^. carpalis 

A. cassinii 

humeralis 

A^ mysticalis 

2L* rufescens 

A^. ruficauda 

A,. ruficeps 

h. sumichrastl 

Amroodramus bairdii 

A. savannerum 

Amroospiza caudacuta 

Amphispiza belli 

1 lat. comp. 

1 lat. comp. 

1 lat. comp. 

3 lat. comp. 

6 lat. comp. 

12 lat. comp. 

2 lat. comp. 

1 lat. comp. 

3 lat. comp. 

4 lat. comp. 

8 lat. comp. 

3 lat. comp. 

2 lat. comp. 

6 lat. comp. 

1 lat. comp 

2 lat. comp 

M 

M 

M 

M 

M 

M 



A. bilineata 

Arreroon aurantirostris 

A. rufiverigatus 

Arremonops rufivirgatus 

Calaroospiza melanocorys 

Calcarius ornatus 

Chlorura chlorura 

Chondestes grammacua 

Cyanocompsa parellina 

Guiraca caerula 

Junco hymelis 

J. oreganus 

phaeonotus 

Melopsiza georgiana 

M. lincolni 

M. melodia 

Me lozone kieneri 

7 

3 

2 

1 

6 

6 

7 

5 

3 

4 

2 

3 

9 

2 

6 

5 

3 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

lat. 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

comp 

3 

1 

1 

M 

M 

M 

3 

2 

1 

C 

C 

c 

2 

2 

2 

3 

1 

2 

1 

2 

5 

1 

3 

3 

1 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

2 

2 

2 

3 

1 

2 

1 

2 

5 

1 

3 

3 

1 

C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 
ffl 
00 



Oriturus supercillosus 

Oryzoborus funereus 

Passerculus sandwichensis 

Passerella lliaca 

Passerina arooena 

JP. cirls 

Z* cyanea 

£• leclancherli 

P. rositae 

P. versicolor 

Pheuctlcus chrysopeplus 

JP- ludovicianqs 

P. melanocephalus 

Pipilo aberti 

P. erythrophthalmus 

P. fnscus 

P. ocal 

M 2 C 

1 C 

M 2 C 

M I C  

2 C 

M I C  

M 2 C 

M I C  

M 2 C 

<Ti 
vO 



Pooecetes gramineus 

Pyrrhuloxia sinuata 

Richmondena cardinalis 

Saltator atriceps 

coerulescens 

S_. maximus 

Sicalis luteola 

Spizella atrogularis 

S^. brewer i 

jS. passerina 

Sporophila minuta 

torqueola 

Volatinia j acarina 

Xenospiza bailevi 

Zonotrichia albicollis 

jZ. capensis 

Z. leucophrys 

8 lat. cornp 

12 lat. comp 

16 lat. comp 

2 lat. comp 

4 lat. comp 

2 lat. comp 

1 lat. comp 

2 lat. comp 

8 lat. comp 

7 lat. comp 

2 lat. comp 

3 lat. comp 

6 lat. comp 

1 lat. comp 

2 lat. comp 

2 lat. comp 

11 lat. comp 

3 

4 

4 

1 

1 

1 

1 

3 

4 

M 

M 

M 

M 

M 

M 

M 

M 

M 

3 

4 

4 

3 

4 

C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

2 

1 

M 

M 

2 

2 

D 

C 

M 

M 
o 



DISCUSSION 

It may be seen in the foregoing descriptions that 

many of the hyoidean structures differ among species only 

slightly or not at all, or differ in ways which suggest 

mainly intrageneric or inexplicable variation. These struc

tures are: paraglossale, mylohyoideus, ceratohyoideus, 

serpihyoideus, ceratoglossus anterior, geniohyoideus-genio-

glossus, tracheohyoideus, thyreohyoideus, branchiomandi-

bularis, and the origin of the ceratoglossus posterior. 

They are best removed from the taxonomic discussion which 

follows. 

Now, if taxonomically useful characters exist among 

the hyoid bones and muscles, they may be sought in the 

following features: 

a) the shape of the basihyale. 

b) the manner of insertion of the hypoglossus 
posterior. 

c) the amount of excavation of the cerlitobranchiale. 

d) the pinnatenes? of the ceratoglossus posterior. 

e) the origin of the stylohyoideus. 

There is, it happens, a strong hint of a pattern in 

the way the alternative conditions of these features are dis

71 
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tributed among the species. Non-seedhusking birds generally 

share the same hyoidean characteristics; and the seedhusking 

species generally share the same hyoidean characteristics. 

Within the seedhuskers as a group, the hypoglossus posterior, 

and the ceratobranchiale and ceratoglossus posterior to some 

extent, differ among species generally according to whether 

a bird is a fringillidine or cardueline finch. It consequent

ly appears that the alternative conditions of the hyoidean 

features are correlated with dietary habit. This apparent 

correlation makes possible the codification of three sets of 

hyoidean characteristics, each set of which will represent 

the pattern typical of birds of similar dietary habit. This 

I have done, as follows: 

1. The non-seedhusking condition. 

a. cylindrical basihyale. 

b. hypoglossus posterior extends between the 

paraglossalia without inserting on the 

basihyale. 

c. stylohyoideus originates on the posterior 

dorsal tip of the mandible, or on the basi-

temporal plate, or on both the mandible and 

basitemporal plate. 

d. ceratoglossus posterior comprised of 
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essentially longitudinal fibers, 

e. ceratobranchiale not excavated. 

Birds which have these characteristics feed on 

insects and other small invertebrates; on small 

vertebrates (shrikes); on acorns (jays) on un-

shelled seeds (horned larks); and on berries. 

The fringillidine seedhusking condition. 

a. laterally-compressed basihyale. 

b. hypoglossus posterior inserts in part on 

the basihyale, in part extends between the 

paraglossalia beneath the basihyale. 

c. stylohyoideus originates on the posterior 

tip of mandible. 

d. ceratoglossus posterior comprised of 

essentially longitudinal fibers or is 

unipinnate. 

e. ceratobranchile excavated or not 

excavated. 

Birds which have these characteristics feed 

chiefly on seeds which they shell, on insects 

in the breeding season, and on fruit. 

The cardueline seedhusking condition, 

a. laterally-compressed basihyale. 
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b. hypoglossus posterior inserts on basihyale; 

no or exceedingly few fibers cross the 

ventral ridge of the basihyale. 

c. stylohoideus originates on posterior tip 

of the mandible. 

d. ceratoglossus unipinnate. 

e. certobranchiale deeply excavated. 

Birds which have these characteristics feed 

typically on seeds which they shell, on plant 

matter, on fruit occasionally, but seldom on 

insects. 

A taxonomic assessment of the hyoidean variations 

must particularly heed birds whose hyoidean characteristics 

are atypical for the dietary category in which the species 

would seem logically to belong. According to the hyoidean 

criteria, the highly insectivorous wood warblers should 

possess the non-seedhusking set of hyoidean features; in

stead they possess the fringillidine seedhusking set. The 

same is true of Certhia. The Olive Warbler, on the other 

hand, should perhaps possess the hyoidean characteristics 

of the birds with which it is classified, the wood warblers. 

But it does not? it has the characteristics of a non-seed

husking species. The Hawaiian Honeycreepers, oddly enough, 
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possess the characteristics of cardueline finches. 

Do the variations of the basihyale, hypoglossus 

posterior, stylohyoideus, ceratobranchiale, and cerato-

glossus posterior indicate phylogenetic relationships? 

That is, are they "conservative" and therefore taxonomically 

significant? In an effort to answer this with some degree 

of soundness, I will attempt first to establish the possible 

functional significance of each variation and then attempt 

to determine how such variations may have arisen in the 

evolutionary process (see Mayr, 1956). 

If evidence gained through an understanding of 

function should indicate that a given variation has arisen, 

for example, in conjunction with seedhusking, then its 

occurrence within a non-seedhusking species might shed light 

on the bird's true relationships. Let me stress that it 

might. Everything depends, of course, on whether one's 

functional analysis of the variation is correct. And even 

if it is correct, one will not extract from this alone a 

knowledge of the selective force(s) which have brought about 

the variation. Nevertheless, functional analysis of struc

tures can reveal data of high value to the taxonomist, as 

has been demonstrated by Bock (1960). I think the approach 

surpasses taxonomic methods which may not take into considera 
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tion the functional significance, possible origin, and 

evolutionary history of adaptations. 

TAXONOMIC ANALYSIS OF HYOIDEAN VARIATIONS 

Hypoglossus Posterior and Basihyale 

The basihyale and hypoglossus posterior are best dis

cussed together, for they comprise a functional unit. 

It is evident that the hypoglossus posterior must 

function in not altogether the same way in all species. Con

traction of the muscle perhaps tends in all species to pull 

the posterior tips of the paraglossalia down, thus tending to 

elevate the anterior tip of the tongue. But one arrangement 

of the muscle appears to facilitate particularly this 

action: the non-seedhusking condition (Figs. 7A, 8A). Here 

the full uninterrupted length and body of the muscle can 

contract. Consequently, the posterior tips of the para

glossalia can be deeply depressed, raising high the tongue's 

anterior tip and bringing about a teeter-totter motion of the 

tongue. Such tongue motion probably is very important to 

insectivorous species. Their spiny prey are often still alive 

and struggling when taken into the mouth. The tongue, teeter-

tottering through the deep arc, can pummel them and drive 

them, as I previously indicated, ever deeper into the throat. 
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The fringillidine and cardueline seedhusking condi

tions of the hypoglossus posterior, since they do not facil

itate so well the teetering of the tongue, are not the most 

efficient ways to organize the muscle if insect feeding is 

the aim. Each is, however, a good way to fasten the tongue 

stoutly and securely to the basihyale. Lateral compression 

of the basihyale into a flat sheet furnishes broad midline 

surfaces upon which the muscle can be massed, and is massed. 

With this the tongue is secured to the basihyale with new 

firmness—an adaptation much in keeping with the role that 

the tongue plays in the seedhusking process. During seed

husking, the bird uses its tongue to guide seeds and rotate 

them with precision. This requires much tongue manipula

tion; and moreover, it is a finch tongue that must be manip

ulated, therefore a comparatively thick and heavy tongue. 

It should be said here that, functionally, the finch 

tongue needs to be thick. The tongue rests in the hollow 

space between the rami of the mandible; the hollow space is 

deep in seedhusking birds. Only a thick tongue can come 

near filling such a hollow; and if my understanding of tongue 

function in seedhuskers is correct, the tongue must be of 

such size that when its ventral surface and the bottom of 

the hollow are in contact, a seed held on the dorsal 



78 

surface will be in contact with the palate. The tongue 

consequently can and I think does haul the seed about under 

partial guidance of the palate. The palate exerts pressure 

down against the seed. Thii force increases the "weight" of 

the seed, adding to the overall burden which the tongue and 

associated muscles must be able to move. 

The complicated process of seedhusking, involving as 

it does the manipulation of considerable weight, must subject 

the joint between the paraglossalia and the basihyale to 

strains. These strains apparently are met by inserting the 

hypoglossus posterior on the basihyale, which in turn binds 

the tongue tightly to the hyoid apparatus. 

The fringillidine condition of the hypoglossus 

posterior would appear to combine to a degree the features 

which yield the functional advantage of the cardueline con

dition, on one hand, and the non-seedhusking condition on 

the other. The muscle secures the tongue sturdily to the 

basihyale, and yet the bird's ability to teeter the tongue 

is perhaps retained to some extent, even in such highly-

developed fringillidines as the Cardinal and Pyrrhuloxia. 

They of course do capture insects in the breeding season. 

The ability to teeter the tongue may not be important to 

cardueline finches. Reputedly they seldom if ever eat 
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insects. 

Now, the analysis thus far indicates that the lat-

terally-compressed basihyale and insertion on it of the hypo 

glossus posterior arose in response to selection directed 

toward securing the tongue firmly to the hyoid apparatus. 

Such an adaptation, I think, could arise in any group where 

new stresses placed on the tongue can not be met by merely 

attaching the hypoglossus posterior to a cylindrical 

basihyale. But perhaps the first evolutionary step toward 

the seedhusking condition is taken when the muscle inserts 

on a cylindrical basihyale. The cylindrical basihyale 

seems to be the primitive condition in passerines; the sub-

oscines all have it, and my data suggest that young nest

lings typically do. As already mentioned (page 13), the 

basihyalia of young nestling Passer3* and Setophaga are 

cylindrical, becoming laterally compressed as the birds 

develop into fledglings. The basihyalia of these nestlings 

^"1 think it interesting that the seedhusking ar
rangement of the hypoglossus posterior and bsihyale in 
Passer is delayed in developing. The "primitive" non-
seedhusking condition of swallows is retained while the 
nestlings are feeding on insects. 
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are heavily invested by the insertion of the hypoglossus 

posterior, a condition not duplicated in, for example, 

Peucedramus. The hypoglossus posterior in nestling Peuce-

dramus simply extends between the paraglossalia beneath the 

basihyale, just as in fledglings and adults of the species. 

I maintain, consequently, that suprageneric differences 

exist which separate those species possessing a laterally-

compressed basihyale from those which do not. Additional 

support for this position stems from the shape of the basi

hyale in Purnariies and Phytotomids; in these birds the 

basihyale is laterally compressed ijn part, which demonstra

tes that lateral compression of the bone does not occur on 

an all-or-none principle. 

I do not mean to imply that all species possessing 

a laterally-compressed basihyale and the seedhusking ar

rangement of the hypoglossus posterior are closely related. 

I am confident that they probably are not. Theoretically, 

the seedhusking adaptations could have evolved independently 

in passerines many times. In the case of the New World 

Nine-primared Oscines, the simple fact seems to be that 

having once arisen in ancestral birds, the adaptations with

stood the subsequent speciation of the new types. The 

actual origin of the adaptations in the wood warblers. 
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tanagers, and their allies may have occurred in the Coerebidae. 

I say this in nearly pure speculation. My evidence is, first, 

the fact that in Coereba flaveola the stylohyoideus origina

tes in an unique way, which may suggest that considerable re

organization of structures in the hyoid are required for 

nectar-feeding; and second, the fact that most Old World and 

New World nectar-feeders examined in this study have a later-

ally-compressed basihyale, as does the long-billed, long-

tongued Brown Creeper. Not unlikely, the active long tongues 

of nectar-feeders exert considerable strain at the joint of 

the paraglossale and basihyale. 

Excavated Ceratobranchiale and Unipinnate Ceratoglossus 

Posterior 

The excavated ceratobranchiale and unipinnate cerato

glossus posterior comprise a functional unit. They are 

obvious adaptations for seedhusking. Though the unipinnate 

ceratoglossus posterior can occur in conjunction with a typi

cal ceratobranchiale, as in Pycnonotus and Pomatostomus, the 

excavated version of the bone seems not to occur in conjunc

tion with the typical condition of the muscle. 

The functional advantage of the excavated bone is 

that it allows the expanded and unipinnate muscle to insert 
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on it without occupying much more space in the mouth than 

is occupied by the combination of the typical bone and 

muscle. The functional advantage of the unipinnate muscle 

is that it may simply deliver more power than a non-pinnate 

muscle. The increased power that it delivers helps manipu

late the massive finch tongue. 

The taxonomic value of these adaptations will be 

only very limited. They are characters which may reveal 

phylogenetic relationships only when they occur in species 

within which seedhusking adaptations are "misplaced." 

S tylohyo ideus 

Taxonomists of the perching birds can not afford 

to ignore differences which occur in a phylogenetically 

regular manner between species. The alternative origins 

of the stylohyoideus occur in a phylogenetically regular 

manner. The origin is one way in the Tyrannidae; it is 

another way in Sylviids and a number of other species. The 

rest of the birds have it still a different way. I can 

not say more than this about the taxonomic significance of 

these variations at present. I have not yet deduced their 

functional significance. Probably, different arrangements 

of the muscle produce different mechanical results—results 
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which could be ascertained and defined if one knew enough 

about the fine details of feeding behavior in, say, wood 

warblers as compared to Sylviids. 

DISPOSITION OF CERTAIN TAXONOMIC PROBLEMS 

2 Drepaniidae 

The Hawaiian Honeycreepers are one of the classical 

cases of adaptive radiation in birds. Ornithologists gener

ally are interested in learning what ancestral form gave 

rise to the present species of the family. Amadon's (1950) 

study of the problem, certainly the most thorough ever made, 

concluded that a New World Coerebid-like species may have 

been the original ancestor. Sushkin (1929), however, thought 

the original ancestor had been probably a cardueline finch, 

and Beecher (1953) found the jaw muscles of the finch Psitti-

rostra to be very much like those of the cardueline Carpo-

dacus. The hyoidean data strongly support the cardueline 

hypothesis. 

Almost certainly the ancestor of the Drepaniidae pos

sessed a laterally-compressed basihyale, the cardueline con

dition of the hypoglossus posterior, and the cardueline cera-

2 Comments on Chamaea, Malurus, and Darwin's Pinches 
are presented in the appendix. 
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tobranchiale with unipinnate ceratohlossus posterior. Though 

the laterally-compressed basihyale, as I have said, could 

probably arise in any evolving group where the tongue is 

being subjected to important new strains—as could an uni

pinnate ceratoglossus posterior - there is no evidence to 

show that the cardueline finch form of the hypoglossus pos

terior and excavated ceratobranchiale arise except where 

heavy-duty seedhusking is involved. It accordingly seems 

that the ancestors of the present Hawaiian Honeycreepers were 

at least cardueline-like. 

I think this does not mean that the original Dre-

paniid pioneers were heavy-billed seedhusking birds. No 

better reason exists for rejecting complete acceptance of 

that concept than evidence afforded by the living Hawaiian 

Honeycreepers themselves. Within the Drepaniidae we find 

both nectar-feeders and insectivores, birds with decurved 

long and short bills and a variety of tongue®, all possess

ing hyoidean characteristics of cardueline finches. Such 

facts demonstrate the relatively 'deep-seated' nature of the 

hyoidean seedhusking adaptations. These adaptations do not 

quickly disappear; nor do they necessarily hamper adaptive 

radiation. When a seedhusking genotype becomes the stock 

from which new dietary forms are derived, the seedhusking 
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adaptations of the hyoid are not necessarily selected out. 

I think one must allow for the possibility that a North 

American cardueline finch gave rise to a slender-billed 

species which reached the Hawaiian land mass, its cardueline 

tongue and jaw muscles intact. The fact that no such 

species is known to exist on the North American continent 

today is perhaps not pertinent to the argument. 

The Olive Warbler 

The Olive Warbler, Peucedramus taeniatus, has been 

revealed to possess anatomical features which are not dupli

cated in any of the many wood warblers examined in this 

study. These characteristics, in summary, are: 1) the 

stylohyoideus originates on the basitemporal plate, 2) the 

hypoglossus posterior passes between the paraglossalia with

out inserting on the basihyale, and 3) the basihyale itself 

is a round shaft. 

The non-Parulid features of the species do not, 

however, end there. Perhaps most importantly, the Olive 

Warbler lacks the pinnate jaw muscles which are present in 

the other birds of the family. Dr. William Beecher, into 

whose hands I placed a specimen of Peucedramus in March, 

1960, furnished the following opinion (in litt.) of the 
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Olive Warbler's jaw muscle pattern: "M6...is bifid and 

parallel, while it is trifid and pinnate in the 25 species 

of Parulids I have dissected. Also, M7B is parallel in 

Peucedramus, and it is always pinnate in Parulids." M6 is 

•Beecher's M. pseudotemporalis superficialis, and M7B is his 

M. adductor mandibulae externus medialis (Beecher, 1953). 

Mayr (1955), Bock (1960), and others discount 

Beecher's (1953) phylogenetic interpretations of the jaw 

muscle patterns of the Oscines. They do so, and I think 

- correctly, on the ground that Beecher's interpretations fail 

to take into account possible evolutionary reversals and 

convergence. The fact remains, nevertheless, that Beecher 

(1951) has demonstrated amply that a particular jaw muscle 

pattern occurs in all the species of a family regardless 

of the dietary habits of the species. I consequently think 

it very significant that the jaw muscle pattern of Peuce

dramus differs widely from those of its supposed familial 

kin. Beecher's illustration (1953:277, Fig. 2) of the jaw 

muscles of an Old World warbler (Sylviidae) represents quite 

exactly the jaw muscles of Peucedramus. To my knowledge, 

no other supposed New World Nine-primaried Oscine of what

ever family has the jaw muscle pattern of a Sylviid. 

The Olive Warbler's inclusion among the wood warblers 



87 

stems from the happenstance of its being a thin-billed, nine-

primaried, brightly colored little bird of the New World, 

and from the taxonomy of Bonaparte and Baird. (Baird, 1858), 

taking his cue from Cabanis, recognized that the New World 

songbirds are divisible into nine-primaried and ten-primaried 

groups. He (op. clt,, 203-04) revised the entire classifi

cation of the New World songbirds on the basis of wing 

primary number, with generally good results. Yet Baird him

self understood that the number of primaries in a bird's wing 

is hardly an infallible diagnostic character at even the 

generic level of classification; he assigned equally nine-

primaried and ten-primaried Vireonids to the genus Vireo. 

At the same time he retained the Olive Warbler among the 

birds which comprise a large part of the present family Paru-

lidae. No one since has challanged the familial status of 

the species in question. 

Removal of Peucedramus from the family Parulidae to 

another family now seems a necessity. In my opinion, Peuce

dramus is best allocated to the family Sylviidae, for its 

jaw muscles and hyoid muscles are the same as those of a 

typical Sylviid. 

Beecher (in litt.) thinks the bird may be an Old 

World Chat (Saxicolinae): "The muscle patterns of the 



88 

Sylviidae and Sajcicolinae (Turdidae) are extremely close. 

Peucedramus is actually closer to Saxicolinae (it is identi

cal with Saxicolinae) than to Sylviidae but, as mentioned in 

my Phylogeny paper (p. 276), I had to resort to another 

character to separate these two groups beyond doubt. The 

ectethmoid foramen in Sylviidae is single, but in Saxicol

inae double—the second opening being on the very edge of 

the orbit. Peucedramus has it as in Saxicolinae. The 

tongue, too, seems like that of a chat. However, this would 

be a somewhat specialized Old World chat, different from 

typical species, as may be judged by the fact that it has 

9 primaries. But the 9th primary in the Old World warblers 

and chats is very small." 

The stylohyoideus of the thrushes, and of the 

single Saxicoline I have dissected (Oenanthe), originates 

on the mandible, however, not on the basitemporal plate as 

in Peucedramus and in Sylviids. Also, Peucedramus and 

Sylviids have unspotted young, whereas the young of thrushes 

are spotted. J 

Brown Creeper 

On the basis of hyoidean characters, it would be easy 

to conclude that Certhia is a highly specialized honeycreeper 
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or wood warbler- On the basis of the jaw muscle pattern 

(see Beecher, 1951:317), it would be easy to conclude that 

Certhia is not a wood warbler or honeycreeper of any kind 

at all. The case illustrates the need for continuing ex

ploration of the anatomy of the songbirds. Certhia is just 

the kind of bird whose enigmatical relationships might 

quickly be exposed through study of structures not yet in

vestigated. 



SUMMARY AND CONCLUSIONS 

A study of the hyoid bones and muscles of perching 

birds reveals the presence of alternative conditions in the 

shape of the basihyale, in insertion of the M. hypoglossus 

posterior, in the origin of the M. stylohyoideus and in the 

morphology of the ceratobranchiale and M. ceratoglossus 

posterior. 

The basihyale has two fundamental shapes in passerine 

birds. It is either cylindrical or it is laterally com

pressed. 

The M. hypoglossus posterior extends in its entirety 

beneath a cylindrical basihyale in most non-seedhusking 

species. In seedhusking species, the muscle always inserts 

on the basihyale, and the basihyale is always laterally com

pressed. Insertion of the muscle in seedhusking species 

occurs in two ways, one typical of Ploceids and New World 

Nine-primaried Oscines, the other typical of cardueline 

finches. Each of the two secures the tongue tightly to the 

hyoid apparatus and is a seedhusking adaptation. 

Origin of the stylohyoideus occurs in three ways: 

1) from the mandible, which is characteristic of most passer

90 
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ines, 2) from the basltemporal plate, which is characteris

tic of Sylviids and a number of other species, and 3) from 

the mandible and basltemporal plate in a dual fashion, which 

is characteristic of the Tyrannidae. Different origins of 

this muscle can not be explained in functional terms at the 

present time. 

In apparent conjunction with the seedhusking habit, 

the ceratoglossus posterior (which is comprised of essenti

ally longitudinal fibers in most non-seedhusking species) 

becomes unipinnate in finches and sparrows, and the dorsal 

surface of the ceratobranchiale (which is ordinarily round 

and smooth) becomes "excavated." 

The Drepaniidae have hyoidean features typical of 

cardueline finches. 

The Olive Warbler, Peucedramus, has all the hyoidean 

features of a typical Sylviid, and also the jaw muscle 

pattern of a typical Sylviid. Thus it is here suggested 

that the species be removed from the Parulidae and placed 

in the Sylviidae. 
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ILLUSTRATIONS 



Fig. 1. A. A typical passerine hyoid, 

ventral view. B. Cross section of the 

basihyale in typical ten-primaried passerines. 

C. Cross section of the basihyale in typical 

New World Nine-primaried Oscines. 
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Fig. 2. A. Typical tongue musculature of 

passerines, superficial dissection, ventral 

view (redrawn from Engels). B. Origin on the 

skull of the stylohyoideus in Chamaea. Peuce-

dramus. Polioptila and Recrulus. C. The dual 

origin of stylohyoideus in Tyrannidae. 
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Fig. 3. Tongue musculature of typical 

passerine, deep dissection, ventral view. 

The mylohyoideus and serpihyoideus have 

been removed. (redrawn from Engels, 1936) 
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Fig. 4. The tongue musculature of a typical 

passerine, deep dissection, dorsal view. 

Basihyobranchiale = basihyale (redrawn from 

Engels, 1938). 
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Fig. 5. Comparative size of muscles 

in Spizella breweri (dark and stippled 

areas) and in Dendroica auduboni (light 

areas). Approximately 25x. 

A. Serpihyoideus. B»Stylohyoideus. 

C. Medial branch of branchiomandibularis. 

D. Lateral branch of branchiomandibularis. 

E Ceratohyoideus. 
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Fif. 6. TMI«M •ttioulaturt of Ciraodicu* 

ci—lull, auperflcial diaeection, ventral 

vlw. Note the "dlMtaaa" between the aedial 

branch (A) and the lateral branch (B) of the 

branchlonandlbulariai and the direction of 

the flbera of the poaterlor half of the 

•ylohyoideue (c). 
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Fig. 7. Diagrammatic cross sections 

showing the four conditions of the re

lationship of the hypoglossus posterior 

to the basihyale in passerines. A. Most 

non-seedhusking species. B. Swallows. 

C. New World Nine-primaried Oscines and 

Ploceid assemblage. D. Cardueline finches, 

Hawaiian Honeycreepers. 
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Fig. 8. Ventral views of the four alternative 

conditions of the hypoglossus posterior. 

A. Most non-seedhusking species. B. Swallows. 

C. New World Nine-primaried Oscines and Ploceids 

(the ventral sheet of the muscle has been removed). 

D. Cordueline Finches, Hawaiian Honeycreepers. 
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Fig. 9. Oblique dorsal view of the relation

ship of the hypoglossus posterior, basihyale and 

paraglossalia in a passerine. 
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Fig. 10. Cross sections of the ceratobranchiale 

of seedhuskers. A. Loxis curviostra. B. Carpodacus. 

Orvzoborous• C. Pooecites. Spinus, Sporophila, 

Tanagra. D. Hesperiphona. E. Passer, Angnodramus. 

Amphisplza, Calamospiza, Oriturus, Passerina. 

F. Pvrruloxia, Richmondena. G. Atlapetes. Junco, 

Pipilo. H. Arremonops. Calcarius, Melospiza. Spizella, 

Volatinia. I. Pheucticus. J. Aimophlla. 
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Fig. 11. Cross sections taken through the 

anterior one third of the basihyale, dorsal 

surface superior, in A. Dendrocolpatidae. 

Bj_. Furnariidae (section through posterior one 

third). B2. Furnariidae. C. Pipridae. 

D. Yuhina (Timaliidae). E. Ramphocaenus. 

F. Microbates. G. Regulus, Polioptila. 
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Fig. 12. Ventral view of the hypoglossus 

posterior (insect pins inserted beneath it) 

in Pipilo ervthrophthalmus. 
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Fig. 13. Ventral view of basihyale of Psittirostra 

bailleui. Hypoglossus posterior does not pass beneath 

the basihyale. This is typical of Cardueline finches. 





Fig. 14. ventral view of the hypoglossus 

posterior (insect pin is inserted beneath it) 

in Phaeornis obscura. 
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Fig. 15. Ventral view of the hypoglossus 

posterior (insect pin inserted beneath it) in 

the Song Sparrow (Melispiza melodia). 
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Fig. 16. Ventral view of the hypoglossus 

posterior (insect pins inserted beneath it) in 

the Western Meadowlark (Sturnella neglecta). 





APPENDIX 

Chamaea 

This Californian species of narrow distribution 

is variously classified, being a difficult bird to re

late to other species. Delacour (1946) has advised 

merging the families Chamaeidae and Timaliidae. The single 

Timaliid I have dissected, Pomatostomus supercilioris, is 

not like Chamaea in its hyoidean characteristics. In 

Pomatostomus, the stylohyoideus originates on the mandible, 

and the ceratoglossus posterior inserts all along the mid-

ventral ridge of the basihyale, unlike Chamaea or any 

other species known to me. In addition, unlike Chamaea, 

the posterior two thirds of the basihyale is laterally com

pressed and the tracheohyoideus inserts on the ventral sur

face of the urohyale-ceratobranchiale joint. 

Malurus 

The phlogenetic position of this genus and its 

relatives is not really understood, though the species 

usually are included in the Sylviidae. Mayr and Amadon 

(1951) have this to say of them: "In Australia, New 

128 
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Guinea, Polynesia, and New Zealand there is a group of some 

85 species of warblers which appear to be better differenti

ated than either the kinglets (Regulus) or the gnatcatchers 

(Polioptila and allies) and which deserves subfamily rank 

under the above name." The name referred to is the family 

Muscicapidae, in which the Old World warblers (including 

Regulus and Polioptila) are brought together in the subfamily 

Sylviinae. Discovery that the origin of the stylehyoideus 

in Malurus is on the mandible, instead of on the basi-

temporal plate as in other Old World warblers, tends to 

support Mayr and Amadon's treatment of the genus. 

Darwin's Finches 

On the basis of hyoidean characteristics, one might 

postulate that Darwin's finches arose from a cardueline 

or cardueline--like stock, as was postulated for the Hawiian 

Honeycreepers. But here the situation is much less lucid. 

I would choose first to see additional specimens of these 

birds before I commented on their possible ancestry. 


