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ANATOMICAL VARIATION AND AVIAN ANATOMY 

By ANDREW J. BERGER 

Fisher (i955:69) called attention to the urgent need for more information on the 
amount of morphological variability “in a homogeneous series within a species.” Fisher 
and Goodman (1955: 119), in a thorough investigation of the myology of the Whoop_ 
ing Crane (Grus americana), were impressed by “the great variability that may exist 
in the conformation of muscles and, apparently, in the pathways of nerves to the mus- 
cles,” and by the fact that “the extent of variation [in the brachial plexus] between 
individuals is of no greater scope than that . . . between the sides of an individual.” 

It seems desirable, therefore, to examine anatomical variation in general, with ape- 

cial reference to its bearing on the phylogeny of birds. Under four headings-neurology, 
myology, osteology, and angiology-I propose to point out certain basic concepts or 
principles derived from the accumulated morphological knowledge of the best-known 
mammal, man, and to include information on variation in birds. 

Morphological variation is, of course, the rule, not the exception. This is one of the 
first things to be learned by the beginning student of human anatomy. Although there 
is a basic typical design for each vertebrate class, or order, or family, no two animals, 
however closely related, have exactly the same conformation in the minute structure of 
all organ systems. One cannot by knowing the pattern on one side of a body predict the 
pattern on the opposite side, although one might predict that they would be the same 
in a certain percentage of cases. In order to make such a prediction, however, one needs 
a mass of data obtained from hundreds of dissections, which enable one to visualize 
clearly the normal limits of variation. Consequently, it should be emphasized at the start 
that the particular pattern on one side of a body need exhibit no more similarity to the 
pattern on the opposite side than to the pattern in some other body. Ornithologists 
should not be surprised, therefore, when it is pointed out that the pattern of the brachial 
plexus or the vascular system differs in the two wings or two legs of one specimen. 

NEUROLOGY 

For the present purpose, we need discuss only the brachial plexus and some of its 
terminal branches. A plexus is a “network or tangle, chiefly of veins or nerves” (Dor- 
land, 1945: 1146). Specifically, the brachial plexus is a network by which the nerve com- 
ponents associated with certain spinal nerves are rearranged. It has a general, but not 
invariable, pattern characteristic for each group of animals. In man the brachial plexus 
-is typically formed from the anterior primary rami of the last four cervical spinal nerves 
(nos. 5-8) and the first thoracic spinal nerve, but in many cases (62 per cent of 175 
plexuses in one study) the plexus receives contributions from the fourth cervical nerve; 
it often receives small twigs from the second thoracic nerve as well. Furthermore, the 
entire plexus may be shifted a segment cephalad or caudad, in which event the plexus 
is said to be prefixed or postfixed, respectively (see Kerr, 1918). There is also consider- 
able variation in the gross pattern of this plexus when it is formed from the usual spinal 
nerves. 

Now with respect to the terminal branches of the brachial plexus, M. teres major, 
in man, is innervated by the lower subscapular nerve. This nerve typically is a separate 
branch of the posterior cord of the brachial plexus, but not infrequently it arises by a 
common trunk either with the thoracodorsal nerve or the axillary nerve. Again, the 
musculocutaneous nerve, arising from the lateral cord of the plexus, innervates the 
preaxial muscles of the arm and then terminates as a cutaneous nerve. This nerve typi- 
cally pierces M. coracobrachialis, innervates it, and then passes distad in the interval 
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between Mm. biceps brachii and brachialis, sending branches to them. But the musculo- 
cutaneous nerve does not always pierce the coracobrachialis muscle. That muscle may 
receive a branch(es) from the nerve, or a separate, more proximal, branch directly from 
the lateral cord. In the latter case, the definitive musculocutaneous nerve simply passes 
along the coracobrachialis muscle without sending branches to it. In some bodies, the 
musculocutaneous nerve sends, at a variable level, a ramus to join the median nerve, a 
nerve which innervates no muscles in the arm and gives off no branches there. The 
median nerve itself is formed by the union of rami derived from the medial and lateral 
cords of the brachial plexus, but the site of union may be located at any level from 
the axilla almost to the elbow. 

All of these and other differences from the “typical” pattern are considered to fall 
within the normal limits of variation. They are not pathological, and they do not inter- 
fere with the functioning of the muscles innervated. Considering these differences to 
represent normal variation, how can one interpret or explain such variation from a 
genetically established plan? Up to a point, the explanation is relatively simple. What 
is spoken of grossly as a “nerve” is actually a structure composed of hundreds of nerve 
fibers arranged in bundles or funiculi held together and surrounded by connective tissue. 
The nerve cell bodies of the neurons whose axons form the motor components of the 
median nerve are located in the ventral horn gray of the sixth, seventh, and eighth (some- 
times also the fifth) cervical and the first thoracic segments of the spinal cord. Assum- 
ing, within limits, nerve-muscle specificity between nerve-cell columns in the spinal cord 
and certain muscle groups, it matters little what course or path the axons follow to reach 
those muscles. All that is necessary is that the axons do reach them-this is one of the 
key problems in effecting a successful re-innervation of a muscle after its motor supply 
has been cut. Thus, the ramus of the musculocutaneous nerve which joins the median 
nerve in the lower arm contains axons derived from the median nerve portion of the 
motor cell column in the spinal cord. Those neurons are not destined to innervate pre- 
axial muscles of the arm and, therefore, sooner or later, they rejoin the median nerve 
in order to reach their proper termination. It seems reasonable to expect similar varia- 
tions in the gross pattern of the definitive nerves from the bird brachial plexus. We 
should, indeed, be surprised if such variation were not found. 

Even though we may assume that the gross pattern of the brachial plexus has a 
genetic basis, such variations as those discussed above do not cast doubt on the phylo- 
genetic relationships of individuals of Homo sapiens. One should not, therefore, place 
undue emphasis on such variation in birds. The gross pattern of the brachial plexus 
per se reveals very little about the ultimate innervation of the muscles. Not until local- 
ization of the cell columns in the spinal cords has been determined (by means of neuron 
chromatolysis experiments), will much really be known about the innervation of the 
appendicular muscles of birds. Furthermore, it is scientifically naive to assume that the 
gross nerve supply of a muscle is the same in all genera or families of birds. Hence, it 
would be uncritical when discussing the myology, but not the neurology, of cuckoos, for 
example, to cite from Fisher (1946) the innervation of the muscles as he found it in the 
vultures. What justification is there for quoting from the few workers (Fiirbringer, 
Gadow, Howell, Fisher) who have studied the innervation of avian muscles? Such refer- 
ence has meaning when one compares published data with original data on the same or 
another group of birds, or when one presents a compilation which attempts to summarize 
nerve-muscle relationships in birds. Even then, the limitations inherent in dealing only 
with gross patterns must be recognized. 

Nevertheless, we do need to know much more about the gross relationships between 
muscles and nerves in birds. There is, relatively, so little known about the total appen- 
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dicular myology of birds, however, that the new student of avian anatomy should not 
be distracted by a pedantic concern with the homology of muscles outside the class Aves. 

MYOLOGY 

In general, the muscular system is more stable than the nervous or vascular systems. 
One frequently encounters difficulties in attempting to generalize, but it might be said 
that, in man, more variation is to be expected in the distal muscles of the extremities, or 
in muscles having an extensive origin, such as M. pectoralis major, than in more proxi- 
mally located muscles or those having a small, discrete origin, such as the long head of 
M. biceps brachii. There are, of course, exceptions to such a broad statement. The fact 
is, however, that variations in the configuration of muscles are relatively frequent, but 
mostly minor in nature. Small accessory heads, bellies, or tendons of the forearm mus- 
cles are common in man, but their presence does not complicate the interpretation of the 
musculature of that region. In rare instances, a muscle such as the coracobrachialis or 
biceps brachii may be absent. Such variations from the usual pattern are spoken of as 
anomalies. One would not in view of even the complete absence of a muscle contemplate 
assigning the individual to a different species or genus. In man, the anomaly can be 
recognized as such because the total myology of the human body is so well known. 

We do not know that much about avian anatomy. We know, in fact, very little about 
intraspecific variation in the myology of birds. Therein lies the great need for many 
detailed studies of avian myology. Careful dissections, with accompanying detailed de- 
scriptions and measurements, of all of the appendicular muscles in 200 or 300 individ- 
uals of a given species would undoubtedly reveal many interesting facts. Until such data 
are available, the anatomist has no choice but to record details and interpret them in the 
light of his experience. The most interesting and significant taxonomic problems in avian 
anatomy frequently involve “aberrant” genera of which one is fortunate to obtain 
even two adequately preserved alcoholic specimens. Moreover, if one attempts a critical 
analysis of the muscles of any given group of birds, one soon discovers that all too little 
is known about the configuration and relative development of individual muscles in the 
various families and orders of birds. I decided several years ago that I could not inter- 
pret adequately data on the myology of the Cuculidae until I knew more about the 
nature of certain muscles and muscle-groups in other orders. 

The following are examples of variation in bird muscles. Fisher and Goodman 
(1955: 120) found that “in three of our six dissections of the Whooping Crane, M. pet- 
toralis utilized the well developed tracheal enclosure for part of its origin.” They noted 
also that M. latissimus dorsi metapatagialis is variable in development and may be 
absent and that the belly of M. flexor perforans et perforatus digiti II may or may not 
be bipennate. Hudson and Lanzillotti (195.5:39) found M. flexor pollicis in only two 
crow wings “out of 22 wings of the crow and six of the raven,” and (pp. 3435) they 
found a unilateral variation of M. extensor indicis longus in Cyanocolax: “on the left 
side the origin is from the radius only, as usual, but on the right side there is a distinct 
extra head of origin from the ulna. In one specimen of Aphelocoma coermlescens cali- 
jornica both sides have an ulnar attachment.” Fiirbringer (1902: 536) noted the absence 
of M. deltoideus minor, perhaps as an individual variation, in Cypselus. Beddard ( 1898: 
309) stated that M. latissimus dorsi, pars posterior, is sometimes absent in pigeons and 
that, according to Fiirbringer, “its occasional absence is a matter of individual variation.” 

More is known about individual variation in the ambiens muscle, probably because 
it is one of the “formulae” muscles and, therefore, has been studied more intensively. 

This muscle is present in some genera of parrots, absent in others. “Stringups is peculiar 
in that the muscle is sometimes complete and quite normally developed, and sometimes 
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ends in a thin tendon on the capsule of the knee joint. This recalls Oedicnemus” (Bed- 
dard, 1898 : 261) . Similar variations have been reported in Opisthocomus, PhaZthon and 
some of the Procellariiformes (Beddard, 1898: 289,405, 448). 

Fisher and Goodman (1955:85, 123) emphasized the amount of variation they 
found in M. caudofemoralis (piriformis) in three specimens of the Whooping Crane, 
and they discussed other differences in the muscle formulae of cranes found by the sev- 
eral investigators of that group. Their report is especially significant because the two 
parts of M. caudofemoralis are widely used in the muscle formulae of Garrod. Both parts 
(pars caudofemoralis and pars iliofemoralis) of this muscle were found in two specimens 
of the Whooping Crane, but only pars iliofemoralis in a third specimen. In one disseck 
tion, they found three parts to the muscle. I found both parts of this muscle in three 
specimens of the Sandhill Crane (Grus can&ens& tabida). 

A basic question is involved here. Several anatomists in recent years have empha- 
sized the necessity for knowing the complete appendicular myology of birds and not just 
the leg-muscle formulae. These formulae are convenient items to tack on to the technical 
diagnoses of families and orders of birds and all standard references give credence to 
this amount of myological data. Beddard’s (1898:367) brief report on variation in the 
muscle formulae in the Gruidae should have cast doubt on the validity of these muscles 
for solving taxonomic problems. Fisher and Goodman (1955:124) stated: “Thus it is 
impossible with the information at hand to set up any definite formula for the family 
Gruidae, or apparently even for the genera Grus and Balearica as now known. One would 
not expect intraspecific variation of the sort we noted or that found by Mitchell and 
Beddard in Bakarica . . . . The variation of G. leucogeranus from the Grus line is not 
unexpected, for this crane also differs in many other ways.” If, however, leg muscle 
formulae were as diagnostic as they were thought to be, these differences would not be 
found. As far as these muscles are concerned, it is possible that the cranes present one 
of the more troublesome groups. One would not, as Fisher and Goodman stated, expect 
this amount of intraspecific (or intrageneric) variation in a muscle complex unless it 
were in the process of “dropping-out” phylogenetically, in which case one might expect 
considerable variation. How much of this variation in the cranes falls under the heading 
of anomaly? One would surmise that the “normal” or “typical” pattern for the genus 
Grus is the presence of both parts of M. caudofemoralis. At the same time, certain fea- 
tures in the development of pars caudofemoralis suggest that it might be in the process 
of becoming vestigial in certain groups of birds. In a bird the size of the Sandhill Crane, 
for example, the belly of pars caudofemoralis is only 9 cm. long and has a maximum 
width of less than 1 cm.; the tendon of origin is but 0.5 mm. in diameter. Relative to its 
development in some other birds, pars caudofemoralis might be considered rudimentary 
in the cranes,. The relatively small size of the muscle in some genera, however, may be 
only a reflection of locomotor habits. 

The absence of a given muscle in a single specimen of a species or genus does not 
necessarily mean, h;wever, that that muscle is not characteristic for the species or the 
genus or that the muscle is useless as a taxonomic character, either for that group or for 
other groups. After one dissects a number of closely related genera, one quickiy recog- 
nizes deviations from the typical pattern. One must realize that one may be dealing with 
an anomaly, a situation which does not negate all of the other evidence. 

One other point of variation in the cranes deserves mention. Gadow and Selenka 
(1891: 142) and Hudson (1937: 60,69) reported that they did not find M. iliotrochan- 
tericus medius in the genus GIUS, but Fisher and Goodman (1955: 123) found it in G. 
am&cane and G. canadensis. I found this muscle bilaterally in two specimens and uni- 
laterally in a third specimen of G. canadensis tabida. In each of my dissections, however, 
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there was evident fusion between Mm. iliotrochantericus medius and anterior; the two 
muscles were separate at their origins, but the bellies fused distally to insert by a com- 
mon tendon. In the right hip of the one specimen, the two muscles were Completely 
fused, so that this complex was represented by a single muscle mass, arising, however, 
from the same area as that occupied by both muscles in the other dissections. Such fusion 
is not rare phylogenetically when two muscles arise or insert on adjacent areas and when 
their fibers have a generally parallel course. One may also recall both the phylogenetic 
and the ontogenetic differentiation of separate muscles from primitive muscle masses. 

Thus it is clear that much needs to be known not only about intraspecific variation 
of muscles, but also about the presence or absence and the relative development of the 
appendicular muscles throughout the families and orders of birds. Relative development 
is not indicated by a simple muscle formula. No region has received adequate attention 
throughout the orders of birds. The excellent series of papers on the head (Bamikol, 
19.52, 1953a, 19533; Hofer, 1950; Starck and Bsrnikol, 1954) serves to emphasize the 
need for additional comparative studies. 

OSTEOLOGY 

Less tedious than myology, the osteology of birds has received more attention. More 
adequate series of skeletons are available than of alcoholic specimens, although articu- 
lated skeletons are all too rare in many collections. The difficulties encountered in deal- 
ing with inadequate series of skeletons were well expressed by Lucas ( 1893 : 52) : “UnL 
fortunately the problem is rendered all the more difficult from the fact that the large 
series of specimens necessary for its solution are seldom available, so that characters 
may be considered of specific value, or . . . as mere abnormalities, when they are really 
normal variations, or perhaps, due to changes brought about by age.” One needs, then, 
a reasonably large series of skeletons in order to determine the typical pattern of bony 
elements. Variation is found in all species of birds; it should be expected. 

Shufeldt ( 1888 : 3 26) commented briefly on variation in the number of cervicodorsal 
ribs and Berger (1952:518; 19.55~: 587) on their uncinate processes. Lucas (1888,1889, 
1893) cited examples of variation in the numbers of true ribs. He stated (1888: 52-53) 
that extra ribs are “not uncommon,” but that “any lessening of the normal number is 
very rare and only once has such a case come under my notice,” a Catbird (Dumetella 
cwdinensis), in which the true ribs were reduced to five. Fisher ( 1946: 562) discussed 
variation in the fenestration of the posterior margin of the sternum and stated that 
“in Cathartes the individual differences in fenestration are manifold.” 

In spite of the fact that Shufeldt and other earlier workers stated unequivocally, at 
times, that the several regions of the vertebral column contained a specific invariable 
number of vertebrae, Berger (1952, 1953, 1954, 1955~) presented evidence to the con- 
trary. The number of cervical and dorsal vertebrae is relatively constant within cuculine 
genera. Geococcyx, Crotophaga, and Chrysococcyx (including “Chalcites” and “Lam- 
pomWpha”) have 14 cervical vertebrae; to date I have found no variation in these 
genera. Thirty out of 31 specimens of the genus Coccysus had 13 cervical vertebrae 
(contrary to the report by Shufeldt that this genus has 14)) whereas the other specimen 
had 14 cervical vertebrae, certainly an anomalous number for this genus (see Berger, 
1954:8-9). Of ten cuculine genera I have investigated thus far, I have seen only one 
example of variation in the number of dorsal (“thoracic” of some authors, but see New- 
ton, 1896:849) vertebrae. The CIsrysococcyx complex normally has four dorsal verte- 
brae. ‘(One alcoholic specimen of Chrysococcyx cupreus, however, has five dorsal verte- 
brae and five dorsal, or true, ribs. Of the latter, four articulate with the sternum, while 
the fifth fuses ventrally with the fourth rib; there is no thoracic rib” (Berger, 1955~: 

. 
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587). When the normal number of four dorsal vertebrae is present, there is also a thor- 
acic rib. On the other hand, variation is common in the number of ribs which articulate 
directly with the sternum. With a total of 14 alcoholic and skeletal specimens for study, 
the following variation was found. “Four, apparently, is the ‘normal’ number of sternal 
ribs in these species. In one specimen of Chrysococcyx cupreus and two specimens of 
Lampromorpha caprius, however, only three of the four dorsal ribs articulate directly 
with the sternum; and in an alcoholic specimen of L. klaas three ribs articulate with the 
sternum on the left side, whereas four do so on the right” (Berger, Zuc. cit.). 

I recently examined 14 skeletons representing six genera and nine species of Plantain- 
eaters (Musophagidae). All except one had five dorsal vertebrae; one skeleton of Tur- 
acus persa (USNM No. 291,319) had but four dorsal vertebrae. 

Two other regions of the vertebral column, however, exhibit considerable variation 
in the numbers of included vertebrae: the synsacrum and the free caudal vertebrae. 
Counting the fused vertebrae in the adult synsacrum is, at times, a difficult task. More- 
over, no author, apparently, has told how he counted the individual vertebrae in the 
synsacrum;. it is possible to count them in at least two ways so that one obtains two 
different answers. There is no doubt, however, that variation does occur. The following 
data are an example of such variation. 

11 15 3 4 22 

12 40 10 2 2 

13 2 .._. . .._ . . 

Notwithstanding this variation, there is a preponderance of 12 fused vertebrae in 
the synsacrum of Coccyzus and of 11 in Geococcyx. 

When one is dealing with articulated skeletons, there can be no doubt about the 
precise number of free caudal vertebrae. Intraspecific variation in the number of free 
caudal vertebrae is illustrated as follows: 

Number of specimens 

NoA;&, Coccyzur Crotophoga Geococcyz COW 
americanus erythropthalmus sulcirostris califor?zianus caerdea 

4 . . . . 2 . . . . 1 . . . . 

5 39 11 3 20 2 

6 18 3 1 2 1 

In addition, Milne-Edwards and Grandidier (1879: 170) reported that generally 
there are seven free caudal vertebrae in Coua, but recognized that there might be less 
than seven due to fusion of one or more with the pygostyle. In the musophagids men- 
tioned previously, the number of free caudal vertebrae varied from five to seven. Burt 
(1930:477) found from five to seven free caudals in certain woodpeckers. 

It would be superfluous to comment on intraspecific variation in length of the indi- 
vidual long bones of the appendages. Further detailed studies (Ashley, 1941) on the 
configuration of these bones, and of the amount of variation therein, however, would 
yield information valuable to the anatomist, taxonomist, and the paleontologist. The 
avian skull has been studied in great detail, but little has been published on variation in 
that structure (see Shufeldt, 1887). 

It is not redundant to stress the value in having large series of completely articu- 
lated skeletons in order to determine the normal limits of variation in bony elements. 
With a box of disarticulated skeletal elements, how can one be sure that all of the cer- 
vical or free caudal vertebrae are present? Berger (19553:302) commented: “Tabula+ 
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tion of the number of fused vertebrae in the synsacrum (a difficult and, perhaps, un- 
reliable determination in the adult bone) may be meaningless unless one also presents 
the numbers of cervical, dorsal, and free caudal vertebrae; the total number of bones in 
the vertebral column may be the same in two specimens of a species even though there 
may be variation in the numbers of vertebrae in adjacent regions.” At the same time, in 
a report on three genera of American cuckoos, Berger (1952:519) found that “there 
appears to be no significant correlation between the number of fused vertebrae in the 
synsacrum and the number of free caudal vertebrae.” Further data are needed on other 
groups of birds. It is certainly true that the number of free caudal vertebrae or the 
number of fused vertebrae in the synsacrum of a single specimen has little significance 
beyond reporting the condition in that specimen. Contrary to Shufeldt’s assertion ( 1888: 
332, 347)) there is no justification for the statement, which appeared in a recent taxo- 
nomic paper, that “a diagnostic feature of the Corvidae” is the presence of 11 fused 
vertebrae in the synsacrum (Ripley, 195 5: 143). In the synsacra of 63 skeletons of cor- 
vids, representing 13 genera, I found that 42 synsacra each had 11 vertebrae and 21 
had 12 vertebrae. For a recent discussion on skeletal variation in the Anseriformes see 
Verheyen (1953). 

ANGIOLOGY 

It can be said with little fear of contradiction that the blood vascular system is the 
most variable system in the body. The reasons for this variability lie in the embryo- 
logical development of that system. I 

Blood is carried to the upper extremity through a major channel, which, for purposes 
of description, is given different names in successive regions: the subclavian, axillary, 
and brachial arteries. At the elbow, the brachial artery typically divides into two ter- 
minal branches, the radial and ulnar arteries. Certain branches of this main stem have 
a distinctive course or supply particular structures; these branches are given specific 
names. There are many unnamed branches, referred to as muscular branches; they are 
variable in number and position. The definitive radial and ulnar arteries are preceded 
by other arteries in the human embryo which, each in turn, serve temporarily as the 
dominant arterial channel; these are the anterior interosseous, median, ulnar, and super- 
ficial brachial arteries. The anterior interosseous and the median arteries undergo retro- 
gression and usually are small vessels in the adult. Most of the proximal portion of the 
superficial brachial artery degenerates. The antebrachial portion of this artery makes 
a secondary connection with the brachial artery near the elbow to form the definitive 
radial artery. Such an ontogenetic pattern in the development of the arterial system 
readily accounts for the variations or anomalies seen in the laboratory. One may find a 
very large, rather than a minute, median artery. The proximal portion of the superficiril 
brachial artery may persist, so that either the radial or the ulnar artery appears to be 
a direct continuation of this trunk; or it may give rise to both the radial ,and ulnar 
arteries, in which case this division takes place high in the arm rather than at the elbow. 
An accessory ulnar artery may be present. These are but a few of the many examples 
which might be cited from human anatomy. 

The important feature in the above discussion is that none of the variants represents 
wholly new channels: all were present as main channels or plexuses during embryolog- 
ical development. They are anomalies in the adult because normal retrogression, or allied 
processes, did not occur. In the development of an organism as elaborate as a bird or 
mammal, such minor deviations from a genetically established pattern are not very 
surprising. 

For purposes of description, the subclavian artery is divided into three parts. Two 
cervical arteries, one from the first part, the other froti the third part, supply the same 
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areas. Each of these two is said to have about 50 per cent occurrence; in some indi- 
viduals both are present, although they are not usually the same size, One would not 
attempt to classify man on the basis of the presence or absence of these arteries, or on 
their relative size. 

Developmentally, the aortic arches are bilateral structures. The definitive adult pat- 
tern of the aorta and the major arteries of the heart is the result of retrogression, shift- 
ing, and recombination of channels already present and the establishment of some new 
connections formed from pre-existing vascular networks. Essentially, one might say that 
nothing new had. been added. Needless to say, many anomalies are encountered. The 
interested reader may consult Piersol (1930:724-726), Barry (1951), Woodburne 
(1951), and Patten (1953:632, 673). 

I doubt that “the site of attachment of the intercostal or thoracic artery” in birds 
“may come to be used as an index in specific levels of evolution” or that “the medial 
migration of the thoracic artery appears to have some phylogenetic significance” 
(Glenny, 1955: 543-544). Such variation is to be expected in‘the vascular system. In 
spite of the vast literature on the main arteries in the region of the heart, ornithologists 
still await the publication of a carefully executed paper describing the arterial and ven- 
ous systems of birds. Names of arteries mean little if one cannot visualize their position. 
Such a paper should describe in detail the origin, course, relations, and destination of 
each artery (or vein), as in any text book of human anatomy. This treatment would be 
valuable and most welcome to all ornithologists interested in anatomy, because, among 
other things, it would serve as a basis for comparative studies. 

LITERATURE CITED 
Ashley, J. F. 

1941. A study of the structure of the humerus in the Corvidae. Condor, 43:184-195. 
Barnikol, A. 

1952. Korrelationen in der Ausgestaltung der Schadelform bei VSgeln. Morph. Jahrb., 92:373-414. 
1953~. Zur Morphologie des Nervus trigeminus der Vogel unter besonderer Beriicksichtigung 

der Accipitres, Cathartidae, Striges und Anseriformes. Zeitsch. f. wissensch. Zoologie, 157: 

28.5-332. 
19536. Vergleichend anatomische und taxonomisch phylogenetische Studien am Kopf der Opis- 

thocomiformes, Musophagidae, Galli, Columbae und Cuculi. Zool. Jahrb., 81:487-526. 

Barry, A. 
1951. The aortic arch derivatives in the human adult. Anat. Rec., 111:221-238. 

Beddard, F. E. 
1898. The structure and classification of birds (Longmans, Green and Co., London). 

Berger, A. J. 
1952. The comparative functional morphology of the pelvic appendage in three genera of CUCU- 

lidae. Amer. Midl. Nat., 47:513-605. 
1953. On the locomotor anatomy of the blue coua, Couu caerzrlea. Auk, 70:49-83. 
1954. The myology of the pectoral appendage of three genera of American cuckoos. Misc. Publ. 

Univ. Mich. Mus. Zool., No. 85, 35 pp. 
I955a.On the anatomy and relationships of glossy cuckoos of the genera Chrysococcyx, Lam- 

#romorpha, and CAdcites. Proc. U. S. Nat. Mus., 103:585-597. 
1955b. Suggestions regarding alcoholic specimens and skeletons of birds. Auk, 72:3CQ-303. 

Burt, W. H. 
1930. Adaptive modifications in the woodpeckers. Univ. Calif. Publ. Zool., 32:455-524. 

Dodand, W. A. N. 
1945. The American illustrated medical dictionary. 20th ed. (W. B. Saunders Co., Philadelphia). 

Fisher, H. I. 
1946. Adaptations and comparative anatomy of the locomotor apparatus of new world vultures. 

Amer. Midl. Nat., 35 :545-727. 



Nov., 1956 ANATOMICAL VARIATION 441 

1955. Atim anatomy, 1925-1950, and some suggested problems. in Recent studies in avian 
biology (University of Illinois Press, Urbana), 57-104. 

Fisher, H. I., and Goodman, D. C. 
1955. The myology of the whooping crane, Grus americana. Illinois Biol. Monog., 24:viii+127 pp. 

Fiirbringer, M. 
1902. Zur vergleichenden Anatomie des Brustschulterapparates und der Schultermuskeln. 

Jena. Zeitschr. f. Naturwiss., 26:289-736. 
Gadow, H., and Selenka, E. 

1891. Vogel. In Bronn’s Klassen und Ordnungen des Thier-Reichs (Leipzig). 
Glenny, F. H. 

1955. Modifications of pattern in the aortic arch system of birds and their phylogenetic sig- 
nificance. Proc. U. S. Nat. Mus., 104:525-621. 

Hofer, H. 
1950. Zur Morphologie der Kiefermuskulature der VSgel. Zool. Jahrb., 70:427-556. 

Howell, A. B. 
1937. Morphogenesis of the shoulder architecture: Aves. Auk, 54:364-375. 
1938. Muscles of the avian hip and thigh. Auk, 55:71-81. 

Hudson, G. E. 
1937. Studies on the muscles of the pelvic appendage in birds. Amer. Midl. Nat., 18:1-108. 

Hudson, G. E., and Lanzillotti, P. J. 
1955. Gross anatomy of the wing muscles in the family Corvidae. Amer. Midl. Nat., 53:1-44. 

Kerr, A. T. 
1918. The brachial plexus of nerves in man, the variations in its formation and branches. Amer. 

Jour. Anat., 23 :285-395. 
Lucas, F. A. 

1888. Abnormalities in the ribs of birds. Auk, 5:329-330. 
1889. Costa1 variations in birds. Auk, 6:195-196. 
1893. Individual skeletal variation. Science, 22:52-53. 

Milne-Edwards, A., and Grandidier, A. 
1879. Histoire physique, naturelle et politique de Madagascar. Vol. 12. Histoire naturelle des 

oiseaux (Alfred Grandidier, Paris). 
Newton, A. 

1896. A dictionary of birds (Adam and Charles Black, London). 
Patten, B. M. 

1953. Human embryology. 2nd ed. (Blakiston Co., New York). 
Piersol, G. A. 

1930. Human anatomy. 9th ed. (Ed. by G. Carl Huber) (J. B. Lippincott Co., Philadelphia). 
Ripley, S. D. 

1955. Anatomical notes on Zuwettariornis. Ibis, 97: 142-145. 
Shufeldt, R. W. 

1887. Individual variation in the skeletons of birds, and other matters. Auk, 4, 265-268. 
1888. On the skeleton in the genus Stztmella, with osteological notes upon other North-American 

Icteridae, and the Corvidae. Jour. Anat. Physiol., 22:309-350. 
Starck, D., and Barnikol, A. 

1954. BeitrLge zur Morphologie der Trigeminusmuskulatur der Vogel (besonders der Accipitres, 
Cathartidae, Striges und Anseres) . Morph. Jahrb., 94: l-64. 

Verheyen, R. 
1953. Contribution a l’osteologie et a la systematique des Anseriformes. Gerfaut, 43 (suppl.) : 

457-497. 
Woodburne, R. T. 

1951. A case of right aortic arch and associated venous anomalies. Anat. Rec., 111:617-627. 

Departmtnt of Anatomy, University of Michigan Medical School, Ann Arbor, 
Michigan, February 18, 1956. 


