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THE AMERICAN MASTODON 
AND THE WOOLLY MAMMOTH 



Restorations of body forms of the American mastodon and woolly mammoth, after C. R. Knight. 
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INTRODUCTION 

I N THIS day of supermarkets and prepackaged 
foods, we cannot help but lose some of our 

appreciation for the problems that confronted 
early man in his hunting and food-gathering 
practices. Certainly, one of the most amazing 
feats of the early hunter was his ability, aided 
by the most primitive weapons, to trap, kill, 
and butcher the now extinct mammoth and 
mastodon. These proboscideans, like the ex
tinct· bison, must have been prizes sought 
after because of the huge supply of meat that 
each afforded. The numerous skeletal finds 
associated with man indicate that the hunting 
of these animals was carried out with some 
frequency throughout their range (fig. 36). 
These kill sites and their significance in the 
New World have been summarized by H. M. 
Wormington (1957) and S. Williams (1957)' 
The mammoths are regarded by taxonomists 
as fossil elephants and are restricted in the 
Western Hemisphere to North America. 
They are also found in many areas of the Old 
World (fig. 36). 

The mammoth is one of the few extinct 
mammals about which something is known 
of its soft anatomy. This has been made 
possible by the finding of some 25 frozen 
carcasses in Siberia. The best known and most 
publicized is the body discovered in 1900 on 
the banks of the Beresovka R tver. The con-

dition of the remains of this animal indicates 
a deep freezing which allowed for the preser
vation of most of the animal's fleshy parts as 
well as its stomach contents. It is from finds 
of this sort that we have information about 
the appearance of these animals in life, e.g., 
the length, texture, and color of the body 
hair, length of trunk and ears, and even the 
thickness of the insulating body fat. It is 
estimated that some 25,000 mammoths have 
been uncovered in Asia. Many of the mam
moth bones from the beds of Cripple Creek, 
Alaska, also have dried flesh and tendons join
ing the carpals and tarsals in articulation, as 
well as associated hair patches. The American 
mastodon is also a proboscidean but is not 
regarded as a "true elephant." 

Both the mammoth and the mastodon sur
vived into the late Pleistocene, and numerous 
carbon 14 dates of associated material indicate 
that these animals survived until roughly 8000 

to 4000 B.c. It is most surprising that although 
these two animals are taxonomically quite 
separate, little has been done with postcranial 
analysis that could be utilized by the paleoan
thropologist in his studies of their bones. The 
present comparative analysis was undertaken 
in an effort to aid the field and laboratory 
worker in identifying the fossil proboscidean 
bones that turn up in early man sites. 
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in the American Museum of Natural History, 
only one external cuneiform (fig. 35) was 
present. This bone was modeled in the few 
articulated feet of this animal known in the 
United States. The terminal, or nail-bearing, 
phalanges were present in only one unmounted 
specimen of a mastodon in the collections of 
the Cleveland Natural Science Museum. Ap
parently the porous condition of thes.e bones 
does not lend itself to preservation. There is 
some disagreement among the' few workers 
concerned with the osteology of the mam
moth about whether this animal in life had 
five digits in each of the fore and hind feet, 
as in the living elephants, or whether it 
possessed only four. The mammoth feet used 
here for description and comparison were 
carefully articulated by Dr. Clayton Ray, of 
the U.S. National Museum, from the numer
ous disarticulated bones from the Alaskan 
collections in the Frick Laboratory of the 
American Museum of Natural History. These 
feet will be incorporated into a mounted 
skeleton for public display in the U.S. Na
tional Museum, Washington, D.C. My com
parisons of the facets and condyles of these 
bones agree with Ray's conclusions, and I 
have articulated the feet with five digits. In 
any event, the arrangement and form of the 
major carpals and tarsals would not change, 
regardless of the digital count, and it is these 
elements that are most diagnostic, not the 
similarly-shaped distal toe bones. 

1. W. Cornwall (I956) lists in a table, 
"Fibulare = calcaneum = os-calcis," all for the 
same bone, depending on whether one uses 
the designations of comparative or of medical 
anatomists. To lessen this confusion, I have 
labeled the bones in the articulated feet of both 

animals as well as the separate bones, thereby 
allowing any reader not agreeing with my 
choice of terms to substitute those of his own 
choosing, since he will in any case know to 
which bone I refer. 

Too often, in published osteology texts, it 
is assumed that all readers are as familiar as 
the author with the skeletons under discussion. 
I emphasize that this publication is designed 
primarily for those paleoanthropologists who 
encounter proboscidean bones in their sites. 
Thus it was decided to include as much in
formation as possible on the plates in order 
to facilitate easier visual determinations, rather 
than to have lengthy text descriptions of the 
various bones and their identifying facets or 
condyles, or to rely on plate captions for this 
information, thereby requiring one to refer 
back and forth between plate and legend. 

In some instances positive identifications 
can be arrived at by noting the presence of a 
single key character. Occasionally, only a 
combination of several subtle characters will 
aid in establishing which proboscidean is rep
resented. With some fragmentary or broken 
bones it may be possible to state only that an 
"elephant-sized" mammal is present, as com
pared with other large mammals that are also 
present in the same dig. 

In no instance have identifying characters 
been stressed unless they were observed in all 
specimens examined. The mastodon skeletons 
that were compared are in the collections of 
the various museums listed in the acknowledg
ments. The woolly mammoth bones are part 
of the vast collection of such specimens from 
the Cripple Creek area in Alaska, and are in 
the Frick collections of the American Museum 
of Natural History. 



FIGURE 4. Articulated skeletons of the American mastodon and the woolly mammoth, illustrating the longer, 
slimmer limb proportions of the mammoth. 



DISCUSSION 

M AN'S published interest in the bones of 
the extinct proboscideans, the American 

mastodon, Ma11l1Ttut americanu71'l, and the 
woolly mammoth, Mcrm:m:utbus pri711igenius, 
have rather early beginnings. We know that 
they aroused the interest of Cortez to the 
extent that he sent back a fossil elephant 
femur to Castile and recorded the event in his 
journal of 1519. William Ernest Tentzel 
(Tentzelius) published an account of the 
Burgtonna "ancient Elephant" skeleton in 
1698. John P. Breyne figured a mammoth 
cranium in the Philosophical Transactions of 
the Royal Society of London for 1737. Robert 
Kerr is credited with naming the American 
mastodon Elephas crmericanzml in 1792, and 
John F. Blumenbach, seven years later, named 
the European mammoth, Elephas primigenius. 
These and other pertinent early scientific 
proboscidean discoveries are fully recorded by 
Henry Fairfield Osborn in his monographic 
studies of these animals (1936, 1942). 

No detailed, illustrated account of the 
skeletons of these proboscideans is known 
before the classic study by John C. Warren 
in 1852. Although this volume has long been 
out of print, it is still in use (for want of a 
more detailed account) for the comparison 
and identification of mastodon bones. Two 
papers by the German Paleontologist Johannes 
Felix (1912, a, b) describe and illustrate, but 
not fully, the foot bones of the woolly mam
moth. 

Over thirty years ago, a two-volume mono
graph entitled P1·oboscidea was published 
(Osborn, 1936, 1942). The first volume is 
concerned with the mastodonts and the second 
with the elephants, including the mammoths. 
The true value of this work lies in its record
ing the location of most of the type speci
mens up to that time and its references to the 
original descriptions. In all fairness, for it has 
shortcomings, it must be said that this work 
was brought to its final stage and published 
after Osborn's death. Some authors are cur
rently referring to Osborn's two-volume 
Proboscidea as "the enormous standard mono-

FIGURE I. Skull and dentition of the woolly mammoth. 

graph on the subject" (1. W. Cornwall, 1968). 
It should be emphasized that Osborn's work 

was certainly a monumental undertaking, but 
it should also be considered as a progress re
port of that time, since most of his taxonomy 
and type descriptions were based only on the 
dentitions of the animals. In many instances, 
these were represented by a single tooth or at 
best by fragmentary teeth. Little or no atten
tion was given to postcranial elements, and no 
direct cross-family comparisons were made 
using bones other than those found in the 
skulls or jaws. This is very unfortunate, since 
most of the more important mammoth and 
mastodon skeletons were known and were 
available for study at that time, many in the 
American Museum of Natural History, where 
Osborn worked. In defense of Osborn's de
cision to choose only the lighter teeth for 
study, however, I must admit that after I was 
well into the present undertaking and had 
manually lifted countless femora, humeri, etc., 
of mastodons and mammoths, I doubted the 
wisdom of my decision to study these heavier 
postcranial bones. 

Since the skulls and dentitions of the mam
moth and mastodon have been covered in 
some detail in Osborn's Proboscidea, only the 
briefest mention of the teeth and crania will 
be made here. The student is referred to this 
earlier work for cranial comparisons. In gen
eral, the dentition of a mammoth Can be 
immediately determined by the many parallel 
ridg-es or plates on the grinding surface of the 
molars (fig. I). The molars of the mastodon 
exhibit characteristic high crests or lophs on 
the occlusal surfaces of the cheek teeth (fig. 
2) . More often than not, one of the stated 
differences between the tusks of these two 
proboscideans is that there is greater length 
and curvature in those of the mammoth. 
Although these teeth in the mammoth are 
certainly of an impressive length and form as 
compared with those of the other probosci
deans, there are always those aberrant in
dividuals among the mastodons that make this 
characteristic not totally reliable. A long-
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tusked mastodon, for instance, is on exhibit in 
the museum of the Ohio State University 
(fig. 3)' 

When this study was being contemplated, 
inclusion of the skeletons of the Columbian 
mammoth, Mcrnmzuthus (Parelephas) COlU111bi 
and the imperial mammoth, Ma7w12uthus 
(Archidiskod01l) i71lperator, was considered, 
inasmuch as the human finds in association 
with mammoths in the southern United States 
and Mexico are with these proboscideans. 
After close examination, however, it was 
discovered that much taxonomic confusion 
surrounds these animals; resolving it would 
require lengthy, detailed study and comparison 
beyond the scope of the present research. 
Also, inadequate material adds to the problem 
of straightening out the taxonomy. The type 
of MCl71mmthus columbi, for example, con
sists of a fragmentary right third lower molar, 
and that of Mam71luthus i71lperator of the 
anterior end of a right upper third molar. 

Some published descriptions of finds within 
the area of the larger mammoths designate 
the proboscidean remains as belonging to the 
Columbian mammoth only because of their 
size and geographical location (M. G. Mehl, 
1966). D. E. Savage (1951) stated his opinion 
of the difficulty of separating the large mam
moths on the basis of teeth alone: "These ex
tremes are distinct; but structurally inter
mediate forms, such as the Irvington animal, 
are much more difficult to identify." John 
Lance, referring to the Naco mammoth from 
Arizona (Haury et al., 1953), observed: "An 
attempt to apply these characteristics to pub
lished descriptions of material assigned to 
both species suggests that there is still some 
confusion between them. The ridge plate 
formulas may be valid, but completely ac
curate counts can seldom be made, particularly 
without sectioning the teeth." Mammoth 
teeth change form with wear, a fact that must 
be taken into account when comparing worn 
molars of an aged individual with what may 
be an unworn tooth of a young individual. 
After comparing most of the southern mam
moth finds, I am convinced that a thorough 
study of the postcranial skeletons as well as a 
reevaluation of the dentitions and a restudy 
of the type descriptions will result in eliminat-

FIGURE 2. Skull and dentition of the American mastodon. 

ing some of the existing taxonomic confusion 
surrounding these large proboscideans. This 
is by way of saying that a study and com
parison of the types and figured material 
(mostly teeth) will establish those characters 
constituting and separating the southern mam
moths. From this initial restudy, it will then 
be possible to check postcranial skeletal ma
terial that has been identified from associated 
teeth. At present, it would be of little value 
to compare the southern mammoths on the 
assumption that their labels or taxonomic 
assignments were correctly made. An original 
incorrect taxonomic determination may 
merely have been passed on. I hope to under
take this task at a later date. In the meantime, 
this study should enable paleoanthropologists 
to decide whether they are confronted by 
mastodon or by mammoth bones. 

Both the mastodon and mammoth had 
roughly the same body bulk, mode of walk
ing, and method of food gathering; so log
ically there would be many more similarities 
than differences in their skeletons, and these 
slight differences when present would in most 
instances be quite subtle. In some instances, 
only combinations of these minute differences 
can determine which proboscidean is present. 

In general, the bone proportions of the 
woolly mammoth are comparatively more 
slender and longer compared with those of the 
mastodon (fig. 4). Few workers, however, 
will have a complete skeleton of both animals 
at hand for making such comparisons. 

During the course of this study, most of the 
mounted skeletons of the mastodon and mam
moth in this country were compared and 
examined in detail. A great number of the 
articulated feet in these mounts were repro
ductions, cast in plaster from models. This 
necessitated, for the most part, making up 
composite articulated feet for study, at times 
adjusting to the size difference among the 
bones from various individuals. This differ
ence must be taken into consideration when 
the size scales on the plates of the carpals and 
tarsals are used for comparison with excavated 
elements of either animal. Regarding the rarity 
of some foot bones, it was noted that in the 
huge collections of woolly mammoth bones 
from Alaska contained in the Frick collections 



FIGURE 3. Extreme variation in length and curvature of the tusks of the American mastodon, approaching that 
found in the woolly mammoth. 



FIGURES 5-10. Atlas, axis, cervical, 3rd and 7th thoracic and lumbar vertebrae of the American mastodon and 
woolly mammoth. Characters that are particularly important for identification are indicated by heavy dashed 
lines or by arrows. 



POSTCRANIAL SKELETON 

ATLAS 

T HE ATLAS (fig. 5) of both the mammoth 
and mastodon is an uncomplicated, flat

tened ring of bone. The ventral tubercle is 
pronounced in both animals. The single sepa
rating feature of this vertebra is the shape of 
the dorsal margin when viewed from a pos
terior aspect. In the mastodon, this surface 
more or less approaches a curved apex, while 
this same area is considerably flattened in the 
mammoth. In both animals, this dorsal surface 
is roughened or sculptured, forming a firm 
base for the attachment of neck muscles, and 
it lines up with the corresponding plane of the 
neural crest of the axis. 

AXIS 

The axes (fig. 6) of both animals have high, 
pronounced neural spines that are quite vari
able in outline when seen from a lateral aspect. 
A notch or trough, running in an antero
posterior direction along the crest of the 
spine, may be present or absent in this vertebra 
of either animal. A well-defined odontoid 
process is present. 

CERVICAL VERTEBRAE 

From the third to the last cervical vertebra 
(fig. 7), there is little that is diagnostically 
different. In accord with the shortness of the 
neck of these proboscideans, the cervicals are 
very short when viewed laterally, owing to 

. their being compressed antero-posteriorly. 
The cervicals beyond the atlas and axis have 
disclike bodies or centra and have com
paratively short, thin spinous processes. The 
vertebral foramen in the mastodon is more 
rounded dorsally when seen from an anterior 
view as compared with a triangular-shaped 
foramen in the mammoth. Occasionally, two 
or three of the centra of the cervicals (includ
ing the axis with the third cervical) will fuse 
or unite to form a single more or less compact 

9 

bony unit. This fusion seems to be con
centrated on one side or the other rather than 
uniformly along the lateral and ventral margins 
of the opposing centra. . 

THORACIC VERTEBRAE 

The thoracic vertebrae (fig. 8 and fig. 9) of 
both animals exhibit strong, high neural spines 
with expanded dorsal extremities. The an
terior vertebrae in the mammoth have pro
portionately heavier, more massive centra 
than do those of the mastodon. The posterior 
vertebrae of this series in both the mammoth 
and mastodon incline to a greater degree than 
do those nearer the heads of these animals. In 
these posterior vertebrae (as for example the 
seventh thoracic), the centrum in the masto
don has a rounded contour on the ventral 
margin when viewed from the anterior face, 
while this same margin approaches a right 
angle with the apex on the median or sagittal 
plane in the mammoth. Some European 
paleontologists argue that the woolly mam
moth did not possess a hump in the region 
of the shoulders, as depicted by many modern 
artists who have reconstructed this animal as 
it may have appeared in life. Some of these 
arguments are pointed out by ]. Augusta and 
Z. Burian (I 962). It is generally agreed among 
zoologists and vertebrate paleontologists who 
have compared the prehistoric cave paintings 
of France and Spain that most of the repre
sentations of body forms are remarkable in 
their accuracy and likeness to the living 
animals. This is particularly true for the 
extinct horse and bison, which may be checked 
against their living relatives. Many reproduc
tions of the woolly mammoth, executed by 
prehistoric artists, show these animals as having 
a well-defined hump in the region of the 
shoulders. An example of such a painting is 
the herd of mammoths preserved in a cave in 
Rouffignac, Dordogne, France. In defense of 
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the accuracy of these works of art, it was 
noted that the neural spines of the thoracic 
vertebrae suggest the possibility of such a 
dorsal development in the mammoth. I believe 
that the woolly mammoth appeared in life 
much as in the restoration by Charles R. 
Knight (Frontispiece), now in the American 
Museum of Natural History. 

LUMBAR VERTEBRAE 

The lumbar vertebrae (fig. 10) of both 
animals have heavy, strongly built centra and 
neural arches with short, stout neural spines. 
The ventral margin of the centra when seen 
from an anterior view in the mastodon is 
flattened. In the mammoth, this margin is 
more rounded. 

SACRAL AND CAUDAL VERTEBRAE 

The sacral vertebrae in both animals were 
observed to be too similar in form and struc
ture to be of value in separating these two 
animals. The sacrals were, in some instances, 
fused to the innominates to form a solid unit, 
even to the extent of leaving no sutural lines 
between the sacrum and the two halves of 
the pelvis. Little of diagnostic value was 
noted for the caudal vertebrae of either animal. 
After all, a tail is a tail, and not much special
ization is attributed to this appendage in the 
proboscideans. Neither of these two preceding 
vertebral elements is illustrated. 

SCAPULA 

The scapula (fig. 1 I), diagnostic for many 
groups of mammals, is recognized as being of 
taxonomic value for the fossil proboscideans 
(Cornwall, 1956). The midspinous process is 
prominent in both forms, overhanging the 
postspinous fossa, but is located midway along 
the scapular spine in M. pri111igenius. In M. 
americanu111, the midspinous process is closer 
to the acromion. The vertebral border is 
nearly straight in the mastodon and is con
cave in the mammoth. The caudal angle is 
more pronounced or extended in the masto
don. The scapular neck is noticeably con
stricted in the mammoth. The scapula of the 
mastodon has a long, flat cranial angle, and 
the prespinous fossa is considerably wider. 

Generally, the external margins of the glenoid 
cavity when viewed from the articular surface 
form a rectangular outline in the mammoth 
but are more irregular in outline in the masto
don. 

HUMERUS 

The humerus (fig. I2) has a powerfully 
developed supracondyloid ridge in both 
animals but presents a more graceful curve at 
its junction with the humeral shaft in the mam
moth. The head is large, prominent, and 
greatly expanded in both the mammoth and 
mastodon. The head and tuberosity are of 
about equal prominence. When the humeri 
of both animals are compared, the more 
slender, longer, and thinner proportions of the 
mammoth are immediately apparent. 

RADIUS 

The radii (fig. 13) of the mastodon and the 
mammoth are quite similar. However, as with 
other limb bones of these proboscideans, the 
radius of the mastodon is noticeably heavier 
and thicker. The proximal end of the radius 
is quite small and weak when compared with 
the heavy, expanded distal end. The head of 
the radius in both animals overhangs the shaft 
in "mushroom" fashion, forming a pronounced 
neck. 

ULNA 

The ulna (fig. 14) is more heavily developed 
than the radius at its distal end in both 
proboscideans, a rather unusual condition 
among mammals. The olecranon process is 
unusually short and stout in both animals. 
This process overhangs the shaft to a greater 
degree in the mastodon. The anconeal process 
is wider and more expanded in the mammoth. 
The overall proportions of the ulna are shorter 
and heavier in the mastodon. 

The radius and ulna are permanently 
crossed when articulated in both probosci
deans. 

THE MANUS OR FORE FOOT 

The manus (fig. 15) is short and broad in 
both animals. The carpal bones are massive 

FIGURE I I. Scapula of the woolly mammoth and American mastodon. Characters that are particularly impor
tant for identification are indicated by heavy dashed lines or by arrows. 
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FIGURE II 



FIGURES 12-14' Humerus, radius, and ulna of the woolly mammoth and American mastodon. Characters that 
are particularly important for identification are indicated by heavy dashed lines or by arrows. 
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and square and articulated by more or less 
flat surfaces. There are five digits having 
short, stout phalanges. The bones of the fore 
foot of the mammoth are noticeably more 
slender and lighter in weight than those of the 
mastodon. Nothing diagnostically different, 
of a nature to be used in separating the feet 
of these two animals, was noted for the pisi
form (fig. 16), cuneiform (fig. 17), unciform 
(fig. 20), magnum (fig. 21), and trapezoid 
(fig. 22). These elements are fully illustrated 
to aid in identification, but I am unable 
positively to separate, and identify isolated 
single bones as belonging to either the masto
don or the mammoth. The lunar (fig. IS), 
scaphoid (fig. 19), and trapezium (fig. 23) 
do possess characteristics enabling them to be 
generically isolated. The lunar (fig. IS) when 
viewed ventrally in the mastodon has a dished 
articular surface on the lateral face, while this 
same surface in the mammoth forms a nearly 
right angle with the straight articular face of 
the lateral surface. The scaphoid (fig. 19) is 
more compressed dorso-ventrally when viewed 
laterally in the mastodon. This is a rather 
subtle characteristic and would require com
parison with identified bones of each of the 
proboscideans under discussion to arrive at a 
positive identification. 

TRAPEZIUM 

The trapezium (fig. 23) in the mastodon is 
considerably compressed dorso-ventrally at 
the posterior border. The anterior surface is 
also more concave in this animal. 

PELVIS 

The iliac crest (fig. 24) in proboscideans is 
greatly expanded. The entire element is fan
shaped. The pubis and ischium are relatively 
short and stout. The acetabulum in both the 
mastodon and mammoth are of nearly equal 
size, but the overall dimensions of the pelvis 
are somewhat greater in the mastodon. 

FEMUR 

The femur (fig. 25) is quite long and slender 
in proboscideans. The proportions of this 
element in the mastodon are shorter and 
thicker, compared with the longer and thinner 

femur of the mammoth. The head of the 
femur in both animals is directed upwards 
from a slight neck. The greater trochanter is 
not prominently developed. The articular 
condyle of the head lacks the ligamental fossa 
generally present in many mammals. The 
distal condyles are well' developed and, when 
viewed from a ventral aspect, appear more 
expanded medially and laterally in the masto
don. Again, this is a subtle difference notice
able only when compared with bones of 
animals already identified. 

PATELLA 

The patella (fig. 26), owing to its compact 
structure, is recovered from excavations with 
greater frequency than are many of the more 
porous or cancellous skeletal components. It 
was noted that although this bone varied 
somewhat as to form in both animals, there 
were slight characters that separated this bone 
in the mammoth and mastodon. An expanded 
lip on the margin of the articular surface and 
a prominent apex were present only on the 
patella of the mastodon. 

TIBIA 

The tibia (fig. 27) is very similar in form 
in both animals, its proportions in the mam
moth being more slender and longer. In some 
specimens, it was noted that the medial and 
lateral condyles were better defined in the 
mammoth. 

FIBULA 

The fibula (fig. 2S) is considerably more 
elongated, narrower, and more pointed at the 
proximal end in the mammoth. The distal end 
of the fibula is greatly expanded and flattened 
in both proboscideans. 

THE PES OR HIND FOOT 

The hind feet (fig. 29) of the mastodon and 
mammoth, like the manus, are quite short 
and broad but are narrower than the fore feet 
of these animals. The toe bones of the mam
moth are considerably thinner and longer than 
those found in the mastodon. 

It is not surprising that the elements most 



FIGURES 15-23. Articulated fore foot, pisiform, cuneiform, lunar, scaphoid, unciform, magnum, trapezoid, and 
t~apezium of the woolly mammoth and American mastodon. Characters that are particularly important for iden
tification are indicated by heavy dashed lines or by arrows. 
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FIGURE 19 
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FIGURE 21 
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FIGURE 22 



FIGURE 23 



FIGURES 24-28. Pelvis, femur, patella, tibia, and fibula of the woolly mammoth and American mastodon. Char
acters that are particularly important for identification are indicated by heavy dashed lines or by arrows. 
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FIGURE 26 



34 OSTEOLOGY FOR THE ARCHAEOLOGIST 

FIGURE 27 
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often recavered fram the hind faat are the 
calcaneum (fig. 30.) and the astragalus (fig. 
3 I ), because af their nearly indestructible 
nature. As with the fare faat, same elements 
af the hind faat were faund to. be tao. similar 
in structure in bath animals to. be af value in 
separating ar identifying the two. These in
cluded the navicular (fig. 32), which is a 
simple saucer-shaped bane in bath animals, 
and the internal cuneifarm (fig. 34), which is 
a flattened triangular-shaped element in bath 
the mammath and mastadan. They are il
lustrated to. aid in assembling assaciated fa at 
bones. 

CALCANEUM 

In the calcaneum (fig. 30.) af the mastodon, 
the tuber calcis is quite expanded as campared 
to the "pastlike" pracess present an this same 
element af the mammath. The sustentaculum 
af the mammoth has an upturned paint 0.1' 

process directed in line with the tuber calcis, 
while this same process is deflected dawnward 
in the mastadan. 

ASTRAGALUS 

The astragalus (fig. 3 I ) is cansiderably 
compressed darso-ventrally when viewed from 
an anteriar aspect in the mammoth. This 
element is not naticeably flattened in the 
mastodon. There is a pronounced candyle on 
the pasterior surface af this bone in the 
mastodan that is missing in the mammoth. 
All articular facets are well defined in both 
animals. 

CUBOID 

The cuboid (fig. 33) is raunded 111 the 

mastadan when viewed ventrally ar darsally. 
It has a mare 0.1' less triangular shape in the 
mammath. In the mammath, the anteriar face 
is rectangular in form but is cansiderably 
campressed laterally. When viewed fram the 
same angle in the mastadan, the anterior face 
assumes an irregular autline. 

EXTERNAL CUNEIFORM 

The external cuneifarm (fig. 35) is nearly 
triangular when viewed dorsally in the masto
dan (compare with the cubaid of the mam
moth). It has a mare raunded appearance 
when viewed fram this same angle in the 
mammath. This bone is campressed dorsa
ventrally in the mastodon to. form a rectan
gular shape when seen anteriorly, but is 
expanded to. farm a square surface in the 
mammath. 

It will be nated that some elements were 
deemed tao general in appearance to separate 
them from the banes of ather large-bodied 
forms which might be encountered in a site, 
and cansequently, they have not been figured 
0.1' ret erred to. in detail. These include such 
bones as the sesamoids, hyaids, sternebrae, ribs, 
caudal vertebrae, and ungual phalanges. 

No. single publication can be designed to 
alleviate entirely the need for referring to 
identified comparative skeletal material. It is 
also an accepted fact that a busy paleantologist 
will be much more sympathetic toward the 
anthropolagist who. has attempted to. arrive at 
his awn determinatians, haw ever rough, be
fore he farwards his tantalizing residue af 
unidentified scraps to the specialist far final 
identification. It is haped that this manual will 
aid in making this task easier. 

FIGURES 29-35. Articulated hind foot, calcaneum, astragalus, navicular, cuboid, internal cuneiform, and external 
cuneiform of the woolly mammoth and the American mastodon. Characters that are particularly important for 
identification are. indicated by heavy dashed lines or by arrows. 
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FIGURE 31 
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FIGURE 32 
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FIGURE 33 
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FIGURE 34 
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FIGURE 35 
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Skeleton of a red-tailed hawk (Buteo jamaicensis), from the floor of Room 264, Pueblo Bonito. 

Photo: Neil M. Judd Courtesy of the National Geographic Society. 
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TAXONOMIC CLASSIFICATION OF BIRDS 

CLASS: AVES 

Order GAVIIFORMES - Loons 
Family Gaviidae 

Gavia immer, Common Loon 

Order PODICIPEDIFORMES - Grebes 
Family Podicipedidae 

Podilymbus podiceps, Pied-billed Grebe 

Order PELECANIFORMES - Tropicbirds, Pelicans, and Allies 
Family Pelecanidae 

Pelecanus occidentalis, Brown Pelican 
Family Phalacrocoracidae 

Phalacrocorax auritus, Double-crested Cormorant 
Family Anhingidae 

Anhinga anhinga, Anhinga 

Order CICONIIFORMES - Herons, Storks, Ibises, Flamingoes, and Allies 
Family Ardeidae 

Florida caerulea, Little Blue Heron 
Family Ciconiidae 

Mycteria americana, Wood Ibis 
Eudocimus albus, White Ibis 

Family Phoenicopteridae 
Phoenicopterus ruber, American Flamingo 

Order ANSERIFORMES - Swans, Geese, and Ducks 
Family Anatidae 

Aythya collaris, Ring-necked Duck 

Order FALCONIFORMES - Vultures, Hawks, and Falcons 
Family Cathartidae 

Coragyps atratus, Black Vulture 
Family Accipitridae 

Buteo jamaicensis, Red-tailed Hawk 
Family Pandionidae 

Pandion haliaetus, Osprey 
Family Falconidae 

Falco sparverius, Sparrow Hawk 

Order GALLIFORMES - Grouse, Pheasants, Turkeys, and Allies 
Family Tetraonidae 

Centro cercus urophasianus, Sage Grouse 
Family Phasianidae 

Colinus virginian us, Bobwhite 
Family Meleagrididae 

Meleagris gallopavo, Turkey 
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Order GRUIFORMES - Cranes, Rails, and Allies 
Family Gruidae 

Grus canadensis, Sandhill Crane 
Family Rallidae 

Fulica americana, American Coot 

Order CHARADRIIFORMES - Shorebirds, Gulls, and Allies 
Family Haematopodidae 

H aematopus palliatus, American Oystercatcher 
Family Charadriidae 

Charadrius vociferus, Killdeer 
Family Scolopacidae 

Erolia alpina, Red-backed Sandpiper 
Family Recurvirostridae 

Recurvirostra americana, American Avocet 
Family Laridae 

Larus delawarensis, Ring-billed Gull 
Family R ynchopidae 

Rynchops nigra, Black Skimmer 

Order COLUMBIFORMES - Pigeons, Doves, and Allies 
Family Columbidae 

Zenaidura macroura, Mourning Dove 

Order PSITTACIFORMES - Parrots, Macaws, and Allies 
Family Psittacidae 

Rhyncbopsitta pachyrhyncha, Thick-billed Parrot 

Order CUCULIFORMES - Cuckoos, Roadrunners, and Allies 
Family Cuculidae 

Geococcyx californianus, Roadrunner 

Order STRIGIFORMES - Owls 
Family Tytonidae 

Tyto alba, Bam Owl 
Family Strigidae 

Bubo virginian us, Great Homed Owl 

Order CAPRIMULGIFORMES - Whip-poor-will and Allies 
Family Caprimulgidae 

Caprimulgus carolinensis, Chuck-Will's-Widow 

Order ApoDIFoRMEs - Swifts and Hummingbirds 
Family Apodidae 

Chaetura pelagica, Chimney Swift 

Order CORACIIFORMES - Kingfishers, Hornbills, and Allies 
Family Alcedinidae 

Megaceryle alcyon, Belted Kingfisher 

Order PICIFORMES - Woodpeckers, Toucans, and Allies 
Family Picidae 

Centurus carolinus, Red-bellied Woodpecker 

Order PASSERIFORMES - Perching Birds 
Family Tyrannidae 

Muscivora forficata, Scissor-tailed Flycatcher 
Family Hirundinidae 

Progne rubis, Purple Martin 



Family Corvidae 
Corvus brachyrhynchos, Common Crow 

Family Mimidae 
Toxostoma rutzcm, Brown Thrasher 

Family Turdidae 
Turdus migratorius, Robin 

Family Icteridae 
Sturnella neglecta, Western Meadowlark 

Family Fringillidae 
Richmondena cardinalis, Cardinal 



INTRODUCTION 

PERHAPS no other group of vertebrates, ex
cept possibly the fishes, has been as 

neglected osteologically as have the birds. 
This is not to imply that contributions have 
not been made that add to our knowledge of 
the bird skeleton but, by and large, these are 
type descriptions of fragmentary fossil bones 
and not general osteological studies of recent 
forms. A few contributions deal with skel
etons of restricted groups of birds (Hammon, 
1964; Howard, 1929; and Wolfenden, 1961). 
Most published keys that may be used to 
identify vertebrates exclude birds (Benten and 
Stewart, 1964). Countless volumes have ap
peared that cover nearly every aspect of bird 
study from life histories (Latham, 1956) to 
bird watcher's guides (Peterson, 1947). How
ever, no usable reference is made in these 
publications regarding the bony structure of 
the bird as used in classification. Generally, 
bird books and checklists mention such 
identifying features, reflected in the bony 
structures of live birds, as "bright red bill" or 
"white bill." These cannot be used in 
identifying an archaeological skeleton as the 
color is restricted to the bill sheath, which 
rapidly deteriorates after death. Some few 
natural mummies or dried ceremonial cadavers 
will, of course, have these horny colorful 
coverings preserved. Also the accepted terms 
such as "broad bill" have little or no value in 
separating one taxonomically different bird 
from another. 

Collections of bird skeletons that are com
plete enough to allow for a thorough com
parison with excavated bones are not generally 
a part of the osteological assemblages in our 
natural history museums. It has been my 
observation that museum ornithologists, in 
general, have followed the longtime practice 
of keeping the skin but throwing away the 
bird, which, after all, is what the archaeologist 
is interested in. In all fairness, it must be 
~tated that some departments are now attempt
Ing to remedy this situation by building up 
their skeletal collections. A few have done 
this from the start. 

What is needed, particularly for use by 
archaeologists, is a comprehensive comparative 
osteology of the major bird families whose 
fragmentary representatives are generally en
countered in excavations in this country. 

Originally it was planned to include at least 
one species for each of the families of birds 
that occur in the United States. In reality, if 
this plan were followed, many of the descrip
tions and figures would be concerned with the 
smaller birds that are rarely encountered or 
referred to. These would include the warblers, 
wrens, hummingbirds, and sparrows. The 
bones of robin-sized birds or larger do occur 
quite frequently even when preserved under 
a variety of conditions, and are generally saved 
from excavations. The families of truly large 
birds - vultures, hawks, herons, or pelicans 
- are readily determined. Representatives of 
these groups are included in this report and are 
treated in more detail. 

I have been somewhat arbitrary in drawing 
up the roster of which birds to include or 
omit from the discussed list. I was mainly in
fluenced by the published lists of birds that 
are recovered from archaeological sites. 
Therefore, the sandhill crane, Grus canadensis, 
on first consideration would appear to be a 
rather rare bird to include in an osteological 
study in preference to some others. How
ever, its remains are known from various 
southwestern sites and it was apparently more 
abundant in earlier times. This is true for 
some other forms as well. 

I t was beyond the scope of this study to 
include representative birds of each of the 
75 families which occur within this country. 
Consequently, only 40 families are referred to 
and discussed. In some instances families such 
as the Alcidae (auks, murres, and puffins) 
were excluded because their restricted range 
limited them to a rather small geographical 
area and hence they would not be of interest 
to the majority of workers. 

When I first started comparing bird skel
etons, I noted that the bony structures of 
individuals were generally smaller than I had 



expected. For example, one has some idea of 
the size of a robin just from the association 
with these birds in one's yard. However, 
when I encountered an unidentified skeleton
ized bird of this kind, I placed it, on first 
analysis, in a category of much larger birds 
than that to which it actually belonged. 
Probably because of their fluffy feathers, we 
tend to exaggerate the true body size of birds, 
just as we misjudge, for instance, the size of 
an angora cat. I suggest that the archaeologist 
place before him, at the outset of comparing 
excavated bird bones, skeletons of, say, a 
sparrow, robin, crow, hawk, and chicken so 
that some idea of skeletal size may be visual
ized from different known body sizes. 

Clues in regard to which groups of birds 
to compare, in some instances, can be gained 
by even a superficial examination of the skulls. 
Some birds differ only slightly in the form of 
the live heads as compared with the cleaned 
skulls. There is little doubt when a dove, 
Zenaidztra 1nacroztra (fig. 15) or a vulture, 
COTagyps atratzts (fig. 8) skull is being com-

pared, since these birds maintain their char
acteristic features whether alive or skeletonized. 
Parrots, sandpipers, and some other birds also 
can be identified from the briefest of examina
tions. 

Perhaps one of the most important things 
that must be kept in mind, when using the 
plates for comparison, is the difference in the 
scale of the photographs. The skull, e.g., of 
the pelican is much reduced, while that of the 
swift is enlarged. 

This osteological study will be presented in 
two parts. The contribution set forth here 
deals only with the skulls and mandibles. A 
further publication will discuss and compare 
the postcranial elements of all of the forms 
included in this study of the skulls. 

With the aid of these publications, archae
ologists should be able in most cases to de
termine the families of the birds encountered 
in their excavations. This done, they may then 
turn to collections or to specialists for more 
precise identification. 



DISCUSSION 

BIRD bones are characteristically light, 
delicate, pneumatic structures that on first 

appearance would hardly seem suited to 
survive the ravages of time. However, their 
occurrence in archaeological sites is quite 
commonplace (frontispiece). This is par
ticularly true of the fused cranial complex, 
which does separate from the weakly joined 
maxillary bones, having the appearance of a 
light, hollow, ball-shaped unit of bone. As 
such, its form may still be diagnostic. 

The avian skull is quite similar in structure 
to that found in reptiles. It has a single oc
cipital condyle, a broad interorbital septum, 
and a movable quadrate that articulates with 
the mandible. The sutures of the skull close 
early in life so that individual bones may not 

.be easily determined or separated. Some 
features of the skull are of considerable interest 
to the taxonomist for the purpose of identifi
cation. The shape and location of the external 
nares are characteristic for many birds. In 
some birds, the two nostrils are separated by 
an internal septum, but in the cranes, vultures, 
and rails, there is a perforation in the partition. 
Position of the nostrils ranges from being very 
near the tip of the bill to being located on 
the margin of the base. In outline, the shape 
of the nostrils varies from round, through 
various oval shapes, to mere linear slits. All of 
these variable forms are of some importance 
in determining which birds are being examined. 
The same may be said for bill size and shape. 
This element may range from the long, thin 
sandpiper beak to the strong, recurved beaks 
that are found in the birds of prey. The stout 
bills of seedeaters are also of use in narrowing 
down the field of comparison. 

Avian anatomists have long been aware of 
the value of the palatal structure as an aid to 
major bird classification (Huxley, 1867). 
Ornithologists have used the cumbersome 
terms, schizognathous, aegithognathous, and 
desmognathous to describe these major palatal 
types (fig. I). In the schizognathous group 
(grouse, quail, turkey, gulls, sandpipers, wood-

peckers, etc.), the bony palate has a cleft 
down most of its length separating the maxil
lopalatines. The vomer is small and pointed. 
In the aegithognathous groups (perching 
birds, crows, thrasher, cardinal, robin, etc.), 
the vomer is two-pronged or forked anteriorly 
and the maxillopalatines are separate. In the 
desmognathous group (ducks, geese, herons, 
ibis, vultures, hawks, and falcons) the vomer 
is small or lacking and the maxillopalatines are 
fused together at the midline. It must be 
pointed out that there is some individual varia
tion in this palatal complex, not only among 
bird groups, but also regarding the age of in
dividual birds within these groups. For in
stance, in the young of some gulls, crows, and 
hawks, the anterior margin of the pterygoid 
reaches or almost reaches the vomer. As the 
birds mature, however, this area of the ptery
goid becomes detached from the rest and 
fuses with the palatine. These palatal types 
must be considered as of taxonomic value only 
when used as a part of the diagnosis which is 
based on other osteological characters as well. 

The skull vault proper is composed of a 
series of platelike bones (fig. 2). The posterior 
surface of the skull is composed of the oc
cipital bones. The basioccipital is situated 
ventral to the foramen magnum and bears a 
single, rounded occipital condyle for articula
tion with the first cervical vertebra. The 
exoccipitals form the sides of the foramen 
magnum and the supraoccipital completes the 
dorsal boundary of this opening. The basi
ternporal plate is a triangular bone on the 
floor of the skull and overlies the basioccipital. 
The basisphenoid projection extends forward 
along the midline from the basitemporal. In 
many forms a pair of basiptery Koid processes 
project from the sides of the basisphenoidal 
rost1'U-11l. Projections from the alisphenoid 
protrude upward from behind the basi
sphenoid to assist in enclosing- the braincase 
behind the optic foramen. The cranium is 
formed by the pa1·ietals and the much larger 
frontals. These overlie the orbits and fuse 



FIGURE 1. Major palatal types used in bird classification. 



FIGURE 2. Components making up the skull and mandible of a typical bird. 
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with the nasals. The nasals join the pre711axil
laries by a union of overlapping fingerlike 
processes. The squamosals constitute the sides 
of the braincase. Between the orbits is a thin 
vertical plate of bones, often perforated. This 
is the interorbital septum. The lachrymal is a 
weakly joined bone situated at the anterior 
margin of the orbit. These bones may be 
missing on excavated bird skulls. The zy go-
171atic arch is composed of the fused maxilla, 
jugal, and quadratojugal bones. The upper 
jaw consists of paired pre111axillaTY and maxil
lary bones. The maxilla exhibits a projection 
that is directed backward and downward to 
meet its fellow member in the anterior palatine 
region. This is the 7naxillopalatine process 
and, as mentioned earlier, is of some im
portance in the gross classification of bird 
groups. The quadrate is a separate and loosely 
joined bone, articulating with the quad1'ato
jugal and the otic capsule. The articular end 
of this bone may be single- or double-headed, 
depending on whether there are one or two 
facets on the articular head. The palatines 
connect the pterygoids with the maxillaries, 
sometimes with the premaxillaries. The 

vomeT, when present, is a single, simple splint 
of bone which is of some taxonomic im-
portance. . ' 

The lower jaw or 711andzble conSists of five 
more or less fused bones which unite early in 
the adult stage, making it nearly impossible 
to distinguish or separate them by sutural 
boundaries. The anterior element, the dentary, 
unites both mandibular halves by a symphysial 
suture. Its posterior margin is marked by a 
711andibuiaT fOTa711en whose presence and shape 
or absence may be important in determining 
which particular group of birds is being 
examined. A prominent crest is present in 
some birds along the outer side of the dentary. 
This is the cOTOnoid pTocess. The dentary is 
followed by two bones, the surangulm' and 
the pTeaTticular. The aTticular forms the 
corner of the jaw and has a surface which 
receives the quadrate. The inteTnal, external, 
and postarticular processes are often well
developed and of considerable taxonomic im
portance. The splenial is a small bone near 
the middle of the inner side of the mandible, 
posterior to the dentary. 

REPRESENTATIVE SKULLS 
DISCUSSION OF KEY OSTEOLOGICAL FEATURES 

Order GAVIIFORMES - Loons 
Family Gaviidae 
Gavia i711:meT, Common Loon (fig. 3)' The 

loon's bill is noticeably long, narrow, and 
pointed, with a straight tip. A large perforate 
nostril piercing the anterior half of the bill 
is quite apparent. The frontals are pierced by 
large anterior perforations. Large prominent 
supraorbital grooves, having numerous small 
perforations, are particularly characteristic 
and diagnostic for this group of birds. The 
temporal fossae are deep and are separated by 
a well-defined sagittal ridge. The lachrymals 
are fused to the nasals, reaching the jugals 
where free. The quadrates possess long orbital 
processes. The maxillopalatine processes are 
laminate. The vomer is cleft for half of its 
length. There is no basipterygoid process. 
The mandibular foramina are small and oval. 

The postarticular processes are short and 
truncate. 

Order PODICIPEDIFORMES - Grebes 
Family Podicipedidae 
Podilymbus podiceps, Pied-billed Grebe 

(fig. 3). The grebe has a long, sharp bill, with 
a decurved tip. The perforate nostril occupies 
more than half of the length of the bill. The 
lachrymal is weakly attached to the skull and 
may be missing from excavated specimens. 
The supraorbital grooves are reduced or 
absent. The temporal fossae are large and 
separated by a sagittal ridge. There are large 
orbital processes on the quadrates. The maxil
lopalatine processes are laminate. The vomer, 
like that of the loon, is cleft for half of its 
length. There are no basipterygoid processes. 
The mandibular foramina are small and oval, 
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opening to the rear. The postarticular pro
cesses are short and truncate. 

Order PELECANIFORMES - Tropicbirds, Peli
cans, and Allies 

Family Pelecanidae 
Pelecanus occidentalis, Brown Pelican (fig. 

4). Th~ proportions of length of bill to that 
o.f cramal length (bill is approximately four 
tImes. longer .th.an s.kull length) generally is 
s~fficlent to dlstmgmsh the pelican from other 
birds. The bill is long, straight, flat, and 
narrow, having long nasal grooves. The 
horny, ?ooked ~p is often fused to the bony 
underlymg portIOn of the premaxillae. The 
nostrils are small and located at the base of 
the bill. Below the nares is a cribriform sur
face. The lachrymals are fused to the skull. 
The condyle is posterior to the coronal crest 
and the occiput is inclined in a forward direc
tion. The pterygoid processes are greatly 
exranded and the postorbital processes are 
pomted. The pterygoids are flattened ven
trally and compressed laterally, with a superior 
process on the ends of the quadrates. There 
are no basi pterygoid processes. The quadrates 
have small pneumatic foramina at the bases of 
the orbital processes. There is an anterior 
interpalatine vacuity. The palatines are com
pletely fused, forming a deep median keel 
with the lateral edges rolled down. The vomer 
is absent. The basitemporal plate is small. 
The mandibles become easily separated be
cause of a weak symphysial suture. They are 
thin and flexible. There are no mandibular 
foramina. The articular ends of the mandibles 
are blunt. 

Family Phalacrocoracidae 
.P halacrocorax auritus, Double-crested Cor

morant (fig. 5). The bill is as long as the 
cranium and is slender and hooked at the tip. 
There are long nasal grooves and no external 
narial openings. The lachrymal is fused to the 
skull. The postorbital processes are reduced. 
The quadrates have small pneumatic foramina 
at the bases of the orbital processes. The oc
ciput .is inclined forward, with the condyle 
postenor to the coronal crest. This latter 
crest forms a sharp ridge when viewed dor
sally. The vomer is absent. The palatines are 
completely fused, forming a shallow keel with 

edges nearly flat. There is an anterior inter
palatine vacuity. The pterygoids have a 
rounded ventral ridge. The basitemporal plate 
is rather large. The mandible is well sutured. 
There are small pneumatic foramina along the 
lateral faces of the distal end of the mandible. 
There are no mandibular foramina. 

Family Anhingidae 
Anhinga anbinga, Anhinga (fig. 5). The 

bill of the anhinga is twice the length of the 
cranium and is straight and slender, with no 
curving at the tip. There is a small external 
nostril that is generally closed in mature adults. 
The nasal grooves are indistinct and extend 
about halfway down the bill. The lachrymals 
are fused to the skull. The postorbital pro
cesses are present as tiny spurs. The occiput 
is nearly vertical and the condyle is in line 
with the coronal crest. The palatines are com
pletely fused, forming a shallow keel with 
edges that are nearly flat. There is a palatine 
vacuity. The pterygoids have a rounded ven
tral ridge. The quadrates have the orbital 
processes reduced and are non pneumatic. The 
otic process is pneumatic. The basitemporal 
plate is rather large. The mandible is poorly 
sutured. There are no mandibular foramina. 
The postarticular processes are pneumatic. 

Order CICONIIFORMES - Herons, Storks, Ibises, 
Flamingoes, and Allies 

Family Ardeidae 
Florida caerulea, Little Blue Heron (fig. 6). 

The bill is longer than the cranium and is 
narrow and pointed. The lineal nostrils and 
nasal septum are perforate. There are long 
nasal grooves anterior to the nares. The 
lachrymals are large. Postorbital processes are 
small and notched. The temporal fossae are 
large and separated by a sagittal ridge. The 
palatines are narrow and parallel. There are 
no basipterygoid processes. The mandibular 
foramina are lacking and the postarticular 
processes are blunt. 

Family Ciconiidae 
My cteria americana, Wood Ibis (fig. 6). 

The wood ibis has a long, rounded bill that is 
decurved at its tip. Shallow grooves are pres
ent on the lateral surfaces of the proximal 
end of the bill. The dorsal surface of the bill 
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is sculptured by fine veination. The perforate 
nostrils are located at the junction of the bill 
with the cranium. The lachrymals are fused 
to the skull but have rounded projections ex
tending away from the cranium. There are 
well-defined temporal fossae. The cranium 
when viewed laterally is rounded in outline 
with no notching in the orbital region. The 
occipital area is not visible from a dorsal aspect. 
There is a well-defined suture between the 
base of the bill and the cranium. There is an 
interpalatal vacuity. The orbital processes 
are long and projecting. The mandible has a 
rounded, curved tip. The mandibular foramina 
are well defined. There are no postarticular 
processes. 

Eudoci71ZUS albus, White Ibis (fig. 7). The 
bill is long, narrow, and decurved, with a 
rounded tip. The nostrils, located at the base 
of the bill, are elongate and perforate. A long, 
narrow groove runs from the nares to the 
bill tip. Viewed dorsally, the cranium has a 
rounded margin and the occipital region is not 
visible. There are slight temporal fossae. 
There are occipital foramina present. Palatal 
openings are more or less prominent. The 
mandible has a long, strongly fused symphysis 
and has a downward curve for most· of its 
length. There are mandibular foramina. The 
posterior processes are hooked. 

Family Phoenicopteridae 

Phoenicopterus ruber, American Flamingo 
(fig. 7)' Few birds are as easily determined 
as is the flamingo, by the shape of the skull 
and mandible alone. The long, wide down
curved bill, with the sculptured, porous sur
face, is typical of this bird only. The nostrils 
are large and perforate. There is a well-defined 
suture at the junction of the bill with the 
cranium. The postorbital processes are small 
and pointed. The temporal fossae are slight. 

. There are foramina present in the occipital 
area. The underside of the bill has a well
defined palatal ridge. The basitemporal plate 
is small. The g-uttered symphysis of the down
curved mandible is deep and strong laterally. 
These lateral surfaces are sculptured and 
porous. There are no mandibular foramina. 
There are well developed posterior and in
ternal articular processes. 

Order ANSERIFORMES - Swans, Geese, and 
Ducks 

Family Anatidae 
Aythya collaris, Ring-necked Duck (fig. 8). 

Little doubt is left in the mind of the examiner 
in regard to whether or not a duck skull is 
present. As with the flamingo, the shape 
alone of the anseriform skull is diagnostic for 
this order of birds. The typical "duck-billed" 
beak is flattened and spatulate, with a de
pressed or hooked tip. The bill is pitted and 
rounded at the terminus. The nasals are 
perforate. There is a weak naso-frontal suture 
allowing for an early separation of this area 
in buried specimens. The temporal fossae are 
reduced. There are occipital foramina pres
ent. There is a vomer present. The basiptery
goid processes articulate with the ends of 
the pterygoids. The palate is cupped. The 
mandibular symphysis is strongly fused. The 
mandibular fossae are slight. The posterior 
processes are long and hooked. 

Order FALCONIFORMES - Vultures, Hawks, 
and Falcons 

Family Cathartidae 
Coragyps atratus, Black Vulture (fig. 8). 

A distinguishing feature of the birds of prey 
(hawks, owls, vultures) is the strongly curved 
or hooked beak. However, the black vulture 
has a slight depression at the point where the 
bill begins to turn downward to form a hook 
that is only weakly raptorial. Fisher (1944) 
noted that the postorbital processes in the 
black vulture were wider basally and much 
heavier throughout than in the turkey vulture. 
He also noted that the cathartid vulture skull 
may be distinguished from other falconiform 
skulls (see fig. 9) in the following ways: the 
external nares are perforated; the rostral area 
of the skull is elongated; the lachrymals are 
completely fused to the frontals and are di
rected downward; the premaxilla is highly 
vaulted and the sphenoidal rostrum is ex
cavated in front of the basitemporal plate. In 
general, the vulture skull is long; the narrow 
and hooked beak is long and comparatively 
weak. The nostrils are long, narrow, and per
forate. Sculptured ridges in the rostral area 
are typical for the black vulture. The 
temporal fossae are reduced. There is a 
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sculptured veination on the external surface 
of the cranial vault. There is no vomer and 
the maxillopalatines are thin and scroll-like. 
The basipterygoid processes articulate with 
the middle of the pterygoids. There are no 
mandibular foramina or posterior articular 
processes. Well-defined internal articular pro
cesses are present. 

Family Accipitridae 
Buteo jcrmaicensis, Red-tailed Hawk (fig. 

9). Perhaps no other group of hawks has 
been recorded with as much frequency in the 
archaeological literature as have those of the 
genus Buteo. There are eleven species and 
twenty-one subspecies described under this 
genus (American Ornithologists' Union, 
1957). Most of the specific and subspecific 
differences relate to the plumage and it is 
doubtful that the finer taxonomic differences 
would be reflected in the skeleton and hence 
separable by the comparison of bones alone. 
It is well worth noting that many of these 
hawks exhibit considerable size differences 
between the sexes, the females in this case 
being the larger of the two. The hawk beak 
is strongly raptorial. The nostrils are oval, 
imperforate, and set at an oblique angle. The 
lachrymals are free. There are slight temporal 
fossae. The vomer is not expanded and there 
are no basipterygoid processes. The basi
temporal plate is small. The mandibular fossae 
are slight and the articular end of the mandibles 
are blunt, having long internal articular 
processes. 

Family Pandionidae 

Pandion haliaetus, Osprey (fig. 9). The 
beak of the osprey is strongly raptorial. The 
. nostrils are imperforate and oval and are set 
at an oblique angle. The lachrymals are fused 
to the skull. The postorbital processes are 
pointed. The temporal fossae are slight. There 
are no basipterygoid processes. The basi
temporal plate is small. The mandibular 
foramina are slight. The articular ends of the 
mandibles are blunt with long internal articular 
processes. 

Family F alconidae 
Falco sparverius, Sparrow Hawk (fig. 9). 

The bill of the kestrel or sparrow hawk is 

raptorial but is unnotched. The nostrils are 
imperforate and round. The lachrymals are 
fused to the frontals and have extended wing
like processes. The postorbital processes are 
pointed. The temporal fossae are slight. The 
vomer is expanded to meet the maxillopalatines. 
There are no basipterygoid processes. There 
are mandibular foramina present. The man
dibles terminate in blunt articular ends with 
long articular processes. 

Order GALLIFORMES - Grouse, Pheasants, 
Turkeys, and Allies 

Family Tetraonidae 
Centroce1'cus zt'Yophasianus, Sage Grouse 

(fig. IO). The bill is heavy and has a strong 
downward curve. The nostrils are large and 
perforate. The lachrymals are small and fused 
to the frontals. The postfrontal and squamosal 
processes partially fuse together to form small 
temporal foramina. The vomer is reduced. 
The palate is open. The basipterygoid pro
cesses are small. The inner heads of the quad
rates are comparatively small. The mandible 
is blunt with large mandibular foramina. The 
articular processes are prominent. 

Family Phasianidae 
Co linus virginianus, Bobwhite (fig. IO). 

The beak is short and curved. The nostrils 
are large and perforate. The lachrymals are 
free. The postfrontal and squamosal processes 
partially fuse together to form large temporal 
fossae. The vomer is reduced. The basiptery
goid processes are small. There are no mandib
ular foramina. The articular processes are 
prominent. 

Family Meleagrididae 
Meleagris gallopavo, Turkey (fig. IO). The 

bones of the wild turkey are abundant in most 
pre-Columbian sites within its range. This 
bird has been the subject of numerous reports 
and most recently was the basis for an osteo
logical study (Olsen, 1968). The beak is quite 
heavy and stout, with a noticeable "saddle
shaped" depression at the posterior limit of the 
nostril. The nostrils are large and perforate. 
The lachrymals are free. The postfrontal and 
squamosal processes partially fuse together to 
form large temporal fossae. The vomer is 
reduced. The basipterygoid processes are 



FIGURE 10 



small. There are no mandibular fossae and the 
articular processes are prominent. 

Order GRUIFORMES - Cranes, Rails, and Allies 

Family Gruidae 
Grus canadensis, Sandhill Crane (fig. I I). 

The bill is longer than the cranial vault and 
is straight and pointed. It is composed of a 
rodlike complex of jugal, maxillae, and nasal 
processes of the premaxillae. The nostrils are 
extremely long and slitlike and the form is 
typical for the cranes. The lachrymals are 
free. The occipital foramina are prominent. 
There is a deep groove on the palatal side of 
the beak There is a vomer present. Basiptery
goid processes are also present. Mandibular 
foramina are also present. The posterior 
articular processes are small and hooked. 

Family Rallidae 
Fulica americana, American Coot (fig. I I). 

The length of the bill of the coot is equal to 
the length of the cranium. The nostrils are 
elongate and perforate. The lachrymals are 
free. The squamosal processes are long. The 
temporal fossae are slight. The vomer is 
absent. The maxillaries are expanded and 
platelike. The basipterygoid processes are 
small. The mandibular foramina are slight. 
The articular processes are short and hook
like. 

Order CHARADRIIFORMES - Shorebirds, Gulls, 
and Allies 

Family Haematopodidae 
H ae712atopus palliatus, American Oyster

catcher (fig. I 2). The bill is long and straight 
and is compressed laterally in the narial region. 
The nostrils are elongate, constricted, and 
perforate. The lachrymals are fused to the 
frontals. The dorsal orbital margins are 
perforated by minute foramina. There are 
slight occipital foramina. There is a vomer 
present. The basipterygoid processes artic
ulate in the middle of the pterygoids. The 
basitemporal plate is relatively small. The 
mandible has a long symphysis and mandibular 
foramina are present. The posterior mandib
ular processes are long and deflected, with 
short, recurved hooks. 

Family Charadriidae 
Charadrius vocifems, Killdeer (fig. I2). 

The beak is shorter than the cranium and is 
contracted at the middle. It is swollen ter
minally. The nostril is perforate and elongated. 
The premaxilla is slightly pitted. The lachry
mals are fused to the frontals. There are 
large supraorbital impressions, having slight 
perforations. There are also occipital for
amina. A vomer is present. There are slight 
basipterygoid processes. Mandibular foramina 
are prominent and there are hooked posterior 
articular processes on the mandibles. 

Family Scolopacidae 
Erolia alpina, Red-backed Sandpiper (fig. 

I 3 ). The beak is considerably longer than 
the cranium and is straight and quite per
forate. The tip is quite flattened and pitted. 
The nostrils are long, perforate, and slitlike. 
The lachrymals are fused to the frontals. 
There are slight supraorbital grooves and oc
cipital foramina. The rostrum is grooved. A 
vomer and basipterygoid processes are pres
ent. The postorbital processes are spikelike. 
The slightly built mandibles have lateral 
foramina. The posterior ends of the mandibles 
are considerably decurved. The form and 
proportions of the bill to the cranium in the 
red-backed sandpiper are more or less typical 
for all sandpipers, sanderlings, knots, etc. 

Family Recurvirostridae 
RecurviTOstra crmericana, American Avocet 

(fig. I 3). As with the flamingo, the shape of 
the bill alone singles out this bird as belong
ing to the recurvirostrids. The beak is thin, 
pointed, and recurved, tipping upwards. The 
slitlike nostrils are perforate. The lachrymals 
are fused to the frontals. The rostrum is 
grooved. A vomer and basipterygoid pro
cesses are present. The postorbital processes 
are spikelike. The mandible is slender, delicate, 
and, of course, recurved to occlude with the 
beak. The symphysis is long and well fused. 
The mandibular foramina are small and placed 
toward the posterior end of the mandible. 
The posterior and internal articular processes 
unite to form a V ~shaped trough. The pos
terior terminus of the mandible is quite de
curved. 
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Family Laridae 
Larus delawarensis, Ring-billed Gull (fig. 

14). The beak of the gulls is rather long and 
slightly hooked at the tip. There are small 
perforations on the surface of the premaxilla. 
The nostrils are long and perforate. The 
postorbital processes are slight. The supra
orbital grooves are well defined. There are 
no occipital foramina. The temporal fossae 
are troughlike. There is a vomer but there are 
no basipterygoid processes and the lachrymals 
are fused to the frontals. Mandibular foramina 
are present but there are no postarticular 
processes. 

Family Rynchopidae 
Ryncbops nigra, Black Skimmer (fig. 14). 

Both the skull and mandible are of a form that 
is peculiar to the skimmer and are readily 
recognizable as such, even when incomplete. 
The bill is quite compressed laterally and is 
bladelike in form. The nostrils are rather 
small, oval, and perforate and are situated 
near the base of the bill. The sutural area 
separating the bill from the rostral area of the 
skull is sharply defined by a step. The post
orbital processes are long and hooked. There 
are prominent supraorbital impressions and 
deep temporal fossae. The lachrymals are 
fused to the frontals, forming internal tubes. 
Basipterygoid processes and a vomer are pres
ent. The quadrates have short orbital pro
cesses. The maxillopalatines and palatines are 
fused. The mandible is much longer than the 
beak. It is laterally compressed and bladelike, 
much like its matching beak. The symphysis 
is long and strongly fused. The ramus is short 
and makes an angle laterally at the beginning 
of the symphysis. The internal articular pro
cesses are hooked and mandibular foramina are 
present. 

Order COLUMBIFORMES - Pigeons, Doves, and 
Allies 

Family Columbidae 
Zenaidura 7Jlacroura, Mourning Dove (fig. 

15). The doves are one of the groups of 
birds that have a head shape which is diag
nostic and which is distinguishable or carried 
over in the skull as well. There can be little 
doubt that a "pigeon" skull is before the in
vestigator, based on even the briefest of com-

parisons. The beak is weak and constricted 
and laterally compressed midway to the tip. 
Nostrils are imperforate and the cranium is 
high-vaulted. The occipital condyle is located 
far under the skull. There are no supraorbital 
grooves or temporal fossae. There is a vomer 
and the lachrymals are fused to the frontals. 
The basipterygoid processes articulate near 
the middle of the pterygoids. Mandibular 
foramina are absent and the articular processes 
are moderate. 

Order PSITTACIFORMES - Parrots, Macaws, 
and Allies 

Family Psittacidae 
Rbyncbopsitta pacbyrbyncba, Thick-billed 

Parrot (fig. 15). Parrots, though not com
mon in archaeological sites in the United 
States, are important indicators of trade routes 
between population centers in pre-Columbian 
times. The commoner parrots occurring in 
North American sites and the osteological 
comparisons of two major genera have been 
the subj ect of a previous report (Olsen, 1967). 
The parrot bill is short, deep, strongly com
pressed, and hooked. The rostral joint is 
movable like a hinge. The nostrils are round 
and imperforate. The lachrymals fuse to the 
frontals to form a complete bony ring. The 
shape and form of the palatines and quadrates 
are peculiar to the parrots (see Olsen, 1967, 
plate 15). The vomer and basipterygoid pro
cesses are absent. The mandible is blunt and 
deep with a scooplike tip. There are no 
mandibular foramina or posterior processes. 
The parrots are another group of birds which 
exhibit skull forms that immediately establish 
what birds they belong to. 

Order CUCCULIFORMES - Cuckoos, Roadrun
ners, and Allies 

Family Cuculidae 
Geococcyx californianus, Roadrunner (fig. 

15). The roadrunner, always an interesting 
bird, has been rather thoroughly covered in 
the literature (Larson, 1930). The bill is un
usually long and curved, with a weak rostral 
suture. The nostrils are imperforate. There 
are no supraorbital grooves and the postorbital 
processes are small and spikelike. The tem
poral fossae are deep. The lachrymals are 
free. The vomer and basipterygoid processes 
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are lacking. As in all other cuckoos, the 
pterygoids articulate freely with the palate. 
The mandible is slender, with a strong 
symphysis. Mandibular foramina are well 
defined. The articular surfaces are cupped 
and the internal articular processes are hooked. 

Order STRIGIFORIvIES - Owls 
Family Tytonidae 
Tyto alba, Barn Owl (fig. 16). As with the 

hawks and vultures, the bill of the owls is 
strong and hooked. The nostrils are long, 
oval, and imperforate. The rostral suture is 
weak and the lachrymals are free and spongy, 
as are the maxillopalatine processes. Owl 
crania are noticeably pneumatic or spongy. 
When viewed dorsally, the skull outline forms 
an isosceles triangle. There is a deep V-groove 
down the middle of the cranium. The tem
poral fossae are reduced and the postorbital 
processes are curved and bladelike. There is 
a vomer and the squamosal processes are well 
developed. The palatines are narrow and 
straight:. The pterygoids articulate in the 
center with the basipterygoid processes. 
There are mandibular foramina but no pro
nounced articular processes. 

Family Strigidae 
Bubo virginicmus, Great Horned Owl (fig. 

16). The bill is strong and hooked with the 
nostrils being long, oval, and imperforate. 
The rostral suture is weak and noticeably 
stepped. The skull outline when viewed 
dorsally forms an equilateral triangle. The 
lachrymals are free and spongy as are the 
curved maxillopalatine processes. The post
orbital processes are bladelike. The temporal 
fossae are reduced. The pterygoids articulate 
in the center with the basipterygoid processes. 
The squamosal processes are well developed. 
A vomer is present and the palatines are 
curved. The symphysis of the mandibles is 
wide and the mandibular foramina are long 
and oval. The internal articular processes are 
well developed. 

Order CAPRIMULGIFORMES - Whip-poor-will 
and Allies 

Family Caprimulgidae 
Capri:mulgus carolinensis, Chuck-Will's

Widow (fig. I7). The whip-poor-will and 

other caprimulgids have a skull that reflects 
their insect-gathering adaptations. The 
widening of the gape requires additional 
support of the palate to brace against the 
impact of insects caught in flight. This sup
port is furnished by the enlarged palatine 
bones. This cranial specialization and the 
variation of the bills of birds in general is 
the basis for a very fine discussion by A. J. 
lVlarshall (1960). The bill is short, flat, wide, 
and weak. The nostrils are tubelike, on the 
dorsal surface, separated by a septum. The 
jugals are weak. A vomer is present and the 
palatines are widely expanded. Basipterygoid 
processes are present and there are no orbital 
processes on the quadrates. The occipital area 
is more or less flattened when viewed dorsally. 
The symphysis of the lower jaw is quite weak 
and there is an intermandibular joint between 
the dentary and the splenial. There are no 
mandibular foramina and the articular pro
cesses are poorly developed. 

Order ApODIFORMES - Swifts and Humming
birds 

Family Apodidae 
Chaetura pelagica, Chimney Swift (fig. 17). 

As in Capri111ulgus, the gape and structure of 
the upper and lower jaws of the chimney 
swift indicate the insect diet and the method 
of "on-the-wing" food gathering of this bird. 
The bill is short, triangular, flat, wide, pointed, 
and weakly developed. The nostrils are per
forate and close together an-d open vertically. 
The anterior end of the rostrum is cupped 
or dished. The occipital margin of the skull 
is rounded when viewed dorsally. A vomer is 
present, the palatines are notched, and basi
pterygoid processes are present. The sym
physis of the lower jaw is weak and poorly 
developed. The mandibles are weakly formed 
and there are no mandibular foramina or 
articular processes. 

Order CORACIIFORMES - Kingfishers, Horn
bills, and Allies 

Family Alcedinidae 
Megaceryle alcyon, Belted Kingfisher (fig. 

17). The bill is longer than the head, stout, 
straight, and pointed, and approaches that of 
the roadrunner (fig. 15) in form and general 
proportions. The nostrils are imperforate 
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with nasal fossae that are less than one-third 
the length of the bill. There are well
developed temporal fossae. The maxillo
palatines are spongy and pneumatic in struc
ture. The lachrymals are free. There is no 
vomer, and no basipterygoid processes. The 
palatines are flat and fenestrate with pointed, 
medial, posterior extensions. The mandibular 
symphysis is long and well developed. The 
sutural structure is spongy and pneumatic. 
There is a sharp angle just anterior to a weak 
mandibular foramen. The interior and pos
terior articular processes are short and blunt. 

Order PICIFORMES - Woodpeckers, Toucans, 
and Allies 

Family Picidae 
Centurus caTO lin us, Red-bellied Wood

pecker (fig. IS). The strong bill with 
chisellike tip and curved dorsal margin is 
characteristic of the red-bellied woodpecker 
and its allies. The bills of many species of 
woodpeckers are often incorporated into In
dian costumes as marginal decorations. At 
times, feathers associated with these bony 
elements will aid in the identification of what 
species are represented. The nostrils are 
imperforate and the bill has a triangular cross
section in the region of the nares. The mar
gins of the orbits are finely perforated. The 
vomer is pointed and there are basipterygoid 
processes. The lachrymals are fused to the 
frontals. There are short postorbital processes 
and slight temporal fossae. There are no 
mandibular foramina and the internal articular 
processes are well developed. 

Order PASSERIFORMES - Perching Birds 
This order constitutes the largest group of 

birds and includes forms that range in size 
from the raven to the smaller creepers and 
warblers. 'There are more than Sooo species 
of birds of which over 5000 are passerines. 
In the passerines, the bill form is the most 
important feature to be considered when com
paring diagnostic features. This element may 
vary from the stout bill of the seed eaters to 
the- crossbills, suited for feeding on larch and 
pine cones. 

Family Tyrannidae 
Muscivora forficata, Scissor-tailed Fly-

catcher (fig. IS). The bill is wide and flat, 
with a slightly hooked tip. The nostrils are 
imperforate and the lachrymals are fused to 
the frontals. There is a vomer present, and 
there are basipterygoid processes. The tem
poral fossae are slight. The mandibular sym
physis is wide and strong and the mandibular 
foramina are slight. The internal articular 
processes are well developed. 

Family Hirundinidae 

Progne sub is, Purple Martin (fig. IS). The 
general form and proportions of the skull are 
similar to those found in the chuck-will's
widow (fig. 17) and the swifts (fig. 17). The 
bill is flat, short, and triangular, with a tip 
that is slightly curved. The nostrils are per
forate and open upwards. The lachrymals are 
pneumatic and fused to the frontals. There is 
a vomer present and the palatines are notice
ably flared. The mandibles are weak with a 
sharp angle midway on the dentary margin. 
There are slight mandibular foramina and 
well-developed internal articular processes. 

Family Corvidae 
Corvus brachyrhynchos, Common Crow 

(fig. 19). The skulls of the crow, the raven, 
Corvus corax, and the fish crow, Corvus 
ossifragus, are nearly identical except for varia
tion in overall size. The skull of the raven is 
230/0 larger than that of the common crow, 
and that of the fish crow is 2 I % smaller. The 
bill of the crow is stout, with a slightly curved 
tip. The dorsal surface of the bill is sculptured 
by a slight veination. The lachrymals are 
fused to the frontals. The nostrils are per
forate and there are long orbital processes on 
the quadrates. There are deep, cupped de
pressions behind the quadrates. Basiptervgoid 
processes are present. There are mandibular 
foramina and the internal articular processes 
are well developed. 

Family Mimidae 

TOxosto111a rufu111, Brown Thrasher (fig. 
19). The bill of the thrasher is" slender and 
slightly curved, with nostrils that are oval and 
perforate and separated by a narrow bridge. 
The rostral suture is weak. The maxillopala
tine processes are swollen and perforate. There 
are basipterygoid processes present. The 
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mandible is noticeably curved, with large, 
open foramina. The internal articular pro
cesses are well developed. 

Family Turdidae 
Tztrdus 111igratorius, Robin (fig. 19). The 

bill of the robin is slight, curved, and shorter 
than the cranium. The nostrils are large and 
perforate. The rostral suture is weak and 
stepped. The lachrymals are swollen and fused 
to the frontals. Basipterygoid processes are 
present and there are deep, cupped depressions 
behind the quadrates. The mandibular fo
ramina are large and open and the internal 
articular processes are well developed. 

Family Icteridae 
Stztrnella ne glecta, Western Meadowlark 

(fig. 20). The bill is narrow, pointed, and 
bent down and its length is equal to that of 
the cranium. There is a noticeable hump at 
the base of the beak at the rostral suture. The 
lachrymals are fused to the frontals. Basi
pterygoid processes are present and there are 
deep, cupped depressions behind the quadrates. 

There is a vomer and the palatines are narrow. 
The mandibles have a sharp angle midway on 
the dentaries. The mandibular foramina are 
large and open and the articular processes are 
prominent. 

Family Fringillidae 
Riclmzondena cardinalis, Cardinal (fig. 20). 

The bill is stout, not exceeding the length of 
cranium, with a noticeably downward de
flected tip. There are slight perforations on 
the margins of the bill. The nostrils are round 
and imperforate, with a narrow bridge be
tween them. The lachrymals are fused to the 
frontals. There is a vomer and the maxillary 
bones are strongly fused. The palatines are 
winglike and basipterygoid processes are pres
ent. The depressions behind the quadrates 
are deep. The orbital processes on the quad
rates are elongate. The mandibles are stout 
and strong, with a firm symphysis. The 
mandibular foramina are small, with a stepped 
angle on the dentary margin above these 
perforations. The internal articulations are 
well developed. 

CONCLUSION 

Most geographical areas, such as the eastern, 
southern, and western United States, have 
regional bird books that contain distribution 
maps, which define the range of bird species 
within these districts. Many individual states 
have similar but more detailed publications. 
By utilizing this information, some trouble
some species can be eliminated from con
sideration by the archaeologist owing to 
distribution and range differences among 
various species. F or example, if a bird skull 
having a long, stout bill, similar to that found 
in the kingfisher or roadrunner, were found 
in a Florida mound, the roadrunner could be 
discounted because its range does not extend 
to the eastern United States, but that of the 

kingfisher does extend this far. 
If the general form of an excavated skull 

approaches that found in the swift (fig. 17) 
but doesn't quite fit the measurements or finer 
morphological features, it would suggest that 
perhaps the skull should be compared with 
the swallow's or the martin's (fig. 18). 

Those skulls that were noted in the preced
ing discussion as having weak rostral sutures 
are more often than not found in excavations 
with the crania separated from the maxillae. 
However, there are generally adequate features 
in both portions of the skull to obtain a 
determination that can aid in the overall eval
uation of an archaeological site. 
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TAXONOMIC CLASSIFICATION OF BIRDS 

CLASS: AVES 

Order GAVIIFORMES - Loons 
Family Gaviidae 

Gavia immer, Common Loon 

Order PODICIPEDIFORMES - Grebes 
Family Podicipedidae 

Podilymbus podiceps, Pied-billed Grebe 

Order PELECANIFORMES - Tropicbirds, Pelicans, and Allies 
Family Pelecanidae 

Pelecanus occidentalis, Brown Pelican 
Family Phalacrocoracidae 

Phalacrocorax auritus, Double-crested Cormorant 
Family Anhingidae 

Anhinga anhinga, Anhinga 

Order CICONIIFORMES - Herons, Storks, Ibises, Flamingoes, and Allies 
Family Ardeidae 

Florida caerulea, Little Blue Heron 
Family Ciconiidae 

Mycteria americana, Wood Ibis 
Eudocimus albus, White Ibis 

Family Phoenicopteridae 
Phoenicopterus ruber, American Flamingo 

Order ANSERIFORMES - Swans, Geese, and Ducks 
Family Anatidae 

Aytbya coUaris, Ring-necked Duck 

Order FALCONIFORMES - Vultures, Hawks, and Falcons 
Family Cathartidae 

Coragyps atratus, Black Vulture 
Family Accipitridae 

Buteo jamaicensis, Red-tailed Hawk 
Family Pandionidae 

Pandion baliaetus, Osprey 
Family Falconidae 

Falco sparverius, Sparrow Hawk 

Order GALLIFORMES - Grouse, Pheasants, Turkeys, and Allies 
Family Tetraonidae 

Centrocercus urophasianus, Sage Grouse 
Family Phasianidae 

Colinus virginianus, Bobwhite 
Family Meleagrididae 

Meleagris gallopavo, Turkey 
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Order GRUIFORMES - Cranes, Rails, and Allies 
Family Gruidae 

Grus canadensis, Sandhill Crane 
Family Rallidae 

Fulica americana, American Coot 

Order CHARADRIIFORMES - Shorebirds, Gulls, and Allies 
Family Haematopodidae 

H aenzatopus palliatus, American Oystercatcher 
Family Charadriidae 

Charadrius vociferus, Killdeer 
Family Scolopacidae 

Erolia alpina, Red-backed Sandpiper 
Family Recurvirostridae 

Recurvirostra americana, American Avocet 
Family Laridae 

Larus delawarensis, Ring-billed Gull 
Family Rynchopidae 

Rynchops nigra, Black Skimmer 

Order COLUMBIFORMES - Pigeons, Doves, and Allies 
Family Columbidae 

Zenaidura macroura, Mourning Dove 

Order PSITTACIFORMES - Parrots, Macaws, and Allies 
Family Psittacidae 

Rl1ynchopsitta pachyrhyncha, Thick-billed Parrot 

Order CUCULIFORMES - Cuckoos, Roadrunners, and Allies 
Family Cuculidae 

Geococcyx californian us, Roadrunner 

Order STRIGIFORMES - Owls 
Family Tytonidae 

Tyto alba, Barn Owl 
Family Strigidae 

Bubo virginian us, Great Horned Owl 

Order CAPRIMULGIFORMES - Whip-poor-will and Allies 
Family Caprimulgidae 

Caprimulgzts carolinensis, Chuck-Will's-Widow 

Order ApODIFORMES - Swifts and Hummingbirds 
Family Apodidae 

Chaetura pelagica, Chimney Swift 

Order CORACIIFORMES - Kingfishers, Hornbills, and Allies 
Family Alcedinidae 

Megaceryle alcyon, Belted Kingfisher 

Order PIC IF ORMES - Woodpeckers, Toucans, and Allies 
Family Picidae 

Centurus carolinus, Red-bellied Woodpecker 

Order PASSERIFORMES - Perching Birds 
Family Tyrannidae 

Muscivora forficata, Scissor-tailed Flycatcher 
Family Hirundinidae 

P1'Ogne subis, Purple Martin 
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Family Corvidae 
Corvus bmchyrbynchos, Common Crow 

Family Mimidae 
TOxosto771a mfzcm, Brown Thrasher 

Family Turdidae 
turdus 771igratorizts, Robin 

Family Icteridae 
Sturnella neglecta, Western Meadowlark 

Family Fringillidae 
Ricb7710ndena cardinalis, Cardinal 
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INTRODUCTION 

T HE first part.of this avian osteological study 
(number 4 in this volume), which deals with 

skulls and mandibles of birds commonly 
encountered by archaeologists, was originally 
published (together with number 3) in 1972. This 
initial research was concerned with representa
tives of forty families of birds found in North 
America. 

The second part of this study (included here as 
number 5 of this volume) examines the post
cranial skeletons of the same birds as those dis
cussed in the study of the skulls. 

The forty families were selected in order to 
provide archaeologists with as wide a range as 
possible of differing morphological types found 
within the geographical area covered. 

Not all birds that are likely to occur within this 
area are included in this study. However, in most 
instances, the species chosen will suggest ad
ditional osteological material with which the in
vestigators may wish to make comparisons. 

What archaeologists must bear in mind is that 
most published characteristics used to establish 
the taxonomic classification of birds, particularly 
passerines (perching birds) of similar size and 
form, are based mainly on the color patterns of 
the plumage. Many of the morphological features 
present in the different species within the same 
genus are so minute, and many include sex dif
ferences, that no single publication, no matter 
how well illustrated, can be used by itself to 
establish specific identifications. An adequate 
comparative collection must be at hand for final, 
close determinations. 

It is far better to establish positive identifica
tions of birds, even if these can be made only at a 
broad family level. An example of identifications 
made by an archaeologist having more confidence 
in his ability than practical knowledge is well 
known to many zooarchaeologists and is pre
sented here as a cautionary note regarding the 
hazards of going beyond one's ability in identify
ing bird bones. The example is: Two subspecies 
of song sparrows were listed as occurring in the 
same site. The identifications were based on sin
gle wing elements. Apparently unknown to the 
identifier, however, these two differing sub
species are separable only by their differing ter
ritorial songs and not by any physical differences 
or morphological variations of the skeleton. 

These differences could hardly have been estab
lished on excavated wing bones. Listings of this 
kind will serve merely to notify the more well 
informed that perhaps the entire report should be 
viewed with caution. 

Only those elements (pelvis, sternum, femur, 
and so forth) have been figured and described that 
are either diagnostic or are commonly preserved 
and occur in most sites. 

It is important to remember when referring to 
the text figures that there is generally a noticeable 
size difference between the forms that are illus
trated. Frequent reference to the size scales is 
advised. For example, a pelican's tibiotarsus is 
many times the length of an avocet's. In order to 
be practical and present these different-sized 
bones on the same size text figure, one photo
graph had to be reduced greatly while the other 
required considerable enlargement. Reference to 
the millimeter scales will allow for a comparative 
size determination of either bone as it actually 
appears. 

As with any osteological manual, depicting all 
views of all bones is not only prohibitive because 
of cost but also because of the physical size of 
such an endeavor. It seems that the worker al
ways needs one or more additional views other 
than those that the author has chosen for publica
tion. I have restricted my choices to those views 
that most generally determine the morphological 
similarities or differences of the elements under 
consideration. Where there is a feature, diagnos
tic in a very restricted sense, I have added dashed 
lines or notes with arrows pinpointing these key 
characters for ready reference in the field or labo
ratory. 

I am aware that some minute elements can be 
identified as belonging to one or another of the 
major groups of birds. For example, the terminal 
phalanges or claws of raptors, or birds of prey, do 
differ from comparable, similar-sized bones of 
swans. However, during the thirty or more years 
that I have been examining bone scraps from 
archaeological sites, I have yet to encounter these 
claws in any quantity to pose a problem or to be a 
real concern. To illustrate and describe these and 
other bones in a similar category would not be 
worth the time and publication cost. 

Some of the features pinpointed on the plates 
and discussed in the text may suggest others to be 
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compared if the element being examined does not 
quite match. For example, if a coracoid is closest 
to the ring-necked duck, Aythya collaris, but does 
not quite match in all respects, it suggests that the 

same element of other genera and species within 
this family of ducks should be consulted. The 
same is true for all other birds covered in this 
manual. 



DIAGNOSTIC OSTEOLOGICAL CHARACTERS 

STERNUM 

Comparisons of the length and width of the ster
num as well as of the depth of the keel are of basic 
importance in evaluating this element of the 
bird's skeleton. The shape and development of 
the carinal apex, the manubrium, and the cora
coidal groove also vary from one group of birds te 
another. The number and shape of the posterior 
lateral processes and their accompanying sternal 
notches are used in avian classification. The 
shape of the xiphial area - and whether it termi
nates in a straight margin, is curved, or even 
notched - is of importance in arriving at the 
proper determination of the bird being identified. 

Gavia immer, Common Loon (fig. 2). Without 
internal spine; external spine notched. Ventral 
lip of coracoidal groove moderately developed. 
Carinal apex produced forward. Single pair of 
posterior lateral processes. Xiphial area rounded, 
produced beyond extremities of posterior lateral 
processes. 

Podilymbus podiceps, Pied-billed Grebe (fig. 2). 
Without internal or external spines. Ventral lip of 
coracoidal groove strongly developed. Tips of 
coracoidal processes pointing anteriorly. Carinal 
apex produced forward. Single pair of posterior 
lateral processes produced beyond margin of 
xiphial area. Xiphial area with a single, median 
notch. 

Pelecanus occidentalis, Brown Pelican (fig. 2). 
Coracoidal processes extending laterally. Cora
coidal grooves separate. Posterior lateral pro
cesses with a pair of shallow notches. Symphysis 
of furculum fused to carinal apex. Free ends of 
furculum thick, pneumatic. 

Phalacrocorax auritus, Double-crested Cormo
rant (fig. 2). Sternum short and wide. Coracoidal 
processes extending laterally. Single coracoidal 
groove. Pair of sternal notches wide and shallow. 

Anhinga anhinga, Anhinga (fig. 2). External 
spine rudimentary. Coracoidal processes point
ing slightly forward. Coracoidal grooves sepa
rate. Sternal notches wide and shallow. 

Florida caerulea, Little Blue Heron (fig. 3). 
Pointed external spine. Pair of coracoidal 
grooves. Carinal apex below manubrium. 
Posterior lateral processes blunt. Sternal notches 
shallow. Xiphial area extending beyond lateral 
processes. 

Mycteria americana, Wood Ibis (fig. 3). Short 
external spine wide. Xiphial area square. 
Posterior lateral processes extending beyond 
xiphial area. Sternal notches narrow. Rounded 
carinal apex. 

Eudocimus albus, White Ibis (fig. 3). Double 
sternal notches. Double posterior lateral -pro
cesses. Pointed xiphial area extending beyond 
lateral processes. 

Phoenicopterus ruber, American Flamingo (fig. 
3). Pneumatic keel. External spine notched. 
Posterior lateral processes extending to limit of 
xiphial area. Anterior lateral processes pointed, 
short extension. 

Aythya collaris, Ring-necked Duck (fig. 3). No 
internal spine. Carinal apex pointed, extending 
well beyond coracoidal groove. Square xi phial 
area. Sternal notches restricted posteriorly, at 
times with posterior lateral processes joined to 
corners of xiphial area. 

Coragyps atratus, Black Vulture (fig. 3). An
terior lateral processes short, with costal facet. 
Two pair of posterior lateral processes joined to 
enclose fenestrae. Open notches formed by me
dial posterior lateral processes and pointed xiph
ial area. Carinal apex posterior to coracoidal 
groove. 

Buteo jamaicensis, Red-tailed Hawk (fig. 4). Ca
rinal apex rounded, terminating posterior to ma
nubrium. Xiphial area square, without posterior 
lateral processes or sternal notches. Fenestrae 
mayor may not penetrate notch area. 

Pandion haliaetus, Osprey (fig. 4). Short, 
pointed anterior processes. Carinal apex 
rounded, terminating posterior to manubrium. 
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FIGURE I. Articulated skeleton of a red-shouldered hawk, Buteo lineatus 



NORTH AMERICAN BIRDS 101 

FIGCRE 2 



I ~ 
! 

'Ii 
" 

I02 OSTEOLOGY FOR THE ARCHAEOLOGIST 

FIGllRE 3 
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t Xiphial region without posterior lateral pro
cesses, terminating in a shallow V-shaped notch. 

Falco sparverius, Sparrow Hawk (fig. 4). 
Squared carinal apex extending at right angles 
from body of sternum. Xiphial margin squared, 
without posterior lateral processes. May be solid 
or may have one pair of fenestrae (as example on 
plate). 

Centrocercus urophasianus, Sage Grouse (fig. 4). 
Long anterior processes directed forward. Deep, 
paired sternal notches. Double, long, thin 
posterior lateral processes. Xiphial area long and 
narrow. Compare size difference of similar form 
in Colin us and Meleagris. 

Colin us virginianus, Bobwhite (fig. 4). Long an
terior processes directed forward. Deep, paired 
sternal notches. Double, long, thin posterior 
lateral processes. Xiphial area long and narrow. 
Compare size difference of similar form in Cen
trocercus and Meleagris. 

Meleagris gallopavo, Turkey (fig. 4). Long an
terior processes directed forward. Deep, paired 
sternal notches. Double, long, thin posterior 
lateral processes. Xiphial area long and narrow. 
Compare size difference of similar form in Cen
trocercus and Colinus. 

Grus canadensis, Sandhill Crane (fig. 5). Sym
physis of furculum fused to carinal apex. Manu
brial area and keel pneumatic. Long, narrow 
sternal plate. No posterior lateral processes or 
sternal notches. Separate coracoidal grooves. 

Fulica americana, American Coot (fig. 5). Ex
tended anterior lateral processes. Long, narrow 
posterior lateral processes extending beyond 
pointed xiphial area. Deep sternal notches, one 
half the length of keel. 

Haematopus palliatus, American Oystercatcher 
(fig. 5). Long, narrow xiphial area. Double 
posterior lateral processes. Double sternal 
notches. 

Charadrius vociferus, Killdeer (fig. 5). Two pair 
of sternal notches. Double posterior lateral pro
cesses at times joined to form fenestrae. Narrow, 
pointed xiphial area. 

Erolia alpina, Red-backed Sandpiper (fig. 5). 
Narrow, flared xiphial area. Double posterior 

lateral processes. Double sternal notches. Deep 
keel. 

Recurvirostra americana, American Avocet (fig. 
5). Two pair of sternal notches. Double posterior 
lateral processes. Narrow, pointed xiphial area. 

Larus delawarensis, Ring-billed Gull (fig. 6). 
Hooked carinal apex. Xiphial area flat, square, 
with sternal plate. Short, square xiphial process. 
Two pair of short posterior lateral processes. 
Two pair of shallow sternal notches. 

Rynchops nigra, Black Skimmer (fig. 6). Pointed 
carinal apex. Narrow, pointed xiphial process 
extending beyond posterior lateral processes. 
Generally squared xiphial area. Two pair of short 
posterior lateral processes. Two pair of shallow 
sternal notches. Pointed, short anterior lateral 
processes. 

Zenaidura macroura, Mourning Dove (fig. 6). 
Deep keel, confluent coracoidal grooves. 
Rounded carinal apex. One pair of posterior 
lateral processes terminating well forward of 
xiphial area. Xiphial area rounded, flared. One 
pair of sternal notches. One pair of fenestrae in 
xiphial area. 

Rhynchopsitta pachyrhyncha, Thick-billed Parrot 
(fig. 6). Carina I apex extended and joined to ex
ternal manubrial spine almost extending beyond 
costal margin. Coracoidal grooves confluent. 
Xiphial area rounded, may be either double- or 
single-notched with fenestrae, or entire. 

Geococcyx californianus, Roadrunner (fig. 6). 
Sternum short and square. Pointed carinal apex. 
Pointed xiphial area. Double, long posterior 
lateral processes. Double, deep sternal notches. 

Tyto alba, Barn Owl (fig. 6). Concave sternal 
plate. Prominent anterior lateral processes di
rected forward. Shallow keel. Rounded xiphial 
area. Shallow sternal notches. 

Bubo virginianus, Great Horned Owl (fig. 7). 
Slightly rounded carinal apex. Short, square 
xiphial area. Two pair of posterior lateral pro
cesses of unequal length. Outer pair extending 
beyond xiphial area. Two pair of sternal notches 
of unequal depth. 

Caprimulgus carolinensis, Chuck-Will's-Widow 
(fig. 7). Sternum triangular in shape when viewed 



EQ 

104 OSTEOLOGY FOR THE ARCHAEOLOGIST 

FIGlJRF.4 

I 
I 

I 

I 



NORTH AMERICAN BIRDS IDS 

FIGURE 5 



106 OSTEOLOGY FOR THE ARCHAEOLOGIST 

· .. ·1 

FIGURE 6 



I 

¥ .. 

! 
I 

I 

NORTH AMERICAN BIRDS 107 

dorsally. Carinal apex extended forward, 
rounded. Wide, blunt-pointed xiphial area. One 
pair of blunt posterior lateral processes spread 
laterally. Two wide, shallow sternal notches. 

Chaetura pelagica, Chimney Swift (fig. 7). Deep 
keel. No posterior lateral processes or sternal 
notches. Xiphial area rounded, expanded, bell
shaped. 

Megaceryle alcyon, Belted Kingfisher (fig. 7). 
Entire anterior carinal margin and apex thrust 
forward. Anterior lateral processes extended. 
Small xiphial area terminating in expanded end. 
Two pair of wide, heavy posterior lateral pro
cesses with expanded ends; medial pair equal in 
length to xiphial area, outer pair spread at ter
minus. Two pair of unequal sternal notches. 

Centurus carolinus, Red-bellied Woodpecker 
(fig. 7). Shallow keel. Prominent anterior lateral 
processes extended forward. Double posterior 
lateral processes equal in length to xiphial area. 
Xiphial area with expanded terminus. Double 
sternal notches. Entire sternum expanded at 
posterior end. 

Muscivora fotjicata, Scissor-tailed Flycatcher 
(fig. 7). Manubrium large with expanded ter
minus. Well-developed anterior lateral processes 
pointed forward. Wide, square-ended xiphial 
area. Single pair of posterior lateral processes 
with expanded ends. Single pair of rather deep 
sternal notches. Deep keel. 

Progne subis, Purple Martin (fig. 8). Large ma
nubrium. Pointed carinal apex. Wide, square
ended xiphial area. Single pair of posterior lateral 
processes with expanded tt;:rminal ends. Single 
pair of sternal notches. 

Corvus brachyrhynchos, Common Crow (fig. 8). 
Large manubrium. Prominent anterior lateral 
processes. Wide, rounded xiphial area. Single 
pair of posterior lateral processes with expanded 
terminal ends. Single pair of rather deep sternal 
notches. 

Toxostoma rufum, Brown Thrasher (fig. 8). Ma
nubrium and sterno-coracoidal processes large 
and of equal size. Wide, rounded xiphial area. 
Single pair of rather deep sternal notches. Single 
pair of posterior lateral processes with expanded 
ends, deflected outward. 

Turdus migratorius, Robin (fig. 8). Very large 
manubrium. Pointed carinal apex. Anterior 
lateral processes prominent, deflected forward. 
Xiphial area wide, rounded with lateral spurs. 
Single pair of long posterior lateral processes 
terminating in expanded ends. Single pair of 
sternal notches. 

Sturnella neglecta, Western Meadowlark (fig. 8). 
Large, extended manubrium and sterno
coracoidal processes. Pointed carinal apex. 
Blunt, square, wide xi phial area. Single pair of 
sternal notches. Single pair of posterior lateral 
processes terminating in expanded ends, shorter 
than xiphial margin. Prominent anterior lateral 
processes. 

Richmondena cardinalis, Cardinal (fig. 8). 
Greatly expanded and extended manubrium. 
Wide, blunt, gently rounded xiphial area. Single 
pair of posterior lateral processes terminating in 
expanded ends. Single pair of sternal notches. 
Prominent anterior lateral processes. 

PELVIS 

Pr:oportions of pelvic elements compared one to 
another are of basic importance in deciding 
which groups of birds are closest to the elements 
being compared: for example, the length of the 
preacetabular ilium compared with that of the 
postacetabular ilium. Also, the marginal shape of 
the anterior and posterior ends of this element 
may be diagnostic. Some are straight; others are 
curved or notched and may be in combination 
with square or rounded lateral corners. Whether 
the shields are solid or are perforated with inter
vertebral foramina may be used as a means of 
identifying certain birds. The development, or 
lack of development, of the ischial angle - and 
whether or not this angle is fused to the pubis -
also is an aid to establishing the identity of the 
bone. Combinations of characters are generally 
required for close taxonomic assignments of iso
lated elements. 

Gavia immer, Common Loon (fig. 9). Long, 
extremely narrow. Preacetabular ilium less than 
one-half the length of the postacetabular ilium. 
Ilium not fused with vertebrae. Long, thin pubes 
with expanded distal ends. 

Podilymbus podiceps, Pied-billed Grebe (fig. 9). 
Long and thin. Long, thin, straight pubes with
out expanded terminal ends. No noticeable or 
diagnostic intervertebral foramina. 
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Pelecanus occidentalis, Brown Pelican (fig. 9). 
Widely expanded at posterior end. Long, thin, 
curved pubes without expanded terminal ends. 
Intervertebral foramina occurring at both an
terior and posterior ends. Preacetabular ilium 
longest. 

Phalacrocorax auritus, Double-crested Cormo
rant (fig. 9). Marked anterior lateral flaring. 
Intervertebral foramina confined to postace
tabular pelvis. Long, thin, curved pubes without 
expanded terminal ends. Postacetabular ilium 
more than one-half the total length. 

Anhinga anhinga, Anhinga (fig. 9). Marked an
terior lateral flaring. Intervertebral foramina 
confined to postacetabular pelvis. Long, thin, 
straight pubes with downward curve at ter
minus. Preacetabular ilium and postacetabular 
ilium of about equal length. 

Florida caerulea, Little Blue Heron (fig. 10). 

Postacetabular pelvis widely expanded. 
Postacetabular ilia with lateral faces parallel. An
terior end of pelvis narrower than posterior, ex
panded at anterior terminus. Long, thin, flared 
pubes. Intervertebral foramina restricted to 
postacetabular area. 

Mycteria americana, Wood Ibis (fig. 10). An
terior portion of pelvis slightly narrower than 
posterior area. Anterior terminus slightly ex
panded. Postacetabular ilia with lateral faces 
converging slightly. Long, thin, curved pubes 
with no expansion at terminal ends. Interverte
bral foramina confined to posterior portion of 
pelvis. 

Eudocimus albus, White Ibis (fig. 10). Slightly 
converging lateral faces to both the preacetabular 
ilium and postacetabular ilium, slightly ex
panded at anterior end. Long, thin, straight 
pubes. Intervertebral foramina restricted to 
posterior portion of pelvis. 

Phoenicopterus ruber, American Flamingo (fig. 
IO). Little difference in width of preacetabular 
and postacetabular ilia. No expansion at anterior 
end. Nearly parallel lateral faces. Long, thin, 
straight pubes. Intervertebral foramina restricted 
to posterior portion of pelvis. 

Aythya collaris, Ring-necked Duck (fig. 10). 
Generally triangular outline to entire element. 
Anterior portion narrow with slightly curved 
lateral faces and no terminal expansion. Widely 
flaring, square-ended posterior margin. Long, 

thin, curved pubes with downward deflected 
ends. Complex intervertebral foramina extend
ing anterior to acetabulum. 

Coragyps atratus, Black Vulture (fig. 10). An
terior portion slightly longer than posterior. 
Slight flaring at anterior terminus. Posterior por
tion wide, laterally curved. Long, thin, curved 
pubes with no expansion of terminal ends. Inter
vertebral foramina restricted to posterior area of 
pelvis. 

Buteo jamaicensis, Red-tailed Hawk (fig. I I). 

Preacetabular ilium longer than postacetabular 
ilium. Wide, rounded anterior margin. Shield 
forms isosceles triangle. Short pubes curved in
ward. No intervertebral foramina. 

Pandion haliaetus, Osprey (fig. II). Short, 
square, widely expanded element. Anterior mar
gin square with a sharp angle laterally. Few or no 
intervertebral foramina. Short pubes with ex
panded terminal ends. 

Falco sparverius, Sparrow Hawk (fig. 11). An
terior end slightly rounded. Long, thin pubes. 
Few or no intervertebral foramina. 

Centrocercus urophasianus, Sage Grouse (fig. II). 
Wide posterior shield. Anterior end expanded 
with rounded lateral corners. Long, thin pubes 
with downward deflected ends. 

Colinus virginianus, Bobwhite (fig. II). Long, 
thin element not greatly expanded at either end. 
Rounded lateral corners on slightly expanded an
terior margin. Preacetabular ilium and 
postacetabular ilium of about equal length. Long, 
thin pubes. Intervertebral foramina restricted to 
anterior portion of pelvis. 

Meleagris gallopavo, Turkey (fig. II). Anterior 
lateral corners form sharp angles. Posterior area 
square at extreme margin. Long, thin pubes. 
Intervertebral foramina most prominent in 
posterior area. 

Grus canadensis, Sandhill Crane (fig. I2). Pre
acetabular ilium longest, thin, no >expansion at 
anterior end. Long, thin pubes. Intervertebral 
foramina extending from posterior area, an
teriorly beyond acetabulum. 

Fulica americana, American Coot (fig. 12). Ele
ment long and thin. Pointed, hooklike extensions 
at lateral corners of posterior margin. No inter
vertebral foramina. Rather short pubes terminat
ing in angled, flattened processes. 
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Haematopus palliatus, American Oystercatcher 
(fig. 12). Spinelike extensions at ischial angles. 
Long, thin pubes. Intervertebral foramina oc
cupying shield, extending anteriorly beyond 
acetabulum. 

Charad1'ius vociferus, Killdeer (fig. 12). Widely 
expanded posterior area weakly joined to lateral 
plates. Spinelike extensions at ischial angles. 
Long, thin pubes. Intervertebral foramina form
ing an almost lacelike pattern through shield. 

Erolia alpina, Red-backed Sandpiper (fig. 12). 
Short, wide element. Very rounded anterior 
margin. Long, very thin pubes. Spinelike exten
sions of ischial angles. Intervertebral foramina 
forming an almost lacelike pattern through 
shield. 

Rewrvirostra americana, American Avocet (fig. 
12). Widely expanded posterior area. Rounded 
anterior margin. Long, thin pubes. Spinelike ex
tensions of ischial angles. Intervertebral foramina 
pierced through posterior part of shield. 

Larus delawarensis, Ring-billed Gull (fig. 13). 
Intervertebral foramina extending anterior to 
acetabulum. Spinelike extensions of ischial an
gles. Long, thin pubes not expanded at terminus. 

Rynchops nigra, Black Skimmer (fig. 13). Entire 
shield penetrated by foramina. Spinelike exten
sions of ischial angles. Long, thin, widely 
deflected pubes. 

Zenaidura macroura, Mourning Dove (fig. 13). 
Heavy, blocky element. Slight or no interverte
bral foramina. Spinelike extensions of ischial an
gles. Long, thin, curved pubes. 

Rhynchopsitta pachyrhyncha, Thick-billed Parrot 
(fig. 13). Few or no intervertebral foramina. 
Strong extensions of curved ischial angles. Long, 
thin pubes. 

Geococcyx californianus, Roadrunner (fig. 13). 
Wide, irregular-shaped lateral expansion of 
posterior pelvic area. Greatly enlarged pectineal 
processes. Strong extensions of ischial angles. 
Numerous intervertebral foramina penetrating 
shield. Very long, thin pubes with no expansion 
at terminus. 

Tyto alba, Barn Owl (fig. 13). Anterior end has 
a square margin with a winglike projection at 
lateral corners. Strong, bowed pubes. Interver-

t~bral foramina restricted to posterior end of pel
VIS. 

Bubo virginianus, Great Horned Owl (fig. 14). 
Anterior end has a square margin with rounded 
corners and laterally spread side plates. Few or 
no intervertebral foramina. Thin, bowed pubes. 
Strong, spinelike extensions of ischial angles. 

Caprimulgus carolinensis, Chuck-Will's-Widow 
(fig. 14). Anterior end considerably restricted 
compared with posterior area. Large interverte
bral foramina. Long, strong extensions of ischial 
angles. Extremely long, thin pubes. 

Chaetura pelagica, Chimney Swift (fig. 14). An
terior end shortened and rounded. Large inter
vertebral foramina. Long, thin, widely deflected 
pubes and extensions of ischial angles. 

Megaceryle alcyon, Belted Kingfisher (fig. 14). 
Anterior end short, blunt, and rounded. Large 
intervertebral foramina at posterior end. Short, 
thin pubes. 

Centurus carolinus, Red-bellied Woodpecker 
(fig. 14). Entire element short and wide. Weak 
intervertebral foramina. Long, thin pubes fused 
to extensions of ischial angles. 

Muscivora forjicata, Scissor-tailed Flycatcher 
(fig. 14). Entire element short, wide, and thin. 
Weakly joined shield pierced by numerous inter
vertebral foramina. Long, thin, pubes fused to 
extensions of ischial angles. 

Progne subis, Purple Martin (fig. IS). Entire 
element short and wide. Large intervertebral fo
ramina penetrating shield. Long thin pubes fused 
to extensions of ischial angles. 

Corvus brachyrhynchos, Common Crmy (fig. IS). 
No expansion at anterior end. Few or no interver
tebral foramina. Long, thin pubes weakly fused 
to extensions of ischial angles. 

Toxostoma rufum, Brown Thrasher (fig. IS). 
Large intervertebral foramina, anterior and 
posterior. Long, thin pubes fused to extensions of 
ischial angles. Wide, curved posterior area with 
extended points at lateral corners. 

Turdus migratorius, Robin (fig. IS). Entire ele
ment wide, short, with weakly developed inter
vertebral foramina. Long, thin pubes fused to 
extensions of ischial angles. 
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Sturnella neglecta, Western Meadowlark (fig. 
15). Few intervertebral foramina at posterior 
end. Long, thin pubes fused to extensions of 
ischial angles. 

Richmondena cardinalis, Cardinal (fig. 15). Entire 
element short and wide. Moderately developed 
intervertebral foramina along entire length. 
Long, thin, curved pubes fused to extensions of 
ischial angles, both widely spread. 

FEMUR 

Of first importance is the comparison of the 
femur being examined with similar elements of 
the same size. Bones such as the femur are so 
simple in structure, however, that minute dif
ferences must be kept in mind as well as size 
variation. For example, whether the head rises 
above the trochanter, or if the reverse is true, is 
characteristic for certain groups of birds. In some 
forms, the shaft of the femur is straight; in others 
it is curved. This may be true for different 
families of the same size. The presence or absence 
of pneumatic foramina or fossae also may be 
diagnostic as well as the relationship of one con
dyle to another on the same articular surface. 
Perhaps the best logic to use in identifying bird 
femora, and other similar limb bones as well, is to 
rely on the subtle differences of multiple charac
ters rather than on any single feature that may be 
quite variable and of little use. 

Gavia immer, Common Loon (fig. 16). Reduced 
trochanter and head on same level. Pneumatic 
fossa located between the two. Element short and 
stout. Wide fibular groove and prominent fibular 
condyle. Internal condyle reduced, elevated 
above external condyle. Rotular groove wide 
with deep patellar fossa. 

Podilymbus podiceps, Pied-billed Grebe (fig. 16). 
Reduced trochanter elevated above head. Shaft 
straight. Shallow, wide, rotular groove. Fibular 
groove wide and shallow. 

Pelecanus occidentalis, Brown Pelican (fig. 16). 
Head higher than trochanter. Trochanter re
duced. Shallow rotular groove. Popliteal area 
deep. Both distal condyles join the shaft without 
the usual restriction at the trochlea. Instead they 
taper gradually into the shaft. 

Phalacrocorax auritus, Double-crested Cormo
rant (fig. 16). Head slightly higher than the tro-

chanter, which is nearly absent. Rotular groove 
wide and shallow. Popliteal area shallow and 
roughened. 

Anhinga allhinga, Anhinga (fig. 16). Head 
slightly higher than trochanter, which is nearly 
absent. Shaft straight and thick. Distal end at 
condyles little expanded. Wide, shallow rotular 
groove. Popliteal area shallow. 

Florida ca eru lea , Little Blue Heron (fig. 17). 
Head and trochanter on nearly same level. Tro
chanter reduced. Straight shaft. Deep popliteal 
area. Prominent fibular groove. 

Mycteria americana, Wood Ibis (fig. 17). High 
trochanter with a pneumatic fossa at base. Shaft 
slightly curved. External condyle noticeably 
larger than the internal one. Deep popliteal area. 
Well-defined rotular groove. 

Eudocimus albus, White Ibis (fig. 17). Sharp
lipped trochanter. Deep rotular groove. Moder
ately developed popliteal area. 

Phoenicopterus ruber, American Flamingo (fig. 
17). High, heavy trochanter rising well above the 
head. Short neck. Thick, heavy shaft. Enlarged 
external condyle extending below internal one. 
Wide, deep rotular groove. Shallow popliteal 
area. 

Aythya collaris, Ring-necked Duck (fig. 17). 
Thick, heavy trochanter set above head. Curved 
shaft. Deep popliteal area. External condyle con
siderably larger than internal one. 

Coragyps atratus, Black Vulture (fig. 17). Prom
inent trochanter with pneumatic fossa at base. 
Curved shaft. Deep rotular groove. Deep pop
liteal area. Distal condyles of nearly equal size. 

Buteo jamaicensis, Red-tailed Hawk (fig. 18). 
Low, slanted trochanter with pneumatic fossa at 
base. Sharply defined neck at union with head. 
Well-defined rotular groove. Shallow popliteal 
area. Extended fibular condyle. 

Pandion haliaetus, Osprey (fig. 18). Low, heavy 
trochanter. Deep popliteal area. Well-defined 
rotular groove. 

Falcosparverius, Sparrow Hawk (fig. 18). High, 
thin trochanter. Long, thin shaft. Distal condyles 
of nearly equal size. 
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Centrocercus urophasianus, Sage Grouse (fig. 18). 
High, strong trochanter well above head. Pneu
matic fossa at base of trochanter. Short neck. 
Small internal condyle. Shallow popliteal area. 

Colintis virginianus, Bobwhite (fig. IS). Pro
nounced antero-posterior curve to shaft. 

Meleagris gallopavo, Turkey (fig. 18). Heavy, 
prominent trochanter curved toward head. 
Strong neck. Shaft thick and straight. Wide, 
deep rotular groove. Well-developed external 
condyle extended below internal one. 

Grus canadensis, Sandhill Crane (fig. 19). 
Heavy, sharp-lipped trochanter extended toward 
head. Sharp break in contour at union of head 
with neck. Shallow popliteal area. Deep fibular 
groove. Well-defined rotular groove. 

Fulica americana, American Coot (fig. 19). Low 
trochanter. Angled neck. Thin, straight shaft. 
Shallow rotular groove. Shallow popliteal area. 

Haematopus palliatus, American Oystercatcher 
(fig. 19). High, strong trochanter rising well 
above head. Deep, wide rotular groove. Well
developed internal and external condyles. 

Charadrius vociferus, Killdeer (fig. 19). High, 
sharp trochanter above head. Shallow popliteal 
area. Weakly developed fibular condyle. Wide, 
shallow rotular groove. 

Erolia alpina, Red-backed Sandpiper (fig. 19). 
High, sharp crest on trochanter. Little or no 
neck. Shallow popliteal area. Wide, shallow rotu
lar groove. 

Recurvirostra americana, American Avocet (fig. 
19). Heavy shaft. Wide rotular groove. Strongly 
developed external condyle extending below 
internal one. Well-developed fibular condyle. 

Larus delawarensis, Ring-billed Gull (fig. 20). 
Sharply margined trochanteric crest. Deep rotu
lar groove. Shallow popliteal area. Well-defined 
fibular condyle. 

Rynchopsnigra, Black Skimmer (fig. 20). Heavy, 
low trochanter. Little or no neck. Straight shaft. 
Shallow rotular groove. Wide, bowed external 
condyle. Shallow popliteal area. 

Zenaidura macroura, Mourning Dove (fig. 20). 
Low trochanter. Distal condyles of nearly equal 

size. Shallow popliteal area. Weakly developed 
fibular condyle. 

Rhynchopsitta pachYl-hyncha, Thick-billed Parrot 
(fig. 20). Little or no extension of trochanteric 
crest. Wide, shallow rotular groove. Shallow 
popliteal area. 

Geococcyx califomianus, Roadrunner (fig. 20). 
Low trochanter. No well-defined break in con
tour where head joins the neck. Pneumatic fossa 
below head at posterior union with shaft. Shal
low popliteal area. 

Tyto alba, Barn Owl (fig. 20). Moderately de
veloped, strong trochanter. Straight shaft. Deep, 
wide rotular groove. Shallow popliteal area. 
Strongly developed fibular condyle. 

Bubo virginianus, Great Horned Owl (fig. 21). 
Stout trochanter with heavily sculptured base. 
Stout, straight shaft. Wide, deep rotular groove. 
Deep popliteal area. Prominent fibular condyle. 

Caprimulgus carolinensis, Chuck-Will's-Widow 
(fig. 21). Low trochanter. Absence of a defined 
neck. Shallow rotular groove. Shallow popliteal 
area. 

Chaetura pelagica, Chimney Swift (fig. 21). 
Trochanteric area rises above head with no tro
chanteric crest. Head weakly developed. Weakly 
defined rotular groove. No obvious popliteal 
area. Distal condyles of about equal size. 

Megaceryle alcyon, Belted Kingfisher (fig. 21). 
No elevated trochanter. Notch below head at 
union with shaft. Shallow popliteal area. Weakly 
developed fibular condyle. 

Centurus carolinus, Red-bellied Woodpecker 
(fig. 21). Low trochanter. Shallow rotular 
groove. No discernible popliteal depression. 
Weakly developed fibular condyle. Slight curve 
to shaft. 

Muscivora forficata, Scissor-tailed Flycatcher 
(fig. 21). Peaked trochanter rises above head. 
Straight shaft. Wide, shallow rotular groove. 
Shallow popliteal area. 

Progne subis, Purple Martin (fig. 22). Low, 
rounded trochanter. No defined break in the 
margin of the union of the head with the shaft. 
Wide, shallow rotular groove. Shallow popliteal 
area. No well-defined fibular condyle. 
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Cm-mls brachyrhynchos, Common Crow (fig. 22). 
Low, strong trochanter. Straight, heavy shaft. 
Wide, shallow rotular groove. Shallow popliteal 
area. 

Toxostoma nifum, Brown Thrasher (fig. 22). 
Low trochanter. Straight shaft. Wide rotular 
groove. Shallow popliteal area. 

Tttrdus migratorius, Robin (fig. 22). Low tro
chanter. Straight shaft. Wide, shallow rotular 
groove. Shallow popliteal area. Weakly devel
oped fibular condyle. 

Sturnella neglecta, Western Meadowlark (fig. 
22). Low, rounded trochanter. Straight shaft. 
Wide, shallow rotular groove. Shallow popliteal 
area. 

Richmondena cardinalis, Cardinal (fig. 22). Low, 
rounded trochanter. Wide, very shallow rotular 
groove. Shallow popliteal area. 

TIBIOTARSUS 

Total size of the tibiotarsus as well as the com
parative size and development, or lack of devel
opment, of the various processes found on it will 
aid in establishing the identity of the bone. Pres
ence of the fibular crest and the degree of fusion 
of the fibula to the main shaft are of considerable 
taxonomic importance. Position and size of the 
cnemial crests and distal condyles also are used to 
diagnose bird genera and, at times, species. The 
presence and prominence of the tendinal groove 
and its accompanying supratendinal bridge at 
times may be adequate in themselves as diagnos
tic areas, particularly the shape and angle of the 
bridge as it crosses the groove. 

Gavia immer, Common Loon (fig. 23). Enor
mous extension of cnemial process. Deep groove 
extending along shaft to tip of cnemial process. 
Internal condyle extending distally beyond ex
ternal one. Well-defined supratendinal bridge. 
Weakly defined fibular crest. 

Podilymbus podiceps, Pied-billed Greve (fig. 23). 
Pronounced extension of cnemial process. Deep 
groove extending along shaft to tip of cnemial 
process. Distal condyles at same level. Well
defined supratendinal bridge. 

Pelecanus occidentalis, Brown Pelican (fig. 23). 
Reduced cnemial crests. Outer crest extended 

downward. Cylindrical shaft. Deep tendinal 
groove. Well-defined supratendinal bridge. 

PhalacrocortL'C auritus, Double-crested Cormo
rant (fig. 23). Prominent cnemial crests. Wide, 
well-defined fibular crest. Shaft flattened. Short, 
shallow tendinal groove. Well-defined supraten
dinal bridge set obliquely. 

Anhinga anhinga, Anhinga (fig. 23). Prominent 
cnemial crests. Shaft flattened anteriorly and 
rounded posteriorly. Reduced tendinal groove. 
Prominent supratendinal bridge set obliquely. 

Florida caemlea, Little Blue Heron (fig. 24). 
Weakly defined cnemial crests. Fibula fused to 
high fibular crest. Long, thin, straight, round 
shaft typical for wading birds. Little or no tend i
nal groove. Arched, prominent supratendinal 
bridge. Distal condyles equally developed. 

Mycteria americana, Wood Ibis (fig. 24.). Weakly 
defined cnemial crests. Long, thin, straight, 
round shaft. High fibular crest. Little or no ten
dinal groove. Well-defined supratendinal bridge. 

Eudocimus albus, White Ibis (fig. 24). Pro
nounced outer cnemial crest. High fibular crest. 
Long, thin, curved shaft. Flattened face of shaft. 
Ossified supratendinal bridge with no visible 
open arch. 

Phoenicopterus ruber, American Flamingo (fig. 
24). Length of this element alone identifies it as 
belonging to a flamingo. Unusually long, thin, 
straight bone. High fibular crest~ Well-developed 
cnemial crests. Flattened distal face of shaft ter
minates in a short tendinal groove. Supratendinal 
bridge only present on side of shaft above internal 
condyle. Distal condyles of about equal size. 

Aythya collaris, Ring-necked Duck (fig. 24). 
Well-developed cnemial crests. Well-defined 
fibular crest. Shaft flattened. Tendinal groove 
deep at terminus. Well-defined supratendinal 
bridge set transversely. 

Coragypsatratus, Black Vulture(fig. 24). Small, 
weakly developed cnemial crests. Well-defined 
fibular crest. Shallow tendinal groove. Supra
tendinal bridge located above internal condyle 
only. Distal condyles narrow. 

Buteo jamaicensis, Red-tailed Hawk (fig. 25). 
Strong cnemial crests. Fibular crest continuing 
to base of cnemial crest. Fibula attached distally 
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to shaft. Well-defined supratendinal bridge set 
obliquely. Distal condyles at same level. 

Pandion baliaetus, Osprey (fig. 25). Moderately 
developed cnemial crests. Strong, wide fibular 
crest. Fibula attached distally to shaft. Well
. defined supratendinal bridge set obliquely. Dis
tal condyles at same level. 

Falco sparverius, Sparrow Havik (fig. 25). 
Weakly developed cnemial crests. Fibula at
tached distally to shaft. Supratendinal bridge 
with three openings. Distal condyles at same 
level. 

Centrocercus uropbasianus, Sage Grouse (fig. 25). 
Strong, well-developed cnemial crests. Distal 
end of tibia free of shaft. Well-defined supraten
dinal bridge set obliquely. Distal condyles at 
same level. 

Colin tiS vi1-ginianlls, Bobwhite (fig. 25). Well
developed cnemial crests. Well-defined supra
tendinal bridge. Distal condyles at same level. 

Meleagris gallopavo, Turkey (fig. 25). Strong, 
high, well-developed cnemial crests. Low fibular 
crest or ridge. Distal end of tibia free from shaft. 
Strong supratendinal bridge. Distal condyles at 
same level. 

Grlls canadensis, Sandhill Crane (fig. 26). Well
developed cnemial crests. External condyle the 
largest. High fibular crest. Long, thin shaft. 
Well-developed supratendinal bridge set 
obliquely. 

Fulica americana, American Coot (fig. 26). 
Strong, well-developed cnemial crests. Well
developed fibular crest. Fibula fused distally to 
shaft. Well-developed supratendinal bridge. 

Haematoptls palliatus, American Oystercatcher 
(fig. 26). Well-developed cnemial crests. Fibula 
fused distally to shaft. Well-developed, arched 
supratendinal bridge. 

Cbaradrius vociferlls, Killdeer (fig. 26). Well
developed cnemial crests. High, short, promi
nent cnemial crests. Distal condyles of nearly 
equal size. Double supratendinal bridge. One 
opening of bridge above internal condyle. 

Erolia alpina, Red-backed Sandpiper (fig. 26). 
Well-developed cnemial crests. High, short fibu
lar crest. Fibula fused distally to shaft. Double 
supratendinal bridge. 

Recurvirostra americana, American Avocet (fig. 
26). Well-developed cnemial crests. Extremely 
thin, long shaft. Fibular crest short and high. 
Fibula fused distally to shaft. Condyles of nearly 
equal size. Supratendinal bridge above external 
condyle . 

Lams delawarensis, Ring-billed Gull (fig. 27). 
Well-developed cnemial crests. Fibular crest 
short, high on shaft. Fibula fused distally to 
shaft. Internal condyle the longest. Strong supra
tendinal bridge. 

Ryncbops nigra, Black Skimmer (fig. 27). Well
developed cnemial crests. Slight fibular crest. 
Fibula free of shaft. Distal condyles of nearly 
equal size. Strong supratendinal bridge. 

Zenaidura macroura, Mourning Dove (fig. 27). 
Low cnemial crests. Fibular crest nearly absent. 
Distal condyles of nearly equal size. Supratendi
nal bridge. 

Rbyncbopsitta pacbyrbyncba, Thick-billed Parrot 
(fig. 27). Fibula free. Slight fibular crest. Con
dyles widely separated. Unossified supratendinal 
bridge with no visible arch. 

Geococcyx califomianus, Roadrunner (fig. 27). 
Fibular crest nearly absent. Slight supratendinal 
bridge. 

Tyto alba, Barn Owl (fig. 27). Moderately de
veloped cnemial crests. Slight fibular crest. 
Fibula free of shaft. Distal condyles of nearly 
equal size. Unossified supratendinal bridge. No 
visible arch. 

Bubo virginianus, Great Horned Owl (fig. 28). 
Moderately developed cnemial and fibular crests. 
Fibula fused distally to shaft. Distal condyles of 
nearly equal size. No supratendinal bridge. 

Caprimulgus carolinensis, Chuck-Will's-Widow 
(fig. 28). Reduced cnemial crests. Slight fibular 
crest. Distal condyles of nearly equal size. Weak 
supratendinal bridge. 

Cbaetllra pelagica, Chimney Swift (fig. 28). 
Weakly defined cnemial crests. Moderately de
veloped fibular crest. Distal condyles of nearly 
equal size. Well-defined supratendinal bridge. 

Megaceryle alcyon, Belted Kingfisher (fig. 28). 
Moderately developed cnemial crests. Vestigial 
fibular crest. Nearly round distal condyles of 
equal size. Moderately developed supratendinal 
bridge. 
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Centurus carolinus, Red-bellied Woodpecker 
(fig. 28). High, well-developed cnemial crest. 
Fibula fused to well-developed fibular crest. Dis
tal condyles of nearly equal size. Strong supra
tendinal bridge. 

Muscivora forficata, Scissor-tailed Flycatcher 
(fig. 28). Moderately developed cnemial crests. 
Slight fibular crest. Distal condyles of nearly 
equal size. Well-defined supratendinal bridge. 

Progm subis, Purple Martin (fig. 29). Well
developed cnemial crests. Well-defined fibular 
crest. Distal condyles of nearly equal size. Strong 
supratendinal bridge. 

C01'VUS bracbyrhynchos, Common Crow (fig. 29). 
Well-developed cnemial crests. Well-defined 
fibular crest. External condyle extends below 
internal one. Well-defined supratendinal bridge. 

Toxostoma rufum, Brown Thrasher (fig. 29). 
Well-developed cnemial crests. Well-defined 
fibular crest. Distal condyles of nearly equal size. 
Strong, arched supratendinal bridge. 

Turdus migratorius, Robin (fig. 29). Well
developed cnemial crests. Well-defined fibular 
crest. Distal condyles of nearly equal size. Well
defined supratendinal bridge. 

Stumella neglecta, Western Meadowlark (fig. 
29). High, well-developed cnemial crests. Well
defined fibular crest. Distal condyles of nearly 
equal size. Strong supratendinal bridge. 

Richmondena cardinalis, Cardinal (fig. 29). 
Well-developed cnemial crests. High, well
developed fibular crest. Distal condyles of nearly 
equal size. Strong supratendinal bridge. 

T ARSOMETAT ARSUS 

Perhaps no single bone is more readily recog
nized by workers with little or no experience in 
avian osteology than the uniquely structured tar
sometatarsus. This is because of the distal end of 
the element, which terminates in three, more or 
less, distinct, rounded articular condyles or 
trochlea. In this feature the tarsometatarsus is 
different from nearly every other element en
countered by archaeologists in North America. 
Also, the structure of the bone generally is quite 
compact and strong so that it survives the ravages 

of time usually destructive to many other more 
fragile bird bones. The arrangement of the three 
condyles, and whether or not they are equally 
spread or whether one is turned back (as in some 
parrots), is also of taxonomic value. Comparisons 
of the relative length of the shaft with the condy
lar width and cross-sectional shape also will sug
gest bird families with which to begin compari
sons. In some birds the presence of a spur (in male 
turkeys) will not only identify the bird but will 
also establish the sex, and at times, a rough age 
determination of that individual. 

Cavia immel', Common Loon (fig. 30). Internal 
cotyla extended. Middle trochlea slightly longer 
than fourth. Second trochlea much elevated and 
deflected to rear. Distal foramen elevated at level 
of base of third trochlea. Hypotarsus with one 
large closed canal for all tendons. 

Podilymbus podiceps, Pied-billed Grebe (fig. 30). 
Internal cotyla extended. Hypotarsus with three 
separate tendinal canals. Third and fourth troch
lea of about the same length. Second trochlea 
much elevated and deflected to rear. 

Pelecanus occidentalis, Brown Pelican (fig. 30). 
Large calcaneal ridges. Hypotarsus with two 
closed tendinal canals. Shaft heavy. Decided 
curve to internal face of shaft. Condyles equally 
spaced. Middle trochlea the longest. 

Phalacrocorax auritus, Double-crested Cormo
rant (fig. 30). Prominent calcaneal ridge. Hypo
tarsus with a single closed tendinal canal and two 
grooves. Second trochlea deflected inward. Mid
dle trochlea the longest. Decided curve of shaft 
on internal face. 

Anhinga anhinga, Anhinga (fig. 30). Prominent 
calcaneal ridges. Hypotarsus with two closed 
tendinal canals in tandem. Trochlea stepped. 
Second trochlea the longest. Decided curve to 
shaft on internal face. 

Florida caem/ea, Little Blue Heron (fig. 3 I). 
Prominent calcaneal ridges. Hypotarsus with 
single closed tendinal canal. Shaft long, thin, and 
flattened. Second and third trochlea on same 
plane. Fourth trochlea shortened. 

Mycteria americana, Wood Ibis (fig. 31). Promi
nent calcaneal ridges. H ypotarsus with tendinal 
canal. Long, thin shaft. Second and fourth troch
lea of equal length. Middle trochlea the longest. 
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Eudocimus albus, White Ibis (fig. 3 I). Prominent 
calcaneal ridges. Hypotarsus with open tendinal 
canal. Deep anterior grooye on shaft. Third 
trochlea the longest. 

Pboenicopterus rubel', American Flamingo (fig. 
3 I). Pronounced calcaneal ridges. H ypotarsus 
with open tendinal canal. Long, thin, nearly 
square shaft. The length and delicate structure of 
this element alone identify it as belonging to the 
flamingo. Pronounced anterior groove on shaft. 
Second trochlea short. Third and fourth trochlea 
of nearly equal size. 

Aytbya collaris, Ring-necked Duck (fig. 3 I). 
Large calcaneal ridges. Hypotarsus with four 
open tendinal canals. Shaft short and flattened. 
Second trochlea short, deflected to rear. Third 
trochlea the longest and widest. 

Coragypsatratus, Black Vulture (fig. 3I). Wide, 
strong calcaneal ridge. Hypotarsus with two 
shallow tendinal grooves. Shaft flattened with 
deep anterior channel. Second trochlea the 
shortest. Third trochlea the longest. 

Buteo jamaice11sis, Red-tailed Hawk (fig. 32). 
Strong calcaneal ridges. Hypotarsus with tendi
nal groove. Deep proximal groove on anterior 
face. Deep groove on posterior face running the 
lengt~ of the bone. All three trochlea of equal 
promlOence. 

Pandioll baliaetus, Osprey (fig. 32). Prominent 
calcaneal ridge. Hypotarsus with large, closed 
tend ina I canals. Arched, ringlike canal on an
terior face just below hypotarsus. Similar feature 
present on great horned owl. Shaft flattened, 
short, and stout, with a deep distal groove on the 
posterior face. Trochlea close together. Second 
and fourth trochlea deflected backward. 

Falco sparverius, Sparrow Hawk (fig. 32). 
Strong calcaneal ridges and prominent crest run
ning midway along entire length of shaft on 
posterior face. Hypotarsus with no closed tendi
nal canal or deep grooves. Shaft square with 
noticeable widening at anterior end. Pronounced 
internal and external extension of trochlea. 

Centrocercus urophasiallus, Sage Grouse (fig. 32). 
Prominent calcaneal ridges. Hypotarsus with 
closed tendinal canal. Shaft flattened. Fourth 
trochlea deflected backward. Second trochlea 
short. 

Colinus virginianus, Bobwhite (fig. 32). Well
developed calcaneal ridges. Hypotarsus with 
two, in tandem, closed tendinal canals. Flattened 
shaft. Second trochlea short. 

Meleagris gallopavo, Turkey (fig. 32). Pro
nounced calcaneal ridges. Hypotarsus with open 
tendinal groove. High crest running midway 
down posterior face of shaft from hypotarsus to 
distal foramen. Spur projecting postero-Iaterally 
from ridge, located two-thirds of the length down 
from the hypotarsus in male birds. Second troch
lea extending to rear, the shortest. 

Crus canadensis, Sandhill Crane (fig. 33). Prom
inent calcaneal ridges. Hypotarsus with single 
closed tendinal canal. Long, thin shaft. Second 
trochlea deflected backward and only reaching 
base of fourth. Third trochlea the longest. 

Fulica americana, American Coot (fig. 33). 
Prominent calcaneal ridges. Hypotarsus with 
double closed tendinal canals. Shaft flattened. 
Second trochlea the shortest, deflected back
ward. Third trochlea the longest. 

Haematopus pal/iatus, American Oystercatcher 
(fig. 33). Prominent calcaneal ridge. Hypotarsus 
with several open tendinal grooves. Second 
trochlea deflected backward, slightly above 
fourth trochlea. 

Charadrius vociferus, Killdeer (fig. 33). WeIl
developed calcaneal ridge. Hypotarsus with 
three tendinal canals which may be open or 
closed. Long, thin shaft. Second trochlea 
deflected backward. 

Erolia alpina, Red-backed Sandpiper (fig. 33). 
Well-developed calcaneal ridge. Hypotarsus 
with three tendinal grooves which may be open 
or closed. Long, thin shaft. Second trochlea ele
vated and deflected backward. 

Recurvirostra americana, American Avocet (fig. 
33). Well-developed calcaneal ridge. Hypotarsus 
with single open tendinal groove. Long, thin 
shaft. Second trochlea the shortest and deflected 
backward. 

Larus delawarensis, Ring-billed Gull (fig. 34). 
Well-defined calcaneal ridges. Hypotarsus with 
two closed tendinal canals and two open tendinal 
grooves. Second trochlea the shortest and 
deflected backward. 
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Rynchops nigra, Black Skimmer (fig. 34). Cal
caneal ridges present. Hypotarsus with two open 
tendinal canals. Second trochlea short, deflected 
backward. 

Zenaidura macmara, Mourning Dove (fig. 34). 
Hypotarsus with one to three tendinal canals, 
may be closed. Second trochlea deflected back
\vard. 

Rhynchopsitta pachyrhyncba, Thick-billed Parrot 
(fig. 34). Entire element extremely short and 
wide. Hypotarsus with one or more tendinal ca
nals. Fourth trochlea rotated backward. 

Geococcyx califomianus, Roadrunner (fig. 34). 
Well-defined calcaneal ridges. Hypotarsus with 
two closed tendinal canals. Fourth trochlea re
duced and elevated. 

Tyto alba, Barn Owl (fig. 34). Pronounced cal
caneal ridge. Hypotarsus with wide, open tendi
nal canal. Anterior groove at proximal end of 
shaft, deep. Fourth trochlea short and deflected 
backward. Second trochlea deflected backward. 
All trochlea closely crowded, little extended. 

Bubo virginianus, Great Horned Owl (fig. 35). 
Pronounced calcaneal ridge. Wide, deep tendinal 
groove. Arched, ringlike canal on anterior face of 
shaft at proximal end. Similar structure also 
found in the osprey. Anterior groove deep. Shaft 
wide and flat. Deep posterior groove. Fourth 
trochlea elevated. Second and third trochlea on 
same level. 

Caprimulgus carolimnsis, Chuck-Will's-Widow 
(fig. 35). Well-developed calcaneal ridges. Hypo
tarsus with single tendinal groove. Flaring troch
lea, fourth not deflected backward. 

Cbaetura pelagica, Chimney Swift (fig. 35). 
Pronounced calcaneal ridge. Hypotarsus with 
open tendinal groove. Weakly developed troch
lea. 

Megaceryle alcyon, Belted Kingfisher (fig. 35). 
Well-developed calcaneal ridges. Hypotarsus 
with single closed tendinal canal. Extremely 
short, flat, wide shaft. Blunt, short condyles all 
on the same level. 

Centurus carolinus, Red-bellied Woodpecker 
(fig. 35). Well-developed calcaneal ridges. Hypo
tarsus with four closed tendinal canals. Fourth 
trochlea the largest, deflected backward. 

Muscivora fOl'ficata, Scissor-tailed Flycatcher 
(fig. 35). Well-developed calcaneal ridges. Hypo
tarsus with four closed tendinal canals. Second 
trochlea deflected backward. All trochlea on 
same level. 

Progne subis, Purple Martin (fig. 36). Well
developed calcaneal ridges. Hypotarsus with 
four closed tendinal canals. Second trochlea 
deflected inward. All trochlea close set, on same 
level. 

Corvus bracbyrbyncbos, Common Crow (fig. 36). 
Well-defined calcaneal ridges. Hypotarsus with 
four closed tendinal canals. Second trochlea 
deflected inward. All trochlea close set, on same 
level. 

Toxostoma rufum, Brown Thrasher (fig. 36). 
Strong calcaneal ridge. H ypotarsus with four 
closed tendinal canals. Long, high crest on 
posterior face of shaft running from hypotarsus 
to condyles. Second trochlea deflected inward. 
All condyles or trochlea weakly developed and 
close set. 

Turdus migratorius, Robin (fig. 36). Well
developed calcaneal ridges. Hypotarsus with 
four closed tendinal canals. Long, high crest on 
posterior face of shaft running from hypotarsus 
to condyles. Second trochlea deflected inward. 
All condyles or trochlea weakly developed and 
close set. 

Stumella neglecta, Western Meadowlark (fig. 
36). Well-defined calcaneal ridges. Hypotarsus 
with four closed tendinal canals. Long, high crest 
on posterior face of shaft running from hypotar
sus to condyles. All condyles or trochlea weakly 
developed and close set. 

Richmondena cardinalis, Cardinal (fig. 36). 
Well-developed calcaneal ridges. Hypotarsus 
with four closed tendinal canals. Long, high crest 
on posterior face of shaft running from hypotar
sus to condyles. All condyles or trochlea weakly 
developed and close set. 

In all of the smaller, similar proportioned 
passerines, the tarsometatarsus is most difficult 
to isolate on a specific level and, at times, even on 
a generic level. Only multiple distinguishing 
characters are generally adequate for a close 
taxonomic determination. 
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HUMERUS 

Comparisons of the length of the shaft to the 
width and length of the head, presence or lack of 
pneumatic fossae, and the shape and angle of the 
bicipital crest where it joins the shaft, are all of 
diagnostic value. The relative thickness of the 
shaft, as well as whether it is straight or curved, 
may be diagnostic for determining the bird to 
which the humerus belongs. The shape of the 
distal condyles and their variation in position 
should be taken into consideration along with the 
above-mentioned features of the humerus when 
comparing this bone. 

Cavia immer, Common Loon (fig. 37). Capital 
groove curved around head. Ligamental pit 
rather than a furrow or groove. External tuberos
ity much higher than internal tuberosity. Small 
olecranal fossa. Entepicondyle produced well 
below condyles. Brachial depression large and 
shallow. 

Podilymbus podiceps, Pied-billed Grebe (fig. 37). 
Capital groove at base of head. Shallow ligamen
tal groove. External tuberosity slightly higher 
than internal tuberosity. Small olecranal fossa. 
Small, rounded ectepicondyle. Entepicondyle 
not produced beyond condyles. Brachial depres
sion prominent. Long, low deltoid crest. 

Pelecanus occidentalis, Brown Pelican (fig. 37). 
Capital groove short, wide, and shallow. Pneu
matic fossa below internal tuberosity. Shallow 
olecranal fossa. Ectepicondyle and entepicondyle 
rudimentary. Ligamental depression. Inflated 
bicipital crest. Brachial depression wide and shal
low. Slightly developed deltoid crest. 

Phalacrocorax auritus, Double-crested Cormo
rant (fig. 37). Capital groove short, wide, and 
shallow. Pneumatic fossa below internal tuberos
ity. Deep, triangular olecranal fossa. Ectepicon
dyle and entepicondyle rudimentary. Deep 
ligamental groove forming a sharp angle. Bicipi
tal crest reduced without distal groove. External 
tuberosity forming a sharp angle. External con
dyle hooked at junction with humeral shaft. Long 
brachial depression. Deltoid crest reduced. 

Anhinga anhinga, Anhinga (fig. 37). Short, nar
row, deep capital groove. Shallow fossa below 
internal tuberosity. Moderately developed olec
ranal fossa. Ectepicondyle rounded. Entepicon
dyle extended slightly below internal condyle. 
Deep ligamental groove. Bicipital crest reduced. 

Rounded external tuberosity. External condyle 
hooked at junction with humeral shaft. Long 
brachial depression. Deltoid crest reduced. 

Fl011da caerulea, Little Blue Heron (fig. 38). 
Deep capital groove. Pneumatic fossa below 
internal tuberosity. Shallow olecranal fossa. 
Entepicondyle and ectepicondyle rudimentary. 
Deep ligamental groove. Triangular brachial de
pression. Deltoid crest expanded. 

Myctel1a americana, Wood Ibis (fig. 38). Deep 
capital groove. Pneumatic fossa below internal 
tuberosity. Shallow olecranal fossa. 
Entepicondyle and ectepicondyle rudimentary. 
Sharp external tuberosity. Deep ligamental 
groove. Deep brachial depression. Pronounced 
deltoid crest. 

Eudocimus albus, White Ibis (fig. 38). Deep capi
tal groove. Pneumatic fossa below prominent 
internal tuberosity. Pronounced entepicondyle 
and ectepicondyle. Shallow ligamental groove. 
Sharp external tuberosity. Deep brachial depres
sion. Large deltoid crest. 

Phoenicopterus ruber, American Flamingo (fig. 
38). Deep capital groove. Pneumatic fossa below 
internal tuberosity. Deep ligamental groove. Ex
ternal tuberosity present as a small, sharp, square 
angle. Deep, oval brachial depression. Little or 
no deltoid crest. 

Aythya collaris, Ring-necked Duck (fig. 38). 
Deep capital groove. Pneumatic fossa below 
internal tuberosity. No ectepicondylar process. 
Pronounced entepicondyle. Shallow ligamental 
groove. Small, oval brachial depression. Low 
deltoid crest. 

Coragyps atratus, Black Vulture (fig. 38). Deep, 
pneumatic capital groove. Deep, pneumatic fossa 
with cribriform foramina below internal tuberos
ity. Distinct ectepicondyle. Shallow ligamental 
groove. Rounded bicipital surface. Deep, oval, 
pneumatic brachial depression. Long, rounded, 
moderately high deltoid crest. 

Buteo jamaicensis, Red-tailed Hawk (fig. 39). 
Shallow capital groove. Pneumatic fossa below 
internal tuberosity. Shallow olecranal fossa. 
Prominent entepicondyle. Shallow ligamental 
groove. Long, shallow brachial depression. 
Prominent angled deltoid crest. 
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Pandion haliaetus, Osprey (fig. 39). Prominent 
capital groove. Pneumatic fossa below internal 
tuberosity. Deep olecranal fossa. Entepicondyle 
and ectepicondyle reduced. Wide, shallow liga
mental groove. Long, deep brachial depression. 
Prominent, notched deltoid crest. 

Falco sparverius, Sparrow Hawk (fig. 39). Deep 
capital groove. Pneumatic fossa below internal 
tuberosity. Prominent entepicondyle. Shallow 
ligamental groove. Long, shallow brachial de
pression. High, prominent deltoid crest. 

Centrocercus urophasianus, Sage Grouse (fig. 39). 
Shallow capital groove. Enlarged, rounded head. 
Pneumatic fossa with cribriform foramina below 
internal tuberosity. Prominent entepicondyle. 
Little or no ligamental groove. Shallow brachial 
depression. Low deltoid crest. 

Colinus virginianus, Bobwhite (fig. 39). Shallow 
capital groove. Enlarged, rounded head. Pneu
matic fossa below internal tuberosity. Strong 
entepicondyle. Little or no ligamental groove. 
Little or no brachial depression. Low deltoid 
crest. 

Meleagris gallopavo, Turkey (fig. 39). Shallow 
capital groove. Enlarged, rounded head. Pneu
matic fossa below internal tuberosity. Strong 
entepicondyle. Shallow, short ligamental 
groove. Heavy shaft. Deep brachial depression. 
Low, strong deltoid crest. 

Grus canadensis, Sandhill Crane (fig. 40). Shal
low capital groove. Small pneumatic fossa below 
internal tuberosity. Small ectepicondyle. Pro
nounced ligamental groove. Long, shallow bra
chial depression. Moderately developed deltoid 
crest. 

Fulica americana, American Coot (fig. 40). Deep 
capital groove. No pneumatic fossa below inter
nal tuberosity. Shallow ligamental groove. Shal
low brachial depression. High, angled deltoid 
crest. 

Haematopus palliatus, American Oystercatcher 
(fig. 40). Deep capital groove. High, rounded 
head. No pneumatic fossa. Pronounced olecranal 
fossa. Long, shallow ligamental groove. Wide, 
moderately developed brachial depression. 
High, round deltoid crest. 

Charadrius vociferus, Killdeer (fig. 40). Deep 
capital groove. No pneumatic fossa below inter-

nal tuberosity. Long, shallow ligamental groove. 
High, round head. Deep brachial depression. 
Short, moderately developed deltoid crest. 

Erolia alpina, Red-backed Sandpiper (fig. 40). 
Deep capital groove. No pneumatic fossa be
neath internal tuberosity. Long, shallow liga
mental groove. Moderately developed brachial 
depression. Short, moderately developed deltoid 
crest. 

Recurvirostra americana, American Avocet (fig. 
40). Deep capital groove. Shallow pneumatic 
fossa below internal tuberosity. Long, shallow 
ligamental groove. Developed entepicondyle. 
Shallow brachial depression. High, round del
toid crest. 

Larus delawarensis, Ring-billed Gull (fig. 41). 
Deep capital groove. Pneumatic fossa separated 
by internal ridge, located below internal tuberos
ity. Ectepicondylar process spikelike. Deep 
ligamental groove passing to a V-shaped channel 
at margin of bicipital surface. Deep, pitlike bra
chial depression. High, thin deltoid crest. 

Rynchops nigra, Black Skimmer (fig. 41). Little 
or no capital groove. Pneumatic fossa below 
hooklike internal tuberosity. Ectepicondylar 
process spikelike. Deep ligamenta I groove pass
ing to a V-shaped channel at margin of bicipital 
surface. Shallow brachial depression. Low del
toid crest. 

Zenaidura macroura, Mourning Dove (fig. 41). 
Deep capital groove. Pneumatic fossa below 
internal tuberosity. Developed entepicondyle. 
Short, heavy shaft. Shallow ligamental groove. 
Large, rounded head. Faintly developed brachial 
depression. High, pointed deltoid crest. 

Rhynchopsitta pachyrhyncha, Thick-billed Parrot 
(fig. 41). Wide, shallow capital groove. Pneu
matic fossa below internal tuberosity. Short, 
heavy shaft. Deep ligamental groove. Large, 
rounded head. Wide, long, shallow brachial de
pression. Heavy deltoid crest. 

Geococcyx californian us, Roadrunner (fig. 41). 
Shallow capital groove. Pneumatic fossa below 
internal tuberosity. Extended entepicondyle. 
The continuous curve from the extremity of the 
bicipital crest to the entepicondyle is characteris
tic of the roadrunner. Faintly developed ligamen
tal groove. Low head. Brachial depression on 
internal margin. Peaked deltoid crest. 
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Tyto alba, Barn Owl (fig. 4I). Deep capital 
groove. Pneumatic fossa below internal tuberos
ity. Narrow ligamental groove. Low head. Long, 
oval brachial depression. Long, low deltoid crest. 

Bubo virginianus, Great Horned Owl (fig. 42). 
Deep capital groove. Pneumatic fossa below 
internal tuberosity. Moderately developed olec
ranal fossa. Ligamental groove nearly absent. 
Long, wide, shallow brachial depression. Mod
erately developed, thin deltoid crest. 

Caprimulgus carolinensis, Chuck-Will's-Widow 
(fig. 42). Moderately developed capital groove. 
Pneumatic cribriform fossa below prominent 
internal tuberosity. Shallow ligamental groove. 
Small brachial depression. Small, short deltoid 
crest. 

Chaetttra pelagica, Chimney Swift (fig. 42). 
Internal tuberosity curved and hooklike. No 
pneumatic fossa. Ligamental depression instead 
of groove. Prominent entepicondyle and ect
epicondyle. Wide, round head. Spinelike deltoid 
crest. Small size of element and the short, broad 
proportions of this bone are diagnostic for this 
bird. 

Megaceryle alcyon, Belted Kingfisher (fig. 42). 
V-shaped capital groove. Pneumatic fossa below 
internal tuberosity. Pronounced entepicondyle. 
Slight ligamental groove. Wide, shallow brachial 
depression. Prominent, rounded deltoid crest. 

Centurus carolinus, Red-bellied Woodpecker 
(fig. 42). Deep capital groove. Pneumatic fossa 
below internal tuberosity. Extended ent
epicondyle. Shallow ligamental groove. Shallow 
brachial depression. Low deltoid crest. 

Muscivora forficata, Scissor-tailed Flycatcher 
(fig. 42). Wide, shallow capital groove. Pneu
matic fossa below internal tuberosity. Pro
nounced ectepicondylar prominence. Extended 
entepicondyle. Little or no ligamental groove. 
Small brachial depression. Low deltoid crest. 

Progne subis, Purple Martin (fig. 43). Wide capi
tal groove. Pneumatic fossa below internal 
tuberosity. Heavy shaft. Pronounced ectepicon
dylar prominence. Extended ectepicondyle and 
entepicondyle. Long, shallow ligamental groove. 
Small brachial depression at internal margin. 
Short, low, heavy deltoid crest. 

Corvus brachyrhynchos, Common Crow (fig. 43). 
Deep capital groove. Pneumatic fossa below pro
nounced internal tuberosity. Pronounced ect
epicondylar prominence. Extended entepicon
dyle. Ligamental depression. Slight brachial de
pression. Moderately developed, low deltoid 
crest. 

Toxostoma rufum, Brown Thrasher (fig. 43). 
Narrow capital groove. No pneumatic fossa 
below internal tuberosity. Pronounced ect
epicondylar prominence. Extended entepicon
dyle. Little or no ligamental groove. Small bra
chial depression. Low deltoid crest. 

Turdus migratorius, Robin (fig. 43). Slight capi
tal groove. Deep fossa divided by septum, lo
cated below internal tuberosity. Pronounced ect
epicondylar prominence. Extended entepicon
dyle. Ligamental depression. Wide, expanded 
head. Small brachial depression on inner margin. 
Low deltoid crest. 

Sturnella neglecta, Western Meadowlark (fig. 
43). Slight capital groove. Deep fossa divided by 
septum, located below internal tuberosity. Pro
nounced ectepicondylar prominence. Extended 
entepicondyle. Ligamental depression. Small 
brachial depression at inner margin. Deltoid 
crest nearly absent. 

Richmondena cardinalis, Cardinal (fig. 43). Slight 
capital groove. Deep fossa divided by septum, 
located below internal tuberosity. Pronounced 
ectepicondylar prominence. Extended ent
epicondyle. Ligamental depression. Small bra
chial depression at inner margin. Deltoid crest 
nearly absent. 

CARPOMET ACARPUS 

If a tabulation were made of the commonest bird 
element of all groups of birds collected or brought 
to the zooarchaeologist for identification, I be
lieve that it would be the carpometacarpus. This 
high percentage of recovery would seem to indi
cate that this bone is somehow more compact or 
better able to withstand the destructive agencies 
that destroy much of the rest of a bird's skeleton. 
I believe, to the contrary, that it is the unusual 
shape and appearance of the carpometacarpus, 
unlike any other vertebrate element, that catches 
the eye of more excavators. Whatever the reason 
for its recovery in sufficient numbers, the carpo-
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metacarpus can be quite diagnostic for identify
ing the bird to which it belongs. Size, of course, is 
of primary importance. Of equal importance is 
the size of the fused metacarpal III compared to 
that of metacarpal II; also whether these two bars 
are parallel or converging. The size of the inter
metacarpal space and whether or not it is divided 
by the intermetacarpal tuberosity which extends 
out from metacarpal II (as in the turkey) should 
also be compared and evaluated. 

Gavia immer, Common Loon (fig. 44). Process 
of metacarpal I extended and flattened. Metacar
pal III thin. Narrow intermetacarpal space. No 
extended processes at distal end of element. 

Podilymbus podiceps, Pied-billed Grebe (fig. 44). 
Narrow intermetacarpal space. Metacarpals II 
and III close together. Metacarpal III thin. 

Pelecanus occidentalis, Brown Pelican (fig. 44). 
Entire element pneumatic. Condyles and pro
cesses with rounded edges. Anterior carpal fossa 
deep and pneumatic. External face of metacarpal 
I with deep groove below pollical facet. 

Phalacrocorax auritus, Double-crested Cormo
rant (fig. 44). Narrow intermetacarpal space, 
converging proximally. Process of metacarpal I 
curved backward medially. Facet for digit III 
projecting slightly beyond that for digit II. 

Anhinga anhinga, Anhinga (fig. 44). Narrow, 
slitlike intermetacarpal space. Process of meta
carpal I low, curved backward medially. Facet 
for digit III projecting decidedly beyond that for 
digit n. 

Florida caerulea, Little Blue Heron (fig. 45). 
Narrow, uniform, crescentic intermetacarpal 
space. Facets for digits II and III of equal length. 
Pointed process of metacarpal I. Shallow troch
lea. Thin, bowed metacarpal III. 

Mycteria americana, Wood Ibis (fig. 45). Mod
erately developed intermetacarpal space. Blunt 
and rounded process of metacarpal I. Facets for 
digits II and III of equal length. 

Eudocimus albus, White Ibis (fig. 45). Narrow, 
uniform, crescentic intermetacarpal space. Blunt 
and rounded process of metacarpal I. Shallow 
trochlea. Facets for digits II and III of equal 
length. 

Phoenicopterus ruber, American Flamingo (fig. 
45). Bars of metacarpals II and III in close parallel 
approximation. Process of metacarpal I bent 
back. Distal end of fused metacarpals II and III 
extremely long. Digital facets not developed. 

Aythya collaris, Ring-necked Duck (fig. 45). 
Moderately developed intermetacarpal space. 
Process of metacarpal I square, blunted. Distal 
facets not strongly developed. 

Coragyps atrattts, Black Vulture (fig. 45). Wide 
intermetacarpal space. Bars of metacarpal II and 
III well separated. Process of metacarpal I not 
turned back, pointed. 

Buteo jamaicensis, Red-tailed Hawk (fig. 46). 
Moderately developed intermetacarpal space. 
Process of metacarpal I with rounded condylelike 
terminus. Metacarpal III roughened on anterior 
surface. Facet for digit III extended beyond facet 
for digit II. Intermetacarpal tuberosity on meta
carpal III. 

Pandion haliaetus, Osprey (fig. 46). Moderately 
developed intermetacarpal space formed by the 
nearly parallel bars of metacarpals II and III. 
Metacarpal III very thin. Facet for digit III ex
tended a bit beyond that for digit II. Process of 
metacarpal I terminates as a blunt, square end. 

Falco sparverius, Sparrow Hawk (fig. 46). Mod
erately developed intermetacarpal space. Bars of 
metacarpals II and III nearly parallel. Process of 
metacarpal I blunt and rounded. Facet for digit 
III extended below that for digit II. 

Centrocercus urophasianus, Sage Grouse (fig. 46). 
Large, heavy trochlea. Blunt, prominent process 
of metacarpal I. Large intermetacarpal space. 
Small crest on metacarpal III midwayan shaft. 
Well-developed intermetacarpal tuberosity 
bridging intermetacarpal space. Facet for digit 
III strong and extended below that for digit II. 

Colinus virginianus, Bobwhite (fig. 46). Wide, 
open intermetacarpal space. Heavy, prominent 
trochlea. Blunt, heavy process of metacarpal 1. 
Prominent crest midwayan shaft of metacarpal 
III. Well-developed intermetacarpal tuberosity 
bridging intermetacarpal space. Blunt, rounded 
facet for digit III extended below that for digit II. 

Meleagris gallopavo, Turkey (fig. 46). Large, 
open intermetacarpal space. Trochlea, strong, 
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deep. Beginning of a crest along shaft of metacar
pal III. Well-developed intermetacarpal tuberos
ity bridging intermetacarpal space. Facet for 
digit III strong, round-pointed, extended below 
that for digit II. 

Grus canadensis, Sandhill Crane (fig. 47). Nar
row intermetacarpal space. Bars of metacarpals II 
and III in close proximity, converging at prox
imal end. Distal facets for digits II and III of 
about equal length. Process of metacarpal I tilted 
up. 

Fulica america11a, American Coot (fig. 47). Nar
row intermetacarpal space. Metacarpal II bowed. 
Facets for digits extended equally at distal end of 
bone. 

Haematopus palliatus, American Oystercatcher 
(fig. 47). Moderately developed intermetacarpal 
space. Well-developed trochlea and pronounced 
process of metacarpal I and the accompanying 
pollical facet. Facets for digits II and III extended 
equally beyond terminus of the element. 

Charadrius vociferus, Killdeer (fig. 47). Narrow 
intermetacarpal space. Bars of metacarpals II and 
III nearly parallel; that of metacarpal III being 
thin. Well-developed trochlea and pronounced, 
blunted process of metacarpal I and the pollical 
facet. Facets for digits II and III extended equally 
beyond terminus of the element. 

Erolia alpina, Red-backed Sandpiper (fig. 47). 
Narrow intermetacarpal space. Metacarpals II 
and III parallel. Well-developed, upturned pro
cess of metacarpal I. Facets for digits II and III 
extended equally beyond distal end of element. 

Recllrvirostra americana, American Avocet (fig. 
47). Narrow intermetacarpal space. Metacarpals 
II and III parallel. Well-developed trochlea. Pro
cess of metacarpal I prominent and blunted. Pol
lical facet prominent forming a right angle. 

Larus delawarensis, Ring-billed Gull (fig. 48). 
Long, narrow intermetacarpal space. Metacar
pals II and III parallel. Metacarpal III thin. 
Well-developed trochlea and process of metacar
pal I, the latter blunted. Facets for digits II and 
III extended equally beyond distal end of ele
ment. 

Ryncbops nigra, Black Skimmer (fig. 48). Mod
erately developed intermetacarpal space. Meta
carpals II and III parallel. Metacarpal III thin. 

Process of metacarpal I blunted. Pollical facet 
forming a right angle. Facets for digits II and III 
extended equally beyond distal end of element. 

Ze11aidura macroura, Mourning Dove (fig. 48). 
Element short and heavy. Wide intermetacarpal 
space formed by bowed metacarpal III. Both 
metacarpals II and III heavily proportioned. Pro
cess of metacarpal I extended, blunt-ended. Pol
lical facet projected at a right angle. Facets for 
digits II and III extended equally beyond limits 
of element. 

Rbyncbopsitta pacbyrhyncba, Thick-billed Parrot 
(fig. 48). Moderately developed intermetacarpal 
space. Strong bars with metacarpal III bowed. 
Strongly developed trochlea. Pronounced pro
cess of metacarpal I with a rounded terminus. 
Facets for digits II and III extended equally be
yond distal end of element. 

Geococcyx californianus, Roadrunner (fig. 48). 
Entire element short and thickly developed. 
Large, oval intermetacarpal space. Metacarpals 
II and III of equal thickness. Metacarpal III 
bowed. Enormously developed, rounded process 
of metacarpal I. Pollical facet arising at the base of 
process of metacarpal I as a pronounced, trun
cated pyramid. Facet for digit III extended 
noticeably beyond facet for digit II. 

Tyto alba, Barn Owl (fig. 48). Moderately de
veloped intermetacarpal space. Process of meta
carpal I prominent, blunt, and rounded. Meta
carpal III thin. Facets for digits II and III ex
tended equally beyond end of bone. 

Bubo virginianus, Great Horned Owl (fig. 49)· 
Well-developed intermetacarpal space. Thin 
metacarpal III. Process of metacarpal I strongly 
developed, blunt, and rounded. Weakly devel
oped pollical facet. Facet for digit III extended 
well beyond that of facet for digit II. 

Caprimulgus carolinensis, Chuck-Will's-Widow 
(fig. 49). Well-developed intermetacarpal space. 
Thin metacarpal III. Well-developed, extended 
process of metacarpal I. Pollical facet forming a 
right angle. Facets for digits II and III equally 
developed. 

Cbaetura pelagica, Chimney Swift (fig. 49). 
Slight, narrow intermetacarpal space. Strongly 
extended process of metacarpal I. Weakly devel
oped pollical facet. Very heavily structured me.ta
carpal II. Tuberosity of metacarpal II consld-
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erably extended. Facets for digits n and In 
equally developed. 

Megaceryle alcyon, Belted Kingfisher (fig. 49). 
Moderately developed intermetacarpal space. 
Metacarpal III thin with roughened surface to 
shaft. Blunt, rounded process of metacarpal 1. 
Pollical facet produced at a right angle. Facet for 
digit III extended well beyond that of facet for 
digit II. 

Centurus carolinus, Red-bellied Woodpecker 
(fig. 49). Moderately developed intermetacarpal 
space. Metacarpal III thin. Metacarpal II strong 
with a variable crest arising from inner surface, at 
times closing upper portion of intermetacarpal 
space. Strongly developed process of metacarpal 
I. Pollical facet forming a projecting right angle. 
Facet for digit III extended well beyond that of 
facet for digit II. 

Muscivora forficata, Scissor-tailed Flycatcher 
(fig. 49). Weakly developed intermetacarpal 
space. Metacarpals II and III nearly parallel. 
Metacarpal III thin. High trochlea. Process of 
metacarpal I upturned, rounded. Facet for digit 
III extended well beyond that of facet for digit II. 

Progne sub is, Purple Martin (fig. 50). Short, 
heavily structured element. Moderately devel
oped intermetacarpal space. Strongly developed 
metacarpal II with pronounced intermetacarpal 
tuberosity extending across proximal end of 
intermetacarpal opening. Pointed process on 
outer, distal end of metacarpal II. Process of 
metacarpal I prominent and pointed. Facet for 
digit III extended as a strongly developed, 
square-ended process. 

Corvus brachyrhynchos, Common Crow (fig. 50). 
Moderately developed intermetacarpal space. 
Inner margin of metacarpal III roughened. 
Intermetacarpal tuberosity extending from inner 
face of metacarpal II across proximal end of 
intermetacarpal space. Process of metacarpal I 
produced as an extended, rounded feature. Facet 
for digit III extended as a strongly developed, 
square-ended process. 

Toxostoma mfum, Brown Thrasher (fig. 50). 
Moderately developed intermetacarpal space. 
Process of metacarpal I at an angle, with rounded 
end. Pointed process on outer, distal end of meta
carpal II. Intermetacarpal tuberosity extending 
from inner face of metacarpal II across proximal 

end of intermetacarpal space. Facet for digit III 
strongly produced as a rounded projection. 

Turdus migratorius, Robin (fig. 50). Moderately 
developed intermetacarpal space. Metacarpal II 
strongly structured with slight, pointed crest on 
outer face of distal end. Moderately deVeloped 
intermetacarpal tuberosity extending out from 
inner face of metacarpal II across proximal end of 
intermetacarpal space. Process of metacarpal I at 
an angle, with rounded end. Facet for digit III 
greatly extended as a square-ended projection. 

Sturnella neglecta, Western Meadowlark (fig. 
50). Moderately developed intermetacarpal 
space. Metacarpal II strongly structured. Slight, 
pointed crest on outer face of metacarpal II at 
distal end. Intermetacarpal tuberosity projecting 
from inner face of metacarpal II across extreme 
proximal end of intermetacarpal space. Slightly 
developed process of metacarpal I and pollical 
facet. Facet for digit III greatly extended as a 
square-ended projection. 

Richmondena cardinalis, Cardinal (fig. 50). Mod
erately developed intermetacarpal space. Meta
carpal II strongly structured with a slight, 
pointed crest extending out from the distal end of 
the shaft. A well-developed intermetacarpal 
tuberosity projecting from the inner face of meta
carpal II across the proximal end of the inter
metacarpal space. Process of metacarpal I and 
pollical facet slightly developed. Facet for digit 
III greatly extended as a square-ended projec
tion. 

ULNA 

The total size of this bone as well as length of the 
element compared to its diameter and whether it 
is straight or curved are of primary importance. 
The degree of development of the internal and 
external condyles and whether or not the papillae 
are visible can aid in the determinations of these 
sometimes thin and fragile wing bones. 

Gavia immer, Common Loon (fig. 51). Olecra
non short. Internal condyle located above exter
nal condyle. Papillae not developed. External 
cotyla prominent. 

Podilymbus podiceps, Pied-billed Grebe (fig. 51). 
Olecranon short. Internal condyle located above 
external condyle. Papillae slightly developed. 



Ii 
II. 

II 
l~, 
i(1 
III 
lj 

:i 
I 

166 OSTEOLOGY FOR THE ARCHAEOLOGIST 

FIGURE 50 



NORTH AMERICAN BIRDS 

Pelecanus occidentalis, Brown Pelican (fig. 51). 
Olecranon short. Pneumatic brachial depression. 
Single row of pronounced papillae. Both con
dyles of equal length. 

Phalacrocorax auritus, Double-crested Cormo
rant (fig. 51). Olecranon curved. External cotyla 
strongly hooked. Brachial depression long, 
nonpneumatic. Double row of slightly developed 
papillae. Internal condyle divided into two parts 
by a deep groove. 

Anhinga anhinga, Anhinga (fig. 51). Olecranon 
short, somewhat curved. External cotyla un
hooked. Brachial depression long, nonpneu
matico Internal condyle with distal extremity ex
tending well below external condyle, separated 
from proximal area by a well-defined notch. 
Double row of moderately developed papillae. 

Florida caerulea, Little Blue Beron (fig. 52). 
Moderately developed olecranon. Moderately 
developed external cotyla without a hook. Single 
row of slightly developed papillae. Internal and 
external condyles about equally developed. 

Mycteria americana, Wood Ibis (fig. 52). Moder
ately developed olecranon. External cotyla with 
prominent lip. Slightly developed papillae. 
Internal condyle moderately developed. 

Eudocimus albus, White Ibis (fig. 52). Extended 
olecranon. Strongly developed external cotyla. 
Internal condyle divided by a groove. Single row 
of moderately developed papillae. 

Phoenicopterus ruber, American Flamingo (fig. 
52). Moderately developed olecranon. External 
cotyla strongly projected, thin-lipped. Internal 
condyle divided by a groove. Single row of 
faintly deVeloped papillae. 

Aythya collaris, Ring-necked Duck (fig. 52). 
Pronounced olecranon. External cotyla strongly 
projected, thin-lipped. Internal condyle divided 
by a groove. Both condyles about equally devel
oped. Papillae not present. 

Coragyps atratus, Black Vulture (fig. 52). High 
olecranon. Head or proximal end pneumatic. 
Well-developed, projecting external cotyla. 
Internal condyle divided by a rather deep groove. 
Both condyles projected equally. Single row of 
strongly developed papillae. 

Buteo jamaicensis, Red-tailed Hawk (fig. 53). 
High olecranon. External cotyla extended as a 
strongly developed projection. Internal condyle 
with center depressed. Both condyles extended 
equally. No papillae. 

Pandion haliaetus, Osprey (fig. 53). Moderately 
developed olecranon. External cotyla strongly 
developed. Double row of weakly developed 
papillae. 

Falco sparverius, Sparrow Hawk (fig. 53). Low 
olecranon. Strong, lipped external cotyla. Inter
nal condyle notched. Single row of faintly devel
oped papillae. 

Centrocercus urophasianus, Sage Grouse (fig. 53). 
Low, rounded olecranon. Strongly developed ex
ternal cotyla. Shaft flattened medially. Slight 
notch on internal condyle. Both condyles ex
tended equally. Almost indiscernible double row 
of papillae. 

Colin us virginianus, Bobwhite (fig. 53). Entire 
element short and heavy. Strong, almost hooked 
olecranon. External cotyla short, moderately de
veloped. Internal condyle extended below exter
nalone. No papillae. 

Meleagris gallopavo, Turkey (fig. 53). Moder
ately extended olecranon. External cotyla strong, 
deflected downward. Triangular cross section to 
shaft. External and internal condyles equally ex
tended. Moderately developed papillae. 

Grus canadensis, Sandhill Crane (fig. 54). Prom
inent olecranon projected or hooked backward. 
External cotyla greatly extended. Proximal end 
of bone expanded. Internal condyle deeply 
notched. Both condyles of equal prominence. 
Single row of well-developed papillae. 

Fulica americana, American Coot (fig. 54). Low 
olecranon. Hooked external cotyla. Internal con
dyle with wide, shallow notch. Both condyles 
equally developed. Single row of faintly devel
oped papillae. 

Haematopus palliatus, American Oystercatcher 
(fig. 54). Low, rounded olecranon. Weakly de
veloped external cotyla. Internal condyle with 
shallow notch. External condyle a bit below the 
internal one. Single row of faintly developed 
papillae. 
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Charadrius vociferus, Killdeer (fig. 54). Low 
olecranon. Weakly developed external cotyla. 
External condyle extended beyond internal one. 
Single row of faintly developed papillae. 

Erolia alpina, Red-backed Sandpiper (fig. 54). 
Low olecranon. Weakly developed external 
cotyla. Condyles developed to about the same 
degree. Single row of well-developed papillae. 

Recurvirostra americana, American Avocet (fig. 
54). Low olecranon. Slightly developed external 
cotyla. Internal condyle divided by shallow 
groove. Both condyles about equally developed. 
Single row of moderately developed papillae. 

Larus delawarensis, Ring-billed Gull (fig. 55). 
Low, rounded olecranon. Blunt, short external 
cotyla. Well-extended internal condyle slightly 
above the external one. Single row of well
developed papillae. 

Rynchops nigra, Black Skimmer (fig. 55). Low, 
barely extended olecranon. External cotyla 
short, heavy, angular, knoblike process. Internal 
condyle set above external one. Single row of 
prominent papillae. 

Zenaidura macroura, Mourning Dove (fig. 55). 
Entire element short and heavy construction. 
Prominent, extended olecranon. External cotyla 
produced as a hooked process. Internal condyle 
elevated slightly above external one. Single row 
of distinct papillae. 

Rhynchopsitta pachyrhyncha, Thick-billed Parrot 
(fig. 55). Pronounced olecranon. Distinct, strong 
external cotyla. Both condyles about equally de
veloped. No papillae. 

Geococcyx californianus, Roadrunner (fig. 55). 
Entire element short and heavy construction. 
Low olecranon. Extended external cotyla. Inter
nal condyle weakly developed. Round, heavy 
external condyle. Shaft in uniform curve. Single 
row of papillae set on outer margin of shaft giving 
a scalloped effect to· the bone. 

Tyto alba, Barn Owl (fig. 55). Moderately pro
jected olecranon. External cotyla well extended, 
almost hooklike. Wide, shallow notch on internal 
condyle which is on same level as external one. 
No papillae. 

Bubo virginianus, Great Horned Owl (fig. 56). 
Prominent olecranon. Extended external cotyla. 

Internal condyle divided by wide groove and set 
above external one. Single row of faintly visible 
papillae. 

Caprimulgus carolinensis, Chuck-Will's-Widow 
(fig. 56). Projected, knoblike olecranon. Short, 
blunt external cotyla. Both condyles equally de
veloped. Single row of faintly visible papillae. 

Chaetura pelagica, Chimney Swift (fig. 56). 
Stout, straight-shafted element. Spinelike olec
ranon. Thin, flared, projecting external cotyla. 
Internal condyle considerably higher than exter
nal one. No papillae. 

Megaceryle alcyon, Belted Kingfisher (fig. 56). 
High, pointed olecranon. Extended, hooked ex
ternal cotyla. External condyle large. Both con
dyles about equally extended. Single row of 
faintly visible papillae. 

Centurus carolinus, Red-bellied Woodpecker 
(fig. 56). High, pointed olecranon. Short, thin, 
slightly extended external cotyla. Internal con
dyle elevated considerably above external one. 
Single row of prominent, knoblike, highly visible 
papillae. 

Muscivora forficata, Scissor-tailed Flycatcher 
(fig. 56). High, spikelike olecranon. Weakly de
veloped internal cotyla. Internal and external 
condyles about equally extended. Single row of 
moderately developed papillae. 

Progne subis, Purple Martin (fig. 57). Heavy
shafted element with expanded distal end. High, 
spikelike olecranon. Wide, flared, projecting ex
ternal cotyla. Internal and external condyles 
about equally developed. No papillae. 

Corvus brachyrhynchos, Common Crow (fig. 57). 
High, pointed, spikelike olecranon. Heavy, ex
panded, projecting external cotyla. Internal con
dyle set slightly above external one. Single row of 
faintly visible papillae. 

Toxostoma rufum, Brown Thrasher (fig. 57). 
High, spikelike olecranon. Wide, flared, cupped, 
and extended external cotyla. Internal and exter
nal condyles about equally developed. Single 
row of prominent papillae. 

Turdus migratorius, Robin (fig. 57). High, 
spikelike olecranon. Wide, square-lipped, ex
tended external cotyla. Internal and external 
condyles about equally developed. No papillae. 
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Sturnella neglecta, Western Meadowlark (fig. 
57). High, spikelike olecranon. Wide, square
lipped, extended external cotyla. Internal con
dyle elevated slightly above external one. Single 
row of slightly developed papillae. 

Richmondena cardinalis, Cardinal (fig. 57). High, 
spikelike olecranon. Wide, square-lipped, ex
tended external cotyla. Internal and external 
condyles projected about equally. No papillae. 

CORACOID 

The size and shape of the sternal facet, the degree 
of development, or lack of development, of the 
sterno-coracoidal process, as well as the pro
portions of the neck, glenoid facet, and coraco
humeral surface, can be identifying features. 
General evaluations about the solidity of the bone 
and whether it is highly pneumatic may point to 
similar groups of birds for comparison if the bone 
does not match illustrations and descriptions put 
down in this publication. 

Gavia immer, Common Loon (fig. 58). Sterno
coracoidal process prominent at flared distal end 
of element. Moderately pointed procoracoid, 
foramen at base. Prominent, rounded head. 
Well-developed sternal facet. 

Podilymbus podiceps, Pied-billed Grebe (fig. 58). 
Proximal end of element narrow, nearly straight. 
Distal end of element wide, triangular with 
prominent sternal facet. Small head with over
hanging brachial tuberosity. Procoracoid lack
mg. 

Pelecanus occidentalis, Brown Pelican (fig. 58). 
Spurlike sterno-coracoidal process. Spikelike 
procoracoid. Head and neck pneumatic with fo
ramina. Cupped sternal facet. Pronounced 
glenoid and scapular facets. 

Phalacrocorax auritus, Double-crested Cormo
rant (fig. 58). Sharp spine at sterno-coracoidal 
process. No extended procoracoid. High head. 
Long, thin neck. Deep sternal facet. 

Anhinga anhinga, Anhinga (fig. 58). Rounded 
external margin. No sterno-coracoidal process. 
Short, rounded procoracoid. Long, thin neck. 
Deep, pronounced sternal facet. 

Florida caeru/ea, Little Blue Heron (fig. 59). 
Spurlike sterno-coracoidal process. Spikelike 

procoracoid. Long, thin neck. Deep, prominent 
sternal facet. 

Mycteria americana, Wood Ibis (fig. 59). 
Sterno-coracoidal process present as a small, up
turned spur. Spikelike procoracoid. Moderately 
developed sternal facet. 

Eudocimus albus, White Ibis (fig. 59). Knoblike 
sterno-coracoidal process at terminus of ridge 
along external margin. Spikelike procoracoid. 
Short, heavy neck. Cupped sternal facet along 
lower margin. 

Phoenicopterus neber, American Flamingo (fig. 
59). Entire element inflated, pneumatic. Wide, 
thin,extended sterno-coracoidal process. Long, 
heavy, extended procoracoid. Short, heavy neck. 
Long, wide, moderately deep sternal facet. 

Aythya collaris, Ring-necked Duck (fig. 59). 
Sterno-coracoidal process present as' an obtuse 
angle; no spine. Procoracoid present as a low 
knob. Moderately long, thin neck. Well
developed sternal facet along entire lower margin 
of element. 

Coragyps atratus, Black Vulture (fig. 59). 
Lower, expanded blade highly pneumatic. 
Sterno-coracoidal process present as a blunted 
angle. No prominent procoracoid projection. 
Moderately thin neck. Sternal facet along lower 
margin of bone. 

Buteo jamaicensis, Red-tailed Hawk (fig. 60). 
Small, upturned sterno-coracoidal process. Ex
tended procoracoid spine replaced by a ridge 
formed by a foramen. Short, moderately heavy 
neck. Sternal facet rather deep along lower mar
gin of blade. 

Pandion haliaetus, Osprey (fig. 60). Sterno
coracoidal process present as a small spur. No 
noticeable procoracoid. Thick, heavy neck. 
Well-developed sternal facet located along lower 
margin of blade. 

Falco sparverius, Sparrow Hawk (fig. 60). 
Sterno-coracoidal process forms an obtuse angle. 
Long, thin, recurved, spurlike procoracoid. 
Wide, shallow sternal facet along entire lower 
face of blade. 

Centrocercus urophasianus, Sage Grouse (fig. 60). 
Sterno-coracoidal process forms a right angle. 
No developed procoracoid. Prominent brachial 
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tuberosity. Moderately developed, long, thin 
neck. Sternal facet along lower margin of element 
forms a definite notch on this surface. 

Colin us virginianus, Bobwhite (fig. 60). Small, 
spurlike sterno-coracoidal process. Little or no 
development of the procoracoid. Long, thin 
neck. Wide, shallow sternal facet along lower 
margin of the face of the element forms a pro
nounced notch. 

Meleagris gallopavo, Turkey (fig. 60). Entire 
bone pneumatic. Obtuse sterno-coracoidal angle, 
no spur or process. No procoracoid. Heavy, ele
vated head. Moderately developed sternal facet 
along lower margin of the face of the blade. 

Grus canadensis, Sandhill Crane (fig. 61). 
Sterno-coracoidal area extended with a decided 
hook at the process. Entire bone thick, pneumat
ic. Cribriform foramina at base of neck. Head 
enlarged and rounded. Procoracoid present as a 
stout, rounded projection; foramina at its base. 
Long, deep sternal facet along entire lower edge 
of blade. 

Fulica americana, American Coot (fig. 61). 
Prominent, spurlike sterno-coracoidal process. 
Strongly developed, thin procoracoid. Dished 
sterno-coracoidal impression. Narrow, pro
nounced sternal facet along lower margin of the 
face of the blade. 

Haematopus palliatus, American Oystercatcher 
(fig. 61). Small, knoblike sterno-coracoidal pro
cess. Definite overhang of brachial tuberosity. 
Little or no development of procoracoid. Nar
row, deep sternal facet along lower margin of face 
of blade. 

CharadrittS vociferus, Killdeer (fig. 61). Long, 
scimiter-shaped sterno-coracoidal process. No 
development of procoracoid. Slight overhang of 
the brachial tuberosity. Dished sterno-coracoidal 
impression. Moderately developed sternal facet 
at lower margin of face of blade. 

Erolia alpina, Red-backed Sandpiper (fig. 61). 
Long, recurved sterno-coracoidal process. Slight 
overhang of brachial tuberosity. Pronounced, 
spurlike procoracoid. Sternal facet short, cupped 
along lower margin of blade forming a definite 
notch. 

Recurvirostra americana, American Avocet (fig. 
61). Hooked sterno-coracoidal process. Over
hanging brachial tuberosity. Thin, recurved, 

prominent procoracoid. Dished sterno
coracoidal impression. Long, thin sternal facet 
along entire lower edge of blade. 

Larus delawarensis, Ring-billed Gull (fig. 62). 
Pronounced sterno-coracoidal process. Over
hanging brachial tuberosity. Thin, bladelike, re
curved procoracoid. Dished sterno-coracoidal 
impression. Thin, deep sternal facet along lower 
border of blade forming a definite notch. 

Rynchops nigra, Black Skimmer (fig. 62). Long, 
projecting sterno-coracoidal process. Thin, 
spikelike, recurved procoracoid. Short neck. 
Stepped sternal facet along lower margin of ele
ment curved to form a spine, giving the lower· 
margin a scalloped appearance. 

Zenaidura macroura, Mourning Dove (fig. 62). 
Spurlike sterno-coracoidal process. Pointed 
brachial tuberosity. Thin, spikelike, projecting 
procoracoid. Long, thin neck. Heavy,· wide ster
nal facet along lower margin of element forming a 
decided notch. 

Rhynchopsitta pachyrhyncha, Thick-billed Parrot 
(fig. 62). Sterno-coracoidal process forms nearly a 
right angle; no process. Spikelike, projecting 
procoracoid almost joining extended brachial 
tuberosity. Moderately developed sternal facet 
along lower margin forming a decided notch. 

Geococcyx californianus, Roadrunner (fig. 62). 
Sterno-coracoidal process forms a right angle. 
Long, fingerlike procoracoid. Long, thin shaft or 
neck. Flattened sterno-coracoidal impression. 
Moderately developed sternal facet along lower 
margin of blade. 

Tyto alba, Barn Owl (fig. 62). Pronounced ex
tension of sterno-coracoidal facet. No overhang 
of brachial tuberosity. Thin, bladelike, recurved, 
procoracoid. Flattened neck. Sternal facet wide; 
shallow at lower margin of face of blade forming a 
definite point below that of the sterno-coracoidal 
process. 

Bubo virginianus, Great Horned Owl (fig. 63). 
Entire element pneumatic. Head expanded. 
Slightly developed sterno-coracoidal process. No 
extension of brachial tuberosity. Long, pointed, 
hooked procoracoid. Long, deep sternal facet 
along lower margin of blade. 

Caprimulgus carolinensis, Chuck-Will's-Widow 
(fig. 63). Well-developed sterno-coracoidal pro
cess. Little or no development of either the bra-
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chial tuberosity or the procoracoid. Moderately 
developed sternal facet on lower edge of blade 
forming a notch in the margin. 

Chaetura pelagica, Chimney Swift (fig. 63). 
Wide, down turned sterno-coracoidal process. 
Wide, triangular shaft. Extended head with 
large, overhanging brachial tuberosity. Slightly 
developed procoracoid. Moderately developed 
sternal facet. 

Megace1yle alcyon, Belted Kingfisher (fig. 63). 
Sterno-coracoidal process present as an obtuse 
angle. Spikelike process at internal distal angle. 
Moderately developed brachial tuberosity. Little 
or no development of the procoracoid. Long, thin 
shaft. Deep, lipped sternal facet along the face of 
the lower margin of the blade forming a notched 
appearance. 

Centurus carolinus, Red-bellied Woodpecker 
(fig. 63). Narrow, extended sterno-coracoidal 
process. Coraco-humeral surface extended up
ward. No overhang of brachial tuberosity. Little 
or no development of the procoracoid. Moder
ately lipped sternal facet along lower margin of 
blade. 

Muscivora forficata, Scissor-tailed Flycatcher 
(fig. 63). Sterno-coracoidal process present as a 
rounded margin. Definite downward hook to 
brachial tuberosity. Slightly developed pro
coracoid. Long, thin shaft. Moderately devel
oped sternal facet at lower margin of blade. 

Progne subis, Purple Martin (fig. 64). No pro
nounced sterno-coracoidal process. Element 
terminates in a triangular shape. Head large, ex
tended out from the shaft at an angle. Brachial 
tuberosity slightly expanded. No.noticeable de-

velopment of the procoracoid. Moderately devel
oped sternal facet at the bottom margin of blade. 

Corvus brachyrhynchos, Common Crow (fig. 64). 
No pronounced sterno-coracoidal process. Ele
ment terminates in a triangular shape. Pneumatic 
head extended at an angle away from the shaft. 
Brachial tuberosity developed downward. No 
expansion of procoracoid. Long, thin shaft. Ster
nal facet along lower margin of blade forming a 
crescent-shaped outline. 

Toxostoma rufum, Brown Thrasher (fig. 64). No 
pronounced sterno-coracoidal process. Element 
terminates in a triangular shape. Widely ex
panded head projected out from the shaft at an 
angle. Brachial tuberosity projected downward. 
Little or no development of blunted procoracoid. 
Moderately developed sternal facet at lower mar
gin of blade. 

Turdus migratorius, Robin (fig. 64). Rounded 
margin at sterno-coracoidal process. Blade trian
gular. Expanded head with large, downturned 
brachial tuberosity. Procoracoid slightly devel
oped. Moderately developed sternal facet at bot
tom of blade. 

Sturnella neglecta, Western Meadowlark (fig. 
64). Rounded margin at sterno-coracoidal pro
cess. Blade triangular. Extended head projected 
at an angle with a hooked brachial tuberosity. 
Weakly developed procoracoid. Long, thin shaft. 
Sternal facet at bottom of blade margin. 

Richmondena ca rdina lis , Cardinal (fig. 64). 
Rounded margin at sterno-coracoidal process. 
Blade triangular. Expanded head, extended at an 
angle from shaft. Downward deflection of the 
brachial tuberosity. Moderately developed pro
coracoid. Moderately developed sternal facet at 
lower margin of blade. 
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