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ABSTRACT
Detailed analysis of the holotype specimen of 

Compsognathus longipes — the classic or archtypical 
“coelurosaurian“ theropod, does not substantiate the 
traditional carnosaur — coelurosaur subdivision of the 
Theropoda. Only in its diminutive size, is Compso
gnathus a typical coelurosaurian. The smallest of all 
known theropods, Compsognathus possesses a carno- 
saur-like large skull (perhaps a juvenile condition); a 
neck that is intermediate between the long cervical 
series of coelurosaurs and the short neck of carnosaurs; 
and forelimbs that are robust, but of intermediate 
length and bear carnosaur-like two-fingered hands. 
The hands, however, are unique among theropods, 
with a peculiar phalangeal formula of 2-2-0 for dig
its I, II and III. That condition excludes Compso
gnathus from an ancestral relationship with any 
known later theropod, as well as separating it from 
other presently known Late Jurassic theropods. The

so-called impressions of integument and supposed skin 
armor are judged to be nothing more than solution- 
etched surfaces. The tiny skeleton preserved within 
the body cavity of Compsognathus is identifiable, and 
proves to be a small individual of the lacertilian Bava- 
risaurus (cf. macrodactylus), and n o t  an embryo. 
Analysis of those stomach contents indicates a very 
long-tailed species, probably a highly cursorial 
ground-dwelling variety. This remarkable evidence 
establishes beyond any doubt that Compsognathus 
was a very agile and fleet-footed predator. On the 
basis of the unique construction of the hand, Compso
gnathus appears to belong to a dead-end lineage 
among theropods. On the same grounds, it is judged 
to be somewhat removed from the theropod line that 
earlier gave rise to Archaeopteryx, and ultimately to 
later birds.

KUR Z FA S SU N G
Eine eingehende Analyse des Holotyps von Comp

sognathus longipes, dem klassischen und archaetypi- 
schen „coelurosauriden“ Theropoden, stützt nicht die 
traditionelle Gliederung der Theropoda in Carnosau- 
ria und Coelurosauria. Nur hinsichtlich seiner geringen 
Größe ist Compsognathus ein typischer Coelurosau- 
rier. Als kleinster bekannter Theropode besitzt Comp
sognathus einen carnosaurierartigen, großen Schädel 
(vielleicht ein juveniles Merkmal), einen Hals, dessen 
Länge zwischen der langen Cervicalreihe der Coeluro- 
saurier und dem kurzen Hals der Carnosaurier liegt 
und Vordergliedmaßen, die kräftig, aber von interme
diärer Länge sind, mit carnosaurierartigen, zweifinge- 
rigen Händen. Das Handskelett ist jedoch einzigartig 
unter den Theropoden und besitzt die eigenartige Pha
langenformel 2-2-0 für die Finger I, II, und III. Die
se Verhältnisse schließen Compsognathus von einer 
Verwandtschaft mit irgendeinem bekannten, späteren
*) Prof. Dr. J. H. O strom, Dept, of Geology and Geophy
sics, and Peabody Museum of Natural History, Yale Uni
versity, New Haven, Conn., U.S.A.

Theropoden aus; ebenso trennen sie ihn von anderen 
bis jetzt bekannten Oberjura-Tberopoden.

Die sogenannten Hautabdrücke und der vermutete 
Hautpanzer werden für nichts anderes als angelöste 
Oberflächen gehalten. Das winzige, in der Leibeshöhle 
von Compsognathus erhaltene Skelett ist mit Sicher
heit als ein kleines Individuum des Lacertiliers Bava- 
risaurus (cf. macrodactylus') zu bestimmen. Es ist 
k e i n  Embryo. Die Analyse dieses Mageninhaltes 
deutet auf eine sehr langschwänzige Art hin, wahr
scheinlich eine sehr schnelle, bodenlebende Form. Dies 
erlaubt die bemerkenswerte Feststellung, daß Compso
gnathus zweifellos ein sehr agiler und schnellfüßiger 
Räuber war. Aufgrund der einzigartigen Konstruktion 
der Hand, scheint Compsognathus im Hinblick auf die 
Phylogenie der Theropoden zu einer blind endenden 
Seitenlinie zu gehören. Es wird deshalb angenommen, 
daß seine stammesgeschichtliche Position etwas abseits 
von d e r  Theropodenlinie lag, die früher zum Ur
sprung von Archaeopteryx und letztlich zu den spä
teren Vögeln führte.
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I N T R O D U C T I O N
For more than a century, Compsognathus has been 

one of the better-known dinosaurs — partly, for 
exactly the opposite reason that some other dinosaur 
kinds are well-known: Compsognathus is the smallest 
of all known dinosaurs. In life, it measured no more 
than 70 to 75 cm from snout tip to tail tip. In texts 
and popular writings, it has repeatedly been compared 
in size with the common chicken. Compsognathus 
also acquired fame because it was one of the first 
dinosaurian specimens discovered that was virtually 
complete, although, curiously enough, it was not orig
inally identified as dinosaurian in the first report by 
Andreas Wagner (1861) — perhaps because it was so 
small, or because no one at that time really knew what 
dinosaur anatomy should be like. But perhaps more 
than anything else, the fame of Compsognathus was 
caused by Thomas Huxley’s reference to it as a 
“bird-like reptile“ in his speculations (1868, 1870) on 
the relationship between birds and dinosaurs.

Since Wagner’s original description, this now classic 
specimen has been studied by many prominent schol
ars, including Huxley, Zittel, Marsh, Baur, Gegen- 
baur, von Huene and others, and has been the subject 
of several intriguing questions: the possibility of 
viviparity in dinosaurs, and the evolutionary rela
tionship between dinosaurs and birds.

Until 1972, when a second very similar but larger 
specimen was reported (Bidar, Demay and Thomel) 
from southern France, the Munich specimen was

unique. Except for three isolated “metatarsals“ and 
an associated phalanx (Dames, 1884) sometimes refer
red to Compsognathus, no other specimens have been 
recovered from the Solnhofen Limestones, or else
where. (But see page 101—102).

The present study is a consequence of several 
factors: my persistent interest in dinosaurian biology 
and evolution; the recently re-recognized (and now 
reinforced) evidence of a probable dinosaurian origin 
of birds; the often-cited bird-like nature of Compso
gnathus; and finally, the need for a comprehensive 
detailed study of this classic specimen.

In the pages that follow, references are made to 
specimens that are housed in various paleontological 
collections. In those references, institutional names 
are abbreviated as follows:

A. M.N.H.

B. S.P.

G.I.M.

S.M.N.S.

U.S.N.M.

— American Museum of Natural H i
story, New York.

— Bayerische Staatssammlung für Pa
läontologie und historische Geolo
gie, Munich.

— Geological Institute of Mongolia, 
Ulan Bator.

— Staatliches Museum für Naturkun
de Stuttgart.

— United States National Museum, 
Washington, D.C.
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Y. P.M. — Peabody Museum of Natural H i
story, Yale University, New H a
ven.

Z. P.W. — Zaklad Palaeobiologii, Warsaw.
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SYSTEMATICS
Class Reptilia

Order Saurischia Seeley, 1887 
Suborder Theropoda Marsh, 1881 

Family Compsognathidae Marsh, 1882

D e f i n i t i o n :  Small theropods with elongated 
hindlimbs, medium length forelimbs and large skull. 
Vertebral formula: 10 cervicals, 13 dorsals, 4 sacrals 
and more than 20 caudals. Cervical vertebrae 
opisthocoelous and pleurocoelous. Dorsal vertebrae 
amphyplatyan or platycoelous. Cervicals not elong
ated, rather approximating dorsal vertebral length. 
Pelvis of normal triradiate (propubic) organization. 
Pubis markedly longer than ischium and expanded 
distally. Ilium long and low. Tibia significantly 
longer than femur and metatarsals elongated. Tarsus 
and pes of normal theropod construction with I re
duced and reverted and V vestigial. Pes digital 
formula: 2-3-4-5-0. Manus reduced to two functional 
digits, I and II, and vestigial metacarpal III. Digital 
formula: 2-2-0- - . Skull relatively very large, equal 
to or longer than femur. Two antorbital fenestrae 
and very large orbit. Mandible very slender. Dental

. 3 +  15 or 16. . .count high: -----------------  Anterior teeth with18
distinctly “bent“, fang-like crowns.

D i s t r i b u t i o n  : Malm of Europe: Solnhofen 
Lithographic Limestones of Bavaria and the lithogra
phic Portlandian limestone of “Petit Plan“, Canjuers, 
France.

I n c l u d e d  t a x a :  Compsognathus longipes

Wagner, 1861, holotype specimen: B. S. P. A. S. I 
563; and Compsognathus “ corallestris“ Bidar, Demay 
and Thomel, 1972.

D i s c u s s i o n :  The systematic history of Comp
sognathus is rather interesting, especially as it relates 
to the early development of dinosaurian systematics. 
Although now widely viewed as the archtypical 
“coelurosaurian“ dinosaur, curiously enough, Wagner 
(1861) gave no opinion on its systematic placement 
other than to refer to it as “einen Saurier“. Huxley 
(1868) was the first to recognize that Compsognathus 
should be “placed among, or close to, the Dinosauria“. 
As is well-known, the term Dinosauria was coined by 
Richard Owen (1842) as a reptilian order to encom
pass various extinct giant reptiles that had been 
unearthed in Britain. In 1887 and 1888, Seeley 
demonstrated that the “dinosaurs“ then-known did 
not constitute a natural group, and proposed two 
distinctly different orders of dinosaurs — the Sauri
schia and Ornithischia — orders that are still generally 
accepted today. As a result, the term “Dinosauria“ 
dropped from use as a formal taxon in classifications. 
Between the proposals by Owen and Seeley, a number 
of other schemes were proposed by various scholars. 
The more important of these classifications are sum
marized below:
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Cope,
1866

Huxley,
1870

Marsh,
1878—84

Cope,
1883

Seeley,
1887

Orders Suborders Orders Orders Orders

Stegosauria
Orthopoda Ornithischia

Orthopoda Ornithopoda
Dinosauria Sauropoda Opisthocoela

Goniopoda Theropoda Goniopoda Saurischia
Symphopoda Compsognatha

Hallopoda

Of special interest here is Huxley’s classification, 
which established a new order, Ornithoscelida, con
taining two suborders, Dinosauria and Compsognatha. 
His suborder Dinosauria included all then known 
dinosaurs (Megalosauridae, Scelidosauridae, Iguano- 
dontidae), including the Cetiosaurs (sauropods). The 
suborder Compsognatha was proposed by Huxley to 
include only Compsognatbus, which he considered 
close to the Dinosauria in its “ornithic modifications“, 
but different from them in the relatively greater 
length of the cervicals and a femur shorter than the 
tibia. The taxon Compsognatha persisted as a higher 
category of “dinosaurs“ as late as 1896, when Marsh 
last listed it as a suborder of his order Theropoda. 
Marsh’s classification of 1896 was as follows:
Class Reptilia

Subclass Dinosauria 
Order Theropoda 

Suborder Coeluria 
Family Coeluridae 

Suborder Compsognatha 
Family Compsognathidae1)

Suborder Ceratosauria 
Family Ceratosauridae 
Family Ornithomimidae 

Suborder Hallopoda 
Family Hallopidae

Order Theropoda (No sub-ordinal assignments) 
Family Megalosauridae 
Family Dryptosauridae 
Family Labrosauridae 
Family Plateosauridae 
Family Anchisauridae 

Order Sauropoda (Six families)
Order Predentata (Equals Ornithischia)

Suborder Stegosauria (Three families)
') Coincidentally, Marsh (1882) authored the family 
Compsognathidae.

Suborder Ceratopsia (One family)
Suborder Ornithopoda (Seven families)

Current traditional classifications subdivide the sub
order Theropoda into two infraorders, Carnosauria 
and Coelurosauria, the former including the large 
carnivorous forms (Families Megalosauridae and 
Tyrannosauridae) and the latter all of the smaller and 
medium-sized theropods (Podokesauridae, Segisauri- 
dae, Coeluridae, Compsognathidae, Ornithomimidae 
and Oviraptoridae). Compsognatbus has always been 
allied with the Coelurosauria, ever since its inception 
by von Huene in 1914. However, the general rela
tionships among theropods have never been clear, and 
this is reflected in the numerous classification schemes 
and revisions of the Theropoda that have been pro
posed over the years (see Huene, 1909, 1914, 1920, 
1921 b, 1926, 1928; Osborn, 1917; Gilmore, 1920; 
Matthew and Brown, 1922; Colbert, 1964; Charig, 
Attridge and Crompton, 1965; and Colbert and 
Russell, 1969).

In recent years, doubt has been expressed by some, 
as to the validity of this two-fold subdivision of the 
Theropoda. The discovery of Dcinonyclsus (Ostrom, 
1969a, 1969b), demonstrated once again that it is not 
always a simple matter to assign a particular taxon to 
one or the other of these infraorders. Deinonychus 
possesses anatomical features that are usually con
sidered exclusively carnosaurian or coelurosaurian, 
but not common to both. Colbert and Russell (1969) 
resolved this problem by placing the Dromaeosauridae 
(including Deinonychus) in a third infraorder, Deino- 
nychosauria. But the question remains: are the cate
gories Coelurosauria and Carnosauria real and valid 
categories? For example, if the size factor is dis
regarded, can we justify them on purely anatomical 
grounds? Deinocbeirus (Osmolska and Roniewicz, 
1970), on anatomical grounds is an ornithomimid —
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the classic coelurosaurian family —, but an orni- 
thomimid of enormous size. Because of its huge size, 
Osmolska and Roniewicz placed it in its own family, 
Deinocheiridae, and assigned it to the Carnosauria. 
In 1972, I suggested that Dcinocheirus was an over
blown ornithomimid, but how could I justify placing 
it in the Coelurosauria? I could not, and therefore 
repeated the position I had taken earlier with Deino- 
nycbas; the infraordinal categories were omitted.

Most recently, Barsbold (1976) followed the same 
principle, but with a different twist. He proposed yet 
another revision of the Theropoda, wherein he recog
nizes s ix  infraorders: Coelurosauria, Deinonycho- 
sauria, Oviraptorosauria, Ornithomimosauria, Carno
sauria and Deinocheirosauria. This is comparable to 
the systematics implicit in my 1969 and 1972 papers, 
except that it is at a higher taxonomic level. Al
though I am not comfortable with the elevated rank, 
this arrangement, like my following “neutral” clas
sification, simplifies some taxonomic assigments. At 
least as presently known, there are no difficulties in 
recognizing deinonychosaurs, oviraptorosaurs, orni- 
thomimosaurs and deinocheirosaurs — i f  d i a g 
n o s t i c  r e m a i n s  a r e  p r e s e r v e d .  But if 
only non-diagnostic elements of these are available, 
we would be hard-pressed to assign them to any one 
of these categories. But even here with Barsbold’s 
“neutral” classification, the Carnosauria and Coe
lurosauria still remain “mixed bags”, with the impli
cation that the carnosaurian Megalosauridae and 
Tyrannosauridae are more closely related to each other 
than either is to any other theropod group, and that 
all remaining small theropods (Segisauridae, Comp- 
sognathidae, Podokesauridae, Coeluridae, etc.) are 
likewise more closely related to each other. I prefer 
not to make that systematic judgement at this time, 
explicitly or implicitly. The data presented here on 
Compsognatbus may provide new insight, but at the 
moment I believe that present evidence is inadequate 
for final conclusions. For these reasons, the following 
study is presented in the context of a conservative 
classification as follows:
Class Reptilia

Subclass Archosauria 
Order Saurischia2)

Suborder Theropoda 
Family Podokesauridae 
Family Compsognathidae 
Family Segisauridae 
Family Coeluridae 
Family Dromaeosauridae 
Family Ornithomimidae 
Family Oviraptoridae

2) The suborder Sauropodomorpha is included, but not 
listed here.

Family Megalosauridae 
Family Tyrannosauridae

Missing from this classification is the Family Hal- 
lopidae. The fragmentary (and only) specimen of 
Hallopns (Marsh, 1881, 1882), long considered as pos
sibly closely related to Compsognatbus and other 
“coelurosaurs”, has been shown by Walker (1970) to 
be an early crocodilian. Thus, it is not considered 
further here.

Although not directly pertinent to the systematic 
placement of Compsognatbus, two radical proposals 
have been published recently, that do involve the 
systematic assignment of the Theropoda. In 1974, 
Bakker and Galton reviewed certain anatomical evi
dence which led them to the conclusion that the 
Ornithischia and Saurischia were of monophyletic — 
common — ancestry, resurrecting Owen’s “Dino- 
sauria”. Largely on their belief that all dinosaurs 
were endothermic and capable of high aerobic exer
cise metabolism (a popular, but unestablished hypo
thesis), they concluded that the “Dinosauria” deserved 
class rank. In their Class Dinosauria, the Theropoda 
is elevated to ordinal rank (thus returning to Marsh’s 
classification of 1884), within the subclass Saurischia. 
Their most radical departure from conventional 
systematics, however, is their inclusion of birds as a 
subclass of the Dinosauria. This move was prompted 
by my studies (Ostrom, 1973 and work then in prog
ress — 1976b) showing that Archaeopteryx probably 
was derived from a small theropod ancestor. Charig 
(1976), in a thorough review of the Bakker and Gal
ton paper, correctly concludes that “until the case for 
endothermy in dinosaurs is proven (which is unlikely), 
there are no grounds for separating those reptiles into 
a different class from all others”. As for the inclu
sion of birds as a subclass of Dinosauria, the possibility 
that Archaeopteryx evolved from a theropod ancestry 
(a theory that is not accepted by everyone), does not 
justify such radical departure from conventional clas
sification. Moreover, their proposal fails to enhance 
the usefulness of the classification on either practical 
or theoretical grounds, and therefore should be rejec
ted.

Of greater relevance here, is a paper by Thulborn 
(1975), which was generated by the Bakker — Galton 
paper. Thulborn argues persuasively (as did Charig, 
1976), that existing evidence does not establish mono- 
phyly of the dinosaurs. He further rejects the specu
lation that dinosaurs were endothermic, but he does 
accept the theory that birds arose from theropods. 
This last conclusion prompts Thulborn to re-assign the 
Theropoda to the Class Aves, in order to put “full 
emphasis on the dinosaurian origin of birds”. Desir
able though that rationale may (or may not) be, clas
sifying theropods such as Tyrannosaurus and Allosait-
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rus as birds, will not add to the utility of vertebrate 
classification either, and therefore will not be accepted 
by the ornithological community or other systematists 
— even if the therapod-avian evolutionary rela
tionships should achieve general acceptance. The con

ventional classification of the higher tetrapod classes 
Reptilia, Aves and Mammalia is adequate and flexible 
enough to accommodate these views, and I prefer to 
use the conservative subdivision of the Theropoda 
presented above, in the traditional Class Reptilia.

STRATIGRAPHIC AND LOCALITY DATA
Unfortunately, considerable doubt exists about the 

exact locality of Compsognathus longipes, with no 
apparent way to resolve it. The oldest surviving doc
umentary record of the existence of this specimen, is 
Wagner’s (1861) original description, which describes 
it as coming from the lithographic shales near Kel
heim. A hand-written label glued to the underside of 
the Compsognathns case reads: “Compsognathus long
ipes Wagner — keine Eidechsen species — aus dem 
lithographischen Schiefer — im Altmiihlthal bei Kel
heim”. The author of this label is unknown, but in 
all probability, it was the original owner, a 
Dr. Oberndorfer, a physician in Kelheim. However, 
another, more recent printed label gives different 
information. It reads: “Compsognathus longipes 
W a g n. — (Orig. Ex. z. Wagn. Abh. Bd. IX T. 3) — 
Lithograph. Schiefer. — Jachenhausen. Oberpfalz”. 
Jachenhausen is a small village 15 km northwest of 
Kelheim.

No other records exist in the archives of the Bayeri
sche Staatssammlung to explain these conflicting local
ity data, or why or by whom the locality Jachenhau
sen was first used. According to Professor Dehm, the 
printed label dates from before 1900, possibly during 
Zittel’s time, but the author is unknown. The 
Oberndorfer collection was obtained by the Bayeri
sche Staatssammlung in 1866, five years after Wagner 
described Compsognathus. Besides the specimen of 
Compsognathus, two other specimens of the Obern
dorfer collection have labels with the same handwrit
ing; a turtle Eurysternum crassipes and a pterosaur 
Pterodactylus kochi. This suggests that Oberndorfer 
probably authored these labels. The label for Eury
sternum also reads “Kelheim”.

It is presumed that Dr. Oberndorfer, as an amateur 
collector, obtained his specimens from a number of 
different Solnhofen quarries. It may be, that in order 
to protect his sources from other collectors, he con

cealed the precise localities under the general descrip
tion “bei Kelheim”, and that the more specific 
locality of Jachenhausen is the correct locality of 
Compsognathus. But that is not supported by known 
stratigraphic evidence. Professor Dehm informed me 
that he attempted to identify the quarry site in the 
Jachenhausen area from which this specimen might 
have come. He was unsuccessful on two separate 
attempts, and reported to me that he was unable to 
find exposures of Solnhofen strata anywhere in the 
Jachenhausen area that corresponded with the lith
ology of the Compsognathus slab. Dr. Wellnhofer 
and I also attempted to re-establish the source of the 
Compsognathus specimen, and checked the large quar
ries north of the town of Jachenhausen. We also 
failed to discover any stratum that matched the lith
ology of the Compsognathus slab. Most important, is 
the fact that we failed to find a single specimen of the 
ubiquitous crinoid Saccocoma (half a dozen specimens 
of which are preserved on the Compsognathus slab) 
anywhere in the Jachenhausen area. Thus, neither the 
locality, or the stratigraphic provenance of Compso
gnathus can be determined now. All that can be said 
is that it came from lithographic facies of the Solnho
fen Limestone — probably from somewhere in the 
Riedenburg — Kelheim area.

In order that this report be as complete as possible, 
it must be noted that both Marsh (1896) and von 
Huene (1923, 1925, 1932 and 1956) published that 
Compsognathus came from Solnhofen, but these seem 
to have been general references to the area in which 
the Solnhofen strata occur, rather than to the imme
diate vicinity of the town of Solnhofen. At least 
there is no surviving original record to substantiate a 
Solnhofen locality, and it is assumed here to be incor
rect. Steel (1970) is the only author to publish the 
“Jachenhausen locality” as the source of Compso
gnathus, presumably having obtained this information 
from the printed label with the specimen.

GEN ERAL D E S C R I P T I O N
The classic specimen of Compsognathus longipes is 

well known, having been repeatedly illustrated and 
cited in numerous texts, technical papers and popular 
articles as the smallest dinosaur. Aside from its di

minutive size (about that of a small partridge), it is 
remarkable for the completeness and quality of pre
servation. Although some regions are crushed, frac
tured or disarticulated, most of the skeleton is present,
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Co 15
Preserved bon* I C o m p s o g n o i h u s )

0 o n e  i m p r e s s i o n s

Figure 1: Camera lucida drawing of the specimen of Compsognathus longipes, showing preserved bone and bone imp
pressions, together with my identifications. The parenthetic identifications of the hand elements are von Huene’s (1925, 
1926) interpretations for comparison with my interpretations of the same objects. The original drawing was made by me 
with a Wild binocular microscope and camera lucida at a magnification of 3.3. Abbreviations: Ac. — acromion; An. 
Cer. Ri. — anterior cervical rib; Ang. — angular; Art. — articular; Ast. — astragalus; At. Int. — atlas intercentrum; At. 
L. Ne. — atlas left neural arch; At. R. Ne. — atlas right neural arch; Ax. — axis; Ax. N. S. — axis neural spine; 
Br. C. — braincase; Ca. 1, 2, etc. — caudal vertebrae; Ca. n. S. — caudal neural spine; Cal. — calcaneum; Car. — carpal; 
Ce. 3, 4, etc. — Cervical vertebrae; Cer. Ri. 4. — cervical rib 4; Co. — coracoid; De.— dentary; Do. 1, 2, etc. — dorsal 
vertebrae; Do. Ri. 1, 2, etc. — dorsal ribs; Ep. — epipterygoid; Fe. — femur; Fib. — fibula; Fr. — frontal; Ga. — gastralia; 
Hu. — humerus; Hy. — hyoid; 11 — ilium; In. Den. — inter dental plates; Is. — ischium; Jaw — mandible; La. — lachrymal 
L. — left; Max. — maxilla; Mt. — metatarsal; Mtc. — metacarpal; Na. — nasal; Pa. — parietal; Pal. — palatine; 
Pm. — premaxilla; Po. — postorbital; Po. Cer. Ri. — posterior cervical rib; Pt. — pterygoid; Pu. — pubis; Q. — quadrate; 
Qj. — quadratojugal; R. — right; Rad. — radius; Sa. 3, 4, etc. — sacral vertebrae; Sea. — scapula; Sp. — splenial; 
Sur. — surangular; Ta. — tarsal; Tib. — tibia; Ul. — ulna; Vo. — vomer; I, II, III, IV, V. — digit number; 1, 2, 3, 4, 5. 
— phalangeal number.
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Figure 2: Restoration of the skeleton of Compsognathus based on the camera lucida drawing of Figure 1.

either as actual bony elements or as impressions. A 
few areas have been obliterated by calcite crystals, 
especially in the lower part of the body cavity and the 
pelvis, or removed by solution. Apparently, the slab 
was situated close to the surface and subject to solution 
by sub-surface runoff: the importance of this will be 
discussed later. In spite of solution and crystalliza
tion, most of the bones are finely preserved, apparent

ly completely replaced by calcite with no recrystalli
zation and consequent distortion and loss of detail 
(see Plate 7.).

The specimen is preserved on its right side almost 
completely articulated. The only regions that have 
suffered some disarticulation are the hands, the skull, 
some of the cervical ribs and the posterior gastralia.
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Why these particular regions have been disarranged is 
difficult to understand, although in the case of the 
gastralia there is some evidence that the stomach and 
body cavity were breached — perhaps due to build-up 
of gases generated within the rotting carcass. The 
posterior cervical ribs, the slightly displaced right 
fibula and the scattered phalanges of the hands may 
have been scattered by scavengers, but more likely 
they simply were drifted away from their original 
sites by gentle currents after connective tissues had 
decomposed.

The most peculiar aspect is its “death pose’’ — the 
highly contorted arrangement of the cervical series 
and the respective positions of the axis, braincase and 
dermal skull. The cervical column is looped back on 
itself almost a full 360 degree arc. This opisthotonic 
condition is not unusual, having been recorded in 
numerous pterosaur specimens (especially pterodacty- 
loids), small theropods (see, for example, Struthiomi- 
mus altus, A. M. N. H. 5339, reported in Osborn, 
1917, which is preserved in almost exactly the 
same pose as Compsognathus) and modern birds. It 
seems to be a common occurrence in carcasses of long
necked animals; notice, for example, that it is much 
less common in rhamphorhynchoid pterosaurs (than in 
pterodactyloids) and short-necked theropods. The 
most frequently invoked explanation of this backward 
distortion of the neck is shrinkage (due to drying) of 
the dorsal neck muscles and ligaments, particularly 
the ligamentum nuchae. However, that presumably 
requires that the carcass initially was exposed to sub
aerial conditions and perhaps even mummified, before 
being submersed, circumstances that are rejected by 
Rietschel (1976) for the several specimens of Archae
opteryx that are similarly contorted.

Whether or not desiccation is involved, contraction 
of dorsal muscles and/or ligaments appears to be the 
most probable explanation of this opisthotonic state. 
But in the case of Compsognathus, we are faced with a 
curious anomaly: the braincase and skull, to which 
these ligaments and muscles were firmly attached, are 
completely separated from the cervical column and 
each other. The braincase has been displaced back
ward, by more than its length, from the anterior end 
of the axis (and rotated 90 degrees about its longitu
dinal axis), while the dermal skull components have 
been displaced even further backward, and turned 
completely around (the braincase faces forward, but 
the skull faces backward). As one of the largest and 
strongest ligaments in the body, it seems unlikely that 
the connection of the ligamentum nuchae to the skull 
would have disintegrated before most other connective 
tissues. Yet that appears to be exactly what hap
pened. The entire axial skeleton, except for the atlas 
and the skull, are preserved in close articulation. 
How this happened is unknown. There is no evidence
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that the head was severed by scavenger action and 
currents strong enough to displace it surely would 
have disarranged the skeleton as well.

As for the skeleton itself, it is well formed and gives 
the impression of a fully developed individual (howev
er, see later comments on this). The skull is relatively 
very large, a possible indication of immaturity. The 
neck is slightly shorter than the trunk. The caudal 
series extend off the end of the slab, so tail length is 
unknown. But from the very gradual reduction along 
the proximal caudals, the original tail length must 
have been more than twice as long as the preserved 
caudal series. The hind limbs are extraordinarily long 
and robust, while the forelimbs are of only medium 
length. Compsognathus clearly was an obligate biped 
and probably highly cursorial.

C r a n i a l  S k e l e t o n
Skull.

Most of the skull and mandibles (see Plate 8) are 
present, but somewhat disarticulated. Certain regions 
are crushed and sufficiently damaged so as to make 
reconstruction difficult and uncertain. The fact that 
so many skull and jaw elements are separated from 
adjacent bones, while there was relatively little dis
articulation in the post-cranium, suggests that either 
the skull was highly kinetic and very loosely bound 
together, or that this is a young individual in which 
the cranial elements had not yet become firmly united. 
The very small size of the specimen, the seemingly dis
proportionately long hind legs, and the relatively 
large orbit, support the juvenile explanation. But the 
fact that there are no textural differences, or differen
ces in the degree of ossification between dermal and 
endochondral bones, plus the fact that all vertebral 
sutures apparently were closed, suggest that we are 
dealing with a mature individual.

The skull, as I have reconstructed it, is quite long 
(70—75 mm), very low and with a sharply tapered 
snout. The orbit was very large and nearly circular. 
Two antorbital fenestrae are present, one quite large 
about half the size of the orbit, and the other small. 
Both are sub-triangular in shape. The external nares 
were narrow, elliptical, and somewhat elongated. 
The temporal fenestrae have been obliterated by dis
placement of some bones and loss of others, but the 
lateral fenestra appears to have been quite high and 
narrow from front to back. In general appearance, 
the skull is most similar to that of Archaeopteryx. My 
reconstruction of the skull is given in Figure 3.

A convenient index of head size is the ratio of skull 
length to the length of the presacral vertebral column. 
Using a skull length of 72 mm and a presacral length 
of 235 mm, the ratio for Compsognathus is .30, 
somewhat higher than most “coelurosaurs”, but not
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10 mm

Figure 3: Reconstruction of the skull and jaws of Comp-
sognathus longipes. The temporal region is largely hypo
thetical, as are the sutural details between the maxilla, jugal 
and lachrymal, the jugal and post-orbital, and the quadra- 
tojugal, quadrate and squamosal. The number of teeth 
shown is the absolute minimum, recording only those that 
are preserved in place or are indicated by tooth impressions. 
Empty alveoli due to tooth replacement or post mortem loss 
cannot be distinguished. The diastema at the premaxilla — 
maxilla suture is real.

significantly so. This higher ratio might be taken as 
further evidence that this specimen was immature. 
On the other hand, it might indicate a close affinity to 
the larger-headed “carnosaurs”. A comparison of 
skull /  presacral ratios in several other theropods 
with that of Compsognatbus, is as follows:

Ornitbomimus altus (A.M.N.H. 5339) . .15
Gallimimus bullatus (ZPW-MgD-194

& GIM-DSP 1 0 0 / 1 1 ) ...............................16
Coelophysis longicollis (A.M.N.H. 7224) . 23
O rnitbolestes bermanni (A.M.N.H. 619) . .24
Allosaurus fragilis (U.S.N.M. 4734) . . .28
Compsognatbus longipes (B.S.P. AS I 563) .30 
Deinonycbus antirrhopus (Reconstruction,

various Y.P.M.) .....................................35-.40
Tyrannosaurus rex (A.M.N.H. 5027) . . .41

Not surprisingly, there seems to be an uninterrupted 
gradation between so-called “coelurosaurs” and 
“carnosaurs” . Notice that Compsognatbus has a 
ratio slightly greater than Allosaurus.

P r e m a x i 1 1 a : Both premaxillae are present, 
displaced and lying between the extremities of the two 
dentaries. The lateral surface is exposed in both. The 
premaxilla is roughly triangular in shape, deeply 
emarginated posteriorly by the large external naris. 
The nasal process is long and very slender and does not 
appear to have been overlapped laterally or ventrally 
by the nasal. The maxillary process (missing in the 
right premaxilla) is much deeper and more robust. 
The end of this process is concealed beneath the left 
dentary, so the nature of the junction with the maxilla 
cannot be determined. The external premaxillary

surfaces are smooth and devoid of even tiny foramina. 
Premaxillary teeth number three, with the middle 
tooth the largest. Two teeth are preserved in place in 
the right premaxilla and a third lies slightly removed 
from the empty posterior alveolus. Only the middle 
tooth is preserved in place in the left premaxilla. A 
long diastema occurs behind these teeth, the entire 
maxillary process below the naris being devoid of 
alveoli. Preserved as they are, lying on their medial 
surfaces, little can be said about the nature of their 
mid-line articulation except that it must have been a 
flexible union.

M a x i l l a  : The nearly complete left maxilla is 
displaced and lies below the rest of the skull and the 
mandibles. This exposes the inner surface of the less 
complete right maxilla situated close to its normal 
position. The maxilla is a rather delicate and thin 
bone with a surprisingly shallow tooth-bearing ramus. 
The jugal process seems to have tapered gradually to 
a very slender process less than 1 mm in depth, for 
what must have been an extremely weak (or flexible) 
junction with the jugal. Anteriorly, the maxilla is 
more robust, indicating a more extensive — and pre
sumably stronger articulation with the premaxilla. 
The tapered anterior process of the maxilla, like the 
posterior maxillary process of the premaxilla, seems to 
have lacked teeth, although neither maxilla is well 
enough preserved to establish the absence of alveoli. 
However, it does appear that the upper diastema 
extended several mm behind the premaxillary-maxil
lary suture. The entire lower external surface, like 
that of the premaxilla, is free of foramina.

A thin sheet of bone extends upward from the pre
maxillary process, apparently forming most or all of 
the inferior-posterior margin of the external naris, 
although this region is not clearly preserved here. A 
small, triangular subsidiary antorbital fenestra is 
partly preserved here, separated by a robust vertical 
bony bar from the large sub-triangular antorbital 
fenestra behind.

The dentition extends over approximately two 
thirds of the maxilla length, reaching to a position just 
behind the main antorbital fenestra. The left maxilla 
still bears 6 teeth, plus 9 or 10 empty alveoli or tooth 
imprints. The right maxilla contains 5 teeth in situ, 
plus 6 clear tooth impressions or empty alveoli and 
5 possible alveoli. Accordingly, the maxillary tooth 
count appears to have been 15, and possibly 16. The 
anterior extremity of the left maxilla shows several 
small triangular bony plates between some of the 
empty alveoli: these are interpreted as inter-dental 
plates.

N a s a l :  The nasal bones are represented by 
several thin fragments and a long impression. The 
precise shape cannot be determined from these, but the 
paired nasals appear to have formed a straight, rather
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broad and perhaps wedge-shaped, smooth-surfaced 
plate of bone extending between the premaxillae and 
the frontals. The contact with the frontals appears to 
have been squamous. The nasal contribution to the 
narial posterior border is not known, but it appears to 
have been small.

F r o n t a l  : Much of the dorsal surface of the 
frontals is well-exposed, these bones having been 
rotated to lie almost parallel with the bedding plane. 
This permits an accurate measure of inter-orbital skull 
width (9.1 mm, minimum). It also shows that the 
frontals were firmly united, but not fused, along a 
very straight sagittal suture. The frontal plate is 
almost flat with only slight longitudinal convexities on 
either side of the midline, and of moderate thickness, 
as is shown along the posterior broken edge. The 
articulation with the parietals is not certain.

One interesting feature of the frontals is the pre
sence of a short forward projection along the lateral 
margin, forming a unique feature of the superior 
orbital margin. It is faintly reminiscent of a pal
pebral or supra-orbital bone, but it projects forward 
rather than backward, and seems to be in contact 
with the main body of the frontal. It is well preser
ved on the right side, but is largely broken away on 
the left side. On both sides, it seems to have been con
tinuous with the post-orbital, and may have been an 
anterior expansion of that element into the supra
orbital region. No comparable feature is known to 
me in other theropods.

P a r i e t a l :  The parietals are represented by 
crushed, thin sheets of bone lying behind the frontals 
on both sides of the midline, and extensive impressions 
of their internal surfaces. The latter indicate that the 
sagittal suture persisted into the parietal area. Al
though not certified as such, the fronto-parietal union 
appears to have been positioned just behind the orbit. 
A slightly raised narrow ridge extends transversely in 
an irregular line across the large convex fragment of 
the left side that lies just behind the orbit. This ap
pears to extend from a bone that I have interpreted as 
the left post-orbital. A corresponding linear feature 
shows faintly in the matrix impression of the internal 
surface of the right fronto-parietal. If these indeed 
are the fronto-parietal suture, it seems to reflect a 
very firm, solid union of these bones, a condition that 
is substantiated by the fact that they are preserved 
together with no apparent displacement and little dis
tortion. That is in contrast to the disarticulated and 
displaced occurrence of most other cranial elements.

L a c h r y m a l  : Both lachrymals are preserved 
close to their natural positions, but both are damaged 
sufficiently to preclude full description. The lachry
mal appears to have been I-shaped, with a stout verti
cal shaft forming a narrow pre-orbital bar between 
the orbit and the antorbital fenestra. The upper and
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lower extremities seem to have been expanded, prob
ably for firm union with the maxilla (and jugal?) and 
the nasal-frontal complex. Some or most of the 
upper expansion may have been composed of the pre
frontal, but this cannot be established. There is a dis
tinct sutural facet on the inferior anterior edge of the 
left frontal, which I interpret as the articular facet for 
the pre-frontal.

P o s t o r b i t a l  : This bone is easily recognized by 
its T-shape. Only the left has been identified here, 
forming the posterior margin of the orbit, slightly 
separated from the fronto-parietal. It appears to be 
a relatively thin sheet of bone with wedge-shaped 
anterior (frontal) and posterior (squamosal) processes 
above. The inferior process tapers gradually to an 
indeterminate articulation with the jugal.

J u g a l  a n d  Q u a d r a t o  j u g a l :  Neither of 
these bones has been identified with certainty, and 
apparently are lost, concealed beneath other bones, or 
so damaged as to be unrecognizable.

S q u a m o s a l :  In all probability, the fragments 
overlying the postero-lateral region of the left parie
tal, represent what remains of the left squamosal. 
That is far from certain, though, as these fragments 
are so severely damaged that no details are discernible.

Q u a d r a t e :  At the rear of the skull is a thin 
vertical lamina of bone which I interpret as the poste
rior part of the internal half of the left quadrate. The 
external half is missing. The upper extremity of this 
lamina ends in a broken surface and the lower part is 
concealed by the adjacent left pterygoid. If correctly 
identified, this portion of the quadrate is surprisingly 
slender and delicate, but the external part of the 
quadrate shaft must have been much more robust. 
Situated in the anterior part of the left orbit is an 
L-shaped fragment which may be part of this missing 
half of the quadrate, and perhaps part of the quad- 
ratojugal. The "ascending” shaft of this L-shaped 
fragment is quite stout and appears to have been either 
L, or C-shaped in cross section. The lower part is 
overlapped by a very thin sheet of bone (with broken 
edges), which may be the left quadratojugal.

P t e r y g o i d :  The left pterygoid is conspicuous 
below the orbital and temporal regions, extending, 
forward from the quadrate to pass beneath the left 
dentary. The distinctive feature is the deeply concave 
cotylus of the basipterygoid articulation. Forward of 
this, the palatine ramus is straight and quite narrow, 
with a broadly convex ventral surface. Further 
anteriorly, this appears to expand in a broad, slightly 
concave bony sheet, but the lateral margin is not pre
served. The medial margin is intact, though, showing 
that an interpterygoidal vacuity existed over most or 
all of the length of the pterygoids. Behind the ba
sipterygoid articulation, the quadrate ramus extended
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postero-laterally as a relatively high thin lamina at an 
angle of about 30 degrees to the palatine ramus. 
Unfortunately, the posterior extremity is missing.

The right pterygoid is not identifiable w ith certain
ty, but the several fragments in front of the quadrate- 
quadratojugal fragment, and in the orbit itself, 
probably represent remains of that element.

E c t o p t e r y g o i d  : Not recognized.
E p i p t e r y g o i d :  This element has rarely been 

reported in theropods, and its presence in Compso- 
gnathus is open to serious question. It is mentioned 
here only because one small bone closely associated 
with the skull and braincase, resembles the epiptery- 
goids reported by Madsen (1976) in Allosauriis. It 
must be emphasized that this is an extremely tenuous 
identification. The bone in question is preserved 
between the cervicals and the left quadrate, just above 
the braincase. The preserved portion flares slightly to 
a gently convex oval surface which apparently was an 
articular surface. The opposite end, preserved as 
impression in the matrix, flares into a broad (thin ?) 
sheet of bone which terminates in a nearly straight 
edge. If this is indeed an epipterygoid, the latter must 
be the pterygoid process and the oval articular surface 
is for articulation with the laterosphenoid.

P a l a t i n e  : Indeterminate.
V o m e r :  Not recognized, with certainty.
B r a i n c a s e :  The braincase is situated between 

the dermal skull on one side and the anterior cervical 
vertebrae on the other, completely separated from 
both. This peculiar circumstance has been noted by 
others, especially by Nopcsa (1903). It suggests a 
possible violent severing of the head from the neck, 
except for the fact that all components are preserved 
very close together.

Certain features of the braincase are clearly recog
nizable, but in other places it has been severely dam
aged and some bones are missing. Thus, the endocra- 
niurn is not easily or fully interpreted. In addition, 
those regions that are recognizable, for the most part 
do not correspond closely with those of other thero
pods. Again, it is difficult to establish whether these 
differences are real, or due to damage and missing 
parts. (See Plate 9:1.)

In general, the endocranium is widely triangular in 
its ventral aspect, very broad behind at the occiput 
and tapering abruptly forward. The original width 
across the paraoccipital processes exceeded 16 mm and 
the basioccipital-basisphenoid length is about the 
same. Total preserved length of the basioccipital- 
basisphenoid-parasphenoid complex is 24.5 mm. 
Aside from the broad triangular form, the other dis
tinctive aspect of this braincase is the nearly perpen
dicular relation between the ventral surfaces and the 
occiput.
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The occipital condyle and the foramen magnum are 

the most obvious features. The condyle, however, is 
distinctly not theropod-like, being kidney-shaped 
rather than nearly spherical. The transverse width of 
the condyle is more than twice the sagittal dimension. 
Sutures clearly show that the lateral portions are 
formed of the exoccipitals, but the largest part is 
basioccipital. The exoccipitals do not meet in the 
mid-line, thus the basioccipital forms the ventral floor 
of the foramen magnum, as usual. The original shape 
and size of the foramen magnum are uncertain because 
of possible crushing and broken bone edges adjacent 
to the foramen, but it appears that it was much larger 
than the condyle, and perhaps oval in shape, with the 
transverse dimension the larger. If correct, these also 
are not typical of theropods, where the foramen is 
usually nearly circular and much smaller than the con
dyle. The dorsal margin of the foramen is formed by 
a smooth, transversely convex, sheet of bone that must 
be the supraoccipital. The upper part is concealed in 
matrix, but the height of this bone above the foramen 
magnum is at least 5 mm, which indicates that the 
foramen and condyle were positioned quite low on the 
occipital surface. The supraoccipital is oriented al
most perpendicular to the basioccipital — basis- 
phenoid surface.

Lateral to the condyle, several fragments of bone 
represent portions of the paraoccipital processes. No 
suture is evident separating the exoccipital and 
opisthotic. Although Nopcsa (1903) described this 
region as pierced by many foramina, as in birds, it is 
so fractured and damaged that only one doubtful 
foramen can now be recognized. I agree with 
Nopcsa, however, that this region is bird-like in its 
position and orientation. It lies almost entirely in the 
plane of the basioccipital-basisphenoid complex, 
although there is a dorsal expansion of unknown di
mension more or less in the plane of the foramen mag
num.

Anterior to the condyle, much of the basioccipital 
and basisphenoid have been lost, leaving only impres
sions of their internal surfaces. The impression shows 
that the floor of the cndocranial cavity, at least in the 
region of the basioccipital, was traversed by a low 
sagittal ridge extending forward from the foramen 
magnum. A similar feature is present in some birds, 
but I am not aware of such a feature in other thero
pods, or in reptiles in general. In fact, very often 
there is a slight mid-line groove in the basioccipital 
and basisphenoid, which marks the position of the 
basal artery.

Anterior to this region are paired, but no longer 
symmetrical, lateral flanges that appear to have been 
crushed down onto the ventral surface of the brain
case. These are quite prominent and apparently pro
jected well below the endocranium. The most likely
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interpretation of these structures is basipterygoid pro
cess of the basisphenoid. Nopcsa (1903), interpreted 
much smaller lateral projections further forward as 
the "pterygoid apophyses”, but their position at the 
posterior end of the cultriform process of the pa- 
rasphenoid, makes that interpretation unlikely.

Nopcsa (1903) puzzled over the paired, near-verti
cal longitudinal laminae at the anterior extremity of 
the braincase, postulating that they might be the 
pterygoids, palatines or the vomer. He finally deci
ded, with some reservations, that they were the pala
tines. However, these laminae are unquestionably 
continuous with the other ventral elements of the 
braincase, and therefore cannot be any of the bones 
Nopcsa considered. Because of its double condition, 
Nopcsa was correct when he ruled out the presphenoid 
(which is rare in reptiles anyway). But it is quite 
obvious to me that these two lamina, which join in the 
mid-line, form the cultriform process of the parasphe- 
noid, which normally is a double structure with an 
inverted V-shaped section.

Portions of the lateral wall of the braincase are 
present, and have been well-prepared (undoubtedly 
with great difficulty because of the narrow space 
between the braincase and other nearby elements). 
On the left side, there are two distinct foramina, 
piercing a slightly concave bone which I interpret to 
be the prootic. The larger foramen probably is the 
fenestra ovalis, and immediately anterior to it, a 
similar-sized foramen I take to be the trigeminal 
foramen. If correctly identified, the latter foramen 
must mark the approximate junction between the 
prootic and the laterosphenoid, but no suture is 
evident.
Mandible.

Both lower jaws are present, but disarticulated and 
slightly displaced. The most distinctive aspect of the 
mandible is its extremely slender form with nearly 
parallel upper and lower margins. No evidence has 
been recognized to indicate the presence of a coronoid 
process or of an external mandibular fenestra. Since 
all three of the lateral mandibular elements are nearly 
complete, I conclude that this fenestra probably was 
not present in Compsognatbus, as is the case in Orni- 
tholestes. However, the matter is beyond proof.

D e n t a r y : The dentary is long and surprisingly 
slender, with nearly parallel upper and lower margins. 
It deepens slightly toward the rear. Externally, it 
appears to have been slightly convex dorso-ventrally. 
In its anterior part, the external surface is pierced by a 
large number of very fine pores, many of which are 
arranged in two parallel rows, an upper row just 
beneath the alveolar margin and a lower row close to 
the inferior margin. Other foramina are scattered in 
between. The upper foramina do not seem to coincide
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with tooth alveoli, either in number or position. The 
medial surface of the right dentary reveals a deep and 
very prominent Meckelian canal, bordered above and 
below by stout ridges. Much or all of this canal pre
sumably was covered by the splenial, but there are no 
distinct articular scars for this bone, except posteriorly 
near the end of the dentary. Thus, it is possible that 
the Meckelian canal was open anteriorly. The sym
physis is quite short, and appears to have formed a 
relatively loose or flexible union between the two 
mandibles. Tiny interdental plates are present be
tween alveoli along the entire inner side of the tooth 
row. These occur as separate wedges of bone at each 
interalveolar position.

The tooth row, as measured on the left dentary, is 
quite long (26.2 mm), perhaps slightly longer than the 
maxillary row. There are 11 teeth preserved in place 
(or slightly dislocated) in the left dentary and seven 
empty alveoli. The right dentary has 16 empty 
sockets, plus two anterior teeth in place. Thus, the 
dentary tooth count is 18, which is one of the higher 
counts among theropods, exceeded only by that of 
Coelophysis (25) among theropod taxa known to me.

S p l e n i a l  : These elements are questionably 
identified here (see Fig. 1), largely on the basis of their 
location and shape. They are preserved as thin sheets 
of bone or impressions which indicate a rather long 
and narrowly tapered bone. The shape and dimen
sions correspond approximately with those of the 
posterior part of the Meckelian canal. Both elements 
are located close to the dentaries — apparently lying 
in between them. One (the left ?) overlies the upper 
ramus of the left maxilla and the other (the right ?) 
seems to lie beneath that maxilla.

S u r a n g u l a r :  Both surangulars are easily 
recognized lying side by side next to the left maxilla. 
Both bones show the external surface, the right sur
angular having been turned over. The surangular 
foramen is evident in both. Also clearly preserved in 
the right surangular is the articular cotylus for the 
distal end of the quadrate. The position of this 
cotylus clearly establishes that the retroarticular pro
cess was quite long (more than 5 mm) and the arti
cular may have extended beyond the surangular 
extremity.

The external surface appears to have been almost 
planar. Dorsally, a stout angulation separates the 
lateral and dorsal surfaces, as in most other theropods, 
so they are oriented nearly perpendicular to each 
other. A faint antero-posterior ridge parallels the 
lower margin, marking the upper boundary of the 
articulation surface for the angular.

A n g u l a r :  The left angular, incomplete, lies 
immediately adjacent and parallel to the left surang
ular, only slightly removed from its articulation with
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that bone. Most of the lateral lamella is missing, but 
part of its original shape can be determined from the 
articulation scar on the surangular. Extending back 
from this is a very slender, slightly tapered process 
which articulated with the lower edge of the surang
ular all the way to its posterior extremity. Thus the 
retroarticular process was constructed of at least three 
elements, the surangular and angular in addition to 
the articular. The right angular possibly is represen
ted by two fragmentary sheets of bone that overlie the 
right surangular, but no distinctive features are preser
ved. The form of the anterior end of the angular is 
not known, but presumably it overlapped the posteri
or end of the dentary in a squamous articulation.

P r e a r t i c u l a r :  Not recognized.
A r t i c u l a r ?  : Two sub-rectangular bones, which 

at first glance look like dermal scutes, lie one to two 
cm away from the two surangulars. Their identity 
cannot be verified, but I believe them to be the two 
articulars. My belief stems from their preserved loca
tion close to the surangulars, their size and shape, and 
the fact that there are two of them and they are 
paired. Although they seem to have slightly different 
shapes, perhaps due to differential crushing and 
somewhat different positions in the matrix, the ex
posed surfaces clearly are mirror images of each other. 
If my identification is correct, the exposed surface is 
the surangular or external surface. Each bone shows 
a prominent ridge which bifurcates into two lesser 
ridges at one end. This feature divides the exposed 
surface into two unequal areas, the larger of which I 
interpret as the articular surface for the surangular. 
The smaller surface is probably for the posterior pro
cess of the angular (see Plate 10:3).
Dentition.

Stromer (1934), presented a detailed description of 
the dentition of Compsognathns, together with a sum
mary comparison with the teeth of selected other 
theropods. There is little that can be added to 
Stromer’s study and what follows here is in part 
taken from his work, in order that this study of 
Compsognathus be complete.

As noted elsewhere in this report, the tooth count
for Compsognathus is. 3 +  15 or 16 Stromer 

18 (1934)
gave it as j  , but it looks to me as though18there might have been 16 tooth positions in the maxil
la. Upper and lower teeth are quite similar at equi
valent positions in the tooth rows, but there is gra
dational change in tooth morphology and size along 
the tooth rows.

The prem axillary teeth, and the anterior teeth in the 
dentary, are long and slender, tapering gradually to 
sharp points. The lower two thirds of the crown is 
straight, but the tip is bent sharply backward at an

angle of 30 to 40 degrees. The crown is nearly circu
lar or slightly oval in section, with the transverse dia
meter slightly greater than the longitudinal dimension. 
The crown is completely devoid of serrations or Cari
na. The first premaxillary tooth appears to have been 
slightly procumbent, but probably not as sharply as 
Stromer (1934) illustrated.

The first two or three dentary teeth (Plate 9:2) are 
almost exactly the same as the premaxillary teeth, 
both in size and shape, and the first is slightly procum
bent like its counterpart above. The next three or four 
teeth are similar, but instead of the sharply bent tip, 
the entire crown curves backward in a continuous curve. 
These teeth also lack a serrated edge, but where the 
forward-most dentary teeth are slightly compressed in 
their anterior and posterior surfaces, these are slightly 
compressed latero-medially, so that the greatest 
crown diameter is longitudinal. There is slight varia
tion in size among these teeth as well. The remaining 
posterior dentary teeth become progressively smaller 
(shorter) and more compressed transversely, toward 
the rear of the tooth row. These posterior dentary 
teeth also become progressively less curved toward the 
back, becoming more nearly triangular in lateral pro
file, the rear edge being almost straight and perpendi
cular to the dentary with the anterior surface curving, 
gently back to meet it at the apex.

With only a few maxillary teeth well preserved, it 
is difficult to reconstruct the complete nature of the up
per dentition. However, those that are present seem 
to parallel the posterior dentary teeth in form and 
size, becoming progressively shorter and less curved 
toward the back. And like their dentary counter
parts, they are also laterally compressed and oval in 
section, with short serrated posterior carinae.

It is not possible to say very much about tooth 
replacement because so many teeth are missing. There 
are at least eight loose teeth scattered around the jaw 
elements, and numerous impressions of now missing 
teeth occur along all tooth rows. The left dentary 
perhaps gives the best evidence of the replacement 
pattern. Eleven teeth are present, six of which are 
crowded together in the anterior -most region (7 mm). 
The remaining five teeth are somewhat irregularly 
spaced over the next 18 mm of the tooth row. No 
indisputable tooth impressions are present at the now 
empty alveoli of the left dentary, so the existing 
eleven teeth still in situ represent the minimum number 
of functional dentary teeth when this specimen was 
buried. There could have been more. The overall 
distribution of these eleven remaining teeth is as fol
lows: X X X X X X o o x o x o o x o x o x
(where “O” is an empty socket and “ X ” a tooth in 
place). As we might have expected, this pattern 
suggests tooth replacement at alternating positions.
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Hyoid Apparatus.
Hyoid elements have been recovered in a number of 

dinosaurs, but in most instances these have been orni- 
thischians. Marsh (1896) and Gilmore (1920), repor
ted the presence of possible ossified hyoid bones in 
Ceratosaurus nasicornus (U. S. N. M. No. 4735), and 
I recall seeing what appeared to me to be possible 
hyoid elements in some of the American Museum spe
cimens of Coelopbysis longicollis. With these excep
tions, the hyoid apparatus appears to be unknown in 
theropods. For that reason, the identification of pos
sible hyoid bones in Compsognatbus must be con
sidered as very tentative. But the two bones in 
question do not fit any other alternative skull element.

In so far as can be seen from their shapes, size and 
lengths, they are the same, and thus appear to have 
been paired. Both are very long, slender and straight 
bones nearly 30 mm long. One is located between the 
right dentary and maxilla, extending parallel to those 
two tooth rows. Imprints of maxillary teeth are 
pressed into it, indicating that it lies beneath (external 
to) the maxilla. The second one overlaps (lies exter
nal to) the left maxilla at a slight angle to its tooth 
row. Both of these objects are parallel-edged, flat 
ribbon-like bones, as preserved, but they may have 
been rod-like and only flattened after burial by sedi
ment compaction. I doubt this, though, because simi
lar-sized ribs in this specimen do not show a compara
ble degree of flattening. The fact that both bones 
seem to lie external to the maxillae is troublesome, 
since the hyoid apparatus in life is situated between 
the mandibles, and thus lies inside, or medial to, the 
maxillae. How they b o t h  could have been displa
ced to lie outside of the maxillae, is the critical que
stion against their being hyoid elements. But, in view 
of the disarticulation and dislocation of many other 
skull elements, that identification is not precluded, and 
on morphological grounds it seems most probably cor
rect.

A x i a l  S k e l e t o n  
Vertebral Column.

The vertebral column is complete, except for an 
unknown number of caudals distal to the fifteenth, 
and two segments in the dorso-sacral region that are 
represented only by impressions. The pre-sacral count 
totals 23, and the pre-sacral length approximates 
23.6 cm, of which less than half (10.5 cm) is cervical 
length. There are 10 cervicals, 13 dorsals, 4 sacrals 
and more than 15 (probably more than 30) caudals.

C e r v i c a l  v e r t e b r a e :  The cervical series
consists of 10 segments, including the atlas, and is com
plete, although not all of the atlas has been recog
nized. Von Huene (1908) reported 12 cervicals and 
11 dorsals, without giving any detailed explanation, 
but later (1925) he specified 10 cervicals and 13 dor-
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sals3). As noted previously, the neck is highly arched 
backward, with the atlas and skull separated from the 
cervicals. Only the intercentrum of the atlas has been 
(questionably) recognized here, together with two thin 
fragments that I suspect might be the atlas neurapo- 
physes, (see Fig. 1). No sign of the odontoid has 
been detected. The atlas intercentrum is situated in 
the area between the skull, braincase and anterior 
cervicals, with its posterior and ventral surfaces ex
posed. The posterior surface is gently convex trans
versely, and strongly convex dorso-ventrally. The 
ventral surface is also convex transversely, but 
slightly concave longitudinally. Its upper part is con
cealed by a thin triangular sheet of bone (the right 
atlas neurapophysis ?), so that part of the intercen
trum cannot be determined, but presumably it was 
strongly concave so as to fit beneath the odontoid. 
The transverse width of the intercentrum (4.45 mm) is 
the largest dimension and is close to that of the occipi
tal condyle (4.6 mm). Little can be said about the 
questionable neurapophyseal fragments, except that 
they are very thin, concavo-convex, triangular sheets 
of bone with original lengths of something more than 
10 mm.

The axis is situated just to the left of the braincase 
and slightly removed from the third cervical. I am 
not certain, but there appears to be a very thin axis 
intercentrum fused to its anterior end. The axis cen
trum is distinctly shorter than those of succeeding 
cervicals, but like all the following cervicals, it is 
marked by a conspicuous small oval pleurocoel in its 
anterior lateral surface. The axis centrum also is 
slightly opisthocoelous. The neural arch is damaged, 
but appears to have been long and of moderate height.

Although the quality of preservation varies from 
one segment to another, the remaining eight cervicals 
appear to have been quite similar to each other. The 
centra incerease in length to a maximum of 12.7 mm 
for the sixth and seventh segments, then length di
minishes progressively to 10.9 mm for the ninth and 
tenth. All cervicals are strongly opisthocoelous and 
centra are narrow-waisted with laterally facing, 
anteriorly placed pleurocoels. The neural arches are 
all severely damaged and difficult to interpret, but 
they appear to have been relatively low, long and 
massive, with stout zygapophyses. No diapophyses 
could be identified, although the double-headed design 
of the cervical ribs clearly establishes their original 
existence. Similarly, no cervical neural spines have 
been recognized.

D o r s a l  v e r t e b r a e :  In many instances, it is 
difficult to select a distinctive point of separation 
between the cervical and dorsal vertebrae, and in most 
cases it is decided on the basis of arbitrary features.
3) Von Huene’s thirteenth dorsal, in fact, turns out to be 
the twelfth, a point that is discussed later.
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The present specimen is no exception. I selected the 
point between the tenth and eleventh presacrals as the 
most appropriate place because there is a distinct change 
in the morphology of the ribs here and, although the 
preservation does not permit an absolute statement, 
there appears to be a change in vertebral morphology 
here as well. Although badly crushed and fractured, 
the eleventh presacral is much shorter (9.9 mm) than 
the tenth (10.9 mm). Also, the eleventh presacral 
seems to be the first in the series that lades pleurocoels, 
although the crushed state of the centrum does not 
allow an unqualified statement on this. Most of the 
succeeding presacrals clearly are without pleurocoels. 
Finally, the rib (impression) adjacent to the eleventh 
presacral is more robust, although not much longer, 
than the preceeding cervical ribs and bears a well- 
defined, long-shafted capitular process like those of 
the succeeding thoracic ribs. On these criteria, there 
are 13 dorsal vertebrae, the last two of which are 
indicated only by impressions.

The second dorsal vertebra has a length of 9.4 mm, 
slightly shorter than the first, perhaps the result of 
distortion, whereas the rest have lengths very close to 
10 mm. The centra appear to have been elongated, 
slightly narrow-waisted, spool-shaped structures. 
They are either amphiplatyan or slightly platycoelous. 
Because of the crushed state of many vertebrae, and 
the superimposed dorsal ribs, no sign of parapophyses 
or facets for the capituli are discernible. Even more 
surprising, in view of the widely separated capitulum 
and tuberculum of the dorsal ribs, is the apparent ab
sence of prominent transverse processes.

The neural arches are all long and low, with stout 
zygapophyses. The neural spines also are low, rising 
less than 3 mm above the arches, but long — ranging 
from 7 to 9 mm in longitudinal dimension. These 
spines are situated at the rear of each segment, and in 
most instances overhang the anterior part of the suc
ceeding vertebra. Anterior neural spines are nearly 
rectangular in shape, but posteriorly they become 
somewhat fan-shaped. All the dorsal spines have 
slightly thickened anterior margins (suggestive of well- 
developed interspinous ligaments), as well as lateral 
surfaces with distinctly sculptured texture. The latter 
may reflect muscular attachment, presumably slips of 
the M. lattisimus dorsi.

The zygapophyses are short, but stout and situated 
well above the centra. The postzygapophyses are 
positioned directly below the posterior margin of the 
neural spine, whereas the prezygapophyses project far 
forward of the neural spine. Because all zygapophy
ses are poorly preserved but still in close articulation, 
it is not possible to determine the attitude of the arti
cular facets. Most probably, though, they were 
slightly inclined toward the mid-line.

A curious and inexplicable problem exists concer
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ning Huene’s (1925 & 1926) tally of the dorsal 
vertebrae. After concluding that there were ten cer
vical vertebrae, he then noted that these are followed 
by 12 dorsal vertebrae in front of the ilium and the 
neural process of the 13th is still to be seen above the 
anterior tip of the ilium. He then stated that five 
sacral vertebrae must follow this last. In other words, 
according to von Huene, the “neural process above 
the tip of the ilium” is the 23rd presacral segment, 
including an undetected atlas. According to my 
count, that same neural spine is the 2 2 n d  presacral 
vertebra. I count the impression behind that “neural 
spine above the tip of the ilium” as the 13th dorsal, 
largely on the grounds that it (like its predecessor) is 
missing, and not preserved co-ossified with the sacrals 
behind. This last segment, von Huene obviously 
counted as one of his “five” sacrals, but that in no 
way explains how he counted 23 segments in front of 
this segment.

The relatively long and slender centra of the dorsal 
vertebrae, and the fan-shaped neural spines are unique 
among theropods, although a variety of “coeluro- 
saurs” (i. e., Coelopbysis, Aristosuchus, Coelurus, and 
to a lesser extent, ornithomimids) have moderately 
elongated dorsal vertebrae.

S a c r a l  v e r t e b r a e :  The sacrum, unfortu
nately, is entirely obscured by solution, overlying por
tions of the ilium and femur, and growth of secondary 
calcite crystals. Consequently, nothing can be said 
about the morphology of the sacrum, or the sacral 
number with absolute certainty. However, using the 
lengths of the last dorsal, of about 12 mm (for the 
thirteenth dorsal by my count) and the first complete 
caudal preserved (the second caudal by my interpreta
tion) of 11 mm, as indices, the sacrum probably con
sisted of only four segments, rather than five as von 
Huene (1908, 1925, 1926, 1932) and subsequent 
authors have cited. Unless the sacral segments of 
Compsognathus were much shorter than adjacent ver
tebrae in front and behind, the space available 
(41 mm) in this specimen simply is too short to have 
contained five sacral vertebrae. Yet, I cannot prove 
that the sacral number was four rather than five. Two 
vertebrae are missing (although preserved poorly as 
impressions) at the dorsal — sacral “junction”, as 
was noted above. Their absence suggests that they 
were not co-ossified with the segments behind, and 
therefore are best considered as the 12th and 13th 
dorsals. Two co-ossified centra are partly visible 
behind the acetabulum. These are interpreted here as 
the 3rd and 4th sacrals (on the dimensional grounds 
listed above). The next vertebra behind is displaced, 
turned almost 90 degrees to the sacral and caudal 
series, and thus clearly not co-ossified with the sa
crum. I assume this to be the first of the caudal verte
brae.
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C a u d a l  v e r t e b r a e :  The caudal series is rep
resented by 16 segments, the last seven of which are 
only impressions. The centra of the proximal caudals 
are strikingly similar to the dorsal centra; long, slen
der, slightly narrow-waisted, spool-shaped elements. 
There are no pleurocoels, and no transverse processes 
— not even on the most anterior segments. This last 
feature, is a most unusual condition, and raises questions 
about the organization of the tail musculature and the 
function of the tail. It is not certain, but the preser
ved centra all appear to be amphiplatyan. The centra 
become progressively longer distally, with the last pre
served vertebra (the tenth), the longest. This suggests 
a very long tail.

All neural arches have been destroyed by a large 
fracture which follows the course of the caudal series. 
The neural spines on the first few caudals are taller 
and narrower (shorter in the anterior-posterior 
dimension) than those of the dorsal vertebrae, but still 
are fan-shaped and erect. At the seventh caudal, the 
neural spine is inclined slightly backward, and suc
ceeding spines slope progressively further backward 
and are successively shorter until at the tenth caudal 
only a low nubbin remains.

C h e v r o n s  : Chevrons are present throughout 
the preserved portion of the caudal series. The first 
is preserved in place between the second and third 
caudals. All are similar in form and size, with very 
little apparent progressive diminution distally. They 
are slender, parallel-edged and slightly curved bones 
that taper only very slightly toward their extremities. 
The fact that the most distal chevron preserved (the 
tenth) is not much shorter than the first, suggests that 
the tail was unusually long and that the preserved part 
represents only a small fraction — perhaps less than 
a third — of the original tail length. This is sup
ported by the relative sizes and lengths of the last 
preserved caudals and the proximal elements. On the 
other hand, the complete absence of transverse pro
cesses on the caudals could be interpreted as evidence 
of a relatively short tail, but I consider that unlikely.
Dorsal Ribs.

C e r v i c a l  r i b s :  A total of 14 cervical ribs can 
be identified about the slab. Four of these clearly are 
paired and situated adjacent to the ventral surfaces of 
the fifth and sixth cervical vertebrae, presumably 
close to their natural positions. These seem best inter
preted as the ribs of the fourth and fifth cervicals, in 
view of the fact that there are no ribs closely associa
ted with the next five vertebrae and there are ten 
similar ribs scattered about in the area of the neck (see 
Fig. 1). From this scattered occurrence, it is obvious 
that the cervical ribs were free. All cervical ribs 
feature broad, triangular proximal portions with 
widely separated capitular and tubercular heads.
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Posteriorly, they taper abruptly into long (up to 
30 mm or more), hair-like filaments (diameter, 
0.2 mm or less). The anterior-most ribs are less deli
cate and are straight, whereas those that are scattered 
about (and have been attributed to the posterior cer
vical segments) are very delicate and distinctly cur
ved. Presumably, this curvature reflects a degree of 
“permanent” natural curvature of that part of the 
neck.

T h o r a c i c  r i b s :  One or both members of 
eleven pairs of thoracic ribs are discernible, either as 
fragments of bone, or as impressions. In most instan
ces, only the proximal third or half is present, the 
distal portions having been broken away or obscured 
by crystal masses in the lower regions of the body 
cavity. A few fragments of distal portions (fourth 
and fifth ribs of the left side) indicate the approximate 
complete length of some. All were double headed, 
with the tuberculum and capitulum widely separated, 
the latter at the end of a long narrow process. The 
rib shafts are slightly curved, tapering abruptly proxi
mally to a nearly uniform thickness over half or two 
thirds of rib length. The distal third tapers very 
slightly. The shafts appear to have been oval in cross 
section and perhaps hollow, since nearly all preserved 
ribs have collapsed due to compaction into a figure 8 
cross section.
Gastralia.

A number of small rod-like bones adjacent to the 
humerus represent part of the gastralia cuirasse, and 
marks the position of the ventral surface of the body. 
Additional displaced gastralia are scattered close to 
the knee. These last suggest that the ventral body 
wall ruptured, perhaps due to decomposition gases 
built up within the body cavity. Further evidence of 
that is the isolated tiny lower jaw preserved together 
with these displaced gastralia elements, that presuma
bly belongs to the small skeleton within the body 
cavity of Compsognathus. None of these elements 
are complete, so original shapes and lengths are inde
terminate. Some of them are more than 15 mm long, 
most are cylindrical or slightly compressed and nearly 
all are curved, either uniformly or variably. Most 
elements seem not to have been symmetrical, sug
gesting that most were lateral (but not necessarily 
paired) components of a two (or three) rowed struc
ture, perhaps similar to the arrangement illustrated by 
Lambe (1917) and Gilmore (1920). A few fragments 
look as though they might have been symmetrical, and 
thus components of a median row of gastralia. The 
ventral body wall region has been disturbed by solu
tion and crystal growth, so it is not possible to recon
struct accurately the original arrangement or dimen
sions of the gastralia cuirasse. It is presumed to have 
extended from near the sternal region close to the 
pectoral girdle back close to the distal extremity of
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the pubis, but there seem to be far too few elements 
preserved here to form such a long structure. The 
gastralia close to the humerus seem to be little dis
turbed, showing that this region was sheathed ventral
ly by these dermal bones. The displaced gastralia 
back close to the pubis suggest, but certainly do not 
prove, that they may have extended this far back.

A p p e n d i c u l a r  S k e l e t o n :
Pectoral Girdle and Forelimb

Both forelimbs and the pectoral girdle are incom
pletely represented by impressions and partial or com
plete elements. Despite being incomplete, most of the 
important features are discernible. In contrast to the 
hindlimb, the forelimb total length is quite short, little 
more than one third (approximately .37) the hindlimb 
length, unusually short for a “coelurosaur” . The 
forelimb is moderately robust, though.
Pectoral girdle.

As with the pelvis, portions of the pectoral girdle 
are completely missing or concealed and other parts 
are represented only by impressions. Only the upper 
portions of the scapulae and the anterior margins of 
the coracoids are preserved. Consequently, the mor
phology of the complete shoulder girdle cannot be 
reconstructed.

S c a p u l a :  The scapular blade was a very thin, 
narrow sheet of bone slightly expanded at its dorsal 
extremity. In the lower part, the blade was some
what thicker and parallel-edged. An impression of 
the lower part of the right scapula shows a distinct 
convex dorsal margin which, from its shape and loca
tion, is interpreted here as the acromion. If that is 
correct, Compsognathus possessed an unusually large 
acromion for a theropod. Presumably, this reflects 
the one time existence of relatively large deltoideus 
musculature, which would correlate with the robust 
construction of the forelimb.

C o r a c o i d :  Situated at the upper end of the 
humerus, and lying beneath it, are two very thin, 
sheet-like fragments of bone. The anterior margins of 
both are alike and uniformly convex. The margin of 
the underlying right fragment appears to be con
tinuous with a curved impression margin that extends 
dorsally and meets the anterior extremity of the 
acromion mentioned above. This junction presumably 
marks the position of the coracoid — scapula suture, 
as in most theropods. Unfortunately, nothing can be 
determined about the posterior or lateral portions of 
the coracoid, but what is preserved indicates a rela
tively large semi-circular anterior portion. The 
glenoid is completely unknown.
Forelimb.

H u m e r u s :  Only the left humerus is present, the 
right being represented only by an incomplete impres
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sion. Unfortunately, the proximal 10 to 20 per cent 
of the humerus is missing, so no information is availa
ble about the nature of the proximal articulation, the 
deltopectoral crest, or humeral length. I estimate the 
original length to have been 38 to 40 mm, but it 
might have been as great as 45 mm. Von Huene 
(1932) estimated a maximum length of 52 mm, but 
that seems excessive. In non-tyrannosaurid thero
pods, the radius ranges from two thirds to three 
fourths of humeral length. On the basis of the radius 
length in Compsognathus (24.7 mm), the humerus 
should have been between 32.8 and 36.9 mm long. 
I suspect it may have been slightly longer. The shaft 
was hollow (it is now crushed almost flat), straight 
and probably nearly cylindrical. No details per
taining to the distal condyles, which face down into 
the matrix, can be determined, but the preserved con
formation of the crushed posterior surface suggests 
that the radial condyle (as usual) was larger than the 
ulnar condyle. Contrary to von Huene’s (1925) 
remark that the processus lateralis extends two thirds 
of the length of the humerus4), the deltopectoral crest 
seems to have been quite short. Its preserved length is 
less than 8 mm (out of a preserved humeral length of 
33 mm). This is relatively short compared with other 
theropods where the deltopectoral crest usually 
approximates one third of humeral length (much less 
in ornithomimids), but in no instance that I am aware 
of, does it reach two thirds. However, in the absence 
of the proximal end of the humerus, it is quite possible 
that the deltopectoral crest of Compsognathus was of 
normal proportions.

R a d i u s  a n d  U l n a :  The radius and ulna are 
straight, slender bones with slightly expanded proxi
mal and distal extremities — especially the proximal 
end of the ulna which bears a prominent olecranon. 
Both bones were hollow and seem to have been nearly 
circular in cross section. No details of the articula
tions can be seen. As shown in the table of dimen
sions, the radius is significantly shorter than the ulna, 
underscoring the prominence of the olecranon. In 
fact, relatively speaking, I am not aware of such an 
elongate olecranon in any other theropod. This must 
have provided unusual leverage for the M. triceps 
brachii for quick or powerful extension of the forearm, 
but it is not clear what adaptive significance this 
might have had.

C a r p u s  : Curiously, the left manus is preserved 
separated from the radius and ulna by a gap of more 
than 6 mm, within which there is no evidence of any 
carpals. At first glance, this gap might be interpreted

4) Von Huene’s statement is here attributed to the possibi
lity that he misinterpreted the anterior portion of the right 
coracoid (see Fig. 1) as the left deltopectoral crest, but this 
thin sheet of bone is clearly separate from the humeral 
shaft, which in fact, overlies it.
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TABLE 1
Measurements (in mm) of Compsognathus longipes.

Skull length 70—75 est.
Skull width 20 est.
Skull height 30 est.
Orbit length 19 est.
Orbit height 15 est.
Antorbital fenestra 11.8

Left Right
Dentary length 42.9
Surangular length 29.9 + 29.8 +
Scapula length 38 est.
Humerus length 38—40 est.
Radius length 24.7
Ulna length 28.5
Mtc. I length 17.6
Mtc. II length 13.95
Mtc. Ill length 13.1
Phalanx I—1 length 7.7 7.8
Phalanx I—2 length 9.6 9.7
Phalanx II—1 length 14.5 14.45
Phalanx II—2 length 10.4 10.4
Femur length 67 est
Tibia length 87.7 87.6
Fibula length 82.1
Pubis length 60 est.
Ischium length 40 est.
Mtt. I length 9.7
Mtt. II length 48.8 ? 50.4
Mtt. Ill length 56.0 55.95
Mtt. IV length 51.8
Mtt. V length 16.0 15.9
Phalanx I—1 length 8.7 8.8
Phalanx I—2 length 4.5 +
Phalanx II—1 length 14.2 14.3
Phalanx II—2 length 13.7 13.65
Phalanx II—3 length 12.35
Phalanx III—1 length 17 est. 16.9
Phalanx III—2 length 13.65
Phalanx III—3 length 11.5
Phalanx III—4 length 10.2
Phalanx IV—1 length 10.5 est.
Phalanx IV—2 length 10.6
Phalanx IV—3 length 9.1
Phalanx IV—4 length 10.5 est.
Phalanx IV—5 length 7.1

V e r t e b r a l  l e n g t h s
V e r t e b r a l  N u m b e r

Cervical 1 — — Cervical 7 — 12.7
Cervical 2 — 8.7 Cervical 8 — 11.3
Cervical 3 — 9.5 Cervical 9 — 10.9
Cervical 4 — 11.0 Cervical 10 — 10.9
Cervical 5 — 12.3 Dorsal 1 — 9.9
Cervical 6 — 12.7 Dorsal 2 — 9.4
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Dorsal 3 — 9.8 est. Sacral 4 — 8.6
Dorsal 4 — 9.1 est. Caudal 1 — —
Dorsal 5 — 9.7 est. Caudal 2 — 10.9
Dorsal 6 — 9.9 Caudal 3 — 11.2
Dorsal 7 — 10.5 Caudal 4 — 11.5
Dorsal 8 — 10.2 Caudal 5 — 11.8
Dorsal 9 — 12.2 ? Caudal 6 — 12.1
Dorsal 10 — 10.75 Caudal 7 — 12.6
Dorsal 11 — 11.4 Caudal 8 — 12.9
Dorsal 12 — 11.5 est Caudal 9 — 13.2
Dorsal 13 — 12 est. Caudal 10 — 13.3

Total sacral length 41.1

as evidence of a cartilagenous state of the carpals, but 
considering the highly ossified nature of the adjacent 
elements, that seems most unlikely. The right carpal 
area is concealed. It is certain that carpals were 
present during life, but whether they are preserved 
here and can be recognized is another matter. Three 
objects are present and seem to be of proper size. 
These are: first, a roughly rectangular impression 
3.5 mm in maximum dimension is situated between 
the impressions of the left radius and ulna; second, 
there are two equal-sized and similarly shaped objects, 
one close to the prominent claw at the end of the left 
hand and the other, an impression, just to the right of 
the right hand next to the isolated long phalanx im
pression (see Fig. 1). The location of these three ob
jects in the immediate vicinity of the two disartic
ulated hands, their size and shape, and the gap at the 
left wrist, all lead me to the conclusion that they are 
the missing carpals.

Recognizing the uncertainty of negative evidence, 
nevertheless, I suggest that the carpus of Cotnpsogna- 
thus probably consisted of only two carpals because of 
the presence of only two distinct types among these 
three objects, and the absence of any other obvious 
carpal-like objects anywhere else on the slab. Such a 
wrist condition seems unlikely in view of the carpus 
construction in other theropods: four carpals in Orni- 
tholestes and Coelopbysis and five in Allosaurus, Gor- 
gosaurus and O rnitbomimus. But Deinonychus ap
parently had only two separate carpals, and Veloci- 
raptor also may have had only two wrist elements. 
Not much can be said about the morphology of these 
supposed carpals in Compsognatbus, except that they 
are more or less rectangular, and apparently were 
relatively thin plates with at least one surface slightly 
concave.

M a n u s :  In his original description of Comp
sognatbus, Wagner (1861) was very careful not to 
specify the number of digits in the manus, but nearly 
everyone else who has since written about this unique 
specimen (Marsh, 1895, 1896; Zittel, 1895, 1911, 
1918; von Huene, 1932, 1956; Romer, 1956; Steel,

1970) has specified three functional digits in the hand. 
I disagree. Both hands are partly disarticulated, but 
the elements are not widely scattered over the slab. 
Close inspection reveals that only 14 elements are 
present, including four claws of two kinds. These are 
preserved either as impressions or actual bones. Fur
ther inspection shows that there are only s e v e n  
different kinds of elements represented — each of 
which is duplicated. There are no extra or unmatched 
bones. In the left hand, there are three relatively long 
bones, one quite robust, another slightly less robust, 
and a third that is very slender. On the bases of their 
location, sizes and proximal articular surfaces, these 
appear to be metacarpals. They are preserved in the 
proximal region in both hands. In addition, the left

1 I I I I 11 I 1 1 1 
I 0  mm

Figure 4: Reconstruction of the left hand of Compsogna
tbus longipes in dorsal aspect, according to my interpreta
tion of the hand elements as registered in Figure 1. As ex
plained in the text, it is highly improbable that additional 
phalanges were originally present, but then lost in the spe
cimen. The reduced formula of II (two phalanges instead 
of three) is unique, clearly separating Compsognatbus 
from all other two-fingered theropods.
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hand contains two phalanges of quite disparate 
lengths and one claw very close to the longer of the 
two phalanges. These same three elements of the 
right hand are preserved displaced and separated to 
the right of the forelimbs. Among the four claws, 
only two sizes and shapes are present, as is shown in 
Figure 1 and Plate 9:3 and 9:4.

I interpret the most robust metacarpal as the first, 
largely because of the basal expansion on one side, 
which clearly did not adjoin an adjacent metacarpal 
and therefore must have been either an external or 
internal surface of the metacarpus. This expansion is 
quite similar to the basal internal expansion of meta
carpal I in Deinonychns, Velociraptor, Ornitholestes, 
Struthiomimus and other theropods, hence I conclude 
this must be metacarpal I. The very slender element 
is interpreted as metacarpal III, and apparently was 
vestigial. That leaves the remaining element as meta
carpal II. On the basis of their relative widths proxi
mally, I believe the short phalanx to be the proximal 
phalanx of the first digit and the long phalanx to be 
the proximal phalanx of II. Because of the preserved 
relation in the left hand, I interpret the longer of the 
two claw types to belong to the second digit. Since 
there are no unmatched extra phalanges or claws, and 
it seems highly improbable that o n l y  corresponding 
elements would be missing from both hands, I con
clude that there could only have been two functional 
digits in the hand of Compsognathus, plus a remnant 
(metacarpal) of a third, non-functional digit.

Von Huene (1926) interpreted the hand elements 
preserved here somewhat differently, apparently 
believing that some phalanges were missing. In the 
left hand, he interpreted the long phalanx as the pro
ximal phalanx of digit I, but in the right hand, the 
impression of the long phalanx, which has exactly the 
same length and shaft width, he interpreted as the 
second phalanx of digit II. I consider these to be the 
same bone (II-1) from opposite hands. He also inter
preted the massive broken bone adjacent to the ulna, 
which has a claw impression a p p a r e n t l y  articu
lated with it, as 1-1, but its size and position adjacent 
to the other metacarpals indicate it is metacarpal I. 
Von Huene’s interpretation of the hand has been in
cluded in Figure 1, together with mine, because of the 
importance of evaluating his and my reconstructions 
of the hand. In my opinion, the organization of the 
hand, perhaps is the most critical evidence available 
for judging the proper systematic placement of Comp
sognathus.

I recognize that there may well be several phalanges 
missing, but this seems highly unlikely since all seven 
kinds that are preserved are matched by a mate. If 
any elements are missing, then the same bones would 
have to be missing from both hands. Thus, the digital 
formulae appear to have been 2—2—0, with digits IV

' i
\ ' \ '

Figure 5: Profile of the first and second unguals of the
hand of Compsognathus for comparison with the ungual 
form of other theropods (see Fig. 77, Ostrom, 1969b). The 
orientation is standard, with the chord of the articular 
facet arc oriented vertically. This chord has been extended 
(h =  height) to meet a perpendicular (e =  extension) from 
the ungual extremity. The ratios of height to extension (.61 
and .70) are relatively low, and the radius (r =  heavy 
dashed line) of ungual rotation has a low inclination similar 
to that of Ornitholestes and Ornithomimus. The arrows 
indicate the projected traces of the inner cutting edges of 
each ungual compared with the tangents to the arcs of 
ungual rotation (see Figure 6). — The upper figure shows 
the bony ungual of the second digit with the outline 
(dashed line) of the horny sheath (see also Plate 9:5).

and V completely lost. The position and very slender 
construction of the bone that I interpret as metacarpal 
III, seems to eliminate the possibility of a functional 
third digit. (It is also possible that this slender me
tacarpal is the first, rather than the third, but this 
would be contrary to patterns in all other theropods.)

If my reconstruction is correct, the hand of Comp
sognathus is unique among theropods, although it is 
somewhat similar to that of Albertosaurus (Gorgosau- 
rus), Tyrannosaurus and Tarbosaurus. But unlike 
these larger theropods with two fingered hands, a 
complete third metacarpal is present, the second digit 
is shortened, and the forelimb is not so extremely
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Figure 6: Mechanics of the ungual and penultimate
phalanx of the second digit of the manus in Compsogna- thus, showing the angular relationship of the “cutting 
edge” of the bony ungual to the arc of ungual rotation. 
This angle is a very large 58 degrees, which compares with 
the 60 degree angle of the third ungual of Ornitbolestes. 
(The “cutting edge” of the horny claw would be much 
smaller, and thus more efficient, as can be judged from the 
upper figure of Figure 5, but since the horny claw is so 
rarely preserved, I apply this technique to the bony ungual 
for comparsion with other theropods.) The large “cutting 
angle” in Compsognatbus suggests that the hand claws 
were less suited for cutting or piercing than were those of 
Deinonychus, or even Allosaurus (see Fig. 78, Ostrom, 1969b).

shortened in Compsognatbus. In another respect, the 
hand of Compsognatbus resembles that of ornithomi- 
mids (and Deinocheirus), with its three similar 
lengthed metacarpals. In all other theropods, the first 
metacarpal is much shorter than the second.

Another interesting aspect of the hand is the design 
of the terminal phalanges. The claw of the second 
left finger is particularly well preserved (see Plate 
9:5), including parts of the horny sheath that covered 
the bony ungual. The latter was about 50 per cent 
longer than the supporting ungual. In my Deinony- 
cbits study (Ostrom, 1969 b), I utilized a number of 
parameters by which claw shapes could be compared 
and described. Applying these parameters to the 
bony unguals of Compsognatbus, reveals that they are 
not strongly curved as compared with some other 
theropod manual unguals. They have only a moder
ately high ratio of height to extension and a short 
height relative to the radius. This suggests to me that 
the manual claws were not purely raptorial or grasp
ing, and certainly not piercing or cutting structures. 
This interpretation seems to be substantiated by tbe 
angular relationship between the ventral “cutting” 
edge of the ungual tip and a tangent to the arc 
through which the ungual tip passed during flexion

against the proximal phalanx (Fig. 6). This angle is 
a large 58 degrees. In all these parameters, the bony 
claws of Compsognatbus most closely resemble that of 
digit III of Ornitbolestes hermanni (A. M. N. H. 587). 
Compare these features of Compsognatbus (Fig. 5 and 
6) with those of Figures 77 and 78 in Ostrom, 1969 b.

A p p e n d i c u l a r  S k e l e t o n :
Pelvis and Hindlimb

Although neither one is completely preserved, the 
hindlimbs are one of the most distinctive features of 
Compsognatbus, being very robust and surprisingly 
long. With a total length of more than 27 cm, the 
hindlimb is much more than twice the length of the 
forelimb, and is at least 10 per cent longer than the 
presacral vertebral length. Compsognatbus was a 
very long-legged creature. The pelvis is less complete, 
but what is preserved is of typical theropod organiza
tion.
Pelvis.

The pelvis has suffered extensive post-preservational 
damage, particularly to the ilia. All elements were 
originally present in natural articulation, but now 
most of the left ilium is missing and only the impres
sion of the upper border of the right ilium remains, 
the shaft of the left pubis is broken away and only the 
ischia are still nearly intact. The pelvis was of normal 
theropod design with the ischia projecting down and 
to the rear and the pubes extending antero-ventrally.

In past years, no special attention to pubic — ischia
dic orientations would have been considered necessary 
in describing a theropod pelvis. But several recent 
discoveries have changed all that. The Harvard spe
cimen of Deinonychus (Ostrom, 1976 a) clearly shows 
that in that taxon (at least), the pubes projected 
downward and slightly — or perhaps sharply — back
ward, perhaps even parallel to the ischium. Barsbold 
(pers. com.) has reported that in Velociraptor the 
pubes project backward parallel and immediately 
adjacent to the ischia. A similar, bird-like pubic 
arrangement also appears to have been present in 
Oviraptor (Barsbold, pers. com.). No such ornithic 
pelvic traits are evident in the Compsognatbus re
mains.

I l i u m :  From the fragmentary evidence pertain
ing to the ilia, these bones appear to have been quite 
long (between 5 and 6 cm)., shallow in height, and 
positioned quite close to the mid-line. The impression 
of the upper border of the right ilium gives the best 
evidence of length and shape. It shows a nearly 
straight, but gently convex upward profile, the highest 
point of which occurs above the level of the sacral 
neural spines. The original length of the ilium is in
determinate, but the anterior process appears to have 
been slightly longer than the posterior iliac process. 
The original shapes of these processes are unknown.
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P u b i s :  The pubes have been slightly displaced 
from each other, with the left pubic shaft represented 
only by an incomplete impression, and the right shaft 
by several massive fragments. The incomplete proxi
mal portion (of the left pubis) is massive in its con
struction, presumably for robust articulation with the 
ilium. Distally, the pubes narrow abruptly into 
slender, oval-in-section shafts, which join each other 
just above mid-length in a very narrow symphysis. 
The fused, distal extremities, are expanded longitudin
ally into the typical foot-like structure of all ther- 
opods. Due to breakage, the exact size and shape of 
this pubic “foot” is not determinate, but the preserved 
portion of the anterior part suggests that there was 
very little (if any) projection of this expansion anteri
or to the pubic shaft, as there is in most theropods (see 
Struthiomimus, Deinonychus, Tyrannosaurus, Allo- 
sanrus, for example).

I s c h i u m :  The two ischia are preserved together, 
one overlying the other. They are the best preserved 
elements of the pelvis. Compared with the long 
pubes, the ischia are surprisingly short — reminiscent 
of the condition in Deinonychus (Ostrom, 1976 a), 
although not so extreme. The proximal region is 
expanded dorsally and anteriorly for union with the 
ilium and pubis. Below this, the body of the ischium 
narrows markedly, with the anterior and upper mar
gins distinctly concave. The anterior margin then 
expands forward into a delicate, sharply pointed 
obturator process, which is much more delicate and 
sharply tapered than in any other presently known 
theropod. From this process, the ischium tapers 
sharply backward into a narrow cylinder with a slight 
distal expansion. Because they are slightly displaced 
(as preserved), the underlying right ischium clearly 
reveals the symphysial suture surface extending over 
the ventral ischial length from the obturator process to 
the posterior extremity. The overall shape of the 
ischium — plate-like proximally and rod-like distally 
— most closely resembles that of Tyrannosaurus, 
differing only in the longer taper of the obturator pro
cess, the slighter distal expansion, and of course, in 
size.
Hindlimb.

F e m u r :  Neither femur is complete, so few anato
mical features can be reported. Fragments of the pro
ximal end of the left femur (and the dorsal rim of the 
acetabulum) mark the upper extremity and the im
pression of the proximal end of the left tibia permit a 
reasonable length estimate (75 mm) for the femur. 
This estimate is corroborated by the preserved location 
of the distal end of the right femur, approximately 
70 mm distant from the acetabulum. The clear im
pression of the left femur shows a rather thick, cylin
drical shaft with slight antero-posterior curvature. 
No clear imprint or other evidence of a fourth
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trochanter is discernible in this impression. The splin
tered and incomplete shaft of the right femur shows 
that the femora were hollow, and nearly circular in 
section. The most distinctive aspect of the femur, 
though, is its surprisingly stout or robust proportions.

T i b i a :  The tibia is slightly less robust, but much 
longer than the femur. It too is hollow and circular in 
section (as evidenced by the shaft impressions). The 
proximal ends of both are missing or incomplete, so 
the nature of the articular surfaces and the cnemial 
crest cannot be determined. But the distal end of the 
left tibia, and a good impression of that of the right, 
show some of the details of the tibia-tarsal con
struction. In contrast to the femur, the tibia is 
straight-shafted.

F i b u l a :  The right fibula has separated com
pletely from the tibia, showing that these elements 
were not fused at any point along their lengths. The 
fibula is an extremely slender long bone with a 
strongly concave medial shaft surface for close appo
sition against the tibia, and an equally convex external 
surface. The left tibia shaft shows a very narrow, 
faintly flattened strip along its antero-external surface, 
marking the area of fibular contact. Proximally, the 
fibula flares into a very broad (antero-posteriorly) 
head for articulation against the femur, while distally 
it is only slightly enlarged into a short rounded articu
lar surface for union with the calcaneum. The most 
distinctive thing about the fibula, is its extremely 
slender shaft, which is in sharp contrast to the robust 
shaft of the tibia.

T a r s u s :  The tarsus clearly was of mesotarsal 
design, but unfortunately the exact details are no 
longer determinable. The distal extremity of the left 
tibia is present, more or less intact, showing its exter
nal aspect, including the extremity of the fibula next 
to it and a “proximal tarsal” in natural articulation 
closely appressed against the end of the tibia. The 
surprising feature of this left tarsus is the large ante
rior-posterior dimension of the “proximal tarsal”, 
which is almost twice as broad as the fibular extremity. 
The impression in the matrix of the external surface of 
of the right tibia extremity seems to show the same 
condition — a very large (antero-posteriorly) “proxi
mal tarsal” with a strongly rounded distal profile. 
The only difference here is that the right fibula is dis
placed, thereby revealing an underlying “ledge and 
shelf” articulation of this tarsal with the distal surface 
of the tibia (see Fig. 1). Unfortunately the anterior 
surface of the right tibia is poorly exposed, but what 
can be seen does n o t  show an ascending process of 
the astragalus — this large “proximal tarsal” .

Wagner (1861) made no mention of the tarsus, 
except to say that it was short, and Marsh (1895, 
1896) gave no detailed description or illustration, but 
Baur (1882) described and figured a fragment of the
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distal end of the right tibia which he removed from 
the specimen. Most unfortunately, this fragment, 
apparently with tarsal elements attached, no longer 
exists. Thus we are forced to rely on Baur’s interpre
tations and illustrations, with no means of checking 
them. Furthermore, these illustrations (1882: Figs. 42 
and 43) and descriptions are not as clear as we might 
like. For example, the lateral surface of Baur’s frag
ment does not correspond with the impression left in 
the matrix, nor does it match the exposed lateral 
(equivalent) surface of the left tibia and tarsus, which 
are still present. The large, rounded “proximal tarsal” 
is not present in Baur’s illustration, nor does he show 
any scar or articular facet for this element — which is 
most conspicuous on the left side. But perhaps the 
most important detail of Baur’s paper is his interpre
tation of a narrow ridge-like feature that extends 
along his "anterior” surface of this now-lost tibial 
fragment. He identified this as the “Tibiale-aufstei- 
gende Fortsatz” — the ascending process of the 
astragalus. I would accept this interpretation except 
for the fact, noted above, that Baur’s figures do not 
match the preserved parts of the left leg, or the im
pression of the right — from which the missing frag
ment purportedly was removed.

Only two options are open to us. We either accept 
Baur’s interpretations on faith, for they cannot be 
verified now, or we conclude that the construction of 
the tarsus in Compsognathus cannot be established in 
this specimen. It must be noted, however, that Baur’s 
reconstruction of the astragalus is consistent with those 
known in other theropods.

But a nagging question remains: What is the large 
proximal tarsal? Is it the calcaneum, which it appears 
to be? If so, it is unusually large. Moreover, its rela
tionship to the tibia is unusual for a theropod in that it 
clearly articulates with the distal surface of the tibia 
and not just its lateral surface, as in most theropods. 
This is quite evident in the impression of the left 
tarsus. But, on the other hand, it also clearly articu
lated with the fibula. If Baur (and Marsh) was cor
rect in his interpretation, then it probably is the cal
caneum. But at this point, I am not sure whether it is 
the calcaneum, the astragalus, or the lateral part of a 
fused astragalo-calcaneum. One thing is certain, 
though: the mesotarsal condyle of this proximal tarsal 
extends far in front of the anterior surface of the 
tibial shaft, much more than in any other theropod 
known to me. This would seem to indicate an unusu
ally high degree of extension was possible at the ankle.

Baur (1882) detected three distal tarsals, which he 
labeled tarsals 2, 3 and 4—5. The latter is clearly 
recognizable as a flat disc closely articulated with the 
proximal end of the left metatarsal IV (see PI. 10:1). 
It does not appear to have been co-ossified with the 
metatarsal, but it may have been. The other two
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tarsals identified by Baur, are preserved as impressions 
and are not so unequivocal. As noted by Baur, the 
impression of the right metatarsus seems to show two 
convex cap-like elements at the upper extremities of 
metatarsals II and III. But in the left metatarsus, 
these same features appear to be just the proximal 
convex extremities of the two metatarsals. No clear 
suture or physical discontinuity separates these ends 
from the metatarsal shafts, but then the tarsals and 
metatarsals might have been fully co-ossified. Molds 
made of the impressions of the right metatarsus show 
the same condition, hence, if these two features are in 
fact distal tarsals, they w e r e  completely co-ossified 
with metatarsals II and III. Since at least two distal 
tarsals, and usually three, are found in all other ade
quately known theropods, I strongly suspect that this 
last condition is the correct interpretation, but it must 
be pointed out that the present specimen does not 
permit certification.

P e s : The pes is greatly elongated, with the meta
tarsal length somewhat greater than the median toe

Figure 7: Reconstruction of the left foot of Compsogna
thus longipes in dorsal or anterior aspect. Notice the 
great length and very slender design, reminiscent of 
Archaeopteryx and later birds, and suggestive of high 
cursorial ability.
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length. The central metatarsals (II, III, and IV) are 
stout and closely appressed together. Their respective 
lengths, where determinable, are given in the table of 
dimensions. Metatarsal I consists of a stout wedge
shaped bone fixed against the posterior surface of the 
shaft of metatarsal II just below mid-length. Its 
upper end fails to reach the tarsus by more than 
20 mm, and there is no sign of a proximal portion, as 
has been found in Allosanrus (Gilmore, 1920; Madsen, 
1976). The fifth metatarsal is a slender curved splint
like bone extending some 15 mm from the tarsus down 
the postero-lateral aspect of metatarsal IV. There are 
no distal elements of digit V. All of the first four 
metatarsals have well-developed distal ginglymoid 
facets and deep collateral ligament fossae, indicative 
of strong, precise toe actions, and perhaps cursorial 
habits (Plate 10:1).

The foot digits have the normal theropod formulae 
(2-3-4-5-0) and show the usual proportions, with the 
third toe the longest and II and IV somewhat shorter 
and nearly equal in length, and the first toe extremely 
short (it does not even reach the lower end of metatar
sal II), and reverted to the back. The hallux ungual is 
preserved oriented like those of the other toes. How
ever, this seems to be an artifact, as the proximal phal
anx and the ungual obviously have been rotated about 
their long axes by more than 90 degrees, as is evi
denced by the disparate orientations of the collateral 
ligament fossae on metatarsal I and the proximal 
phalanx of the first digit. (The penultimate phalanx 
of digit III has been similarly rotated about its long 
axis by about 180 degrees, without separation from
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adjacent phalanges: see Plate 10:2.) All pedal phalan
ges are quite robust, with pronounced collateral liga
ment fossae and strongly ginglymoid distal articula
tions. Where observable, the proximal phalanx always 
is the longest element in each toe. The unguals are ob
viously straighter than those of the manus, and broader, 
with a more triangular cross-section and less pronoun
ced flexor tubercles. The ungual of digit I is very short 
and stubby, suggesting an almost vestigial state.
Mystery Bone.

There are a number of bone fragments, especially in 
the area around the skull, that I have not been able to 
identify with certainty. Most of these are too frag
mentary, or contain no diagnostic features. One bone, 
however, appears to be complete, and does have dis
tinctive features. Yet, I have not been able to iden
tify it. This mystery bone (Plate 10:4) lies quite iso
lated, well above the skull and close to two cervical 
ribs. It is roughly quadrangular in shape, with a 
rounded articular process at one end. At first glance, 
it resembles the proximal end of a dicocephalous rib, 
with the articular process the capitulum and the 
adjacent “shoulder” the tuberculum. However, the 
other end, which is only 4.5 mm distant, is not a 
broken end, but rather is a distinct articular surface. 
The total length of this object is 5.85 mm, and its 
maximum and minimum widths are 3.8 and 2.4 mm, 
and it is complete. Its form does not match any bone 
that I am familiar with, and I have no suggestions 
other than that it may be a cranial element — perhaps 
the ectopterygoid.

SUPPOSED S K I N - A R M O R  OF COMPSOGNATHUS
Von Huene (1901) made much of a series of surface 

irregularities, which he described as polygons, in the 
prominent depressions along the ventral regions of the 
trunk and abdomen. In the circular depression be
tween the scapula and the left humerus, he claimed 
that 15 “polygons” could be seen, most of which 
were six-sided. In the oval depression just behind 
this, he saw impressions of 10 more similar but larger 
polygons arranged in rows. Because of their shape, 
and what he termed their regularity of arrangement, 
he concluded that these surface impressions were 
evidence of horny skin armor in Compsognathus. 
Von Huene acknowledged that no such plates are 
preserved along the back, where we would most 
expect skin armor, but he did claim that the neural 
spines of the trunk and tail are elongated lengthwise 
and strongly thickened transversely in their upper 
edges, forming a row of broadened platform-supports 
for the (missing) dorsal scutes. In support of this 
inaccurate description (the dorsal neural spines are

n o t  thickened distally) and supposed dorsal armor 
plates, Huene alluded to the dozen or so irregularly 
shaped bony ossicles found associated with some of the 
caudal neural spines in Ceratosaurus (U. S. N. M. 
4735), reported by Gilmore (1920), as evidence of 
dermal armor in theropods. Nopcsa (1903) rejected 
both of these interpretations of Huene’s, but inter
preted other features as evidence of skin and muscle 
impressions.

I have examined the areas on the Compsognathus 
slab specified by von Huene under high magnification 
and various lighting conditions and have concluded 
that his evidence is very doubtful. As I have attemp
ted to show in Plate 11:1, the surface configuration in 
these areas is unusual and different from that of other 
areas on the slab. But I do not see any consistent 
regularity of form or arrangement in any of the sites 
mentioned by von Huene. It is evident, though, that 
the regions concerned with von Huene’s “polygons”
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have been subjected to a very different history of solu
tion and precipitation than other regions of the speci
men. First of all, there are the peculiar depressions 
along the ventral part of the body of Compsognathus, 
with their irregular “hummocky” surfaces that appear 
to have been etched into the matrix. This is in sharp 
contrast to the usual, very smooth, planar, and some
times almost glassy surfaces characteristic of other 
parts of the slab. Secondly, throughout these “etched 
depressions”, there are irregular masses of very fine 
druzy crystals, mostly of calcite, but also (surpris
ingly) some of quartz. In some places it can be seen 
that these masses of druzy crystals coincide with the 
borders of the so-called “polygons”, suggesting that 
these polygonal patterns reflect some aspect of crystal 
growth rather than impressions of skin armor. The 
general appearance of the ventral part of the body 
region and the area anterior to the sacrum, is that of a 
series solution cavities — vugs — dissolved into this 
slab along the bedding plane containing the skeleton 
of Compsognathus. This solution must have occurred 
long before the slab was excavated. Following 
formation of these solution cavities, masses of druzy 
calcite and occasional quartz crystals formed along 
the walls of these vugs, as they did within the hollow 
limb bones. In short, the hummocky “polygon” 
surfaces are the result of differential solution.

Further evidence in support of this explanation is 
the fact that the Compsognathus slab is traversed by a 
number of fractures. One prominent fracture extends 
the length of the trunk and abdomen of Compsogna
thus (see Plate 7), directly through the series of 
“etched” depressions or solution cavities, then follows 
along the trace of the tibia and across the left foot. 
A second fracture branches off this first one in the 
abdominal region and extends up through the “solu
tion” cavity at the anterior part of the sacrum and 
then follows along the course of the caudal vertebrae. 
Throughout almost the entire courses of these fractu
res, the fracture edges are rounded — clear evidence 
of solution. This is especially evident in the trunk and 
abdominal regions and along much of the caudal 
series. Several other fractures present on the slab are 
characterized by sharp edges, and apparently are of 
more recent origin, not having been subjected to solu
tion.

I suggest that prior to its excavation, the Comp
sognathus slab was situated quite close to the surface 
where it was subjected to solution by periodic ground 
water percolations through these fractures. Solution 
and subsequent crystalization resulted along parts of 
these fracture traces, resulting in crystal-lined vug-like 
cavities on this slab, and thus von Huene’s “skin 
armor” is nothing more than the etched walls of these 
solution cavities. That these “polygon’Mined cavities 
are secondary in origin (contrary to von Huene’s
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interpretation) is clearly established by the unexpected 
presence of tiny, well-formed quartz crystals scattered 
about on these vug walls. Hiickel (1974) reported the 
quartz content of the Solnhofen limestones varies up 
to a maximum of 0.4%  of total matrix, the quartz 
occurring in the form of sponge spicules, tiny well- 
rounded grains and rare perfect crystals. Barthel 
(1976) found the rounded quartz grains (usually less 
than 10 microns) to be widespread in the Solnhofen 
deposits and concluded that they were eolian in 
origin. The unabraded crystals, however, must be 
autogenic, and most probably post-diagenic crystal
lization derived from sources external to the Solnho
fen matrix and introduced via bedding planes and 
fractures, such as described above (see Plate 10:6).

Nopcsa (1903) dismissed von Huene’s “skin-armor” 
for much the same reasons, but maintained that skin 
impressions and traces of muscle fibers were preserved 
in several areas around the skeleton of Compso
gnathus. His “skin impressions” are curious, finely 
granular textured areas, and his “muscle fibers” occur 
as faint traces of “parallel irregular fibers” at several 
locations (but not every where he mentioned). 
Nopcsa illustrated both of these features in a drawing 
of Compsognathus (1903, Plate XVIII).

The granular texture is very evident throughout 
most of the rib cage (except within the polygon-lined 
depressions discussed earlier), between the femora, 
around the skull and especially close to the left 
humerus (see Plate 11:3). The contrast between this 
granular-textured surface and the more normal sur
face texture typical of other areas on the slab, is 
shown in Plate 11:4. Nopcsa may have been correct 
in his interpretation of this feature, but I have serious 
doubts. First of all, this granular texture occurs over 
much of the orbit! — as well as within the open jaws, 
areas that I would hardly expect to find scaly integu
ment. Moreover, this same texture is present, perhaps 
less distinctly, surrounding all scattered and isolated 
bones and is not confined to the general region of the 
body. For example, it is quite clear in the areas 
surrounding the several scattered phalanges of the 
hands, as well as around the displaced cervical ribs. 
Obviously, this is not consistent with the integument 
explanation, but suggests that the bones themselves are 
the controlling factor in the distribution of this curious 
textural pattern. I suspect that this texture is also the 
result of solution etching along the bedding plane and 
is localized around three-dimensional objects lying on 
that plane. Evidence for that is the presence of what 
appears to be the same texture surrounding some of 
the specimens of the small crinoid Saccocoma. Notice 
that this granular texture is most prominently devel
oped around the skeletal remains and Saccocoma spe
cimens that are situated closest to the fractures that 
served as solution channels. Also notice that this
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texture seems to grade imperceptibly into normal 
surface textures, rather than an abrupt transition at 
well-defined boundaries. The organic objects on this 
slab appear to have acted as centers of solution and / 
or chemical activity, resulting in this granular-tex- 
tured surface. Whatever its origin, though, the inte
gument theory of Nopcsa does not explain its occur
rence around the specimens of Saccocoma.

Concerning the “parallel and irregular fibers” seen 
by Nopcsa, I must admit that I was unable to see most 
of the examples he cited (Nopcsa listed seven specific 
areas in which these were present). The “fibers” 
between the femur and ischium, and between the 
femur and tibia, and those along the base of the tail, 
simply are not there! Nor are “fibers” evident above 
the dorsal vertebrae, near the cervicals, or distally 
along the tail. A striated or linear textural pattern
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does occur proximally at the lower edge of the ischium, 
and also between the right radius and ulna (see Pla
te 11:2). In both of these sites, the striations are pa
rallel to the adjacent bone edges. There also appears 
to be a very faint lineation along the dorsal region of 
the proximal caudals close to the tip of the right 
dentary. Nopcsa’s “fibers” may well represent im
pressions of soft tissues, including muscle fibers. Such 
occurrences are not uncommon in Solnhofen speci
mens. Most notable are the feather impressions in the 
several specimens of Archaeopteryx and wing mem
brane impressions in numerous pterosaur specimens 
(but see also Reis, 1893). However, I am inclined to 
think that these striations are merely lineated granular 
texture etched into these surfaces, with the lineations 
being due to the local influence of the adjacent parallel 
bone margins.

C O M P A R I S O N  WITH O T H E R  SPECIMENS R E F E R R E D  TO
COMPSOGNA THUS

At the present time, only two other specimens have 
been recorded in the literature as possibly referrable to 
Compsognathus. The first of these consists of three 
metatarsals and a single phalanx, now in the Hum
boldt Museum fiir Naturkunde, East Berlin. The 
second is a nearly complete skeleton, Compsognathus 
corallestris, from Portlandian limestones of southern 
France. This specimen is in the Muséum d’Histoire 
Naturelle of Nice, France.
The Humboldt Specimen.

This specimen was first reported by Dames (1884) 
and has been cited subsequently by von Huene (1925, 
1926 and 1932) as questionably referrable to Compso
gnathus. As shown in Plate 10:5, the specimen consists 
of four bones, three of which appear to be metatarsals 
and the fourth a proximal phalanx. These are pre
served on counterpart slabs. First of all, it is impor
tant to mention that it is impossible to determine from 
these remains the exact nature of the complete meta
tarsus — whether it was composed of three, four or 
five metatarsals. So it is not possible to say which me
tatarsals are preserved here (and indeed whether these 
are metatarsals rather than metacarpals). The specimen 
is preserved with the shortest bone in the middle, a con
dition not known in the metapodials of any tetrapod, 
but Dames concluded (correctly, I think) that the 
longest element had been displaced and interpreted the 
three as follows: mtt. 1 =  54 mm; mtt. II =  60 mm; 
mtt III =  68 mm. This configuration does not cor
respond with the metatarsus of C. longipes, and on the 
basis of other tetrapod metatarsal construction, im
plies that a fourth, and perhaps a fifth metatarsal are

missing. In C. longipes, metatarsal I is incompletely 
formed, and metatarsals II, III and IV have lengths 
respectively of 50.4, 56.0 and 51.8 mm.

If we assume that the three long bones of the Hum
boldt specimen are metatarsals II, III and IV, and 
that the longest element is metatarsal III (as in Comp- 
sognathus), the relative lengths do not compare closely 
with those of either C. longipes or the Nice specimen 
(both of which are close in these proportions. A com
parison of metatarsal ratios in the three specimens is as 
follows:

C. longipes Nice
specimen

Humboldt
specimen

Mtt I I I /M t t  II — 1.11 1.14 1.27
Mtt III / Mtt IV — 1.08 1.12 1.13
Mtt IV /M tt II — 1.03 1.02 1.11

Considering the fact that the Humboldt specimen is 
intermediate in size between the Nice specimen and 
C. longipes, these ratios suggest that the Humboldt 
specimen is not referrable to Compsognathus, the 
same conclusion reached by Dames. The longest bone 
is too long relative to the others. This conclusion 
seems to be reinforced by the single phalanx that 
appears to be articulated with the shortest of the three 
metatarsals (II ?). If that articulation is correct, then 
its length (20 mm) is much greater relatively than that 
of the proximal phalanx of the second toe in C. longi
pes. Consequently, my conclusion is that the Hum
boldt specimen is not assignable to Compsognathus 
longipes.
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TABLE 2

Comparative Anatomical Dimensions of Compsognathus longipes 
(Dimensions in mm.)

Type specimen Nice specimen
(C. "corallestris”) C. c. / C. 1.*

Skull length 70—75 est. 110 est. 1.42
Orbit length 19 est. 27 est. 1.52
Humerus length 38—40 est. 67 est. 1.76
Radius length 24.7 42 1.70
Ulna length 28.5 45 1.57
Scapula length 38 est.
Femur length 67 est. 110 1.49
Tibia +  astragalus 87.7 135.5 1.54
Fibula length 82.1
Mtt. 11 length 50.4 70.5 1.39
Mtt. I ll length 56.0 81.0 1.44
Mtt. IV length 51.8 72.0 1.39
Pubis length 60 est. 95 est. 1.58
Ischium length 40 est. 70 est. 1.75
Hindlimb length 264 377 1.42
Forelimb length 102 >
Hand length 39 ?
Presacral column 236 310 +  two =  342 1 4 4

Anatomical Proportions
Femur /  Tibia .76 .81
Mtt. I ll /  Tibia .64 .59
Humerus / Femur .56 .61
Humerus / Tibia .43 .50
Forelimb /  Hindlimb .38
Skull /  Presacral .30 .32
Forelimb / Presacral .43
Hindlimb /  Presacral 1.11 1.10
Skull-Orbital-Length 26 24Index
* Ratio of Compsognathus “corallestris” / Compsognathus longipes.

The Nice Specimen.
In 1972, Bidar, Demay and Thomel reported the 

discovery of a nearly complete skeleton of a small 
theropod from Portlandian lithographic limestones 
(Petit Plan) at Canjuers, some 60 km west of Nice, 
which they assigned to a new species, Compsognathus 
corallestris. This new specimen (see Plate 12) is extre
mely similar anatomically to C. longipes, but is appro
ximately 50%  larger. It also is preserved in a pose 
that is astonishingly similar to that of the Munich 
specimen, including the parallel flexed hind legs, the 
upswept tail, the 360 degree opisthotonic arc of the 
cervical series, the severed head in an upside down po
sition pointing backward, and even the presence of 
stomach contents within the rib cage. So remarkably 
similar are the positions of the two skeletons, one 
cannot help wondering if this represents some obscure 
clue about the living habits of these specimens.

1 was fortunate to be able to examine the Nice spe
cimen in some detail in 1973, thanks to the kindness of 
Dr. Demay. It is not my intention here to give a full 
analysis of this specimen, the original authors have 
provided that. However, I think it is necessary to 
examine the criteria they adopted in establishing a 
new species.

In their diagnosis of C. corallestris, the authors 
emphasized the larger size of this specimen and cited 
varying size differences between corresponding ele
ments as rationale for the establishment of a new spe
cies. Another key factor was their interpretation of 
the forelimb as a flipper-like appendage. In Table 2, 
I have listed a number of dimensions that are available 
from both specimens, together with some estimated 
dimensions, and calculated the ratios of C. longipes to 
C. corallestris. The dimensions given are mine, and in 
a few instances they differ from those given by Bidar,
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Demay and Thomel. All measurements given in this 
report were made by me (unless otherwise indicated), 
with a Helios dial caliper with scale divisions to 
0.05 mm. The data in Table 2 show that the various 
skeletal elements of C. corallestris range from about 
40%  to 75°/o larger than the corresponding element of 
C. longipes. Apparently, it was this varying differen
ce that led the authors to conclude that the Nice spe
cimen was distinct from C. longipes (together with the 
flipper forelimb). But these varying differences might 
simply reflect differing allometric growth of different 
parts of the skeleton, and thus are not reliable criteria 
for establishing a new taxon — especially since there 
are only two specimens available for comparison.

Unfortunately, their interpretation of the forelimb 
as a flipper-like structure is also highly questionable. 
The forelimb of the Nice specimen is very poorly 
preserved. In fact, it is so poorly preserved that it is 
extremely difficult — indeed impossible — to decipher 
the various components with absolute certainty. Most 
of the forelimb elements are represented by impres
sions only, many of which are indistinct, and their 
identities doubtful. The construction of the metatar
sus and manus are entirely unknown. Finally, their 
evidence for a flipper consists of several “wrinkle
like” linear undulations paralleling the forelimb 
along its anterior margin. These surface features 
might represent the impression of soft parts, but it 
certainly does not look that way to me. Moreover, 
similar “wrinkle-like” surface irregularities occur 
further up on the slab which continue the same exact 
trace as their “flipper imprint”. These can be seen 
extending away from the loop of cervical vertebrae, to 
the left and almost parallel to the lower jaw. This 
“wrinkle” along side the forearm, thus seems to be 
part of a much longer linear trace that extends well 
beyond the skeleton and therefore cannot be part of 
the specimen at all. I consider the flipper interpreta
tion of the forelimb by Bidar, Demay and Thomel to 
be poorly founded and highly improbable. (See Plate 
12.)

Beyond the size differences and the questionable 
flipper like forelimb, a considerable volume of anato
mical evidence raises serious question about the validi
ty of Compsognathus corallestris. In short, the two 
specimens are nearly identical, within the limits of 
imperfect preservation. In the skull, corresponding 
available elements, such as the premaxillae, maxillae, 
lacrymal, are the same. The dentarles also are alike, 
being long, very narrow and parallel-sided. The chief 
difference between the tooth-bearing elements of the 
two specimens is the greater number of teeth that are 
preserved in place in the Nice specimen, but I have 
already remarked about the numerous displaced teeth 
in the Munich specimen. Concerning the teeth, of 
particular importance is the “bent” shape of the
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anterior teeth of the premaxilla and dentary that is so 
distinctive of C. longipes. The same tooth form is 
present in the Nice specimen.

Because of the poor preservation of the forelimb in 
the Nice specimen, no comparison with C. longipes is 
possible. But the hind limbs are comparable, and the 
striking similarities are most obvious, down to the 
detailed construction of the pes and even the identical 
form of the metatarsus — including the shape of the 
vestigial fifth metatarsal. In the pelvis, the ischium is 
exactly the same in both (the authors clearly misinter
preted the lower ischial margin, placing it much too 
low), with a narrow, slightly dub-ended posterior 
extremity and an anteriorly placed, delicate, triangu
lar obturator process. The pubis, contrary to their 
statement, is not much longer relatively than it is in 
the genotype specimen. As in the Munich specimen, 
the pubis is about the same length as the femur (notice 
that the distal extremities of the pubis and femur 
coincide in both specimens). Furthermore, although 
Bidar, Demay and Thomel reconstruct a much longer 
distal pubic “foot” than I believe is warranted by 
the specimen, the overall shape is very much like that 
in C. longipes, with long narrow cylindrical shafts and 
a large distal expansion. The ilium too, was long and 
low, as in C. longipes although no further compari
sons can be made since only the upper margin is pre
served in the type specimen. Finally, there are no 
distinctions preserved in the cervical or dorsal verte
bral column that justify specific separation of these 
specimens, whereas the proximal caudals are virtually 
identical, with low neural spines and an absence of 
transverse processes. Even the chevrons are the same 
in both specimens.

On the bases of all these striking anatomical simila
rities, I see no justification for placing the Nice speci
men in a separate species, especially considering the 
very doubtful nature of the criteria cited by the 
authors as their rationale. Accordingly, I consider 
the binomial C. corallestris to be a junior synonym of 
Compsognathus longipes, and refer the Nice specimen 
to that taxon.

Casamiquela (1975), described a very fragmentary 
specimen from the Middle Jurassic Lotena Formation 
(Callovian) of Neuquen Province, Argentina, which he 
referred to the Family Compsognathidae and assigned 
to a new genus and species, Herbstosaurus pygmaeus. 
The specimen consists of impressions or fragments of a 
sacrum, the right ilium and ischium, both femora a 
phalanx, and other unidentified fragments. Unfortu
nately, it is difficult to identify with certainty the 
several elements that are illustrated in the two un
labeled photographs of Casamiquela’s report. How
ever, if the lowermost long bone on those two photo
graphs is a femur (as I believe the author interpreted it 
to be), then this specimen almost certainly can not be
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referred to any presently known theropod species 
because the “shaft” of that bone curves in the trans
verse plane of the medially directed “femoral head”, 
rather than in a para-sagittal plane as in all theropods. 
On that basis alone, I consider it highly unlikely that 
Herbstosaurus pygmaem is closely allied with Comp-
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sognathus, or with any other theropod. (I suspect 
that this specimen may actually be pterosaurian, be
cause of this unusual design of the “femur”, plus the 
long and unusually shallow form of the ilium — an 
opinion that is shared by J. F. Bonaparte [personal 
communication]).

THE SUPPOSED EMBRYO W I T H I N  COMPSOGNATHUS
The Munich specimen of Compsognatbus is remark

able in a number of features — its small size, comple
teness, quality of preservation and certain bird-like 
characters —, but perhaps the most remarkable feature 
is the tiny skeleton of a small reptile well-preserved 
within the rib cage of Compsognatbus. In some ways, 
this tiny skeleton is one of the most important features 
of this specimen, for it either demonstrates viviparity 
in theropods (as Marsh claimed), or it provides direct 
evidence of feeding habits. Marsh (1 SSI, 1883, 1895, 
1896) was the first to notice the presence of this small 
skeleton and promptly concluded that “This unique 
fossil affords the only c o n c l u s i v e  evidence that 
dinosaurs were viviparous.” (My emphasis.) A few 
years later, Nopcsa (1903) discussed these important 
“gastronomic” remains at some length and provided 
the first illustration (1903, Plate XVII). He con
cluded that this small skeleton probably was not an 
embryo on the following grounds:

1) The estimated length of 8 cm was too large for 
the body cavity of Compsognatbus which could 
not have been more than 11 cm in length.

2) The proportions of femur to tibia.
3) The proportions of humerus to lower jaw.
4) The position of the tail and hind foot.
5) The shapes of the upper and lower jaws.
6) The shape of the pelvis.
7) Single headed ribs.
8) The strongly ossified and well-formed articula

tions. Nopcsa concluded that this specimen 
probably was lacertilian. I

I arrived at the same conclusions prior to reading 
Nopcsa’s paper, for most of the same reasons, plus a 
number of others. I did not arrive at a definite identi
fication until somewhat later, but at this point it can 
be stated quite categorically that the small skeleton 
within the rib cage of Compsognatbus is p o s i t i 
v e l y  n o t  an embryo, or even a young individual of 
Compsognatbus. In addition to Nopcsa’s points 
(with the exception of #  3, which cannot be deter
mined precisely in Compsognatbus, and 4k 4, which is 
of no significance), the following features preclude 
this specimen being an embryo:

1) The large astragalo-calcaneum.
2) Long transverse processes on the proximal caud- 

als.
3) Lepidosaurian design of the distal end of the 

humerus, with pronounced entepi- and ectepicon- 
dyles.

4) The very robust fibula.
5) Only two sacral vertebrae.
6) Autotomous caudal vertebrae.
In Figure 8, I have recorded the distribution of 

these remains, together with my identifications. The 
only important differences between Nopcsa’s inter
pretations and mine, are his failure to recognize some 
elements of the left foot, fragments of the right tibia 
and fibula, the right astragalo-calcaneum, and his 
mistaking the right metatarsus for a metacarpus.

The prey object lies on its left side, with its head- 
end pointing toward the rear of Compsognatbus. That 
it actually lies within the rib cage of Compsognatbus 
is certain, as can be seen in Plate 13, which shows it 
overlying the right ribs of Compsognatbus and 
overlain by the left ribs. Included are at least nine 
dorsal vertebrae, 11 pairs of dorsal ribs, the left 
humerus, parts of the pelvis, the entire left hindlimb 
and parts of the right, plus an extremely long caudal 
series including at least 50 segments. Lying out side 
of the body cavity of Compsognatbus, is a left man
dible which also probably belongs to this specimen. 
Nopcsa also identified a triangular impression just 
above this jaw and anterior to the right femur of 
Compsognatbus, as a maxilla, but I am very doubtful 
of this identification — at least as the specimen now 
exists. The dimensions of the various elements of this 
tiny skeleton are given in Table 3.

The rib cage and dorsal vertebrae are little dis
turbed, although details of the vertebrae are difficult 
to interpret. The ribs themselves are robust, surpris
ingly so for such a small individual, but most distinc
tive is their single-headed articulation with the ver
tebrae. The sacrum consists of two, apparently co
ossified segments clearly discernible between the last 
rib-bearing vertebra and the first vertebra behind with 
elongated transverse processes. The proximal caudals
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1 -------------------------  P r e s e r v e d  b o n e  ( S m a l l  r e p t i l e )  2 ---------------------------  B o n e  i m p r e s s i o n s  ( S m o l t  r e p t i l e )

3 R e s t o r e d  o u t l i n e  ( S m o l l  r e p t i l e )

4 P r e s e r v e d  b o n e  ( C o m p s o g n o t  h u s ) 5 - B o n e  i m p r e s s i o n s  ( C o m p s o g n o t  h u s )

Figure 8: Camera lucida drawing of the small reptile skeleton inside the body cavity of Compso-
gnathus. The original drawing was made by me at a magnification of 6.6, with a Wild binocular 
microscope and camera lucida. Abbreviations: Ast.—Calc. — astragalo-calcaneum; C. 1, 6, 
etc. — caudal vertebrae; Ca. Vert. — caudal vertebrae; D. Vert. — dorsal vertebrae; Fe. — femur;
Fib. — fibula; Hu. — humerus; Hu. Im. — Imprint of the distal end of the humerus; L. — left;
Mtt. — metatarsals; Pe. — pelvis; R. — right; Ra. — radius; Sa. 1. — first sacral vertebra;
Tib. — tibia; Ul. — ulna.

TABLE 3
Comparative Measurements (in mm) of the small skeleton within Compsognatbus, 

and the type specimen of Bavarisaurus macrodactylus’1'.

“stomach” B a va r isa u rw i
contents macrodactylus*

Humerus length 14.0 15.3
Femur length 16.8—18.0 21.15
Tibia length 16.9 19.2
Fibula length 17.2 18.8
Mtt. I length 6.8—8.1 5.5 ?

Mtt. II length 9.2—10.4 9.2 ?
Mtt. Ill length 10.4—11.4 11.2
Mtt. IV length 00 1 o 11.15
Body length 47 est. 52
Tail length 190 +

extend down toward the solution cavities described 
earlier, then cross over the right tarsus. At this point, 
the series is interrupted.

My initial attempts to decipher these stomach con
tents were frustrated by the presence of several long 
rows of bony elements in the posterior regions adja

cent to the left foot. At first, these appeared to be 
rows of vertebrae, giving the impression that there 
were several small skeletons present within the body 
cavity of Compsognatbus. Then, because of their flat 
form, and what appeared to be sculptured surfaces 
and paired arrangements, I concluded that they were
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Figure 9: Camera luclda outline drawing of the restored left hindlimb of the small reptile
shown in Figure 8, preserved within the body cavity of Compsognatbus, together with my inter
pretations of the various elements.

rows of dermal scutes. The objects are very small, 
and preservation is not perfect, all of which compli
cates the matter. But now I am absolutely certain 
that these are rows of caudal vertebrae. Zygapophy- 
seal processes are detectable at several places, but they 
are rarely distinct. The most distinctive features are 
the autotomy sutures dividing each centrum into sub
equal anterior and posterior halves. These are well- 
defined throughout most of the caudal series and 
appear to have been present on all caudals, except 
perhaps the first 8 or 10 segments. The caudal series 
appears to be nearly complete, with only a few ele
ments missing in the vicinity of the tenth caudal, and 
perhaps a few others at several points. The tail is 
preserved folded back and forth on itself in four sub
parallel rows. At least 50 segments can be identified, 
with the total length exceeding 19 cm. That is 
extremely long, when compared with the hindlimb 
length (femur plus tibia equals 3.4 cm, approxi
mately).

Adjacent to the sacrum, a large L-shaped plate of 
bone represents parts of the right pelvis, with the 
proximal end of the right femur still in almost full 
articulation with the acetabulum. Details are not 
clear, but there can be no question that the L-shaped 
bone is the right ilium, with perhaps a portion of the 
pubis. Next to the pelvic bones, is a well-preserved 
distal end of a left humerus. This, together with the 
autotomous caudal structure, is perhaps the most im
portant clue to the identification of these remains. 
Very distinct here is a large radial condyle and a much 
smaller trochlea for the ulna. Also evident is a large 
and pronounced ventral supratrochlear fossa. But 
most important are the very large entepicondyle and 
somewhat less prominent ectepicondyle, which clearly 
show that this is not an archosaurian humerus (Plate 
14:4).

I 0 m m
Figure 10: Reconstruction of the left foot (in dorsal
aspect) of the small reptile, according to my identifications 
recorded in Figure 9. Although my identifications cannot 
be certified, this foot is readily distinguished from that of 
Compsognatbus in the completely formed metatarsal I, the 
relatively more massive metatarsus, the stout and curved 
metatarsal V (?), the relatively longer toes, and the unusual 
length of the proximal (?) phalanx of the fourth digit.
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The left hindlimb is nearly intact, although the foot 
bones are disarrayed. The femur and tibia are both 
stout and very nearly the same length. The tibia is 
straight, the femur slightly curved. The fibula is 
surprisingly robust. Articulated with the latter is an 
irregular-shaped bone which I interpret as a fused 
astragalo-calcaneum. Two articular facets are 
evident, which appear to have been for the two epipo- 
dials. The medial part, unfortunately, is concealed 
beneath some of the caudal vertebrae, but in the right 
ankle this region is exposed, showing what appears to 
be a stout expansion or process. This does not corre
spond to the calcaneal tuber of the crocodilian or 
pseudosuchian tarsus, either in form or position. No 
other tarsals are discernible in either ankle. The large 
size of this element, together with its proximal posi
tion articulated with the tibia and fibula, leave little 
doubt that it is the co-ossified astragalus and calca- 
neum. Important here is the fact that this bone is 
quite unlike the proximal tarsals of known theropods 
(see Welles and Long, 1974).

Closely associated with this tarsal bone are the 
somewhat disarrayed bones of the left foot. My 
identification of these foot bones is given in Figure 9. 
The respective positions of the main metatarsals, and 
the normal (expected) serial arrangement of the four 
phalanges associated with the middle metatarsal, leave 
little doubt that this is the third digit. The very long 
proximal phalanx beneath, and the shorter phalanx at 
its extremity, seem best linked with the fourth meta
tarsal. Other identifications are less certain. Figu
re 10 is my reconstruction of the foot according to the 
interpretations given in Figure 9. If correctly recon
structed, this foot is very distinct from that of Comp- I

10 m m
Figure 11: The isolated left mandible that is preserved
outside of the body cavity of Compsognathus. As is shown 
in Figure 1, it is closely associated with a number of displa
ced gastralia of Compsognathus. Presumably, it belongs 
to the small reptile within Compsognathus. Notice that it 
bears a distinct coronoid process and that it is relatively 
less slender than that of Compsognathus. See also Pla
te 14:3.

sognathus, but it is surprisingly similar to that of ano
ther Solnhofen taxon.

The tiny jaw lying outside of Compsognathus’ body 
cavity, most probably also belongs to this specimen, 
although that cannot be certified. In support of this, 
there are no other remains of small vertebrates on the 
Compsognathus slab, and the mandible is of appro
priate size. Two features of this mandible distinguish 
it from that of Compsognathus: the presence of a 
well-developed coronoid process, and the greater 
degree of forward taper of the dentary. Tiny sharp, 
symmetrical, conical teeth are present, apparently 
with thecodont (or possibly pleurodont) implantation. 
No evidence of the “bent” tooth form of Comp- 
sognathes is visible. (See Plate 14:3.)

Now that I have emphatically rejected the “con
clusive” evidence of Marsh, and his embryonic iden-

I i ' ' '  i i i i i I
1 0  m  m

Figure 12: Camera lucida drawing of the left hindlimb of the type specimen of Bavarisaurus
macrodactylus, for comparison with the hindlimb elements of the small reptile illustrated in Figu
res 8, 9 and 10. The slight differences in pedal proportions may be due to erroneous interpreta
tions of the foot elements in the Compsognathus stomach contents, or to ontogenetic differences, or, 
most likely, to taxonomic differences.
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TABLE 4
Some Available Skeletal Proportions of the 

Small Reptile Skeleton Inside Compsognathus, Compared 
With Other Solnhofen Lower Tetrapods.

Femur /Tibia Femur I Humerus Tibia /  Mtt. Ill

“Stomach contents”
of Compsognathus 1.00 — 1.06 1.20— 1.28 1.48 — 1
Bavarisaurus macrodactylus 
(B. S. P. 1873 III 501)

1.10 1.38 1.76

Homaeosaurus brevipes 
(B. S. P. 1887 VI 2)

1.25 1.39 1.48

Homaeosaurus maximiliani 
(B. S. P. AS I 565)

1.06 1.19 1.39

Kallimodon pulchellus 
(B. S. P. 1887 VI 1)

1.24 1.30 1.43

Eichstaettisaurus schroederi 
(B. S. P. 1937 I 1)

1.40 1.32 1.46

Ardeosaurus digitatellus 
(B. S. P. 1923 I 501)

1.68 1.33 1.46

Palaeolacerta bavarica 
Mus. Maxberg

1.12 est. 1.32 est.

Alligatorellus beaumonti 
(B. S. P. 1937 I 26)

1.03 1.17 2.0

Atoposaurus oberndorferi 
(B. S. P. 1901 I 12)

1.03 1.13 1.97

tity of this skeleton, the question remains: What is it? 
Can it be identified? I believe that it is identifiable. 
After examining various other Solnhofen specimens, 
and reviewing the literature on other small tetrapods 
from the Solnhofen beds, I am convinced that these 
remains are those of a small individual of the lacer- 
tilian, Bavarisatirns. Recognizing that the small size 
of this specimen may be due to immaturity, compari
son of limb proportions and other size factors must be 
viewed with skepticism. Nevertheless, the ratios of 
femur to tibia, femur to humerus and tibia to metatar
sus (Table 4) agree quite closely with those of the 
type specimen of Bavarisauriis macrodactylus (Hoff- 
stetter, 1953), and several species of Homoeosanrus. 
Reference of these remains to any species of Homoeo- 
saurus is precluded by the thecodont (or perhaps pleu- 
rodont), rather than acrodont, dentition.

In addition to this dimensional evidence, further 
support for identifying these remains as Bavarisauriis 
is found in the several distinctive parts of the skeleton 
preserved. The foot, as I have reconstructed it in 
Figure 10, corresponds quite closely with that of Ba
varisauriis macrodactylus (see Fig. 12), except for the 
unknown state of the fifth toe in the present specimen. 
In addition, Bavarisauriis possesses a large, irregular
shaped astragalo-calcaneum (see Fig. 40C of Cocude- 
Michel, 1963), although preservation does not permit 
recognition of close morphological similarities. These 
elements are illustrated in Plates 13 & 14. Also impor
tant here is the distal end of the humerus, which is

very similar to that of Bavarisaurus (see Fig. 2B, Hoff- 
stetter, 1964), as I have attempted to show in Plate 14: 
4 St 5. Finally, the construction of the numerous 
caudal vertebrae seem to provide the most compelling 
evidence of all for identifying these remains as Bavari
saurus cf. macrodactylus.

As shown in Figures 8 and 13, an extremely long 
series of caudal vertebrae are folded bade and forth on 
itself into four sub-parallel rows. Microscopic exami
nation of these vertebrae reveals that all except the 
most proximal centra are marked by complete and 
well-defined autotomy sutures. Each suture traverses 
the middle of the centrum in a nearly vertical course, 
then bends sharply forward in its upper part (Pla
te 14:1). This identical structure (see Plate 14:2), and 
what appears to be the same vertebral morphology, 
are found in all preserved caudal vertebrae of the type 
specimen of Bavarisaurus macrodactylus (see Fig. lb, 
Hoffstetter, 1964). Furthermore, the morphology and 
disposition of the long transverse processes of the pro
ximal caudals in the small specimen are like those of 
Bavarisaurus. The only apparent difference between 
the two specimens is the extremely long tail of the 
small individual and the apparently relatively short 
tail in the type of Bavarisaurus. The latter, however, 
looks as though it might have been shortened as a 
result of tail autotomy: the last distinct vertebra is 
still quite large, causing the tail extremity to have a 
somewhat “stubby” appearance. Also, there is a faint 
impression distal to the last recognizable caudal which

http://www.biodiversitylibrary.org/
http://www.zobodat.at


© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/; www.zobodat.at

107

Figure 13: Outline drawing of the folded caudal series of the small reptile, taken from Figure 8.
Missing segments are restored by dashed outline. The heavy arrows register my reconstruction of 
the caudal sequence, progressing from the first caudal to the extremity. Notice the forward flexure 
of the autotomy sutures.

looks to be that of a fleshy stump-like tail extremity, 
reminiscent of regenerated tail stumps that are com
monly found in modern autotomous lizards. Another 
aspect of the caudal anatomy preserved in these two 
specimens that may be important is that a 11 caudal 
centra, except the most proximal segments, seem to be 
autotomous. In most modern autotomous lizards, 
autotomy fracture planes occur throughout the caudal 
series (except for a few proximal segments), but func
tional autotomy may be confined to a limited region of 
the tail by progressive ontogenetic fusion at the auto
tomy cartilage septa throughout the other parts of the 
tail (Etheridge, 1967).

The extraordinary length of the tail in the specimen 
within Compsognatbus appears highly improbable at 
first glance, but all I can do is to present the evidence 
as I see it. In Figure 13, I have traced the sequence of 
caudals (line of heavy arrows) as I interpret it, from 
the sacrum through four 180 degree bends, to the 
delicate tail extremity. A minimum of 50 segments 
can be discerned, and the total length of this folded 
series is not less than 19 cm. That is more than four 
times the probable body length of 46 mm (estimated 
from the proportions of the larger-sized type specimen 
of Bavarisaurus). Improbable though such an extreme 
tail length seems, I am convinced that it is correct. 
The only other possible explanation is that more than 
one caudal series is present among these stomach con
tents. Against that interpretation, I offer the follow
ing evidence: 1) There is no other evidence that more 
than one individual is preserved within the the body 
cavity of Compsognatbus; 2) Notice that the complete 
sequence as interpreted in Figure 13 consists of pro
gressively smaller vertebrae proceeding toward the tail

tip; 3) Notice also, that the dorsal flexure of the auto
tomy sutures consistently bend in a forward direction 
— toward the sacrum — showing that two of the four 
rows are oriented in one direction (with the anterior 
end toward the rib cage) and the other two rows are 
oriented in the opposite direction (with the anterior 
end pointing away from the rib cage). This verifies 
my interpretation that the “ends” of the vertebral 
rows actually are “folds” — 180 degree bends, as 
illustrated in Figure 13; 4) And finally, there is a 
physical break at an autotomy fracture plane at 
each of the three proximals folds in the tail. From 
these facts, I conclude that these parallel rows of 
vertebrae represent a folded, but nearly continuous 
caudal series of a single individual. Thus the extra
ordinary tail length is correct.

Other parts of the so-called Compsognatbus embryo 
skeleton are much too fragmentary to be of reliable 
value in support of this identification, but the pelvic 
bone does seem to resemble the L-shaped ilium of the 
type specimen of Bavarisaurus. Also, the ribs of Ba- 
varisaurus are quite robust in construction (but not 
pachyostostic), and are single-headed, as in the small 
specimen. A very small fragment of the anterior tip 
of the left dentary of Bavarisaurus preserves small, 
sharp, conical pleurodont teeth, which are very similar 
to the teeth in the tiny jaw on the Compsognatbus 
slab. The latter, however, appear to be thecodont, 
although this mandible lies on its medial surface and a 
pleurodont implantation cannot be ruled out.

In summary, a surprising amount of anatomical and 
proportional evidence establishes the identity of 
Compsognatbus' last meal as a young individual of 
Bavarisaurus (cf. macrodactylus).
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COMPSOGNATHUS TH E ANIMAL
T h e  M u n i c h  S p e c i m e n :  A d u l t  o r  J u v e n i l e ?

Curiously enough, the small size of the type speci
men of Compsognatbus has never provoked published 
inquiry about the maturity of this individual, al
though the question has often been debated in class
room discussions. In fact, the literature on Comp- 
sognathus seems to meticulously avoid the subject, 
tacitly treating the matter as though there could be no 
question, and accepting the Munich specimen as an 
adult individual. That conclusion is far from estab
lished, as the discovery of the Nice specimen clearly 
demonstrates.

As was mentioned earlier, the Munich specimen 
gives the appearance of being a mature individual, at 
least in the texture and completeness of the bones of 
the skeleton and the apparently closed sutures of the 
vertebral column. However, other factors (besides its 
small size) suggest that it may not be a fully mature 
specimen. But with only two specimens available for 
comparison, no definitive statement can be made.

Three distinctive features of C. longipes suggest, but 
do not prove, that this is not a fully adult individual: 
1) The relatively large skull; 2) The dispropor
tionately large orbit; 3) The relatively long hindlimbs. 
As is well-known, the head is disproportionately large 
in all hatchling or new-born amniotes, but in some 
theropods (Megalosauridae, Tyrannosauridae) the 
skull remained disproportionately very large in the 
adult stage. A comparison of skull and post-cranial 
proportions of Compsognatbus and various other 
theropods (given on page 82), unfortunately proves to 
be inconclusive as regards the relative ontogenetic age 
of the Munich specimen.

Even though the occipital and posterior portions of 
the temporal region are not preserved, the orbit can be 
seen to be relatively enormous compared with the 
estimated length of the skull (70 to 75 mm). Using

Kalin’s (1933) skull — orbital — length index
(19 mm X 100) gjves a re]atjve|y high value 0f 26, 72 mm
which by comparison with Kalin’s numbers suggests 
a juvenile state. Skull — orbital — length indices for 
other theropods are given in Table 5, but again, comp
arisons with Compsognatbus are not conclusive, 
because we are comparing different taxa rather than 
individuals known to be of differing ages, but belong
ing to the same species. Yet, the type specimen of 
Compsognatbus does have one of the highest skull — 
orbital — length indexes among theropod specimens.

Finally, as was noted earlier, the hindlimb length of 
Compsognatbus is relatively long (but not excessively 
for theropods) and is reminiscent of precocial limb 
proportions in the young of certain cursorial animals 
(horse, deer, antelope, etc.). Yet, for the simple rea
son that the hindlimb is not unusually long for a 
theropod (of any size) clearly indicates that we should 
not consider long limb length p e r  s e as evidence of 
immaturity. Comparison with the only other speci
men certifiably referrable to Compsognatbus (the 
French specimen, “C. corallestris") offers little addi
tional evidence in this regard. For example, the ratio 
of total hindlimb length to presacral length is approxi
mately the same in “C. corallestris” and C. longipes 
(1.10 vs 1.11), even though the French specimen is 
50°/o larger. (I obtained a different presacral length 
than the authors of “C. corallestris”, measuring 
31 cm, with two cervicals missing or unmeasurable. 
Adding an average vertebral length of 16 mm for each 
of the two missing segments, I estimated the total pre
sacral length to be 34.2 cm.) Assuming my vertebral 
length estimate to be reasonably close, there is no dif
ference in the relative hindlimb lengths of these two 
specimens. If these two specimens belong to the same 
species, as I believe, this indicates that either there was

TABLE 5
Skull — Orbital — Length Indexes of Some Theropods.

Compsognatbus longipes (H o lo ty p e ) .........................26
Compsognatbus longipes (Nice specimen) . . . .  24
Ornithomimus a l t u s .......................................................26
Ornitholestes hermanni .  25
Gallimimus bu lla tu s .......................................................24
Velociraptor mongoliensis .............................................23
Saurornithoides m ongoliensis........................................22
Allosaurus jragilis .......................................................14
Tyrannosaurus r e x .......................................................10
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little allometric change in hindlimb length during 
growth, or both specimens are essentially mature. 
Thus, on the basis of just these two specimens, it is not 
possible to decide whether long hindlimb length is a 
juvenile condition or an adult cursorial adaptation.

Returning to skull size, on the basis of my estimates 
of skull length and presacral column length, the skull 
of “C. corallestris” appears to have been relatively 
larger (.35 of presacral length) than that of C. lon
gipes (.30 of presacral length), even though the latter 
is smaller. The difference could well be due to errors 
in my estimates, rather than to an unlikely positive 
allometric skull growth. With regard to skull — orbit 
— length index, C. longipes and “C. corallestris” 
have fairly close indexes (26 and 24). The slightly 
lower index for the larger French specimen suggests 
more advanced maturity.

With such a limited sample, none of these para
meters can be considered as conclusive evidence of 
relative age, but I am inclined to believe that the 
Munich specimen of Compsognatbus is an immature, 
although probably not a juvenile, individual. That 
belief is based primarily on the enormous size of the 
orbit, the larger size of the Nice specimen, and the 
texture and fully ossified state of the skeleton.

R e c o n s t r u c t i o n  a n d  L i f e  H a b i t s
Attempts to reconstruct posture and life habits of 

extinct animals are educated guesses at best, and must 
always be viewed as such. The present effort is no 
exception. Speculations about the functional signifi
cance of particular skeletal features are even more 
suspect, unless one can point to a nearly identical 
modern analogue. Because of its chicken-size, (esti
mated live weight, 3-3.5 kg), and certain 
bird-like features in its skeleton (foot, hind leg, 
skull ?), there is a natural tendency to turn to modern 
ground-dwelling birds for our analogues in reconstruc
ting life style and posture in Compsognatbus. Cer
tainly, that seems reasonable grounds for claiming 
bipedal carriage in this creature. But, as Figure 14 
shows, there is much else about Compsognatbus that is 
not bird-like, and this is where my reconstruction 
falters. Whether my reconstruction in Figure 14 is 
any closer to the truth than the earlier reconstuctions 
by Huxley in 1876 (see Marsh, 1895), Marsh (1895, 
1896) and von Huene (1925) can never be known, but 
I offer it as my best estimate of the posture and skele
tal organization of Compsognatbus longipes.

The osteology of the hind and fore limbs establish 
conclusively that Compsognatbus was a biped, and in 
all probability, an obligate biped. The length of the 
forelimb, although not as shortened as has been gener
ally held (.43 of presacral column length), when con
sidered against the greater length of the hindlimbs, 
makes a four-legged stance rather awkward, but per-

109
haps not impossible. However, the reduced two- 
finger construction of the manus, while not short in the 
absolute sense, appears to be a specialized adaptation 
incompatible with quadrupedal locomotion. On the 
other hand, we can be quite certain that the forelimbs 
were used to some extent in raising the animal from a 
resting pose, as well as in predatory activities.

At first glance, the hindlimbs appear to be unusually 
long, but when compared with the length of the pre
sacral column, they are comparable to those of other 
theropods. The relative proportions of femur to tibia 
and tibia to metatarsus suggest that Compsognatbus 
may have been only a moderately fast cursorial biped. 
That interpretation, however, is strongly contradicted 
by the stomach contents, which are discussed later. 
Using my estimate of femur length of 67 mm, the 
fem ur/tibia ratio is a moderately low .76, which is 
less than that of Ornithomimus (=  Strutbiomimus) at 
.88, but still much greater than that of fleet-footed 
struthious birds such as Strutbio (.46) and Casuarius 
(.57). The metatarsus /  tibia ratio, the commonly 
accepted index of cursorial ability, is a moderate .63, 
close to that of Ornithomimus (.68) and Ornitbolestes 
(.73), but well below that of Strutbio (.95) and Ca
suarius (.85). So, contrary to earlier suppositions, 
Compsognatbus appears not to have been as fleet-of- 
foot as some other “coelurosaurian” theropods. In 
fact, this last ratio is surprisingly close to that of 
graviportal “carnosaurian” theropods like Alberto- 
satirus (=  Gorgosaurus), although Compsognatbus 
obviously cannot be categorized as graviportal. Per
haps this “graviportal” index, and the stomach con
tents of Compsognatbus, are important reasons for us 
to re-examine the theoretical basis of designating cer
tain limb element ratios as “graviportal” and others 
as “cursorial”.

Compared with the hindlimb, the forelimb defi
nitely is reduced, measuring only 38 %> of hindlimb 
length and 43%  of presacral vertebral length. This 
compares with typical non-tyrannosaurid forelimb / 
presacral ratios that range from .50 to .60. Despite its 
somewhat reduced length, though, the forelimb ele
ments of Compsognatbus are quite robust and the 
hand equals almost 40%  of the total forelimb length. 
All of this suggests an active and powerful role for the 
anterior appendage. This interpretation is reinforced 
by the relatively large coracoids, the very prominent 
acromion and the stout scapula. The acromion and 
coracoids especially, suggest the presence of a power
ful pectoral and deltoideus musculature, which in turn 
implies powerful antero-ventral adduction and flexion 
of the forelimb and hand, and strong elevation of the 
humerus. Presumably, these actions were critical in 
the prey-catching process, but exactly how is not clear.

The unique design of the manus — long, but re
duced to just two functional fingers (one of which has
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Figure 14: Skeletal reconstruction of Compsognathus longipes. The distal parts of the tail are hypothetical, as is the exact form of the ilium and the posterior part of the skull. 
Notice the large size of the head, the long hands, and the great length of the foot and metatarsus.
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a reduced phalangeal formula) — is difficult to under
stand, especially when considered in terms of the more 
usual three-fingered hands of most other theropods, or 
the more primitive five digit manus. First thoughts 
are that the manus of Compsognathus was not suited 
for raptorial activities, and this seems to be substan
tiated by the rather straight and short form of the 
unguals (see Figs. 5 and 6), and the reduced phalan
geal count of digit II, as compared with the ungual 
form of other theropods. However, that interpre
tation seems to be in conflict with the robust construc
tion of the arm and hand, and the prominent elements 
of the shoulder girdle. My conclusion is that the hand 
was specialized for some role, but probably not the 
usual prey-catching action usually envisioned for most 
theropods. But what kind of activity requires a long, 
stout, two-fingered hand? Is it possible that it served 
as a digging structure — to tear apart insect nests, ant 
hills or termite mounds? That seems unlikely in view 
of the stomach contents.

That Compsognathus was a predator, there can be 
no doubt. The dentition alone indicates that. Since 
virtually all modern flesh-eating vertebrates are op
portunistic feeders, we can be certain that Compso
gnathus ate whatever small creatures it could find and 
catch. For that reason, and because of its small size, 
we should conclude that Compsognathus probably 
was insectivorous, at least in part. But in addition, 
the tiny skeleton preserved within Compsognathus is 
dramatic and indisputable evidence that Compsogna
thus preyed on small vertebrates as well. Identifica
tion of these stomach contents as Bavarisaums (cf. 
macrodactylus) provides specific critical evidence 
about the food-seeking habits and skills and the food 
preferences of Compsognathus that go far beyond any 
previous intuitive deductions about the predatory 
habits of any other theropod (Deinonychus included). 
Dinosaur remains that contain recognizable stomach 
contents, let alone identifiable food items or prey re
mains, are extremely rare. So whatever can be de
duced about the adaptations and live nature of Bava- 
risaurus provides unusual specific insight into the 
hunting skills and behavior of Compsognathus.

Overall, the relative proportions of the tail, the 
limbs and feet of Bavarisaums are quite similar to 
those of modern lizards that are noted for their speed 
and/or agility, such as certain teiids, iguanids, lac- 
ertids and agamids. The type specimen of Bavarisau- 
rus macrodactylus (B. S. P. 1873 III 501) displays the 
usual lacertilian disparity of hindlimb vs. forelimb 
length. But more important, is the fact that the pes is 
markedly longer than the manus. Most important of 
all, though, is the extremely long tail of Bavarisaums, 
as can be seen in the remains preserved within Comp
sognathus (see Fig. 8 and Plate 13). Romer (1956) 
observed that long tails are most common among
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arboreal lizards. While that is true, long tails are 
also typical of many of the fastest-running ground
dwelling species, such as some teiids and iguanids.

In Figure 15, I have plotted the major body par
ameters of some of the longest-tailed living lacertilian 
species for comparison with those of Bavarisaums 
(taken from both the type specimen and the remains 
within Compsognathus). Of interest here are the 
several species (and there must be others) in which 
the tail is relatively longer than in Bavarisaums. 
For example, the agamids Gonocephalus godeffroyi and 
Calotes calotes, among the longest-tailed lizards 
known, are very active climbing and leaping forms. 
Agama agama also is an active climber, but perhaps 
not as quick as Gonocephalus and Calotes. Iguana 
iguana and Lacerta viridis also are long-tailed, al
though not to the extent of the two agamids included 
above, but the iguanid, Basiliscus vittatus has a tail 
length comparable to that of Calotes calotes. Iguana 
iguana is a good climber, but also is a fast runner. 
Lacerta viridis is predominantly a running form, as is 
the teiid Cnemidophorus. Mertens (1960) recorded 
that Cnemidophorus limniscatus was capable of speeds 
up to 15 miles (23 km) per hour over short distances. 
Basiliscus also is noted for its high running speed, and 
its ability at maximum velocity to run on its hind legs 
(notice [Fig. 15] the extreme disparity of hindlimb 
vs. forelimb length, as compared with another fast
running form, Cnemidophorus sexlineatus). From 
these data, I conclude that long tails from 3 to 5 times 
the body length, are found in both highly cursorial 
a n d  active climbing lizards.

The question of interest here, is, can we determine 
whether Bavarisaums was predominantly a fast
running ground-dweller, or an agile climber? I think 
we can.

Notice in Figure 15 that the hands and feet of 
climbing forms (the agamids and Iguana) are not so 
disproportionate, and in Agama they are of nearly 
equal length. Presumably, this is a reflection of the 
need for enhanced (enlarged) grasping powers of the 
manus in climbing species. In the highly cursorial spe
cies, on the other hand, the manus is conspicuously 
shorter than the pes — extremely so in Cnemidopho
rus, and somewhat less so in Basiliscus and Lacerta. 
On this basis, the elongated foot and relatively short 
hand of Bavarisaums suggest that it probably was a 
fast-running ground lizard, rather than a habitual 
tree-dwelling or climbing species.

While the data of Figure 15 represent only a small 
sampling of the Lacertilia, and may be viewed as 
merely suggestive but not conclusive as regards the 
living habits of Bavarisaums, one additional piece of 
evidence preserved in the “consumed” specimen 
strongly supports the cursorial interpretation. That 
evidence is the autotomy fracture septa of the caudal
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vertebrae. Autotomy is far from rare in modern 
lizards, but it does seem to occur most commonly in 
ground -dwelling species.

On the basis of the autotomous and very long tail, 
and the hand and foot proportions, the picture that 
emerges of Bavarisaurus is one of a very fast-running, 
predominantly ground-dwelling lizard, perhaps simi-
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lar to the living species of Cnemidopborus. From this 
unusual evidence, it is clear that Compsognathus was 
equipped to pursue and catch very fast-running and 
agile prey. If you have ever attempted to run down 
and catch specimens of Cnemidopborus (as I have) or 
Basiliscus, you can appreciate what that involves — 
keen sight, rapid acceleration, high speed and quick 
reaction and maneuverability.

AFFINITIES OF COMPSOGNATHUS
Early attempts, especially those by Huxley (1870), 

to decipher the affinities of Compsognathus, were 
confounded by the facts that the tibia was signifi
cantly longer than the femur and the cervical verte
brae were viewed as “elongated”, conditions that 
were unknown in other then-known dinosaurs. These 
conditions led Huxley to propose his higher taxon, 
Compsognatha, which he ranked equally with the 
Dinosauria. The problem was that almost no other 
remains of small dinosaurs, let alone what we would 
now identify as “coelurosaurian” theropods, were 
known at the time. Not until the 1880’s did frag
mentary remains of small theropods begin to surface: 
Coelurosaurus, 1865; Coelurus, 1879; Hallopus, 1881; 
Thecospondylus, 1882; Aristosuchus, 1887; Coelo- 
physis, 1889; Ornithomimus, 1890; Agrosaurus and 
Calamospondylus, 1891. But none of these finds were 
anywhere near as complete as the specimen of Comp
sognathus. Most consisted of only a few vertebrae, or 
teeth, or limb fragments. Only the specimens of Hal
lopus and Coelurus preserved sufficient parts to permit 
meaningful comparisons. Thus, it is not surprising 
that early works often allied Compsognathus with 
Hallopus, and somewhat less frequently with Coelu

rus. But, it is important here that proper credit be 
given to Huxley. Despite these facts, and its diminu
tive size, as early as 1868 Huxley perceived that the 
affinities of Compsognathus were among or close to 
the giant dinosaurs.

Walker (1970) established conclusively that Hallo
pus has nothing whatever to do with theropods, but is 
an early crocodilian. This leaves Coelurus and a rela
tively small number of adequately founded theropod 
taxa for comparison with Compsognathust out of a 
total of 40-odd genera listed by Steel (1970) under the 
“Coelurosauria”. These other taxa are: Coelophy- 
sis, Coelurus, Halticosaurus, Ornitholestes, Procomp- 
sognathus and Segisaurus. While the type specimens 
of other small theropods may be adequate bases for 
establishing the respective taxa, I consider the types of 
Avipes, Velocipes, Agrosaurus, Aristosuchus, Calamo
spondylus, Caudocoelus, Coelurosaurus, Thecocoelurus 
and Thecospondylus to be quite inadequate for assess
ing the affinities of Compsognathus. And for obvious 
reasons, there can be no c l o s e  relationship between 
Compsognathus and oviraptorids, ornithomimids or 
dromaeosaurids, so these will not be reviewed here.

Figure 15: Dlagramatic comparison of the main skeletal components of Bavarisaurus cf. macro- 
dactylus (the stomach contents of Compsognathus) with those of selected modern, long-tailed 
lizards. All skeletons are represented with equal body lengths to facilitate comparison of relative 
tail lengths. Data on Bavarisaurus are derived from the type specimen (B. S. P. 1873 III 501) and 
the remains preserved within the rib cage of Compsognathus. Data on the recent lizard species 
were obtained from specimens in the Bayerische Zoologische Staatssammlung, through the courtesy 
of Dr. U. Gruber. The long-tailed agamids, Gonocephalus and Calotes, are extremely active and 
agile climbers. Iguana also is a good climber, but is a speedy ground runner as well. The other 
species illustrated are predominantly ground-dwelling forms, all of which are fast over short 
distances. Fastest of all, are the teiid Cnemidophorus and especially the iguanid Basiliscus. Long 
tails seem to be typical of highly active lacertilians and not distinctive p e r  s e of either predo
minantly climbing species, or highly cursorial forms. However, there is other evidence in the data 
plotted here that is suggestive: there appears to be less disparity of fore and hind foot length in 
the climbing forms (agamids, Iguana) than there is in the fast-running ground dwelling kinds 
(Cnemidophorus and Basiliscus).
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Compsognathus is distinct from each of six pre
viously mentioned genera as follows:
1) Coelophysis (Late Triassic): High tooth count

( — ), deep mandible, four-fingered manus, femur
and tibia sub-equal, no distal pubic expansion or 
expansion is very small, dorsal vertebrae are pleu- 
rocoelous.

2) Halticosaurus (Late Triassic): Deep mandible, 
five-fingered manus, femur longer than tibia, dorsal 
vertebrae possibly pleurocoelous.

3) Procompsognathus (Late Triassic): Broad apron
like pubic plates as in pseudosuchians, with a long 
mid-line symphysis and lacking a distal expansion.

4) Segisaurus (Late Triassic): Presence of clavicles 
and an interclavicle (?), three-fingered manus, and 
what appears to be a prominent calcaneal tuber.

5) Coelurus (Late Jurassic): Cavernously pleurocoe
lous dorsal vertebrae, and extremely elongated me
tatarsals.

6) Ornitbolestes (Late Jurassic): Three-fingered ma
nus, and femur longer than tibia.

The distinctive features of Compsognathus are: The 
very slender or shallow mandible, “bent” form of the 
anterior teeth, “sub-equal” length of cervical and 
dorsal vertebrae, pleurocoelus cervicals and non- 
pleurocoelous dorsals, very short ischium (relative to 
pubic length) and two-fingered construction of the 
hand. The most important of these, in my opinion, is 
the specialized design of the manus, and on that basis 
alone I place Compsognathus in its own separate fa
mily, Compsognathidae. My rationale for this is first, 
no other theropod is presently known which posesses 
this unique manus morphology, and second, this con
struction of the manus precludes Compsognathus being 
ancestral to any other known theropod. I have no 
doubt that some critics will point out that the exact 
design of the manus in Compsognathus is open to 
question, but I think it has been demonstrated above 
that the hand could not have consisted of more than 
two fingers, both of which apparently were construc
ted of two phalanges. Contrary to the view of some, 
that the phyletic loss of structures should not be con
sidered as specialized or advanced conditions, I believe 
the two-fingered hand of Compsognathus does repre
sent a specialized adaptation. But more important, 
the unique phalangeal formulae (2-2-0) establish that 
this is unrelated to the digital reduction characteristic 
of later deinodonts (Albertosaurus, Tarbosaurus and 
Tyrannosaurus), where the formulae are 2-3-0.

If the evidence for close relationship between 
Compsognathus and known “contemporaneous”, or 
later theropods is preclusive, as I believe it is, then 
evidence for close affinity with earlier taxa is less con
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clusive, although suggestive. The presence of a two
fingered manus precludes “close” relationship with 
later three-fingered forms, but it does not negate pro
ximity to preceding three-(or more)-fingered kinds. 
Among the pre-Compsognatbus theropods mentioned 
above, Procompsognathus triassicus is the most inter
esting. The type specimen (S. M. N. S. 12 591), 
named but not described by Fraas (1913), consists of a 
dorso-ventrally crushed incomplete skull and mandi
bles, a complete right hindlimb and foot, left femur, 
both pubes, the left scapulo-coracoid, a radius and 
ulna, ten dorsal vertebrae plus ribs, five or six cervicals 
and eight or nine caudals. Additional material (S. M. 
N. S. 12 352) found later, consisting of an incomplete 
manus and pre-orbital parts of a somewhat larger 
skull, were referred to this species by von Huene 
(1921 a), but his referral must be viewed with skepti
cism.

In several respects, the type remains are quite simi
lar to those of Compsognathus longipes, most notably 
in the construction and proportions of the foot and 
dorsal vertebrae, and to a lesser extent, the hindlimb. 
The chief differences lie in the distinctly primitive 
design of the pubes (broad transverse plates meeting in 
a long mid-line symphysis with no distal expansion) 
and the long transverse processes of the proximal cau
dal vertebrae. The femur to tibia ratio also differs 
slightly (.83 in Procompsognathus to .76 in Compso
gnathus). Although the pubis is relatively much 
longer than in most pseudosudiians, approaching the 
length of the femur as in theropods, its broad trans
verse, apron-like form is reminiscent of the pseudosu- 
chian condition. This primitive design of the pubis 
contrasts with the advanced design of the foot, which 
is remarkably similar to that of Compsognathus (see 
Fig. 16).

The type skull of Procompsognathus is moderately 
crushed dorso-ventrally, making comparison with the 
laterally crushed skull of Compsognathus somewhat 
difficult. The nares are indistinct, a large triangular 
antorbital fossa is present containing what appears to 
be two disparate sized fenestrae, and the orbit is quite 
large. The mandibles appear to be very shallow, as in 
Compsognathus, but the teeth are of typical theropod 
form, with no sign of the “bent” shape characteristic 
of the anterior teeth of Compsognathus.

Von Huene (1921 a), considered Procompsognathus 
to be a “coelurosaur” — presumably close to Comp
sognathus — and over the ensuing years it has con
sistently been placed with other small or lightly-built 
Triassic theropods (or presumed theropods, such as 
Hallopus). That would seem to be a reasonable as
signment in view of the distinctly theropod-like design 
of the pes. But the apparently pseudosuchian-like 
construction of the pubis, together with the indeter
minate condition of the acetabulum and the absence of
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Figure 16: Comparison of foot morphology in Compsognathus longipes, Procompsognathus 
triassicus (S. M. N. S. 12 591) and Coelophysis longicollis (A. M. N. H. 7223). All three are 
drawn with the third metatarsals equal in length to eliminate size differences and to show the rela
tive proportions of the digits to the metatarsus. The similarities are obvious. The foot of Comp
sognathus might have been derived from either Procompsognathus or Coelophysis — or a common 
ancestor of these Triassic forms. The vertical lines equal 20 mm for all three specimens, to show 
relative sizes.

other pelvic bones, raises the question as to whether 
this specimen is truely theropodan, or perhaps theco- 
dontian. That question takes on added significance in 
the light of recent discoveries of the small pseudosu- 
dtians (?) Lagosuchus and Lagerpeton (Romer, 1971, 
1972) from the Middle Triassic of Argentina. Both of 
these taxa possess an elongated foot with reduced 
digits I and V, and what appears to be near meso-tar- 
sal grade ankle joints.

Until a very much needed, new and detailed analy
sis of Procompsognathus is available, little can be said 
about its placement, or its possible relationship to 
Compsognathus. However, I suspect that these re
mains represent those of a late, but advanced (in foot 
structure) pseudosuchian not ancestral to any thero- 
pod. Compsognathus appears to represent a dead-end 
theropod line derived from the primitive podokesau- 
rids (Coelophysis, Halticosaurus). The foot of 
podokesaurs is typical theropod in its construction and 
comparable to that of Procompsognathus (see Fig. 16), 
but the pelvis is more advanced than that of Procomp-

sognathus, at least in the form of the pubis. This last 
point, together with overall primitive theropodan 
anatomy of Coelophysis (as the best-known podoke- 
saurid), qualify podokesaurids as possibly ancestral to 
Compsognathus, coelurids and perhaps other thero- 
pods.

One final observation concerning the possible affini
ties of Compsognathus, is required here. Elsewhere 
(Ostrom, 1973, 1976b), I have argued that Archaeop
teryx and later birds evolved from a "coelurosau- 
rian” ancestry, and I raised a speculative question 
(1974) “whether some small theropod dinosaurs 
might have had feathers”. As a small theropod, 
Compsognathus cannot be very far removed from the 
theropod line that gave rise to birds, but its reduced 
manus, as well as its contemporanceous occurrence 
with Archaeopteryx, exclude it from direct ancestry of 
Archaeopteryx and later birds.

If the speculative question about feathered “coelu- 
rosaurs” can ever be answered, the Munich specimen
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of Compsognathus is the critical specimen to examine. 
It is the smallest of known theropods and it comes 
from the same Solnhofen limestones (but not exactly 
the same facies) as the specimens of Archaeopteryx 
with their distinct feather impressions. There are n o 
feather impressions — nor any evidence whatever that 
is suggestive of feathers — anywhere on the Cornpso- 
gnathus slab. The reader can be sure that I made an 
exhaustive examination, under various lighting condi

tions, in search of evidence for feathers, but to no 
avail. If feathers had been present in Compsogna- 
thus, it is inconceivable to me that no evidence of them 
would be preserved, considering the complete and al
most undisturbed manner in which the skeleton is pre
served, the fine details of the skeleton, and the pre
sence of portions of one horny claw. But the fine
grained matrix shows nothing. Thus, I conclude that 
Compsognathus almost certainly was not feathered.
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P l a t e  1
Miliammim fusca (Brady). — a, side view: X 130; b, apertural detail: X 226 [Chuy 
N° 364: 122.10—124.00 m].
Textularia gramen d’ORBiGNY. — a, side view: X 130; b, detail of apertural region: 
X 289 [Puerto La Paloma N° 449/11: 6.50—7.50 m],
Textularia sp. A. — X 191 [Chuy N° 364: 122.10—124.00 m].
Textularia sp. B. — X 125 [Puerto La Paloma N° 449/11: 7.50—8.00 m].
Reophax artica Brady. — X 100 [Salinas N° 1034/1: 32—34 m].
Quinqueloculina cf. agglutinata C ushman. — a, side view: X 115; b, apertural view: 
X 100 [Chuy N° 364: 122.10—124.00 m].
Quinqueloculina patagónica d’ORBiGNY. — X 100 [Chuy N° 364: 122.10—124.00 m]. 
Quinqueloculina vulgaris d’ORBiGNY. — X 75 [Chuy N° 364: 122.10—124.00 m]. 
Quinqueloculina intricata Terquem. — X 38 [Puerto La Paloma N° 449/11: 7.50— 
8.00 m].
Quinqueloculina sp. A. — X 170 [Chuy N° 364: 124.00—125.40 m].
Quinqueloculina angulata (Williamson), forma typica. — a, side view: X 98; b, detail 
of apertural region: X 351 [Puerto La Paloma N° 449/11: 7.50—8.00 m].
Quinqueloculina atlántica Boltovskoy. — a, side view: X 85; b, apertural detail: X 351 
[Puerto La Paloma N° 449/11: 7.50—8.00 m].
Quinqueloculina aff. frígida P arker. — a, side view: X 100; b, detail of apertural re
gion: X 412 [Puerto La Paloma N° 449/11: 4.50—5.00 m].
Quinqueloculina seminulum (Linnaeus). — a, side view: X 65; b, apertural detail X 226 
[Puerto La Paloma N° 449/11: 7.50—8.00 m].
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P l a t e  2
Quinqueloculina sp. B. — X 125 [Chuy N° 364: 124.00—125.40 m].
Quinqueloculina sp. C. — a, side view: X 110; b, apertural view: X 226 [Chuy N° 364: 
122.10—124.00 m],
Quinqueloculina sp. D. — X 100 [Puerto La Paloma N ' 449/11: 7.50—8.00 m]. 
Quinqueloculina sp. E. — X 130 [Puerto La Paloma N 449/11: 7.50—8.00 m]. 
Flintinella. sp. — a, side view: X 80; b, apertural detail: X 238 [Puerto La Paloma 
N° 449/11: 7.50—8.00 m],
Massilina secans (d’ORBiGNY). — X SO [Chuy N 364: 122.10—124.00 m].
Triloculina sp. — a, side view: X 160; b, apertural view: X 286 [San José de Carrasco 
N n 442/1: 17—18 m],
Pyrgo nasuta Cushman. — X 115 [Chuy N° 364: 125.40—128.00 m].
Pyrgo ringens patagónica (d’ORBiGNY). — X 100 [Puerto La Paloma N° 449/1 1: 6.50— 
7.50 m],
Miliolinella subrotunda (Montagu). — X 120 [Puerto La Paloma N "1 449/11: 7.50—
S.00 m],
Dentalina communis d’ORBiGNY. — a, side view: X 20; b, detail of apertural region: 
X 135 [Puerto La Paloma N ' 449/11: 7.50—8.00 m].
Lagena laevis (Montagu), torma perlucida (Montagu). — X 150 [Chuy Nr 364: 
124.00—125.40 m],
Lagena sp. — X 160 [Chuy NT 364: 122.10—124.00 m].
Lenticulina rotúlala (Lamarck). — a, side view: X 140; b, edge view: X 175. — 14a and 
14b are different specimens [Chuy N~ 364: 122.10—124.00 m].
Lenticulina limbosa (Reuss). — a, side view: X 326; b, detail of apertural region: X 653 
[Salinas N ” 1034/1: 32—34 m].
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P l a t e  3
Guttulina plancii d’ORBiGNY. — a, side view: X 110; b, apertural detail: X 226 [Puerto 
L.a Paloma N" 449/11: 5.00—6.50 m].
Guttulina problems d ’ORBiGNY. — a, side view: X 90; b, detail of apertural region: 
X 226 [Costa Azul N" 1060/1: 19—21 m].
Oolina nielo d’ORBiGNY. -— X 251 [Costa Azul N° 1060/1: 19—21 m].
Bulinnneiia elegantissnna (d’ORBiGNY). — X 201 [Salinas N 1034/1: 32—34 m].
Bolivina striatula C ushman. — X 140 [Cbuy N 364: 35—40 m].
Fissurina laevigata Rruss. — a, side view: X 201; b, apertural detail: X 362 [Salinas 
Nl 1034/1: 32—34 m],
Bolivina compacta Sioebottom. — X 251 [Lecocq: 1.20 m].
Bolivina cf. lomitensis Galloway & W issler. — X 191 [Lecocq: 1.00 m].
Bolivina cf. variabilis (W illiamson). — X 201 [Lecocq: 1.00 m],
Bnltmina cf. affinis d’ORBiGNY. — X 160 [Cbuy N" 364: 45—50 m].
Discorbis peruvianas (d’ORBiGNY). — a, spiral view: X 145 [Costa Azul N 1060 1: 
19—21m]; b, umbilical side: X 201 [Lecocq: 0.60 m].
Discorbis gr. vilardeboanus (d’ORBiGNY). — a, spiral side: X 238 [Lecocq: 0.60 m ]; b, 
umbilical side: X 201 [Costa Azul N 1060/1: 19—21 m],
Rotorbinella rosea (d’ORBiGNY). — Test from three sides, a: X 201; b: X 201; c: X 226. 
— 13b and 13c two views of same specimen [Chuy N" 364: 122.10—124.00 m].
Discorbis williamsoni (( hapman & P arr), forma praegeri H eron-A llen & Earland. — 
a, spiral side: X 191; b, umbilical side: X 251. 14a and 14b are different specimens [Puer
to La Paloma N 449 11: 7.50—8.00 m].
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P l a t e  4
Discorbinellaf bertbeloti, forma boueana (cFOrbigny). — a, spiral side: X 191 [Chuy 
N' 364: 125.40—128.00 m ]; b, umbilical side: X 150 [Chuv N° 364: 122 10—124.00 m],
Buccella peruviana (d’ORBiGNY), s. 1. — a: X 160 [Puerto La Paloma N° 449/11: 
7.50—8.00 m ]: b: X 160 [Chuy N 364: 122.10—124.00 m],
Cancris sagra (d’ORBiGNY). — X 110 [Chuy N : 364: 124.00—125.40 m].
Ammonia beccarii (Linnaeus) var. parkinsoniana ( d ’O R B iG N Y ) .  — a, spiral side: 
X 130; b, umbilical side: X 170. — 4a and 4b are different specimens [Rincón de la Bolsa N° 754: 1.50—2.S0 m],
Elpbidiíim depressulum C ushman. — X 150 [Chuy N’ 364: 124.00—125.40 m],
Elphidium gr. excavatum (Tf.rquem). — a, side view: X 130; b, apertural view: X 130 [Chuy N° 364: 35—40 m],
Elphidium discoidale (d’ORBiGNY). — a, side view: X 130; b, apertural view: X 191 
[Puerto La Paloma N' 449/11: 7.50—8.00 m],
Elphidium punten C ole. — X 130 [San Luis N° 1072/1: 29—30 m],

10: Elphidium cf. discoidale (d’ORBiGNY). — 9: X 130 [Rincón de la Bolsa N° 754: 
1-50—2.80]; 10: X 145 [San José de Carrasco N° 442/1: 17—18 m].
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P l a t e  5
: Elphidium galvestonense Kornffld. — la, side view: X 150; lb, appertural view, 

aperture apparently closed: X 130 [Lecocq: 1.00 m ]; 2a, side view: X 140; 2b, detail 
of apertura! region, showing slitlike interiomarginal aperture: X 301 [Lecocq: 0.70 m].
Elphidium aff. sagrum (d ’ÖRBiGNY). — X 135 [Chuy N° 364: 122.10—124.00 m], 
Elphidium sp. A. — X 115 [Chuy N 364: 122.10—124.00 m],
Elphidium sp. B. — X 251 [Chuy N 1 364: 35—40 m].
Nonion tisburyensis Butcher. — X 181 [Salinas N° 1034/1: 32—34 m].

!: Elphidium cf. tuberculatum (d’ORBiGNv). — 7: X 125 [Chuy 364: 122.10—
124.00 m]; 8a: X 120; 8b: X 110 [Chuy NT 364: 125.40—128.00 m],

2 ■. Poroeponides lateralis (Tfrquem). — 9, spiral side: X 65; 10, umbilical side: X 50; 
11: X 50; 12: X 43. — 9—12 are different specimens [Puerto La Paloma N°449/ll: 
7.50—S.00 m].
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P l a t e  6
Amphistegina gibbosa cI’O rbigny. — X 60 [Chuy N 364: 128.00—130.00 m].
Cibicides aknerianus (iJ'Orbigny). — Test from three sides, a: X 160; b: X 160; 
c: X 140. — 2a and 2b two views of same specimen [Chuy N 364: 122.10—124.00 m].
Cibicides "pseudottngerianus” (Cushman). — a: ventral view: X 140; b: edge view: 
X 145 [Chuy NT 364: 122.10—124.00 m],
Fitrsenkoina sp. — X 160 [Chuy Nr> 364: 124.00—125.40 m].
Cassiditlina curvata Phleger & Parker. — X 201 [Chuy N': 364: 125.40— 12S.00 m], 
Cassiditlina laevigata d ’ORBiGNY. — X 150 [Chuy N' 364: 122.10—124.00 m]. 
Cassiditlina subglobosa Brady. — X 251 [Chuy N’' 364: 122.10—124.00 m].
Nonionella atlántica C ushman. — a, side view: X 140; b, edge view: X 130 [Chuy 
N ' 364: 122.10—124.00 m],
Nonionella auricula H fron-Allen & Earland. — a, side view: X 85; b, edge view: 
X 88 [Chuy N° 364: 125.40—12S.00 m].
Nonion grateloupii (d ’OitBKNY). — a, side v iew : X 145; b, edge v iew : X 150 [Chuy 
N 364: 124.00—125.40 m].
Nonion sp. A. — a, side view: X 150; b, edge view: X 156 [Chuy N '1 364: 
122.10—124.00 m].
Nonion sp. B. — a, side view: X 150; b, edge view: X 150 [Chuy N" 364: 128.00— 
130.00 nr].
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P l a t e  7
Holotvpe specimen of Compsognatbus longipes Wagner, 1861 (B. S. P. A. S. I 563). 

The scale is 100 mm long.
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Skull of the holotype specimen of Compsognatbus longipes. Scale divisions equal 1.0 mm. 

For identification of the various skull bones and fragments, see Figure 1.
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Compsognatbus longipes (B. S. P. A. S. I 563).

Fig. 1: Braincase, in ventral aspect. The occipital condyle is conspicuous at the right. The two
pronged structure at the left represents the ventral margins of the cultriform process of the 
parasphenoid. Seale units equal 1.0 mm.

Fig. 2: Rostral extremity of the left dentary to show the “bent” form of anterior teeth. Suc
ceeding teeth are less “bent”, becoming uniformly curved. The horizontal line equals 
5 mm.

Fig. 3: The disarticulated hands; left hand to the left and right manus to the right. Scale divi
sions equal 1.0 mm.

Fig. 4 : Example of the two different sized manual unguals preserved. On the left is an impres
sion which is interpreted here as the ungual of digit I, left hand. That on the right includes 
the bony ungual and parts of the horny sheath of digit II, right hand. Scale divisions 
equal 1.0 mm.

Fig. 5: Bony ungual and parts of the horny claw (arrows) of digit II of the left manus. Com
pare with the upper illustration of text figure 5. Scale divisions equal 1.0 mm.
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Compsognathus longipes (B. S. P. A. S. I 563).

Fig. 1: Right (uppermost) and left hind feet. Scale equals 100 mm.
Fig. 2: Distal phalanges of digit III of the right pes. The penultimate phalanx appears to have 

been rotated about its long axis and preserved up-side-down. Scale divisions at left equal1.0 mm.
Fig. 3: Two similar, isolated bones which are believed to be the left and right articulars. They 

are preserved just above the left maxilla (see Figure 1 and Plate 7.). Scale units equal1.0 mm.
Fig. 4: Unidentified mystery bone. Scale units at left equal 1.0 mm.
Fig. 5: The Humboldt specimen described by Dames (1884), that sometimes has been referred to 

Compsognathus. These bones appear to represent (front left to right) metatarsals IV, II 
and III, plus a solitary proximal phalanx. It is concluded here that this specimen is not 
referrable to Compsognathus. Scale Units equal 1.0 mm.

Fig. 6: Rare, minute crystals of quartz (arrows) occurring within calcite crystal-lined vug-like 
cavities in the body region of Compsognathus. These are vidence of solution and secon
dary crystallization. The vertical line equals 1.0 mm.
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Compsognathm longipes (B. S. P. A. S. I 563); so-called dermal armor and soft-tissue impressions.
Fig. 1: The so-called impressions of “skin armor”, described by von Huene (1901). This is the 

site (the depression just below the scapula) in which Huene saw “15 polygons” (arrows ?), 
which he interpreted as evidence of bony skin plates. Scale divisions equal 1.0 mm.

Fig. 2;Nopsca (1903) interpreted these parallel striations (arrow) between the right radius and 
ulna of Cornpsognatbus as “muscle fibers”. Magnification, approximately 15 X.

Fig. 3: This “dimpled texture” was interpreted by Nopcsa (1903) as integument impressions, but 
it seems much more likely to be a solution-etched surface. Magnification is approximately 
15 X.

Fig. 4: Normal, un-etched surface of the Compsognatbus slab, for comparison with the “skin 
imprint” of Fig. 3. The curved line is a human hair, to provide scale. Magnification, 
approximately 15 X.
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The Nice specimen of Compsognatbus longipes. Originally, this specimen was assigned to a new 
species, C. corallestris, by Bidar, Demay and Thomel (1972). It is here considered to be indistinct

from C. longipes.
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The stomach contents preserved within the rib cage of the Munich specimen of Compsognathus 
longipes — a small lizard skeleton. For identification of these remains, refer to Figures 8 and 9 in

the text. Scale is in mm.
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Bavarisaurus cf. macrodactylus.
Fig. 1: Autotomous tail vertebrae of the “stomach contents”, for comparison with Fig. 2, at the 

right. The arrows indicate the autotomy sutures. Scale divisions equal 1.0 mm.
Fig. 2: Autotomous caudal vertebrae of the holotype specimen (B. S. P. 1873 III 501) of Bava- 

risaurus macrodactylus. The arrows point to the autotomy sutures of three contiguous 
vertebrae. Scale units equal 1.0 mm.

Fig. 3 : Isolated left lower jaw preserved o u t s i d e  of the body cavity of Compsognatbus. 
Presumably, it belongs to the small skeleton preserved within Compsognatbus. Scale units 
equal 1.0 mm.

Fig. 4: The distal end of the left humerus (arrow) of the “consumed” little reptile. Compare 
this with the humerus illustrated in Fig. 5, to the right. Scale units equal 1.0 mm.

Fig. 5: The distal end of the left humerus of the holotype specimen (B. S. P. 1873 III 501) of 
Bavarisaurus macrodactylus. Compare this with Fig. 4, to the left. The scale divisions 
equal 1.0 mm.

Fig. 6: The left pes of the holotype specimen of Bavarisaurus macrodactylus (B. S. P. 1873 III 
501). Compare this with text Figure 10, the reconstructed foot of the “stomach contents” 
of Compsognatbus. The scale units at the right equal 1.0 mm.
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Lithograph of the type specimen of Compsognathtis longipes Wagner 1861, in the 
Bayerische Staatssammlung für Paläontologie und historische Geologie in Munich. Coincidentally, 
the stone from which this print was made, was discovered by the author in 1961 in the Vertebrate 
Paleontology collections of the Peabody Museum of Natural History, Yale University, New 
Haven, Connecticut. How and when this stone was obtained by Yale are not known, but it pro
bably was acquired bv O. C. Marsh sometime after his visit to Munich in 1881. The art work 
apparently was completed after 18S2, because the right tarsal fragment described by Baur (18S2) 
is missing in the lithograph. The artist is unknown, but this work may be the “careful drawing 
of the original made by Krapf in 1SS7” (Marsh, 1S95, p. 409; 1896, p. 22S) mentioned by Marsh 
as part of the basis for his restoration of Compsognathus. The print reproduced here was made 
from the original stone by Heddi Seibel of the Yale University School of Art.
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