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Introduction.

The Middle Posidon strata of the Lias in Swabia contain wonderful Ichthyosaurus and
Teleosaurus remainders and also "Swabien Jellyfish " which are well known. In more recent
time, the inexhaustible quarry pits, much talked about, at Holzmaden by Kirchheim again
yielded an Ichthyosaurus with a complete tail fin and other similar fossils’, as well as the first
skeleton of a Plesiosaurus to be found in Swabia. These two findings are followed by the
finding of a Pterosaur in the strata of the Lias of Swabia and Franc, which is the first almost
complete specimen. The fossil came from the quarry of owner and Fossil Dealer B. Hauff of
Holzmaden, it was acquired with accustomed skill from the rock outer layers. The Society For
Natural Ancestors in Wirttemberg acquired the specimen which was entrusted to me by the
present Conservator of the geological collection, Professor Dr. Eberhard Fraas, this grand
and worthy discovery, the description for which | here express my warmest thanks. | am also
obliged to thank Her. Geheimrath v. Zittel, who fully supported me in preparation of the piece
with his estimable knowledge, and allowed me free and extensive use of his significant private
library in the most amiable manner. | dedicate this Species as a sign of my heartfelt thanks to
my distinguished friend Mr. Lehrer, who expanded the knowledge of the Pterosaur so
substantially, and my admiration. Also Dr. Otto Reis, assistant at the Kgl. Berbergamte to
Munich, | am obligated to thank for his great support. The text figures were drawn by Mr.
Conrad Krapf.



History.

The first remainders of Liassic Pterosaurs were discovered in the December of the year 1828
in the lower Lias of Lyme Regis in England and were described by Buckland® as
Pterodactylus macronyx; The Genus Dimorphodon was established later by Richard Owen.
In this specimen, the largest part of the skeleton was discovered but the skull was absent.

After this English find was published, Hermann von Meyer3 discovered in the palaeontdogical
collection of the Duke Wilhelm of Bavaria at Banz in the year 1830, similar remnants of
pterosaurs, which had been collected in the spring 1828 in the vicinity from Banz from the
Middle Posidon strata of the upper Lias. Hermann von Meyer and Theodori® busied
themselves with the publication of these fossils. First they recognized the English
Pterodactylus macronyx Buckland, later they identified Species different to the English one,
namely Pterodactylus - Pterodactylus (ensirostris) - banthensis. This fossil example was
classified by A. Wagner6 in 1860 as the Genus Dorygnathus. Oppel7 described a well-
preserved lower jaw of the same species from the Boller area out of the Middle Posidon
strata. After Quenstedt a specimen from Wittberge in Metzingen; which was recovered at
Nachtgraben, where the lower jaws of the Oppel partial fossil being a part of the Front
extremity of a Pterosaur, and another fossil classified as a short tailed pterosaur, named
Pterodactylus liasicus. In the year 1858, Richard Owen’ recovered a skull of Dimorphodon
macronyx Buckland and later an almost complete skeleton of the same species; the exact
description of both fossils was published in the year 1870". Out of the upper Lias of Whitby,
E. T. Newton! described a specimen as Scaphognathus purdom a rather large,
Scaphognathus skull in excellent condition.

The specimen to be described here more closely of a Lias strata Pterosaur comes from the
Middle Posidon strata (Lias & Quenstedt), associated with Ichthyosaurus remains, being
discovered in the year 1893. It has proved to be one of the earliest Lias pterosaurs and also
earlier than the Chalk specimens, so in progress of the treatise; | propose therefore the name
Campylognathus 2 for this new Genus.

Description.

Situation and maintenance. (s. plate. 19.)

The skeleton lies on a 75cm wide and 98cm long slate and was prepared by the skilful
preparator B. Hauff. The creature settled on its left side during fossilization and is almost
complete. Neck and head hang over the dorsal side, in sequence the skull has its right side
exposed; it is well presented in its rear aspect being part-pressed, otherwise, the preservation
is complete. The lower jaw halves are separated, the right half lies below the skull and was
displaced left becoming visible through it. The neck section of the spinal column is totally
crushed up so that single turbulences cannot be recognized. The turbulences of the back and
loin section are somewhat dispersed, just as the ribs, of which nine of the left body half lie and
they are complete, probably in the original sequence. Sacral and tail sections are preserved
magnificently. Both sides of the united scapulae and coracoid are preserved by the shoulder
girdle. Through the scapula of the right slate, the humeral distal endings are absent due to a
fracture of the slate. The sternum is seen only incomplete, it lies behind the skull. Of both
front extremities, we almost completely see those of the right side as single articulated bones.
The distal end of the humerus, as well as the proximal ending of ulna and radius are absent
from the right front extremities while the remaining part of that is finely exposed. The
humerus of the left side lies under scapula and coracoid and humerus of the right extremity.
Radius and ulna are entirely complete. Carpus and metacarpal are missing, with exception of



the fifth Metacarpal, which is curved below part of the skull. The first is an impression, which
lies diagonally over ulna and radius, its distal end by the phalanges of the fifth or flight finger;
the proximal end is lacking close to the second phalange, which lies in the corner of the slab
with the third and fourth phalange on.

The maintenance condition of the slab is quite magnificent; the pubis unfortunately is missing,
possibly concealed in the rock. The right hind extremity lies next to the front part of the tail
and totally in connection; however the distal end of the tibia of the distal tarsus line is
somewhat displaced. Of the left hind extremity, the head of the femur lies next to the pelvis;
tibia and fibula lie hidden under the hip and lower thigh of the right side, obscured at the
proximal end. Tarsus and metatarsus are articulated while the phalanges are mixed up
somewhat. Almost all extremity bones are in places compressed due to their pneumatic
state.

Skull.

The front half of the skull (fig. 1) is well preserved, tough the bones of the rear half, are
displaced and crushes somewhat into separated pieces, the displaced bones and fairly intact
and grouped together so that the skull shape can be recognized. Viewing the almost
complete skull, from the aspect of the right side, first of all three large fractures can be seen
around the orbit, which are separated by bone bridges disconnected from each other. The
biggest aperture forms the orbit (orbit, 0.). The sclerotic ring is turned over and well
preserved, being displaced behind and above the original position. The height of the orbit is
between 2.5 and 3cm, its width is about 3 cm. In front of the orbit, is a triangular aperture the
small opening (Preorbital opening P.), the same one at its basis 1.8cm long and 0.6cm high.
It seems its original height was reduced by some pressure. Above and forward of this middle
aperture, is the nares (N. as a third opening), with a height of 0.6cm and a length of 4cm. The
position of the nares is low on the skull.

Fig. 1

The length of the entire skull, which can be determined because of the damaged rear partly
can be estimated to be 13cm. The skull roof formed by top of the skullcap and forehead is
displaced from its original position, somewhat distorted, is shifted in the direction towards the
orbit and giving a complete view of the bones in sequence. Lastly we have the top of the
skullcap (Parietal par.), which forms the semicircular upper orbit interior, to the rear of this
semicircular opening. Two curved strips extend between the ophthalmic and temple
openings, joined at the median line and passing around the temporal opening into the just
mentioned opening. In the complete deficiency of a seam, the boundary between top of the
head and nasals is difficult to determine. Von Ammon'® identified this in Rhamphorhynchus
longicaudus Munster "a line curving slightly forwards, progressing around the parietal



depression" the boundary between forehead and top of the skullcap. "In the same manner,"
von Ammon goes on, "the parietal depression against the frontal boundary is clearer on the
Munich specimen of Rhamphorhynchus Gemmingi, which Wagner described as
Rhamphorhynchus longimanus."

On latter specimens, this line is formed by a strip and in both specimens; the progress of
these lines is on others as in our specimen. That these developed lines should collapse
along the sutures appears to be because of the further progress of these strips to the rear, at
least very unlikely in Campylognathus. Below the top of the skull cap, lie the frontals
(Frontals fr.), which form the upper edge of the orbit; this might be the point of collapse,
extending therefore to the front area of the outer edge of the orbit. This place would
correspond, which is seen in Scaphognathus crassirostris Goldfuss shows a suture at that
place to be a boundary between frontals and between the jaws. Also an image of
Rhamphorhynchus longicaudus Munster, which H. von Mayer14 described, shows the suture at
the same place. The media line is set in Campylognathus by a pronounced elevation, having
collapsed at the boundary of both Frontas and was perhaps the basis of a fine ridge, as seen
recently in the preparation of a Pterodactylus out of the lithographic limestone which will give
an opportunity to be described soon. Laterally before the forehead lies at an angle the
somewhat damaged front the orbit the front prefrontal (p. fr.) The form of this bone is not to
be determined exactly. By the prefrontal in the rear upper corner of the preorbital opening,
lies an oblong triangular Lacrimal (lac.) whereas its still, incomplete preservation leaves us
unclear of its form. Before that frontal, between prefrontal, Lacrimale and the rear extension
of the mid jaw line, lies the nasal (n.) By pressure something under the prefrontal and
Lacrimal has been displaced, which may be the limitation of the preorbital opening towards
the top taken in that it dispatches forward below a rather long and narrow structure, that
extends at a rising branch of the upper jaw; it terminates furthermore at the nares to the rear.
The paired premaxilla (pr. m.) begins before the frontals, separates itself from the frontals and
widens gradually forward into the snout tip. It limits the nasal opening above and ahead and
forms the foremost part of that to the tip of the snout. A partially fused suture, which
separates the upperjaw can be recognised, it is however, what Goldfuss supposed in
Scaphognathus crassirostris, to from the front angle of the nares beginning behind the fourth
tooth the alveolus. | will state the reason, which lets me acceptance this as justified, in
discussion of the lower jaw. Owen misplaced this border wider according to Hinten™ and also
Seeley16 pay attention to different interpretations to the expansion of Maxilla and Premaxilla in
Owen's treatises. The upper jaw (Maxilla m.) is solid at the front of the premaxilla; The nasal
cavity of low, sloping upwards at the rear, joining with the nasal bones, from the Preorbital
opening, sloping backwards to join at the Jugal. The Maxilla of the left side is disconnected
from the skull and is found beneath the skull between both lower jaws. In the separate
pushing of the skull bones through pressure, the bones associate themselves closely at the
suture junctions; we measure now the length of the free lying upper jaw, we find that this
measurement is the same as from the Jugal to the fourth tooth when measured from the tip of
the jaw. This would therefore be the front boundary of the Maxilla, which Owen, without proof,
makes such an assumption.

The zygomatic arch (Jugal j.) passes over a thin, archiform bone clasp, which forms the lower
boundary of the orbit, straight forwards into the upper jaw and one forwards on increasing
branch the prefrontal against which it separates the orbit from the preorbital cavity. At the
connection place of Maxilla and Jugal is positioned at the front lower corner of the orbit and
inside there is a bony structure that can be interpreted as an os transversum (tr,.)

That described skull bone until now had remained associated in the sediment, and we can
now make the interpretation that the whole skull was more or less shifted out of its original
position. Behind the skull, the quadrate bone (Quadrate q) of the left side, exposed on its
inside, forms a rather strong triangular bone disk, at whose upper end almost right-angled a
handle shaped structure must belong to the squamosal (Squamosal sq,.) and is obviously
incomplete, located at the lower end with the wing-like structure of the parietal forming a
seam between the quadrate and squamosal. At the bottom end is the quadrate, rounded,
forming at the lower jaw in the shape of a deep ridged trochlea. A strong strip passes the rear
edges parallel, that forks before it reaches the lower corner, and dispatches a branch
forwards and downwards. The Quadrate formed the rear limitation of the temporal opening.



At the internal lower edge, forward of the Quadrate, is a flat bone, which appears to be the
pterigoid (pterigoid pt.). Extending from here is a curiously flattened scalp extending as a
small edgewise structure. Lying under the lower edge of the Quadrate and covered, is most
of the pterigoid, covered as is the quatrojugal (quatrojugal gj.) The interpretation from the
outside is that the Quadrate was in union with the Jugal.

The Quadrate of the right side is pushed into the orbit and lies at the rear upper edge of that;
it is entirely is covered it by the rear postfrontal (postfrontal pt. fr.) This, a three forked weak
piece of bone, whose branches must abut below the Jugal, towards and forward of the frontal
and parietal, behind with the squamosal, dissociated from the upper temple opening, limited
the orbit behind above and separated it by the temple openings. Lying within the nares, and
completely visible, is a long, narrow bone interpret as a vomer (vomer V.). Next to or rather
over the skull two overlapping bones are located. | consider in the upper part, a bone
branching off that forms the limit of a partially oval opening, as a palatine (palatine pal.), the
lower shape is not clearly seen, and perhaps it corresponds to the other palatine, however the
interpretation of both is at the least very uncertain. In the orbit, a compressed bone mass, in
which one believes to recognize flattened bones of round shape, lies the remainders of a
scleratic ring (sc.) At this point | have completed the bones in this sequence.

The taking of the single bones at the limitation of the openings in the skull is following:

The nares limit: premaxilla ahead and above, maxilla below and through a rising
branch fully behind. Nasal behind above.

The preorbital opening limit: maxilla below and through a rising branch fully ahead.
Nasal above, Lacrimal behind above, Jugal behind below.

The orbit limit: frontal above, prefrontal ahead, Jugal ahead and below and behind
below. Postfrontal behind above.

The lower temple opening limit: postfrontal and Jugal ahead and above,
guadratojugal below, Quadrate behind.

The upper temple opening limit: parietals interior, squamosal interior and behind,
postfrontal exterior and ahead.

Lower jaw.

Both lower jaw halves (s. fig. 1), which were not obviously fused at the symphysis, lie apart
and displaced backwards; the right half slightly to the rear and adjoins almost in its original
situation at the skull. The left half inverted beneath the right, both with external sides
exposed, are 11.5 cm long, reasonably strong and with a down curved tip 0.6 cm long. The
rear part of the mandible are straight, and the front third curves downwards downward to the
tip; the toothless short tip is straight on top and rounded upwards at the lower edge.

The most powerful bone, the toothed part is the dental (d.), behind and above is the narrow
supra-angular (sp. a.), which can be clearly defined. At the rear end, the articular (ar.) with
the joint socket for the quadrate. A portion behind the joint area is missing. The articular is
weakly delimited by sutures. Forwards and close below is the angular (a.) which is clearly
separated from the dental by a suture. The four named bones supra-angular, articular,
angular and dental surround a depression, which crosses obliquely from the top to the back
forming athin bone bridge; a cavity does not exist. R. owen'’ observes a similar space in the
lower jaw of Dimorphodon. From this structure, two shallow grooves radiate, of which the
upper passes through the almost entire dental to the tip, gradually flattening and disappearing
to the end, the lower groove is the same for the rear third then disappears. The rear lower
end of the lower jaw seems compressed somewhat so that the form of this involvement is no
longer entirely original. The description of this rear part is taken from the left half because this
place of the right is covered by whole skull. The outside of the lower jaws appears with the
exception of shallow grooves in the forward flat area, that height measured from the tip at
about three quarters back, is about 0.9 cm, in the last rear quarter are the mandible the edge
is rounded to the inside.



Evidence.
a. Upper jaw and jaw fragment

In the premaxilla and maxilla (s. fig. 1) there are 13 teeth and two alveoli, which can be
recognized clearly. On the premaxilla there are eight complete teeth, four complete on each
side of the muzzle. Because the snout became compressed laterally in the sediment, all four
distal teeth are visible, that two of the right and those of the left side. After these two distal
teeth follow two teeth, the third vertically emplaced, leaning laterally, and somewhat forcefully,
behind this tooth, the fourth, the largest of the entire row; is placed ahead of, the boundary
between premaxilla and maxilla. The following tooth which is on the maxilla is absent, follow
three teeth of different size follow the one that has fallen out; next is an alveolus, then yet four
teeth of changing size follow consecutively. In the whole maxilla, the teeth from the front to
the back, the absent teeth are nowhere to be found. The left maxilla whose inside of which is
exposed shows the manner of attachment of the teeth, of which a portion are partly displaced
from the alveolus, some teeth remaining firmly in the alveolus. It first, appears to me however
probably that the internal jawbone was lost in the preparation of the specimen. Some teeth of
the upper jaws are seen to leave a shallow depression; the largest tooth in the left maxilla has
a strong furrow on the inside.

On the premaxilla, there are four teeth, on the maxilla there are nine teeth.

b. Lower jaw.

On one half of the lower jaw there are seventeen teeth. The two front-most stand separate
and are especially large, being 0.6 cm apart, behind these are fifteen significantly smaller and
fine teeth also with an interval of 0.6 cm. The first of these fifteen stands smaller, similar to
the four hindermost, scarcely standing more than a 0.1 cm over the Alveolar edge. The
remaining array varies in size, but none jutting out over 0.5 cm.

Microscopical findings.

Ten teeth were removed from their alveoli for microscopical investigation, the largest of which
was the fourth tooth of the premaxilla. This was cut widthways through the tip a lengthways
through the remaining portion of the structure.

In the cross section, which was about 0.2 cm from tooth tip recognized by the cracked mass
of ground dentine, where the inner tooth is rather crushed, it is distorted though the form can
be recognised as an ellipse. The enamel forms a moderate thick layer and seems to be
restricted to the tip of the tooth because it is only visible at the cross-section but is not seen in
the long section. It is colourless, prismatic, and shows clear laminations and is just as if the
mass of ground dentine is double ruptured. In the central region of the cross-section, around
the pulp cavity, the dentine layer rises almost vertically upwards in moving gradually against
the outside of the tooth, without reaching however the horizontal situation. The progress of
the dentine layer can be clearly followed in the long section, but was not found in this the pulp
cavity at the base, the reason is probably due to the compression of the tooth. The enamel
layer is missing and only the dentine can be recognised; at the root, we see the Cement with
its bone corpuscle.

Spinal column.

The spinal column (s. fig. 2) is with exception of the Sacral sections and the tail unfortunately
very badly preserved. The neck section is only indicated by a compact bone mass, however
we see, like in all Pterosaurs, there are perhaps seven neck vertebra; this is acutely crooked
while the remaining sections of the spinal column form a straight line. Only some vertebra are
complete in the trunk section; they overlap one another significantly in size so that they might
have quickly decreased in size therefore from front to rear; all are decidedly procoel.



Fig. 2.

wa, Wb, we. Back vertebrae. w. sch. twelfth tail vertebra with point x
marking two vertebral joints.

wh. and wg. proximal tail vertebrae
Nat. Size

The vertebra (wa fig. 2) beautifully expose the front concave and the rear convex joint
surfaces; they show several of the joint surfaces in the vertebra designated with wb and we,
the front joint surface the fine vertebra wc most clearly. The front-most thoracic vertebrae (fig.
3 we and wd) have very high, wide neural spines of square shaped form which decrease
against the Sacral section quickly in size and circumference. All vertebra of the thoracic
region have front and rear zygapophyses. The joint area of the front zygapophysis is
arranged to the inside and above, in the rear outward and below; vertebrae wd, we and wf on
fig. 3 show us this relationship. The front zygapophyses are covered therefore by the rear of
the preceding vertebra. The transverse processes of the thoracic vertebrae are magnificent
in vertebra we (fig. 2) and some of the remaining thoracic vertebrae are also well preserved.
In the front thoracic vertebra, the process for the capitulum is at the basis of the diapophysis
(vertebra we), and moves gradually towards the end of the diapophysis where the process is
also located for the tuberculum. Because the ends of the ribs have two heads, the processes
for the capitulum and tuberculum are always apart, this is the shape. In the vertebrae wa and
wb there are no protuberences for the rib heads at the end of the diapophysis, the
preservation is however not the kind to show the shape. In the vertebra designated with rw
(Taf. XIX) only the centrum is preserved, marked with a cross. As soon as the zygapophyses
are detached this seems how it, appears. Of the lumbar region, another vertebra lies
projecting, it appears to be connected flexibly with the sacral section although a little
obscured, are yet neural spine to recognize transverse process and zygapophyses. At the
Sacral section (fig. 5) there are four complete vertebrae, which have a joint length of
approximate 2.8 cm; they are connected immovably with one another, however a suture
between each can be recognized clearly. They possess very low, wide neural spines and
strongly broadened and extended transverse process, which stand off almost rectangular in
the first sacral vertebra, sooner with weak inclination forwards, in the two following somewhat
obliquely to the rear, in that fourth and last rectangular or rather more forwards. The Sacral
vertebrae increase in size and length in the proximal area. Of the tail section, we see the first
vertebra still in articulated union with the Sacrum, having the same wide, strong, rectangular
extended transverse processes. The tail vertebrae as in wg and wh (fig. 2) rest beyond
connection; some are probably lost.

Now follows a segment of 32 vertebrae (Taf. XIX) with a length of 56.35 cm. With the names
vertebra being the entire 35 tail vertebrae preserved. The two more freely lying tail vertebra
(wg and wh) show their zygopophyses towards the rear and somewhat downward arranged
spinal processes. At the fourth and fifth tail vertebrae, which are preserved in connection with
the whole tail, the spinal processes are more at the rear part of the vertebral centra and are
seen to decrease in length so that in the fifth vertebra shows a button shaped process; the
zygopophysis of vertebrae 4 and 5 can be seen to cross the prezygopophyses. Because the



tail lies on the side of the spinal processes only that one is to be seen on the right side. The
tail vertebrae following up to the 8th increase quickly in length, 8 and 9 are equally long, at the
9th the length decreases slowly; they are strong and lengthened cylindrically, in the centre
somewhat converging on the underside. In the vertebrae 9-16 at the border, there are two
processes at the base of the vertebra where they join, seen as ventral processes of bone,
which probably add to the strengthening and support of the tail as well as the
prezygopophaseal sheath itself (fig. 2 w. sch., x.) H.v. Meyer™ observed such pieces in
Rhamphorhynchus also, regarded it however as the ending of prezygopophyses. The entire
tail is surrounded by a formal sheath of such ossified tendons. These prezygopophyses and
heamapophyses extend themselves on the dorsal side of the tail further forwards as on the
ventral (s. Taf. XIX); It seem to extended itself even to part of the Sacrum, as observed also
by Owen in Dimorphodon. Sometimes the prezygopophyses seem to fuse with one another
and to form anarrow ribbon in the short length towards the end of the tail. A specimen
present in the Munich collection of a Rhamphorhynchus Gemmingi, whose prezygopophyses
are clearly laid out separately, shows these relationships very clearly.

Arrangement of the Long Vertebra

Dorsal Vertebra

Length of vertebra / cm Length of vertebra / cm
we 0.9 rwi 0.8
wf 0.8 rwil 0.8
wb 0.7-0.8 rwill 0.75
wa” 0.75 rwlVv 0.7
wa 0.75

Diametre of Centrums of vertebra weis 0.45 cm.

Tail Vertebra

Length of vertebra / cm Length of vertebra / cm

1 ca. 0.7 19 1.85
2 ca. 0.7 20 1.5
3 ca. 0.7 21 1.4
4 0.9 22 1.2
5 1.3 23 1.2
6 2.5 24 1.1
7 3.3 25 1.0
8 3.5 Max. 26 1.0
9 3.5 Max. 27 0.85
10 3.45 28 0.75
11 3.4 29 0.7
12 3.25 30 0.7
13 3.15 31 0.6
14 2.9 32 0.6
15 2.75 33 0.5
16 2.5 A 0.4
17 2.2 35 ca. 0.3
18 2.0




The Ribs.

Only a few ribs are preserved, they are noticeably thin with a thickening at the distal end, at
the proximal end as in two figures. Two ribs r and r' (Tab. XIX and fig. 3) are particularly
strongly qualified; belong in any case to the first trunk vertebra. Like many of the front rib
itself through it has significant strength, it seems, courageously two or three, like in most
Pterosauria. | measure the longest rib to 6 cm, the shortest at approximately 5cm. A series
of 9 ribs remained in their original sequence and situation; they are preserved in more or less
good condition. Of that dispersed fragmented ribs, some show a clear long furrow. Disks of
bone fragments is how they occur in Ramphorhynchus as appendages of the belly rib or as
sternal parts of the front rib, were obscured.

The Shoulder Girdle (s. Fig. 3).

Scapula and coracoid (shoulder blade and sternum support).

Scapula and coracoid can be seen preserved on both sides so that its form can be seen. The
bones are fused with one another; that of the right side (fig. 3, sc.r. cor.r.) is seen from the
outside and the left (sc.l. cor.l.) has its inner side exposed. Through the scapula of the right
side, a wide socket in the bone is seen, however the bones are so exactly are joined that a
precise fit is possible. The Scapula bone is broad in shape and crooked, 6-6%2 cm long,
against the distal end the width reduces and flattens itself, on the second bone on the side of
the specimen with the inside exposed, this is clear and a F outward below arranged against
rounded edge. The height of that flattened side is about 0.9 cm. The inner surface is 1 cm
wide showing what seems a weak single groove that is now somewhat smashed, but would
have been smooth.

At the external side of the right scapula (sc. r.), against the proximal end to the joint (gl.)
humerus is clearly seen in place, are it strongly increases with a 0.6 cm long cut in between,
which serves to the location for the ball joint. Further along at the joint surface, there is a
section on which a strong consolidation follows before which another rounded process lies,
but it is not very clearly preserved. This process borders on the weakly indicated seam, which
passes between the united scapula and coracoid. The coracoid has a length of 3.6 cm, is
prolate, bevelled in the rejuvenated end to the alignment on the sternum, somewhat inward
bent, laterally spatulate and oblately blunt on the vertical edge. The coracoid of the left side
(cor. L) is turn with the inside exposed, covering the outside of the right coracoid (cor. r.) by
the large end of right humerus. A bump shaped process at the union with the scapula is
weakly indicated.



Fig. 3.

Cor.l. = Left
coracoid

Pr. d. = Deltoid
process of the
humerus

U.l. = Left Una

R. =One of the
frontmost rib

Sc. r. = Right scapula.

Gl. = Joint area at the
shoulder blade

G. = Joint area of the
humerus

St. = Sternum
R. 1. = Left radius

Sc. I. = Left scapula

H. r. =Right humerus

H.l. = Left humerus

Cr. =Crista sterni

Cor. r. = Right coracoid

Ph. 1stl. = First Phalange of the left flight
finger

Wad., we., wf. = Turbulence of the front back
area

Oiled. = Ole- cranonartiger process of the
proximal end of that

NATURAL SIZE

The breastbone (sternum).

The sternum, is a thick bone seen behind the skull, Fig. 3 (st.), It is interpreted through a gap
in the matrix where the rock has been broke off whole. The piece is obscured and seems
damaged and needs to be exposed in the preparation. Obviously here is presented a round
shield shaped bone plate. In the sediment, the sternum was exposed along the axis so that
only the half is visible. The interpretation indicates crista at the edge.



The Forward Extremity (s. Fig. 3u. 4).
a. Humerus (upper arm - s. Fig. 3).

Of both Humeri, only the proximal end lies forward, as well as a short piece of the shaft, that
is intact, the distal end is lost into the matrix. The Humerus is exposed at the proximal end
with the wing stretching out, the left Humerus (h. ) still beautifully exposed, is vaulted
outwards and concave on the inner surface. The joint union (g) is formed by a thickening at
the upper edge of the wing bone expansion shaped; it has a length by about 1 cm and a width
of approximately 0.5 cm, is weakly concave and inclined against the external edge. Next to
the place, which carries the joint surface through a shallow separate deflection, is located the
deltoid processes of the humerus (pr. d.), it is good on the right Humerus (h. r.), corresponds
well to the left which is reversed; next to the joint connection on the inside is a smaller
process. Only a smaller, flat depression is preserved, which is close to an originally rounded
fistula, by the shaft.

B. Ulna and radius (forearm).

Both sets of forearm bones, Ulna and radius, of the right and also of the left body half
remained. That the right side (Taf. XIX, and r and r. r.) lacks the proximal end, that the left
side bones against it (quickly. 3 and I. and r. |.) are completely preserved. Both bones are
about 8.2 cm long, almost equally strongly, the radius somewhat weaker; they lie very close,
however they are clearly separated. Because they are flatly pressed, the form of the joint
areas is somewhat indistinct. The Ulna possesses at the proximal end no Olecranon, which
is somewhat thickened. The radius seems appears at the proximal end to have a slab
shaped broadening which is consolidated while the Ulna was rounded off. Distal both bones
appear with round joint thickenings, also there are thickened bulges to be observed (fig. 4,
andr.andr.r.)

c. Carpus (hand bones).

The carpus of the left extremity is absent, that of the right however is preserved. It consists
clearly of four small pieces (fig. 4, a, b, c, d), two larger and two smaller where always a
larger and a smaller piece are in the proximal and distal rows. The larger of the proximal row
(a) is narrowly and long and sits on the distal end of the ulna and likewise on the radius and
interpolates with a small vertical tip between both forearm bones, probably as an Ulnare +
Intermedium, which is the smaller (b) of the proximal row, that locates itself at the radius and
laterally on the larger (a) of the same row, which is considered to be the radial.

In the distal row, the larger of both knuckle bones (c) extended itself at the metacarpal of the
fifth wing finger; here one sees a projection in the proximity of the remaining metacarpals from
it. The small knuckle bones of the distal row (d) puts itself laterally on a and ¢ and locates at
the ulna with its upper surface, and the lower surface with the metacarpal of the flight finger.
A similar position is seen in a specimen of Rhamphorhynchus Gemmingi, located in the
Miinchener Museum , shows similar forms of the hand bones described by H von MEYER™
which has not been fully described before. Actually only the bone pieces of the proximal row
was observed; while regarding the second Knuckle bones of the first and the knuckle bones
of the second row uncertain.



Fig, 4. u. r. = right Ulna r. r. = right Radius

a, b, ¢, d=carpus Mcl. = So-called instep bone Mell, lll and IV = metacarpals

Mc V = metacarpal of the fifth Mg. = Roll joint the same Phl. r. = First Phalange of the flight finger of the
finger right side

Oiled. = Olecranonartiger Phll. r. = Second Phalange of the right ~ Ph. = Phalangen of the remaining fingers
process flight finger

Phe. = Klauenférmige Nat. Size

Endphalange

d. Metacarpus (means hand).

Received is the middle hand of the right side, of the left only metacarpal is retained and it is
incomplete; it is compressed near the rear part of the skull. The metacarpus (fig. 4 mc)
consist of four approximately equally bones of about 3 cm long, somewhat more than 1/3 the
length of the forearm. That sturdy metacarpal (mc. V) exceeds the remaining three in
strength; the right side exposes its external surface. The external side of the same seems to
have been rounded and shows moreover a 1.3 cm long bulge. The front was flattened, and
weakly rounded. The proximal joint area seems much flatter than the distal and has a hollow
joint pulley (mg) in the middle providing a location for the wing finger phalange. Next to this
external metacarpal lie the thickened three remaining metacarpals (mc IV. lll. 11.) as 0.1-0.15
cm thick and 3 cm of long knuckle bones; on the distal ends they carry 0.2-0.3 cm of long
grooves which terminate at the joint head ending. Next to the radius, as interpreted by H. von



Meyer and Wagner, as a incurved bone, Goldfuss, Marsh and v. Zittel designated the bone
piece as a backward turned metacarpal the designated rudimentary developed thumb (mc. 1);
itis 1.6 cm long, 0.2 cm thickly and slightly crooked. Fixed in this position, it might have
turned in with its rounded end at the radial carpal bone (b) of the proximal row.

e. Phalanges.

a. The phalanges of the flight finger.

Both of the phalanges of the fifth or flight finger are preserved, of the right as the left hand.
The distal end of the first Phalange of the left flight finger is broken off, just as is the proximal
end of the second. The phalanges of the right hand are completely preserved, the first is
broken in two and lie is pieces crossing over one another, the condition of preservation
however is more favourable as the broken areas fit clearly together. The first flight finger
phalange of the right side (fig. 4, ph|r) has a length of 18.5 cm. The proximal ending of the
first phalanges both sides (fig. 4, ph 1ST r and fig. 3, ph I. 1) show clearly the olecranon
forward triangular process (oiled) which is obviously a powerful muscular extensor. The first
Phalange of the right hand shows in joint union with the metacarpus, that of the left hand very
well the joint face with two pits to receive the articulation of the fifth metacarpal at the proximal
end, as well as the olecranon forward process from within; the latter raises itself 0.6-0.7 cm
over the broadened end of the Phalange and is convex outside, concave within. The centre
of the first Phalange is almost 1 cm wide, seems squashed flat by the way and to have been
originally completely round. Against the distal end the Phalange is flattened again and
continues to form an articulation with the second Phalange (fig. 4, ph Il. r) a flat joint area and
just cropped off. That thickened ends every phalange, naturally with exception of the last.
The second Phalange has a length of 20.9 cm, taken from the proximal to the distal end it
thickens, later in the middle to 0.7-0.8 cm. The third Phalange has a length of 16.5 cm, is in
its middle is 6 cm wide and slims down itself also. The fourth and last Phalange, with a length
of 12.15 cm, weakly curved, becoming slim and continuing to the distal end to form into a
rounded tip.

Groupings of the lengths of Wing Finger phalanges

Phalange cm
[ 18.50
I 20.90
11 16.50
v 12.15

b. The phalanges of the remaining fingers (s. fig. 4 ph, phe terminal limbs).

The phalanges of the second, third and fourth finger are almost completely preserved; the first
finger has the familiar backward curve. The second finger is formed by two phalanges, where
the first is an approximately 1.1 cm of long and 0.1 cm of thick small bone rod, the second,
similar phalange, is lying squeezed beneath the second phalange of the third finger. The third
finger consists of three phalanges, the first the same as the fourth metacarpal, clearly not
longer than 0.7 cm; the second phalange which follows is 1 cm long, then the third terminal
end phalange. In the fourth finger by the four phalanges, only three are clearly preserved.
The first is seems long, the second lies under the second phalange of the third finger and to
about 0.7 cm strongly exposed in the preparation; its estimated length is 0.6 cm; the third
phalange is 1 cm long; the fourth is again the pinch shaped terminal.



The Pelvis (figure 5).

The pelvis is seen fused to the sacrum and masterfully prepared. It is observed, to be
attached to the sacrum on four vertebrae but not the fifth, joined with strong transverse
processes, but with the forward sacral vertebra free. The flattened transverse process of the
four vertebrae are connected to the ileum, they are strongly extended in front of and behind
the bone plate which is 4.8 cm in overall length. That part of the forward ileum process (il) is
rounded off to a thin and wide bone plate, which extends from the sacrum by approximately
two vertebra lengths. The rear process (il') is 1.4 cm long, narrower than the front, but
stronger and curving upwards, the end vertically truncated; extending scarcely more than a
vertebra length beyond the sacrum. The width of the pelvis amounts to almost 4 cm. At the
ileum, with this firmly located, connect themselves the ischium (ischium, ileum.) Both are
seen from the inner side on the specimen.

Fig. 5.

il.=front, il'=rear process
lleam. fisch. = Ischium.

g. = Joint socket.

Nat. Size.

The right side is better preserved, and shows the original form and situation clearly. In
proximal view, the bony plate extends behind and below to a strong plate of approximately
triangular shape, reducing towards the distal end. Both bones are inclined against each other
to the rear and inward, perhaps in contact even with its distal end, which is truncated. The
socket (g) is surrounded by Ileum and Ischium. The pubis is not seen; it might be concealed
under the front part of the pelvis concealed in the matrix, which cannot be exposed without
damaging the exposed bones.

The Hinder Extremities (fig. 6-s).
A. Femur (Thigh Bone).

The thigh bone is preserved in both hinder extremities; it has a length of approximately 6.5 cm
and consists of a bone which is weakly curved forwards. The centre has a diameter of
approximately 0.4 cm. The right Femur (Fig. 6, fe. r.) shows the outer and front aspect, the
left offers (Fig. 7, fe. ) is seen from its outside and back aspect.

At the proximal end to the direction into the pelvic socket, a hemispheric joint head is located
(Fig. 6, g), which, at the end of a short and thick neck, is weakly rotated obliquely upwards.
In the left Femur, the femur head is concealed in the rock. Beneath the neck, an external
trochanter (tr. ex) is located which is rather strongly developed. The right femur is somewhat
damaged while the left is completely preserved, seen from above and laterally exposed. On
the front of the femur, between the neck of the head and the trochanter a gash is observed.
At the distal end, the thigh bone thickens and carries two deep furrows to the articulation
which connects with the lower leg. The external edge of the articular pulley seems also to
articulate with the fibula, which is observed at the right extremity.



Fig. 6. Fig.7.

fe.r.=right Femur. tr.ex. = muscle Trochanter. Upper leg.

g. = ball of Femur. ti. = Tibia. fel. =left Femur.

ft. = Fibula. Nat Size. tr. ex. = muscle Trochanter.
Nat. Size.

b. Tibia and Fibula (lower thigh).

The second section off rear extremity consists of two bones, the shin bone (tibia) (fig. 6, ti)
and the pin bone (fibula, fi). They are preserved on both sides; however the proximal end is
missing on the left side and the fibula there cannot be recognised while that of the right side is
articulated with the femur. The tibia has a length of 8.8 cm, you, clearly associated closely for
almost its entire length with the fibula (fi). The tibia possesses a bone projection at the
proximal end which juts out in front over the knee joint; in the centre, it has a diameter of
about 0.5 cm. The distal end is moderate broadened, forming a joint articulate pulley at the
extremity; an indistinct seam is seen towards proximal tibia where the tarsus is fused near the
articular head, being therefore similar to a tibiotarsus, like at of birds. As already mentioned,
the fibula is seen as a thin bone fused with the tibia at the knee joint; the bone is thin away
from the knee joint, thickening proximally towards the joint with the femur; distal it extends
almost to the lower end of the tibia, but not joining with the foot bones, its length to tip 8.5 cm.

Tarsus (foot base). (S. fig. 8.)

The proximal row mentioned with the tibia joint. The distal row consists of two ankle bones
(fig. 8, tr.), however they seem to be a smaller and a larger displaced at both extremities.

A fragment of a Rhamphorhynchus Gemmingi, which is located in the Miinchener Museum
and shows a well-preserved tarsus, matches in only two ankle bones of the distal row while
the proximal row is fused with the Tibia.



H. von MEYER? has made the same observation on two specimens of Rhamphorhynchus
Gemmingi, i.e. it has two tarsus ankle bones, just as R. OWEN? attentively observed on the
fusion of the proximal tarsus row with the tibia in Dimorphodon. Recently WILLISTON
shows a diagram of a complete hinder extremity of Pteranodon, assigned two tarsal bones
and the rudiment of a fifth digit while the proximal row is fused with the Tibia.

Metatarsus (middle foot), fig. 8 (m I, II, llI, IV and V).

The five metatarsals are irregular, long and slender, the fifth very shortly and close; they have
been preserved lying abreast. The first metatarsal (m I) has a length of 3.8 cm, the second
(m 1) 4.1 cm, the third (m IIl) 4 cm, the fourth (m IV) 3.6 cm, the fifth (m V) about 1 cm. The
thickness of the four first metatarsals amounts to scarcely more than a 0.1 cm, that of the fifth
between 0.3-0.4 cm, from the proximal to the distal end. All metatarsals, with exception of the
first, touch the two ankle bones of the distal tarsus row. The position of the first seems to be
lying in the correct position for the sequence, originally positioned forwards and upwardly
curved (concave plantar surface).

Phalanges of the toes (s. fig. 8).

Five well formed toes, the fifth are is shortened significantly covered by its accompanying
metatarsal. The last phalange of the four first toes is a spatulate claw and fifth toe is only
weakly curved. The first toe consists of two phalanges, the first is 1.5 cm long, the second,
that is the end phalange, spatulate. The second toe consists of three phalanges, the first is
1.1 cm, the second measures 1.15 cm and the third is ended in the claw. The third toe
consists of four phalanges, of which however two, the second and third are fused together;
the fusion is weakly indicated by a seam. First phalange 1.05 cm, second and third phalange
together 1.6 cm (0.5 and 1.1 cm), the fourth again the claw is. The fourth toe consists forms
of five phalanges, of which the first 0.9 cm of the second 0.6 cm, the third also 0.6 cm that is
long fourth 0.7 cm the fifth the claw. The fifth toe is clawless and carries two phalange2
whose first measures 0. 95 cm, and the second one measures 0.5-0.6 cm. The second
phalange is weakly curved and bending backwards. We saw therefore that the phalanges of
the toes increases from the first to the fourth by a phalange at each toe (the fused phalanges
of the third toe calculated individually), therefore amounts to 2, 3, 4, 5, though fifth toe
consists however only of two members.

Fig. 8. Tarsus, Metatarsus und Phalanges.

r. = right foot. tr. = two ankle bones of the
distal tarsus row.
|. = left foot. ml-V Metatarsals

Nat. Size



Relations of Campylognathus Zitteli to Dorygnathus, Dimor phodon,
Scaphognathus, Rhamphocephalus and Rhamphor hynchus.

1. Relations to Dorygnathus.

In the year 1852, THEODORI?®, excellently described the isolated complete skeleton of
Dorygnathus held in the Banzer collection. Campylognathus compares well to with this
distinguished near complete skeleton in its observed form or proportions; it was considered to
be the case that the Banzer specimen was just of a different Individual.

The lower jaw of Campylognathus shows some important differences of both lower jaws of
Dorygnathus, of which the one is located in the Banzer collection, that another, which has
come from Wittberge in Metzingen, itself in the Miinchener palaeontological collection. To
closely seen in Campylognathus above all that the long, toothless, dagger shaped extension
of the jaw Symphysis is missing, as well as the widening and deflecting of the jaw in the area
of the fangs, furthermore in Dorygnathus the lower jaw halves in the Symphysis are fused and
in the case of Campylognathus, obviously they were not. In Dorygnathus in the lower jaw
contains three fangs, or rather three larger alveoli for such while Campylognathus possesses
its only two. Nevertheless the lower jaw of Campylognathus is shorter than both those of
Dorygnathus, is yet the number of the teeth following on the fangs in latter a fewer. The lower
jaw follows in Dorygnathus to the Symphysis in a straight line while it is curved forward and
downward in Campylognathus. Even so, the latter is absent from Dorygnathus on the outside
of the lower jaws running with a high squared edge strip; further the lower jaws in
Campylognathus are much closer, thicker and shorter on the outside, with exception of a
depression at the rear end, which is not observed in Dorygnathus, it being almost smoothly.

Grouping of the lower jaw lengths, the number of the fangs and smaller teeth in both lower
jaws of Dorygnathus and of Campylognathus:

Lower jaw Count of Number of
length. / cm fangs. smaller teeth.
Dorygnathus Metzinger Example 16.0 3 9
Dorygnathus Banzer Example 13.2 3 11
Campylognathus 11.4 2 15

The scapula and coracoid are fused in Campylognathus as well as in Dorygnathus and they
are of the same shape, though the rounded process is more strongly formed at the union of
the scapula and coracoid in Dorygnathus and the bones appear stouter and broader; this is in
agreement the main relationship rules, this emphasizes the larger shoulder girdle belonging to
Campylognathus which is bigger than that of Dorygnathus, though the lower jaw shows the
reverse ratio. Also the Humerus shows the only insignificant differences to be that the
rounded the deltoid process in Campylognathus is more angular; furthermore in Dorygnathus,
the deflection is deeper, which separates the flight muscle process from the deltoid process at
the joint. There are differences however in the measured ratios between ulna and radius and
the first phalange of the flight finger in both specimens. In the case of a third of the
Dorygnathus finds of the forearm found with the first flight finger phalange on a slab lying
together, the latter measures 10.5 cm and the first (without the flight finger phalange process)
9 cm and the fifth Metacarpal length is 3.4 cm, we have in flight finger phalange a forearm of
8.2 cm, and a first Phalange of 18.5 cm length (without the process) while the fifth Metacarpal
measures 3 cm. For clarity | present the numbers once again in a table:

Ulna und Radius Metacarpale V Phalange |
Campylognathus 8.2 3 18.5
Dorygnathus 10.5 3.4 9




We see therefore that in Campylognathus the first flight finger phalange is long and about
than double the length of the forearm, whilst that in Dorygnathus is much shorter than the
latter, it is observed in Dorygnathus that the leading bones are smaller; the remaining
skeleton of the Banzer specimen is less well suited to comparison.

2. Relations to Dimorphodon®.

The skull of Dimorphodon is in the relation to the rest of the skeleton significantly larger than
that of Campylognathus, also it is significantly higher and appears less stretched in
appearance, like the skull of the latter. There are conspicuous differences in the openings
both skulls. In Dimorphodon, the nasal opening is a little larger than the preorbital opening,
whilst the orbit is smaller than both; in Campylognathus on the other hand the orbit excels
both other apertures in size. In Dimorphodon, the skull bones altogether appear altogether
smaller, whereas the lower jaw in Campylognathus has more numerous rear teeth which are
noticeably smaller. The back vertebrae and tail are very similar, likewise are the scapula and
coracoid which appear in the relation to the size of the skull, smaller. The wing process at the
proximal end of the Humerus is smaller in Dimorphodon. The first flight finger phalange in
Dimorphodon is twice as short as the forearm length. The length of the flight finger phalanges
increase in Dimorphodon from the first to the third, in the flight finger phalange of the first to
the second also, hereafter reducing. In the Carpus, we have four bones in both species, each
having a large and small bone in the proximal and distal row. Metacarpals, phalanges
number of the remaining fingers, as well as that so-called instep bones show agreement27.
The pelvis seems to show resemblance, especially in the Ischium, as far as in the poor
preservation of the English fossil allows a comparison can be made. The rear extremity is
significantly larger in Dimorphodon. In both fossils accordingly, the fusion of the proximal
tarsus row with the tibia are seen, that Metatarsals in Dimorphodon are shorter and the entire
fifth toe longer, also the second and third phalange of the third toe in Dimorphodon is more
curved.

3. Relations to Scaphognathus Purdoni Newton.

This skull described by Newton”® shows less resemblance with Campylognathus. Clearly the
skull openings are different in form and size. In Scaphognathus purdoni, the preorbital
opening is the largest and oval in shape; in Campylognathus, the orbit is the largest opening
and the preorbital opening is of triangular shape. In Scaphognathus the orbit lies higher, at
the same time forming a V shape, much closer, wider and shorter jugal. Although the skull is
longer in Scaphognathus Purdoni, the skull roof is yet narrower and it be missing the strips.
The nasal opening in Campylognathus lies further to the rear against the orbit to over the
preorbital opening, the postfrontal is weaker and thinner, the maxilla shorter while it passes in
Scaphognathus under the middle of the V shaped jugal. The quadrate is very divergent. The
skull of the Scaphognathus purdoni however differs from that of Scaphognathus crassirostris
from Solenhofen exhibiting some different features, probably being a separate generation.

4. Relations to Scaphognathus crassirostris Goldfuss.

Campylognathus seems to resemble Scaphognathus crassirostris on the first view; on closer
inspection however serious differences arise. So first of all in Scaphognathus the nasal
openings are smaller than the preorbital openings, in Campylognathus it is the opposite case;
the nasal openings are narrower and longer, also the bone bridge between nares and the
preorbital aperture is less solid; the orbit larger as in the case of Scaphognathus, extends
further down, and buts up against the irregular end of the jugal. The quadrate bone and the
triangular Preorbital opening are analogous. The skull roof was narrower in Scaphognathus
and in comparison with the length obviously higher, also it shows no strips. The evidence in
the premaxilla is in both forms alike, that in the maxilla in Scaphognathus is less similar. A
main difference in the lower jaw, is the maxilla in Scaphognathus which has only few large



teeth at the tip, anteriorly truncated while in Campylognathus the lower jaws from back to front
increases in size, in its front part after the downward inflection it shows a short toothless tip,
seen as slender and rounded below; in addition in the rear part of the lower jaw are shallow
grooves. Furthermore we see two large fangs and fifteen smaller teeth in Campylognathus
while Scaphognathus crassirostris possesses only five teeth. Scapula and coracoid are
separated in Scaphognathus, less extended at the joint and the coracoid hatchet shaped,
which is not observed in Campylognathus. On the fusion of scapula and coracoid by the way
no conclusion is to be made because in Rhamphorhynchus longicaudus Minster in
specimens of the same size, these bones are separated and fusion may be observed. The
first flight finger phalange in Scaphognathus is about 1/3 shorter than the forearm these being
the forearm bones, although they are smaller than in Campylognathus, they are long and
thinner than those of the first phalange which is about double the length of the forearm. In
both forms, the phalanges of the first to the second increase at size.

5. Relations to Rhamphocephalus®.

Rhamphocephalus is different in the skull structure and in the evidence. The skull is strongly
formed between the eye sockets and contains the lower jaw few teeth that increase to the
rear in size bearing no relation to Campylognathus

6. Relations to Rhamphorhynchus.

The openings in the skull of Rhamphorhynchus are very different to those of
Campylognathus. Nasal openings and preorbital openings appears very small vis-4-vis the
eye sockets, therefore the skull much lower in its front half. The teeth are arranged obliquely
forwards, and not vertically standing as formed in Campylognathus, and in the lower jaw
significantly more in number and much largely than in latter; also the quadrate deviating in
that it is in Rhamphorhynchus thinly swab shaped, in Campylognathus it is of triangular
shape. The first flight finger phalange is longer than the forearm, but not twice as long. The
phalanges in Rhamphorhynchus from the first to the third reduce in bulk, the fourth is longer
than the third. In Campylognathus, the first phalange is more than double the length of the
forearm, the second phalange outdoes the first in length, the third however is shorter than the
second and first, the fourth much shorter than the third. The carpus appears to be formed of
four bones to possess a close resemblance in both species; just as in both, the proximal
tarsus row is fused with the tibia (vergl. S. 216). At the pelvis in Rhamphorhynchus, the seat-
bones are broader and tend to be fewer against the media line; also it does not show the
triangular shape as in Campylognathus.

Relations to reptiles and birds.

The spinal column is more reptile like than bird like, the tail is entirely reptilian in form. The
vertebrae are procoele but not as in birds though they are connected with saddle joints. The
skull, we observe is reptile like first of all that immovably with the fused quadrate to
emphasize the existence of the specialized postfrontal, the complete bones surrounding the
eye socket connecting through the jugal, furthermore the connection of the jugal with the pre-
and postfrontal through ascending processes, as well as higher and edgewise temporal
apertures; over the rear head region the condition of preservation of the specimen is unclear.
With birds however, it is found again, like in the pterosaur, the almost seamless union of the
skull bones, the pneumatic state of the extremity bones, which are also observed in certainly
dinosaurs, moreover the preorbital opening and the premaxilla extend to the frontal. The
location of the lower jaw at the skull lies as in birds behind the eye sockets, in
Campylognathus it is more under the eye sockets, this seems to be the peculiar case in the
Pterosaurs. Scapula and coracoid are bird like, however a furcula is missing. The hand of
Campylognathus as in all pterosaur is peculiar and different from that of the birds. The pelvis
is decidedly reptilian in form and reminds closer to that of dinosaurs, though it shows



independent differences. As a significant association which cannot be interpreted with the
developments in birds is the fusion of the rudimentary fibula with the tibia; while the fusion of
the proximal tarsus row with the tibia reminds us of birds, the remaining part of the rear
extremity are thoroughly reptilian.

The bird like adaptations of Campylognathus are like that of all pterosaurs to be interpreted as
homogeneous adaptations in that the flight capacity of these reptiles likewise stipulates
similar developments in bone development (Pneumatication) and single bone connections.

Short summary of the features of Campylognathus.

Vertebrae procoel. Rib two headed, the uppermost especially robust. Tail long, surrounded
by ossified tendons. Skull moderately long, almost to the snouts tip referring (13 teeth), the
two foremost teeth blade shaped and curved. Quadrate rather strong triangular flat bone.
Eye socket larger than a nasal opening and Preorbital opening. Nasal opening larger than
latter. Lower jaw armed with 17 teeth, whereby the two foremost are especially strongly.
Front third of the lower jaw flexed downwards; the short toothless tip is straight and gently
rounded at the top; both halves of the symphysis are unfused. Scapula and coracoid fused.
Carpus composed of four bones. Metatarpals short. Chip bone short. First flight finger
phalange more than twice as long as the forearm. Flight finger phalanges of the second to
the fourth decreasing in size decreasing, but the second phalange longer than the first.
Sacrum formed from four vertebrae; lleum fused with the transverse processes of the sacrum,
displaced forward and behind a processes. Ischium as strong, proximally broadened,
obliquely to the rear and inwardly inclined bony plate of an approximate triangular shape, with
the lleum forming the plate. Pubis unknown. Rear extremity weaker than the front extremity.
Fibula as well as proximal tarsus row is fused with tibia. Distal tarsus row formed of two
anklebones. Metatarsals 1-4 almost equally long, fifth metatarsal stronger and significantly
shorter than the others. Number of phalanges of the toes of the first to the fifth toe amounts
to 2, 3, 4, 5, 2. Second and third phalange of the third toe are fused. Terminal bone of all toes
with exception of that of the fifth claw shaped.

Munich, in November 1894.
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plate XIX.

Campylognathus Zitteli.
1/2 natural size.

Sch. = Skull. ph.Ir, Hr, IHr, IVr. = Phalanges 1-4 of right
Hd.r. = Lower jaw of right side. flight fingers.

Mdl. = Lower jaw of left side. ph, 11, 11 t, 1,1V, =Phalanges 1-4 of left flight
sc.R. = Scapula of right side. fingers.

< . = Scapula of left side. wa, wb, wc, rw. = Back vertebrae.

cor.r. = Coracoid of right side. wg, wh. = Front tail vertebrae.
cor.| = Coracoid of left side.

St = Sternum. sch. w. = Tail spine.

h.r. = Humerus of right side. r,r.l = Ribs of the front rump section

hl. = Humerus of left side. B. = Pelvis.

u. r. = Ulna of right side. fe.r. = right Femur.

r.r. = Radius of right side. fe. . = left Femur.

ul.  =Ulna of left side. ti. 1. = right Tibia.

rl. = Radius of left side. ti. I. = left Tibia.

C. = Carpus of right side. tr. = distal Tarsus row.

mc.l. = so called instep bone. mt. r = Metatarsus of right rear extremity
mc. v. = Metacarpal of flight finger of mt. 1. = Metatarsus of left rear extremity

right forward extremity.

Plate 19 on the original document was too badly damage to copy. This plate is
excluded here, until a good copy can be located.



