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New Attempt to reconstruct a Liassic Pterosaur.

by Carl Stieler with 6 figures, 1922.


The Mesozoic group of the pterosaurs – witnesses of an attempt of the reptiles to be the conquerors of the air – certainly successful for a time, though not for the whole period – presents us even today with a great many problems.  These become most evident in our attempts to produce a reconstruction and their very variety makes it clear that the greater the scope allowed because of personal conceptions, the less certain is the accuracy of the result.


ABEL1) informs us in 1919N very briefly of several attempts of that nature and he himself shows some new illustrations dealing with both the long tailed rhamphorhynchids and the short tailed pterodactyls.  Reconstructions of the latter were more frequently attempted and this can be partly because, although specimens certainly appeared later than long-tailed ones and survive right up to the Upper Cretaceous, the former type died out in the Jurassic.  The Cretaceous therefore also yielded the greatest number of pterosaur fossils. 


In 1912, ABEL quite rightly stated that the name pterodactyls includes several flying types, whereas the rhamphorhynchids would all have been gliders.  Also, as far as size is concerned, the latter are more uniform (roughly between 0.4 m and 2 m in wingspan), while the short tails occur from sparrow size to 8m wingspan.


Up to now, as emphasized by ABEL 1919N, it has nearly always been attempted to sketch the animal flying or climbing, but not in its resting posture.  The obvious way to depict a flying animal is certainly in the air, although the strong claws, especially on the hand, were sure to mislead us into depicting it climbing.  There is no argument today that the animals could fly, but the question of the climbing leads to disagreement, especially in the "manner" of climbing.


The answer to this problem is made more difficult because (disregarding a skull from the Upper Lias of England) with the exception of the finds in Tendaguru in German East Africa and in the Cambridge Greensand, the thin pneumatic bones are strongly compressed and therefore permit no certain decisions concerning articulation possibilities, even if, as in many finds, the all-over picture of the separate bones is quite definite.  And again, it is as if Nature wishes to make reconstruction attempts as difficult as possible, since in the find locations mentioned above, no skeleton has been found in natural connection, especially in Tendaguru, where a mixture of completely different types was obtained.


A fortunate find (my wife found the first fossil) gave me a contribution towards the answering of the reconstruction question.  In the Upper Lias, in Wurttemberg, in the same beds which yield the beautiful Holzmaden plates, were found, near Flechtorf in the Braunschweigian, parts of a pterosaur embedded in  a geode; because of this, the bones were protected from the usual pressure which has damaged their contemporaries.  The interpretation of this find remains to be done as a detailed study and in this paper, all that will be selected is what is required to settle questions regarding the reconstruction.


The find consists of bones from Dorygnathus banthensis THEOD. sp., a species already represented by a series of finds and which ARTHABER1) has dealt with in great detail.  Nevertheless there are many points in which I cannot agree with him, as will be shown in this paper.  With regard to literature references from works older than those of ARTHABER, you are directed to these works in the following pages; author and year of publication will henceforth be quoted.


Before I record details of the separate parts of the Flechtorf specimen I must say a few words about the preservation condition of the limb bones.  Many e.g. upper leg and the upper half of the lower leg, some metatarsal bones, as well as foot phalanges and some of the claw fingers, were able to be prepared out of the stone.  In the case of the others, this method was not feasible, since the geode was split and the cleavage surface ran along the length of most of the bones, so that individual fossils lay both on the slab and on the counter slab.  However, what is here described as counterslab, was for its part, cracked into several pieces and unfortunately not all the pieces could be found.  On both slabs, the bone fossils, which in some cases had already fallen out completely, were carefully destroyed, the greatest care being taken not to disturb the surrounding stone.  Then it was possible to make plaster casts of the separate bones, which were restored with the help of gelatine casts (because of receding edges or corners, etc.).  Since slab and counterslab, apart from a few small fragments, lie directly one on top of the other, it was possible to form perfect bone models.  In this way, upper and lower arm, as well as coracoid-scapula, were obtained.  Of the lower part of the lower leg, however, the metacarpus, carpal region and 1st and 2nd flight finger phalanx, only one side for the most part, was available.  In this case the missing sections had to be restored according to other specimens.  It was particularly fortunate that, of the two carpal bones shown as 1 and 3 in fig. 3, the other affiliated side was preserved, this being concealed on all other Dorygnathus  slabs.  Thus it was that their form, and in particular their articulation, which will be discussed later, was able to be established.  Restoration of the bones found and reproduction of missing ones was the next task.


Due to the kindness and cooperation of Herr Geheimrat POMPECKJ, whom I also have to thank for a great deal of encouragement, Prof. Dr. HENNIG, Dr HAUFF – Holzmaden and Pater (sic) GOTTFRIED-BANZ, to whom I now take the opportunity of expressing my heartfelt thanks, I have at my disposal for the reconstruction, an abundance of comparison material.  I was able to study: the Berlin specimen (Berlin gr.) quoted by ARTHABER, and a second similar specimen in Berlin (Berlin kl.) which ARTHABER surprisingly interpreted as Campylognathus, and under which name he also illustrated parts of the specimen.  In addition there were available plaster casts of the Vienna and Löwen specimen, both also in Berlin.  In Tübingen I was permitted to study the fossils described by PLIENINGER 1907, as well as the splendid, still not described specimen which had been photographed by ARTHABER.  In Holzmaden, Herr Dr. HAUFF allowed me to see new finds and in Banz I was able to study the original of THEODORI 1852.


It proved exceedingly favourable that all fossils of Dorygnathus found to date, belong to the species banthensis and, despite different individual sizes, every specimen on the above mentioned slabs bore an individual index number, with the help of which the bones could be reconstructively compared with the measurements of the Flechtorf specimen.  The only cases displaying great size deviations were the metacarpus and metatarsus, but these form only a tiny fraction of the complete length of the respective bones and should be regarded as individual bones, probably to a large extent influenced by the different ages of the animal.  Sex differentiation was not to be distinguished by the form of the bones.  Of all skeletons found in connection, the Flechtorf one is the largest.  It is surpassed by no other, but was probably equalled by a lower jaw (Munich original OPPEL) and some Banz bones.


By comparing the unpressed Flechtorf fossils with the above-mentioned specimens, light was shed on the nature and extent of the pressure on the latter, so that when fresh models are made, this distortion can be allowed for with complete certainty.  In addition, I have also here in Berlin a great amount of material from other pterosaurian genera and my colleague, Dr. RECK, passed over to me for comparison, the Tendaguru material, partly prepared by himself, and from these fossils I was able to arrive at valuable conclusions.  These finds were significant, especially regarding the last flight finger phalanx (s. sp.), and it actually turned out that this phalanx when squashed would show the same picture, as is seem in the Dorygnathus and other rhamphorhynchid slabs.


These ratios had to be measured very meticulously, since models thus obtained form the basis for further investigations.  Most of the plaster models were prepared by myself, every possible consideration being given to every detail.  If the Flechtorf material yielded the most important limb bones, then those which were missing, could be restored by studying the other material in such a way that there could be complete certainty on almost all the skeletal elements.  This is not the occasion to go into anatomical niceties; these will be discussed only functionally with comments concerning the find, as far as it has not been dealt with in ARTHABER's interpretations, or by the statements of other authors.


Regarding the reconstruction of the skull, at least as far as the lateral view shows, I can agree in the essentials with ARTHABER, although the teeth were much more dagger-shaped1) than he showed them. In addition, the tip of the snout was not rounded, so that the skull reminds one much more of Rhamphorhynchus than it seems, according to ARTHABER's drawing.


Also, as far as the number of cervical, trunk and pelvic vertebrae is concerned, I am in agreement with ARTHABER, but I arrive at completely different results regarding the length of the tail; the Berlin gr. length is completely different from ARTHABER's statement.  Apart from the 3 first caudal vertebrae lying behind the pelvic parts, the following 22 are preserved in connection.  The last is extraordinary slim, but possibly there were another few very small vertebrae, which would not have added any appreciable amount to the length of the tail.  In the reconstruction, these were assumed to have existed.  The Dorygnathus tail is normally considerably weaker than that of Rhamphorhynchus especially towards the end, so that, in Dorygnathus, I might assume the absence of a caudal sail.  Such an organ was not at all necessary for steering.  On this point I am in opposition to ABEL who, in 1919, stated that all the long tails had a caudal sail and I agree with ARTHABER when, in 1921, he said that its presence was questionable.  It also seems to me unlikely that the tail was actually as stiff as ABEL 1919W assumed.  The weak bend in fig. 6 (not only in the very mobile, first post sacral vertebrae) is seen in several specimens of Rhamphorhynchus; it could then probably be accepted without hesitation for the tail of Dorygnathus which is thinner.


Berlin gr. displays a very fine pelvis, yet the main elements are torn apart and lie level, but scarcely compressed in the plane of the slab.  The rounded ischia must have been connected at the rear by cartilaginous symphysis, as ARTHABER assumed for all Liassic forms.  Whether this was otherwise in the younger rhamphorhynchids, as STROMER 1913 interpreted, with the ischia thus projecting free to the rear, does not seem at all certain to me.  However, to generalise the assumption by STROMER and also ABEL 1919W, so that it was maintained that, in all long tails, the ischia was free, seems extremely daring.  Linked to the fact that, in the pterodactyls, the joining up of the ischia would make the birth aperture extraordinarily small, are many conclusions (e.g. care of the young); at least in the Liassic rhamphorhynchids the circumstances seem to be analogous.  Certainly the possibility cannot be denied that the narrow pelves belong to male individuals, or it may have been the case that the cartilaginous symphysis would have permitted a certain expansion of the aperture during the act of birth.  The prepubes, likewise connected by cartilage, form shovel-shaped supports for the visceral container.  The acetabulum is of quite special functional importance and this will be dealt with in detail when the femur is discussed.


The right femur is shown in fig. 1.  The strong trochanter indicates powerful usage.  It can be seen that, due to the eccentrically lying large ligamental cavity, the sliding surface of the condyle assumes the form of a half moon – not very strongly arched.  This eccentric placing of the ligament prohibits a strong turning movement.  Berlin gr. shows, in the acetabulum, the other attachment point for the ligament, whereby the femur is permitted to turn aside in the acetabulum.  It is restricted to an angle a little more than 90° from behind to below, but not to the front.  Because of this, attempts to have the animal walking on all fours in the way of a reptile, as shown by SEELEY 1901, in a part of his illustrations of long-tailed pterosaurs, are proved false.


Lower leg and foot are shown in fig. 2.  The fibula is fused with the tibia in the middle third of the lower leg; in the last third it disappears as a separate form.  The distal trochlear articulation is formed by the – in many specimens completely, in others not – 1st tarsal row fused with the tibia.  Dorygnathus thus possesses, as has been established in many other pterosaurs, a thoroughly bird-like tibiotarsus.  This too argues against a reptile-like position of the hind limbs.  The trochlear articulation of the tibiotarsus points towards outside at an angle of 45°; fig. 2 is sketched with metatarsus laid out flat.  The proximal articulations of the metatarsal bones 1-4 lie next to one another, like the wings on a stage, and thus form a uniformly functioning whole.  Their weak, wedge shape, at the proximal end, shows a slight arching of the metatarsus.  Distally the metatarsalia, after a short distance, are free.  The 5th toe very much reminds us of Dimorphodon – compared with the other long tails it is, very long.  As attachment point for the flight membrane, the 5th toe made it possible to keep the flight membrane clear of the ground.


As far as the number of dorsal ribs is concerned, one could agree with ARTHABER.  Whether, as in other rhamphorhynchids, the number of the gastral ribs present was 6, must remain in doubt.  For this reason they were not illustrated, although it is certain that there were some gastral ribs present; also omitted from the figure were the connecting pieces of the preceding ribs, with a rearwards directed cartilaginous sternal process, and all the ribs, in general, were merely shown schematically.  I accept with ARTHABER – and in opposition to STROMER 1913 and others – that it is the three most anterior trunk ribs which are connected through sternocostalia with the sternum.  As is known, the three most anterior trunk vertebrae are stronger than those following; the same applies to the related ribs which, for this reason, are clearly different from the subsequent ones.  Berlin kl. shows these proportions very clearly; besides – according to photograph and cast – the Vienna specimen shows the same proportions, whereas ARTHABER names the 2nd rib as the first, etc.  Even if at times I arrive at different conclusions from ARTHABER concerning the sternum, I must agree with him in his interpretation of three rib attachment points on the sternum.  As regards position and size of cervical ribs and cervical tendons, I would not like to decide definitely.


Now, the sternum: Berlin gr. shows the lower part, viewed from outside, with the beginning of the crista.  This unmistakable sternal part cannot be matched up with the form shown by ARTHABER as sternum, but it can be agreed right away if one regards the Vienna specimen as only half of the sternum, even without cristospina.  Last of all, there is a squashed bone mass to identify; it lies transversely over the sternal fossil of Berlin gr.  What ARTHABER regarded as the whole sternum, cannot possibly have been such: this explains also the remarkable asymmetry of the Vienna "sternum".  It is to be concluded from a basic anatomical law that the muscle which gives rise to a similarly formed trochanter at the proc. lateralis of the upper arm in Dorygnathus, as in the other Jurassic pterosaurs up to the Cretaceous, also originates from a sternum, which, despite all that, is essentially similarly built.  The attachment surface for the coracoid which the Vienna specimen shows and which ARTHABER also knew as such, then lies analogously.  It is well known to do this in Pteranodon, and STROMER 1913 accepted it for Rhamphorhynchus. 


A sketch of the arm must be omitted.  The whole unusual articulation of humerus to shoulder girdle is not to be dealt with in a few words.  Fig. 4 and 6 give information about its movement.  Particularly important is the hand, fig. 3.  There is to be assumed a possibility of movement between lower arm and the first carpal row and this would certainly have been vertical to the plane of the picture, but for my part this cannot be verified.  On the other hand, the possibility of movement between the 1st and 2nd carpal row is in the plane of the picture.  The swinging down movement can be seen in fig. 6.  Between the 2nd carpal row and the metacarpus however, no movement was possible.  Of very special importance is the direction of movement of the claw fingers, which in most cases on the slab is skullwards, from which most authors, e.g. both STROMER 1913 and ABEL 1919W, were quite certain that the possible movement of the claw fingers compared with the flight finger varied by 180 degrees.  SEELEY 1901 and others, without regard to the position on the slab, assumed the movement to have been in the same direction as the flight finger.  The correct movement seems to lie, as will be established in detail elsewhere, midway between the two theories.  It was different from that of the flight finger by about 90 degrees.  This position is certainly what would be expected anatomically; the only abnormality is the swinging down of the flight finger, which differs from the norm in other respects also.  The position of the finger on the slabs is to be interpreted as an indication of pressure; this also affected almost all other bones, so that they show their broadest side.  This has also caused the surprising similarity in the placing of the separate skeletal elements (not the whole skeleton) on the slabs.  In the foot, it has been known for a long time that the metatarsus usually shows upper and lower side (if it is preserved in connection) while the toes would be lying embedded in a lateral position, thus one might say that the result is like an ancient Egyptian picture.  The "olecranon-like process" of the 1st flight finger phalanx, as PLIENINGER quite rightly remarked in 1894, served the extensor muscle as an attachment point against the possibility of overstretching (ABEL 1919W); perhaps he was on the wrong track.  The flight finger phalanges were connected stiffly with one another; cartilaginous layers between them allowed only a certain elasticity, which in brushing against an object, would hinder the breaking of the wing.  Besides this, there are, at the front edge of the phalanges near to their ends, strong bony projections, certainly bearing ligaments which, while the animal was flying, served to further stiffen the wings against the air pressure from the front.  As attachment point for the muscles, making possible a movement forward, as ARTHABER 1921 described as a possibility, they were in any case unsuitable, since the phalangeal ends also permit hardly any movement.  However, as already mentioned, an unpressed end phalanx from Tendaguru was very significant indeed; it shows the turning aside to be rearwards and downwards.  Herr Dr. RECK will publish information on this specimen.  Knowledge of this form will explain a great deal that up to now has been puzzling concerning the position of the end phalanges on the slab, and many authors, the main one being ABEL 1922, interpreted a curving to the front.  The picture of the flying animal, as a result of the now established form of the end phalanx of the flight finger, is quite similar to that of a gliding bird.


Now that the material has been described, the construction of the animal can be undertaken.  The realisation that the way of life of the pterosaurs is not to be gained from drawings but from an actual model, persuaded STROMER 1913 to prepare a model.  In his case he had to make do with pressed material entirely, whereas now, unpressed bones are available to show the most important articulations.


During the reconstruction, the method of induction was employed, with no preconceived ideas.  The bones of the fore limbs were embedded in plaster splints, sometimes curved, sometimes stretched out straight, so that two extreme positions were obtained, including the coracoid-scapular articulation with the humerus.  Still in doubt, was the placing of the shoulder girdle in the body.  Certainly, knowledge of the shape of the sternum and its position in relation to the first three dorsal vertebrae, as well as of the coracoid attachment point on the sternum, gave me a certain basis and, in addition, the scapula would have to fit closely to the barrel-like curve of the ribs.  The length of almost all the ribs was known; what was lacking, however, were the sternocostalia, etc.


On the other hand, there is no doubt that dorsal length and pelvis gave an indication of the form of the body.  Experiments based on the models yielded the probable position of the shoulder girdle.  Then the plaster splints were applied and two positions were possible: one of these shows the wing position on the downstroke, the other as depicted in fig. 6.  The position of the shoulder girdle in the animal's body regarded as probable, could then be accepted as justifiable.


The first-mentioned position (down stroke) was not represented because it would have shown the bones in the picture very much shortened.  To avoid this, the humerus-shoulder-girdle articulation was not fully used, so that position 4 and 5 show the animal stretched out level.  This position, on the whole, corresponds to the gliding posture when the drawing is held slanting.  Yet the neck, at the same time will usually have been bent downwards in a light curve and the skull bent at a slight angle, which, judging by the form of the cervical vertebrae and the position of the head in most of the long tailed pterosaurs on the slabs, seems to have been the normal position.  It is also to be accepted that this position makes it possible for the animal to look downwards when catching fish, without too great a rotation at the neck or at the cranial condylus.


When it was attempted to give an indication of the body outline in the drawings, this was done with the full realisation that in this task there were many unknown factors. A throat pouch, which is prescribed by many authors for the pterosaurs because it was hinted at by the disproportion of the large trunk/head, was indicated.  A scrap of membrane, once found in this area of the body, is disputed, in the interpretation, as a throat pouch.  It can be strongly emphasized that I myself would not commit myself regarding the form of this pouch, especially also its position in relation to the hyoid bone.  In fig. 4 and 5 it was also attempted to show the flight membrane.  The assumption of a uropatagium, made by ABEL in 1919, is made unnecessary by the knowledge of another foot position other than the one ABEL conceived in Rhamphorhynchus, at least in the case of Dorygnathus.  However, I must believe in a useful propatagium from the span bone to the hand, although ARTHABER is doubtful about this.  Whether it reached the neck or not, is very uncertain; I shall abide by the usual representation.


The capability of movement of the fore limbs had to lie between the two extreme positions, with all possible combinations.  Beyond that is impossible; whether they can all be fully utilised, is however, another question.  If we add the trunk with the tail, and the hind limbs with their movement possibilities, we should be able to form a picture of the way of life of the animal.  There is actually hardly any situation where rhamphorhynchids have been shown, either graphical or imaginary, during the 20th century, when they were not in the air.  They are shown on level ground, walking on all fours with flight finger stretched to the rear and upwards, or running on toes with flight finger pointing downwards and parallel to the ground (SEELEY 1901); they are set on the metatarsus, on the flight finger as in SEELEY, but carried laterally (KÖNIG 1911).  Swimming is considered, whereby it was thought to be possible that there was swimming web between the toes (SEELEY 1901); even swimming using the arms has been suggested.  It was reckoned that they could climb on rocks and in trees almost exclusively by using their hands, or with hand and foot, with the tail as support (KÖNIG 1911).  Hanging in trees was imagined, with the body downwards; this has recently been illustrated by ABEL 1919N for many pterosaurs, although he confined it to the short tails.  Long tails were even shown lying in the sand (ABEL 1919N).


First let us deal with sitting, a position which can be derived from fig. 6.  The upper arm is not so strongly laid alongside; the metacarpus at the same time is not turned to the rear;  the change of position of the centre of gravity to the front, which results from all this, could easily be adjusted by a somewhat stronger angling inwards of the knee articulation, which would permit strong movements.  Also the animal will probably have  lowered itself on to the metatarsus in its resting posture.  Such  a posture might have been adopted on a level beach when, after a long flight, it returned with a fish – which it had caught in the water while flying and now carried between its canine teeth, just as it had been grabbed – or perhaps stowed away in its throat pouch.  The animal must have  been a wind catcher, if it offered even less wing surface to the wind than is shown in fig. 6.  It would have stood straddle-legged, facing the wind; its tail could have served, not so much as a prop during sitting position (by analogy with a rhamphorhynchid bearing a caudal sail) but more as a balancing organ.  The legs in Dorygnathus are long and strong enough to enable the light animal, after a short run on its toes,  to gain enough speed for rising into the air.  The moment when the animal was preparing for its running take-off is seen in fig. 6.  For this take-off, it would raise high its flight fingers and the  length of the 5th toe, so that there was very little danger of the flight membrane contacting the ground.  When taking off into the wind, perhaps a sudden thrust with the two principal foot joints would suffice.


An assumption of active swimming (in passive the light body would have been buoyant enough to float) will have to be ruled out.  The flight membrane, even if we consider swimming with legs only, not with arms, would have offered too great a resistance to the water.


In flying, we must keep in mind that the flight membrane, even in the comparatively thin medium of the air, could have been effective only with slow wing beats.  Quickly repeated arm strokes would have set up eddies around the wings which, as a result of opposing turbulence, would have decreased the load bearing capacity of the flight membrane quite considerably.  On the whole, Dorygnathus also is thus to be looked upon as no more than a glider (see above) which flapped its wings only during a calm period or in order to increase its speed.


Flying, however, was not the only postural and movement possibility available to this animal.  Climbing would certainly have been possible, when we consider its large hand claws.  Yet it would have tended to avoid trees, rather than seek them out.  The long stiff tail, the great wing span and also the delicate flight membrane, would have been in great danger in a confused mass of branches and twigs.  In addition, the restricted movement possibilities of the femur, projecting, as it did, fairly well out from the pelvis, could have made tree climbing difficult.  On the other hand, the leg seems very suitable as a support for its steeply postured body when rock climbing.  The climbing organ itself was its hand.  If we envisage, as in fig. 4, the elbow articulation angled inwards and the flight finger folded up, the resulting position of the fore limb is such that the animal can grasp towards its front.  At the same time the claws are directed downwards.  Fig. 6 with carpus stretched out shows the position the arm would have assumed when the animal had pulled itself upwards.  At that point the claws would have been directed far outwards from the body.  This change of position of the claws is caused by the turning of the femur which automatically takes place in the shoulder articulation when it is moved from stretching  position to bending position and vice versa.  In the case of our animal,  where the hand is fixed, it causes a readjustment of the body, i.e. in stretching up, the animal comes from the belly position into the lateral position.  The result is that the other arm is free and it can then grasp from that side; in the meantime the body is supported by its feet1).  For taking advantage of a stopping place, the mobility in carpus and tarsus is convenient.  Therefore the animal, while climbing as above, would have grasped with its hands alternately, this being connected with a rocking movement of the body.  This rocking movement, however, would have been of quite considerable benefit to the delicate flight membrane.  In pulling up its body the flight finger would not change its position to the rock but in stretching out its arm for a new hand hold there would be a considerable change.  By this very movement, however, the flight finger would be turned away from the rock and thus most opportunely would have avoided the danger of tearing the membrane.


And now, finally, the resting position.  Certainly, if the animal lies down occasionally, its legs could then be stretched out to the rear only.  It can be assumed from the possibility of movement of the femur, that it could not raise itself up with legs alone.  On level ground, even with the help of its arms, this would not have succeeded, so that I must agree with ABEL 1919N, although my reasons are not the same.  Swinging itself up by a stroke of its wings, as ABEL suggests, is completely ruled out.  The form of the 4th phalanx of the flight finger precludes this; a powerful impact on the ground would break the phalanx.  It must be remembered that a skin wing flyer is not a bird.  When a swift finds itself on level ground this is certainly  no normal situation for such a bird.  It must make a strong stroke with its wings, since this is the only means it has of freeing itself from its helpless position.  It will still be able to fly, although somewhat hampered, if it has bent a few feathers in its take off.  It is different with Dorygnathus, which is a membrane flyer.  If it tears its flight membrane on the ground, or possibly breaks its end phalanx, then it has no further hope of rising into the air.  Lying on level ground seems to me synonymous with putting itself into a situation of extreme danger.  On the other hand I might supplement ABEL on this point regarding the way he suggests that the animal managed to leave the water when it had been engaged in fishing, or (this being put forward merely as an exercise of the imagination) when it has been lazily drifting on the surface.


A Dorygnathus will probably have chosen only a lying down place, where it could raise itself up again with the help of its hand claws, or perhaps a place from which flying away would be possible without raising itself.  And now we have come full circle, when the different position of its limbs have been taken into account; its resting place lay among rocks.  Several authors have already declared that the pterosaurs must have cared for their eggs; there, among the rocks, was a natural protection for eggs and young.


If by my efforts a uniform and fairly complete picture of the life style of Dorygnathus has been obtained, it may finally again be emphasised that the paper has dealt exclusively with that pterosaur.  How much the findings apply to other pterosaurs can only be judged by meticulous examination of each case separately.

(*)
Figure Legends

Page 275 Fig. 1.  Right femur, nat. size.

Page 275 Fig. 2.  Left lower leg and foot.  Nat.size.

Page 276 Fig. 3.  Left hand (of the flight finger, only the proximal part of the 1st phalanx is shown).  Nat.size.

Translated by A. C. Benton, March, 1998.

1) In referring to this author (ABEL), the papers will be marked as follows (The number denotes the year of publication of the paper): 


ABEL 1912: Paläobiologie der Wirbeltiere;


ABEL 1919W: Die Stämme der Wirbeltiere;


ABEL 1919N: Neue Rekonstruktion der Flugsauriergattungen Pterodactylus und Rhamphorhynchus. Die Naturwissenschaften, 7th Year Berlin;


ABEL 1922: Lebensbilder aus der Tierwelt der Vorzeit.


1) Studies on pterosaurs based on the preparation of the Vienna specimen of Dorygnathus banthensis THEOD. sp.  Denkschr. Akad. Wissensch. Wien. math-naturw. Klasse, 97th Vol., Wien 1919.


1) When ARTHABER is cited without a year, the  above paper is the one in question.


1) ARTHABER 1921 refers to the paper "On Evolution, Development and Extinction of the Pterosaurs, Paläontologische Zeitschrift, 4th Vol., Berlin 1921."


(*) [placement uncertain] Page 274 (col,2) 1) In fig. 4-6, on account of the clearness, it is drawn only schematically.


Page 279 (col.2) 1) The tail at this point will have played scarcely any part (see above).








