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Contributions to the Biology of the Wing

and the Way of Life of the Pterosaurs

by Fr. Spillmann (with 6 figures) Eichstätt Congress 1924


The first attempts to reconstruct pterosaurs were made 100 years ago.  In 1829 BUCKLAND tried to reconstruct the pterodactylids. Concerning the pterosaurs, QUENSTEDT, among other things, says: "Franconia (Solnhofen, Eichstätt, Daiting) yielded the greatest number, but Swabia (Nusplingen) gave us the best."  Pterodactylus suevicus shows most of the articulations most completely.  The thin-walled bones can readily be confused with those of birds and this alone provides enough evidence that they were flying creatures.  Flying, however, took place in a quite special way.  Its lengthened fourth finger was bent out towards the metacarpal bone and the forearm.  In this angle the flight membrane could be spread out like a sail or folded up.  The breadth of the humeral condyle, and also of the sternum, was in favour of a strong development of the pectoral muscles, this naturally being necessary for movement in the air.  The sharp claws on the short fingers perhaps indicate that it was at the same time a skilful climber.  The long-tailed variation (Rhamphorhynchus) stretched out, like a long spear, its articulated tail, which probably served also as a support for the flight membrane.  These are fantastic creations, which will give rise to wonderment for many a year to come.


AGASSIZ (1838) thought, however, that the pterosaurs' locomotion must have been by swimming.  The sternum would have been too thin and weak for the muscles to be capable of activating flight organs.  Again, in the middle of the sternum there was no crista, as is possessed by all flying animals, even the bats.  Nothing justified the assumption, continued the author, that there had been a membrane stretched between fore and hind limbs, as illustrated by BUCKLAND.


From all these observations, we realise how superficial is our knowledge of the patagian flutterer.  Even the more recent attempts at reconstruction show this lack of knowledge.  Special difficulties have been encountered in the interpretation and reconstruction of the uropatagium and the chiropatagium, because of which the pterosaur would have had to suspend itself head down and clinging with the hind feet.


I shall now make an attempt, following on a detailed study of the patagia, to reconstruct some pterosaurs.


Above all, I did not find it at all good practice to derive the same conclusions by analogy, on the one hand from animals with flight membrane and on the other hand from feathered forms.  The only way to trace back the function of flight membranes in fossil forms is by using our knowledge of skin patagia.  However, it is also not admissible to assume that the long and short-tailed forms could be combined, as has happened with Rhamphorhynchus, Tribelesodon and Dorygnathus.  These attempts at reconstruction certainly show fine geometrical forms, but they do not give any great guarantee that the pterosaurs actually lived in these forms.  First and foremost, we must clearly separate long and short-tailed types from one another as regards food and life pattern.


The Uropatagium: Among the mammals there are a great many adaptation forms of bats: stiff tails and free tails and a large number of transitional forms.  By adapting themselves to various ways of life, secondary retrogressive metamorphoses and new acquisitions arise in the patagia.  Regarding new aquisitions and transformations I was able to distinguish six transitional types:


1. Forms with very mobile caudal vertebrae; the uropatagium is stretched out between the tarsus and the tip of the tail and is usually stretched by a span bone from the tarsus to this point.  While hanging, creeping and climbing, the uropatagium is folded up like a pocket on the belly side.


2. The mobility of the tail is decreased, the uropatagium is smaller than in the preceding types and, during crawling and climbing, is folded up on the back.


3. The tail is strengthened and lengthened and forms a stiff rod-shaped balancing organ, movable only at the tail root.  The stretching of the uropatagium takes place by the capability of the uropatagium to move in an arbitrary fashion away from the tip of the tail or the root of the tail. In the resting position, the tail is laid on the back.  The tail itself emerges from the patagium for a fair distance.


4. The tail appears to be rudimentary.  With its free end it penetrates the uropatagium with the first third of its length and has lost its role as a span organ, while the foot takes over this duty.  In a resting state, the uropatagium lies pouch-shaped on the belly side of the animal.


5. The tail became rudimentary, and with it the patagium, in such a way that a narrow border of membrane, mostly spanned by a span cartilage, remains.


6. The uropatagium became almost completely reduced and in its place the very mobile thin tail was greatly lengthened.


These six groups of patagia I could also trace among the pterosaurs.  In group 6 I place Dimorphodon macronyx, in group 5 Pterodactylus elegans, Pt. longirostris, Pt. brevirostris, Pt. spectabilis and Pt. scolopaciceps.  In group 3 Dorygnathus banthensis, Tribelesodon and others.


Since the form of the patagia is very closely linked with the life style of the bearers of this organ, similar life styles, as we have differentiated in the Chiroptera, might well be expected.  We shall certainly have to separate long distance and speedy flyers, forms which fished immediately above the surface of the water, and those which hunted over dry land, etc.


The Chiropatagium: Much more interesting to me is the folding of the hand phalanges.  The biological basis for this develops the ability to shorten the secondarily extended wing arbitrarily and to give the animal the possibility of hanging upside-down, a position which for hand fluttering types is biologically easy to attain.  The folding up of the uropatagium is possibly to serve the same purpose.  The folding (biologically speaking) is only necessary when the animal has hung itself up on its hind feet with head hanging down, since only then should the wings not reach further than the tail root at the most.  This feature of the folding over of the pterodacthylid wings is easily observed in almost all long winged forms.


Now I shall first of all show the method used by the bats in order to comply with this requirement.


The most primitive stage is shown by Rhinopoma, a form which must be regarded as very primitive in many other features.  Here we see a bending aside of the third finger, which is of very great importance for the flight of the bat.  The bending takes place in such a way that the second phalanx bends away from the first and, with it, forms an obtuse angle.  The third phalanx still forms a considerable angle with the second.  In this way a broken line is formed and thus there is a shortening of the third finger.  Likewise, in the fourth finger, a weak bending away is to be observed, so that, above all, the wing can be laid more closely alongside the body of the animal.  This form of crumpling is found in Pt. elegans (fig. 1 & 2).


Another way of shortening the wing in the resting position is successful in the case of Nycteris, which is also a short winged form.  Here we see a folding of the third phalanx of the third finger in such a way that this forms a considerable angle with the second phalanx.  This arrangement likewise means that the third finger can shorten and lie close to the animal's body.


In the long winged forms, this procedure is a great deal more complicated.  The wing of Miniopterus is a much more perfect form.  The third phalanx of the third finger and the third phalanx of the fourth finger can be placed at an angle of almost 180 degrees to the first and second phalanx of the third and fourth finger.  In order to shorten the third finger, and since the fourth finger is also greatly elongated, the fourth finger is also bent aside and has the ability to shorten itself.  The fifth finger is weakly bent aside, so that it can more easily lie alongside the body.  The bending aside of all phalanges takes place towards the volar side of the wing.  This type of wing shortening is seen in Pterodactylus longirostris (fig. 3).


Nyctinomus, a very long winged form, has found another way of attaining this end.  The second phalanx of the third and fourth finger, forms with the first phalanx of the third and fourth finger, a greatly increased angle, while the third phalanx of the third and fourth finger, forms an acute angle with the corresponding second phalanx.  The shortening takes place in such a way that the third phalanx of the third and fourth finger comes close to the second phalanx of these fingers and possibly joins them; the second phalanx, however, has come near to the first.  A similar wing positioning, as in Nyctinomus, must have been the case in Pt. brevirostris and Dorygnathus banthensis (fig. 4 & 5).


I therefore attempted, with the help of arguments based on analogies, to reconstruct various pterosaurs and on this basis to decide on criteria for dealing with all pterosaurs.  By this interpretation, their life story will also develop in a different direction and have different bases.


The closing up of the finger joints to prevent a squeezing outwards, is provided for in the Chiroptera by a very stiff band on the volar side.  This band stretches from each finger to the adjoining one and this arrangement is also reinforced by ligaments.


NOPCSA assumes, in Tribelesodon and Dimorphodon, a cervical patagium.  I, on the contrary, agree with WIMAN that such a character could not have been present.  In some of the older reconstructions one might object to the then generally accepted relative length of the neck.  However, this long, deformed neck disappears as soon as the pterosaur is shown upside-down, hanging by its feet.  This would necessitate an S-shaped, curved cervical vertebral column, as in the bats.


I do not consider the assumption of a complicated caudal sail to be necessary in Dorygnathus, Tribelesodon and Rhamphorhynchus.  The purpose which might have been served by the caudal sail is not at all clear to me and I cannot really imagine this structure even anatomically.  If any kind of supporting material had been present, then in Rh. gemmingi, which even shows the delicate flight membranes, the tail end patagium would all the more have been preserved.  Finally, among the recent analogous forms no species is known with such an organ.  In addition, for the life style of the animal it would have been of no benefit at all to have a tail end patagium, as is explained by the following considerations: all long tailed forms, without a doubt, went fishing above the water.  In the horizontal flight of the pterosaurs above the surface of the water, the grabbing of a prey animal would have deflected the direction of movement towards the water and this would have led to the animal dipping into the water.  In order to prevent this, the long, powerful balancing tail would have been a splendid provision for changing the flight direction, so that normal flight above the surface could be continued.


WIMAN's remark regarding the care of the eggs by the pterosaurs seems to me quite noteworthy in our judgement of this question.  He says that perhaps an elasticity of the pelvis, and of the eggs also, could be assumed.  I have been able to study closely the birth procedure of the bats from an anatomical, as well as an obstetric, point of view and have arrived at the following conclusions: the embryo in the uterus, which is at the right side of the body, reaches certain dimensions by the birth time, so that its transverse section area is about 12 times as large as that of the female pelvis.  At the approach of the birth the pelvic ligaments stretch to such an extent that the pelvic halves lie in almost the same plane as the sacral vertebrae.  The ligament between the pelvic symphyses is particularly elastic, since if this were not the case the embryo would never be able to force its way through the pelvis.  The young animal develops to such a width, however, that, already in its first month, it is equal to the parent in size and in capability of seeking its own food.  It loses its milk teeth unbelievably quickly and, just as soon, develops its wings to their full size; at birth they are comparatively small.  This is a marvellous adaptation to its way of life.  It is also possible that the pterosaurs were viviparous and possessed a flexible pelvis, to deal with a newly born animal already highly developed.  This I might assume for other reasons, above all, because the young, by hanging on to the mother for a time, can soon reach their adult size.  Brooding on the eggs is certainly almost ruled out.  That possibly, one or at the most two young, would have been born at a time, I think I can substantiate this, by the fact that the young must have come into the world highly developed, otherwise these defenceless young creatures, creeping around on the ground, neither capable of flying nor even running, would have fallen prey to the nearest enemy.


It is certainly not necessary to assume that the pterosaurs must have lived in a community, but I believe that, due to the lack of favourable hiding places. several of them must have chosen the same shelter. 


Discussion: (E. STROMER): Rhamphorhynchus, with its long stiff tail, weak hind and surprisingly strong fore claws, would have had difficulty in hanging by its hind legs.  Its neck is so stiff that it was not likely to have been S-shaped and flexible.  In any case, one must not take the analogy with the bats too far, since there are basic differences, e.g. the shoulder articulation of the wings is very dissimilar.


Baron NOPCSA: For a long time I have pointed out that the forms in which the epipubis was medially ossified, became extinct earlier, while those in which the symphysis retains its elasticity, still exist.  It seems as though this could have a connection with the birth procedure, so that the forms in which the dilatation faculty was lost, died out.

Figure Legends

Fig. 1.  Page 188.  Pterodactylus elegans, resting. 

Fig. 2.  "   " .        "         "   , taking off.

Fig. 3.   "  189.        "      longirostris, resting.

Fig. 4.   "  190.        "      brevirostris, before taking off.

Fig. 5.   "   " .  Dorygnathus banthensis, prepared for taking off.

Fig. 6.   "  191.  Plecotus auritis L. Half natural size. 
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