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From the Life of the Pterosaurs.

by C. Wiman, 1924.

Recently I have had reason to occupy myself with pterosaurs and make an attempt to understand their life picture.


Part of my work which I wanted to have ready for the Vienna Palaeontological Congress I have already published in this journal in September under the title of "Concerning Dorygnathus  and other pterosaurs".


The following is to be regarded as a second part of that publication.

Care of the Young.

I am not inclined to consider the pterosaurs as poikilothermic reptiles, but in this connection I shall treat them as if their temperature did actually vary considerably.


Judging by my reconstruction of the pelvis of Dorygnathus banthensis, the eggs of this reptile must have been very small.


Although its trunk must have been about as large as that of a magpie, its pelvis would not have allowed an egg any larger than that of a titmouse to pass through.  In a batch of titmouse eggs there is one which, in its form, is somewhat different from the others, in that it is rather longer and more oval, or in a word, more reptile-like than the others, and this very egg came into my mind.


Perhaps, when I specify this size, I have taken into account that it is possible that both egg and pelvis at the time of laying were fairly elastic.


Certainly, it was not only in Dorygnathus that the pelvis was so surprisingly small; this would have been the case, in general, with all the pterosaurs.  Even WILLISTON (13) has given his opinion on this subject.


This relative proportion between the mother animal and the egg could even be regarded, to a certain extent, as normal, since the reptile egg is always comparatively smaller than the egg of the bird.


The newly hatched young of the pterosaur would therefore have been at least as small as other reptile young.


It is well known that the young of reptiles are not cared for at all by their parents but, right from the start, have to protect themselves and look after themselves.


The tendency to stay grouped together, which is thought to exist, e.g. in a snake family or, better perhaps, in a batch of young snakes, would be more apparent than actual and they are obliged to use the shelter place because it has always been in the same location.


Likewise, it should not be considered as the formation of a family because, for example, snakes are so often found together in such great numbers in their winter quarters.  For this purpose, especially favourable and suitable shelters are perhaps not so plentiful, with the result that the snakes from the surrounding area gather together in a particularly popular hiding place.  It is of interest that such hibernation places often contain vipers as well as adders, in peaceful togetherness. Even a slow worm has been found in the society.


The only reason which leads to the apparent social element in this gathering together of snakes for the winter is the probability that the well-known mating coil takes place just before the sheltering for the winter.  I myself have not seen an actual mating but, on the other hand, I found, one springtime, a place about two square metres in area, in which there were seven  vipers and a grass snake.  It was just as sunny and warm in the snake free surroundings, as in the gathering place.


Consequently, when adults and one year olds, or a more or less complete litter of young, are gathered together in the winter quarters, this can be regarded rather as a matter of chance.


In the neighbourhood of Uppsala, 20 years ago, there was a wooden fence on which could be found, over a length of about 20 metres, roughly 50 common lizards warming themselves in the afternoon sunshine.  This certainly did not indicate any gathering together of the creatures, but was occasioned quite incidentally by the attraction of the pleasant situation for the normal nearby population of lizards.  Their numbers are probably no less, now that the gathering place has disappeared.


All that can be looked upon as motherly care of newly hatched young among the reptiles is found in the crocodiles, and this is in connection with safeguarding the eggs.  Actually, more attention is devoted to these than to the offspring themselves.  The task is all the easier, since the eggs have no propensity to move around.  Looking after the eggs is confined merely to the laying of the eggs in a place favourable for their development.


In a few cases, however, their interest in the eggs goes a little further.  At least certain crocodiles (4) watch over their eggs and are careful to dig them up when the young, shortly before the hatching, begin to utter cries.  Subsequently, the mother will accompany the newly hatched young to the nearest water.  As far as care is concerned, this action can be regarded as minimal.  It is most likely that the mother makes for the nearest water place and the young simply run after her.


It has been well known for a long time that the pythons brood over their eggs.  This procedure is made possible by the mother rolling the eggs together into a conical pile and coiling herself around the heap of eggs, thus forming an inverted nest with her own body.


During the brooding period, the mother, as is the case with most birds, acquires an increased body temperature, or incubation fever.  At this time the temperature differences are quite considerable.  Below, I quote two tables showing exact records of these temperature comparisons. Both are taken from a work by E. G. BOULENGER (2).  The  first refers to a pair of Python sebae where the female hatched eggs in the London Zoological Gardens.  The second is the result of similar observations by W. A. FORBES referring to Python molurus. The temperature is given in degrees Celsius.
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BREHM states that, in a certain experiment, the brooding female was occasionally 10-12 degrees warmer than the warmed air at 25-30 degrees. 


The difference between the temperature of the air surrounding the animal, and that of the female itself, can possibly reach 20 degrees, and a brooding python female can be just as warm as a person with a high fever.


After the eggs are hatched, however, the pythons, likewise, do not concern themselves with their young.


Nevertheless, this lack of interest, on the part of the reptiles for their offspring, is balanced up by the great number of the eggs, so that, in this way, the population of the species is assured, even if many of the young ones perish through lack of parental care.


It is this very quantity of eggs, laid at one time which gives us material for serious consideration, in the case of the pterosaurs.  It would not be logical for a creature to be burdened with a heavy load of eggs, in a way which Nature would not otherwise permit, in a flying creature which had attained through many adaptations the greatest possible lightness of body weight.  Besides, there would hardly be room in its always minimal body, which already has to find room for air sacs and a bulky digestive system.


This way of considering the subject, is confirmed by corresponding arrangements in the other flying vertebrates which, instead of the above procedure prefer, for the preservation of the race, to adopt a different method; this is characterised by their having a small number of young, which they look after with great care.


In the case of the bats, which rear live young and, because of the suckling, must carry the young for a time during flight, the young are at the most two and the number of nipples are correspondingly reduced to this number.  How truly awkward it is for a bat to care for twins can be seen by the fact that, as well as nursing males (3, p. 401) there are males with nidamental bags (3, p. 422).


Galeopithecus goes still further in this respect. It, like perhaps most of the small bats, has only one offspring and this is also carried during "flight".  How this can be managed in the case of a flying squirrel, I cannot really understand.  A certain Petaurus genus, according to BREHM, has one or two young.  One offspring, however, occurs in certain other "non-flying " prey animals, so that it is difficult to judge whether this is connected with the "flying", or with the prey, or even with both factors taken together.


Normally, animals, with a less developed gliding surface, such as Galeopithecus, do not take the young when they are flying, so that, with regard to the number of the young, they follow the example of their "non-flying" relatives.


The birds have settled the problem in two different ways.  With some, the eggs are not all ready for laying at the same time, but arrive gradually until the nest is full.  The slowest laying bird is our common cuckoo, which lays eggs with such large time spaces between, that the well known brooding parasitism come into being.


To some extent, the birds, compared with the reptiles, lay a small number of eggs.  This number is also in relation to the ability to fly, but in a different way.  Birds which have to fly very powerfully, such as the swift, birds of prey and others, lay 2-3 eggs; less vigorous flyers lay a greater number.  Inefficient flyers, which still fly a great deal, e.g. auks, lay a single egg, but take very great care of the offspring.  Other bad flyers, like the domestic hen, to a certain extent, refrain from flying and lay a large number of eggs, and acquire young which are fairly easy to care for.  The exceptions which we may be able to discover, do not disprove the rule.


All birds eggs, however, must be incubated, and rearing the young is often very arduous.


What has been said above concerning present day flying vertebrates, makes it probable that the pterosaurs were subject to the same principles.  I think that it is most likely – and without direct observation we cannot proceed further – that the pterosaurs would have laid a small number of eggs.  Since, in addition, the eggs, as I have pointed out above, were small, we are not obliged to accept that they were laid gradually, although this is not entirely ruled out.


Even if the eggs were not so small, as has been assumed, it could be fairly certain that a newly hatched pterosaur would not have been able to fly or to feed itself, but that it must have been necessary to feed it.  However, if the young had to be cared for, it is still more probable that the eggs were protected and looked after, or even incubated. 


If the pterosaurs incubated their eggs, they cannot have done this in the same way as the python, but must have laid them in a heat insulated nest, e.g. in a hollow in the moss, or on a south-facing ledge on riverside or seaside rocks.


The question is not made easier if we assume that the young, after the laying of the eggs, hatched out in the same way as the young of present day reptiles, in which case one would say that they were born live, since it makes little difference, whether it is a question of eggs or little-developed young which had to be cared for and kept warm, it is not likely that a flying creature would have carried eggs for longer than was absolutely necessary, and that argues against the bearing of live young by the pterosaurs.

Body Temperature.

The pterosaurs would not have had scales or a body covering with a comparable insulation, as for example, would have been provided by feathers, since we would have found traces of such structures on the Solnhofen slabs.  No signs of any other body covering have been seen and it is generally accepted that the pterosaurs were naked.  This, however, does not seem to have been satisfactorily established and I feel that it is not really a possibility.


If feathers and scales are ruled out, there are still two other types of body covering to be considered; first of all, hair and secondly, down, as we find on the young of aquatic birds e.g. Podiceps.  Finally, as a theoretical possibility, we must consider a body covering to us unknown, indeed "extinct".  When the mammals first came into being there was certainly hair, in addition to reptile scales and the hair definitely formed groups, whose positions were governed by the arrangement of the scales.  Therefore we could reckon as a possibility that also the pterosaurs had an independent covering of hair.


There is a fine example in which just such a hair covering is displayed palaeontologically, this being in a stone greatly resembling the Solnhofen Plattenkalk from the Miocene Susswasserkalk near Oeningen.  In this there is a rodent, Prolagus oeningensis, on which the form of the hair covering is indicated (7).  It is probable that this possibility has not been considered, so that, when in the Solnhofen region, which is so relatively rich in pterosaurs, a flying lizard equipped in this way was found, the imprint fossils of the hair were prepared away.  The same can also apply to a down covering.


If the pterosaurs had been warm-blooded and had possessed a heat-insulating body covering which could not be preserved as a fossil, then it is still not ruled out that it could have been present.  In birds and in the mammals e.g. in bats, their hide is occasionally infested by vermin.  Lice in swimming birds very often attain an amazing size and are very suitable for preservation in a fossil state.  This means, for example, that if a louse of this type were to be found along with a pterosaur, then a hair covering would be a certainty.  This, however, is dependent on the Plattenkalk finds being valued from a viewpoint other than the mere commercial.


For reasons which I shall mention later, I feel that a down covering for the young water birds is the most appropriate, since it has the quality of being waterproof.


If, in the end, it could be shown that the pterosaur was naked, then it is difficult to relinquish the idea that it had a self-generated temperature.


Before I continue, I have just remembered that there are many reasons, which I shall not enumerate, for the pterosaurs' having lived in a fairly warm climate.


In warm regions it is common for mammals living in the air to be naked, as for example the naked mole rats and others.  Elephants, rhinoseroses and certain pigs are naked but, in spite of that, they are able to tolerate quite low temperatures.  To a certain extent man is likewise in this category.  In this connection, it is of especial interest that bats can also be naked.  The naked mastiff bat, Chiromeles torquatus Horsf. (3, p. 421), has a few hairs around its neck only but is otherwise quite naked, and a tomb bat Taphozous is named the naked belly (nudiventris) because it is naked on the whole ventral side (3, p. 418).


It has also been emphasised that the border between cold and warm-bloodedness is not really so very distinct. SEELEY, on this subject (1) quotes a few facts.  TIGERSTEDT (12, p. 48) says: "It can be proved in fish that powerful muscular movements raise the body temperature". "JOHN DAVY (6) found, in a very lively specimen of Thynnus calamis, near the equator, that the deep muscles of the fish had a temperature of 37.2 degrees C in a water temperature of 27.2 degrees.  A similar case is in the Mediterranean-dwelling Thynnus vulgaris which has such a high temperature that the Maltese fishermen actually refer to it as a warm-blooded animal.


It has several times been observed that Uromastix can, to a certain extent, regulate its temperature. "If you put", says TIGERSTEDT (12, p. 51) "this desert lizard in the sun, it will warm itself up to more than the average temperature of the surrounding air.  During the warming up process, this former grey-white animal colours itself dark, almost black, which naturally must act favourably towards even more warmth absorption.  If its temperature rises above 41° C the skin changes to a paler colour, almost to white, so that the absorption of the radiant heat is lessened, as far as possible, and the creature is protected from overheating.  When the lizard is removed from the sun to the shade, in a colder spot, it will speedily become dark again and then will remain for hours, considerably warmer than the surrounding air and thus, vigorous, mobile and full of vitality.  This faculty is ensured by the skin of the Uromastix permitting no water evaporation.  Also, according to KREHL & SOETBEER, even the lungs give off no trace of water vapour".


In this connection I recall the above mentioned rise in temperature of the brooding python.


On the other hand, even warm-blooded animals can maintain a state of cold-bloodedness.  This is seen up to the third week in the incubator in a chicken farm, by the chickens' reaction to variations in the outside temperature.  The chickens react in exactly the same way as the cold-blooded animals, i.e. the intensity of carbon dioxide formation rises and falls according to the outside temperature (12, p. 53).  New-born creatures also behave quite differently as far as their heat management is concerned.  While the sturdy, hatched out chickens have no difficulty in maintaining a constant body temperature, this is not the case, for example, with the newly hatched pigeon (12, p. 53).  Heterophagous birds thus behave differently from autophagous birds.


Among the mammals, those new-born animals which, like the dog, the cat and the rabbit, are born blind and helpless, there is a considerable fall in their temperature when they are taken away from the mother (12, p. 54).  The birds in question develop, about 10 to 15 days after the birth, sufficient ability to regulate their own warmth. 


The monotremes can regulate their temperature only imperfectly. In an air temperature of 20 degrees C the body temperature of these creatures rises to approximately 30.8 degrees.  When the outside temperature rises by 4° to 35°, the average variation in body temperature is about 8 degrees (12, p. 57).


The Marsupialia have a considerably greater temperature range; their average temperature in this case is 20 degrees, while the outside temperature is 36.8 degrees.  The variation of body temperature when the outside temperature rises by 4 to 35 degrees, is about 3 degrees C.


The hibernating animals, at a certain outside temperature, lose their capability of regulating their body temperature and become cold-blooded.


As an example of the dependence of body temperature on the surrounding temperature, TIGERSTEDT (12, p. 72) quotes the following observations on a hibernating dormouse:
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"When the body temperature rose to 16 degrees C, the animal woke up and ran away; 10 minutes later its temperature was 36 degrees."


In a hibernating ground squirrel, a body temperature of below zero has been recorded.


In the bats, the temperature not only sinks during hibernation, but also in summer during its daily sleeping period.


The actual observations, quoted by SEELEY as proof of the warm-bloodedness of the bats, are partly the pneumaticity of their  skeleton and partly the great similarity of their brain to that of the bird.  The proof value of the pneumaticity, according to present day values (10, p. 35), could perhaps lie in the fact that  the air sacs of the birds are to be regarded, e.g. as heat insulation for heart and lungs; this again presupposes self-regulation of temperature.  Thus it is that air sacs, to a certain extent, serve as a substitute for a possible missing body covering.


The level of development of the temperature regulating centre in the brain can scarcely, at present, settle the matter but it is certainly difficult to imagine such a highly developed brain in an animal, apart from a warm-blooded one.


NOPCSA (8) tried, in Pteranodon, to find further bases for self-regulation of temperature.  His argumentation I regard as correct, for reasons stated below, but the assumptions on which he based his argument on this occasion, do not satisfy me.  In a later  statement, NOPCSA said "I believe that Pteranodon ate a great deal so as to maintain the body temperature necessary for its rapid movement and to make up for its deficient heat insulation apparatus." (9, p. 87).  When I disregard, in this connection, this heat insulation apparatus, I can then agree with NOPCSA's statement, so that I should formulate the argument in this way: the flight is so costly that, without warm-bloodedness, it cannot be financed.


Let us now again examine the flying vertebrates of today, in order to obtain points of comparison.  We then find that the bird requires a fairly plentiful and nourishing food supply. This,  without a doubt, is closely connected with its expenditure of energy in flying. 


The bats certainly consume an almost incredible amount of food.  For example, Nyctalis noctula SCHREBER in one hour eats 12 large cockchafers.  This is analogous to a human eating and digesting every fifth minute a not particularly small sucking pig.


There is no doubt that the bats are so much more voracious than the birds, since their flying costs are so much greater, because their flying apparatus is less efficient than that of the birds.


It is therefore very probable that the pterosaurs, for the same reasons as the bats, had the same great need for food.  It necessarily follows that their digestion would have been very rapid, actually much more so than might be expected in a cold-blooded animal.  I remember the observation (4) that, in Python reticulatus SCHN., the digestion in a lower temperature takes about five times as long as it does in a higher temperature.


The energy expenditure in flying, made such high demands, not only on the digestive system, but also on the circulation and on the respiration that one cannot really feel that the pterosaur was anything but warm-blooded.  In that case it was not actually a reptile, but must be elevated to a status equal to that of the birds.  If our knowledge of the birds had been restricted to their skeletons only, they too would probably have been classified as reptiles.

Were the Pterosaurs able to Swim?  

At times it happens that an opinion needs only to be voiced, for it to be generally accepted.  This, I believe, is the case with ABEL's argumentation of 1919, that the food of the pterosaurs "would have consisted mainly of fish and that this creature, like the water bat, snatched the fish up from the surface of the water while flying".


There is no doubt that a considerable number of pterosaurs have been found exclusively in maritime beds and their beaks show various adaptations which lead us back to fish catching.  However, to me it seems also justifiable that they, with regard to certain facets of their way of life, can be compared with the albatross, the frigate bird and the scissor-bill.  I myself have been satisfied to compare them with the less specialised sea-gull.


Now, it would be almost unthinkable that such marine flyers, living on fish, would not have been so familiar with the water that they did not learn to swim.  It is easy to imagine all manner  of contingencies and everyday mishaps during fishing, which could have led to a first compulsory attempt at swimming.


If therefore, the pterosaurs could swim, it seems probable to me that they would have used the same methods as the birds.  First of all they had no swimming feet and secondly no feather covering, so that it is possible that they could not, like the swimming birds, float on the surface of the water.  We can scarcely imagine that they, like the phalarope with its imperfect swimming feet, would have, so to speak, run along on the water.  The hind legs of the pterosaur were probably also, at least in certain cases, spread too far apart for a type of swimming in which the feet were moved alternately.


As above mentioned, ABEL compared the fishing of the pterosaur with that of the fisher bat (Noctilio).


In this connection, it can be mentioned that there are other bats which go fishing.  SHORTT states that a Pteropus species, the kalong, gliding above the surface of the water, grabs up fish with its feet (3, p. 399). The flying fox too, is a fisher (3, p. 401).  A Megaderma lives mainly on frogs (5, p. 96), but whether these are grabbed out of the water I do not know.


It does not seem to be known whether these bats can swim.  Concerning the fisher bat, Noctilio, we do know that its main food is fish caught by itself.  They have been observed catching fish; they smell fishy and more than once fish have been found in their stomachs (3, p. 419).  It is therefore probable that they can swim, but, up to now, this is at present merely an assumption.


I do believe, however, that we can find support for this assumption.  Last summer I often observed a specimen of a bat which nearly always flew over water, so these would have been Myotis daubentonii KUHL.  They fly close to the water and, within a few minutes, it could be seen on several occasions that they ruffled the surface of the water with their wings and probably also with their tail patagium, so that rings were formed in the water.  Actually, I was hoping that they might dip into the water with their wings so powerfully, that they might fall in and have to swim, but this did not occur.


I felt that bats must land up in the water now and then, so I checked the literature for swimming bats, but this proved to be fairly unprofitable; all I found was a statement about the silver haired bat, Lasionycteris noctivagus LE CONTE.  BREHM writes (3, p. 464): "Several which fell injured into the water, at a distance of 12 to 15 feet from the bank, swam powerfully and quickly to land, since the current at that part is very strong and would otherwise have carried them a long distance downstream."  How this swimming was contrived, we have not discovered.  The original work, from which the statement was taken, is: C. H. MERRIAM Mammals of the Adirondack Region, New York, 1884.  It is not to be found in any Swedish public library.


I therefore, in the Zoological Institute, together with Docent IVAR ARWIDSSON, carried out an experiment.  A specimen of Vespertilio murinus was laid in water and it actually swam very well, quickly and dexterously with head held high.  The creature gave us a strong impression that it knew its business; not an instant did it hesitate but, immediately began swimming.  Its uropatagium spread out by itself.  Only its wings, laid along the body, were employed.  The animal seemed to make use of its habitual movements but, in the denser medium, the action was different.  You might say that it flew along with wings by the side of its body.  I could see no wing rotation, but the driving force seemed to arise from the inward movement, this being considerably more rapid than the return of the wings to the outward position, shown in the figure.  The result of this movement was the speedy forward progression of the animal.


The report of the experiment came to the notice of the zoologists and that same evening I was informed by Director KJELL KOLTHOFF, that he had seen three other species swimming.  These were Myotis daubentonii KUHL, Pipistrellus pipistrellus SCHREBER and P. nilsonii KEYSERLING & BLASIUS. Myotis daubentonii, after it had swum for 2 - 3 metres, was able to rise up from the surface again.  All three species were put into the water by humans. From this we can conclude with a fair degree of possibility, that bats in general can swim when they fall into the water.  It is possible, however, that they, like many other land animals, possess this faculty but that does not necessarily mean that they are in the habit of spending time in the water or bathing in it.


This type of swimming could have been suited to the pterosaurs, but then they would not have had any sort of waterproof body covering.  There are certainly birds which fly in the water, such as auks, Alcedo and Cinclus species.  The penguins I omit from these, because they have no flying wings, but swim just like sea turtles.

I am fully aware that, in this paper, I have touched on a few controversial subjects, yet I believe that methodical investigation will gradually lead to our objective of understanding something about the life of the pterosaurs.

Figures.

Figure Legend on p. 125.  Vespertilio murinus L. in swimming position.  The arrow shows the direction and approximate amount of the wing movement.  Reduced to half. 

Translated by A. C. Benton, March 1998

