AVIMIMUS AND THE PROBLEM OF THE ORIGIN OF BIRDS

by

S. M. Kurzanov

Reptilian Fossils of Mongolia

Joint Soviet-Mongolian Paleontological Expedition

Trudy, Issue 24

Nauka, Moscow, 1983

Pp. 104-109

translated by Catherine Siskron and Samuel P. Welles

The peculiarities of the skeletal structure of the theropod Avimimus portentosus, found in the Upper Cretaceous of the Mongolian National Republic (Kurzanov, 1981), provide very interesting new information concerning the possible paths of the formation of the bird skeleton. This – first among dinosaurs in general – that has in such a large quantity clearly expressed bird characteristics.


The widely circulated opinion concerning the origin of birds from small carnivorous dinosaurs (Ostrom, 1973; and others) is fully confirmed by the morphology of Avimimus, in spite of its somewhat late age.  Taking into consideration this fact, it is impossible, of course, to consider Avimimus to be the actual ancestor of birds.  As is known, two opposing points of view have been in existence for a long time.


According to one, more widely accepted, birds acquired the ability of flight from arboreal ancestors (Marsh, 1880; Abel, 1911;  Block, 1965; and others), where it developed from gliding.  According to another point of view (Williston, 1879; Furbringer, 1888), birds originated from other ancestors that lived on the ground.

In spite of the fact that Avimimus is not a direct ancestor of birds that, almost certainly, it did not fly, nevertheless, with its help, we can once more approach the problem of the ecological aspect of the origin of birds.  With this the indication of the origins of the birds’ flight capacity are only possible in an indirect sense, while the means of formation of the bird anatomy are illuminated more directly.  Most likely, the formation of the specialized front and rear limbs in birds, adapted to completely different functions, occurred independently of one another (Ostrom, 1979), where first the posterior limbs acquired a light, running structure, and later the front limbs, now free of support functions, had the possibility of changing into the protowing.


Let us examine the features of the skeleton of Avimimus, which indicated the far-reaching bird specialization, in some aspect further, (see illustration) than in Archaeopteryx.  Ostrom noted (Ostrom, 1979) that Archaeopteryx has in its skeleton only one bird characteristic, namely the furcula-clavicle.  All other features, found in various small carnivorous dinosaurs, mostly indicate the dinosaurian nature of Archaeopteryx.


The case of Archaeopteryx [sic: Avimimus] is completely different.  There are so many bird features, that if it were not for some peculiarities in the pelvis and vertebral column, its similarity with primitive birds would have been almost absolute.  First of all, striking analogies can be observed in the structure of the posterior limbs, and this is true of all three members, which are long and slim, with beautifully formed joints with proportions approaching that of the running birds.  The limb as a whole grows thin distally, which, apparently, is connected with the adaptation of running and maybe a compensation of a sort for the still overly elongated (for birds) femur.  The most remarkable characteristic of the Avimimus femur is the presence of the third additional epicondyle on the external condyle of the distal epiphysis, which forms the joint for the reduced fibula.  The proximal head of the latter moved in a furrow between the additional epicondyle and the lateral condyle.  This, most likely, is connected with the limited need for rotary motion and the strengthening of the joint at the expense of the transfer of support to the tibia.  A similar structure of the knee joint is analogous to the bird’s and is not seen in any dinosaur.  As is known, some birds have a weakly-developed epicondyle, which, undoubtedly, is connected with the limited rotary motion in the knee joint and is the most direct indication of a further adaptation to bipedal locomotion.

Between the medial and the lateral condyles of the distal epiphysis of the tibia is located a large area, connected, apparently, with the existence of cruciform ligaments of the knee joint, which are analogous to those in birds (Cracraft, 1971).  They also stabilize the joint during action elicited by external causes of rotation, which can be perceived as a result of predominant motion in one plane and corresponding adaptation to perfected bipedal locomotion.

In the proximal part of the tibia it is impossible not to note the beautifully formed, as in birds, neck and head, which are located at a 90° angle to the trunk of the bone.  The relative simplicity of the motion of the tibial joint did not demand greater mobility, which allowed the large medial trochanter to a considerable degree to take upon itself the weight of the whole body with the aim of a more solid articulation of the pelvis and the femur and a better support of the trunk.  The position of the femur in relation to the body was strictly perpendicular, and possibly with a slight inclination inward, which in general is also not characteristic for dinosaurs and which should be evaluated as one more adaptation to the perfected bipedalism of bird type.  Another remarkable bird feature of the Avimimus is the real tibiotarsus, formed from the full fusion of the tibia and the proximal elements of the tarsus, calcaneum and tibiale.  In addition, distally the tibia fuses with the reduced fibula, although in differentiation from the bird's it reaches the crurotarsal joint.  However this does not interfere with the evaluation of the tibia as analogous to bird's.  The large cnemial crest, which projects forward considerably, approximates in shape that of birds, indicating the powerful development of the extensors of the knee joint, which acquired particular strength in the process of running.  In addition, the cnemial crest shows a clear tendency towards proximal concentration of its mass, which reaches maximal expression in birds.  The articular surface of the intertarsal joint, also birdlike, is increased, allowing the turn of the metatarsus of no less than 120°, which is characteristic for running birds.

One more wonderful peculiarity of Avimimus, which almost fully corresponds to bird needs, is the metatarsus, which can already be considered a tarsometatarsus, for it originates from the fusion of distal elements of the tarsus with the metatarsus without any visible signs, and also proximal elements of the metatarsus with each other.  The tarsometatarsus of Avimimus is a beautiful illustration of the beginning of the process of consolidation of the metapodials precisely in the running forms, which later reaches its full expression in birds.

The toes, possibly, do not show particularly clear bird characteristics.  Only the second metatarsal bone shows some tendency toward reduction, individually reminiscent of analogous relations in the ostrich, whose second toe is fully reduced.

However, Avimimus has bird features not only in the sense of adaptation to running, although there are more of the latter and they are more clearly expressed.  There are other features that have no relation to running, but which are also characteristic of birds.  For example, this concerns the antitrochanter on the ilium.  With strong flexing of the femur, it touched the large trochanter with the neck and created support for them, because at this the extensors developed considerable effort, as they attempted to turn out the head from the acetabular (orig. “vetlugian”) cavity, to which actually the antitrochanter acted in opposition.  It is important to note that it also existed in the dinosaurs, but in them it is not as developed, and is located not on the lateral, but on the ventral edge of the ilium.  On one hand, the antitrochanter of such shape as that of the Avimimus is most developed in the running birds, on the other, it is present in all other birds.  This is why it can be considered a bird feature, and not simply an expression of converging similarity with running birds.

Avimimus possesses one more remarkable characteristic, which was not noted earlier.  On the ilia there are only two transverse processes of sacral vertebrae, which have fully fused with the pelvis.  Probably, the number of vertebrae, their full fusion with the pelvic bones is nothing else but an indication of the presence of two true sacral vertebrae (analogous to birds) and an initial stage of monolithic synsacrum.  Accordingly we can study the full fusion of the pelvic bones.  These signs are not directly connected with running (especially the number of vertebrae), but sooner with bipedalism, and it is worth looking at them as one more indication of the commonality of morphology between Avimimus and birds.

From the same point of view one should look at the extreme similarity with the bird structure of the distal sector of the humerus.  It is as if divided into three unequal condyles, of which the middle one is the largest, corresponding to the ulnar condyle, and the lateral corresponds to the radial, which is indicated not only by its position in relation to the ulnar, but also the elongated shape, which allows the transfer of the proximal end of the ulna during pronation and supination.  As in birds, both of these condyles are displaced on the ventral side of the humerus.  The interrelated position and shape of the ulnar and radial condyles create the following situation during the flexing-extending motions.  Corresponding to the shape of the ulnar condyle, the radial moves from the dorsal side of the humerus to the ventral and at the same time moves laterally, thanks to a certain external direction, which causes the turn of the antebrachium in the same direction (supination).  Simultaneously, due to the larger size of the radial condyle, the radial bone presses on the corresponding carpal elements, which leads to the flexing in the carpal joint.  Naturally, upon the flexing of the anterior limb the transfer of the radial bone to the dorsal side causes the opposite phenomenon, pronation.  In this manner works automatically the mechanism of pronation and supination in the antebrachium during the flexing and extending motions.  In birds this  mechanism, apparently, is connected with the folding of wings (during the folding occurs a turn of long wing feathers from the horizontal to the vertical plane), which is the most surprising to see

it in Avimimus.  Certainly, this is not a basis for the supposition about the ability of Avimimus to fly.  Besides in the birds the action of the mechanism of pronation-supination to a greater degree depends on the elongation and direction to exterior of the ulnar condyle, and not the radial as is the case in Avimimus.  Nevertheless this is a certain indication of some morphological and functional similarity.

As far as the scapula and the coracoid are concerned, then, it seems, there are more dinosaurian characteristics, although with a minor exception.  A full ankylosis is observed, which is characteristic not only for ground birds, but also for some flying birds (frigate).  The angle between the scapula and the coracoid, close to 160°, which corresponds to keelless birds.  The elongation of the coracoid is not characteristic for dinosaurs, but for birds.  Overall the shoulder girdle gives several signs, not connected with bipedalism, but nonetheless stresses some morphologic commonality between Avimimus and birds .

Individual indications in favor of this can be seen also in the spine.  First of all, this is true of the number of cervical vertebrae.  There are no less than 11, while in dinosaurs the number never exceeds 10.  The presence of hypapophyses in dinosaurs also were not previously noted.  It is true, they are present in some reptiles (snakes, lizards, crocodiles), but they pass onto the dorsal vertebrae only in some snakes.  It is understandable that in themselves these two signs alone would indicate some commonality with birds, but taking into consideration the number of other clearly bird features, they indirectly support the presence in the Avimimus line a tendency towards the development of bird morphology.

Concerning the presence of bird characteristics in the skull, we can speak only very carefully due to its poor preservation.  First, it is necessary to note is the lightness and solidity of the skull, which was accomplished by almost full fusion of skull roof bones.  There are no traces of the frontoparietal suture, and other sutures are rather problematic.  The dome-shaped and wide skull roof, the lateral curvature of the front part of the prootic indicate an unusual for reptiles of large hemispheres of the brain.  The great height of the endocranial cavity behind the ear capsule, judging by the height of the prootic at this place.  Correspondingly, the size of the cerebellum.  In connection with this, and especially with size of intra-audial pockets one may speak of the large size of its lateral lobes (flocculi).  The dimensions of these sectors of the brain are more or less connected with the complexity of the organization of locomotion of the animal in space and are large in reaction to the rest of the brain in birds.  The same height of the endocranial cavity behind the ear capsule (practically from the occipital opening) suggests a possible connection with the double curvature of the posterior brain, which is characteristic of birds.

In this manner, Avimimus possesses a considerable number of features that are not characteristic for dinosaurs, but are for birds. It is necessary to stress, however, that only part of them reflects adaptation to bipedalism, to running, while the remaining to commonality in skeletal structure between Avimimus and birds in general.  This is a sufficiently clear example of formation of bird features in running bipedal theropods, to a greater degree than in the famous Archaeopteryx.  On one hand, their formation is not very surprising, since we are speaking of an Upper Cretaceous animal, and not about Upper Jurassic, but on the other hand, what draws special attention is the fact that this process occurs among the running rather than crawling forms.

Ostrom noted (Ostrom, 1979) that the analysis of the structure of the rear limbs of Archaeopteryx (and this is done sufficiently convincingly) leads to the conclusion that its habitat was terrestrial, rather than arboreal.  From this is derived another natural conclusion concerning the appearance of flying forms precisely among terrestrial animals.  Let us not get involved in the discussion concerning the direct path of the formation of the wing and flight (in this matter it is difficult to agree with Ostrom), since this is the second part of the problem of the origin of birds, which we will discuss later.  As far as the first is concerned, that is the origin of flying forms from terrestrial, then Avimimus is a good morphological model of formation of bird features in the skeleton.   Its structure confirms Ostrom's new perception concerning the appearance of bird ancestors among the bipedal running theropods.

The pros and cons of both theories, i.e. of the “arboreal crawling ancestors” and the “bipedal running” ones, have already been discussed a great deal, most recently in Ostrom's work (1979), and it is difficult to add anything to it.  Of course, the second theory from the point of view of “common” sense is much more difficult to accept and, it seems, that this is one of the most serious objections to it.  It is very difficult to imagine the driving stimulus which forced the running terrestrial theropods to jump or make any such motion, which may have on further perfection led to the formation of wings and to flight.

But the analysis of the skeleton of Avimimus shows a clear expression of adaptation for running and at the same time a solid array of bird features.  Although there are no indications of the presence of feathers and flying ability in Avimimus, nevertheless the existence of bird features suggests a morphological commonality, based either on direct kinship, or on similarity in the manner of life.  The acknowledgement of correctness of any of these suppositions, not to mention their aggregate, leads to the correctness of the initial formation of bird anatomy precisely among the running forms and indirectly will testify in favor of “terrestrial” origin of the flight of birds.  Let us take a look at each of these positions.

It is easy to count twenty or so features, which express an obvious morphological similarity of Avimimus with birds, but among them there are few which would which could testify in favor of kinship.  For example, the structure of the cranium and the brain.  But taking into account the unreliability of these features due to poor preservation of the specimen, they cannot be taken very seriously.  The number of sacral vertebrae testifies in favor of kinship, but also clearly contradicts the overall pelvic structure (with the pubic bones oriented forward with a “boot” on the end,

and the dinosaur shape of the posterior parts of the ilia).  In the structure of the vertebrae there is no hint of the bird heterocoely, although the number of vertebrae almost corresponds to that of birds.  In so far as the proximal end of the humerus and the glenoid cavity are rather clearly differentiated from that of birds, then in some degree the pronation and supination of the antebrachium may speak in favor of kinship, but it can also be explained in terms of convergence.  In a similar manner the majority of the features in the structure of posterior limbs can be explained in terms of one or the other, sooner perhaps in terms of convergence.  As a result, it seems that there are no clearly defined features that indicate direct kinship.  If there is some type of kinship, then it is of clearly dinosaur plan and penetrates with its roots deep into the past, so that in the goal of the question under discussion, they can be simply ignored.  This is not to exclude the possibility that Avimimus had a distant ancestor in common with birds, and if it were not from such a late time period, then it could have been included on the same basis in the ancestral group of birds, at least the running ones. Probably Avimimus enters into a line of parallel development.

It is well known that a strong argument in favor of the theory of the origin of birds from bipedal theropods that ran on the ground, is the bird-like construction of the posterior limbs of the latter.  Undoubtedly that from all the fossil reptiles, in one way or another suspected in having kinship ties with birds, it reached the maximal degree of expression precisely in Avimimus.  And although in this case the possibility of a simple convergent similarity was not excluded, all the same it may speak in favor of the theory of “running ancestors”.  It is quite possible to suppose that analogous conditions of existence elicited the formation of the analogous running construction of the posterior limbs in Avimimus and in bird ancestors.  At the same time the anterior limbs suffered relatively few changes, while being freed from the previously necessary function of support of the body.  This means that initially were formed features for the adaptation of running of the posterior limbs.  But, as mentioned above, some bird features are present in the structure of the front limbs, vertebral column and pelvis.  And if this is so, then in the case of Avimimus occurs the formation of a bird skeleton, and not individual features, connected with bipedalism, and precisely in the running reptile, that is bipedal posture in the evolutionary development of birds apparently preceded the flying stage.  In spite the fact that by the time of the existence of Avimimus real birds had already adapted to the aerial environment, it is possible that we are dealing with an intermediate stage of the evolution of birds, although one that did not lead any farther in that direction, but still a beautiful illustration of the probable development of this process.  One more time, it is confirmed that the complex of bird features was acquired gradually, on various evolutionary levels in different branches simultaneously.

The above-mentioned presence of bird features in Avimimus which are not in any way connected with running, negates objections against the theory of “running ancestors” of this type:  if the birds are not descended from it, then it means that such an evolutionary path could not possibly lead to flight.  In addition, Ostrom (1979) fairly convincingly showed that Archaeopteryx, which was capable of gliding and possibly even imperfect flapping flight, also was probably a terrestrial animal.  It is important to think about the greater and lesser similarities of paths formed by the bird morphology in diverse groups, among them in the branches that lead directly to birds; in other words, what occurred was something analogous to the process of mammalization of theriodonts (Tatarinov, 1970).  For example, the intertarsal joint is acquired by many reptiles.  However, its combination with tibiotarsus and tarsometatarsus in a different stage of formation, immediately differentiates several groups of theropods.  Together with the direction of bones toward the posterior, these features are seen only in two families.  On the other hand, for other groups of dinosaurs which follow this stage of formation of bird morphology was the fusion of the tibia and fibula and the formation of the bird knee joint, rather than the direction of the pubic bones, which occurred later.  The transformation must have taken place more or less simultaneously, as Avimimus demonstrates, in the anterior limbs.

There exists a rather serious objection against the theory of the “running ancestors”, which is supported by the Avimimus: the loss of the first toe.  But the loss of the first toe in Avimimus apparently can be explained by its highly advanced running specialization.  Besides, as it is known, it is not present in all birds.  And what is most basic for the transition from the terrestrial stage to the flying stage (and this is convincingly shown once again by Archaeopteryx), apparently it was not absolutely necessary to be such a perfect running type as Avimimus, and it may not have led to the reduction of the first toe.  The main factor in this development must have been bipedalism (Dement'ev, 1940; Ostrom, 1979), which freed the anterior limbs for other functions.  For clarification, apparently, it is necessary to approach the problem of flight itself.  It is quite possible, that flight can start even in an immobile standing animal, of course not very large, whose weight did not exceed a few kilograms, with corresponding large carrying surface.  With the “protowings” stretched to the sides, it was sufficient to have a relatively high wind for the animal to rise in the air.  Approximate calculations show that, with the size of Archaeopteryx, and the area of its wings and feathered tail is rather large, a speed of 15 m/sec of wind was necessary to lift it off the ground.  In addition, it is true, the observation of three conditions is necessary.  First, the presence of feathers, which originally probably did not appear as an adaptation of flight, but rather as a thermoinsulating cover (Ostrom, 1975; Regal, 1974).  Besides, taking into consideration the semi-bird structure of Avimimus and its possible way of life with the corresponding high level of exchange of matter, it is logical to suppose a constant body temperature, and a thermoinsulating cover, namely feathers.  The second condition is motivating forces for flight.  Here one may agree with Ostrom (1979) – insectivory.  On hunting after jumping, flying insects, may have arisen the necessity for jumping or other such motions.  And third, a locale with rather frequent and strong winds.  Apparently, these were open spaces, where lived the predominately bipedal dinosaurs.

