


The potential for flight movement by pectoral appendages is built into vertebrate musculoskeletal structure and kinetic behavior. This behavior consists of complex movement  patterns designed into the joint rotations of that appendage. 


The existence of his potential means that the evolution of flight is theoretically available to terrestrial vertebrates as long as certain requirements are met. It can be clearly demonstrated that although out of the ..x.. orders of mammals only two are volant, this is not because the flight stroke potential is missing, but because the other necessary factors are lacking. The body must be small and light enough to allow arm power, aided by an upward propelling leap by the hind legs, to produce lift. The lifting surface, (feathers or skin) must be sufficient as well.


Later on, once an initial lift ability is gained, endothermy, or warm bloodedness may also be necessary to supply sufficient muscular energy if powered flight is to be attained. 


It is not known whether pterosaurs were warm blooded. At least in the beginning of their flight evolution they need not have been.  In theory, a small poikilothermic reptilian correctly holding the forelimbs with minimally sufficient patagia could lift up into the air for a brief periods, applying no more then a few lift strokes, especially if aided by wind. After a successful lift the wind or thermal uplifts? could increase the time aloft. 


Once the basic requirements are filled, only the appropriate forelimb shape and stroke pattern is needed to produce lift. But, it can be shown in available video data, that faculty is physio-mechanically inherent in terrestrial vertebrate limb behavior.  (Although recent reptiles have limb structure that does not fit this pronouncement: some did became biped dinosaurs, and others, the pterosaur? may have started as a quadruped). No doubt this is why flight has been attained in both of the existing terrestrial vertebrate classes, once in mammals (bats) and twice in reptiles (pterosaurs and birds). The remaining two, Fish and Amphibians are physiologically less preadapted for evolving flight, although in the broadest sense fish do fly through water as much as birds fly through the air. It seems that body and limb characteristics brought about by terrestriality are the most important factors in aerial mobility. Tree frogs are fully terrestrial, of course, but the Anurans are highly specialized in anatomical structure, and for that reason are without the ability to evolve into much else. Flight requires strength to be invested in the fore legs; the power in frogs resides in their hind legs. 


Fish and Amphibians include no fliers. Of course, with the exception of dorso-ventrally flattened fish, like the rays and box-like species, the axial cross section of the typical fish is roughly elliptical with a vertical long axis, and so it is not aerodynamically shaped. Flat fish like halibut are merely lying on their sides. ILL   The fish body, unlike the fins, can undulate only in the vertical plane.  However, fish do possess the evolutionary source of terrestrial vertebrate limbs, the paired pectoral and pelvic fins, and so when they temporarily move on land, the quasi-terrestrial lung fish and mudskipper move their fins/limbs exactly as do terrestrial vertebrates. ILL 	





The modes of limb driven locomotion


In vertebrate limb behavior individual limbs are independently moveable, but, in their primary function of locomotion they act together as a single, unified mechanism governed by a biologically designed kinematic pattern of motion. There are two main modes of locomotion using limbs. The basic differentiation of limb actions is in the symmetry (or asymmetry) of humeral and femoral rotations in relation to the pectoral and pelvic girdles. Even though the flight stroke is a locomotory function of the forelimbs only, an analysis of frontal appendage behavior without also examining the coactivity of the hind appendages will be incomplete. Due to the monolithic, unified action of the appendages the presence or absence of hind limb action must be recognized as integrally related to that of the forelimbs. Only through the analysis of coactive locomotory behavior of limbs can a likely source of the avian flight stroke be successfully found.


															Walk / run


Walking and running are alternating (or non -synchronized, out-of-phase) limb rotations. Walking and running differ in certain details such as relative timing of leg movements and varying foot placement patterns, but, at least in this examination the two only differ in details related to speed, which in turns involves variations in relative placement of feet in time and position on ground.


																																	Saltation





Saltation (or jumping) and hopping (or ricochetal saltation) are parallel (or synchronized, in-phase) limb rotations and can occur with the animal moving only vertically, remaining in one place on the ground, or else moving in a horizontal direction either forward or backward. Unlike alternate limb actions, jumping or hopping differ between quadrupeds and bipeds. Quadrupeds engage all four limbs in saltation. But because the bipedal front limbs do not engage in locomotion they can rotate to some degree or be held relatively immobile, as in kangaroos. In human hopping the shoulders rotate slightly. Kangaroos hopping on hind legs with arms flexed and locked to the torso present a symmetrical variant of birds hopping on the hind legs with wings locked to the torso. It may be said that birds are aerially hopping using their arms. Skipping, a sequential alternation of running and hopping on one foot is typical with human children. The paired motions of saltation also appear in locomotion through air and water: the symmetrical swimming leg strokes of frogs or turtles, the human swimmer employing the breast stroke,  a primate traveling through the trees, or its variant human action on the trapeze. Possessing limbs with reduced lateral elevation and rotation, animals such as canines, felines, ungulates are obligated to swim in the alternating run mode. 





Quadrupeds employ saltation in jumping and in galloping. Apparently the locomotive mode of a quadruped varies with the speed. Walking and in the lower range of running they employ the alternate  mode, but it is in the parallel mode that they attain their greatest speed by performing a form of serial leaps, generally called "galloping".  This term, however, mainly derived in connection to horses, refers to a larger animal. Smaller animals, like rabbits, performing the same action are said merely to be leaping. Hopping and leaping differ principally in their relative proportions of vertical and horizontal vectors.  The African gazelle springbok specializes in its exaggeration of the vertical component of the leap, "slowly galloping" with stiff legs in a mode of display.    ILL


						


In bipedal parallel limb motion there are four submodes, in which the behavior of the forelimbs and hind limbs is different.                                       


Submode 1. Here both forelimbs and hind limbs are active, moving in mirror symmetry. In human experience when jumping up to catch or gain hold of an object above, the higher the target the more rotation, flexure and energy is generated in the limbs. This action is an analog of quadrupedal leaping. We only know three bipedal saltators—primates, kangaroos and birds, among which only primates, equipped with grasping hands, take part in this submode.               ILL                                                      


 Submode 2. Semi-biped lizards, such as the basilisk, when running,  and the kangaroos, when hopping, keep the forelimbs against the sides of the thorax. Actually, in these cases, the humerus, in fact, rotates to a small but measurable degree. This can be seen in a frame analysis of kangaroo locomotion. See 000. Frogs keep forelimbs caudally along the body  in rapid swimming, although when moving slowly they tend to use the forelimbs as well. Human scuba diver movement is analogous. Hopping by birds can be placed in this submode, since they keep the flexed wings against the body. 


Submode 3. Human divers prepare by posteriorly extending the arms and once launched, they place the arms into symmetrical opposition to the legs extended capitally??(headwise). The leaping frog acts similarly as it holds its forelimbs against the body, but extends them in front as it comes to land.      ILL                                                                                           


Submode 4. Although not bipeds, gliding squirrels and lizards leap into the air likewise in the parallel mode, powered primarily by the hind legs, and so may in one sense be regarded as "momentary bipeds". They extend (and ...rotate...define term!) both the forelimbs and hind limbs in the coronal plane. This action servers to launch the animal and also to spread the patagial gliding surfaces. 		


		


Coordinated Rotation or CR—an important rule can be established for patterns of limb rotational coactivity:  (Compare with Orig. article here)


The locomotory function of the four appendages can be symmetrically grouped in two ways: a) the two anterior limbs contrasting with the two posterior limbs, and b) the two ipsilateral limbs on one side contrasting with those on the other side. Then, further restricting our definition of appendage rotations to those of the humerus and the femur in relation to the body, we can group the patterns as alternate, parallel and mixed rotation patterns. For convenience these can be collectively called coordinated rotation or CR. This mechanical behavior has always been evident in the movements of animals, including ourselves. Its presence in fish is, on the other hand, less evident and may be looked at in more detail below.  In addition, the Alternating and Parallel modes each can be divided into a symmetrical and an asymmetrical mode. It is important to define the terms. Alternate and parallel motion is here restricted to a body disected sagitally into two lateral symmetries, referring to comparable action of limbs on opposite sides of the pectoral or pelvic girdles. Symmetry, on the other hand, is here limited to symmetry of the body segments disected in coronal planes, that is the front limbs as related to the hind limbs. 


In the alternating mode ipsilateral limbs rotate in opposite directions from each other. The right foreleg and hind leg will distance themselves till the limit of extension is reached and then change direction to approximate each other. Various animals, according to their particular manner and speed of locomotion differ in the timing and placement of individual limbs.   ILL 


Alternating symmetrical CR occurs in walking, running by amphibians, reptiles, swimming by salamanders(?), etc.


Alternating asymmetrical CR occurs in lizard swimming (Komodo dragon), crododile, mammalian swimming by otter, seal, walrus, etc., mammalian excavating, scratching, etc.


In the parallel mode the paired anterior limbs rotate in opposition to the paired posterior limbs. ILL 


Parallel symmetrical CR occurs in quadrupedal jumping, galloping, bounding, including mammals and also the reptilian crocodile, slow paced frog and primate swimming, and in gliding by amphibian frogs, reptilian lizard and mammals.


Parallel asymmetrical CR occurs in


In the mixed mode the anterior limbs engage the alternate mode, while the posterior limbs follow the parallel mode. This occurs, for example, in certain birds when they run and also flap their wings. The most commonly observed variant is employed by slowly walking birds. At higher speeds the large flightless ratite birds, e.g., ostrich, etc., and the non-ratite roadrunner or the "grouse- O^O type" ground-dwellers like the partridge, chicken, etc. behave similarly, holding the wings in parallel symmetry against the body as they run.  	


???? Need? Variants can occur in non-locomotive behavior.  


oooooooooooooo Human carrying a tray --------complete this!








The accepted evolutionary source of vertebrate alternating limb activity is the undulating body movements occurring in the vertical plane, characteristic of fish, which in turn has undoubtedly evolved from the fundamental wiggling, undulatory locomotion of some chordate ancestor, demonstrated today by the larval, swimming stage of the otherwise sessile marine tunicates (Ascidia, or sea squirts).  ILL


The amphibian and terrestrial vertebrates are capable of both  alternate and parallel modes of locomotion. The two modes essentially differ only in the plane of undulation. Body undulation  in the vertical plane occurs, in a restricted form in walking amphibians, and in walking or running reptiles, mammals and birds.                 Horizontal wave movement in jumping or galloping ungulates, carnivores, as well as in the aquatic motion of the marine descendants of these groups, the Cetacea (whales, porpoises, etc.) and Pinnipedia (seals), dugong O^O. The human butterfly swimming stroke, actions on a trapeze or throwing an object with two hands are other instances. 


Horizontal and Vertical Undulation. Ordered undulatory movement is possible because the vertebrate body or torso musculature is composed of laterally and dorso-ventrally functionally symmetrical regions. The lateral antagonists produce ripples in the vertical plane, while the dorso-ventral pair does the same in the horizontal plane.          ILL 


---------------------------


Add: >6-18-04 article: archaic frogs: alternate hind leg movements in swimming.   OR does it go to LLA Chart Text?


---------------------------





The structure of body symmetry of fish allows only lateral, that is, vertical plane undulations, although in many groups, especially among more advanced ray-finned fish the pectoral (and sometimes pelvic?) fin appendages can rotate and modulate in the horizontal plane. However even in  chondrichtyan? rays horizontal action of the pectoral fins can be found highly developed.  Their broadly expanded pectoral fins undulate in continuously and smoothly changing waves in both horizontal and vertical planes, providing these fish with their major source of movement (Lift-stroke??)     ILL                     





Generalization of CR  /  LLA Chart and Table text / Data frames    			The Chart below shows the distribution of CR among the vertebrate classes. To trace the source of flight it is essential to survey the distribution of LLA /CR across the vertebrate classes. The chart shows for each entry whether it employs alternate, parallel or mixed LLA.


CHART here


Notes on the chart: General comment. It can be seen that CR is uniformly shared by all classes; CR appears in various modes, sometimes in one, sometimes in two or all three modes. This indicates that the two LLA modes are intrinsic in vertebrate structure—a fact that significantly relates to the origin of bird flight. (The only group that uses only one mode are the Cetacea, Sirenia, Macropodidae and Lagomorphidaeee? (kangaroos, rabbits). Alternating locomotive motions are evidently precluded by extreme specialization in the parallel hopping mode in the kangaroo and rabbit families while in whales, dolphins, sirenia=dugong?, the large body to limb size ratio and the high degree of dependence on horizontal plane tail and body undulation due to loss of hind appendages acts similarly. (The only simultaneous mixture of the LLA modes is in Ciconidae??, ground birds, the road runners and ratites - who also don't mix it??????) FIX last sentence   The presence of both modal potentials is by definition evident in those animals that practice both, but even in the Anura (frogs and toads) that normally swim rapidly in water using the parallel mode, exceptions occur (cf. Archeobactrachia), reflecting the duality already present in fish.    Also add in Detail Comments: tree kangaroo and human and primate tree trunk and rope climbing with parallel movements, holding the trunk with forelegs and slidinhg hind legs up (or down). Tree kangaroo: it kept the earlier hopping pattern altering it in holding on to the subtrate, that is, facing the palms and soles facing medially around the trunk or  branch.




















The evidence for CR -- Supreme proof of LLA / CR  >6/'14/04


 --- The supreme proof of LLA / CR   ----   Add as 3.3


/Direct evidence of LLA/CR/


The presence of coordinated rotation in the human body is easily demonstrated as in the following experiments.


		CR Demo / leg-arm


Demo 1. -- CR in general (re: alternate and parallel CR) To demonstrate CR (in general) in the human body. 


Setup: One lies with torso supported on a chair or stool, and with arms and legs being held clear of the ground, in a quadruped-like stance. The body and appendages are kept at a relatively low tension level.  ILL 


Action: now, if the arms are extended, then the legs will also automatically extend. Conversely, if the legs initiate the action, then the arms respond.           


Variations can be performed: in both the parallel mode and the alternate mode, the appendages can be flexed, abducted, adducted, can simulate the action of quadrupedal walking or galloping, and can move in the sagittal, transverse or coronal plane—in all cases CR is present. The level of force with which the automatic CR engages varies directly with the level of body tension maintained through the action. The involuntary forces appearing in this behavior become quite perceptible.    ILL?








Demo 2.  The negative proof: Rigid arms in jumping.


If one jumps or hops while holding the arms rigidly extended or  flexed, the efficiency of the jump is curtailed. The leg muscles are in effect partially pevented from moving. This is true in any positions eand agngles of rotation except when the arms kept flexed with humerus held against the torso, exactly as in a hopping kangaroo.  Here again we see CR as an essential locomotion mechanism.


									


										Not balance


Demo 3. The symmetry of the anterior versus posterior limb rotations may seem to indicate that this behavior is voluntary, or semi-voluntary, perhaps a learned method of body balancing. The next experiment indicates differently. If one lies down on one's side, so that one entire side of the body is supported on a bed, even keeping the head aligned on the torso axis by way of a pillow, the automatic rotations still take place.


Evidently the LLA / CR, simultaneously involves both locomotion and balance. The two are ultimately not separable, they are built into the neuromuscular map of appendage behavior.





Note: In case of negative results: it should be noted that if spontaneous response is not occurring, one must sufficiently relax the limbs in question not to counteract the automatic behavior.




































































































































































The CR in birds    


In all of forms of avian locomotion CR is evident: to whatever extent the wings extend or flex, the legs follow suite, and vice versa. For example, in the rest position wings and legs are flexed. In the applicable behavior, the wings and legs are extend and flex at the same time. In leaping during aggressive or display encounters the wings and feet are coactive extension and the flexion, and in other actions such as eagles catching aerial or aquatic prey.


Full powered flight is different: here the wings extend and flex, while the legs are held extended and static. Coordinated rotation is still present, however. In this mode the leg behavior, rather than reflecting the arm movement, inhibits movement. That this coaction of arm and leg is not restricted to the birds built to fly, is evident when we recognize the mirror the symmetry of the hopping kangaroo, in which case it is the arms that are immobile and the legs perform power strokes. (Similar human behavior can be seen in a demonstration, see below 000) = Ultra proof (?) or Supreme?)?                                              ILL








Jumping and hopping are mechanistically different. They differ in the proportions of limb rotation as opposed to propulsive force. Both the front and back pairs of limbs are considerably more tensed and rotate less than they would in saltation because a degree of stiffness of the legs is mechanistically required to hop. But apparently the arms are also tense and their rotation is extremely reduced. In LLA/CR muscular tension seems to be as much regulated as is rotation.


To achieve comparable speeds when leaping the amount of rotation and energy expended may be roughly equal. But in hopping limb rotation angle is reduced while the applied force is greater. In jumping the joints of the limbs tend to rotate throughout the action, whereas in hopping the joints rotate only minimally and for only a short duration in an action cycle. Executing a hop both pairs of appendages are relatively stiff, as shown by the kangaroo, which while bouncing on minimally bending legs also keep the arms bound to the torso. However, eve in this case, due to CR, small degree of parallel arm movement can be measured. (See video)     


A mixture of jump and hop appears in human diving, where after the initial saltatory rotation in the countermovement (spring-winding action) the diver once in the air holds arms and legs motionless. For quickly moving small distances birds trend to hop, with wings remaining closed.  But a leaping bird extends the wings, to a degree in proportion to the energy expended by the legs.


	


							CR in rest positions — human / animals





CR in resting states -- LLA behavior appears as much in motion as in rest. One can consider the rest positions of humans. When sitting on a chair the arms do not hang down, but are flexed in the lap, on an arm rest, on the table, etc. Squatting or sitting with knees drawn up places arms across the thighs or encircling the legs. Sitting on the ground with legs extended the arms also extend, and support the body like pillars. Other animals resting are shown in the illustration 000. These stances are not all in the same state of relaxation, they vary according to a mixture of resting and attention, readiness to spring up.   ILL from Knight 97                                                                                                       In birds the rest position of appendages is generally hidden by the feathers, nevertheless, it, too, follows the pattern of CR. Both the wings and the legs are flexed. But then why do birds flex the wings when walking, the legs, unlike humans? The answer is that, at the lowest speed in walk the legs generate only minimal force, as they hang straight (extend) because of their own weight, and swing forward partly through inertia. This is one reason why the arms are inactive, and another one is that the body itself takes on coordinated rotations: the body turns and sways slightly in walking. ON the other hand in energetic walk the arms are sufficiently simulated to move in coordination with the legs. IF the torso is prevented from swaying, then the arms begin to swing. This is partly resonant/transfer to the arms of movement through a tensed torso, which otherwise would absorb the movement, and also is an instance of CR. In running both humans and birds energetically move their forelimbs.


The following demonstrations illustrate CR in human upright rest positions, in which inherent coordinated rotations are present but distinct from those in locomotion.


Initially stand erect, with extended legs, and with arms hanging extended, tangent to the body as much as possible without any special exertion of force.


Take on  the attention position. This is nothing but a highly tense form of standing erect.


Note if the elbows are flexed, placing the hands on the hips, or if the arms are crossed either on the chest, or the back, one will naturally either part the legs or shift the body to be balanced on only one leg. 


If standing erect one leans with an arm on a table or with one shoulder against the wall, then the legs will tend to be crossed. 





Rest positions of animals


still to add from p 6/12/04 @ p.6 UnifBird2  (para 3.6)





------------------------------------------------------------------------------------------------Hova?


Note: 


a. Bringing together the humeri posteriorly also flexes the arms and wrist into the wing resting positions.


b. In human version of making flight move tense mainly shoulders and pectorals, but not arms, wrists and hands!


------------


ADD to marine mammal locomotion: there is both parallel and alternate LLA modes. Seals: both aquatic lateral undulation and parallel gallop-like land locomotion. Otaridae (sea lion, walrus):     Otter:    


-------------------------------------------------------------------------------------------------


The source of the flight stroke


							Arm and pectoral girdle interaction


Coordinated rotation refers not just to humeral and femoral rotation, but also to the automatic, built-in, more distal elbow and wrist rotations in the forelimbs, and corresponding parts in the hind limbs. A full range of appendage rotation is not present in groups with limited appendage articulation planes, ungulates, canids, felids, birds, etc.?) Primates have the greatest range of rotatability. The vertebrate forelimb consists of the humerus  (single element), the radius-ulna (double element) and the wrist and manus  (multi-element carpals, metacarpals and digits). The joint structural connections of these sections is such that they can independently rotate in two different planes. Thus the limb can go through a continuously changing geometry. (The humerus and the radio-ulna and the carpus rotate axially and angularly but digits have very limited axial rotation.) This mechanically determined behavior of limbs includes, as one its kinetic paths, the figure- 8 lift or flight movement. 


					


 The source of the lift movement is the path and the continuous shape changes executed by the rotating arms or wings as they go through a stroke cycle. This path is usually called a figure-8 curve. Basically, when propelling the body forward, the power or driving stroke must engage the medium (air or water) with its maximum surface area. On the stroke return, however, in order to offer the least resistance, the power surface must be minimal. The wing surface must also rotate on its long axis, that is supinate and pronate to create lift. The lift stroke cycle consists of the propulsive action—mainly angular shoulder rotation—and the control of aerodynamic attack, or the appropriate supination and pronation of the elbow, wrist and hand.





 


The existence of this LLA rotation scheme is not new to science or to everyday perception. It occurs in the medial turning of the manus (paws) of most land vertebrates, when the limb is raised from the ground or branch. We humans employ this behavior in all arm actions, from reaching for objects (hand turns to pick up a cup), to throwing a ball (wrist bent at an angle to the forearm when starting the throw but rotated forward to align with forearm axis when releasing), from ordinary gesticulation during speech to certain elegant hand arm and movements. All dynamic movements, the form of a cat's hand patterns, man boxing punch, the flowing arms movements of classical dance, ballet follow minimal, dynamically efficient paths.                                                                                    Built-in medial rotation functions in holding things to the body, face, for climbing vertical trees, branches, for manipulation of food or the young/brood, etc. ILL cat, dance Humans go through a modified, or partial lift stroke in at least two instances: a) swimming with the breast stroke, and b) when lifting the arms and then pulling apart a set of curtains— omit?                                       








											CR in fish


CR in fish  The typical pectoral fin musculature includes a dorsal muscle to elevate and extend, a ventral muscle to depress and adduct, and a set of small muscle slips coming from either muscle rotates or otherwise modulates the fins. The pectoral fins can be, therefore, highly maneuverable, and their functions include steering, turning left or right, stabilizing pitch, preventing roll, and enabling upward or downward movement. (Hyman's Comp Vert Anat p. 255) The various complex turns and sweeps include the figure-8 flight stroke, a lift-based mode of propulsion in the water medium. The physical act of fish moving through the water is analogous to birds and bats moving through air, and thus the essentials of the flight movement is already present in fish.   -OUT?


But more recent studies of pectoral fin propulsion indicate that the behavior of these structures also produces in some species both drag-based (cf. oar motion) and lift-based (cf. wing flap) locomotor movements by pectoral fins are similar to that of bird wings in aerial movement. Labriform fish propulsion which utilizes both lif t- and drag-based, occurs in a wide range of teleost (evolutionarily advanced, ray-finned) fish families. Thus we can say that the various complex turns and sweeps include some variant of the figure-8 flight stroke, generating propulsion in the water medium. The dynamic action of fish moving through the water using pectoral fins is analogous to birds and bats moving through air using wings, and thus the essentials of the flight movement are already present in fish. (See J. A. Walker and M. W. Westneat, Labriform propulsion in fishes: kinematics of flapping aqautic flight in the bird wrasse Gomphosus varius (Labridae) 1997, THe Journal of Experimental Biology 200, 1549-1569 (1997) and A. C. Gibbs et al., Kinematics of pectoral fin locomotion in the blugill sunfish Lepomis macrochirus, 189, 133-161 (1994).


							


								Alternat and parallel modes in fish





Whether the pectoral fins engage in the alternate or parallel modes has not been stated in the studies (that I have seen). However, in simple steering and turning, the fins must act non-symmetrically, whereas in straight and forward propulsion they must move in parallel synchrony. See Video that shows a sturgeon's pectoral fins flapping in parallel mode. Furthermore, fish possess the potential for quadrupedal coordinated rotation, as evidenced in the lungfish. The forelimbs of this fish rotating and twisting to support the propulsive body undulations, manifest the action which generated the appropriate hind leg behavior when terrestrial appendages evolved. (See video)





											CR in Flying fish


As for CR in fish, the coactivity of body and muscular fins of the terrestrially crawling lungfish show this mechanism already at work. CR is also evident in the near synchronized behavior by members of a gliding shoal. The individuals, staying in the air for about the same length of time, must be engaging identical, built-in techniques. Acceleration in the water, jettisoning from it at the correct speed and bodily angle of attack to gain the correct glide angle and then generating the optimal angle of attack for the pectoral (and in one species, also the pelvic) fin add up to a complex task. To achieve such glide action indicates that a coordination between the alternating undulation of the body and tail and that of the synchronically extended  pectoral fins is closely coordinated. Furthermore, in one species the pelvic fin is also extended in unison with the pectoral fins—it appears the neuromuscular basis for terrestrial limb CR is already extant here.


								Rotational asymmetries of forelimbs


Structure: the rotational asymmetry of forelimbs


As humerus rotates at the joint, in elevation, flexion, extension, adduction, abduction, the other sections of the sufficiently relaxed arm will also rotate in some fashion and to varying degrees. This is inherent in the asymmetry of arm structure and in its mechanics. For example, starting with arms hanging in the normal rest position by the sides, if the forearm is flexed with a forceful closure of the elbow and,  still held tangent to the body, the palm, which up till now face medially, will now rotate to fade posteriorly. On the other hand, if we extend the arm to extend vertically, the wrist will turn so that the palm will face forward. This behavior appears in the universal human hand salutation or attention getting signal. If we now laterally rotate the arm to the horizontal, the palm will turn to face down. Such wrist and arm coactivity, performed in a specific sequence of arm flexions and extensions, is an integral part of the flight stroke. Thus, with birds, while in prior positions of the wing stroke path the feathers on the different sections of the entire appendage are not entirely coplanar, when the extended wings reach their widest span, the primary feathers attached to the manus lie in the same plane as the secondaries attached to the ulna. 





Other examples of CR can be found in human finger coactivity. Flexing any finger with an otherwise relaxed open palmed hand stimulates the other fingers to flex (fig. a). However, if we bring together any two fingers, and squeeze them together, the other fingers extend and abduct (fig. b). This is why in a more dainty fashion of holding a small object between these fingers is accompanied by an extended fifth finger—with pinkie sticking out (fig. c).


A CR coactivity between muscles rotating the hands and feet can be demonstrated as well. If during walking the hands are extended, that is rotating the wrist posteriorly, it will be noticed that the feet will tend to splay out sideways.  And if the wrists are flexed, the feet will tend toward a pigeon-toed status. In other words, feet and hand behavior mirror one another since in the basic locomotive function of appendages, the feet and hands (paws) are performing the same action in relation to the ground.


								Uses of forelimb rotational asymmetries


								


These rotational asymmetries in the forelimb structure and mechanics exist in all vertebrates and originally served in assisting locomotion in water, as in fish. In land animals the same mechanism serves in (at least) five additional functions: 


a) locomotion


b) feeding: holding  and tearing food


c) aggression - striking, clawing


d) displaying


e) manipulation of objects. (Even some fish also manipulate objects with their fins, such as fanning water to oxygenate eggs or in building a nest in the sand, etc.) Sharks lower the angle of their pectoral fins as a threatening signals (Do other fish signal with their fore fins?) O^O ! 


f) grooming


								Anatomy of forelimb rotations





The anatomy of forelimbs (with reference to rotations)  --TK (special chapter?)








								 Human replication of wing action


Wing rotation and it human replication                                                                           Officially avian shoulder, elbow and wrist rotations have not been considered as a unit behavior. The instance of CR is essentially a mechanism which governs the interrelated rotation angles and speeds of the forelimb joints and which also magnifies movement, going distally. That is, a given amount of humeral rotation will effect a larger elbow rotation and in turn an even larger writs rotation.  


This can be observed in human arm action if one elevates the humerus of an otherwise relaxed arm. At first the elbow will not rotate due to its load weight, but as soon as threshold angle in humeral elevation is reached, the elbow begins to move.





Although the flight action is inherent in the CR of human arms, it is rarely noticed as being connected with bird flight probably because  the corresponding human action is a fairly rapid, single event. A relation to flight would be more obvious if the action was cyclically repeated. Actions  where arms perform a low energy, reduced path  flight stroke include a) a certain manner of laterally extending and axially rotating the arms and hands when stretching, often with a concomitant yawn, b) during an arm gesture of negative implication, such as "who knows?" or "I have no idea", or c) during the imperative, annoyed gesturing accompanying phrases like "Oh, come on!" or "Let's get going). The rest position of birds wings is configured with greater humeral dorso-medial retraction,  i.e., much more folded up against the back, and approximating each other. Recognizing this distinction and adjusting the human arm to simulate the avian format, a perfect simulation of wing CR can be generated.


										


Wing rotations    FIXX!!! Makes no sense: wrist vs. humerus!?


 Flight surfaces must continually adjust their angle of attack to cycle between upstroke and downstroke. Therefore the axial rotation of the arms as a whole is absolutely essential.                                       The primaries, or feathers attached to the manus (hand) impart to the air most of the propulsive thrust in flight. The rotation of the manus at the wrist controls the plane of the primaries, and so it has been often stated that            


								The mechanics of wing flight action


								Shoulder rotation affects the elbow


The mechanics of wing flight action: 


A crucial factor in lift is the angle of attack of the forward wing edge as it meets the air mass. Supination (i.e., turning palms up) of the leading edge of primary feathers on the manus is what creates lift. During the rapid and brief propulsive downstroke and on the slower return or upstroke phase, the manus pronates, (turns palms down). These actions in turn are initiated and to a significant degree are empowered by axial rotation of the humerus at its clavico-scapular joint (glenohumeral joint). It is possible to directly demonstrate such action in human arm behavior. Namely, (a) shoulder/humeral axial rotation -- shoulders protraction and retraction directly initiates (b) elbow extension and flexion and (c) wrist supination and pronation.





This is extra and wrong (elevation and rotation is mixed up)Demonstration of humero-cubito-carpal (shoulder, elbow-wrist) CR in human behavior. We must here define humeral rotation as axial, and not angular (fig. 000). Initially the arms of the standing or sitting experimenter the arms should loosely hang, allowing them to act spontaneously. 


	Step 1. Performing an anterior rotation (protraction?) of the humerus 		results in elbow flexion and wrist and  hand pronation.


	Step 2. Posterior rotation (retraction?) results in elbow extension and 		wrist and hand supination.


	These instances of CR are found in several human behaviors. 


a. The welcoming stance with arms spread open, where the opening of arms supinates the wrist and also opens the palms and extends the fingers


b. When feeling cold, the shoulders are rotated forward and the arms are held closely against the chest, with elbows and fingers flexed.


c. Leaning slightly backwards while also stretching the arms, to refresh the body, often accompanied by yawning, with the humerus rotating backwards, the elbows and fingers extending, and wrists pronating.





This was the already  typed in material:


Although such the bird-like placement of arms is not part of human locomotive practice, the behavior does appear in an abbreviated form in a particular arm and hand gesticulation that accompanies statements that express ignorance or lack of knowledge about some topic, associated with saying "I don't know", how would I know?", "who knows?", "I have no idea". ILL





Humero-cubito-carpal / shoulder-elbow-wrist rotation in human.                  This coactivity of humeral and elbow and wrist rotation appears in our behavior as shown in the following demonstrations. The humeral rotation performed is axial, not angular. 


At the beginning of the experiment the arms hang loosely and relaxed, whether the experimenter is standing or sitting. 


If the humerus is rotated so the arms as a whole turn medially in front of the body, the result is a degree of flexion by the elbows and a degree of pronation by the wrists and hands.


If the humerus is counterrotated, the arms as a whole turning medially towards the back, then the elbows open to a degree and the wrist and hands supinate. 


These automatic actions occur in everyday behavior. 


When spreading the arms as a sign of welcome, or when accompanying such expressions  as "I have no idea" the arms are extended and the supinated hands are fully open.


When stretching the arms and thorax, often accompanied by yawning, just as in the previous action, the shoulder rotate backwards, and the elbows extend while the supinated hands are stretched open. 


When a person feels cold, the shoulders turn forward to press the crossed arms against the chest, with elbows and hands tightly closed.








										The avian upstroke — humeral elevation





-------------------------------------	


Rev 9/22/04 Intro to 5.5, etc.   


To obtain lift two functions must occur: a sweep of the arms and a change in the rotation, or supination and pronation, of the air-pressing surfaces. For the complex upstroke the arm at the shoulder  needs to be elevated, the elbow is to extend and the wrist along with the hand must supinate.  The upstroke sets up the arm for the downstroke. On the power- or downstroke, which is more energetic and rapid then the upstroke, the arm is depressed, the elbow flexes and the hand pronates. 





 The supracoracoideus muscle.  Birds have evolved this specialized muscle to elevate and axially counterrotate the humerus. (Cf. Poore, Ashcroft, et. al. 1997, The contractile...) The supracoracoideus is derived from the pectoral muscles and likewise arises from the sternum, but rather than attaching to the humerus so as to simply pull it toward the sternum, it passes over the glenohumeral joint and when contracting the supracoracoideus posteriorly rotates (or counterrotates ) the humerus about the humeral long axis.   


Anyone who has manipulated a wing, such as that of a dead chicken, has noted that a definite automatic elbow extension and flexion takes place when the humerus revolved. The elbow extension and manus pronation of the upstroke have been thought to be closely related, but essentially separate actions. 


Simple experimentation in human arm action shows that the arm structure is so constructed that humeral elevation and counterrotation automatically generates elbow extension, as well as wrist rotations. In the following demonstrations we can duplicate the entire sequence of the avian upstroke by merely elevating and counterrotating the humerus. That is, humeral rotation sets up a train, (as the most powerful muscular region of the arm), a unified action in which the arms goes through an entire sequence of the flight stroke. 


Our lack of the avian supracoracoideus muscle does not disqualify us but only places us at the level of the protobird or earliest birds which achieved lift before that specialized muscle evolved. In the human demo's the deltoid and scapular ms., which are the human elevator and counterrrotator of  the humerus can take the place of the supracoracoideus.  --   Feduccia: Note on humeral and pelvic girdle protraction. Feduccia (p.10) says: if in birds the supracoracoideus didn't then "small muscles of the back of the body associated with the scapula, would have to perform this task by themselves". In other words, humeral protraction in the human is done by muscles connecting the humerus to the scapula, and in turn to the thorax, the deltoids, trapezius, rhomboideus, O^O etc., muscles analogous to those found in birds, except that birds have developed a specialist for this task, the supracoracoideus. Feduccia also says that in birds that literally fly through water, and are therefore among the "best" fliers, such as the [penguins and auks, there the dorsal elevators increase in mass.  





-------------------------------------------------------------------------------------------------





Human replication of the avian wing lift action. In the following demonstrations it will be shown that the exact analog of the flight action of the avian wing is readily performed by the human arm. Once again, humeral rotation is axial, not angular: when looking from above, the left shoulder and left upper arm rotate counterclockwise, and the right shoulder and upper arm turn clockwise.


Setup -- Throughout these demonstrations all the muscles of the arms, wrists and hands should be only minimally tensed, i.e.,  maintained loosely.  Initially the arms are held in the position of the avian folded wings, upper arms held against the thorax, with elbows, wrist, hands, and fingers allowed to be spontaneously (loosely and partially) flexed. (If we start with arms hanging, purposefully avoiding any bias towards actual bird-like positions, if tension levels are minimized, the action to be described will still occur, but not as rapidly and efficiently.)  


Step 1. Using the deltoids, laterally elevate the humeri as far as they can comfortably go. Afterwards, retract the scapulae, using the scapular muscles which pull them together medially. The scapular  retraction is our substitute for the supracoracoideus activity of birds. Of course the deltoid muscle which surround the proximal humerus from three sides is coactive with scapular action and can even initiate it. 


Result: As the humeral elevation laterally raises the arm, the scapular retraction opens the elbows, supinates the wrist and extends the fingers. This is an exact analog of the avian wing upstroke. This is troublesome: leave it out: This figure-8 pattern is present in human swimming arm breast stroke cycle, but here humeral rotation is protractive.  Adduction of arms by the scapular muscles as occurring in avian stroke would compress the water downwards, and in order to push it caudally, that is move in horizontally in water, the human swim stroke has to be humerally protracted ???


Notes:





With arms and hands relaxed, during the above demo these parts simply move, "fall" into the proper places.


With arms and hands incompletely relaxed they remain antagonists, and only additional relaxation enables the action to occur.


The direction of scapular retraction may vary. Whether retracting in an elevating, a horizontal or a depressing direction, the wing upstroke action will still occur. In the human bipedally erect position the horizontal rotation seems best for simple vertical lift; other angles of scapular rotation bias the upstroke position for forward, stationary or backward flight movements in birds. (Cf. helicopters). 





Human experience in automatic elbow rotation is associated with wrist rotation. This automatic action witnessed seen in the above demonstration is visible in normal human behavior. If we start with the arms are fully extended and sufficiently relaxed in the horizontal plane, with palms facing down, then a) when the upper arms  shoulders are lowered and turned medially forward, the elbows flex and the wrist pronate—gaining one of the ways we rest the arms, perhaps more typically done by females, and b) when the shoulders are raised and retrorotated, the elbows open, the hands open, palms facing forward and upwards and the fingers extend—taking on the typical welcoming stance with open arms.


Human replication of avian full flight and rest positions. This demonstration, which once more requires the support of a stool or chair (cf. 3.3), shows that the CR of the human body fully shares the characteristics appendage placement of the avian body at rest or in full flight. 





Supporting the torso on a chair, and starting with arms and legs in neutral, quadrupedally placed positions and keeping the arms and legs as relaxed as possible while performing the action, we can note that when a) we move the arms in a sequence of upstroke and downstroke cycle, as if in full flight, the legs will tend to fully extend, and b) if we fully extend the legs, then the arms will move into the upstroke position.


Again supporting the torso on a chair, if we assume the resting position of wings, with scapulae retracted, with arms held to the sides, elbows, wrists and fingers appropriately flexed, the legs will then also flex at the joints, as in the rest stance of a bird. It is interesting to note that while the human toes are limited in movement, they will also tend to flex to some small degree. This of the fingers/digits is in fact an important part in the arboreal life of birds: it is the feet grabbing onto the branch.


Human replication of the upper body and head movement of birds. If we walk with arms flexed as in the avian rest position of wings, with scapulae retracted, it can be noted that the upper body (pelvis and torso) in union with the head will sway side-to-side keyed to each step. This is typically seen when birds walk.


	-----------------------------------------------									Arm / wing flexion CR  in human


	Keep?


Demo 5. "Ballet stretch"  (Arm/wing flexing CR in humans)  (ILL 6-18-04 #2) If one, leaning forward and supported by one arm stands one leg while extends the other leg, the free arm will merely hang. However, as soon as the arm support is taken away, the arm ipsilateral to the extended one will spontaneously reconfigure in the general wing position, but the humerus/scapula will not  posteriorly extend, i.e., draw together. This behavior exhibits the connection between leg extension and associated leg extension in powered bird flight.


									


Additional analogies	


								 Frog and bird analog


Frog and bird analogy    (ILL 6-18-04 #5)  Frogs swim with hind leg strokes, while the forelegs are extended posteriorly and are held against the body. If one, continuing in the setup of the above demonstrations, performs (breast stroke) swimming strokes either with the arms or the legs, the other pair otherwise kept in a relaxed, spontaneously maintained position, will duplicate the action. That is, if the legs move so do the arms, and vice versa. However, if the arms are held, in frog fashion, against the body, then the arms remain inactive while the legs go enact the swimming motions.


Clearly this may be seen as the symmetrical counterpart of avian limb behavior in flight: in birds the legs extend dorso-posteriorly and the arms produce flight strokes, and by contrast, in frogs the forelegs extend ventro-posteriorly and the legs perform the aquatic version of flight(?) strokes.











THE PROTOBIRD


											 Relevance to the protobird 


 Relevance to the protobird --- here: LLA table and single or few frames of video DATA


Since interaction of limbs in rapid and relatively powerful actions involves coordinated rotation, we can apply this behavior to finding a source for avian flight. It may be asked: if dynamic leg movement generates an obligatory and equally dynamic arm movement, and vice versa, then what action of either the arm or leg would be likely to result in a  flight stroke. //// We cannot of course prove that the protobird possessed LLA/CR anatomy and behavior. But the probability is high. If LLA is common to all vertebrates, including modern reptiles, we can reasonably infer that it was no different with dinosaurs. And if birds are derived from dinosaurs then that is direct evidence to that effect. It is extremely unlikely that dinosaurs developed new modes of limb locomotion, with no significant changes in limb anatomy, and that therefore LLA in birds is a reversion to a pre-dinosaur stage or that it is a secondary development.


							What arm action generated the flight motion


Arm generated lift movements as applied to the Protobird


In attempting to find a source of flight for the Protobird endowed with CR behavior, we must consider what fitness selective action would bring the protobird's feathered arm to perform a flight stroke.  


Cursorials — in terms of CR





Certain actions of CR have in the past been in part recognized by the so-called cursorial, ground- based flight theories, but were essentially viewed as separate behaviors, arm activities coincidentally concurrent with leg actions. Arm flapping is fundamentally understood as an adjunct to running which supplies the neccesary speed for a takeoff. 





S. W. Williston was the first to propose a terrestrial cursorial origin for bird flight. He suggested, in 1879 that a dinosaur might develop longer arm scales to aid it in running. Then, as the scales changed to feathers the nascent wings would be employed in "leaping and in descending from heights, and finally from soaring." This theory was ....put down





In 1907and in 1923 Franz Nopcsa put forward a similar idea proposing that bipedal reptilians, perhaps similar to the occasionally bipedal basilisk lizard (Basiliscus basiliscus) and the frilled lizard (Chlamydosaurus kingii) "during running oared along in the air by flapping" their arms. In time aerodynamic surfaces developed on the arms, which enabling longer "strides and leaps", would eventually lead to flight. 


It is impossible to think that a naturalist, a one-time child who, like all others, wave and flap their arms in many activities including runningm would not somewhow feel that running and arm movement generally seem to work together, if only in the standard human run with alternately moving arms. Still, if we actually try running with symmetrically flapping arms we are practicing a mixed CR event, where the asymmetricity of forelimb and hind limb modes retards the running movement, and in nature is only found in cases of necessity. Such behavior occurs in the running takeoff of larger water birds (heron, ...) which is not their standard method of locomotion, but an intermediary mode when changing from alternate mode of walking and running to parallel mode of flight.


Both of these ideas, lacking fossil evidence, were put into a different and stronger position by John Ostrom when in 1974 he discovered Deinonychus antirrhopus, a bipedal coelosaurian dinosaur apparently capable of swift cursorial movement. Ostrom realized that its anatomy closely resembled that of Archeopteryx, the first fossil bird ever found. This resemblance compelled him to conclude that the proto-bird must indeed have been a terrestrial runner closely related to the coelosaurian stock. As for the origin of flight he advanced the idea that perhaps wing surfaces on the arm could be used in trapping, or channeling insects. Most importantly this hypothesis no longer depended on increasing running speed, but rather on applying aerodynamic surfaces to some other preadadaptive use. Walter Bock of Columbia University, a major proponent of the Arboreal theory, pointed out that if the wings were used as an insect net they would have to be porous to allow air to pass through. This would be true if the wings had to strike insects, but if Ostrom merely implied confining the insect between the wings, such porosity would not be needed. Merely channeling, keeping the insect before the jaws would be servicible. Still, the difficulty lay in deriving flapping flight motions from insect channeling flaps directed. Ostrom himself  withdrew the theory in 1983. But the general idea of arm and leg coactivity is present here as well. Various ball games, basketball or ice-hockey, for example, are events where leg action is mechanistically connected with arm action.


-----------------------------------------------------------------------


CAPLE A new source of selection for terrestrial flight was put forth in 1983 by Gerald Caple, Russell Balda and William Willis,�9 arguing that:


1) The proto-bird, a swift bipedal runner, lunging after flying insects could have flapped its arms to increase leaping distance, to balance, or control trajectory and body rotations. Aerial surfaces appearing on arms would aid such actions. 


2) Developing control and balance in a jump, increasing its foraging ability, would select toward the geometry and flight motions of the avian wing. 


This theory is still definitely involved with running, saying that "Our preflightmodel is a bipedal animal that forages by running and jumping to capture insects in its jaws". However, we can see that some implicit notion of coordinated arm and leg saltatory behavior is implied although not stated, because even thpough it is not mentioned by the authors, it is unlikely that they would not clearly consider the fact that we humans universally jump with flapping arms. This may be suggested in the statement "It is interesting to note that the motions of the forelimbs to control roll and pitch resemble rudimentary flapping motions (p. 468)". (This also applies to Human replication of wing action!)





Running takeoff: not so simple! GT: Amazon water bird (heron, or egret?) takes off from log.  need to run is a matter of size/weight, muscular strength,  and maybe leg length and structure. Golden eagle, 6-15 lbs, 2.5-3.5 ft length takes off without running, but stork (40-50 inch length, 5-9 lbs) or gray heron (38-42 inches, 2.5-4.25 lbs) (Check these numbers they are from Great Book of Birds).


As for water birds taking off by running in water it might be surmised that because even in the smallest birds a strong hind leg propulsive leap is a part of lifting from the ground or even a branch, those birds that stand in water are curtailed from efficient jumping by the resistance offered by water to their webbed feet as well by the soft textured, muddy substrate on which they stand in an aquatic setting. The running takeoff by long-legged (semi-)aquatic birds (cf. white herons) on solid ground appears to disprove this, but it may also be that since when lifting from the ground, the bird falls a certain distance on the wing recovery stroke, a long-legged bird cannot clear the ground sufficiently so that with this loss of altitude the feet would not strike the ground. WHO knows?  FIX THIS





It seems that the smallest and lightest birds need no running to takeoff, and the heaviest ones do not fly at all (Ratites, ostrich, cassowary, etc.). Among ground birds, which have secondarily lost some of their flight propensities, the birds weight is generally related to its flying abilities. Therefore, to think that the protobird ran to gain lift suggests that the creature was above a certain minimum size and weight. Such are the problems with cursorial notions.





He and others coming after him have looked for specific behaviors, the probabilities for which physical equations are ample for the task. In our present analysis are aiming to find general behaviors.  OUT: Amateurs, book scientists who neglected to look at nature: all these are strictly arm movement based,  based on manufactured conditions, looking at things too obvious, "intuitive". They always employ mathematical formulas to prove points and to appear scientific. It is better for us to look at the entire body, as a unit of movement, and to recognize the coordination of a unified limb movement. The source of the error lies in: a) lack of distinction between the power flight and the initial lift strokes, and b) the notion of the necessity of running to achieve lift. 


The running takeoff (the basic model in the Cursorial theory), is typical of heavier birds, especially those with long legs, such as the herons, storks, etc. Ciconidae? and larger ground birds. It has also been stated that these birds are able, on the other hand, to take off from a high branch without running, since brief initial falling increases their speed.  ??However, we can see video data demonstrating two different herons?? taking off from a log  and a branch without running, and not losing altitude on take off. This evidence and the fact that the protobird was likely not a large or heavy animal tend to weaken the notion of a running start. (An explanation for running take takeoffs may lie with CR, as will be discussed at 000???) Or maybe I need more data!


									Leg-Saltation


Coordinated arm and leg action - primarily leg vs. primarily arm actions


It appears that limiting the field to primarily or even secondarily significant arm activities has yet not offered a compelling source of flight. But building on our investigation on bipedal LLA/CR, in which a parallel, symmetrical forelimb and hind limb CR activity plays a role, more compelling theories are available. Considering some form of saltation (whether jumping or hopping) greatly increases the range of activities to be examined by including those involving primarily the hind legs.


            


Clearly, in view of CR, saltation, a markedly energetic action stands as first choice. the connection between jumping and associated forelimb activity has been offered by Caple et al. as arm-movement in dynamic balance control in jumping, and by  KD Earl, et al as a general aid to stationary takeoff. The latter idea comes closest to recognizing the importance of ...  (although still connecting it with flight.) But bringing into view CR, a firm physiological basis becomes available: the obligatory coordination of appendages. Saltation is a spring-loaded ballistic function and is inherently powerful and therefore the conjunct arm movement is correspondingly forceful. Saltation may even be asymmetrical: leaping with only one leg generates flapping of both arms!! Important!


The close connection between lift off and saltation has been recognized by Caple et al (cit.), and more recently by KDE (cit.) et al.  The observations of Caple et al are perceptive in positing that aerodynamic and ballistic adjustments by arms during a jump significantly improve efficiency, including energy gains. The limiting nature of the theory lies in its connection with running and the application of this activity to a particular diet of animals that would jump in capture of insects. Perhaps the notion also implies a voluntary or involuntary choosing from a class of possible arm actions those that would aid body ballistics initiated by leg action, unaware of the automaticity in LLA.  EKD et al present a much more general notion. They have experimentally shown that the total takeoff energy in certain birds is in large part due to the leaping action of the legs, and suggest that any "single jump followed by a flapping" is a simpler model for the evolution of lift in early fliers and in proto-fliers. Moreover jumping "has more support from the behavior of living birds than does a running model. (") Any downward movement of the feathered forelimb after initiation of a leap could potentially add height and distance to the ballistic path regardless of reason for jump..."-check quotes!


Our observations of CR fully support these authors, although they have not noted the presence of an involuntary mechanism. This mechanistic behavior explains why any for form of saltation may potentially generate flight movements. And saltation accompanied by arm action also presents sufficient kinds of behaviors with important fitness selectivity.








The UltraSuper Proof / demo - Jumping = flight stroke


The following demonstration show that jumping and flight stroke are inevitable and simultaneous events.


Setup: Support the torso horizontally on a chair and hold the arms and legs clear of the floor, but with only minimal effort. The horizontal body position ensures that the arms are active in the same plane as the wings of a bird in flight.





Experiment 1. Make an energetic arm flight stroke. 


	Result: the legs perform a kick


Experiment 2. Make and energetic leg kick.


	Result: the arms perform the flight stroke.


Conclusion: the flight stroke is naturally concomitant with leg saltation.





Experiment 3a. Sit with feet raised form floor. Perform a swimming breast stroke with the arms.	


	Result: the legs execute the corresponding frog-like swimming stroke


Experiment 3b: Now perform an arm flight stroke.


	Result: the legs execute a jump.


Conclusion: arm and leg CR has a range of possible kinematic(?) movements, and of the two integrated arm-leg actions in experiment 3 one yields a jump-flight stroke combination.








2x Ultra Proof 2  Proof of CR- and CR relation to balance


Setup: stand on one leg


Experiment 1. Perform swimming breast stroke with two arms while keeping one leg  tense and minimally elevated off the floor.


	Result: balance is easily lost.


Experiment 2. Perform the same action, but this time keep elevated leg relaxed.


	Result: balance is easily maintained and the relaxed leg moves through small curves in synchrony with the arm strokes.


Conclusion: In order to balance the body which takes part in movements that disturb its equilibrium, the balancing force must also be in motion. The  balancing agent in this case is the relaxed leg. When held tense the balancing action of this same leg is disabled. But if it is allowed to act spontaneously, the leg reveals its CR driven behavior.


Fix: Here balance is the obvious factor but when under the surface if you go deeper: this is not only a balance mechanism, in which a well defined system of limb coordination is built in. CR does more because it also entails locomotion, not just balance.





----------------


This goes to Cursorials:  MIXED MODE - not an ideal model.  In LLA/CR, moreover, there is no need to run or otherwise move forward, to leap up in place is sufficient. In fact the alternate and parallel modes almost universally do not mix. Running, an alternate mode hind limb function, is not compatible with the forelimb parallel action of the flight stroke. It can be done, as in human rope jumping, but this is a stationary and relatively slow action, and the palms are in a non-lift producing vertical plane. Although neither humans or flightless vertebrates naturally engage in it while running, alternate mode running and parallel mode flapping of wings does occur in the take off run of Ciconidae?  long legged water birds, like flamingoes. But even here wing flapping is closely coordinated with leg movement. See DATA: The wing tips reach their highest point exactly when one of the legs is maximally stretched. See Flamingo Run data and TV tennis


              ------------------------------------------








Having seen that saltation possesses the physiological and kinematic factors of lift, we can attempt to find some significant  fitness selecting behaviors in which saltation play a role. Among the most highly selectable behaviors, including food acquisition, brood care, territoriality, aggression, locomotion, display, ... etc.? no doubt, aggression and display are the best choices.


In aggression (territorial, mating rivalry, food-competition) for the protobird saltation would play a role in


Escape by jumping up into a bush, tree or other higher ground


Slashing with the hind claws during predation or interspecific and intraspecific aggression


												Claws


Trees or rocks may not be always be available in an escape, but the hind claws are used extensively . All living terrestrial animals, above amphibians, excluding reptilians, possess claws, hooves, or nails. These have many functions: to passively protect the ends of the digits, and actively, to assist in holding the substrate in locomotion, in scraping, scratching, digging, perching, manipulating objects and food, and they also serve as weapons of aggression. This applies to extinct animals, including dinosaurs, and avian ancestors. 


The significance of hind claws.  The claws of the forelimbs are no doubt important tools in survival of bipeds (excluding those that have hooves or nails), but the claws of the hind leg have special significance for bipeds for three reasons. First, the hind legs are, in fact, no longer "hind", but frontal appendages. In a biped the appendages are in approximately the same plane; their difference lies in being upper versus lower appendages. Unlike in quadrupeds, here the hind claws are directly available to be applied at an antagonist. Second, in addition to this availability, the hind leg in a biped tends to be the larger and the longer of the two pairs of appendages, therefore more powerful and of greater reach. Thirdly, the hind claws are at the distal extremity of the long legs, and wielding them distances the body from the opponent's weapons. Aggressive fights using hind claws by bipeds can be found with the ratite birds, and kangaroos. Larger quadruped lizards, e.g., komodo dragons, fight each other rearing on the hind legs, supported in a bipedal stance by their tails and by pressing against each other, grasping with the forelimbs, and raking the opponent with hind claws. Primates do not engage in this action since they lack claws and are not fully efficient bipeds, but humans, the only completely erect extant member of this group universally practice kicking, and this again shows the practicality of leg action in combat.                                        In the selective process the height of the jump, it duration and control —all of these naturally determine which animal wins a fight but also  simultaneously select toward the development of lift; theoretically, a duel between two leaping, claw slashing, arm flapping bipeds with feathered arms is nothing but an instance of embryonic flight.


 In extinct animals. The bipedal theropod dinosaurs markedly exhibit hind claw weaponry. At the largest size range, the carnosaurs Allosaurus, Tyrannosaurs, etc. relied so much on their clawed hind legs that they have were able to vestigialize the forearms. In the medium and small size range we find the Coelurosaurs (Dromaeosaurs??), including the maniraptorans, such as Velociraptor, which in current opinion possibly gave rise to birds. Among the most predacious of these, we find extreme adaptation in the use of the hind claw; Deinonychus and related species notably possessed the so-called sickle-claw, an enlarged and independently rotatable weapon. To the same group of Dromaeosaurs belongs Microraptus gui, a dinosaur with feathers on it arms and legs, discovered in 2003? has prominent claws on front and hind feet.  Evidently, entire survival behaviors across ?taxa, families, genera? were built on hind claw functions.


HIND CLAW in fossil birds and bird-like dinosaurs. Hind claws are found on all fossil bird-like dinosaurs and fossil birds known to date: Archaeopteryx, Sinosauruopteryx, Protarcheopteryx, Caudipteryx, Confucianus dui and Confucianus sanctus have strongly claws hind legs. Rahona ostromi, if the bones attributed to it are from them same animal, was a bird that shared with Deinonychus a sickle-claw on its second toe. Such specialization focusing on claws found on at least two anatomically related species indicates that the hind claw was the fundamental weapon bipedal coelosurian bird-like dinosaurs.


Hind claws in modern birds essential in their survival and serve, along with the beak as their two major fighting weapons.   ???Are The arms are also wielded in aggression, but...??


											Display


 Saltation in visual display (aggressive, territorial, mating)


Leaping in display would naturally select in jump height, duration and control of jump, and all of these would select for lift potential if minimally sufficient lift surfaces are available. In view of the growing number of feathered dinosaur fossils discovered this condition has been satisfied. 


Arm flapping, when automatically accompanying saltations and especially when further advantaged with colored and moveable arm feathers would impart significant visual information and would select for feathers with these traits. In the preflight protobird such forelimb appearance and behavior would perform the same functions as they now do in bird display: a magnification of apparent body and arm size, species identification and level of physical fitness.   !! HERE to ADD (from orig. article: arm display in biped!!!


Display for a biped will strongly tend to include arm movements (with or without feathered covering the arms) because these appendages are freed from locomotory duties. Arm movements draw attention because of their elevated placement they increase visual and physical size, and they can perform motion patterns that.             


											Feather


Feathers. Feather development can be seen as closely tied to arm display by a bipedal protobird or by any feathered dinosaur. Pattern, reflectivity (i.e., brightness), edge quality, color are all significant features in psycho-visual information. And coupled with arm movement and rotation patterns can send out a very finely tuned information. As for feather design,  the lightweight, interlockable, structurally solid architecture of feathers is equally suited for display and for flight. Deriving flight from saltation would definitely have to have evidence for feathered forelimbs for the protobird, otherwise no amount of flight movements could create lift. However, since present fossil evidence has concretely established the existence of feathered dinosaurs, the claw-and-leap formula can be confidently applied.               SILL TO DO: Raising frills or skin plates  is one of the characteristic modes of reptilian visual display. !!  O^O!!  


Feather display   Visual display by feathered arms can appear in several functions: mating and territorial advertisement, group identification, gender identification, cryptic coloration, and heat control.


Feather motility. A highly important feature of  the bird feather is its mobility. Striated (as well as smooth Dominique Her...) feather muscles (apparently in conjunction with smooth integumentary musculature) change the angle of the feather shaft, thereby ruffling the feathers. Ruffling not only conserves heat, but as act of display increases apparent visual size and contour in both cold-and  warm-blooded animals. Body size aggrandizement is a very basic tool of aggression and defense. Selective pressure on developing feather motility seems unavoidable.                                                            


Fan analog. When a bird quickly and fully opens its wings, an unusual, continuous and rapid increase of surface area takes place, exactly as can be done with a folding fan. While this action is part of flying, it is also a highly efficient tool of display, and it could have developed as such before flight arose in a feathered dinosaur.                          


Feather distribution. Bird plumage covers only certain regions of the avian body surface, the so-called pterylae. The apteria, or featherless regions, are narrow enough to be covered over by the feathers from the pterylae. This present-day distribution may point to an initial visual display role for the feather or proto-feather, as it may indicate that the proto-feathers were originally localized in limited body regions. This is what we see on feathered  dinosaur fossils and is generally true of all uniquely display elements. Display patterns on quadrupeds tend to occur on visually accessible areas, the sides, the back but not the ventral surfaces. ??? not  ... ...DO more on Pterylosis, but after researching it more!!!  An incomplete feather coverage could later gain larger area coverage simply by overreaching into regions without feather. The initial stages of feather display likely appeared on the arms, back and tail, as they do in many living reptiles. E.G., ...O^O


Ruffling of feathers is both an efficient visual size increaser and an excellent heat retainer. This dichotomy is not a problem. These two fitness determining functions are aspects of the same structure and can readily co-evolve. Canines, felines and other mammals erect their hair to seem larger as well as to preserve body heat. Still, the primary source of feather ruffling may be visual size increase because this type of display is evolutionarily older and far simpler than endothermy and it so occurs with considerable frequency among amphibians, reptiles, birds and mammals. In the two homeothermic groups, birds and mammals, the integumentary covering structures serve as a heat regulator as well. If mammals were ancestrally nocturnal, possibly in need of heat preservation, looking larger by erecting the hairs, would have been equally useful even or under low light conditions.





Endothermy. When in avian evolution endothermy arrived is  not known. Nor do we know if feathers first served to conserve heat or to generate visual display. The likelihood that reptilian display came first, however, is probably greater, for this highly selectable and competitive function can develop to extreme? degrees. In their visual display, flowering plants, insects, marine invertebrates, especially mollusks, crustaceans, tropical (reef) fish, amphibians (frogs, salamanders) and reptiles (snakes) carried visual display to extraordinary levels, yet endothermy is not involved. 


Selection probability. Leap and arm flap CR would simultaneously play a role in both aggression and display, one a utilitarian, the other a visually impacting activity, thereby laying down a broad palette of behaviors in which to evolve when circumstances allow. Escape into bushes, trees, onto rocks, securing height advantage in fighting, "rival towering clawing" are crucially important selective activities. If the protobird employed its arms for striking, perhaps out of necessity in close combat, the striking power of the arm would have profited from increasing strength gained from exercising aerial lift.                                                                  ...Still, clawing is my best guess...                               


 ITT but still to type some things from edited p.4 , para 8.2.0.2


COMPLETE THIS LINE UP -- use Orig. Article text (claw/jump)


Conclusion: therefore it can be said that saltation has a major role in bipedal behavior.








 Evidence in extant birds - Uniformitarianism


Distinction: there are three modes of action involved in flight: takeoff, power-flying and gliding.


Clearly we are only interested in takeoff, as in  the other two modes the  body takes on a wholly different stance. The wings are active but the legs remain inactive, locked up under the body.


 NOTE: The flight mode is actually analogous


In a way to the terrestrial hopping mode, i.e.., the distribution of limb action of hopping is the opposite to that in power flight.


 In hopping (cf. kangaroo) the arms are locked, while the legs move


 In flight (cf. bird) the arms move, while the legs are locked.


 It can be fully documented that in takeoff birds of all families, of all habitats demonstrate LLA.


 Running flamingoes


 But! Isn't leg movement just kicking off the ground to aid getting up into the air? Yes, it does aid getting up, but the fact that the LLA performs both a kickoff and arm-lift is a serendipitous coincidence, a preadaptation that occurs in other functions during flight, e.g., grabbing fish (eagle, bat), landing, etc.


 Proof: eagles claw fighting in the air
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