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ABSTRACT-The fossil trackway Pteraichnus saltwashensis Stokes 1957, from the Momson For- 
mation of Arizona, originally attributed to a pterodactyloid pterosaur, is reassessed. We conclude 
that the assignment was incorrect because: 1 ,  Pteraichnus has five toes on the manus (all pterosaurs 
have four); and 2, pterosaurs did not walk quadrupedally. However, trackways similar in detail to 
the poorly preserved Pteraichnus can be simulated experimentally by a small caiman, and we 
suggest that Pteraichnus could have been made by a crocodilian. Experimental work on trackways, 
coupled with considerations of limb kinematics and substrate conditions, will permit the most 
robust inferences about paleoichnologic trackmakers, and will thus maximize the utility of fossil 
footprint data. 

INTRODUCTION whereas pterosaurs were digitigrade and 
IN 1957 Stokes described a trackway (Pter- would not have left a heel impression as seen 
aichnus saltwashensis) from the Morrison in Pteraichnus and the caiman tracks. Fur- 
Formation (Upper Jurassic) of Apache Coun- thermore, the articulation of the pterosaurian 
ty, Arizona, which he assigned to a "ptero- forelimb (Padian, 1980) indicates that even 
dactyl" (=Pterodactyloidea sensu stricto) be- if pterosaurs could have walked quadrupe- 
Cause of the narrow V-shaped heel, the four dally, which is unlikely, their trackways would 
subequal toes of the pes, and the unusual ma- have differed considerably from Pteraichnus. 
nus print, which seemed to preserve an Second, when the Pteraichnus track is con- 
impression of the hypertrophied wing-finger sidered in the light of kinematics of the step 
(digit IV) as well as two of the three small cycle and interaction of the foot with the sub- 
digits 1-111. Stokes added: "The apparent re- strate, it corresponds in all appreciable re- 
duction of digits in both manus and pes is spects to a similarly made trackway of a croc- 
distinctive and is the chief reason for placing odilian-a fact which we demonstrate 
the animal in the Pterodactyloidea." For experimentally with a living caiman. Our 
twenty years these tracks have served as the purpose in this paper is to show how these 
principal fossil evidence in support of the idea results might fit into a conceptual framework 
that when pterosaurs landed on the ground, of animal-sediment interactions, and to pro- 
they must have walked quadrupedally (e.g., pose criteria for paleoichnologic analysis. 
Wellnhofer, 1978). 

Stokes' taxonomic inference on the basis PTERAICHNUS: DATA AND MEASUREMENTS 

of these tracks was ingenious, but we think Stokes' (1957) reconstruction of the Pter- 
it must be called into question on at least two aichnus trackway, shown in Figure 1B, con- 
grounds. First, detailed studies of anatomy sisted of a manus print of variable length, 
and functional morphology show that the averaging around 3% inches (8.3 cm), and a 
Pteraichnus tracks could not have been made pes approximately three inches long (7.5 cm). 
by a pterosaur. There are not four digits on Stokes described the manus print as a deep 
the manus print of Pteraichnus, as Stokes be- impression formed by the wing knuckle, with 
lieved, but five, although all five are not al- shallower impressions of two of the three 
ways clearly preserved. This automatically smaller digits splayed laterally (not medially, 
removes pterosaurs, which have only four although they are the medial digits). A longer 
digits, from eligibility as possible trackmak- posterior process of this track was taken for 
ers of Pteraichnus. Crocodiles, like pterodac- the impression of the wing-finger. 
tyloids, have a four-toed pes with a V-shaped There is some confusion in Stokes' mea- 
"heel." However, crocodiles are plantigrade, surements of the trackway, which should be 
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FIGURE 1 -A, drawing of a partial trackway of a 
small Caiman sclerops (snout-vent length 23.5 
cm). B, Pteraichnus saltwashensis, a trackway 
from the Morrison Formation of Arizona, re- 
drawn from Stokes (1957). 

rectified. Stokes gave a pace length of 14" 
(35.5 cm) and a stride length of 28" (7 1 cm) 
for the 3" (7.5 cm) pes of Pteraichnus, al- 
though his photographs and our measure- 
ments of the actual slab clearly show that the 
pace ranges between 7-10" (18-25 cm) and 
the stride between 14-1 8" (35.5-46 cm) for 
the hindfoot, which was correctly listed as 3". 

There are nine pairs (fore and hind) of 
prints, representing more than two complete 

step cycles, with the first three pairs more 
clearly preserved than the other six. The qual- 
ity of these prints ranges from fair to inde- 
cipherable. In the better ones it is possible to 
determine the number of digits on the manus, 
which is always more poorly preserved than 
the pes. But in no track is it possible to de- 
termine a phalangeal formula, and no other 
details of structure are evident, as they would 
be in good to excellent trackways. We agree 
with Stokes' inference that the tracks were 
made in moist to very moist sand, with the 
moisture increasing toward the last tracks. 
The impressions of the digits are slitlike, 
which indicates that they were filled in by 
sediment slumping from the sides of the dig- 
its. This is one of two main reasons why de- 
tails of the trackway are obscure. Evidently 
the animal was entering deeper water. The 
prints are relatively deep for the size of the 
foot, so the substrate must have held a great 
deal of moisture in order to allow the animal 
to sink to that extent. 

MATERIALS AND METHODS 

Figure 1A shows the outline of the track- 
way of a small caiman (Caiman sclerops) with 
a snout-vent length of 23.5 cm and a total 
length of 48.6 cm. The length of the manus 
is 2.1 cm, and that of the pes is 4.3 cm, so 
the caiman track is roughly 60% the size of 
Pteraichnus. The caiman was run under a 
range of conditions, in order 'to simulate 
trackways at several different speeds. The set 
reproduced here was made during a rapid 
walk, according to the following procedure. 

To make a suitable bed for tracks, we cut 
slabs of potter's clay approximately 2 cm thick 
and laid them end to end. We worked water 
into the surface of the clay to make a suitable 
mud, and smoothed the surface with a 
straightedge. Then we conditioned the sur- 
face with a very thin coat of glycerine to sim- 
ulate natural algal and bacterial growth, which 
acts as a natural parting medium. This pre- 
vented the substrate from sticking to the cai- 
man's feet as he moved, the most frequent 
problem in producing experimental track- 
ways. 

The clay bed was placed between two high 
barriers, and a dark open box was placed at 
the far end of the bed. The animal was placed 
at the opposite end and was encouraged to 
walk along the clay bed. We found that loud 
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noises, threats, and menacing gestures were 
not effective in producing desirable tracks: 
usually the caiman's response to such en- 
couragement was to become sullen, to attack, 
or to walk backwards. The best results were 
achieved by directing a bright light at a low 
angle from the near end of the clay bed to- 
ward the far end, and staying out of the an- 
imal's field of vision. To avoid the light, he 
would head toward the dark box. The speed 
of his movement varied, and so a range of 
trackways was produced. 

Figure 2B shows a single set of prints made 
by the caiman, with the digits of the manus 
and pes numbered in Figure 2D. This is com- 
pared to a similar set from Pteraichnus (Fig- 
ures 2A, C). The variation can be traced both 
to the kinematics of the step cycle and the 
condition of the substrate (Figure 2E). The 
original substrate in which the Pteraichnus 
tracks were made was sandier and not as firm 
or cohesive as our clay trackbed. It therefore 
preserved vaguer, although deeper, impres- 
sions of digits, and was'subjected to slump- 
ing. Even so, the trackways are similar enough 
to allow clear comparison of each digit. 

RESULTS 

Kinematics of the step cycle can alter ap- 
preciably the normal contact of an animal's 
foot with the substrate. In the "high walk" 
of the crocodile, the pes moves parasagittally, 
but the manus is splayed to the side (Schaef- 
fer, 194 1 ; Brinkman, 1980). Some lateral ro- 
tation of the carpus occurs in this step cycle, 
and we have observed that this rotatory thrust 
is responsible for the deep impression formed 

FIGURE 2-Detailed comparison of Caiman foot- 
prints with Pteraichnus. A, pair of left footprints 
from another part of the caiman trackway of 
Figure 1A. Length of pes (above) 4.3 cm. Scale = 
1 cm. B, pair of right footprints (printed re- 
versed) from Pteraichnus, length of pes 7.5 cm. 
Scale = 1 cm. C, drawing of prints in Figure 2A, 
with digits of manus numbered. D, similar 
drawing of Figure 2B. E, an unusually clear left 
manus print of the caiman, with digits num- 
bered. Compare with manus prints in Figures 
2C and 2D: in 2C, sloppy kinematics are re- 
sponsible for loss of clarity, while in 2D this 
problem is further compounded by an incom- 
petent substrate. Neither allows accurate rep- 
resentation of anatomy. 




