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Footprints of the Komodo Monitor and the Trackways of 
Fossil Reptiles 

Footprints taken experimentally of a captive Komodo monitor (Varanus ko- 
modoensis) were recorded in potter's clay and cast in plaster. These show mor- 
phologic features, also seen in fossil footprints of large reptiles, that reflect a 
particular pattern of stance and gait. Footprint form and kinematics must be 
analyzed separately for fore- and hindlimbs because a certain amount of mosaic 
evolution occurs in limb morphology and locomotion. Comparisons of footprint 
form with still photographs of the animal walking reveal that the distinct, un- 
muddied prints of the manus result from an effectively parasagittal movement 
of the forearm and hand, rotating around a horizontally-oriented humerus. This 
differs from the lateral arc of protraction in the forearm movement of crocodiles, 
whose manus prints are generally less distinct. The monitor's pes moves para- 
sagittally, somewhat as in crocodiles. Tail marks were not conspicuous. 

The Komodo monitor tracks are similar in great detail to those of Triassic 
pseudosuchian thecodonts and (to a lesser extent) Early Jurassic crocodiles. Foot- 
print faunas since the Upper Triassic are completely devoid of similar tracks. 
The similarities probably reflect retention in all these groups of a primitive 
reptilian locomotory pattern. Hence, the Komodo monitor tracks underscore the 
extent to which fossil footprints are classified by grade of organization and 
locomotion. Lacertilian tracks are uncommon in the fossil record. Similarities 
of Komodo monitor tracks to fossil footprints of nonlacertilians suggest that 
analysis of modern lacertilian footprints may provide insight into ontogenetic 
and functional differences underlying much of the basis of paleoichnologic tax- 
onomy. 

F OSSIL footprints have been a valuable 
source of data to vertebrate paleontolo- 

gists for nearly two centuries. Footprints often 
occur in environments of deposition in which 
bones, the principal source of paleovertebrate 
data, are rare or absent. They can be used to 
identify the presence of certain taxonomic 
groups in otherwise fossil-barren sediments, and 
to assist in biostratigraphic correlation of other 
such sediments containing osteological or ich- 
nologic remains (Olsen and Galton, 1977; 01- 
sen, 1980a, b). However, apart from such strati- 
graphic associations and some rudimentary 
identification of certain footprint forms with 
presumed trackmakers, there is as yet no co- 
hesive approach to the study of vertebrate ich- 
nology. Our goal in this and other papers is to 
compare trackways of fossil and recent reptiles 
with respect to 1) taxonomy, 2) functional de- 
terminants of footprint form and 3) the effects 
of substrate conditions on trackway form and 
preservation. Trackmaking processes and pat- 
terns of modern animals can shed light on the 
functional determinants of form in fossil foot- 

prints, as well as on the locomotory patterns of 
the animals that made them. 

Interpretation of the trackmakers that left 
fossil footvrints dates back to the early 19th 
Century, when such tracks were first treated in 
a scientific context. Early workers (Hitchcock, 
1848; Deane, 1861) pressed the feet of stuffed 
or preserved reptiles into clay molds in an at- 
tempt to simulate footprints, but this technique 
ignored kinematics of the step cycle and its ef- 
fects on footprint form. ~ a t e r  workers exarn- 
ined tracks of modern reptiles in zoos (von 
Huene, 19 13) or occasionally in the wild (Rei- 
neck and Howard, 1978), but few systematic 
functional analyses of these tracks were made 
(Ruhle von Lilienstern, 1939). Schaeffer (1941) 
studied the footprints of a small caiman on 
smoked glass, and Peabody (1948) examined 
those of salamanders on smoked paper, but nei- 
ther medium is a good analogue for a natural 
substrate, and so the animal's normal gait and 
footprint morphology were both abnormally al- 
tered. Footfall patterns of modern animals have 
been taken in conjunction with studies of lo- 
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comotion (Gambaryan, 1974), but the use of 
footprints in this context has focused less on 
morphologic and kinematic details of the pedes, 
and more on specific types of gaits and the speeds 
associated with them. Some of these studies have 
been extended to fossil trackways (Alexander, 
1976; Farlow, 1981). 

We wish to stress here the process of track- 
making as it applies to the anatomy of the an- 
imal and the condition of the substrate. Baird 
(1957) emphasized that a footprint is not a static 
record of morphology, but a dynamic record of 
an animal in contact with a particular substrate 
under particular environmental conditions. We 
find it useful to separate three influences con- 
tributing to trackmaking: the anatomy of the 
foot, the kinematics of the step cycle, and the 
nature of the substrate (Padian and Olsen, in 
press). The  interrelationships of these variables 
are not well understood in the footprints of 
modern animals, a problem that contributes to 
the difficulties of fossil footprint taxonomy. 
Therefore, a great deal can be learned from 
experimental studies of the footprints of mod- 
ern reptiles. 

The  purpose of this work is to describe foot- 
prints of the Komodo monitor (Varanus komo- 
doensis) that were produced experimentally in 
order to compare footprint morphology with 
foot anatomy and kinematics of the step cycle, 
and to compare details of these tracks with those 
of fossil footprints. We hope to point out the 
potential value of footprints to the study of 
stance and gait in both modern and extinct rep- 
tiles, and to emphasize the distinction between 
footform and footprint form that must be taken 
into account in the classification of fossil foot- 
prints. We chose the Komodo monitor for study 
in this context because it is the largest fully 
terrestrial reptile, and is regarded as a relatively 
primitive member of a conservative group of 
lizards with a long geological history (Auffen- 
berg, 198 1 :45). Because its behavioral ecology 
and anatomy are reasonably well known, details 
of its footprints and the process of trackmaking 
can be related directly to other aspects of its 
biology. 

With the cooperation of the research branch 
of the San Diego Zoological Society, we used 
two Komodo monitors at the San Diego Zoo. 
These are a large male (SDZ 1 13 1) and a smaller 
female (SDZ 0305). The  male was born ofwild- 

caught parents at the Jogjakarta Zoo on 1 June 
1958; at three months of age he was brought 
to Basel, where he lived until coming to the San 
Diego Zoo in 1976. At the time of this study 
(August 1981), he was just over 13 years old. 
The  female arrived at the San Diego Zoo in 
1967; Zoo records indicate that she was already 
"four feet" long. Her age is unknown. Shortly 
after arriving at the Zoo she sustained injuries 
from a fall, and her growth rate appears to have 
slowed considerably from that point on, ac- 
cording to Curator James P. Bacon. We note 
these facts because, for reasons related to their 
lives in captivity, certain biologic measurements 
and data may be atypical of feral Komodo mon- 
itors, and we urge caution in interpreting our 
results too broadly. The  female is blinded by 
cataracts and has an erratic gait; because of her 
disability we did not use her in the trackmakine 
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study. We did photograph and analyze the soles 
of her feet to compare with the trackway of the 
male, who is difficult to handle. The  female is 
nearly 1.8 m in total length and weighs about 
26.25 kg (data taken 8 Jan. 1981). The  male is 
2.54 m and weighs 82.5 kg; his girth, measured 
just behind the shoulder, is 94 cm (data taken 
9 May 1981). Their weights are nearly twice the 
norms reported for feral monitors, due to their 
largely sedentary life in captivity (Auffenberg, 
1981:27). 

The  Komodo monitor enclosure at the Zoo 
can be partitioned into two halves by a sliding 
door. While the male was enclosed in one half 
we prepared a trackbed of moist, fine potter's 
clay just outside the connecting door. The  
trackbed was mixed so as to simulate a firm 
substrate, cut into slabs 2.5 cm thick, and laid 
on a bed of plywood sheeting 91 cm wide and 
244 cm long. No other preparation of the sub- 
strate was recessary, but occasionally we sprayed 
the surface with water to replenish evaporated 
moisture. 

The  male was lured across the clay trackbed 
by the attraction of a freshly killed rat suspend- 
ed from a pole held by one of the keepers. He 
walked normally and. was allowed to seize the 
bait after successfully negotiating the trackbed. 
[This took two attempts; details of the proce- 
dure and additional photographs are given in 
Padian (1981)l. When the male was enclosed 
once again on the other side of the cage, we 
took molds of the trackbed in plaster of Paris 
for better preservation and ease of handling. 
Before molding, the trackbed was divided into 
six parts by cardboard; the plaster was rein- 
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forced internally with chicken wire and marked 
for reassembly when dry. Each part contains 
one manus-pes set of footprints. 

Measurements.-The reconstructed trackway is 
illustrated in Fig. 1 ; the principal measurements 
are given in Table 1. All analyses of the track- 
way were carried out on the plaster molds, which 
differ from the clay trackbed because they 1) 
produce a "positive" bas-relief impression of 
the "negative" clay trackbed, and 2) cause the 
left side to be positioned on the right, and vice 
versa. T o  avoid confusion we will refer here to 
the "right" foot as that positive impression which 
appears on the right side of the plaster mold, 
even though this is actually a mold of the left 
footprint. 

The  footprints of the right side were quite 
clear and well detailed; those of the left side 
were not as clear because the monitor planted 
his feet directly on the edge of the clay. A rep- 
resentative set of manus and pes prints is illus- 
trated in Fig. 2. The  manus print is about 19 
cm long and is slightly medial and anterior to 
the pes print, which is about 22 cm long (both 
measured from the base of the heel to the tip 
of digit IV, the longest in both manus and pes). 
On average, the posterior border of the manus 
print was situated approximately 22 cm anterior 
and 12 cm medial to the posterior border of 
the pes print. The  distance between successive 
prints of the same foot ranged from 80 to 100 
cm (mean = 9 1). The  manus prints occur at an 
average distance of 20 cm from the midline of 
the body, the pes prints at 30 cm from the mid- 
line. Digit IV of the pes points approximately 
in the direction of travel; the first three digits 
are toed-in at an angle of about 15O, and the 
fifth digit is toed-out at about 35'. In the manus, 
digit I is toed-in at about 1 5 O ,  and digits 11-V 
are toed-out at about 20Â° relative to the direc- 
tion of travel (digit I1 a bit less than the others). 
Digit 111 is only slightly shorter than digit IV 
in both manus and pes. 

Fig. 1. Trackway of Varanus komodoensis (UCMP 
127 161), drawn from plaster molds. Measurements 
given in Table 1.  Scale bar divisions = 5 cm. Circled 
numbers (1-4) represent position of feet during mea- 
surement of mid-glenoid length (E), mid-acetabular 
length (D) and gleno-acetabular length (H). 




