CHAPTER 15

TRACKS, TRAILS AND RESTI NG TRACES



TRACKS, TRAILS AND RESTI NG TRACES

15. 1. GENERAL | NTRODUCTI ON

In the study area traces attributable to these catego-
ries are relatively few in terns of different ichnotaxa and are
also relatively rare in terns of abundance. They include tw new
vertebrate ichnotaxa (i.e., tetrapod trackways, 'type A and
'type B, probably referable respectively to a large |abyrintho-
dont and a small reptile) and three invertebrate ichnotaxa,
including two resting-traces (Pelecypodichnus and ?Rusophycus)
and one grazing-trace (Agrichnium (cf. Text-Fig. 15.1A). The
vertebrate and invertebrate trackways are treated below in sepa-
rate sections, the invertebrate ichnotaxa being classified ac-
cording to the schene of Sarjeant & Kennedy (1973) and the verte-
brate ichnotaxa being classified in terns of a scheme newy

Proposed here but based in part on that of Sarjeant (1975).

15.2. CRAZING TRAILS
15.2.1. | chnot axonony
Agrichnium Pfeiffer 1968

Z8 Laeophycus finbriatus Ludwig 1869.
igliaderthalis bruhmi Hundt 1931.

Plate 63, Fig. b
Generic assignment: A group of narrow di aneter subpar al | el
branching furrows which have a variously snooth to transversely
and irregularly corrugated wall. The furrows are noderately |ong
but are typically of unequal length and probably nanifest graz-

'"g trails of an unknown producer.

emarks (diagnostic features): Subparallel small furrow, branched

41



TEXT-FIG 15.1. A Schematic representation of the dendritic
branching grazing trail Agrichnium Pfeiffer (1968) (thin [ines)
overprinted by V-shaped didactyl tracks defining a running gat-
Diagram is based on a portion of the beddi ng-pl ane surface shomn
in Plate 63 Fig. b. Loc: Mna Vale Head; Strat. unit: Lover
Newport Menber.; T.F. Subint.: 1D5/6.

B. Schenmatic representation of unbranched, |oosely packed,
scribbling/grazing traces. Dagram is based on a portion of '"®
beddi ng- pl ane surface shown in Plate 76 Fig. a. Loc: Bangall”®
Head; Strat. unit: Lower Newport Menber. T.F. Subint.: IH.
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in the case of dendritic forns, with well defined but very thin
irregular wall-lining. The first-order branches join the main
steam at an acute angle and are nmuch snmaller in size and shorter
in length then the main stem The traces are preserved as very
shall ow concave epirelief fornms on the surface of a bed of very
fine sandstone.
Description and ethol ogy: Dendritic patterns of snall subparall el
grazing furrows with irregular sharply-defined edges, and with
sporadic branches bifurcating fromthe main stem at an acute
angl e. The branches form a packed tree-like branching pattern in
sone cases. These structures probably resulted from grazing or
farmng (agrichnia) activities by an organi sm of unknown bi ol ogi -
cal affinity. The width of the individual furrows is 0.1 cm to
0.3 cm and the length as nuch as 10 cm A one locality these
structures are associated with and are partly disrupted by subse-
quently formed vertebrate trackways produced by smal |l running
reptiles (cf. Plate 63 Fig. b, & Text-Fig. 15.1A).
Conparison: The Agrichnium forns described here are much | onger
and wi der than the type specinmens described by Ludwig (1869) and
Hundt  (1931) . However, they are nmuch snmaller and nore closely
Packed or crowded than the scribbling grazing-traces shown in
late 76 Fig. a, and conpared together in Text-Fig. 15.1)
Dstribution: The traces illustrated in Plate 63 Fig. b are from
measured section 14.1.1, subintervals ID5/1D6 of the Lower New
POt Menber exposed at Mona Vale Head (area 14). This type of
8zing-structure is also recorded fromthe sanme stratigraphic
®Yel exposed at Bangalley Head (area 8) and St. Mchaels Cave

€8 5) in the north (at St. Mchaels cave trace fossil subin-



tervals ID5 and ID6 occur as separate stratigraphic intervals but
at Moma Vae Head and Bangalley Head they occur together as a
coalesced, non-differentiable interval).
Studied material: Agrichnium occurs within trace fossil subinter-
vals ID5 and ID6 at St. Michaels cave and within a coalesced
interval (i.e. ID5/ID6) correlative with these two subintervals
to the south at Mona Vale Head and to the north at Bangalley
Head. The traces illustrated in plate 63 Fig. b occur in trace
fossil subinterval ID5 at Mowa Valley Head. Photographs of the
Agrichnium traces have been taken at the other two localities
but are not documented here. No rock samples containing Agrichni-
un have been collected from any of these three localities.
Preservation and association: The specimens are preserved as
concave-epirelief forms on the surface of beds of very fine
sandstone, overprinted at the Moma Vale Head locality by running
trackways produced by small reptiles (cf. Text-Fig. 15.1A). At
St. Michaels cave and Bangalley Head Agrichnium occurs unassoci-
ated with any other trace fossils.
Ichnofacies and palaeoenvironmental affinities: These grazing-
traces can occur both in marine deeper-water environments (typi-
cal of the Nereites. ichnofacies) or in shallow-water brackish-
marine environments but in either case the environment must
typically be quite ad cam (i.e., low-energy conditions).

Where the vertebrate trackways overprint the grazing-trails
at Moma vale Head the environment must either have been inundated
% very shallow water (i.e., a few centimetres depth) or else

SUbject to periodic and perhaps brief (?diurnal) exposure. Where
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Agri chnium occurs unassociated with other trace fossils at St.
M chaels Cave and Bangalley Head its ichnofacies affinities are
unclear on this basis. However, its occurrence at these two
localities in a sandstone lithofacies containing sporadically
rippled cross-lam nated phases gives no reason to doubt that the
envi ronment of deposition was a shallow, probably brackish-nmarine
one. The affinities of Agrichnium in the study area would there-
fore seem to relate either to the Cuziana or the Skolithos

i chnof aci es.

Scribbling grazing- and feeding-traces
Plate 76, Fig. a

Remarks (diagnostic features): Long straight or slightly-curved
concave-expirelief thin furrows, probably resulting from grazing
or feeding activities or both.
Description: Long straight or gently-curved concave-expirelief
thin furrows, probably due to grazing, feeding, or both by an
unknown producer. Mst of the structures are preserved as
epi chnial grooves infilled by sedinment essentially the same as in
the host rocks except that the boundary of the traces is wel
defined by concentrations of darker and probably finer sedinent.
The infilling sedinent |ooks to have forned passively from the
surrounding host rather than actively by faecal stuff produced by
the organism itself. The width of individual traces is 0.5 cm and
the length as nuch as 20 cm
Distribution: The traces illustrated in Plate 76 Fig. a are from
measured section 8.1.1, and trace fossil subinterval IEL of the

Lower Newport Menber at Bangalley Head (area 8). These structures



al so occur at the same horizon south of St. Mchaels Cave (area
5) .

Studied material: MNo specinens of these traces have been
retrieved from the field. They have been photographed at both the
abovenentioned localities but are docunented in Plate 76 Fig. a
only from the Bangalley Head area.

Preservation and association: These scribbling/grazing traces are
impressed as half- or full-epirelief forns on the surface of a
bed of very fine sandstone. In the bed in which they occur they
are not associated with any other trace fossils, only with plant
remains. However, nunerous other kinds of trace fossils
i ndi cative of the Skolithos ichnofacies occur in the imediately
overlying beds of this sane trace fossil subinterval (Encl osure
I11.4). Hence, on this basis, the scribbling/grazing-traces can
also be referred to the Skolithos ichnofacies.

| chnof acies and pal aeoenvironnental affinities: This type of
scribbling/grazing-trace belongs to ichnofacies of deeper envi-
ronnents but can also be developed in tranquil shall ow water
environnments. As argued in the foregoing section, these scrib-
bling/grazing-traces in the study area belong to the Skolithos

i chnof aci es .

15. 3. RESTI NG TRACES
15.3.1 | chnot axonony
Rusophycus ?
Plate 68, Figs, a - d
Specific assignment: Specinmens of short bil obate-shaped buckl e-

i ke (rusophycid), and sone irregularly-shaped (or weakly bilo-



bate) resting-traces (cubichnia) probably produced by an arthro-
pod, preserved on the sole surface of sandstone beds.

Remarks (diagnostic features): Specinmens are short bilobate or
bean-shaped and irregularly-shaped (weakly bilobate) wth highly
irregular scratch marks inpressed only on the edges. The nedian
furrow or depression between the two |obes are well defined in
the best preserved forns (Plate 68, Figs, b &c), but are not
very clear in weakly bilobed exanples (Plate 68, Fig. d). The
anterior part of the burrow is w de, and subspherical or rounded
and the V-shaped nedian furrow is also wider at this (gaping-)
end (Plate 68 Figs, b &c). The posterior part of the burrow is
nore narrow and the angle of the V-shaped furrow is nore acute
(tapering-end).

Description and ethol ogy: Specinens are preserved as casts on the
sole surfaces of beds of fine sandstone. These bilobed- to
irregul arly-shaped structures are 2 to 3 cmwide, up to 5 cm
long, and as nuch as 1.5 cm deep. Scratch marks are not very
promnent on the surface of the |obes, but occur only on the
edges of the burrows (probably because of poor preservation in
the fine sand and possibly because they have been destroyed by
bottom currents). The anterior part of the traces is subspherica

with central V-shaped furrow depression 0.5 cmwide and a few
mllimetres deep. The posterior portion is weakly bilobate,

irregular or subrounded with narrower V- or without the V-shaped
furrow structure. Measurenents are only possible in the best-
preserved exanpl es. These bean-shaped bilobed resting-structures

are not associated wth or connected to generically related
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crawling-traces (OGuziana) which are absent from the rocks of
the study area (cf. Text-Fig. 15.2). These structures are un-
doubtedly produced by resting excavation nmade by an arthropod
digging into the sedinment to rest there tenporarily for shelter,
or for repose, or for incubation (cf. Dawson, 1864).

The parallel alignnent of resting-traces to the bottom
current (observed especially in the case of trilobite traces) has
been docunented many tinmes in the literature (e.g. Birkenmajor &
Bruton 1971). The nost conmon orientation recognized in rest-
i ng-traces produced by arthropods and other organisns relative to
the direction of the bottom currents is one which places the
anterior (more circular and w der V-shaped gaping-end) in the
up-current position and the posterior (narrow V wth tapering-
end) in the down-current position. In the study area the Rusophy-
cu s-like traces show this kind of preferred arrangement in the
case of the exanples illustrated in Plate 68 Fig. a and other
clusters of the sane kind of traces elsewhere in the sane bed.
These are aligned in the direction 005°/185° and wth their
gapi ng-ends pointing to the south. However, no traction-produced
sedimentary structures which can be used as independent current
indices occur in the same bed so that no independent check can
be made on the south-to-north bottom current that is inplied by
these resting-traces. The docunentation in the literature (e.g.
Bi rkenmajor & Bruton, 1971) of the preferred orientation of
"snoot h-1obed trilobite* resting traces (Rusoohycus) parallel to
the water current, helps to explain possible nodes of fornation
°f these snooth-lobes. In explaining the formation of the

snoot h-1 obes we can assune that the anterior part of the arthro-



TEXT-FIG 15.2. Reconstruction of the best reserved exanpl e
bi | obed rusophycid-like resting trace (cf. ate 68 Fig, b
characterized by snmooth |obes and aﬁpendages mar ks preserved as
short grooves on the edges. A so shown (though not present in
association wth the resting traces in the study area) is a
schematically reconstructed crawing trace (repichnia) of the
producer organism and the suggested boundary between the resting
and crawl i ng behavioral categories idealized in the frane at toB.
The anterior/posterior orientation of the organism can e
reconstructed on the basic of the longitudinal asymetry of the
resting trace because the lobes are deeper and wider at the
anterior and inplying also (together with a common alignnent of
associated simlar resting traces) a bottom current (arrow B)

directed posteriorly wth respect to the orientation of the
or gani sm
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pod was |ifted slightly above the bottom (cf. Text-Fig. 15.2)
thus allowing the water current to sweep through under the ven-
tral side of the organism to oxygenate the gill areas. This
expl anation assunmes that the water current was largely responsi-
ble for the formation of sone snooth rusophycids (Birkenngjor
&Bruton, 1971). The snooth-1obes with scratch marks on the edges
mght also be explained if it is assunmed that the animal tried to
maintain firm attachnment of its body to the substrate while the
water current noved under its body. The organismw |l be taken
anay by the current if its attachnent is not secure. Oy very
rarely is there likely to be preservation of the full body im
pression of producer organi sm under such conditions of bot t om
current activity.

Conparison: The presently described traces are not sufficiently
well preserved to show detailed inprints of segnments, pygidia,
spines or other anatomcal parts of the arthropod or arthropod-
i ke producing organism But, these rusophycid traces can never-
theless be allied with the short bilobate buckle-like resting-
traces produced by trilobites or trilobite-1ike organisns. Wth
regard to forns internediate between CQruziana and Rusophycus,
these rusophycid structures are often regarded as synonynous
with Cruziana (Seilacher, 1970). Seilacher proposed conbining all
Presumable * resting-traces', "testing-nests*, and *resting-bur-
rowns* of trilobites or trilobite-like organisns in the one genus
'*Jruziana'. But, Rusophycus (i.e. resting-traces of trilobites)
can stand alone for distinctive ethological resting behavior,

whet her the rusophycid traces are or are not associated with or



connected to the genetically related crawing-traces (Cruziana).
The boundary between these two ichnogenera can be readily drawn
on the basis of ethological criteria (see Text-Fig. 15.2). These
crawing- and resting-traces nust be considered separately and
regarded as different ichnogenera on account of their different
ethol ogical origin. Discrimnation between these two ichnogenera
is also recommended by Lessertisseur (1955), Seilacher (1955)
and Osgood, (1970), Birkenmajor & Bruton (1971), and i nes
(1975). The presently described resting-traces are simlar to but
are larger than the resting-trace known as Sagittichnus Seil acher
(1953), which also occur in rheotactically arranged clusters.
Distribution: These resting-traces occur only in subinterval ID4
of the |ower Newport Menber at Bilgola Head (area 10a) and in
subinterval 1E1 of the Mddle Newport Menber at Bungan Head (area
13) .

Studied material: The specinens described here (Plate 68, Figs,
a - c) are fromneasured section 13.1.1, subinterval IEL of the
M ddle Newport Menber exposed at Bungan Head (area 13); the
specinmen illustrated in Plate 68 Fig. d is from measured section
10a. 2.1, subinterval ID4 of the Lower Newport Menber exposed at
Bilgola Head (area 10a) . None of the specinmens have been re-
trieved from the field.

Preservation and association: Al of these traces are preserved
as bean-shaped or weakly-bilobed irregularly-shaped convex-hy-
Porelief casts on the sole of sandstone beds. They are not asso-
ciated wth any other trace fossils or the hard-part remains of
their producers. These structures inply a preferred current-

Parallel orientation in the case of the best preserved exanples.
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No body i npressions, |lift-off structures, or associ at ed
craw i ng-traces (Qruziana) are indicated.

| chnof aci es and pal aeoenvironnmental affinities: These resting-
traces belong to the Skolithos ichnofacies, probably developed in
tidal -channels, mxed-flat, sand-flat, or tidal facies in a

river-dom nated estuary or |agoon.

Pel ecypodi chnus Sei |l acher, 1953

Lockeia Janes, 1879.
Unboni chnus czarnockii Karaszewski, 1974.

Plate 76, Figs, d - f
Generic assignnent: Symetrical bilobed al nond-shaped, el ongated
traces, preserved in convex-hyporelief, produced by resting
behavior of bivalve nolluscs. The trace |lacks any underlying
escape-root when seen in bedding-normal section.
Speci fic assignnent: Pel ecypodi chnus sp?
Remar ks (diagnostic features): Hypichnial, bilaterally-symetri-
cal bilobed al nond-shaped resting-traces with variable strong to
weak biconvexity of the tear- or drop-shaped plan-view outline
produced by the articulated valves of a pelecypod. The al nond-
shaped asymmetry manifests the identical anterior-posterior
asymmetry of the producer bivalve. On the wder (less angular)
end of the trace, additional disturbance of the host sedinent may
occur and may nanifest notion of the aninmal's foot.
Description and ethology: My workers have described these
al nrond- or tear- or drop-shaped traces as bivalve resting-traces
Yith or wthout the presence of an wunderlying escape-root

(Seil acher, 1953; Hallam 1970; Gsgood, 1970; and Hakes, 1977)
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(see also Text-Fig. 14.2). In the present study, the escape
behavior of bivalves as manifested by the presence of escape
burrows (fugichnia, Sinpson, 1975) (comonly termnated upwards
by overlying resting inpressions) is described separately from
the resting-traces (cubichnia). These escape-burrows are de-
scribed in the Chapter 14 of this report. Many of the bivalve
resting-traces are accessible for study in vertical sections in
the field and alnost all of them lack downturnings of the sedi-
nentary lamnae in the central portion (which, if present would
generate a V-shaped pattern of layering indicative of orderly
escape).

These resting-traces of bivalves occur in groups or
cluster in which the long axes of each individual trace lacks a
preferred orientation. The average length of the individual
traces is about 0.7 cmto 1 cmand their wdth is about 0.5 cm
These al nond-shaped bilaterally symretrical resting traces of
bi valves nornmally are nore angular at one end (Plate 76, Figs. d
& f) but this degree of |engthwi se asymetry nay be weaker and
nore irregular in sonme cases (Plate 76, Fig. e).
Comparison: In the material of the present study the traces re-
ferred to the ichnogenus Pel ecypodichnus are of smaller size (in
respect to both length and width) than those of P. anygdal oi des
described by Seilacher (1953), and those of Unbonichnus czar-
Jiockii described by Karaszewski (1974) .
Distribution: The traces illustrated in Plate 76 Fig. e are from
trace fossil subinterval IEL of the Mddle Newport Menber at
Mona Vale Head (area 14), and those in Plate 76 Figs, d and f are

'rom trace fossil subinterval 1D5/6 of the Lower Newport Menber



at Bilgola Head (area 10b).

Studied material: The traces shown in Plate 76 Fig. d are the
only ones that have been retrieved from the field (sanple
1007/ MU. 44429) , from trace fossil subinterval I1D56/6 of the Lower
Newport Menber at Bilgola Head. Qher traces illustrated in the
pl ates have not been retrieved from the field.

Preservation and association: Al of the traces studied here are
preserved as convex hyporelief fornms in very fine sandstone
units. They are not associated with any other trace fossils.

| chnof aci es and pal aeoenvironnental affinities: In the study area
the resting-traces of bivalves occur in the Skolithos ichnofacies
of shallow brackish-marine estuarine or |agoonal pal aeoenviron-
ment s.

Addendum  The above treatnent of this ichnotaxon follows nainly
Sei | acher (1953) in regard to taxonomc nonenclature. Since
conpleting this section | have becone aware of the recent paper
by Maples & West (1989) in which they claim that the nane Locke-
la Janes, 1879, is not invalid as suggested by Seilacher (1952,
1953), and that for this and other reasons the nane Lockeia
should replace Pel ecypodi chnus. Although | am in agreenent wth
the argunent of Maples & West (1989) time constraints have pre-
vented revision of this section as well as that dealing wth
escape-structures (Chapter 14) in accordance with their argu-

nments.

3-5.4. VERTEBRATE TRACKWAYS
15.4.1. Summary review of existing classifications

The classification of vertebrate trackways (footprints)



occupies a separate problematical area in the classification of
trace fossils and has been reviewed nost recently by Sarjeant
(1975). Sarjeant's review forns the basis of the present sunmmary.
The earliest application of a fornal taxonomic nanme to vertebrate
tracks was by Kaup (1835) on sonme hand-like inprints in a German
Triassic sandstone. The earliest series of classifications of
vertebrate trackways were advanced by H tchcock (beginning in
1836), initially under the discipline of "QOnithoichnology' . The
cul mnation of his classifications was based on the inferred
ani mal that produced the trackways and not on the aninmal's ethol -
ogy or behavior that led to the trackway being forned. Possibly
because of the nunerous revisions that were involved in the
evolution of Htchcock's classification it ultimately failed to
secure w despread acceptance (Sarjeant, 1975)

The renowned Cerman pal aeontol ogi st W Pabst nodified Htch-
cock's classification in 1900 and attributed all tracks encoun-
tered to the single genus 'lchnium. However, this classification
was also nmainly based on the inferred pal aesontol ogy of the pro-
ducer animal rather then on pal aeoi chnol ogi cal criteria. A
sinmlar type of classification was used by Lull (1915% 1953) for
fossils tracks from the Connecticut Valley (USA). The Hungarian
Pal aeont ol ogi st Ferenc Nopcsa (1923) also attenpted a conprehen-
sive review of all anphibian and reptile tracks. Nopcsa's classi-
fication has no formal hierarchal order and his six categories
are naned according to the inferred producing taxa

Kuhn (1958) reviewed fossil reptilian and anphibi an

tracks, placing post-Perman reptile tracks into osteologically
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based suborders but listing all Carboniferous and Perman tracks
al phabetically by trace generic nanes; he nade no attenpt to
assign anphibian trackways to systematic categories. Not all
pal aeoi chnol ogi sts have adopted his approach but an alternative
schene of approach was proposed by Vialov (1966). In his proposa
the hierarchal order is conparable in many ways with Htchcock's
classifications (1841, 1843, 1844). He collected together all
tracks and trails into the Zooichnia (Vivichnia), divided into
vertebrate and invertebrate traces. Hs approach to the classifi-
cation of tracks and trails is nore logical, and stands al ongside
the classification of body fossils and living animals and 1is
described by Sarjeant (1975, p. 299) as "conceptually excellent”.
In 1972 Vialov proposed a very conprehensive nodified classifica-
tion of both vertebrate and invertebrate tracks and traces (and
other signs of aninmals' physiological functions) based on anima
function. However, this classification has not been used by
pal aeoi chnol ogi sts and appears unlikely to prove helpful in the
organi zation of data because it is difficult to apply in prac-
tice. The latest views concerning a proposed code of nomnencl ature
for all trace fossils, including vertebrate trackways, was given
by Sarjeant & Kennedy (1973), but at the present stage no single
system for the classification of vertebrate footprints has se-
cured general acceptance by ichnol ogi sts.
15.4.2. A proposed new classification of vertebrate trackways

The proposed classification of vertebrate trackways
(of. Text-Fig. 15.3) deals only with vertebrate trackways (in-
cl udi ng tail and body drag-marks) and incorporates ideas based

mainly on ethol ogi cal background reviewed by Sarjeant (1975).



TEXT-FI G 15.3. Proposed classification of vertebrate trackways
and associ ated drag-marks produced by vertebrates (in part after

Sarjeant, 1975) . Asterisks indicate track types that are present
in the study area.
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TABLE 15.1. Morphological criteria and ethol ogical i nferences
in the proposed classification of vertebrate trackways
(including body and tail drag-marks) made on essentially horizon-
or near horizontal ground (cf. Text-Fig. 15.3)

used

tal

(1) Significant features (supra-generic level).

AN

(1) Taxonomic or biological affinity of the producer

(i.e.

, reptile, anphibian, or mammal).

(2) Anatom cal parts preserved as inpressions
(e.g., limb inpression, or tail drag-marks etc.).

(1) Major accessory features (generic |evel).

t he
from

Mode of |oconotion (behavior or ethology of
ani mal : e.g., hunting for prey or fleeing
predator).

(1) Walking gait.

(2) Running gait.

(3) Galloping gait.

(4) Springing gait.

(5 Bounding gait.

(rrr) Mnor accessory features (specific and vari et al

l evel s).

(1) Size and shape of palm and digits.

(2) Nunmber of digits (didactyl, or
tridactyl etc.).

(3) Running cursorial or saltatorial.

(4) Interdigital angle.

(5 Distance of stride (s) and pace (p) ;
step angle (pace angul ation), and
print position from mdline.

(6) Presence/absence of inprint soft
parts (webbing) and their/its nmorphol ogy.

(7) Relative strongness and weakness of the
linb inprints.

(8 Oher features.



The norphological criteria and ethol ogical inferences on which
the classification is based are detailed in Table 15.1. This
classification separates trace fossil ichnotaxa from the inferred
producer aninmal taxa and in this respect departs from the ap-
proach enbodied in several previous classifications (Htchcock,
1841 & 1844; Vialov, 1966 & 1982). The classification deals
primarily with trackways that were nmade on essentially horizonta
or near-horizontal surfaces (which is commonly the case in fossil
trackways) and does not attenpt to address or incorporate the
mechani cal / dynam cal conplications that arise in the case of
trackways that were nmade on inclined surfaces (cf. Sherw n, 1969;
Mat sukawa & ohata, 1985; & Allen, 1989)

In the proposed classification there are tw najor
groups of trackways classified according to the type of producer
organism nanely (1) reptiles or anphibians; and (2) rmammals.
Reptile and anphibian trackways are quite simlar, conmonly
difficult to distinguish, and hence are best grouped into a
singl e category.

The classification of the latter group is based on the
i ndi vidual shape of the linb inpression (this can be right or
left, or manus or pes). The shape of inprint of the palmis the
nost inportant feature in the classification because it reflects
the natural behavior of the animal during the making of the
inmprints. The plantigrade gait nanifests normal wal king (nornal
| oconotion) and results in a track wwth a clear full-sized palm
imprint. The semdigitigrade gait results from a node of |ocono-

tion that is internediate between wal king and running (referred



" to here as active 1oéomotion) and prodﬁces a track in which only

the frontal part (frontal mounds) the palm is impressed.  The
digitigrade gait manifests a running mode (swift locomotion)
which results in a track showing only the toe (digit) imprints,
either tridactyl or didactyl (cf. Text-Fig. 15.3). However,
departures from these simple patterns and relationships charac-
terize vertebrate trackways made on inclined surfaces (e.qg.,
Sherwin, 1969; that Matsukawa & Obata, 1985; Allen, 1989) and
such cases must be examined specially and in the context of their
own particular palaeotopographic situation.

The second major group of trackways 1is produced by the
mammals. The classification of the mammalian trackways is also
based on ethology, and the trackways are differentiated according
to whether they reflect galloping, springing, or bounding gaits
(Text-Fig. 15.3). Mammalian trackways are not discussed here
further because they are not present in rocks of the study area.
A third group of tracks produced by fishes (Text-Fig.15.3) is
also excluded here for the same reason. The fourth group of tail
and/or ©body drag-marks produced by reptiles or amphibians is
included in the classification. These latter types of structures

_are associated with labyrinthodont trackways in the Turimetta
Head area in subinterval IC5.2 (Text-Fig. 15.3, and Plate 69

Figs. i & j).

- 15.4.3. Ichnotaxonomy
Trackway type Al

(Large tetrapod trackways without indications of webbing)

Plate 69, Figs. a & Db
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TEXT-FI G 15.4. Reconstruction of inprint and gait of the |[eft
pes of the large tetrapod trackway (Type Al) illustrated in Hate
69 Figs. a &b. Measurenent of the interdigital angles of the
hindlinb are nade by arbitrary choice of mdlines for digits (i-"
print two). This type of neasurenent defined the nature ana
orientation of the digits diagrammatically and allows conparison
with the other prints. In this illustration two Ileft hindlint
are put together in series (but not to scale and not in @
straight |ine) to dramatize the sem digitigrade behavior of the
animal. Digits Il and 1V are well preserved in the trackway £
digits | and V and part of Il are reconstructed. The frontal
nmounds of the palm are well preserved.



LEFT RIGHT

DIRECTION
0F,
ANIMAL
LEFT PES \
CAV \\  (HINDLIMB) MOVEMENT
\\ \ H
\ Y
\' Vv \

LA WA

Print one.

Print two.

Nunber of digit.

Interdigital angle.

Mounds in frontal part of the palm

Frontal part of the palm

Reconstructed area of the palmX SCALE PEN KN FE«12cm

Reconstructed area of the digits and arbitrary mdlines
(for the measurenment of interdigital angles).

Drection of aninal novenent.

TEXT-FI G 15.4.
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Type assignnent: Large tetrapod trackways in wth there are
indications of three digits (i.e., digits Il, IlIl and IV, |, V
are m ssing; see Text-Fig. 15.4) and in which the frontal part of
the palmis well inpressed without indications of webbing. This
type of palm print can be classified as a semdigitigrade formin
the present classification (cf. Text-Fig. 15.3)

Remarks (diagnostic features): Only three digits out of five are
preserved for exam nation. Digits Il and IlIl are well inpressed
and therefore well defined, but digit IVis only partly im
pressed. The frontal part of the palmis inpressed very clearly
with nmounds but the lower part of the palm and webbing (soft
parts) in between the digits are not i npressed.

Description and ethology: Two vertebrate tetrapod trackways are
illustrated in Plate 69, Fig. a, probably produced by the I|arge
| abyri nt hodont anphi bian Paracycl ot osaurus Watson (1958) (cf.
Warren, 1972; and Beal e, 1986). One of these trackways i ndicates
notion towards the canera and the other obliquely towards the
left of the camera. The trackmarks are inpressed as concave-
*Pirelief fornms on the top surface of a bed of very fine sand-
stone associated wth very low anplitude asymmetrical ripple-
Narks (Plate 69 Fig.g) at the southwest end of Turinetta Head.

A close-up view of the individual print of a left pes
°f  the trackway indicates novenent directly towards the canera
(Plate 69, Fig. b), shows the entire nature of the print, and
®Hows it to be identified as a semdigitigrade type of print
(°f. Text-Fig. 15.4). The rock platform and the vertebrate track-
Yays no longer exist (as explained in the caption to Plate 69)

an<i | do not have close-up photographs of the second trackway.
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However, it appears from what can be seen of it in Plate 69 Fig.a
that it 1is simlar in gait to the first trackway. Hence the
behavi or of the anphi bians that produced these prints at the tine
nust have involved active |oconotion and this was approxi mately
towards the sout hwest, possibly chasing or searching for prey. No
body or tail drag-marks occur in association with these particu-
lar trackways at Turinmetta Head consistent with the observation
that anphibian animals nornally perform this node of active
| oconotive behavior (in semdigitigrade gait) by raising up their
body as well as their tail above the ground. Another explanation
for the absence of tail and body drag-marks associated with the
two trackways shown in Plate 69 Fig.a could be that the producer
animals were walking in shallow water with their bodies and tails
buoyed-up by the water clear of the substrate.

In the left pes inpression showmn in Plate 69 Fig.b
digits II, Ill, and IV are preserved together with the frontal
part of the palmwth clearly inpressed nounds in what nust have
been soft very fine sand at the tine the inprints were nade.
Dgits | and V and the lower part of the palm are not preserved
and hence nust be reconstructed (cf. Text-Fig. 15.4); the proba-
ble interdigital angles for digits Il, Ill, and IV are also
reconstruct ed.

Conpari son: Trackways of large vertebrates in the Perno-Triassic
rocks of the Sydney Basin have been docunented by Harper (1907),
Fl etcher (1948), and Sherwin (1969) but the first systematic
study was carried out by Pepperell & Gigg (1973) in the roof of

a sewerage tunnel in the Mddle Triassic Ashfield Shale at the



base of the Wanamatta G oup. Fossil bones of Paracycl ot osaurus
have been discovered in recent years by an amateur fossil hunter
in the Bald HII Caystone at Long Reef (Beale, 1986) a few
Kilonetres south of Turinmetta Head. Because of the large size of
the palm in the pes illustrated in Plate 69 Fig. b, and the
interdigital angles, and because the only fossil t et rapod
presently known from this formation is an anphibian, it is con-
ceivable that the trackway maker was |ikewise the sane |arge
| abyri nt hodont anphi bi an Paracycl ot osaurus. This adult anphibian
is thought to have been an a fearsone 3-mlong aninmal with large
teeth, webbed feet, and eyes located on the top of the head
(Watson, 1958; and Warren, 1972). It has been suggested (Chernin
& Own%kshank, 1978) that it hunted as nodern crocodiles do,
lurking near the shore until it could lunge up to grab its prey
and drag it into deeper water. Absence of evidence indicating
body or tail drag-marks suggests either that the aninmal may have
been wading in shallow water so that the body was buoyant and
hence above the substrate or that the aninmal was capable of
noving with its body clear of the ground (a characteristic behav-
ior in the semdigitigrade and digitigrade gaits). In the litera-
ture of vertebrate trackways body and tail drag-marks have been
docunented in sonme tetrapod trackways, especially when the aninal
becane nore plantigrade in its loconotion and the body and tail
were in touch with the ground during novenent (e.g., Sarjeant,
1975, fig. 14.4). But such body and tail drag-marks are not asso-
ciated with the presently described semdigitigrade type Al
trackways. Webbing between the digits is not indicated in either

Pes or manus. This is also true in the case of the | abyri nt ho-



dont trackway from the Mddle-Triassic Ashfield Shale described
Pepperell & Gigg (1973). The webbing between the digits is not
normally inpressed in the case of tracks nade by nodern aninals
because it is a soft nenbrane.

Distribution: In the study area these type Al tetrapod trackways
are presently known only from trace fossil subinterval 1C5.2 in
the topnost part of the Bald HII daystone at Turinmetta Head
(area 2; Enclosures I11.4 & 111.8).

Studied material: The rock platform featuring the two trackways
described here from Turinetta Head no |onger exists, having been
destroyed by the (Sydney) Metropolitan Water, Sewerage and Drain-
age Board in the early 1970's during engineering work associated
with the <construction of a sewage outlet. Figures a and b of
PMate 69 were made from colour transparencies taken by Dr. P.J.
Conaghan, Earth Sciences, Mcquarie University, in 1970 or 1971.
The present reconstructions have been based exclusively on these
phot ographs. The recent discovery of fossil bones (Beale, 1986)
of the anphibian Paracycl otosaurus from the same formation at
Long Reef (5 km south of Turinmetta Head) provides circunstantial
evidence that the trackways at Turinetta Head were produced by
the same anphi bi an.

Preservation and association: These trackway occurred as con-
cave-epirelief forns in very fine sandstone. This sandstone bed
also contains plant remains and Planolites but no other trace
fossils. Very low anplitude ripple-nmarks and plant renains occur
' the inmediately underlying and overlying beds but no Pl ano-

iit§s.. Vertebrate body and tail drag-nmarks also occur in the



imrediately overlying bed together with webbed tetrapod foot-
prints (i.e., type A2 footprints) and the sane body and tai
drag-marks occur in the inmediately underlying bed but wthout
associ ated footprints.
I chnofacies and pal aeoenvironnental affinities: The inferred
pr oducer | abyri nt hodont anphibian is rel at ed to noder n
anphi bians, and these aninmals live on beaches or shores of
shal | ow bracki sh-water |agoons and estuaries. Association of the
trackways at Turinetta Head with asymmetrical ripple-nmarks i m
plies shallow parts of such water bodies. The environnent is
t hought to have been a fluvially-dom nated nmuddy and silty brack-
ish coastal |ake or lagoon or estuary confined by sandbars. This
association of trace fossils can be attributed to the Skolithos
i chnof aci es .
Trackway Type A2
(large tetrapod trackway with indication of webbing)
Plate 69, Figs, g &h
Type assignnment: Large tetrapod trackway wth well inpressed
digits (Il, in, and IV) and webbing. The inpression of digit 1?
Is also well preserved behind the other three digits. The entire
shape of palmprint is well preserved and can be classified as a
Plantigrade form in the present classification (cf. Text-Fig.
15.3) .
Remarks (diagnostic features): Digits I, IIlI/ and IV with im
print of the entire palm are well preserved. The nature of the
left pes is shown in Text-Fig. 15.5 and in Plate 69, Figs, g and
"o The inpression of the webbing can be observed between digits

1 and in, and 11l and 1V



TEXT-FIG  15.5. Reconstruction of inprint of plantigrade (walk-
ing) gait of the left pes of the large tetrapod trackway Type A
illustrated in plate 69, Figs, g and h. Digits 1?2, I, LI, 1V,
and the entire outline of the palm is well preserved. The inpres-
sion in webbed and clawed. The animal wal ked slowy towards the
south on a substrate of very fine sand fashioned into a train of
very-|low anplitude asymetrical ripples (linear features in
di agram . The presence of inferred tail and body drag-marks (cf.
Plate69 Figs. \ & i) suggest the animal's body was not supported
by water at the time it nmoved across this ground and hence sug-
gests that the imediate area was part of a strandline that was
not inundated by water at the time trackway was forned. This
could nean that the trackway was forned during a period of |ow

tide.



Direction of movement
(approximately to south)

TEXT-FIG.15.5.
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Description and ethol ogy: The track marks are preserved as
concave-epirelief forms on the top surface of a bed of very fine
sandstone associated linear nmarkings (Plate 69 Figs, i & j) that
appear to manifest body and/or tail drag-marks and wth [|ow
anplitude asymmetrical ripple-marks (Plate 69, Figs, g & h) at
the southwest end of Turinetta Head. However, the trackway is
i nconplete insofar as only one of the print is well preserved,
the other either being mssing entirely or less well preserved
due to the nodern erosion. The palmprint is the best preserved
(PMate 69 Figs, g & h) can be reconstructed as a left pes on the
basic of its left lateral relationship with respect to the in-
ferred tail and body drag-marks and its noticeably larger size to
other palm prints in the trackway. The type A2 vertebrate track-
way was probably produced by a large |abyrinthodont anphibian
The trackway indicates |oconotion towards the south (Text-Fig.
15.5) .

Close-up views of the individual print of the wel
i npressed and hence well preserved left pes are shown in Text-
Fig. 15.5 and Plate 69, Figs, g and h. The well preserved im
prints of the palm allows the trackway to be identified as the
Plantigrade type. Hence the behavior of the producer anphibian
"ust have involved slow |loconotion towards the south. Possibly
the anphi bian wal ked slowy, intermttently touching its body and
tail on the ground, which would explain the inferred well pre-
served body and tail drag-marks along the |oconotion tracks
(Pate 69, Figs, i &j) .

The length of the entire palm of the left pes is about



15 cm and the width is about 10 cm on average. Approximate inter-

digital angles between digits 1?2, IIl, Ill, and IV can be recon-
structed. The interdigital angle between digits 1? and Il is
120°, between digits Il and 11l is 35°, and between digits III

and 1V is 80°. The pointed shape of the digits can be interpreted

to manifest the presence of claws. The presence of webbing de-

notes that the anphibian can swm fairly well I|ike nodern croco-
diles. The additional presence of inferred body and tail drag-
marks (Plate 69 Figs, i &) indicates that the animal wal ked

along the strandline of an estuary or |agoon during low tide as
did the other anphibian that produced the type A trackways.
Conparison: Differs fromthe type Al trackway in having webbing
and clawed digits and al so because of preservation of the entire
shape of the palm and the snaller size of the latter relative to
that in Type Al. The approximate interdigital angles are also
different to those in the type Al inprints.

Distribution: In the study area the type A2 tetrapod trackway is
presently known only from trace fossil subinterval 1C5.2 (just
above the sandstone bed in which the type Al trackway occured) in
the topnost part of the Bald HIl Caystone at Turinetta Head
(area 2; Enclosures II1.4 & 111.8).

Studied material: The studied trackways has not been retrieved
from the field.

Preservation and association: The inprints of the trackway occur
as concave-epirelief forns in very fine sandstone with asynmetri -
cal very low anplitude ripple-marks. The trackway is also asso-
ciated wth concave-epirelief fornms of body and tail drag-marks

but with no other kinds of trace fossils.
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I chnofacies and pal aeoenvironnental affinities: The inferred
producer | abyrint hodont anphibian, web-footed Paracycl otosaurus
lived on beaches or shores of shallow bracki sh-water |agoons and
estuaries as well as in fresh-water |akes as do nodern croco-
diles. Association of the |low anplitude asymmretrical ripple-nmarks
inplies shallow parts of such water bodies. The environnment is
thought to have been a fluvially-dom nated nuddy and silty brack-
ish coastal |ake or |agoon or estuary confined by sand bars. This
environment can be attributed to the Skolithos ichnofacies.
Trackway type B (running gait of small reptiles)

I chnogenus Moodi ei chnus Sarjeant, 1971
| chnospecies M didactylus Sarjeant, 1971

Variety (1): (type species) M didactylus var. permansis
Sarjeant, 1971)

Variety (2): M didactylus var. triassicus

Plate 69, Figs, c, f, k &e

Specific assignnment: Trackways produced by snall reptile(s)
mani festing runni ng behavior, characterized by pes inprints only
with two digits (probably digits Il and 111, and hence w thout
inmpression of the palm {i.e., digitigrade didactyl gait; cf.
Text-Fig. 15.3).

Remarks (diagnostic features): Running trackways of snall rep-
tiles, fanobus and interesting because of the extreme reduction of
the inpressed digits (only two present, probably digits IV and
'"H; Mpodie, 1930, and Sarjeant, 1971) and because they manifest
an early history of running behavior in the reptiles before the
devel opnent of flying reptiles. The trackway inprints of the pes

show only two digits; one is probably of digit Il1l which is nmuch
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TEXT-FIG 15.6. A - C Ethological interpretation of didactyl and
tridactyl running reptilian trackways. D Oientation of the

digits and related interdigital angles. E: Hypothetical reptiles
in saltatorial running gait.
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LEFT PES (LP) RIGHT PES(RP)

BEHAVIOUR- FAST RUNNING (CURSORIAL)
1l (offset of the imprints aligned)

~Z

(iv&v) ? m¥%>n AVEY)

Moodieichnus didactylus var. permiansis (Sarjeant, 1971)

B BEHAVIOUR - FAST RUNNING (SALTATORIAL)

IN, (offset* of the imprints random)
All!

(AV&V) o* v&V)

Moodieichnus didactylus var. triassicus (new variety)

C BEHAVIOUR - SLOW RUNNING (SALTATORIAL)

(offset of the imprints random)”2=-"i2Q)
Il (e;=Atf-5Cf)

V) ¢

Moodieichnus tridactylus (new species)

TEXT -FIG. 15.6.

471

INTERDIGITAL ANGLES

Digits | & I
Digits litiU
Digits UI&1V
Digits 1V&V

.sabfcuiuy



larger, longer and nore deeply inpressed than the other snaller
and less inpressed digit Il. The interdigital angle between these
two digits ranges between 40° and 70° (Tables 15.2 & 15.3, and
Text-Fig. 15.6). The imrediate novenent direction indicated by an
i ndividual print can be determned by the direction of the |onger
digit (digit 111) . However, nost of the trackways in the study
area do not indicate a single steady direction of [|oconotion:
rather they are believed to be foot inpressions of reptiles
running repeatedly and saltatorially in different directions
along a shoreline (Pate 69, Figs, g &h; Text-Fig. 15.7 and
Table 15.2). The trackways are preserved as concave-epirelief
fornms on beds of fine sandstone.

Description: The running digitigrade forns of didactyl trackways
produced by small reptiles occur on a horizontal rock platform of
the Lower Newport Menber exposed at St. Mchael's Cave (P ate 69,
Figs. ¢, g &h) and constitute the first exanples known from
Australia and the first for the Triassic of the world. The small
producer reptiles ran repeatedly in different directions over the
sane area of fine sand resulting in the overlapping or
cris-cross-like trackway pattern. dose-up views of the inpres-
sions (Plate 69, Figs, d - f, k & 1) show that they are didactyl,
and sone are even tridactyl, neither of which forns have been
previously recorded in Triassic rocks (Sargeant, 1975, ©p.307)
This didactyl type of inprint is an unexpected feature in tracks
of certain early bipedal reptiles which show an extrenely re-

duced nunber of digit functions to enhence running.

Such tracks were first discovered in Perm an sandstones
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TABLE 15.2. Measurenents of the didactyl reptilian footprints
(Mbodi ei chnus) in trace fossil subinterval IDL.2 at g  pichaels
Cave. Measurenent of the digit length corresponds ., (ne length
of the digit inpression only and not t he |ength of . git as
defined by the distance from the forward tip of the the disjon to
the point of convergence of the digit with the othe Inpres (s) in
the same footprint. The data conprise two sanples or digitrenents
each nmade wthin a l-msqg. area in which the locaf peasuyf e€ach
nmeasured footprint was also mapped as shown in Teiign o 197
The nunbered footprints in the left colum of this t-Fi corre-
spond with those in the latter text-figure. Xt-rg.

Abbreviations: L/R - left/right. LUW- |ength/widt htablgANGE -
Interdigital angle. DOl - Drection gf the jndividual print

assuned to correspond with that of the . it inpression
(neasured relative to true north). XY | ongest OIIgea cf. Text-
Fig. 15.7. - nmapped ar
Foot
print Length Wdth
No. PES DATS L w |/ ANGLE Ol AREA BLOXK
LR I 1l 111 IV V (cmp (cnm) (degrees) (deg.) (GQ. loc.)
| 8.5 1.5 40 058 X(7.4-B5)
11 11.0 1.5
[ 8.0 1.0 50 058 X(3.7-C1)
11 15.0 1.5
1 10.0 1.0 50 080 X(4.0-E8)
11 13.0 2.0
R N 4.0 1.0 30 174 X(9.5-F5)
11 9.0 1.3
R I 50 1.5 45 315 X(9.5-&)
1] 13.0 1.5
I 2 5 0.7 60 110  X(2.9-HB)
1 6 0 0.7
N 8 0 1.0 65 005 X(4.2-Hp)
11 11 0 1.0
1 50 0.8 70 003 X(4.8-H2)
111 13 0 1.2
| 6 0 1.0 55 185 X(2.4-18)
11 8.0 2.0
10 I 35 1.8 65 185 X(3.5-15)
11 70 1.0
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TABLE 15.2 (continued)

MEAN INTERDIGITAL ANGLE - 59°

473

Foot
. print Length Width
No. PES DIGITS L W I/ANGLE D/I AREA BLOCK
L/R I II IITI 1Iv Vv {cm) {cm) (degrees) (deg.) (Gr. loc.)
1 R IT . . 4.5 0.5 10 190 Y(7.5~-A9)
: . . III . 7.5 1.0 .
2 L . II . 5.0 1.5 60 043 Y(2.5-C1)
IIT 7.0 1.0
3 L . 11 . . . 4.5 0.8 65 115 Y(4.1-C2)
. . IT1I . . 6.0 1.5
4 L . II . . . 7.0 1.0 70 255 Y (5.8-C9)
. IIT . . 8.0 1.2 i
5 L . II . . . 5.5 0.5 50 200 Y(0.8-D9)
« e III . . 9.0 1.0 3& -
6 L . II . .. 6.0 1.0 60 060 Y(2.5-D7)
.. I1I 7.0 1.0
7 L II . 3.0 1.5 60 095 Y(7.9-D1)
. III 6.0 1.2
8 R II . . . 7.5 0.8 15 170 Y(1.0-E1)
. III . 9.0 1.5
9 R . I1 . . . 3.0 1.3 70 040 Y(9.5-E2)
. . III . . 7.0 1.0 e
10 R . II . 2.5 1.2 60 345 Y(2.9-F9)
. . III 6.0 1.0 .
11 L . II . .. 2.5 2.0 70 115 Y(3.3-61)
. I11 . . 4.0 1.0 ‘
LENGTH (cm) WIDTH (cm)
Digit II - n = 21 Digit II - n = 21
X = 5.31 X = 1.11
on = 2.14 on = 0.391
o(n-1) = 2.19 o(n-1) = 0.4
tix = 111. 5 Ix = 23.4
Ix2 = 688.25 Ix2 = 29.28
Digit III - n = 21 Digit III - n = 21
X = 8.69 X = 1.24
on = 2.86 on = 0.33
o(n-1) = 2.93 o{n-1) = 0.34
Ix = 182.5 o IX = 26.1
Ix2 = 1737.25 \ s tx2 = 34.75
i



of Texas, USA (Modie, 1930), and later were named formally by
Sarjeant  (1971). The Perman tracks conprise inprints of two
digits (as described by Modie, they are of digit IV which is
much larger and nore inpressed and digit Ill which is snaller and
less inpressed). The didactyl tracks in the present study area
are the pes (hindlinb) inprints (only) of small reptiles which
may well have had four (tetradactyl) or even five (pentadactyl)
toes, all of which mght have been inpressed during the walking
gait (i.e., plantigrade inprint; cf. Text-Fig. 15.3), and the
reptiles may have been quadrupedal in which case the nanes wil |
al so have been inmpressed as well during the wal king gait. Howev-
er, in the running (digitigrade) gait, the aninmal becane bi pedal
resulting only in pes inprints (Text-Fig. 15.6. Additionally,
since the animal's ability to run nore swifly was functionally
dependent on the relative size of the digits of the pes, such
nodi fication to these digits occurred as an evolutionary trend
(cf. Sinpson 1941; Sargeant 1975), in a simlar way to such
nodi fications in the horses. In this way these reptiles becane
nore didactyl. The presently described inprints (Plate 69, Figs, d
f, Text-Fig. 15.6, and Table 15.2) show both left and right
didactyl pes inprints with one larger digit (IIl) 1.2 cm in
width, 87 <cm in length, and nore deeply inpressed, than the
other. The other is a smaller digit (I1), 1.1 cmin width, 53 cm
in length, and less deeply inpressed. The two digits join togeth-
er at a certain angle called the interdigital angle (e.g., angle
©2, the angle between digits Il and I11), which ranges between
40° and 70° (Table 15.2). Wile the reptile was running, it

became bipedal and the principal stress of the whole body was
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TEXT-FIG  15.7. Didactyl footprints (Modieichnus) of snall
running reptiles exposed in trace fossil interval IDL.2 at St.
M chaels Cave (Lower Newport Menber). Footprints shown are ones
mapped within two 1-msqg. areas (X and Y) of in situ pavenent are
selected for individual nmeasurenent of length of digits and
interdigital angle (cf. Table 15.2). The footprints were napped
using a 1-msq. grid as shown in Plate 69 Figs, m andn .
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TABLE 15.3. Comparative dimensions of the digits and interdigital
angles of Moodieichnus. Data in column one are from Sarjeant
(1971); data in column two are summary data from Table 15.2
(based on 21 measurements). The data for digits II and III 1in
column three are the same as in column two; the data for digit IV
and the III - IV interdigital angle are based on just a few
measurements.

M. didactylus M. didactylus M. tridactylus
var. permiansis var. triassicus

(Sarjeant, 1971)

LENGTH (cm) R, W
Digit III (IV?) GWORE S D Fonnow
1.9 - 6.0 8.69 : . 8.69 ek o
Digit II (III?) = a iy
0.8 - 2.0 5.3 5.3 o
Digit (IV) A RS
? ? Comparatively :

shorter than III
and longer than II

WIDTH (cm)

.

Digit III (IV?)

0.9 1.24
Digit II (II1?)

0.7 1.11
- Digit IV
. ; ’

H

INTERDIGITAL ANGLE (DEGREES) ¥R

2N

®2 (II & III) 2 (II & III) ®2 (II & III) - =*
10-20 40-70 40-70 .
2 (III & IV)< .

40-50 '

STRIDE (cm)

i e e Vel PN -
e e A e N Lo e AN e

9.0 (cannot be determined even by geometry
because of the saltatorial gait and
crowded pattern of overlapping prints)

BREADTH OF TRACK) (cm)
5.2

GLENO-ACETABULAR
LENGTH (cm)

?
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focuéed on the middle digit (digit III), which is larger, 1long-
er, and more impressed. The other digit {(digit IV, on the other
side of digit III) is less commonly {and less deeply) impressed,
manifesting either a slower running gait or the wuse of this
additional digit in the <correction of balance. The additional
impression of digit IV to the otherwise didactyl imprint is very
important and this imprint is described below as a new ichnospe-

cies, M. tridactylus (cf. Text-Fig. 15.6c). The relatively

lateral spatial offset of the footprints indicates a more salta-
torial (i.e. random) rather than cursorial (i.e., aligned in the
type variety) line of movement {cf. Text-Fig. 15.7, and Plate 69,
Figs. ¢, g, & h). in the present material the depth of the im-
print of the long toe (digit III) is sufficiently well preserved
to suggest a bounding type of locomotion. The random offset of
the footprints strongly suggests that the trackways are all
saltatorial forms. This evidence strongly suggests that the
reptile was bipedal in running but was not as cursorial in its

running behaviour as was the type species (i.e., M. dactylus var.

Permiansis) but rather was saltatorial (Text-Fig. 15.6e). In thé
Present examples it is very difficult to measure the stride,
pace, and breadth of the trackways, and the gleno-acetabular
length (these cannot even be determined by geometry). B

Distribution: The trackways are developed at two different
stratigraphic 1levels (Enclosure III.4). The stratigraphically
lowest of these is subinterval ID1.2 of the Lower Newport Member

exposed at St. Michael's Cave (area 5). This trackway horizon

extends to Bangalley Head (area 8) in the north to Hole in the
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VWall (area 11) in the south; but with the exception of sone |arge
| oose sl abs which contain both didactyl and tridactyl footprints
at Bangally Head (cf. Plate 69, Figs, k & 1) the exposures at

these localities are restricted to the clifflines. The second
horizon (Plate 63 Fig. b) is in subinterval 1D5/6 in the Lower

Newport Menber at Mona Vale Head (area 14).

Studied material: A St. Mchaels Cave the trackways occur on a
single bedding plane (in subinterval |DL.2) which is exposed in
several large and snall in situ platforns as well as in nunerous
|arge |loose slabs (Plate 69 Figs, g & h) . This sane beddi ng plane
Is al so exposed at Bangalley Head in the cliffline as well as in
several large |oose slabs which feature the trackways (P ate 69
Figs, k & 1) . Although this sanme bedding plane also occurs at the
Hole in the Wall locality it is exposed these only in the «cliff-

line. No rock sanples containing the trackways have been re-

trieved from the field from the stratigraphic horizon but nuner-

ous phot ographs of the trackways have been taken at St. Mchaels
Cave and Bangal |l ey Head, sone of which appear in the plates. The
trackway maps of Text-Fig. 15.7 were also nade on exposures at

St. Mchaels Cave. The second stratigraphic horizon containing
the trackways (i.e., subinterval ID5/6) at Mona Vale Head is
exposed both in the cliffline and in several small in situ plat-

forms. No rock sanples containing the trackways have been col-

lected from this locality but several photographs of the track-

ways have been taken here, one of which appears in the Plates
(Plate 63 Fig. b).

Preservation and association: These trackways are preserved as

concave-epirelief fornms on the surface of beds of fine sandstone.

478



Were the trackways occur in subinterval IDL.2 at St. Mchaels
Cave and Bangalley Head the sandstone bed also contains Plano-
lites, Rhizocorallium jenense, and Chondrites type C Were the
trackways occur in subinterval 1D6/6 at Mona Vale Head the sand-
stone bed al so contains Agrichnium
I chnof aci es and pal aeoenvironnental affinities: These trackways
occur within the Skolithos ichnofacies (in soft-ground), and are
inferred to indicate extremely shallowwater conditions along a
shoreline of an estuary or a coastal |agoon.

| chnospecies M tridactylus ichnosp. nov.

Plate 69, Figs, d, k &1)

Specific assignnent: Trackways probably produced by the sane
small reptile(s) described above (for M didactylus var. triassi-
cus) in saltatorial running behavior, but are different from the
latter in that three digits are inpressed probably as a result of
slow running. The inpressed digits are probably I1, Ill, and 1V,
from the pes linbs, and without the inpression of the palm (i.e.,
the trackways define a digitigrade tridactyl gait; cf. Text-Figs.
15.3 & 15.6).
Remarks  (diagnostic features): Tridactyl inprints probably pro-
duced by sane reptiles as in M didactylus var. triassicus. The
imprints of the pes trackways have a tridactyl form (three di-
gits) rather than a didactyl form (2 digits). The third digit
that occurs in this form (i.e., the digit that is additional to
digits Il and IlIl in M didactylus var. triassicus) is digit 1V,
but is not deeply inpressed.
Description and ethology: The inprints are of three digits, the
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| argest (central) one probably being digit IIl; this 1is much
| onger, larger and nore deeply inpressed than the other two. The
shorter and thinner digits (digits Il and 1V) are inpressed on
both sides of digit Ill in separate left- and right-linb inprints
(see Text-Fig. 15.6¢). The interdigital angle 02 (between digits
Il and II11) is 40° to 70° and angle €8 (between digits 11l and
V) is 40° to 50° (Table 15.3). The lateral offset of the foot-
prints is random so that the trackway is not straight or wunidi-
rectional. FEthologically it is probable that these inprints
result froma slowrunning gait involving a nore bal anced deport -
ment of the sanme reptiles that produced M didactylus var
triassicus (the inpressed third digit IV on the other side of
digit Il indicates use for balancing purposes). These trackways
are |less comon, and less deeply inpressed than are those of M
di dactylus wvar. triassicus but also the inprints are random and
offset as in the latter. The third digit (probably digit IV) is
invariably inpressed nore faintly than the other two, and is
invariably inpressed on the other side of digit IIl (see Text-
Fig. 10.6¢c).

Conparison: Differs fromthe type species M didactylus var
permansis and fromM didactylus var. triassicus only in the
presence of a third digit, i.e., digit IV. Dffers from the
fornmer also in defining a saltatorial style of |oconotion.
Distribution: As for M didactylus var. triassicus.

Studied material: As for M didactylus var. triassicus.
Preservation and association: These trackways are preserved as
concave-epirelief forns and are associated with and have the

sanme associated trace fossils as M didactylus var. triassicus.



Body and tail drag-marks and webbed soft-parts are not indicated

in the preservation. See M didactylus var. triassicus for other

details .

I chnof aci es and pal aeoenvironnental affinities: As for M

di dactylus var. triassicus.





