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Abstract—The St. George Dinosaur Discovery Site at Johnson Farm (SGDS) in southwestern Utah is principally
known for its theropod dinosaur tracks, which are in clastic lake-margin facies of the Lower Jurassic Whitmore
Point Member of the Moenave Formation. A low diversity invertebrate ichnofossil assemblage associated with the
dinosaur tracks includes cf. Bifurculapes ichnosp., Diplichnites triassicus, cf. Kouphichnium ichnosp.,
Helminthoidichnites tenuis, Palaeophycus tubularis, Palaeophycus ichnosp. and Skolithos ichnosp. This ichnofossil
assemblage belongs to the Scoyenia ichnofacies and suggests that the lake margin paleoenvironment at the SGDS
was one of relatively low energy and was periodically submerged/emergent. The SGDS invertebrate ichnofossil
assemblage fits well with other Late Triassic-Early Jurassic lake-margin ichnofossil assemblages of the Scoyenia
ichnofacies. The ichnofauna at the SGDS also suggests that taphonomic and sedimentological factors may have
produced some of the differences between the lake margin ichnoassemblages evident in the Upper Triassic-Lower
Jurassic record. Thus, arthropod walking traces may be rare at the SGDS (and some other sites) simply because of

the relative coarseness of the sediment and the reworking of sediment surfaces by wave action or sheetflow.

INTRODUCTION

The St. George Dinosaur Discovery Site at Johnson Farm (SGDS)
is located within the city limits of St. George, Utah (Fig. 1). This locality
yields an extensive assemblage of tetrapod footprints, mostly of the
ichnogenera Grallator and Eubrontes, which are the tracks of theropod
dinosaurs (e.g., Kirkland et al., 2002; Milner et al., 2004; Milner and
Lockley, 2006; Milner et al., this volume a). In addition to the tetrapod
tracks, a low diversity invertebrate ichnofossil assemblage is present at
the SGDS (Lucas et al., 2005; Milner and Lockley, 2006). The
ichnofossils at the SGDS (Figs. 2-4) are from clastic lake-margin facies of
the Lower Jurassic Whitmore Point Member of the Moenave Formation.
They are primarily present in an approximately 1 m-thick interval of
sandstone that includes the “Main Track Layer” (MTL) at Johnson
Farm. Here we document the invertebrate ichnofossils from the SGDS
and discuss their paleoecological and taphonomic significance. In this
paper, SGDS = specimens in the collection of the St. George Dinosaur
Discovery Site at Johnson Farm.

SYSTEMATIC ICHNOLOGY

Ichnogenus Bifurculapes Hitchcock, 1858
cf. Bifurculapes ichnosp.
Figure 3B

Referred specimen: SGDS 197, single part and counterpart track-
way preserved in concave epirelief and convex hyporelief from the SGDS
“Split Layer.”

Description: SGDS 197 consists of two double rows of simple,
elongate, transverse imprints. The faint, inner rows of imprints are straight
and oriented parallel to the trackway midline when preserved. The outer
rows of imprints are more defined than the inner rows, are transverse,
and show hook-like projections on their ends. The outer imprints vary
from roughly 5 to 10 mm long and from 1 to 1.5 mm wide, whereas the
inner imprints are from 5-12 mm long and up to 1 to 1.5 mm wide.
Spacing between the outer imprints is about 20 mm. The hook-like
projections on the outer rows face in alternate directions, with a pattern
showing markings alternating from right to left. The track row is 200 mm
long and has a course that is mostly straight to slightly undulating.
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FIGURE 1. Index map showing location of the St. George Dinosaur
Discovery Site at Johnson Farm (SGDS) in southwestern Utah. Courtesy of
J. Kirkland.

Remarks: Although the SGDS 197 specimen only preserves faintly
impressed tracks, the paired rows displayed in a nearly mirror image
trackway resemble Bifurculapes laqueatus (e.g., Hitchcock, 1858; Lull,
1953; Lockley et al., 2002). The SGDS example, however, is narrower in
comparison to other reports and not as well preserved. This specimen
was figured in Milner and Lockley (2006, fig. 6D). The ichnogenus
Lithographus is similar, but has imprints in sets of three rather than two
as in Bifurculapes and SGDS 197. Indeed, Bifurculapes probably is just
a preservational variant of Lithographus and therefore synonymous (N.
Minter, written commun., 2006).

Another possible arthropod trackway from the SGDS, specimen
SGDS 308, consists of a single row of simple, elongate, transverse im-



FIGURE 2. Selected invertebrate ichnofossils (walking traces and grazing trails) from Johnson Farm. A, SGDS 258, trackway of Kouphichnium ichnosp.
in convex hyporelief. B, SGDS 197, trackway of Diplichnites triassicus in convex hyporelief. C, SGDS 375, grazing trails of Helminthoidichnites tenuis
in convex hyporelief.

prints. Most of these transverse imprints show hook-like projections on
their ends. The imprints vary from roughly 5 to 10 mm long and from 1
to 1.5 mm wide. Spacing between imprints is about 2 mm apart. The
hook-like projections face in alternate directions, although a regular pat-
tern is not seen. One end of the track row shows several adjacent, rounded
imprints that are separated from the transverse imprints by distances of
about 2 mm. The track row is 200 mm long and has a course that is
mostly straight to slightly undulating. There is no indication of an asso-
ciated second track row.

This specimen resembles two others that were recently reported
by Voigt et al. (2005) from a terrestrial ichnofauna in the Pennsylvanian-
Permian Maroon Formation of Colorado. The St. George specimen is not
as well preserved and differs from the Maroon Formation material in
having adjacent rounded imprints along part of its course. As noted by
Voigt et al., the traces are unusual in that they lack bilateral symmetry.

Outwardly, these traces resemble Tasmanadia but lack a second track
row. While it is possible that this limited material represents a previ-
ously unknown and recurring ichnotaxon, it is more likely that it consists
of undertracks in which only one of two track rows was recorded on the
exposed bedding plane.

Bifurculapes has been attributed to insect track makers, especially
beetles (Hitchcock, 1858; Lockley et al., 2002). Hitchcock (1858) also
suggested crustaceans as possible track makers of Bifurculapes.

Ichnogenus Diplichnites Dawson, 1873
Diplichnites triassicus (Linck, 1943)
Figure 2B

Referred specimens: SGDS 38, single trackway in convex
hyporelief (float specimen from the “Top Surface™); SGDS 197, single
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FIGURE 3. Selected invertebrate ichnofossils (walking traces) from the Johnson Farm. A, SGDS 366, cf. Kouphichnium ichnosp. B, SGDS 197, cf.

Bifuculapes ichnosp.

trackway part preserved in concave epirelief and counterpart in convex
hyporelief (from the SGDS “Split Layer”); SGDS 463, single trackway
found as a float specimen, probably from the “Top Surface” layer, pre-
served as a possible undertrack.

Description: A single part and counterpart specimen (SGDS 197:
Fig. 2B) has a small trackway containing two rows of simple imprints
that vary from perpendicular to oblique in their orientation to the track-
way midline. The imprints are mostly elongate to crescentric in shape,
although some are punctate. No imprint series is detected. Some of the
imprints are arranged slightly en echelon. The external trackway width is
about 10 mm, and the internal width is about 7 mm. The trackway course
is straight to curved and is up to 200 mm long. No median furrow is seen.

Specimen SGDS 38 shows a single trackway circling and crossing
over its own course. This specimen has an external trackway width of 7
mm and an internal width of 4-5 mm. If outstretched, the entire pre-
served trackway would measure ~150 mm long. Foot imprints are iden-
tical to those described above.

SGDS 463 is a cf. Diplichnites ichnosp. trackway that is not well
preserved. This may be the largest Diplichnites specimen recorded from
the SGDS, with an external width of 10-12 mm and a trackway length of
~150 mm. An internal trackway width was not measurable because of the
specimen’s poor preservation.

Remarks: These simple arthropod locomotion trails are similar
in most aspects to other reports of Diplichnites triassicus (Linck, 1943;
Bromley and Asgaard, 1979; Pollard, 1985; Goldring et al., 2005). The
ichnotaxonomy of the species of Diplichnites is in dire need of revision.
For example, Pollard (1985) attributed material with en echelon series to
D. triassicus, but D. gouldi is also frequently used for such trackways.
Here, we assign the specimens to D. triassicus, following the usage of
Pollard (1985), but D. gouldi could also be applied to the Johnson Farm
specimens.

Branchiopod crustaceans, most likely notostracans, are thought
to have been the producers of these traces (Pollard, 1985).The counter-
part of SGDS 197 was illustrated in Milner and Lockley (2006, fig. 6C).

Ichnogenus Helminthoidichnites Fitch, 1850
Helminthoidichnites tenuis Fitch, 1850
Figure 2C

Referred specimens: SGDS 375, in convex hyporelief (float
specimen); SGDS 741, 742, 743, and 747 preserve negative relief im-
pressions collected in situ from the upper track bed at the Stewart-
Walker Tracksite near the SGDS museum.

Description: All slab surfaces show numerous simple, horizontal



FIGURE 4. Selected invertebrate trace fossils (burrows) from Johnson Farm. A, SGDS 453, Skolithos ichnosp. in bedding plane view. B, SGDS 191,

Palaeophycus tubularis in convex hyporelief.

trails that are preserved in convex hyporelief or in concave epirelief.
Diameters are thin and average about 1.0 mm. The greatest trail length is
14 cm. Burrow fill is similar to the host slab. Trails courses are mostly
straight to gently curved. Overlap is commonly seen between individual
trails, but there is no self-overcrossing.

Remarks: Reports of Helminthoidichnites from nonmarine set-
tings range from the Carboniferous to the Cretaceous and include one

Jurassic record from deposits in China (Buatois et al., 1996).
Nematomorphs or insect larvae are thought to have been the producer of
these simple grazing trails in nonmarine settings (Buatois et al., 1997;
Metz, 2000).

Ichnogenus Kouphichnium Nopsca, 1923
cf. Kouphichnium ichnosp.
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Figures 2A, 3A

Referred specimens: SGDS 258, single trackway in convex
hyporelief, SGDS 366, partial trackway in concave epirelief of cf.
Kouphichnium ichnosp. (float, probably from “Top Surface” layers);
SGDS 452, two partial trackways preserved on actual tracking surface
and as undertracks in concave epirelief (a close to in situ specimen col-
lected from the “Top Surface” layers on former Darcy Stewart prop-
erty); SGDS 641, partial, single trackway preserved as undertracks in
concave epirelief (float specimen from uncertain horizon).

Description: The best preserved single trackway (SGDS 258:
Fig. 2A) consists largely of discontinuous drag marks that are oriented
approximately parallel to the trackway axis. Discrete imprints are not
well seen except on a narrow segment where the trackway course curves.
This segment shows a track row with four elongate imprints that are
oblique to the trackway midline. The imprints are straight to curved and
measure up to 1 cm long. A medial telson drag mark is intermittently seen
within the length of the trackway. The trackway course is straight to
gently curving and is up to 70 cm long. The external trackway width is up
to 40 mm.

Digitate “pusher” foot impressions are not preserved on this speci-
men, and for this reason definite assignment to Kouphichnium is not
made. Indeed, SGDS 258 shows some similarities to Dendroidichnites,
which consists of two rows of elongate imprints and chevron markings,
and has the overall apperance of a feather-like structure (e.g., Demathieu
et al., 1992; Santi, 2003). However, the similarity of SGDS 258 to
Kouphichnium is greater than to Dendroidichnites, so we identify it as cf.
Kouphichnium. Similarly, SGDS also show some similarities to Keircalia
from the Devonian of Scotland, which is two parallel rows of very
closely spaced imprints with four central grooves (Smith, 1909; Walker,
1985). However, in SGDS 258 the tracks are not so clear nor are the
rows, so we maintain a tentative assignment to Kouphichnium.

Another larger slab shows two partial cf. Kouphichnium-like
trackways (SGDS 452), one with clear foot falls in an arcing trackway
(external trackway width ~11.5 cm; trackway length ~30 cm) (Milner
and Lockley, 2006, fig. 6B). A second, poorly-preserved trackway on
this same slab is straight, measuring 13 c¢m in length, with an external
trackway width of ~50 mm.

Remarks: Although the SGDS 258 trackway and others can ten-
tatively be assigned to cf. Kouphichnium, an ichnospecific assignment is
not given due to the overall poor preservation and due to the confused
ichnospecific taxonomy of Kouphichnium. As noted by Buatois et al.
(1998), a taxonomic revision of Kouphichnium is much needed due to the
probability that most of its ichnospecies are the result of undertrack
fallout. Kouphichnium has previously been recorded in western North
American Jurassic continental deposits (e.g., Hasiotis, 1996, 2004), and
is particularly well known from the Upper Triassic of Utah, Arizona and
New Mexico (Caster, 1944; Hunt et al., 1993). Limuloid xiphosurans
(horseshoe crabs) are recognized as having been the producers of
Kouphichnium (Hantzschel, 1975).

Another specimen from Johnson Farm (SGDS 366) displays two
cf. Kouphichnium ichnosp. trackways that appear to overlap each other
(Fig. 3A). The better trackway displays “pusher” foot marks that are in
sets of three and sometimes four. This specimen also resembles trackways
assigned to the ichnogenus Harpepus (Hitchcock, 1865; Lull, 1953;
Lockley et al., 2002). Harpepus has been attributed to insects, especially
coleopterans (Lockley et al., 2002).

Ichnogenus Palaeophycus Hall, 1847
Palaeophycus tubularis Hall, 1847
Figure 4B

Referred specimens: SGDS 191, 843, 844, 845, and many in situ
specimens from the “green conchostracan bed,” all preserved in convex
hyporelief, SGDS 847, collected in float from a light brown, coarse

sandstone unit, preserved in convex hyporelief.

Description: Very large in situ surfaces (lateral extent approxi-
mately 60 m), heavily bioturbated, and covered with numerous irregu-
larly cylindrical, thinly-lined burrows with straight to gently-curved
horizontal courses. Surface walls are irregularly smooth and lack stria-
tions or annulations. Burrow diameters typically are about 7-9 mm. The
burrow fill is the same as the surrounding rock. Branching is absent,
although cross-cutting and interpenetration is seen between specimens.
Preservation is in convex hyporelief.

Remarks: These simple burrows are assigned to P. tubularis based
on their smooth, unornamented walls and on the presence of a thin wall
lining (Pemberton and Frey, 1982). Palaeophycus represents passive
sedimentation within open dwelling burrows (domichnia) constructed
by a predaceous or suspension feeding animal (Pemberton and Frey,
1982), and a variety of other behaviors and animal types (q.v. Metz,
1998). Palaeophycus is a facies-crossing ichnotaxon that ranges in age
from Proterozoic to Holocene in both nonmarine and marine rocks.

Ichnogenus Skolithos Haldeman, 1840
Skolithos ichnosp.
Figure 4A

Referred specimens: Hundreds of individual specimens are pre-
served in situ on the “Slauf Burrow Bed and “Sally’s Burrow Bed” at the
SGDS. Several samples were also examined for this study: SGDS 453,
504, 505, 639, 679, and 854.

Description: These slab surfaces are covered with numerous
endichnial, vertical, single entrance burrows that appear as circular holes
or raised circular protuberances. Diameters range from 0.5 to 0.75 mm.
Total lengths of shafts cannot be determined. Burrow fill is the same as
the surrounding host rock, and linings are not present. Distances be-
tween shafts vary, and some are seen to touch.

Remarks: These specimens are assigned to Skolithos based on
their simple morphology and vertical orientation. No ichnospecific as-
signment is attempted due to the lack of observable vertical cross sec-
tions. Skolithos is common in Mesozoic nonmarine assemblages from
North America (e.g., MacNaughton and Pickerill, 1995; Gillette et al.,
2003). Modern makers of simple vertical dwelling burrows (domichnia)
in nonmarine settings include insects and spiders (Gierlowski-Kordesch,
1991). Skolithos is a facies-crossing ichnotaxon that ranges in age through-
out the Phanerozoic (Alpert, 1974). SGDS 453 was illustrated in Milner
and Lockley (2006, fig. 6F).

INORGANIC STRUCTURES

The SGDS museum Top Surface also contains load casts, a vari-
ety of tool marks and rill marks that superficially resemble biogenic
structures. Zigzag lines on the sediment bear some similarity to insect
grazing traces such as Treptichnus (Fig. 5SA), but given their size, lack of
continuity, lack of vertical burrow pits, and the polygonal shapes they
circumscribe, two of us (SGL and AJL) believe they are more likely
shrinkage cracks in the sediment. One of us (ARM) still interprets these
as invertebrate grazing traces based on their association with certain
sedimentary structures and other ichnites. This is beyond the scope of
this paper and will be discussed elsewhere.

Mud lumps or load casts (Fig. 5B) bear some similarity to
Margaritichnus (e.g., Bandel, 1967; Hakes, 1976), but they lack central-
ized shafts that connect the proximal and distal ends (cf. Pemberton et
al., 1987; Mangano et al., 2000). Linear tool marks or chevron marks
(Fig. 5C) bear some similarity to Protovirgularia (bivalve walking traces
in Kim et al. [2000] and Lucas and Lerner [2004] and dragonfly larval
trails in Metz [2002]). Milner and Lockley (2006, fig. 6E) illustrated
specimen SGDS 38 as Protovirgularia, although recently, several well-
preserved chevron marks have been located on the in situ tracksite at the
SGDS and we reinterpret this specimen as chevron tool marks rather
than Protovirgularia. Some soft-sediment deformation structures at the



FIGURE 5. Selected inorganic structures that resemble trace fossils from Johnson Farm. A, SGDS 18, shrinkage cracks that resemble Treptichnus. B, SGDS
438, load casts that resemble Margaritichnus. C, SGDS 38, chevron marks that resemble Protovirgularia. D, SGDS 25, soft sediment deformation
structures that resemble Rhizocorallium.

SGDS (Fig. 5D) mimic Rhizocorallium.

DISCUSSION

The SGDS site contains a moderately low diversity invertebrate
ichnofauna that consists of horizontal and vertical burrows (Palaeophycus,
Skolithos), grazing traces (Helminthoidichnites) and arthropod locomo-
tion trails (Kouphichnium, Diplichnites, and cf. Bifurculapes). Among
these invertebrate trace fossils, only Skolithos and smaller Palaeophycus
are abundant, occurring in large numbers on multiple bedding planes.
Larger Palaeophycus are also locally abundant in prolific concentrations,

such as the specimen illustrated here (Fig. 4B). The other invertebrate
ichnotaxa are rare, represented by only one or a few specimens. This
relative abundance of invertebrate ichnotaxa appears to be a real phe-
nomenon, not an artifact of collecting bias. This is because very large
surfaces (up to about 18 x 50 m?) have been excavated at and in the
vicinity of the SGDS to reveal the dinosaur tracks for study and exhibi-
tion. Yet, these surfaces yield few invertebrate traces other than Skolithos
and smaller Palaeophycus. The smaller Palaeophycus are extremely abun-
dant on the submerged MTL surface associated with dinosaur swim
tracks (Milner et al., this volume b).
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We assign the SGDS invertebrate ichnofossil assemblage to the
Scoyenia ichnofacies because it is characterized by horizontal, lined feed-
ing burrows, unlined feeding burrows, vertical cylindrical to irregular
shafts, and is associated with vertebrate footprints (e.g., Buatois and
Mangano, 1995). The Scoyenia ichnofacies is usually considered charac-
teristic of low energy, periodically-submerged or emerged environments.
This supports sedimentological analysis of the lake-margin lithofacies at
the SGDS that indicates just such a paleoenvironment (Milner and
Lockley, 2006; Kirkland and Milner, this volume; Milner et al., this
volume a, b).

Lake margin invertebrate ichnofossil assemblages of Late Trias-
sic-Early Jurassic age have been described from New Mexico (Hester and
Lucas, 2001; Gillette et al., 2003; Lucas and Lerner, this volume), the
eastern United States (Metz, 1989, 1995, 1996, 2000; Gierlowski-
Kordesch, 1991), Greenland (Bromley and Asgaard, 1979, 1991; Dam
and Stemmerik, 1994), Germany (Schlirf et al., 2001) and Argentina
(Melchor et al., 2001; Melchor, 2004). Other than Upper Triassic lacus-
trine delta deposits in Argentina, which are in realtively distal zones and
have an invertebrate ichnofossil assemblage of the Mermia ichnofacies
(Melchor, 2004), these lake margin facies yield low diversity ichnofossil
assemblages of the Scoyenia ichnofacies. These are ichnofossil assem-
blages dominated by simple horizontal or vertical grazing traces and
burrows (e.g., Treptichnus, Cochlichnus, Planolites, Palaeophycus,
Skolithos, Helminthoidichnites, Helminthopsis, Spongeliomorpha) and
meniscate backfilled burrows (e.g., Scoyenia, Taenidium), with some
arthropod walking traces (mostly Diplichnites) and conchostracan/bi-
valve resting traces (Lockeia). The SGDS invertebrate ichnofossil as-
semblage fits well with these other Upper Triassic-Lower Jurassic lake-
margin ichnofossil assemblages of the Scoyenia ichnofacies (Lucas and
Lerner, this volume).

However, these lake-margin ichnofossil assemblages fall into three
categories that may, upon further study, be found to represent three
distinct ichnocoenoses. Thus, most of the assemblages lack either arthro-
pod walking trails or bivalve/conchostracan resting traces. Some assem-
blages have the arthropod walking traces, whereas others have the
conchostracan/bivalve resting traces. These differences may reflect real
differences between the paleocommunities of invertebrates that inhab-

ited Late Triassic-Early Jurassic lake margins. For example, in the Upper
Triassic Redonda Formation of eastern New Mexico, Lockeia is ex-
tremely abundant in the lake margin facies of what was a carbonate rich
lake, whereas no such abundance of Lockeia is documented in other
published Upper Triassic-Lower Jurassic lake margin ichnofacies that
pertain to clastic lakes where water conditions apparently did not favor
a community with large populations of conchostracans.

The SGDS trace fossils also suggest that taphonomic and sedi-
mentological factors may have produced some of the differences be-
tween the lake margin ichnoassemblages evident in the Upper Triassic-
Lower Jurassic record. Thus, arthropod walking traces may be rare at the
SGDS (and some other sites) simply because of the relative coarseness
of the sediment (which is a fine sandstone to siltstone, although mud-
stone, claystone and shale are present) and the reworking of sediment
surfaces by wave action or sheetflow. Firmer substrates have already
been demonstrated to cause a bias among vertebrate ichnites at the SGDS
(Milner et al., 2005), and this will also affect light-weight invertebrate
traces. Some of the arthropod walking traces from the SGDS (Diplichnites,
cf. Bifurculapes, Kouphichnium) probably represent terrestrial trackways
across an aerially exposed sandy-silty-muddy substrate. This possibil-
ity needs to be investigated further in all lake-margin ichnofossil assem-
blages because the nature of the substrate and relative energy of the
environment may be biasing the record by preventing or eliminating
preservation of the most delicate trace fossils seen in lake margin
ichnofossil assemblages, namely the walking traces of arthropods.
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