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Abstract—A tetrapod trackway from the Lower Pennsylvanian at the historic section at Joggins, Nova Scotia,
preserves 13 pairs of impressions with a possible partial tail drag. Although overstepping and poor preservation
obscure many of the diagnostic features, the pes is plantigrade to semi-plantigrade and distinctly pentadactyl, with
digit length increasing sequentially I-III. The manus may be tetradactyl, but no single impression allows this to be
stated confidently. The size of the tracks is within the known range of Batrachichnus salamandroides, which is
known from the same location, and so these tracks are assigned to this ichnospecies. The trackmaker was a small
temnospondyl, although multiple candidates are known from body fossils in this section.

INTRODUCTION

The stratigraphic section at Joggins, Nova Scotia, is one of the
best-exposed and most widely studied Carboniferous sections in the
world. The locale has long been famous for the preservation of lycopsid
trees in growth position, and more so for the diversity of tetrapod fos-
sils, particularly those preserved within the stumps of those trees (Lyell
and Dawson, 1853; Owen, 1862; Dawson, 1862, 1863, 1870, 1876,
1882, 1891a, 1891b, 1892a, 1892b, 1894, 1895; Steen, 1933; Carroll,
1964, 1966, 1967, 1972, 1988, 2009). These remains are an important
record of tetrapod evolution, and include a demonstration of the diver-
sity of temnospondyl amphibians, microsaurs, anthracosaurs (Carroll,
1966; Holmes et al, 1998; Holmes et al., 2010), and the oldest known
amniotes (Hylonomus lyelli; Dawson, 1895; Carroll, 1970, 1972, 1988,
2009). Most of the tetrapod body fossils at Joggins are small, due in
part, undoubtedly, to the preferential mode of preservation, i.e., within
tree stumps (Carroll, 1988).

The section at Joggins also produces a rich ichnofauna, with ap-
proximately a dozen tetrapod ichnogenera named thus far (Hunt et al.,
2004; Lucas et al., 2005). Most recently, Stimson et al. (2012) described
a trackway of Batrachichnus salamandroides from this site that they
present as the smallest tetrapod tracks yet discovered. This paper de-
scribes a similar trackway from the same location in which the tracks are
also quite small, although not so small as documented by these authors.

SETTING

The 1.5 km-thick section of the Joggins Formation at Joggins,
Nova Scotia, is one of the best-known exposures of non-marine Carbon-
iferous strata. The Joggins Formation, Cumberland Group, was depos-
ited during the Namurian through Stephanian stages (Pennsylvanian) in
the Maritimes Basin, Atlantic Canada, a region well known for its Penn-
sylvanian-age coal deposits, including the historically important location
of Joggins,. The Maritimes Basin is a complex of depocenters centered
over the Bay of Fundy and Gulf of Saint Lawrence that includes the
Cumberland, Minas, Moncton, and Sydney basins. It originated in the
Middle Devonian as a structural and erosional remnant of an earlier
depocenter of unknown size (Gibling et al., 1992).

The Devonian and Lower Carboniferous basin fill comprises allu-
vial and lacustrine deposits of the Horton and Canso groups and evapor-
itic marine deposits of the Windsor Group. Alluvial deposition domi-
nated from Namurian to Early Permian time during accumulation of the
Riversdale, Cumberland, and Pictou groups. Sedimentation was notably
rapid during deposition of the Joggins Formation as withdrawal from the
underlying Windsor Group (Mississippian) evaporites accelerated sedi-
ment accomodation (Waldron and Rygel, 2005). Deposition of the Joggins
Formation was characterized by cyclical sequences of coastal wetland

deposits, including coastal plain, deltaic plain and distributary channel
facies comprising fine-grained siliciclastics, sandstones, coals and lime-
stones. Cyclicity was potentially controlled by eustatic changes
(parasequences: Davies and Gibling, 2003).

MATERIAL  AND PROVENANCE

The slab studied here was collected from the backshore of the
beach at Joggins immediately below the cliff about 250 m north of the
access from Main Street (Fig. 1). Matching the lithology and bedding of
the slab to the cliff face suggests that it derived from just below a chan-
nel-fill sandstone at about 597 m above the formation base, between
coals 16 and 17 in cycle 9 (after Davies et al., 2005); this is approxi-
mately the same location that produced the trackway described by Stimson
et al. (2012). The specimen described herein was collected in the summer
of 1988 (before passage of the Nova Scotia Special Places Protection
Act) while the author conducted graduate research elsewhere in the prov-
ince. The specimen is housed in the Department of Biological Sciences
fossil collection at Le Moyne College, in Syracuse, New York.

The material is a single trackway preserved on a roughly triangu-
lar-shaped slab, 15 cm by 24 cm, consisting of light brown, rippled
siltstone with gray clay drapes (Fig. 2). The upper and lower surfaces of
the slab are thin claystone coatings of the siltstone. The upper surface

FIGURE 1. Location of the sample collection site on the shore of Chignecto
Bay, Bay of Fundy, by the village of Joggins, Nova Scotia, Canada (image
adapted from Google Earth®.
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preserves circular impressions, presumably of raindrops. The trackway
described below is preserved on the lower surface of the slab.

SYSTEMATIC ICHNOLOGY

Ichnogenus Batrachichnus Woodworth, 1900
Ichnospecies Batrachichnus salamandroides (Geinitz, 1861)

Diagnosis: This ichnospecies is represented by quadrupedal
trackways that are typically small and narrow, and commonly show
alternating manus-pes sets with little divergence of manus and pes axes,
and a pace angulation that rarely exceeds 90°. The individual impressions
are elongate, the distal ends of the soles and digits are rounded, and the
soles narrow posteriorly. Pes prints are pentadactyl and plantigrade to
semi-plantigrade, with lengths up to 35 mm long (Voigt, 2005). Digits I -
III are grouped closely together and increase in length sequentially, digit
IV is the longest and somewhat separated from the others and digit V is
directed laterally and set somewhat posteriorly. Manus prints are
tetradactyl and semi-plantigrade; they are smaller than the pes prints and
digits increase from I – III; digit IV diverges outward from the grouping of

I – III. A tail or body drag may be present (Haubold, 1971, 1996; Melchor
and Sarjeant, 2004; Lucas et al., 2011; Stimson et al., 2012).

Description: The trackway consists of 27 impressions arranged
as roughly 13 left-right pairs. All tracks are preserved as undertracks in
convex hyporelief. The entire trackway is 149 mm long and has a mean
width (=outer left pes to outer right pes) of 13 mm. The proximal end of
the trackway is straight, but bends 23o to the right (relative to the direc-
tion of travel) after 70 mm (Figs. 2A, 3). There is no distinct tail drag,
although there is a subdued convex linear feature between the left and
right sides of the trackway at the proximal end extending to about 50 mm
from the trackway start that suggests a tail or body drag impression (Fig.
4).

In general, preservation is better for the proximal tracks, particu-
larly 2 through 6, in which features of individual tracks are more clearly
recognizable. However, consistent partial overstepping severely com-
prises the ability to measure these quantitatively. Among the proximal
tracks, the best preserved pes (e.g. LP5; Fig. 4) is pentadactyl, measuring
5.2 mm long by 5.0 mm wide. On this print, digits I -III are seen to
increase serially and IV-V diverge from the first three. Only one manus

FIGURE 2. Specimen slab collected at Joggins. A, View of the underside of the entire slab, with B, detail of the trackway (view rotated with proximal end
of trackway at bottom).
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FIGURE 3. Detail of trackway with tracks numbered serially from proximal to distal.

FIGURE 4. Detail of the proximal portion of the trackway, illustrating potential tail drag impression between left and right prints. Partial overstepping
of pes on manus present in most tracks, with lateral offset between manus and pes visible in tracks. LP5 and RM2 discussed in text.
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FIGURE 5. Distal portion of the trackway exhibits poorer detail. Elongated digits (Gracilichnium preservation) visible in some tracks, indicated by closed
arrows. An isolated tridactyl impression appears to the left of the trackway near the top of the photograph (open arrow).

(RM2) approximates a tetradactyl morphology, measuring 4.5 mm long
by 4.2 mm long, but this impression is not sufficiently distinct to assess
confidently. All other manus impressions have reduced digits (typically
three), where the digits are distinct from the overstepping pes impres-
sion. The impressions (pes and manus) in the proximal trackway are
mostly plantigrade to semi-plantigrade, with posteriorly rounded soles
and rounded to pointed digits. The direction of overstepping of the
manus by the pes varies from directly in-line (e.g., LP5 over LM5 in
figure 3), to offset, with the manus to the right of the pes in both right and
left pairs (LM2, LM3, RM2, RM3). The pace measures 4.7 to 6.0 mm,
and stride length varies from 9 to 11 mm. Pace angulation varies from 61o

to 74o.
The distal section of the trackway differs from the proximal in the

generally indistinct preservation of the tracks (Figs. 3,5), most likely due
to a change in substrate; the clay layer containing the tracks is less than
1 mm thick at the edge of the slab on the proximal end, but about 2 mm
thick at the distal edge. Thus, the track maker walked across a firmer
substrate initially and encountered deeper, softer material farther on.
The distal tracks are mainly semi-plantigrade, and the digits are typically
too indistinct to count or measure. Several of the distal impressions
exhibit “Gracilichnium-type” preservation (Fig. 5; sensu Haubold, 1970),
consistent with a deeper, softer substrate.

Two isolated impressions occur exterior to the distal portion of
the trackway, 2 to 3 mm to the left of the outer edge of the nearest

impression (Fig. 5). These appear to be semi-digitigrade impressions
displaying at most three digits. The relief and clarity differ from the
adjacent impressions of the trackway, and therefore represent tracks
made at a different time.

Remarks: As well-reviewed by Stimson et al. (2012), the
ichnospecies Batrachichnus plainvillensis, erected by Woodworth (1900),
is a junior synonym of Saurichnites salamandroides, initially erected by
Geinitz (1861). Because small trackways are readily subject to signifi-
cant extramorphological variations, due in part to differences in grain size
and water content of the substrate, as well as mode of preservation
(Melchor and Sarjeant, 2004), multiple ichnotaxa were introduced to
account for the variable morphologies of small temnospondyl footprints,
but these were recognized as junior synonyms of B. delicatulus (Lull,
1918). Subsequent comparisons of Anthichnium salamandroides indi-
cated that it also conforms to the ichnogenus Batrachichnus (Woodworth,
1900). Tucker and Smith (2004), in contrast, synonymized
Batarachichnus and Limnopus based on similarities of morphology and
the size continuum, but Falcon-Lang et al. (2010) retained Batrachichnus
to describe the traces at the smaller end of the size range. The present
work follows Lucas et al. (2011) in recognizing Batrachichnus as a mono-
specific ichnogenus that includes only B. salamandroides.

DISCUSSION

Assignment of the described specimen to B. salamandroides is
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based on the presence of most of the diagnostic features described above,
in combination with the size of the individual impressions. In clear speci-
mens, the pentadactyl pes and tetradactyl manus, with distinct separa-
tion between digits I-III and IV, are considered diagnostic. The specimen
described here does not present a manus sufficiently clear to describe as
tetradactyl, due largely to overstepping, although at least one impression
suggests this morphology. Otherwise, the tracks conform to the general
features of B. salamandroides. Haubold et al. (1995) present 20 mm as
the typical pes length for Batrachichnus delicatulus, with smaller im-
pressions (4 to 5 mm) referred to B. obscurus. Lucas et al. (2011),
however, suggest 20 mm as the upper range of size of Batarchichnus, and
describe pes lengths of 5 to 15 mm as typical for the ichnogenus. Falcon-
Lang et al. (2010), for example, described tracks of Batrachichnus sp.
from the Lower Pennsylvanian of New Brunswick (equivalent to the
Joggins Formation) and measured manus lengths of 5 to 8 mm. Stimson
et al. (2012) extend the size range of this ichnogenus significantly, mea-
suring pes lengths of 1.7 to 3.2 mm. Consequently, size and morphologi-
cal conformity of the herein described tracks is consistent with attribu-
tion to B. salamandroides.

Haubold (1971, 1996) favored a small temnospondyl as the
Batrachichnus trackmaker, possibly a juvenile eryopid, but as noted by
others (Yates and Warren, 2000; Ruta et al., 2003; Falcon-Lang et al.,
2006), there are no synapomorphies of the manus and pes other than the

four-digit manus. Falcon-Lang et al. (2006) suggest the temnospondyl
Dendrerpeton, known from body fossils in the Joggins Formation, as a
likely candidate. Stimson et al. (2012), in comparing the tracks they
describe with potential trackmakers, acknowledge Dendrerpeton as one
possibility, but also acknowledge other temnospondyls (branchiosaur,
Eryops) that might produce similar tracks.

SUMMARY

The Lower Pennsylvanian tetrapod trackway collected at Joggins
displays many of the features typical of the ichnogenus Batrachichnus,
such as a pentadactyl pes and the size distribution of the digits on the
pes. Overstepping and lack of detailed preservation prevent confident
description of the manus as tetradacyl, however. The size of the tracks is
within the range known for the ichnospecies B. salamandroides, which
is well-described from this locality, and so these tracks are assigned to
this ichnospecies. Potential trackmakers known from body fossils at this
section include a variety of small temnospondyls.
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