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ABSTRACT: U-shaped burrows (Arenicolitidae: Arenicolites longistriatus n.isp.) and con-
nected series of similar U-shaped burrows (Treptichnus apsorum n.isp.) are common at the
Steven C. Minkin Paleozoic Footprint Site near Union Chapel, Alabama. Both kinds of bur-
rows share a similar bioprint (new term), that is, characters that allow recognition of the maker.
In this case, shallow U-shaped burrows and longitudinal striation comprise the bioprint of
larval insects, or possibly other arthropods, having similar behavior and growth patterns to that
of modern dipteran (fly) larvae. Haplotichnus, including H. ornatus n.isp., may have been
made by very small insect larvae and other arthropods.

Ichnogenus Treptichnus is confined to T. bifurcus (the type ichnospecies), T. apsorum, and T.
pollardi. Ichnofamily Arenicolitidae is revised.
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INTRODUCTION

The most abundant trace fossils of the Steven C.
Minkin Paleozoic Footprint Site near Union Chapel,
Alabama, are insect burrows: zigzag burrows
Treptichnus apsorum n.isp. and shallow U-shaped bur-
rows Arenicolites longistriatus n.isp. Many slabs are
covered on both sides with these trace fossils, which are
commonly preserved in exquisite detail. These trace fos-
sils are valuable keys to the paleoenvironment of the
Steven C. Minkin Site. Arenicolites and Treptichnus are
considered together here because they have similar size
range and morphologic features. As will be shown,
Treptichnus can be considered as a string of Arenicolites
connected together in a particular pattern. Intergrada-
tional trace fossils consisting of only a few connected
Arenicolites are considered to be incipient Treptichnus.

Setting

More than 25 m of Lower Pennsylvanian strata are
exposed at the Steven C. Minkin Paleozoic Footprint
Site near Carbon Hill, Walker County, Alabama, and
about 7 m consist of the abundantly ichnofossiliferous
Cincosaurus beds (Pashin, 2005). The site, about 13.4
hectares (33 acres) in area, is a small part of the Union
Chapel Mine operated by the New Acton Coal Mining
Company. Beginning in December 1999, amateur pale-
ontologists conducted an extensive weekend salvage
operation with the cooperation of coal company and state
officials. In 2004, the site was acquired by the Alabama
Department of Conservation and Natural Resources, and
on March 12, 2005, the site was dedicated to the memory
of deceased collector Steven C. Minkin.

The Steven C. Minkin Site has yielded a spectacu-
lar abundance of well-preserved tetrapod trackways
(Haubold et al., 2005; Martin and Pyenson, 2005). Simi-
lar trace fossils occur elsewhere in the Black Warrior

basin, though in smaller numbers (Rindsberg, 1990).
Hundreds of slabs have been recovered from the spoil
piles at the Steven C. Minkin Site, especially from the
Cincosaurus beds underlying the Newcastle coal seam.

Paleoenvironment

Although previous workers suggested a floodplain
to lacustrine environment for the Indiana Treptichnus
(Archer and Maples, 1984), and a brackish tidal-flat
environment for Alabama Treptichnus (Rindsberg,
1990), in both cases these are now recognized as fresh-
water tidal-flat environments (Kvale et al., 1989; Ar-
cher, 1998; Pashin, 2005). This is the result of a rapid
and exciting increase in knowledge about such systems.
Treptichnus has also been reported from marine
paleoenvironments, but, as will be shown, these examples
are morphologically distinct from the type species, tend-
ing to have relatively short segments and a relatively
regular pattern (Buatois and Mángano, 1993a).

The Cincosaurus beds were deposited as silty mud
in a freshwater tidal setting, evidently at the head of an
estuary near a delta (Pashin, 2005). As shown by Pashin,
the evidence for very rapid tidal deposition includes cou-
plets of laminae up to 0.5 cm thick, each representing
one diurnal tidal cycle. Freshwater conditions are sug-
gested by the presence of amphibian trace fossils, as
well as the absence of brackish and marine indicators
such as siderite or stenohaline fauna. However, J. Clack
(personal commun., 2005) indicates that some Carbon-
iferous temnospondyls may have tolerated brackish
water. There is no evidence of desiccation; mudcracks
and rainprints are absent. Gas-escape structures are very
common, suggesting, along with the dark color of the
shale and the preservation of plant debris, that the or-
ganic content of the mud was very high (Rindsberg,
2005).

The shale has probably been compacted to some
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degree, perhaps to one-third of the original thickness (J.
C. Pashin, personal commun., 2005).

In slabs from the Union Chapel Cincosaurus beds,
Treptichnus and U-burrows may occur alone or together,
and may also accompany any of the other ichnotaxa
known from the same beds, including tetrapod trackways.
In contrast, at Galloway Mine no. 11, from which
Aldrich’s (1930) specimens were collected, slabs with
tetrapod trackways generally lack invertebrate burrows,
though the horseshoe crab trackway Kouphichnium
aspodon (Aldrich, 1930)  is present. The reasons for
this difference are unknown, but it is clear that the Union
Chapel Mine represents only one snapshot from a whole
album of paleoenvironments represented in other expo-
sures within the Black Warrior Basin, for the ranges of
ichnotaxa overlap in a gradient from freshwater to quiet-
water marine shelf deposits (Rindsberg, 1990). Tetra-
pod trackways, Treptichnus, and Undichna are charac-
teristic of the freshwater end of this continuum.

Trace fossil assemblage of the Cincosaurus beds

Trace fossils in the Cincosaurus beds are primarily
preserved in full relief within laminated shale, and are

exposed on laminar surfaces as hypichnia and epichnia.
Most are very shallow and not clearly visible in cross
section. Among the most common ichnotaxa from the
Cincosaurus beds, other than tetrapod trackways, are
Treptichnus, Arenicolites, Kouphichnium, and
Undichna (Rindsberg et al., 2001, 2004; Rindsberg and
Kopaska-Merkel, 2003). Surfaces having tetrapod
trackways at Union Chapel generally also contain in-
vertebrate traces (Fig. 1). Because the field relations
must be deduced from broken spoil, it is important to
note that each pair of these ichnotaxa has been found in
close association on single slabs, confirming that they
belong to one assemblage.

Bioprint

The characters that allow recognition of the maker
are called a trace’s signature or bioprint. The Union
Chapel Arenicolites has a distinctive bioprint that is
shared with the local Treptichnus, with which it occurs.
Both are evidently the burrows of the same or similar
animals.

In the following sections, the focus is on the ethol-
ogy and possible makers of Arenicolites and Treptichnus.

FIGURE 1. Tetrapod trackway with Treptichnus apsorum and gas-escape structures. UCM 788, lower surface. The scale in all figures
is in centimeters.
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The formal, morphologically-based classification of
Arenicolites, Treptichnus, and similar trace fossils is
dealt with under “Systematic Ichnology.”

ARENICOLITES
The Alabama Arenicolites

Arenicolites Salter, 1857 consists of simple, verti-
cal, U-shaped, open holes with distinct walls; the bur-
rows extend upward to two apertures at the surface of
the substrate. In modern examples, the tracemaker gen-
erally lives within the U-burrow, rarely leaving it; feed-
ing is accomplished by circulating water through the
burrow (a process called irrigation or bioirrigation) and
filtering particles from the water. This dwelling-burrow
(domichnial) strategy favors animals that live in water
having a high flux of food particles, for example, in
intertidal and nearshore environments having reliably
strong currents. Dense populations of filter-feeders are
possible in such environments, which are unsuitable for
most other species.

Many kinds of living animals can excavate vertical
dwelling burrows of various kinds; certain polychaete
worms, amphipod crustaceans, and insects are among
those that make modern examples of Arenicolites (Cham-
berlain, 1977). In contrast, the makers of most fossil
Arenicolites are unknown because the burrows lack suf-
ficiently diagnostic characters, or because the signifi-
cance of those characters is not understood. However,
the makers of Arenicolites from the Steven C. Minkin
Site have a distinctive bioprint.

The Union Chapel U-burrows, Arenicolites
longistriatus n.isp., are shallow, 2.5 to 11 mm wide at
the ends and 11 to 84 mm long, but generally less than 8
mm deep (Fig. 2). Compaction of shale has probably
flattened the traces somewhat, possibly to a fraction of
the original depth. Some are simple, but others have a
shallow spreite consisting of only a few laminae (Figs.
2, 3), which can be discounted for the purposes of clas-
sification. The U-burrows’ most distinctive feature is
their longitudinal striation, with striae scored into the
floor of the burrow (Figs. 2, 3). As shown by Uchman
(2005), this bioprint makes it possible to relate the bur-
rows to those of the larvae of modern dipterans (true
flies), including chironomids (midges) and tipulids
(craneflies), in fresh water.

Arenicolites longistriatus as an insect burrow

Chironomids are abundant in modern freshwater to
brackish aquatic environments; some species are even
marine. Their habits are as diverse as their habitats. The
larvae generally build silken tubes on or within the sub-
strate, and in some species the tube is modified as a
case that protects the larva as it travels on the substrate.
Some forms spin silken nets to use as filters for gather-
ing food particles; others graze on the substrate or bur-
row within it; still others are carnivorous. The group
includes many species that are tolerant of low-oxygen
and high-organic conditions.

 Tipulids occur in moist to wet terrestrial, freshwa-
ter and brackish environments, where the larvae eat roots

or organic debris such as leaf litter. Unlike the chirono-
mids, they have a rather low tolerance of high-organic
conditions.

It should be noted that the fossil record of the Diptera
goes back only to the Late Triassic (Evenhuis, 2004).
Although Pennsylvanian trace fossils that appear to be
made by dipterans may in fact have been made by oth-
erwise unrecorded, early dipterans, it is also possible
that the burrows were made by other insects, or possi-
bly other arthropods, having similar behavior.

TREPTICHNUS
The Alabama Treptichnus

Treptichnus Miller, 1889 is a burrow consisting of
segments connected at their ends, each one to the next,
characteristically but not invariably in a zigzag pattern.
The Alabama ichnospecies, T. apsorum n.isp., is simi-
lar to Miller’s type ichnospecies, T. bifurcus, but, like
Arenicolites longistriatus, is longitudinally striate (Fig.
4). Several other zigzag burrows have been included in
Treptichnus, but represent such different behavior that
they are considered here as belonging to other
ichnogenera, as suggested by Buatois and Mángano
(1993a) and discussed further in “Systematic Ichnology.”

The Alabama Treptichnus consists of shallow U-
shaped segments of similar dimensions and sculpture to
the U-burrows described here, but connected in a zig-
zag pattern (Figs. 4-9), suggesting that they were made
by the same or similar species. The U-shaped compo-
nents can be arranged in any pattern from a regular zig-
zag to an irregular zigzag to a nearly straight line, though
most are irregularly zigzag (Figs. 5, 7). The U’s are
branched not at their ends, but just before (Fig. 8), so
that at the original sediment surface, only a series of
alternating apertures would have been visible. Each U-
shaped segment within a specimen has a relatively con-
stant width, ranging overall from 1 to 3.5 mm, but seg-
ment length may vary threefold within a specimen, from
2.5 to 60 mm overall. At depth within the substrate, the
zigzag pattern in some cases is smoothed out to form a
gently curved to nearly straight Planolites-like burrow
(Fig. 9).

The burrows are longitudinally striate, a bioprint
that points to an arthropod maker. More than one lamina
of mud may be preserved within a burrow, and each can
be striate, suggesting that the maker could adjust the
burrow upward to some degree as a response to partial
filling of the burrow owing to rapid deposition. The
burrows show no sign of having been filled by the maker
after use, but instead were allowed to collapse. As will
be shown, these features, which are significant in inter-
preting the makers of these burrows, are different from
those of burrows ascribed to Treptichnus from truly
marine settings.

Treptichnus bifurcus and T. apsorum
 as insect burrows

Miller (1889) based Treptichnus and two similar
trace fossils, Plangtichnus and Haplotichnus, on speci-
mens he found in the Lower Pennsylvanian Hindostan
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FIGURE 2. Arenicolites longistriatus showing the longitudinal striation for which it is named, scored into the floor of the burrow.
Striation is evident in four different laminae within a rudimentary spreite. A (Top): Holotype, UCM 2038, upper surface. B (Bottom):
Upper surface.
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whetstone beds (Mansfield Formation) of Orange
County, Indiana (Figs. 10-12). The original descriptions
were embedded and forgotten in the section on fossil
insects in a book-sized catalog of all the North Ameri-
can Paleozoic fossils known at that time, but the
ichnogenera were rediscovered by Häntzschel (1975) and
revised by Maples and Archer (1987) and Buatois and
Mángano (1993a).

Miller (1889) attributed the burrows to insect lar-
vae, and guessed that they might be the larvae of
palaeodictyopterans, which were similar to dragonflies
(Atkinson, 2005) and occur in both the Hindostan beds
of Indiana and the Cincosaurus beds of Alabama. Al-
though there is no need to read the Hindostan rock record
so literally, Miller’s attribution of the burrows to insect
larvae was sound. If he had documented the modern
analogs, it would have left a firm basis for recognition
of Treptichnus elsewhere, but he did not. Eventually,
however, Treptichnus of probable insect origin was dis-
covered in Carboniferous strata in much of the Ameri-
cas (Table 1). Tessier et al. (1995) and Archer et al.
(1995) reported similar insect burrows on freshwater to
brackish fluviotidal flats on the coast of northern France.
Recent work by Uchman (2005) confirms that dipteran
fly larvae are at least one of the makers of striate zigzag
burrows in modern alluvial mud in Poland.

Ontogeny of the makers of Treptichnus

Evidence is seen for the ontogeny (growth) of the
tracemakers of Treptichnus. In his Indiana specimens,

which are of nearly the same age as the Alabama speci-
mens and are found in similar kinds of rocks, Miller
(1889) distinguished very small zigzags as Haplotichnus,
medium ones as Treptichnus, and large ones as
Plangtichnus, and some morphologic differences can be
picked out between these forms. Because intermediate
forms exist from Haplotichnus to Treptichnus to
Plangtichnus, it seems possible that Miller named three
stages in the behavior of one species as it progressed
through life.

As shown in “Systematic Ichnology,” Haplotichnus
indianensis may be the work of very young larvae of
the same species as made Treptichnus bifurcus, but their
morphology is different enough to inspire caution about
synonymizing these ichnotaxa.

In Alabama, similar relationships hold, except that
Haplotichnus is present only at other Pottsville sites and
not at Union Chapel. At any one horizon on a piece of
broken spoil, each population of Treptichnus generally
ranges only narrowly in size (Fig. 5), suggesting that
tracemaker populations consisted of cohorts of the same
age. However, the overall size range shows no clear evi-
dence for separation into instars.

At some horizons, the size range is bimodal (Fig.
1). In this case, traces made at different times may be
superposed, apparently accounting for the bimodality
at least of U-shaped burrows and Treptichnus. The great
overall size range suggests that deposition of the
Cincosaurus beds encompassed at least one season, dur-
ing which insect larvae had time to grow to maturity.

FIGURE 3. Arenicolites longistriatus showing collapse of sediment over shallow gallery. Upper surface. The shallow spreite can be
discounted for the purposes of classification.
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FIGURE 4. Longitudinal striation in a short but well-preserved specimen of Treptichnus apsorum. Upper surface.

FIGURE 5. Treptichnus apsorum consisting of shallow, U-shaped segments of similar dimensions and sculpture to Arenicolites
longistriatus (also present) but connected in a zigzag pattern. UCM 2026, upper surface. For closer view of holotype, see Fig. 6.
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RELATIONSHIP BETWEEN ARENICOLITES
AND TREPTICHNUS  IN ALABAMA

Burrows assigned to these ichnogenera are among
the most common at Union Chapel. They occur on the
same slabs as tetrapod trackways and the swimming trace
Undichna, so their makers are all presumed to have lived
together. Although they appear at first glance to be dis-
tinct, it is likely that Arenicolites longistriatus and
Treptichnus apsorum were made by one species or at
least a group of species of insect, as will be shown.

Arenicolites and Treptichnus from Union Chapel
occur together (Fig. 5) and are built of similar U-shaped
components: one in Arenicolites, two or more in
Treptichnus. Segment width is 2.5 to 11 mm in
Arenicolites and 1 to 3.5 mm in Treptichnus; segment
length is 11 to 84 mm in Arenicolites and 2.5 to 60 mm
in Treptichnus. Both are shallow U-burrows, with the
greatest observed depth being 8 mm in a single speci-
men of Arenicolites in relatively coarse-grained, hence
probably uncompressed, sediment. Tellingly, parallel
longitudinal striation is found in both the Alabama forms
despite this feature being rarely reported in either
ichnogenus elsewhere. These similarities are so close,
and so unusual, that they probably indicate that both
types of burrows were made by the same kind of ani-
mals — possibly different species, but very likely be-
longing to the same group of insects or other arthropods.
In more technical terms, similarities in bioprint (size and
sculpture of components) as well as co-occurrence are
evidence for a similar or identical maker (Rindsberg and
Martin, 2003).

SYSTEMATIC ICHNOLOGY

Because the taxonomy of Arenicolites and
Treptichnus is bound to that of other ichnogenera, the

systematic ichnology includes discussion of some trace
fossils that are not found at the Steven C. Minkin Site,
especially Treptichnus bifurcus and Haplotichnus
indianensis. These are based on examination of Miller’s
Indiana holotypes as well as observations on hundreds
of specimens from the Steven C. Minkin Paleozoic Foot-
print Site.

Ichnofamily Arenicolitidae Richter, 1926

* 1926 Arenicolitidae Richter, p. 212.
1929 Arenicolitidae, Bentz, p. 1180-1181.
1932 Arenicolitidae, Mägdefrau, p. 158.
1941 Arenicolitidae, Hundt, p. 63.
1956 Arenicolitidae, Lessertisseur, p. 61.
1961 Arenicolitidae, Vialov, Table 1.
1975 Arenicolitidae, Häntzschel, p. W17.

Original diagnosis. “U-Röhre ohne Spreite. [Nicht “U
in U”].” (U-tubes without spreite. [Not “U-in-U.]”)
(Richter, 1926, p. 212).

Emended diagnosis. Simple, unspiraled, U-shaped bur-
rows without spreite, and systems consisting of J-shaped
burrow segments with only one topologic U open at a
time; plane of U normal or oblique to bedding; U ori-
ented upward to include two apertures.

Type genus. Arenicolites Salter, 1857 by original desig-
nation.

Remarks. Richter (1926) contrasted U-shaped burrows
with and without spreite, naming the U-burrows with
spreite as Rhizocorallidae (properly Rhizocoralliidae,
nom. correct.) and the U-burrows without spreite as
Arenicolitidae. Believing that Diplocraterion lacks a

TABLE 1. Distribution of Treptichnus bifurcus and similar forms.

Age Location Ichnospecies Reference

Oligocene Switzerland T. pollardi Uchman et al., 2004
Late Triassic Pennsylvania, USA T. pollardi Metz, 2000
Late Pennsylvanian-Early Permian Santa Catarina, Brazil T. pollardi Balistieri et al., 2002
Late Pennsylvanian Kansas, USA T. bifurcus Buatois et al., 1998a,b

T. pollardi
Pennsylvanian Catamarca, Argentina T. pollardi Buatois & Mángano, 1993b
Early Pennsylvanian Alabama, USA T. apsorum this study
Early Pennsylvanian Alabama, USA T. bifurcus Rindsberg, 1990
Early Pennsylvanian Indiana, USA T. bifurcus Miller, 1889

Archer & Maples, 1984
Maples & Archer, 1987

Early Pennsylvanian Nova Scotia, Canada T. pollardi Archer et al., 1995
Middle Pennsylvanian Oklahoma, USA T. bifurcus Lucas et al., 2004
Late Mississippian Alabama, USA T. bifurcus Rindsberg, 1991
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FIGURE  6. Holotype of Treptichnus apsorum. UCM 2026, upper surface.
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spreite, Richter (1926) included it together with
Arenicolites and perhaps Arthraria in Arenicolitidae.
The Rhizocoralliidae included the spreite-bearing U-bur-
rows Rhizocorallium and Corophioides (now consid-
ered to be a junior synonym of Diplocraterion; Fürsich,
1974). Bentz (1929) added his new ichnogenus,
Cavernaecola, which is now considered as a synonym
of Rhizocorallium with an obscure spreite (Häntzschel,
1975). Later revisions of ichnogenera make it neces-
sary to rearrange the ichnogenera but not the basic di-
agnoses of the ichnofamilies.

As currently defined, arenicolitids include Tisoa
Serres, 1840, Arthraria Billings, 1872, and perhaps
Lanicoidichna Chamberlain, 1971 as well as
Arenicolites.

Palaeophycus Hall, 1847 is currently rather broadly
defined (Pemberton and Frey, 1982), and includes some
species of U-burrows such as P. triadicus (Fliche, 1906),
and P. alternatus Pemberton and Frey, 1982. As de-
scribed by Pollard (1981, p. 573) based on specimens
from the Triassic of England, Palaeophycus triadicus
consists of short, subhorizontal, fusiform burrows hav-
ing a sculpture of anastomosing longitudinal striae. P.
alternatus, from the Upper Ordovician of the Cincin-
nati Arch, consists of short, subhorizontal burrows hav-
ing a sculpture of both longitidunal and transverse striae
(Osgood, 1970, pl. 76, fig. 9; Pemberton and Frey, 1982).
P. striatus might be added to this list, as Hall (1852)
emphasized its originally open character and lack of
branching, but the types are incomplete so the full bur-
row morphology is unknown (Osgood, 1970; Pemberton
and Frey, 1982). U-shaped burrows described from
modern sediments may have long horizontal components
compared to gallery width (e.g., MacGinitie and
MacGinitie, 1968). The simple, U-shaped forms of
Palaeophycus should be reassigned to another
ichnogenus such as Arenicolites; further work on
topotypes is needed before P. striatus can be understood.

Trichophycus Miller and Dyer, 1878 is another
ichnogenus that includes simple, branched, and even
spreite-bearing U-burrows and networks made of such
components. Osgood (1970, p. 347) suspected that the
simple form “Palaeophycus” virgatus Hall, 1847 is an
older synonym of Trichophycus venosus Miller, 1879,
and he was probably correct. In the best preserved speci-
mens of Trichophycus venosus, the bioprint includes the
inconstant diameter of the gallery, which has nodes that
bear biradial sets of striae that are consistent with a
trilobite maker (Seilacher and Meischner, 1964). The
type species, T. lanosus Miller and Dyer, 1878, is more
irregular than most and shows the striate pattern well
(Osgood, 1970, pl. 68, figs. 2, 8). These features are
more important to the taxonomy of Trichophycus than
the branching pattern, which is labile. Trichophycus can
thus be diagnosed as a mainly subhorizontal burrow or
burrow system composed of one or more broad, origi-
nally open, U-shaped burrows, characteristically hav-
ing a nodose gallery, and in exceptionally well preserved
cases, with biradial striation on the walls of nodes. These
features distinguish Trichophycus from Treptichnus.

 In classifying U-burrows, one should keep in mind
that the burrow must accommodate the growth of the

animal that lives within it. For example, the spreite of
Diplocraterion is a way of increasing the length and
diameter of the burrow while utilizing part of it. The U
can also be lengthened in other ways. In the simplest
case, the tracemaker can abandon the burrow and dig a
new one, but this leads to waste and the risk of preda-
tion.

The marine polychaete Chaetopterus variopedatus
lives in a U-burrow with a tough, parchment-like lining;
the animal’s body occupies only about a third of the
burrow (Enders, 1908). To enlarge its burrow, the worm
cuts through the lining, digs a new burrow segment to
the surface, and blocks off the old passage. For practi-
cal purposes such as bioirrigation, the resulting burrow
is still U-shaped and oriented in one vertical plane to
take advantage of prevailing currents. However, a fos-
silized example including the whole history of the bur-
row would be W-shaped, and the Carboniferous type
species of Arenicolites, A. carbonarius Salter, 1856, is
now recognized as having this pattern (Pollard, 1999).
The key to recognition is the maker’s preference for keep-
ing all the burrow segments in one plane; systems that
are built of J-shaped segments in different planes are
not Arenicolites.

Ichnogenus Arenicolites Salter, 1857

* 1857 Arenicolites Salter, p. 204.
1977 Arenicolites, Chamberlain, p. 8.

Original diagnosis. “Arenicolites might stand for all
worm-burrows with double openings” (Salter, 1857, p.
204).

Emended diagnosis. Simple, vertical U-shaped burrows
with two apertures above.

Type ichnospecies. Arenicola carbonaria Binney, 1852,
p. 192, by subsequent designation of Richter (1924, p.
137).

Remarks. Chamberlain (1977, p. 8) briefly delineated
the differences of several ichnospecies of Arenicolites,
only some of which are mentioned here. The ichnogenus
has an unresolved taxonomic problem: The type
ichnospecies, A. carbonarius, is now known to be
branched (Pollard, 1999), though probably only two
apertures were open at any one time. The most charac-
teristic species is A. sparsus Salter, 1856, a simple, regu-
lar U-shaped burrow having vertical limbs and lacking
a thick lining. A. curvatus Goldring, 1962 has inclined
limbs. The new ichnospecies, A. longistriatus, is
subhorizontal, at least after compaction, and is longitu-
dinally striate.

Makers of modern Arenicolites include polychaetes,
crustaceans, and insects (Chamberlain, 1977).

Arenicolites longistriatus n.isp.
Figs. 2, 3, 5

Etymology. Latin longus, long, and striatus, furrowed,
striate.



130

Description. Unbranched, subhorizontal U-shaped bur-
rows with parallel longitudinal striae all of approximately
even depth.

Remarks. Comparisons to other species of Arenicolites
are given under the ichnogenus. In addition,
Palaeophycus includes ichnospecies with very shallow,
originally open U-shaped burrows. P. striatus Hall, 1852
has parallel longitudinal striae, commonly with the me-
dian stria particularly deep; its complete burrow mor-
phology is unknown (Osgood, 1970; Pemberton and
Frey, 1982). P. triadicus (Fliche, 1906) is similar to P.
striatus, but has a fusiform outline and anastomosing
striae (Pollard, 1981, p. 573). P. alternatus Pemberton
and Frey, 1982 has transverse as well as longitudinal
striation.

Holotype. Geological Survey of Alabama Paleontologi-
cal Collection, UCM 2038.

Ichnofamily incertae sedis
Ichnogenus Treptichnus Miller, 1889

* 1889 Plangtichnus Miller, p. 580.
* 1889 Treptichnus Miller, p. 581.
 non 1948 Feather-stitch trail, Wilson, p. 57.

1975 Plangtichnus, Häntzschel, p. W95.
partim 1975 Treptichnus, Häntzschel, p. W117-118,

figs. 68(5a-c).
1984  Trepticynus, Archer and Maples, p. 455

[nom. null.].
partim 1993a Treptichnus, Buatois and Mángano,

p. 220-221.
non 1997 Treptichnus, Wetzel and Uchman,

p. 151 [cf. Belorhaphe].
partim 1998 Treptichnus, Uchman et al., p. 272-273.
partim 1998b Treptichnus, Buatois et al., p. 157-158.
non 2000 Treptichnus, Schlirf, 2000,

p. 156-157 [cf. Belorhaphe].
2002 Treptichnus, Balistieri et al., p. 20.

Type species. Treptichnus bifurcus Miller, 1889 by origi-
nal diagnosis.

Original diagnoses. Treptichnus: “A zigzag, half-cy-
lindrical, continuous trail, forked at each angle, and run-
ning in any direction; each line is prolonged in the direc-
tion in which the animal moved, at the angle, so as to
form a short fork or projection” (Miller, 1889, p. 581).

 Plangtichnus: “A zigzag, half-cylindrical, broken
trail, running in any and every direction; sometimes dot-
ted or sunk deeper at the angles than at other places, or
most depressed between the angles in some cases”
(Miller, 1889, p. 580).

Emended diagnosis. Subhorizontal burrow consisting
of one series of downbowed or J- to U-shaped segments
joined near or at their ends in a uniserial pattern that
may be irregular, zigzag, or arcuate. Segments extend-
ing to sediment-water interface with at least one aper-
ture originally open; very gently downbowed or nearly

straight; fill passive, commonly by collapse.

Remarks. Not all zigzag burrows were made by the same
animals or in the same way. In ichnotaxonomy, behav-
ior is the basis of classification. Each trace represents
major and minor modes of behavior, but usually one
can be recognized as the major function of the trace,
such as locomotion, resting or hiding, deposit-feeding,
grazing, or dwelling (Seilacher, 1953). If the zigzag
burrows from different times and places represent fun-
damentally different behaviors as recognized morpho-
logically, then they should be separated into distinct
ichnogenera, as previously suggested by Buatois and
Mángano (1993a).

 The history of ichnogenus Treptichnus has so far
been one of including more and more kinds of zigzag
burrows, three of whose strategies are described here:
(1) deposit-feeding, with narrow older segments aban-
doned to collapse (Treptichnus in a strict sense), (2) farm-
ing with all segments in simultaneous use (cf.
Belorhaphe), and (3) deposit-feeding with older segments
backfilled  (unnamed ichnogenus). Each of these requires
a separate ichnogeneric name — a position that may
seem radical, but was previously articulated in very simi-
lar form by Buatois and Mángano (1993a).

 Treptichnus and Plangtichnus consist of zigzag
burrows that were originally described by Miller (1889)
from Lower Pennsylvanian freshwater tidal flat depos-
its in Indiana. Haplotichnus Miller, 1889 is a smaller
burrow having a rather angular path within a looping or
wandering course. In their revision of Miller’s Hindostan
ichnogenera based on type and new material, Maples
and Archer (1987) showed that Plangtichnus is a
preservational aspect of Treptichnus in which the up-
permost part of the burrow system is absent, but left the
question open whether Plangtichnus should be main-
tained as a separate ichnogenus. Buatois and Mángano
(1993b) formally placed Plangtichnus as a synonym of
Treptichnus, and most subsequent workers have accepted
this (though not all; Archer et al., 1995).

Miller’s Treptichnus bifurcus and similar Carbon-
iferous forms were poorly understood until Archer and
Maples (1984) and Maples and Archer (1987)
reinvestigated the Hindostan beds and their trace fos-
sils. Buatois and Mángano (1993a) revised ichnogenus
Treptichnus further. Figures of modern insect-made ana-
logs were published in the paleontologic literature even
later (Uchman, 2005; Rindsberg et al., 2004). It is now
clear that these burrows represent deposit-feeding in a
zigzag or other segmented, serial pattern, with older seg-
ments abandoned after use. Segments extended to the
sediment-water interface but only one or two may have
been open at any one time, the others probably being
allowed to collapse.

Häntzschel (1975) broadened the concept of
Treptichnus to include the zigzag or “feather-stitch trails”
described by Wilson (1948) and Seilacher and Hemleben
(1966) from Ordovician and Devonian strata. Häntzschel
illustrated Paleozoic marine examples that differ from
the type species in having relatively thin and deep gal-
leries, which branched at a relatively deep level and ap-
parently were all open at the same time (Schlirf, 2000).



131

FIGURE 7. Obscure Treptichnus apsorum with nearly straight pattern. UCM 2027, upper surface. (For a closer view of the striate
Treptichnus near the center, see Fig. 4.)

FIGURE 8. Treptichnus apsorum showing branching near ends of segments. UCM 2029, upper surface.
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Häntzschel thus presented a misleading search image.
Similar forms were later found in the Eocene flysch of
Poland (Uchman et al., 1998) and in other deposits scat-
tered through the Phanerozoic (Schlirf, 2000). These
burrows were originally open, with several apertures
and no backfill, characteristics more consistent with an
agrichnial interpretation than with a deposit-feeding in-
terpretation (Schlirf, 2000); Buatois and Mángano
(1993a) questioned whether these burrows belonged in
Treptichnus, and they are rejected here. The “feather-
stitch” Treptichnus shows similarities with  Belorhaphe,
as pointed out by Buatois and Mángano (1993a).

Jensen (1997, p. 91), and other researchers expanded
the concept of Treptichnus still further to include the
Lower Cambrian trace fossil that Seilacher (1955) named
Phycodes pedum. Because “Treptichnus” pedum is now
used to define the Precambrian-Cambrian boundary
(Brasier et al., 1994), its taxonomy, paleoecology, and
stratigraphy are matters of broad interest. T. pedum and
similar ichnospecies differ from T. bifurcus in several
respects. This “pedum group” has much thicker and more
irregular branches whose ends are blunt, although they
apparently did  extend to the surface as in T. bifurcus,
as shown in  Seilacher’s reconstruction (1955, fig. 4b).
In well-preserved examples such as those described by
Jensen (1997, fig. 62B), branches were evidently filled
passively rather than allowed to collapse as in Carbon-
iferous examples. This is clearly the work of deposit-
feeders, but the makers are unknown.

Devonian specimens attributed to Treptichnus
pedum from the Wapske Formation of New Brunswick
have a distinctive bioprint. The tips of the branches are
smooth and conical, distinctly separate from the main
part of the branches, which have an annulate sculpture
(Han and Pickerill, 1995). These specimens may be bet-
ter placed in still a fourth ichnogenus and species.

Thus, if the overall zigzag shape is set aside, then
nearly all the forms attributed to Treptichnus fall into
three groups (Table 2): (1) T. pedum and similar forms
that branch irregularly and have relatively broad
branches (latest Precambrian to Cambrian, shallow
marine); (2) Belorhaphe-like “feather-stitch” burrows
that branch regularly deep in the sediment and whose
branches are relatively narrow and constant in diam-
eter, but with extensions that probably reached the sur-
face (Phanerozoic, shallow to deep marine); and (3) T.
bifurcus and similar forms that branch irregularly just
below the sediment-water interface, at or near apertures,
and have relatively narrow branches of fairly constant
diameter (Carboniferous and recent, freshwater to brack-
ish). Groups 1 and 2 have unknown makers but group 3
is made by insect larvae today. In such cases, it is pref-
erable to choose morphologic criteria that shed light on
the maker, behavior, paleoenvironment, or stratigraphy
of the trace fossils, rather than adhere to a strictly geo-
metric approach that groups all zigzag burrows together
based on a single feature that is conspicuous to the hu-
man eye.

The zigzag configuration supports either a deposit-
feeding (fodinichnial) or a farming and trapping
(agrichnial) life strategy. In the fodinichnial strategy, an
animal shifts from one segment to the next as it feeds on

the sediment, perhaps maintaining the last segment as a
bioirrigated open hole. In the agrichnial strategy, the
animal keeps all the segments open as a trap to catch
meiofauna, or alternatively as a farm for microbes that
are periodically scraped from the walls. Because be-
havior, not a human geometric ideal, is the touchstone
of ichnotaxonomy, it is desirable to distinguish these very
different strategies at the ichnogeneric level despite their
superficial similarity in form. In principle, fodinichial
zigzag burrows should have relatively indistinct walls
compared to agrichnial ones, because deposit-feeding
would have been followed by only a brief period of dwell-
ing before older segments filled or collapsed, whereas
farming or trapping would have required maintenance
of an open hole for a long time. However, this aspect
has not yet been investigated for the marine examples.

Treptichnus apsorum n.isp.
Figs. 1, 4-8

Etymology. The name honors the collective effort of the
Alabama Paleontological Society (APS), and accord-
ingly is given a plural genitive suffix in the masculine
(general) gender. It should be pronounced in three syl-
lables as ap-sorum, not as A-P-S-orum.

Diagnosis. Treptichnus consisting of shallow, U-shaped
segments serially connected in a zigzag, irregular, or
other pattern near their ends, and, where well preserved,
having longitudinal striae on at least the lower surface
of the burrow, or on each of several laminae flooring the
burrow, or in some cases on the sediment beyond the
apertures.

Description. Subhorizontal burrow consisting of
uniserial segments arranged in zigzag or irregular fash-
ion, with shallow, U-shaped segments curving upward
into shafts near junctions; parallel longitudinal striation
on floor of well-preserved galleries; some galleries with
a minimal spreite of a few laminae. Preservation as full-
relief epichnia and hypichnia. Longitudinal sections may
show anything from the zigzag lower portion to a series
of dots for the upper portion. Measurements: gallery
width, 1 to 3.5 mm, nearly constant in individual; seg-
ment length ranging as much as threefold within an in-
dividual, 2.5 to 60 mm; shaft width, about 2 mm; maxi-
mum observed length, 9.5 cm.

Remarks. In Treptichnus bifurcus Miller, 1889, branch-
ing is predominantly zigzag, but topotypes include a
broad range of forms, including systems branching nearly
in a straight line or branched consistently to one side to
form an arc. Burrow diameter bulges toward the center
or is nearly constant in this ichnogenus, and the burrow
segments presumably curved upward to reach the sedi-
ment-water interface.

 Treptichnus apsorum resembles T. bifurcus in most
respects. However, well-preserved specimens of T.
apsorum have distinctive longitudinal striation, in some
cases on each of several laminae on the floor of the bur-
row. Also, T. apsorum has a relatively great size range
compared to T. bifurcus, whose segments in its type area
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FIGURE 9. A (top). Treptichnus apsorum with relatively straight, smooth pattern (reminiscent of Planolites) at depth within the
substrate. Note the angularity of the burrows’ course. Lower surface. B (bottom): Closer view.
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range from 2.0 to 8.4 mm long (Maples and Archer,
1987).

Range in Alabama. Lower Pennsylvanian Pottsville
Formation, Steven C. Minkin Paleozoic Footprint Site
near Union Chapel, Walker County, Alabama.

Holotype. UCM 2026.

Treptichnus bifurcus Miller, 1889
Figs. 10, 11

* 1889 Treptichnus bifurcus Miller, p. 581,
fig. 1095 [Lower Pennsylvanian,
Indiana].

* 1889 Plangtichnus erraticus Miller,
p. 580, fig. 1093 [Lower
Pennsylvanian, Indiana].

1977 Treptichnus bifurcus, Forney et al.,
p. 32 [Lower Pennsylvanian, Indiana].

1977 Plangtichnus erraticus, Forney et al.,
p. 30 [Lower Pennsylvanian, Indiana].

1984 Plangtichnus erraticus, Archer and
Maples, p. 452, figs. 5C, E, G,
6A-D [Lower Pennsylvanian, Indiana].

1984 Treptichnus bifurcus, Archer and
Maples, p. 455, figs. 5B, D, F, I
[Lower Pennsylvanian, Indiana].

1984 Spirodesmos interruptus Andrée,
Archer and Maples, p. 455, fig. 5B

[Lower Pennsylvanian, Indiana].
? 1985 ?Thalassinoides Ehrenberg, Miller and

Knox, p. 89, pl. 1A [Pennsylvanian,
Tennessee].

1990 Treptichnus, Rindsberg, p. VI-95,
fig. VI-39e [Lower Pennsylvanian,
Alabama].

1991 Treptichnus bifurcus, Rindsberg,
p. 141, pl. 2, fig. 6 [Upper Mississip-
pian, Alabama].

partim 1993a Treptichnus bifurcus, Buatois and
Mángano, p. 221, figs. 2A-D [Lower
Pennsylvanian, Indiana].

? 1995 Plangtichnus erraticus, Archer et al.,
p. 2034, figs. 7a-c [Carboniferous,
Nova Scotia].

? 1995 Plangtichnus sp., Greb and Archer, p.
99, fig. 9B [Middle Pennsylvanian,
Kentucky].

1997 Treptichnus bifurcus, Buatois et al.,
figs. 5B, 7D [Upper Pennsylvanian,
Kansas].

non 1997 Treptichnus bifurcus, Jensen, p. 91,
fig. 62A [Lower Cambrian, Sweden].

1998 Insect trackways, Archer, fig. [1]
[Lower Pennsylvanian, Indiana].

1998a Treptichnus bifurcus, Buatois et al.,
figs. 21, 24 [Upper Pennsylvanian,
Kansas].

1998b Treptichnus bifurcus, Buatois et al.,
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p. 158, fig. 4.6 [Upper Pennsylvanian,
Kansas].

? 1998a Irregular networks, Buatois et al., fig.
21 [Pennsylvanian, Kansas].

non 1998 Treptichnus bifurcus, Uchman et al.,
p. 273-274 [Eocene, Poland] [cf.
Belorhaphe].

 non 2000 Treptichnus bifurcus, Schlirf, p. 157-
158, figs. 12A, B, pl. 2, figs. 7, 8, 10
[Upper Jurassic, France] [cf.
Belorhaphe].

2004 Treptichnus isp., Uchman et al., p. 140,
figs. 5C, 6F, 9B [Oligocene,
Switzerland].

Original diagnoses. Treptichnus bifurcus: “A zigzag,
half-cylindrical, continuous trail, quite evenly depressed,
and forked at each angle; the bifurcation takes place in
the direction in which the animal moved, but generally
is less sunken than the trail, and sometimes shows sim-
ply a dot disconnected with the angle” (Miller, 1889, p.
581).

Plangtichnus erraticus: “A simple, irregularly zig-

zag, half-cylindrical, broken trail, running in any and
every direction; depressed in spots deeper than the gen-
eral trail” (Miller, 1889, p. 580).

Emended diagnosis. Subhorizontal burrow consisting
of a series of U-shaped segments joined angularly at or
near their ends; burrow commonly but not invariably
zigzag; surface of burrow smooth.

Remarks. Plangtichnus erraticus is a preservational
aspect of Treptichnus bifurcus (Maples and Archer,
1987; Buatois and Mángano, 1993a). Treptichnus
pollardi Buatois and Mángano, 1995 differs from T.
bifurcus in having shafts extending upward from seg-
ment junctions rather than as part of the segments them-
selves.

Range in Alabama. T. bifurcus?: Upper Mississippian
lower Parkwood Formation, Irondale, Jefferson County,
Alabama (Rindsberg, 1991); Lower Pennsylvanian
Pottsville Formation (Mary Lee coal zone), Walker
County, Alabama (Rindsberg, 1990).

FIGURE  10. Holotype of Treptichnus bifurcus from the Lower Pennsylvanian Hindostan whetstone beds (Mansfield Formation) of
Orange County, Indiana. Field Museum of Natural History, UC 54099, upper surface.
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FIGURE 11. Holotype of Plangtichnus erraticus from the Lower Pennsylvanian Hindostan whetstone beds (Mansfield Formation) of
Orange County, Indiana. Field Museum of Natural History, UC 36077, upper surface.

Ichnogenus Haplotichnus Miller, 1889

* 1889 Haplotichnus Miller, p. 578, fig. 1086
[Lower Pennsylvanian, Indiana].

1984 Haplotichnus, Archer and Maples, p.
450, fig. 4F [Lower Pennsylvanian,
Indiana].

? 1985 Gordia Emmons, Miller and Knox, p.
84, pl. 2E [Pennsylvanian, Tennessee].

1987 Haplotichnus, Maples and Archer, p.
890 [Lower Pennsylvanian, Indiana].

1994 Haplotichnus, Rindsberg, p. 59 [Upper
Mississippian, Alabama].

partim 1998b Gordia, Buatois et al., p. 155 [G.
indianaensis only].

Original diagnosis. “Simple, small, half-cylindrical
trails running in any direction” (Miller, 1889, p. 578).

Diagnosis. Simple trail, straight to curved, commonly
in a self-penetrating “scribbled” pattern; path turned
smoothly or sharply.

Type Species. Haplotichnus indianensis Miller, 1889

by original designation.

Remarks. Haplotichnus differs from the superficially
similar Gordia in two ways. First, Gordia is apparently
a burrow, whereas Haplotichnus is a trail or at most a
very shallow burrow. Second, as pointed out by Maples
and Archer (1987) and Buatois et al. (1997),
Haplotichnus has relatively angular turns as compared
to Gordia. The sharp turns are significant because short-
bodied animals such as arthropods can change direction
more easily than long-bodied worms (Rindsberg and
Martin, 2003). Thus, Gordia may be the work of poly-
chaetes, oligochaetes, and other vermiform animals;
Haplotichnus is evidently the work of insects and other
arthropods, as recognized by Miller (1889).

Haplotichnus indianensis Miller, 1889
Fig. 12

1889 Haplotichnus indianensis Miller, p.
578, fig. 1086 [Lower Pennsylvanian,
Indiana].

1977 Haplotichnus indianensis, Forney et
al., p. 28-29 [Lower Pennsylvanian,
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Indiana].
1984 Haplotichnus indianensis, Archer and

Maples, p. 450, fig. 4F [Lower
Pennsylvanian, Indiana].

1987 Haplotichnus indianensis, Maples and
Archer, p. 890-891, fig. 2.1 [Lower
Pennsylvanian, Indiana].

? 1993b Haplotichnus indianensis, Buatois and
Mángano, p. 242, fig. 3E [Upper
Carboniferous, Catamarca, Argentina].

? 1995 Haplotichnus? sp., Archer et al., p.
2031-2034, fig. 6e [Lower
Pennsylvanian, Nova Scotia].

1997 Irregular networks, Buatois et al., fig.
8D [Upper Pennsylvanian, Kansas].

1997 Gordia indianaensis, Buatois et al., fig.
8B [nom. null.] [Upper Pennsylvanian,
Kansas].

1998a Gordia indianaensis, Buatois et al., fig.
17 [nom. null.] [Upper Pennsylvanian,
Kansas].

1998b Gordia indianaensis, Buatois et al., p.
155, fig. 4.2 [nom. null.] [Upper

Pennsylvanian, Kansas].

Original diagnosis: “A simple half-cylindrical trail,
needle-like in size, running in straight or crooked lines,
or crossing itself” (Miller, 1889, p. 578).

Haplotichnus ornatus n.isp.
Fig. 13

1990 Haplotichnus, Rindsberg, fig. VI-41I
[Lower Pennsylvanian, Alabama].

1994 Haplotichnus isp., Rindsberg, p. 59,
pls. 18D, E [Upper Mississippian,
Alabama].

Etymology. Latin ornatus, ornate.

Diagnosis. Haplotichnus consisting of a steep-sided
groove flanked by pads of sediment.

Description. Trail irregularly meandering, tending to
concentrate on particular areas of sediment. Trails may
penetrate themselves and even retrace older segments,
but do not truly branch. Trails may dive into the sub-

FIGURE 12. Holotype of Haplotichnus indianensis from the Lower Pennsylvanian Hindostan whetstone beds (Mansfield Formation)
of Orange County, Indiana. Field Museum of Natural History, UC 36076, upper surface. Straight Treptichnus bifurcus is also present.
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FIGURE 13. Holotype of Haplotichnus ornatus. Upper Mississippian Hartselle Sandstone, Fielder Ridge, Colbert County, Alabama
(Rindsberg, 1994, pl. 18E). GSA 1052-245.

strate for short segments. Pads nearly normal to the axis,
distinct only in siltstone to fine-grained sandstone.

Remarks. These trails are very similar to H. indianensis
Miller, 1889 in morphologic details and overall course,
differing in sculpture. H. indianensis is smooth (C.G.
Maples, oral communication, 1989; Buatois et al.,
1998b). The sculpture of Oniscoidichnus filiciformis
(Brady, 1947) is similar to that of H. ornatus, and is
supposed to be the work of isopods similar to recent
Oniscus.

Haplotichnus ornatus is not known at the Steven
C. Minkin Site, but is one of the commonest trace fos-
sils of the freshwater ichnocoenose at other Lower Penn-
sylvanian sites in Walker County, Alabama (Rindsberg,
1990). The makers are probably arthropods. It also oc-
curs in the Upper Mississippian Hartselle Sandstone,
where it is associated with shallow-marine traces such
as Asteriacites as well as plant debris (Rindsberg, 1994).

Holotype. Geological Survey of Alabama Paleontologi-
cal Collection, GSA 1052-245. Upper Mississippian
Hartselle Sandstone, Fielder Ridge, Colbert County,
Alabama (Rindsberg, 1994, pl. 18E).

CONCLUSIONS

Two common, longitudinally striate trace fossils
found at the Union Chapel Mine are assigned to new
ichnospecies: Treptichnus apsorum and Arenicolites
longistriatus. Treptichnus apsorum consists of two or

more connected U-shaped burrows that commonly com-
bine to approximate a zigzag form. Arenicolites
longistriatus consists of a single U-shaped burrow. On
the basis of co-occurrence, similar size range, similar
U-shaped burrow building blocks, and similar sculp-
ture (longitudinal striae in well-preserved specimens),
we argue that both ichnospecies were made by the same
organisms. Comparison to modern traces with known
makers indicates that T. apsorum and A. longistriatus
were made by arthropods with behavior similar to mod-
ern dipteran larvae.

Both T. apsorum and A. longistriatus co-occur with
Undichna (a fish swimming trace) and with invertebrate
trackways (not undertracks) that were made on wet
muddy surfaces but with no signs of desiccation. Hence,
the makers of T. apsorum and A. longistriatus were cer-
tainly active on sediment surfaces underneath shallow
water, and possibly also briefly exposed to the air at
low tide. T. apsorum varies greatly in size, but not on
any one slab, suggesting that tracemaker populations
consisted of same-aged cohorts. Slabs with bimodal size
ranges may indicate superposition of traces made at dif-
ferent times. The great overall size range suggests that
deposition of the Cincosaurus beds encompassed at least
one season: time for insect larvae to grow to maturity.

Haplotichnus indianensis may have been made by
small insect larvae; in contrast, Haplotichnus ornatus
from other Alabama Carboniferous units was more likely
made by marine arthropods. Ichnogenus Treptichnus is
confined to T. bifurcus (the type ichnospecies), T.
apsorum, and T. pollardi. Ichnofamily Arenicolitidae is
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revised.

For additional photographs of invertebrate
trackways and other traces  from the Union Chapel
Mine, see Buta et al. (2005).
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