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ABSTRACT

Tre ichnogenus Conopsoides, established in the Nineteenth Century, was differentiated from other
ichnogenera by the presence of mounds of sediment associated with the tracks, but this characteristic is now
considered an invalid ichnotaxobase by some invertebrate ichnologists. Consequently, Conopsoides has been
compared to other ichnogenera in the Hitchcock collection in order to determine if other characteristics could be
used to differentiate it. As a result, the morphologies exhibited by Conopsoides are seen in two other
ichnogenera, Acanthichnus and Bifurculapes. Specifically, the morphologies seen in the type species,
Conopsoides larvalis, are observed in Acanthichnus cursorius and Acanthichnus saltatorius, and therefore
different specimens of Conopsoides larvalis are considered to belong to these two ichnospecies. Similarly, the
morphology observed in Conopsoides curtus is observed in Bifurculapes laqueatus, so the former ichnospecies
is considered a junior subjective synonym of the latter.

RESUME

On différenciait I'ichnogenre Conopsoides, établi au cours du 19¢ siecle, des autres ichnogenres par la
présence de monticules de sédiments associés aux traces, mais certains ichnologues des invertébrés considérent
désormais cette caractéristique comme une ichnotaxobase invalide. Les chercheurs ont en conséquence comparé
le Conopsoides a dautres ichnogenres a l'intérieur de la collection de Hitchcock afin de déterminer si d’autres
caractéristiques pourraient servir a le différencier. Les morphologies que présente le Conopsoides ont ainsi
été observées chez deux autres ichnogenres, 'Acanthichnus et le Bifurculapes. Les morphologies relevées chez
lespece type, le Conopsoides larvalis, sont en particulier présentes chez I'Acanthichnus cursorius et I' Acanthichnus
saltatorius, de sorte que différents spécimens de Conopsoides larvalis sont considérés comme des membres de ces
deux ichnoespeces. Dans le méme ordre d’idées, la morphologie observée chez le Conopsoides curtus est présente
chez le Bifurculapes laqueatus, de sorte que 'ancienne ichnoespece est considérée comme un synonyme subjectif
plus récent de la seconde.

[Traduit par la redaction]

INTRODUCTION

In order for trace fossil names to be useful, they should
communicate specific information about the biogenic struc-
tures to which they are applied (Rindsberg 2012). To that
end, those who establish names for trace fossils should seek
out meaningful characteristics (ichnotaxobases) to apply to
the description of the trace fossils so that they can be differ-
entiated from each other (Bertling 2007). In practice, how-
ever, what is considered a meaningful characteristic is sub-
jective, and many different ichnotaxobases have been used
in ichnology.
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Recently, much progress has been made in standardizing
what are considered valid ichnotaxobases. For invertebrate
trace fossils, Bromley (1996) and many others (e.g., Pickerill
1994; Goldring et al. 1997; Bertling et al. 2006; Bertling
2007; Minter et al. 2007; Buatois and Mangano 2011) have
proposed that names should be based on trace morphology,
which is an expression of the maker’s behavior. Most re-
searchers (e.g, Trewin 1994; Bertling et al. 2006; Bertling
2007; Knaust 2012) agree that, for invertebrate trackways, the
important ichnotaxobases should include the shape, dimen-
sions, and spatial arrangement of the tracks, coupled with
other features such as the presence or absence of drag marks.
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The lack of standard ichnotaxobases, e specially early
in the history of ichnology, has led to a plethora of ichno-
taxa, many of which are poorly defined and/or illustrated,
and some of which are likely subjective synonyms of others
(Héantzschel 1975; Pickerill 1994). Various researchers (e.g.,
Osgood 1970) have called for ichnotaxonomists to under-
take the work of reevaluating invertebrate taxa in an attempt
to reduce the number of unnecessary ichnogenera and ich-
nospecies. The invertebrate ichnotaxa described by Edward
Hitchcock in the Nineteenth Century are among those that
are badly in need of revision due to his excessive splitting of
taxa (Olsen et al. 1992; Keighley and Pickerill 1998; Rain-
forth 2005; Minter and Braddy 2009).

Work has already begun, typically one taxon at a time, to
address the taxonomy of Hitchcock’s ichnotaxa (e.g., Minter
et al. 2012; Lucas et al. 2013; Dalman and Lucas 2015; Getty,
2016, 2017, 2018; Goldstein and Getty, 2017), but given that
Hitchcock established 31 ichnogenera and 60 ichnospecies,
much additional work is necessary. The present study, which
examines the ichnogenus Conopsoides, is a continuation of
this ongoing effort to reevaluate Hitchcock’s ichnotaxonomy.

Such ichnotaxonomic revisions have implications beyond
the streamlining of vast taxonomic lists. For example, in a
recent paleodiversity analysis, Buatois and Mangano (2018)
used ichnodiversity, or the number of trace fossil types in a
given geological assemblage or geological period, to assess
the evolution of behavior through time. Excessive splitting
of trace fossil morphologies based on minor morphological
distinctions can skew the results of such analyses; this prob-
lem can be ameliorated through ichnotaxonomic revisions.

GEOLOGICAL CONTEXT

The specimens evaluated in this paper were found in the
Deerfield Basin of southern New England (Figs. 1la-b). The
sedimentary and igneous rocks that comprise the basin fill
are part of the Late Triassic to Early Jurassic Newark Super-
group of eastern North America. The rocks formed as Pan-
gea rifted prior to the opening of the Atlantic Ocean (Olsen
1978, 1997). Throughout this interval, the paleoclimate of
the region was monsoonal (Parrish 1993), with a long dry
season (Hubert 1978).

In the Triassic, basin subsidence was slow, and fluvial stra-
ta accumulated to form the Sugarloaf Formation (equivalent
to the Passaic Formation, Sugarloaf Member of Weems et al.
2016). By the Early Jurassic, however, the crustal extension
rate increased, causing faults on the eastern edge of the basin
to coalesce to form an asymmetrical, east-dipping half gra-
ben (Schlische and Olsen 1990). Deposition changed from
fluvial to predominantly lacustrine, concurrent with faster
subsidence and border fault formation. The lacustrine de-
posits are represented by the Fall River beds and the Turners
Falls Formation (Shuttle Meadow and East Berlin forma-
tions, respectively, of Weems et al. 2016). The lake deposits
exhibit regularly repeating patterns of grey and black shale,
formed in deeper permanent lakes, separated by red mud-

Metres Deerfield

(a) (c) o

3000

Turners Falls
MT Toby FM

USA

2000 <FR

1000

[f] Mesozoic basins

Figure 1. Geographical and geological context of the
fossils evaluated herein. (a) Map of the contiguous
United States with southern New England states shaded
in black. (b) Map of the southern New England states
including Connecticut (CT), Massachusetts (MA), and
Rhode Island (RI), highlighting early Mesozoic basins.
Igneous rocks are represented in black; sedimentary
rocks are represented in brown. (c) Simplified strati-
graphic columns of the Deerfield Basin. Abbreviations
are: FR = Fall River beds, S = Sugarloaf Formation.

stone and sandstone formed in shallower ephemeral lakes.
Olsen (1986) proposed that Milankovich-cycle-influenced
climate changes account for the cyclicity of the lacustrine
strata, but this hypothesis was recently questioned by
Tan-ner and Lucas (2015). Along with rapid subsidence
came a 600 ka interval of basalt volcanism (Olsen et al.
1996). Olsen et al. (1992) suggested that the basin filled by
Middle Jurassic times.

Hitchcock collected the material that he attributed to
Conopsoides from Early Jurassic lacustrine beds of the Lily
Pond locality (Hitchcock 1858, 1865), where rocks of the
Turners Falls Formation are exposed (Fig. 1c). Lily Pond
was considered by both Lull (1953) and Olsen et al. (1992)
as among the most important of Hitchcock’s sites because of
the large number of well-defined vertebrate and invertebrate
traces found there.

MATERIALS AND METHODS

The trackways examined during this study are housed
at the Beneski Museum of Natural History (abbreviated as
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ACM) at Ambherst College. The acronym ICH, following
ACM, indicates that specimens are part of the museum’s
ichnology collection. Trackways were photographed un-
der low-angle light and measurements were taken from the
photographs using the public-domain image-processing
and analysis program Image] (Rasband 1997-2014). For
Acanthichnus, measurements included trackway width,
track length, angle to midline for the track, repeat distance
between tracks, and distance between tracks (Fig. 2a). For
Bifurculapes, measurements included track length, track
width, angle to midline for the track, repeat distance be-
tween tracks, inner trackway width, and outer trackway
width (Fig. 2b; see Getty 2016 for further explanations of
these measurements). A morphometric analysis using track
length and width was conducted to determine the unique-
ness of Conopsoides curtus relative to Bifurculapes laqueatus.

We followed ichnotaxonomic guidelines proposed by
Bertling et al. (2006) and Minter et al. (2007) when con-
sidering potential synonymies. For example, we considered
synonymization justifiable for intergrading specimens when
the different morphologies represent small variations with-
in an ethological category, or when they represent minor
substrate differences. Importantly, we follow Trewin (1994)
and Bertling et al. (2006) in rejecting sediment mounds as
a valid ichnotaxobase for arthropod trackways because the
presence or absence of these features can be affected by sub-
strate consistency and undertracking.

(@) — 5

R
——

L
(b) R ,— ,_
~ £ -

r— <A -
ow! " - S e

Figure 2. Trackway measurements utilized in this study.
(a) Those for Acanthichnus, and (b) those for Bifurcu-
lapes. Abbreviations are: AtM = angle to trackway mid-
line, D = distance between successive tracks, IW = inner
trackway width, OW = outer trackway width, R = repeat
(stride) distance, TL = track length, TW = track width,
W = trackway width.

SYSTEMATIC ICHNOLOGY

Ichnogenus Acanthichnus Hitchcock 1858
(Figs. 3-5)
1858  Acanthichnus E. Hitchcock, p. 150.
1858 Conopsoides (in part) E. Hitchcock, p. 152, pl. 29, fig. 6;
pl. 30, fig. 4.
1865 Conopsoides (in part) E. Hitchcock, p. 15, pl. 6, fig. 4.
1889 Conopsoides (in part) C.H. Hitchcock, p. 119. 1915
Conopsoides (in part) Lull, p. 60-61.
1953 Conopsoides (in part) Lull, p. 45.
1975 Conopsoides (in part) Hantzschel, p. W52.
1997 Hamipes (in part); Bolliger and Gubler, p. 619, fig. 5.
2005 Conopsoides (in part); Rainforth, p. 840, fig. 5.20.

Type species. Acanthichnus cursorius Hitchcock 1858, des-
ignated by Lull (1953, p. 40).

Other species. Acanthichnus alatus Hitchcock 1865, Acan-
thichnus alternans Hitchcock 1865, Acanthichnus anguineus
Hitchcock 1865, Acanthichnus divaricatus Hitchcock 1865,
Acanthichnus punctatus Hitchcock 1865, Acanthichnus sal-
tatorius Hitchcock 1858, and Acanthichnus trilinearis Hitch-
cock 1865.

Emended diagnosis. A trackway composed of at least two
rows of thin, elongate, and straight tracks that are oriented
parallel or oblique to the trackway midline. Additional
rows of tracks, when present, are not as orderly. Within
rows, the tracks are often arranged singly and either one
behind the other or en echelon.

Remarks. Hitchcock (1858) differentiated Conopsoides
from other ichnotaxa by the presence of raised mounds, or
“tubercles”, of sediment (Figs. 3a-b). Both Trewin (1994)
and Bertling et al. (2006) rejected the presence of mounds as
a valid ichnotaxobase. Furthermore, the sediment mounds
are seen in other ichnotaxa, including Acanthichnus (Figs.
3c-d, 4-5), and thus mounds cannot be used to differentiate
Conopsoides from Acanthichnus. In other respects, the ich-
nospecies assigned to Conopsoides strongly resemble those
within Acanthichnus and Bifurculapes, as outlined below,
and thus they are considered junior subjective synonyms
and formally synonymized herein.

Hitchcock (1858, 1865) erected eight ichnospecies of
Acanthichnus, although in 1865 he removed one (Acan-
thichnus tardigradus) to a new ichnogenus, Pterichnus. Lat-
er, Lull (1953) designated Acanthichnus cursorius as the type
species. As noted by Dalman and Lucas (2015), the ichno-
genus and its included ichnospecies are in need of revision.
A thorough revision will be presented elsewhere. For now,
revised diagnoses for the ichnogenus and the two ichnospe-
cies to which the Conopsoides trackways are reassigned are
presented.
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Figure 3. Conopsoides larvalis and Acanthichnus rectilinearis, with interpretive line drawings showing mounds in
grey. (a, b) Conopsoides larvalis on ACM.ICH 55/67. Note the mounds, a few of which are arrowed. (¢, d) Acanthich-
nus rectilinearis on ACM.ICH 55/113. Note that many of the tracks also have mounds (arrowed). Scales are 1 cm.

Acanthichnus cursorius Hitchcock 1858
(Fig. 4)
v. 1858 Acanthichnus cursorius E, Hitchcock, p. 150.
v. 1858 Conopsoides larvalis (in part) E. Hitchcock,
p. 152, pl. 29, fig. 6.
1889  Conopsoides larvalis (in part); C.H. Hitchcock,
p- 119.
1915 Conopsoides larvalis (in part); Lull, p. 60-61.
1953  Conopsoides larvalis (in part); Lull, p. 45.
1997 Hamipes molassicus; Bolliger and Gubler, p. 619,
fig. 5.
2005 Conopsoides larvalis (in part); Rainforth, p. 840,
fig. 5.20.

Occurrence. Upper Triassic Lockatong Formation of the
Newark Basin (Fillmore et al. 2017); Lower Jurassic (Het-
tangian) Turners Falls Formation of the Deerfield Basin
(Hitchcock 1858, 1865) and East Berlin Formation of the
Hartford Basin (Dalman and Lucas 2015), and Oligocene-
Miocene Freshwater Molasse of Switzerland (Bolliger and
Gubler 1997).

Emended diagnosis. Acanthichnus in which the tracks are
arranged in opposite symmetry, are oriented parallel or
oblique to the trackway midline (when oblique, the tracks
on either side are not parallel, but rather mirror images so
that the tracks form open Vs), and have a variable, but often
long, stride.

Description. Trackways of this species are between 0.3 and
0.5 cm wide. The tracks measure 0.2 to 0.6 cm long and are
parallel to, or are rarely oriented at an angle of up to 44° rel-
ative to the midline. Overlap between sets is rare, with the
spacing between successive tracks normally ranging from
0.1 to 0.5 cm, but measuring up to 1.8 cm. The stride mea-
sures 0.5 to 2.1 cm.

Remarks. The specimens on ACM.ICH 55/57, 55/80, and

the shorter one on ACM.ICH 36/25 that Hitchcock (1865)
attributed to Conopsoides larvalis, are here considered at-
tributable to Acanthichnus cursorius based on morpholog-
ical similarity. In particular, the shape and arrangement of
tracks of Conopsoides larvalis and Acanthichnus cursorius,
both of which are considered valid ichnotaxobases by Trew-
in (1994) and Bertling et al. (2006), are very similar. Indeed,
the specimen on ACM.ICH 55/80 (Figs. 4c—d) exhibits the
extremely long stride for which Hitchcock (1858), in part,
differentiated Acanthichnus cursorius.

Getty (2018) suggested that traces illustrated and called
Hamipes mollasicus by Bolliger and Gubler (1997) should be
attributed to Conopsoides since they exhibit large mounds of
sediment at the posterior of the tracks. Given that different
specimens of Conopsoides are now attributed to either Acan-
thichnus and Bifurculapes herein, the name for the Swiss
trackways described by Bolliger and Gubler should be re-
considered through direct reexamination; but at least some
(e.g., Bolliger and Gubler 1997, fig. 5), appear to be attribut-
able to Acanthichnus cursorius as defined herein.

Acanthichnus saltatorius Hitchcock 1858
(Fig. 5)
v* 1858 Acanthichnus saltatorius E. Hitchcock, p. 151.
v. 1858 Conopsoides larvalis (in part) E. Hitchcock,
p. 152, pl. 30, fig. 4.
1889 Conopsoides larvalis (in part) C.H. Hitchcock,
p. 119.
1915 Conopsoides larvalis (in part) Lull, p. 60-61.
1953 Conopsoides larvalis (in part) Lull, p. 45.
2005 Conopsoides larvalis (in part) Rainforth, p. 840,
fig. 5.20.

Occurrence. Upper Triassic Lockatong Formation of the
Newark Basin (Fillmore et al. 2017); Lower Jurassic (Het-
tangian), Turners Falls Formation of the Deerfield Basin
(Hitchcock 1858, 1865).
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Figure 4. Conopsoides larvalis and Acanthichnus cursorius, with interpretive line drawings showing mounds in grey.
(a, b) Conopsoides larvalis on ACM.ICH 55/57. (¢, d) Conopsoides larvalis on ACM.ICH 55/80. Note the long stride,
which characterizes Acanthichnus cursorius. (e, f) Acanthichnus cursorius on ACM.ICH 36/21. Note that the mounds
(arrowed) are preserved in reverse in this natural cast. Scales are 1 cm.

Emended diagnosis. Acanthichnus with opposite symmetry
in which the tracks on both sides of the trackway are orient-
ed at the same oblique angle to the trackway midline, and in
which successive tracks in the rows are arranged en echelon.

Description. Trackways of this species are approximately
0.3 to 0.5 cm wide. The tracks are 0.3 to 0.6 cm long. Tracks
are sometimes parallel to the midline, but more often are
oriented at an angle that can reach up to 41° relative to the
midline. Set overlap is more common than in Acanthichnus
cursorius, and occurs in regions of the trackway in which
the tracks parallel the midline. Distances between sets that
do not overlap range from 0.1 to 0.6 cm, with the longer
distances occurring between sets that are oriented oblique
to the midline. The stride measures 0.4 to 1.4 cm.

Remarks. The specimen on ACM.ICH 55/67 (Figs. 3a-b),
and the one that crosses the long axis of ACM.ICH 36/25
(Figs. 5a-b), both attributed to Comnopsoides larvalis by
Hitchcock (1865), are here considered attributable to Acan-
thichnus saltatorius because they exhibit track pairs that are
oblique to the trackway midline as well as an en echelon ar-
rangement of the successive tracks.

Ichnogenus Bifurculapes Hitchcock 1858
(Fig. 6)

1858  Bifurculapes E. Hitchcock, p. 152.
1865 Conopsoides (in part) E. Hitchcock, p. 15, pl. 6, fig. 4.
1889 Conopsoides (in part) C.H. Hitchcock, p. 119.
1915 Conopsoides (in part) Lull, p. 60-61.
1953 Conopsoides (in part) Lull, p. 45.
1997  Hamipes (in part) Bolliger and Gubler, p. 619, fig. 4.

1975 Conopsoides (in part) Hantzschel, p. W52.
2005 Conopsoides (in part) Rainforth, p. 840, fig. 5.2.

Type species. Bifurculapes laqueatus Hitchcock 1858, desig-
nated by Lull (1953, p. 42).

Other species. Bifurculapes scolopendroideus Hitchcock
1858.

Emended diagnosis. Consists of two rows of elongate,
straight or crescentic imprints arranged in staggered to al-
ternating symmetry. Tracks vary in length and occur singly
or in series of two to three tracks. The two largest tracks are
oriented posterolaterally, with their anterior tips forming a
line nearly perpendicular to the trackway midline. The lon-
gest track is almost always on the outside of the trackway,
with the middle length track on the inside, and the smallest
between the other two. (Modified from Getty 2018)

Remarks. Hitchcock (1858, 1865) established five ichno-
species of Bifurculapes: Bifurculapes curvatus, Bifurculapes
elachistotatus, Bifurculapes laqueatus, Bifurculapes scolopen-
droideus and Bifurculapes tuberculatus. In 1865, Hitchcock
removed Bifurculapes tuberculatus from the ichnogenus,
arguing that the specimens he based the species on were
eroded remnants of more complete trackways. Getty (2016)
reviewed Bifurculapes and agreed that Bifurculapes tubercu-
latus was a preservational variant of a more complete track-
way; he also reduced the number of ichnospecies within the
ichnogenus to two, Bifurculapes laqueatus and Bifurculapes
scolopendroideus, by synonymizing all other ichnospecies
with Bifurculapes laqueatus. After observing intergradations

GETTY AND JOHN BURNETT - Conopsoides Hitchcock 1858:
an ichnological chimera of Acanthichnus and Bifurculapes

Copyright © Atlantic Geology, 2019



ATLANTIC GEOLOGY - VOLUME 55 - 2019 394

Figure 5. Conopsoides larvalis and Acanthichnus saltatorius, with interpretive line drawings showing mounds in grey.
(a, b) Conopsoides larvalis on ACM.ICH 36/25. Note the track sets are at an angle to the trackway midline, which is
characteristic of Acanthichnus saltatorius. (¢, d) Acanthichnus saltatorius on ACM.ICH 36/34. One track has a mound

(arrowed). Scales are 1 cm.

between Bifurculapes laqueatus and Sagittaruis alternans
(renamed Camurichnus alternans by Rainforth 2005),
Getty (2018) considered the latter a synonym of the former.
As with Acanthichnus, the sediment mounds that Hitchcock
(1858) used to differentiate Conopsoides also occur in Bifur-
culapes (Fig. 6).

Bifurculapes laqueatus Hitchcock 1858
(Fig. 6)
v* 1858 Bifurculapes laqueatus E, Hitchcock, p. 153. v*
1865 Conopsoides curtus E. Hitchcock, p. 15, pl. 6,
fig. 4.
v* 1865 Sagittarius alternans E. Hitchcock, p. 16, pl. 6,
fig. 3.
1889 Conopsoides curtus C.H. Hitchcock, p. 119
1915  Conopsoides curtus Lull, p. 61.
1915  Sagittarius alternans Lull, p. 61.
1953 Conopsoides curtus Lull, p. 45.
1953  Sagittarius alternans Lull, p. 46.
1997 Hamipes molassicus Bolliger and Gubler, p. 619,
fig. 4.
2005 Camurichnus alternans Rainforth, p. 836,
fig. 5.16.
2005 Conopsoides curtus Rainforth, p. 842, fig. 5.21.
2005 Conopsoides curtus Rainforth, p. 842, fig. 5.21.

Occurrence. Late Triassic Lockatong Formation of the New-
ark Basin (Fillmore et al. 2017); Early Jurassic (Hettangian),
Turners Falls Formation of the Deerfield Basin (Hitchcock
1858, 1865), East Berlin Formation of the Hartford Basin
(Getty 2016); Moenave Formation of the Zuni sag (Lucas
et al. 2006; Milner et al. 2009); Early Cretaceous of Spain (de
Gilbert et al. 2000); and Oligocene-Miocene Fresh-
water Molasse of Switzerland (Bolliger and Gubler 1997).

Emended diagnosis. Bifurculapes with single tracks, or se-
ries of two to three tracks per series, and a regularly repeat-
ing, alternate trackway pattern. (Modified from Getty 2018)

Description. Trackways have external widths from 0.4 to
1.5 cm, and internal widths of 0.1 to 0.6 cm. Tracks are ar-
ranged into staggered or alternating series of two to three.
Overlap between tracks of successive series is rare. The po-
sition of the third track is variable, even within a trackway,
where it may be positioned anterior or posterior to the other
two tracks, or anywhere between; in a lateral direction, this
track may occur close to the trackway midline or between
the other two. Individual tracks may be straight or curved,
and may have sediment mounds at their anterior end. Out-
er track lengths range from 0.5 to 5.4 mm, and inner track
lengths are from 0.4 to 4.3 mm. Outer tracks are typically
oriented posterolaterally at an angle to midline from 0°
to 57°, whereas inner tracks are oriented posterolaterally,
posteromedially, or parallel to the trackway midline, with
angles of -37° to 32°. The stride ranges from 0.2 to 0.8 cm.
Medial drags occur rarely. (Modified from Getty 2016 and
Getty 2018)

Remarks. Conopsoides curtus is herein considered a junior
subjective synonym of Bifurculapes laqueatus because speci-
mens of the former ichnospecies (e.g., ACM.ICH 55/53; Fig.
6) exhibit the sets of two tracks arranged in alternate sym-
metry that are characteristic of the latter ichnospecies, and
because some Bifurculapes laqueatus also exhibits the raised
mounds of sediment at the anterior end of the tracks that
were originally used to differentiate Conopsoides. Finally,
the trackway on ACM.ICH 55/53 is morphometrically very
similar to those attributable to Bifurculapes laqueatus. As
Fig. 7 shows, when comparing trackway width and track
row width, two of the three Conopsoides curtus specimens
fall within morphospace occupied by Bifurculapes laqueatus
specimens, and the third, which is much larger, falls along
the trend line for Bifurculapes laqueatus specimens if they
were to get larger.

Hitchcock (1865) listed Conopsoides curtus occurring
on ACM.ICH 55/44, 55/53, 55/69, 55/70, and 55/92. The
trackways on 55/44, 55/70, and 55/92, however, appear
to be more similar to Conopsoides larvalis in that they are
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Figure 6. Conopsoides curtus and Bifurculapes laqueatus, with interpretive line drawings. (a, b) Conopsoides cur-
tus lectotype, on ACM.ICH 55/53. (¢, d) Bifurculapes laqueatus, on ACM.ICH 55/70. Arrows indicate examples of

mounds found in both specimens. All scale bars are 1 cm.

composed of rows of single, rather than double, tracks, and
are here assigned to Acanthichnus cursorius.

The Hamipes mollasicus illustrated by Bolliger and Gu-
bler (1997, fig. 5) that have two tracks per series, fit with-
in Bifurculapes laqueatus as defined herein and are at least
tentatively reassigned to that ichnospecies until they can be
evaluated in person.

DISCUSSION
Geographic and Stratigraphic Distribution

Getty (2016, 2018) reviewed the geographic and strati-
graphic distribution of Bifurculapes, noting that the ichno-
genus is known from the Triassic and Jurassic strata of the
Newark Supergroup of eastern North America, as well as
Jurassic strata of the Zuni Sag in Utah. Fillmore et al. (2017)
reported an additional Bifurculapes occurrence from Late
Triassic Newark Supergroup rocks in Pennsylvania. The
inclusion of those specimens that Hitchcock (1858, 1865)
called Conopsoides within Bifurculapes does not change the
known geographic or stratigraphic distribution of Bifurcula-
pes since all of the specimens that Hitchcock described are
from rocks of the same age.

Hitchcock (1858, 1865) recorded Acanthichnus from the
Turners Falls Formation in the Deerfield Basin of Massachu-
setts. C.H. Hitchcock (1889) subsequently noted Acanthich-
nus from the Jurassic Portland Formation in the Hartford
Basin of Connecticut. Other researchers (Olsen 1995; Dal-
man and Lucas 2015; Fillmore et al. 2017) have also reported
Acanthichnus from Late Triassic and Early Jurassic rocks of
the Newark Supergroup of eastern North America. As with
Bifurculapes, the inclusion of some Conopsoides specimens
within Acanthichnus does not change the known geograph-
ic or stratigraphic distribution of Acanthichnus since it is
found in coeval rocks of the Hartford and Deerfield basins.

The Swiss trackways reported by Bolliger and Gubler (1997)
therefore represent the first record of Acanthichnus cursorius
and Bifurculapes laqueatus from the Miocene of Europe.

Trackmaker

Hitchcock (1858, 1865) considered Conopsoides to be an
insect trace, as did Lull (1915, 1953) and Hantzschel (1975).
Two groups of animals, crustaceans and insects, are usually
proposed as potential Bifurculapes trackmakers (see sum-
maries in Getty 2016 and 2018). Getty (2016) preferred an
insect origin for Bifurculapes laqueatus from the Hartford
and Deerfield basins of Massachusetts, noting similarities to
darkling beetle trackways illustrated by Eiseman and Char-
ney (2010). Fillmore et al. (2017) concurred and proposed
that Triassic Bifurculapes laqueatus from the Newark Super-
group of Pennsylvania were also made by an insect.

It should be noted, however, that the darkling beetle
trackways illustrated by Eiseman and Charney (2010) do
have some differences with respect to Bifurculapes laquea-
tus, including the position of the longest track relative to
the others. In Bifurculapes laqueatus, the longest track is al-
most always on the outside of the trackway, whereas in the
modern trackways the longest track is on the inside of the
trackway. It seems likely that that these differences are the
result of trackmaker behavior, rather than production by
very different animals. Specifically, the co-occurrence of Bi-
furculapes laqueatus on slabs with current lineations seems
to indicate that the trackway was made under water (Getty
in press).

When Hitchcock (1858) established Acanthichnus, he
proposed that the ichnogenus could have been the work of
either myriapods or crustaceans. By 1865, however, he had
examined additional specimens and discovered that some
trackways had as many as three tracks on each side of the
trackway, which strongly suggested to him that the track-
ways were made by insects. Lull (1915, 1953) agreed, as
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Figure 7. X-Y scatter plot of trackway width versus track
row width for the ichnospecies Bifurculapes laqueatus
(sensu Getty 2016) and Conopsoides curtus, with trend
line.

provisionally did Héntzschel (1975). Dalman and Lucas
(2015), however, considered an Acanthichnus trackway as-
sociated with the body imprint Cheliceratichnus lockleyi to
have been made by a solifugid-like arachnid. Hitchcock
(1858, 1865) was puzzled by the lateral motion exhibited by
the ichnospecies Acanthichnus saltatorius. As with Bifurcu-
lapes laqueatus, reexamination of Acanthichnus saltatorius
suggests that the unusual morphology exhibited by this ich-
nogenus is behavioral and could be related to underwater
locomotion.

We consider insects the most likely trackmakers for Acan-
thichnus and Bifurculapes. It is not clear why the number of
tracks per series varies. Minter and Braddy (2009) suggested
that trackways such as Acanthichnus and Bifurculapes might
be incomplete undertracks (see, for example Goldring and
Seilacher 1971) of ichnogenera such as Lithographus. The
presence of complete sets of three tracks in some Acanthich-
nus and Bifurculapes trackways indicates that undertracking
cannot explain all of the morphological variability among
these ichnogenera. Rather, a combination of behavior, sed-
iment consistency, and phylogeny is more likely to explain
these morphological differences. Neoichnological experi-
ments are underway to see if this is in fact the case.

Implications for paleodiversity in the Early Jurassic

In a recent evaluation of invertebrate trace fossils through
time, Buatois and Mdangano (2018) noted that there was an
increase in continental ichnological diversity at the begin-
ning of the Jurassic. The timeframe for the ichnodiversity
increase coincides with the age of Newark Supergroup rocks
that Edward Hitchcock studied in the Nineteenth Century.
Indeed, twelve of Hitchcock’s ichnogenera, including Con-
opsoides, were included in the Buatois and Mangano anal-
ysis. Since insects radiated into lakes in the early Mesozoic
(Wootton 1988; Ponomarenko 1996; Merritt and Wallace
2003; Sinitshenkova 2003), and since at least seven of the

twelve Hitchcock ichnotaxa used in the study were pro-
duced by insects in lacustrine environments, the ichnodi-
versity increase likely represents the radiation of insects into
lakes. Which of HitchcocK’s ichnogenera actually reflects the
biological radiation (and therefore how great the ichnodi-
versity increase really was) is a question requiring a revi-
sion of all of HitchcocK’s ichnotaxa. The results of this study
indicate that Conopsoides should not have been included,
which reduces the number of ichnogenera involved in the
observed diversity increase. By contrast, the ichnogenus
Lunulipes, which is morphologically distinct from all other
of HitchcocK’s ichnotaxa and was produced by an aquatic
insect (Getty 2017; Getty and Loeb 2018), wasn't included
in the Buatois and Mangano (2018) study.

CONCLUSIONS

Hitchcock (1858) erected the ichnogenus Conopsoides
for two different arthropod trackway morphologies that he
united based on the presence of sediment mounds adjacent
to the tracks. In so doing, he established an ichnological
“chimera”. The presence or absence of mounds is more likely
the result of sediment consistency and undertracking, and
therefore wouldn’t be considered a valid ichnotaxobase to-
day (Trewin 1994; Bertling et al. 2006; Minter et al. 2007).
Furthermore, these features are seen in some examples of
other invertebrate ichnotaxa that Hitchcock established,
notably Acanthichnus and Bifurculapes. Consequently, the
name Conopsoides should be abandoned and its included
specimens attributed to three other ichnospecies, Acan-
thichnus cursorius, Acanthichnus saltatorius and Bifurculapes
laqueatus. In particular, specimens of Conopsoides larvalis
that have tracks nearly parallel to the trackway midline and
an elongate stride are assigned to Acanthichnus cursorius.
Specimens of Conopsoides larvalis in which both track rows
are oriented at the same oblique angle to the trackway mid-
line, and whose tracks are in an en echelon arrangement,
are assigned to Acanthichnus saltatorius. Those trackways
named Conopsoides curtus are reassigned to Bifurculapes
laqueatus. Species of Acanthichnus and Bifurculapes exam-
ined in this study were made by insects, and their morpho-
logical differences are most likely the result of trackmaker
behavior, sediment consistency, and insect type. The need
to revise the ichnotaxonomy of trace fossils is emphasized
by their broader application, such as in paleodiversity stud-
ies. Only through ichnotaxonomic revisions can excessive
splitting, which artificially increases perceived diversity, be
eliminated.
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